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Form revision date: 30 July 2024 001113

Notice to Contractors

Energy Efficiency Upgrades, Maine Department of Marine Resources Laboratory
BGS project number 3707

Exterior envelope improvement, mechanical and energy improvements and associated electrical work,
and other Work indicated in the Contract Documents.

The contract shall designate the Substantial Completion Date on or before / July 2025, and the Contract
Final Completion Date on or before 15 July 2025.

1.

Submit bids on a completed Contractor Bid Form (section 00 41 13), provided in the Bid Documents,
include bid security when required, and scan each item as an attachment to an email addressed to:
BGS. Architect@Maine.gov, so as to be received no later than 2:00:00 p.m. on Tuesday, September
3, 2024. The email subject line shall be marked "Bid for Energy Efficiency Upgrades, Maine
Department of Marine Resources Lab".

Bid submissions will be opened and read aloud at the time and date noted above at the Bureau of
General Services office, accessible as a video conference call. Those who wish to participate in the
call must submit a request for access to BGS.Architect@Maine.gov.

Any bid received after the noted time will not be considered a valid bid and will remain unopened.
Any bid submitted by any other means will not be considered a valid bid. In certain circumstances,
the Bureau of General Services may require the Bidder to surrender a valid paper copy of the bid
form or the bid security document. The Owner reserves the right to accept or reject any or all bids as
may best serve the interest of the Owner.

Questions and comments on the bid opening process shall be addressed to: Division of Planning,
Design & Construction, Bureau of General Services, 77 State House Station, Augusta, Maine 04333-
0077, BGS.Architect@Maine.gov.

Questions and comments regarding the project design specifications or drawings shall be directed in
writing to the Consultant during the bid period prior to the question and comment deadline of 5:00
p-m. on 20 August 2024.

Oak Point Associates
Matthew Albert, P.E.
construction.admin@oakpoint.com

Bid security is required on this project.
The Bidder shall include a satisfactory Bid Bond (section 00 43 13) or a certified or cashier's check
for 5% of the bid amount with the completed bid form submitted to the Owner. The Bid Bond form
is available on the BGS website.

or
[ Bid security is not required on this project.
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S.

Notice to Contractors

X Performance and Payment Bonds are required on this project.
If noted above as required, or if any combination of Base Bid and Alternate Bids amounts selected in
the award of the contract exceeds $125,000.00, the selected Contractor shall furnish a 100% contract
Performance Bond (section 00 61 13.13) and a 100% contract Payment Bond (section 00 61 13.16) in
the contract amount to cover the execution of the Work. Bond forms are available on the BGS
website.

or
[ Performance and Payment Bonds are not required on this project.

Filed Sub-bids are not required on this project.

[ Pre-qualified General Contractors are utilized on this project.
insert the company name, city and state for each
or
Pre-qualified General Contractors are not utilized on this project.

An on-site pre-bid conference ( [ mandatory or X optional ) will be conducted for this project.
The pre-bid conference is intended for General Contractors. Subcontractors and suppliers are
welcome to attend. Contractors who arrive late or leave early for a mandatory meeting may be
prohibited from participating in this meeting and bidding.

Tuesday, August 13, 2024 (10:30 a.m.)

Maine Department of Marine Resources Lab

194 McKown Point Road, West Boothbay, ME 04575

or
1 An on-site pre-bid conference will not be conducted for this project.

Bid Documents - full sets only - will be available on or about Monday, August 5, 2024 and may be
obtained from the BGS website.

10. Bid Documents may be examined at:

AGC Maine Construction Summary
188 Whitten Road, Augusta, ME 04330 734 Chestnut Street, Manchester, NH 03104
207-622-4741 603-627-8856
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1.

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

Instructions to Bidders

Bidder Requirements

A bidder is a Contractor which is evidently qualified, or has been specifically pre-qualified by the
Bureau of General Services, to bid on the proposed project described in the Bid Documents.

Contractors and Subcontractors bidding on projects that utilize Filed Sub-bids shall follow the
requirements outlined in these Bid Documents for such projects.

Contractors and Subcontractors are not eligible to bid on the project when their access to project
design documents prior to the bid period distribution of documents creates an unfair bidding
advantage. Prohibited access includes consultation with the Owner or with design professionals
engaged by the Owner regarding cost estimating, constructability review, or project scheduling.
This prohibition to bid applies to open, competitive bidding or pre-qualified contractor bidding or
Filed Sub-bidding. The Bureau may require additional information to determine if the activities
of a Contractor constitute an unfair bidding advantage.

Each bidder is responsible for becoming thoroughly familiar with the Bid Documents prior to
submitting a bid. The failure of a bidder to review evident site conditions, to attend available
pre-bid conferences, or to receive, examine, or act on addenda to the Bid Documents shall not
relieve that bidder from any obligation with respect to their bid or the execution of the work as a
Contractor.

Prior to the award of the contract, General Contractor bidders or Filed Sub-bidders may be
required to provide documented evidence to the Owner or the Bureau showing compliance with
the provisions of this section, their business experience, financial capability, or performance on
previous projects.

The selected General Contractor bidder will be required to provide proof of insurance before a
contract can be executed.

Contracts developed from this bid shall not be assigned, sublet or transferred without the written
consent of the Owner.

By submitting a bid the Contractor attests that it has not been declared ineligible to bid on State
of Maine projects. The Director of the Bureau of General Services may disallow award of this
contract to any Contractor if there is evidence that the Contractor or any of its Subcontractors,
through their own fault, have been terminated, suspended for cause, debarred from bidding,
agreed to refrain from bidding as part of a settlement, have defaulted on a contract, or had a
contract completed by another party.

The Contractor attests that it is not presently indicted for or otherwise criminally or civilly
charged by a Federal, State or local government entity with commission of any of the following
offenses and has not within a three-year period preceding this bid been convicted of or had a civil
judgment rendered against them for commission of fraud or a criminal offense in connection with
obtaining, attempting to obtain, or performing a public (Federal, State or local) transaction, or
contract under a public transaction, violation of Federal or State anti-trust statutes or commission
of embezzlement, theft, forgery, bribery, falsification or destruction of records, making false
statements, or receiving stolen property.
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Instructions to Bidders

1.10  The Contractor shall not make any award or permit any award (subgrant or contract) at any tier to
any party which is debarred or suspended or is otherwise excluded from or ineligible for
participation in Federal assistance programs or State of Maine projects.

2. Authority of Owner
2.1 The Owner reserves the right to accept or reject any or all bids as may best serve the interest of
the Owner.

2.2 Subject to the Owner’s stated right to accept or reject any or all bids, the Contractor shall be
selected on the basis of the lowest dollar value of an acceptable Base Bid, or any combination of
Base Bid plus Alternate Bids, as well as other limited cost modifications the Owner determines
may best serve the interests of the Owner. An acceptable bid is a duly submitted bid from a
responsive and responsible bidder.

23 The Owner reserves the right to require Bid Bonds or Performance and Payment Bonds for any
project of any contract value.

3. Submitting Bids and Bid Requirements
3.1 Each bid shall be submitted on the forms provided in the Bid Documents.

3.2 Each bid shall be valid for a period of thirty calendar days following the Project bid closing date
and time. The bid expiration date may be extended in unusual circumstances by mutual consent
of the Bidder and the Owner. The bid amount shall not be modified due to the bid expiration date
extension.

33 Any provision contained in a bid which shows cost escalation, or any modification of schedule or
other requirements shall not be accepted. Such a provision causes the bid to be invalid, or, at the
discretion of the Owner and BGS, that element of the bid submission may be disregarded for the
purpose of awarding the contract without that provision.

34 Bidders shall include a Bid Bond or other approved bid security with the bid form submitted to
the Owner when the bid form indicates such bid security is required. The bond value shall be 5%
of the bid amount. The form of bond is shown in section 00 43 13.

3.5 Bidders recognize that inclusion of contract bonds and the cost of those bonds is dependent on the
awarded contract dollar value. Therefore, a Base Bid, or any combination of Base Bid plus
Alternate Bids, as well as other limited cost modifications, resulting in a contract award shall
include the cost of Performance and Payment Bonds in the submitted bid amount when the
construction contract value is over $125,000.00. Similarly, the cost of Performance and Payment
Bonds is excluded in the submitted bid amount when the construction contract value is
$125,000.00 or Iess unless bonds are specifically required by the Bid Documents. When required
for the project, the selected Contractor shall provide these bonds before a contract can be
executed, pursuant to 14 M.R.S.A., Section 871, Public Works Contractors' Surety Bond Law of
1971, subsection 3. The form of bonds is shown in section 00 61 13.13 and 00 61 13.16.
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3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

Instructions to Bidders

Bidders may modify bids in writing, by the same means as the original bid submission, prior to
the bid closing time. Such written amendments shall not disclose the amount of the initial bid. If
so disclosed, the entire bid is considered invalid.

Bidders implicitly acknowledge all Addenda issued when they submit the bid form. By usual
practice the Consultant shall not issue Addenda less than 72 hours prior to the bid closing time, to
allow ample time for bidders to incorporate the information. However, some information, such as
extending the bid due date and time, may be issued with shorter notice. Addenda shall be issued
to all companies who are registered holders of Bid Documents.

A bid may be withdrawn without penalty if a written request by the bidder is presented to the
Owner prior to the bid closing time. Such written withdrawal requests are subject to verification
as required by the Bureau.

A bid may be withdrawn without penalty after the bid closing time if, in the determination of the
Bureau, evidence provided by the Contractor shows an apparent unintended error such as a
miscalculation, or an erroneous number on estimating documents, was the cause of an inaccurate
bid. The Bureau may allow withdrawal in consideration of the bid bond or, without utilizing a
bid bond, if the Bureau considers documented evidence provided by the Contractor shows factual
errors had been made on the bid form.

In the event State of Maine Offices unexpectedly close on the published date of a public bid
opening in the location of that bid opening, prior to the time of the scheduled deadline, the new
deadline for the public bid opening will be the following business day at the originally scheduled
hour of the day, at the original location. Official closings are posted on the State of Maine
government website.

The Owner may require, in a Notice of Intent to Award letter to the apparent low bidder, a
Schedule of Values, Project Schedule, and List of Subcontractors and Suppliers as both a
demonstration of capability of the Bidder and as a condition of award.

Projects which require a State of Maine wage determination will include that schedule as part of
the Bid Documents. See section 00 73 46, if such rates are required.

Projects which require compliance with the Davis-Bacon Act are subject to the regulations
contained the Code for Federal Regulations and the federal wage determination which is made a
part of the Bid Documents. See section 00 73 46, if such rates are required.

The Owner is exempt from the payment of Maine State sales and use taxes as provided in 36
M.R.S. §1760 (1). The Contractor and Subcontractors shall not include taxes on exempt items in
the construction contract.

00 21 13 Instructions to Bidders 31 March 2023.docx Page 3 of 3 002113



revised 11 February 2022 004113
Contractor Bid Form

Energy Efficency Upgrades, Maine Department of Marine Resources Lab
BGS project number 3707

Bid Form submitted by: email only to email address below

Bid Administrator:
Robert Gurney BGS. Architect@Maine.gov
Bureau of General Services
111 Sewall Street, Cross State Office Building, 4th floor
77 State House Station
Augusta, Maine 04333-0077

Bidder:

Signature:

Printed name and
title:

Company name:

Mailing address:

City, state, zip code:

Phone number:

Email address:

State of
incorporation,
if a corporation:

List of all partners,
if a partnership:

The Bidder agrees, if the Owner offers to award the contract, to provide any and all bonds and
certificates of insurance, as well as Schedule of Values, Project Schedule, and List of Subcontractors and
Suppliers if required by the Owner, and to sign the designated Construction Contract within twelve
calendar days after the date of notification of such acceptance, except if the twelfth day falls on a State of
Maine government holiday or other closure day, or a Saturday, or a Sunday, in which case the
aforementioned documents must be received before 12:00 noon on the first available business day
following the holiday, other closure day, Saturday, or Sunday.

As a guarantee thereof, the Bidder submits, together with this bid, a bid bond or other acceptable
instrument as and if required by the Bid Documents.
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Contractor Bid Form

1. The Bidder, having carefully examined the Energy Efficiency Upgrades, Maine Department of
Marine Resources Lab Project Manual dated August 5, 2024, prepared by Oak Point
Associates, as well as Specifications, Drawings, and any Addenda, the form of contract, and the
premises and conditions relating to the work, proposes to furnish all labor, equipment and
materials necessary for and reasonably incidental to the construction and completion of this
project for the Base Bid amount of:

2. Allowances are not included on this project.
No Allowances

$ 0.00

3. Alternate Bids are included on this project.
Alternate Bids are as shown below
Any dollar amount line below that is left blank by the Bidder shall be read as a bid of $0.00.

1 Waterfront Building Attic Improvements $ .00
2 Air Handling Unit AHU-1 $ .00
3 Environmental Biology Building Attic Improvements $ .00
4 Not Used $ .00

4. Bid security is required on this project.
If noted above as required, or if the Base Bid amount exceeds $125,000.00, the Bidder shall include
with this bid form a satisfactory Bid Bond (section 00 43 13) or a certified or cashier's check for 5%
of the bid amount with this completed bid form submitted to the Owner.

5. Filed Sub-bids are not required on this project.
If noted above as required, the Bidder shall include with this bid form a list of each Filed Sub-bidder
selected by the Bidder on the form provided (section 00 41 13F).
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Contractor Bid Bond

Bond No.: insert bond number

We, the undersigned, insert company name of Contractor, select type of entity of insert name of

municipality in the State of insert name of state as principal, and insert name of surety as Surety, are

hereby held and firmly bound unto select title of obligee in the penal sum of five percent of the bid

amount, for the payment of which, well and truly to be made, we hereby jointly and severally bind

ourselves, our heirs, executors, administrators, successors and assigns, signed this insert date, i.e.: 8th

day of select month, select year, which is the same date as that of the first specified bid due date, or

subsequent bid due date revised by addendum.

The condition of the above obligation is such that whereas the principal has submitted to the
Owner, or State of Maine, to a certain bid, attached hereto and hereby made a part hereof, to enter into a

contract in writing, for the construction of insert name of project as designated in the contract

documents

Now therefore:

If said bid shall be rejected, or, in the alternate,

If said bid shall be accepted and the principal shall execute and deliver a contract in the form of
contract attached hereto, properly completed in accordance with said bid, and shall furnish a bond for the
faithful performance of said contract, and for the payment of all persons performing labor or furnishing
material in connection therewith, and shall in all other respects perform the agreement created by the

acceptance of said bid, then this obligation shall be void.

Otherwise, the same shall remain in force and effect- it being expressly understood and agreed
that the liability of the Surety for any and all claims hereunder shall, in no event, exceed the penal amount

of this obligation as herein stated.

The Surety, for value received hereby stipulates and agrees that the obligation of said Surety and
its bonds shall be in no way impaired or affected by any extension of the time within which the Obligee

may accept such bid and said Surety does hereby waive notice of any such extension.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]
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Contractor Bid Bond

In witness whereof, the principal and the Surety have hereunto set their hands and seals, and such
of them as are corporations have caused their corporate seals to be hereto affixed and these presents to be

signed by their proper officers, the day and year first set above.

Signed and sealed this insert date, i.e.: 8th day of select month, select year, which is the same

date as that of the first specified bid due date, or subsequent bid due date revised by addendum.

Contractor
(Signature)
insert name and title
insert company name
insert address
insert city state zip code
Surety
(Signature)

insert name and title
insert company name

insert address
insert city state zip code

If Contractor is a partnership, all partners shall execute the bond. A power of attorney document

indicating that it still is in full force and effect shall be provided by the person executing this bond.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]
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|AdvantageME CT# |

State of Maine
CONSTRUCTION CONTRACT

Large Construction Project

This form is used when the Contract value is $50,000 or greater.
The Project Manual, Specifications and Drawings, and any Addenda are considered part of this Contract.

Agreement entered into by and between the contracting entity name hereinafter called the
Owner and Contractor company name hereinafter called the Contractor.

BGS Project No.: number assigned by BGS Other Project No.:

For the following Project: title of project as shown on bid documents at facility or campus
name, municipality, Maine.

The Specifications and the Drawings have been prepared by Consultant firm name, acting as
Professional-of-Record and named in the documents as the Consultant Architect or Engineer.

The Owner and Contractor agree as follows:

ARTICLE1 COMPENSATION AND PAYMENTS

1.1 The Owner shall pay the Contractor to furnish all labor, equipment, materials and
incidentals necessary for the construction of the Work described in the Specifications and shown
on the Drawings the Contract Amount as shown below.

Base Bid 30.00
Alternate Bid number and name or "no Alternates” 30.00
Alternate Bid number and name or "no Alternates” 30.00
Alternate Bid number and name or "no Alternates” 30.00
Alternate Bid number and name or "no Alternates” 30.00
Alternate Bid number and name or "no Alternates” 30.00
Total Contract Amount $0.00

1.2 The Contractor’s requisition shall contain sufficient detail and supporting information for

the Owner to evaluate and support the payment requested.

1.21 Payments are due and payable twenty-five working days from the date of receipt of a
Contractor requisition which is approved by the Owner.

1.2.2 Provisions for late payments are governed by 5 M.R.S. Chapter 144, Payment of Invoices
Received from Business Concerns, and interest shall be calculated at 1% per month.

ARTICLE2 COMMENCEMENT AND COMPLETION DATES
2.1 The Work of this Contract shall commence no sooner than the date this document is
executed by the approval authority, or a subsequent date designated in the contract documents.

2.2 The Substantial Completion Date shall be .
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23 The Work of this Contract shall be completed on or before the Contract Final Completion
Date of .

24 The Contract Expiration Date shall be . (This date is the Owner's deadline for
internal management of contract accounts. The Contract Expiration Date does not directly relate
to any contract obligation of the Contractor.)

ARTICLE 3 INELIGIBLE BIDDER

31 By signing this contract the Contractor attests that it has not been declared ineligible to
bid on State of Maine projects. The Bureau of General Services may disallow award of this
contract to any Contractor if there is evidence that the Contractor or any of its Subcontractors,
through their own fault, have been terminated, suspended for cause, debarred from bidding,
agreed to refrain from bidding as part of a settlement, have defaulted on a contract, or had a
contract completed by another party.

3.2 By signing this contract the Contractor attests that it is not presently indicted for or
otherwise criminally or civilly charged by a Federal, State or local government entity with
commission of any of the following offenses and has not within a three-year period preceding
this bid been convicted of or had a civil judgment rendered against them for commission of fraud
or a criminal offense in connection with obtaining, attempting to obtain, or performing a public
(Federal, State or local) transaction, or contract under a public transaction, violation of Federal or
State anti-trust statutes or commission of embezzlement, theft, forgery, bribery, falsification or
destruction of records, making false statements, or receiving stolen property.

3.3 The Contractor shall not make any award or permit any award (subgrant or contract) at
any tier to any party which is debarred or suspended or is otherwise excluded from or ineligible
for participation in Federal assistance programs or State of Maine projects.

ARTICLE 4 CONTRACTOR’S RESPONSIBILITIES

4.1 On this project, the Contractor shall furnish the Owner the appropriate contract bonds in
the amount of 100% of the Contract Sum. Contract bonds are mandated if the Contract Sum
exceeds $125,000, or if bonds are specifically required by the Contract Documents.

4.2 The Contractor shall comply with all laws, codes and regulations applicable to the Work.

4.3 The Contractor shall acquire all permits and third-party approvals applicable to the Work
not specifically identified as provided by the Owner. Costs for Contractor-provided permits and
third-party approvals shall be included in the Contract Sum identified in Section 1.1 above.

4.4 The Contractor shall remain an independent agent for the duration of this Contract, shall
not become an employee of the State of Maine, and shall assure that no State employee will be
compensated by, or otherwise benefit from, this Contract.

4.5 The Contractor shall be responsible for any design cost, construction cost, or other cost

incurred on the Project to the extent caused by the negligent acts, errors or omissions of the
Contractor or their Subcontractors in the performance of Work under this Contract.
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ARTICLE 5 OWNER'S RESPONSIBILITIES

5.1 The Owner shall provide full information about the objectives, schedule, constraints and
existing conditions of the project. The Owner has established a budget with reasonable
contingencies that meets the project requirements.

5.2 By signing this contract, the Owner attests that all State of Maine procurement
requirements for this contract have been met, including the solicitation of competitive bids.

ARTICLE 6 INSTRUMENTS OF SERVICE

6.1 The Contractor’s use of the drawings, specifications and other documents known as the
Consultant’s Instruments of Service is limited to the execution of the Contractor’s scope of work
of this project unless the Contractor receives the written consent of the Owner and Consultant for
use elsewhere.

ARTICLE 7 MISCELLANEOUS PROVISIONS
71 This Contract shall be governed by the laws of the State of Maine.

7.2 The Owner and Contractor, respectively, bind themselves, their partners, successors,
assigns and legal representatives to this Contract. Neither party to this Contract shall assign the
Contract as a whole without written consent of the other party, which consent the Owner may
withhold without cause.

7.3 Notwithstanding any other provision of this Agreement, if the Owner does not receive
sufficient funds to fund this Agreement or funds are de-appropriated, or if the Owner does not
receive legal authority from the Maine State Legislature or Maine Courts to expend funds
intended for this Agreement, then the Owner is not obligated to make payment under this
Agreement; provided, however, the Owner shall be obligated to pay for services satisfactorily
performed prior to any such non-appropriation in accordance with the termination provisions of
this Agreement. The Owner shall timely notify the Contractor of any non-appropriation and the
effective date of the non-appropriation.

ARTICLE8 CONTRACT DOCUMENTS

8.1 The Project Manual, Specifications and Drawings, and any Addenda, together with this
agreement, form the contract. Each element is as fully a part of the Contract as if hereto attached
or herein repeated.

8.2 Specifications: indicate date of issuance of project manual

8.3 Drawings: note here or attach each sheet number and title

8.4 Addenda: note each addenda number and date, or "none"’
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BGS Project No.:

005213

The Contract is effective as of the date executed by the approval authority.

OWNER

CONTRACTOR

Signature Date
name and title

name of contracting entity
address

telephone
email address

Signature Date
name and title

name of contractor company
address

telephone
email address
Vendor Number

Indicate the names of the review and approval individuals appropriate to the approval authority.

select proper approval authority
Reviewed by:

Approved by:

Signature Date
insert name

Signature Date
Joseph H. Ostwald

Project Manager/ Contract Administrator

Director, Planning, Design & Construction

00 52 13 Contract Agreement SAMPLE.docx
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Form revision date: 14 February 2024
00 61 13.13
Contractor Performance Bond

Bond No.: insert bond number

We, the undersigned, insert company name of Contractor, select type of entity of insert name of

municipality in the State of insert name of state as principal, and insert name of surety as Surety, are

hereby held and firmly bound unto select title of obligee in the penal sum of the Contract Price § insert

the Contract Price in numbers for the payment of which, well and truly to be made, we hereby jointly

and severally bind ourselves, our heirs, executors, administrators, successors and assigns.

The condition of the above obligation is such that if the principal shall promptly and faithfully

perform the contract entered into this insert date, i.e.: 8th day of select month, select year, which is the

same date as that of the notice of intent to award letter, or in the absence of such a letter, not later than the

date the Owner signs the construction contract, for the construction of insert name of project as

designated in the contract documents, then this obligation shall be null and void.

Otherwise, the same shall remain in force and effect- it being expressly understood and agreed
that the liability of the Surety for any and all claims hereunder shall, in no event, exceed the penal amount

of this obligation as herein stated.

The Surety, for value received hereby stipulates and agrees that the obligation of said Surety and
its bonds shall be in no way impaired or affected by any extension of the time which the Obligee may
accept during the performance of the contract and said Surety does hereby waive notice of any such

extension.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]

00 61 13.13 Contractor Performance Bond SAMPLE.docx Page 1 of 2 0061 13.13



Form revision date: 14 February 2024
00 61 13.13
Contractor Performance Bond

In witness whereof, the principal and the Surety have hereunto set their hands and seals, and such
of them as are corporations have caused their corporate seals to be hereto affixed and these presents to be

signed by their proper officers, the day and year first set above.

Signed and sealed this insert date, i.e.: 8th day of select month, select year, which is the same

date as that of the notice of intent to award letter, or in the absence of such a letter, not later than the date

the Owner signs the construction contract.

Contractor
(Signature)
insert name and title
insert company name
insert address
insert city state zip code
Surety
(Signature)

insert name and title
insert company name

insert address
insert city state zip code

If Contractor is a partnership, all partners shall execute the bond. A power of attorney document

indicating that it still is in full force and effect shall be provided by the person executing this bond.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]
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00 61 13.16
Contractor Payment Bond

Bond No.: insert bond number

We, the undersigned, insert company name of Contractor, select type of entity of insert name of

municipality in the State of insert name of state as principal, and insert name of surety as Surety, are

hereby held and firmly bound unto select title of obligee in the penal sum of the Contract Price § insert

the Contract Price in numbers for the use and benefit of claimants, defined as an entity having a contract

with the principal or with a subcontractor of the principal for labor, materials, or both labor and materials,
used or reasonably required for use in the performance of the contract, for the payment of which, well and
truly to be made, we hereby jointly and severally bind ourselves, our heirs, executors, administrators,

successors and assigns.

The condition of the above obligation is such that if the principal shall promptly satisfy all claims
and demands incurred for all labor and materials, used or required by the principal in connection with the

work described in the contract entered into this insert date, i.e.: 8th day of select month, select year,

which is the same date as that of the notice of intent to award letter, or in the absence of such a letter, not
later than the date the Owner signs the construction contract, for the construction of insert name of

project as designated in the contract documents, and shall fully reimburse the obligee for all outlay and

expense with said obligee may incur in making good any default of said principal, then this obligation

shall be null and void.

Otherwise, the same shall remain in force and effect- it being expressly understood and agreed
that the liability of the Surety for any and all claims hereunder shall, in no event, exceed the penal amount

of this obligation as herein stated.

The Surety, for value received hereby stipulates and agrees that the obligation of said Surety and
its bonds shall be in no way impaired or affected by any extension of the time which the Obligee may
accept during the performance of the contract and said Surety does hereby waive notice of any such

extension.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]
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00 61 13.16

Contractor Payment Bond

In witness whereof, the principal and the Surety have hereunto set their hands and seals, and such
of them as are corporations have caused their corporate seals to be hereto affixed and these presents to be

signed by their proper officers, the day and year first set above.

Signed and sealed this insert date, i.e.: 8th day of select month, select year, which is the same

date as that of the notice of intent to award letter, or in the absence of such a letter, not later than the date

the Owner signs the construction contract.

Contractor
(Signature)
insert name and title
insert company name
insert address
insert city state zip code
Surety
(Signature)

insert name and title
insert company name

insert address
insert city state zip code

If Contractor is a partnership, all partners shall execute the bond. A power of attorney document

indicating that it still is in full force and effect shall be provided by the person executing this bond.

[Fillable bond forms may be downloaded from the Bureau of General Services website.]
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00 62 76

Form revision date: 12 May 2023 AdvantageME CT# 00000000000000000000
State of Maine
CONSTRUCTION CONTRACT
Application for Payment

Project name Application Number: 1
location / school / campus
Period Start Date: 1-Jul-2020
Contractor Company name Period End Date: 31-Jul-2020
address BGS Project No.: n
city state zip code Other Project No.: X
1 Original Contract Amount $0
2 Net of Change Orders to Date  (from table below) $0
3 Contract Sum to Date  (line 1 plus or minus line 2) $0
4 Total Completed and Stored to Date  (column G on Continuation Sheet) $0
S5a 5% Retainage of Completed Work  (columns D + E x 5%) $0
5b 5% Retainage of Stored Materials  (column F x 5%) $0
5¢ Total Retainage  (column I) $0
6 Total Earned Less Retainage  (line 4 minus line 5c) $0
7 Less Previous Approved Applications for Payment  (line 6 from previous Application) $0
8 Current Payment Due  (line 6 minus line 7) $0
9 Balance to Finish, Including Retainage  (line 3 minus line 6) $0
Change Order Summary Additions Deductions
Total Changes Approved in Previous Months $0 $0
Total Changes Approved this Month $0 $0
Subtotals $0 $0
Net of Change Orders to Date $0

The undersigned Contractor certifies that to the best of the Contractor's knowledge, information, and belief the Work covered by this Application for Payment
has been completed in accordance with the Contract Documents, that all amounts have been paid by the Contractor for Work for which the previous Certificates
for Payment were issued and payments received from the Owner, and that current payment shown herein is now due.
Contractor
Type company name here
Type person's name, title here

signature date

In accordance with the Contract Documents, based on on-site observations and the data comprising this Application, the Consultant certifies to the Owner that
to the best of the Consultant's knowledge, information, and belief the Work has progressed as indicated, the quality of the Work is in accordance with the
Contract Documents, and the Contractor is entitled to payment of the Amount Certified. Amount Certified:
Consultant (Architect or Engineer)
Type firm name here
Type person's name, title here

signature date
Owner
Type contracting entity name here
Type person's name, title here
signature date
Owner's Rep / other - clear this text if not used
Type entity name here
Type person's name, title here
signature date
Bureau of General Services
Type person's name, title here
signature date

00 62 76 BGS Application for Payment .xlsx 0062 76
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0062 76.01

State of Maine

CONSTRUCTION CONTRACT

Application for Payment - Continuation Sheet Application Number: 1

Period Start Date: ~ 1-Jul-2020

Project name Period End Date:  31-Jul-2020
page 1 BGS Project No.: n
Contractor Company name of 2 Other Project No.: X
A B C D E F G H 1

Work Completed | Work Completed Total Total
Item Description of Work Scheduled From Previous From This Stored Completed and | Percent Balance Retainage
No. Value Application Period Materials Stored to Date | Complete to Finish 5%
(Previous D + E) (Not in D or E) (D+E+F) (G+0) (C-QG)

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

Total $0 $0 $0 $0 $0 | 0.0% $0 $0
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0062 76.01

State of Maine

CONSTRUCTION CONTRACT

Application for Payment - Continuation Sheet Application Number: 1

Period Start Date: ~ 1-Jul-2020

Project name Period End Date: ~ 31-Jul-2020
page 2 BGS Project No.: n
Contractor Company name of 2 Other Project No.: X
A B C D E F G H 1

Work Completed |Work Completed Total Total
Item Description of Work Scheduled From Previous From This Stored Completed and | Percent Balance Retainage
No. Value Application Period Materials Stored to Date | Complete to Finish 5%
(Previous D + E) (Not in D or E) (D+E+F) (G+0) (C-QG)

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

$0 0 0 0 0 0.0% $0 0

Total Change Order Work $0 $0 $0 $0 $0 0.0% $0 $0

Total Base Contract Work $0 $0 $0 $0 $0 0.0% $0 $0

Grand Total $0 $0 $0 $0 $0 0.0% $0 $0

00 62 76.01 BGS Continuation Sheet.xlsx 00 62 76.01
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00 63 46

State of Maine
CONSTRUCTION CONTRACT
Construction Change Directive

Project name C. C. D. Number: 1
location / school / campus CP (Change Proposal) Number 1
Issue Date of this Document:  31-Oct-2021
Contractor Company name
address BGS Project No.: n
city state zip code Other Project No.:
CCD Item Type name of CCD item here
Description of Work Type brief description here of work scope here.
Reason or Necessity of Type brief justification for change here.
Work
Method of
. Select from drop down box... Projected Total Cost $0
Compensation
Supportin . .
PP . g is attached Projected Calendar Days* 0
Documentation
* Calendar Days refers to Contract Final Completion Date only.
Fully describe the scope of work of the CCD item in the table above and on attached drawings and specifications as necessary.
Indicate the reason for the work, and the estimated schedule and cost impacts.
This CCD records the order to do the work. The documented actual final time and cost changes are subject to
approval in a subsequent Change Order process.
Consultant Type firm name here
(Architect or Engineer) Type person's name, title here
signature date
Contractor Type company name here
Type person's name, title here
signature date
Owner Type contracting entity name here
Type person's name, title here
signature date
Owner's Rep Type entity name here
Type person's name, title here
signature date
Bureau of Division of Planning, Design & Construction
General Services Type person's name, title here
signature date
00 63 46 BGS Construction Change Directive.xlsx 00 63 46
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00 63 63

AdvantageME CT# 0000

State of Maine
CONSTRUCTION CONTRACT

Change Order
Project name Change Order Number: 1
location / school / campus
Issue Date of this Document: 31-Dec-2022
Contractor Company name
address BGS Project No.: n
city state zip code Other Project No.: X
Cost Change Show Deduct as a negative number, e.g.: "-$850".
Add Deduct Total
Net Amount of this Change Order $0 $0
Net Amount of Previous Change Orders $0 $0
Net of Change Orders to Date $0 $0 $0
Original Contract Amount $0
Revised Contract Amount $0
Time C hange Show Deduct as a negative number, e.g.: "-8".
Add Deduct Total
Net Calendar Days Adjusted by this Change Order 0
Net Calendar Days Adjusted by Previous Change Orders 0
Net of Change Orders to Date 0 0
Original Contract Final Completion Date 31-Dec-2023
Revised Contract Final Completion Date* 31-Dec-2023
Consultant (Architect or Engineer)
Type firm name here
Type person's name, title here
signature date
Contractor
Type company name here
Type person's name, title here
signature date
Owner
Type contracting entity name here
Type person's name, title here
signature date
Type Entity, such as "Owner's Rep', or '"'not used"
Type entity name here
Type person's name, title here
signature date
Bureau of General Services
Division of Planning, Design & Construction
Type person's name, title here
signature date
Attach the "List of Change Order Items" sheet, plus all supporting documentation for each Change Order Item.
Substantial Completion Date: the deadline for first beneficial use by Owner, as certified by Consultant. [-Dec-2023
* Contract Final Completion Date : the Contractor's final completion deadline for contract work. 31-Dec-2023
Contract Expiration Date: the Owner's deadline for internal management of contract accounts; 29-Feb-2024
Contract Expiration Date does not directly relate to any contract obligation of the Contractor.
00 63 63 BGS Change Order.xlsx 00 63 63



00 63 63.01
revised 05 April 2021 State of Maine Change Order

List of Change Order Items

Project name C. O. Number: 1
Contractor Company name

W% | v | ttem Name Heven | Caner Cost
1 1 Type brief name of Change Order ltem here 0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
0 $0
Totals 0 $0
Reason Codes
EO  Error or omission of Consultant * Calendar Days shows Contract Final
uc Unforeseen job site condition Completion Date impact only.

ocC Owner-generated change
RC Regulatory authority-generated change
cc Contractor-generated change

Attach this sheet to the BGS "Change Order" cover sheet (with cost and time summaries, and signatures). Attach a
"Details" sheet, and other supporting documentation, for each Change Order Item listed above.



revised 05 April 2021

00 63 63.02

State of Maine Change Order

Details of Change Order Item

Project name Change Order Item Number 1
location / school / campus CP (Change Proposal) Number 1
Issue Date of this Document: 31-Oct-2021
Contractor Company name
address BGS Project No.: n
city state zip code Other Project No.: X
Change Order Item Type name of Change Order Item here
Description of Work Type brief description here of work scope here.
Reason or Necessity of Type brief justification for change here.
Work
Work by Work by Work by
Cost Breakdown Subcontractor only | Sub and Contractor Contractor only
Subcontractor base cost $0 $0
Subcontractor markup $0 $0
Contractor base cost $0 $0
Contractor markup $0 $0 $0
Subtotal $0 $0 $0 /5
Compensation lump sum Total Cost $0
Initiated by Consultant Calendar Days* 0
Reason Code CcC Supporting Documentation| is attached
EO uc ocC RC cc
Error or omission Unforeseen job site Owner- Regulatory authority- Contractor-
of Consultant condition generated change generated change generated change

* Calendar Days shows Contract Final Completion Date impact only.

Consultant

(Architect or Engineer)

Contractor

Owner

Owner's Rep

Bureau of
General Services

Type firm name here
Type person's name, title here

signature date
Type company name here
Type person's name, title here

signature date
Type contracting entity name here
Type person's name, title here

signature date
Type entity name here
Type person's name, title here

signature date
Division of Planning, Design & Construction
Type person's name, title here

signature date
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1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

Definitions

Definitions

Addendum: A document issued by the Consultant that amends the Bid Documents. Addenda shall
not be issued less than seventy-two hours prior to the specified bid opening time.

Allowance: A specified dollar amount for a particular scope of work or service included in the Work
that is identified in the Bid Documents and included in each Bidder's Bid. The Contractor shall
document expenditures for an Allowance during the Project. Any unused balance shall be credited to
the Owner. The Contractor is responsible for notifying the Owner of anticipated expenses greater
than the specified amount and the Owner is responsible for those additional expenses.

Alternate Bid: The Contractor’s written offer of a specified dollar amount, submitted on the Bid
Form, for the performance of a particular scope of work described in the Bid Documents. The Owner
determines the low bidder based on the sum of the base Bid and any combination of Alternate Bids
that the Owner selects.

Architect: A Consultant acting as, or supporting, the Professional-of-Record who is responsible for
the design of the Project. Equivalent to “Consultant” in State of Maine contract forms.

Architectural Supplemental Instruction (ASI): A written instruction from the Architect for the
purpose of clarification of the Contract Documents. An ASI does not alter the Contract Price or
Contract Time. ASIs may be responses to RFIs and shall be issued by the Architect in a timely
manner to avoid any negative impact on the Schedule of the Work.

Bid: The Contractor’s written offer of a specified dollar amount or amounts, submitted on a form
included in the Bid Documents, for the performance of the Work. A Bid may include bonds or other
requirements. A base Bid is separate and distinct from Alternate Bids, being the only cost component
necessary for the award of the contract, and representing the minimum amount of Work that is
essential for the functioning of the Project.

Bid Bond: The security designated in the Bid Documents, furnished by Bidders as a guaranty of good
faith to enter into a contract with the Owner, should a contract be awarded to that Bidder.

Bidder: Any business entity, individual or corporation that submits a bid for the performance of the
work described in the Bid Documents, acting directly or through a duly authorized representative.
See also Responsive and Responsible Bidder.

Bid Documents: The drawings, procurement and contracting requirements, general requirements, and
the written specifications -including all addenda, that a bidder is required to reference in the
submission of a bid.

Bureau: The State of Maine Bureau of General Services, or BGS, in the Department of
Administrative and Financial Services.

Calendar days: Consecutive days, as occurring on a calendar, taking into account each day of the
week, month, year, and any religious, national or local holidays. Calendar days are used for changes
in Contract Time.
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1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

1.22

1.23

Definitions

Certificate of Substantial Completion: A document developed by the Consultant that describes the
final status of the Work and establishes the date that the Owner may use the facility for its intended
purpose. The Certificate of Substantial Completion may also include a provisional list of items - a
"punch list" - remaining to be completed by the Contractor. The Certificate of Substantial
Completion identifies the date from which the project warranty period commences.

Certificate of Occupancy:. A document developed by a local jurisdiction such as the Code
Enforcement Officer that grants permission to the Owner to occupy a building.

Change Order (CO): A document that modifies the contract and establishes the basis of a specific
adjustment to the Contract Price or the Contract Time, or both. Change Orders may address
correction of omissions, errors, and document discrepancies, or additional requirements. Change
Orders should include all labor, materials and incidentals required to complete the work described. A
Change Order is not valid until signed by the Contractor, Owner and Consultant and approved by the
Bureau.

Change Order Proposal (COP) (see also Proposal): Contract change proposed by the Contractor
regarding the contract amount, requirements, or time. The Contractor implements the work of a COP
after it is accepted by all parties. Accepted COPs are incorporated into the contract by Change Order.

Clerk of the Works: The authorized representative of the Consultant on the job site. Clerk of the
Works is sometimes called the Architect's representative.

Construction Change Directive (CCD): A written order prepared by the Consultant and signed by the
Owner and Consultant, directing a change in the Work prior to final agreement with the Contractor on
adjustment, if any, in the Contract Price or Contract Time, or both.

Contract: A written agreement between the Owner and the successful bidder which obligates the
Contractor to perform the work specified in the Contract Documents and obligates the Owner to
compensate the Contractor at the mutually accepted sum, rates or prices.

Contract Bonds (also known as Payment and Performance Bonds): The approved forms of security,
furnished by the Contractor and their surety, which guarantee the faithful performance of all the terms
of the contract and the payment of all bills for labor, materials and equipment by the Contractor.

Contract Documents: The drawings and written specifications (including all addenda), Standard
General Conditions, and the contract (including all Change Orders subsequently incorporated in the
documents).

Contract Expiration Date: Date determined by the Owner as a deadline for internal management of
contract accounts. This allows time after the Contract Final Completion Date for processing the final
Requisition for Payment. The Contract Expiration Date does not directly relate to any contract
obligation of the Contractor.

Contract Final Completion Date: Point of time when the Work is fully completed in compliance with
the Contract Documents, as certified by the Consultant. Final payment to the Contractor is due upon

Final Completion of the Project.

Contract Price: The dollar amount of the construction contract, also called Contract Sum.
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1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

1.32

1.33

1.34

1.35

Definitions

Contract Time: The designated duration of time to execute the Work of the contract, with a specific
date for completion.

Contractor: Also called the "General Contractor” or "GC" the individual or entity undertaking the
execution of the general contract work under the terms of the contract with the Owner, acting directly
or through a duly authorized representative. The Contractor is responsible for the means, methods
and materials utilized in the execution and completion of the Work.

Consultant: The Architect or Engineer acting as Professional-of-Record for the Project. The
Consultant is responsible for the design of the Project.

Drawings: The graphic and pictorial portion of the Contract Documents showing the design, location
and dimensions of the Work, generally including plans, elevations, sections, details, schedules, and
diagrams.

Engineer: A Consultant acting as, or supporting, the Professional-of-Record who is responsible for
the design of the Project. Equivalent to “Consultant” in State of Maine contract forms.

Filed Sub-bid: The designated major Subcontractor's (or, in some cases, Contractor’s) written offer
of a specified dollar amount or amounts, submitted on a form included in the Bid Documents, for the
performance of a particular portion of the Work. A Filed Sub-bid may include bonds or other
requirements.

General Requirements: The on-site overhead expense items the Contractor provides for the Project,
typically including, but not limited to, building permits, construction supervision, Contract Bonds,
insurance, field office, temporary utilities, rubbish removal, and site fencing. Overhead expenses of
the Contractor's general operation are not included. Sometimes referred to as the Contractor's
General Conditions.

Owner: The State agency which is represented by duly authorized individuals. The Owner is
responsible for defining the scope of the Project and compensation to the Consultant and Contractor.

Owner’s Representative: The individual or entity contracted by the Owner to be an advisor and
information conduit regarding the Project.

Overhead: General and administrative expenses of the Contractor’s principal and branch offices,
including payroll costs and other compensation of Contractor employees, deductibles paid on any
insurance policy, charges against the Contractor for delinquent payments, and costs related to the
correction of defective work, and the Contractor’s capital expenses, including interest on capital used
for the work.

Performance and Payment Bonds (also known as Contract Bonds): The approved forms of security,
furnished by the Contractor and their surety, which guarantee the faithful performance of all the terms
of the contract and the payment of all bills for labor, materials and equipment by the Contractor.

Post-Bid Addendum: Document issued by the Consultant that defines a potential Change Order prior
to signing of the construction contract. The Post-Bid Addendum allows the Owner to negotiate
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1.36

1.37

1.38

1.39

1.40

1.41

1.42

1.43

Definitions

contract changes with the Bidder submitting the lowest valid bid, only if the negotiated changes to the
Bid Documents result in no change or no increase in the bid price.

A Post-Bid Addendum may also be issued after a competitive construction Bid opening to those
Bidders who submitted a Bid initially, for the purpose of rebidding the Project work without re-
advertising.

Project: The construction project proposed by the Owner to be constructed according to the Contract
Documents. The Project, a public improvement, may be tied logistically to other public
improvements and other activities conducted by the Owner or other contractors.

Proposal (see also Change Order Proposal): The Contractor’s written offer submitted to the Owner
for consideration containing a specified dollar amount or rate, for a specific scope of work, and
including a schedule impact, if any. A proposal shall include all costs for overhead and profit. The
Contractor implements the work of a Proposal after it is accepted by all parties. Accepted Proposals
are incorporated into the contract by Change Order.

Proposal Request (PR): An Owner's written request to the Contractor for a Change Order Proposal.

Punch List: A document that identifies the items of work remaining to be done by the Contractor at
the Close Out of a Project. The Punch List is created as a result of a final inspection of the work only
after the Contractor attests that all of the Work is in its complete and permanent status.

Request For Information (RFI): A Contractor’s written request to the Consultant for clarification,
definition or description of the Work. RFIs shall be presented by the Contractor in a timely manner to
avoid any negative impact on the Schedule of the Work.

Request For Proposal (RFP): An Owner's written request to the Contractor for a Change Order
Proposal.

Requisition for Payment: The document in which the Contractor certifies that the Work described is,
to the best of the Contractor's knowledge, information and belief, complete and that all previous
payments have been paid by the Contractor to Subcontractors and suppliers, and that the current
requested payment is now due. See Schedule of Values.

Responsive and Responsible Bidder: A bidder who complies, when submitting a bid on a given
project, with the following responsive standards, as required by the Bid Documents:
submits specific qualifications to bid the project, if required;
attends mandatory pre-bid conferences, if required;
submits a bid prior to the close of the bid period,
submits a complete bid form;
submits a bid without indications of intent contrary to the stated requirements;
submits other materials and information, such as bid security, as required,
and, meets the following minimums regarding these responsible standards:
sustains a satisfactory record of project performance;
maintains a permanent place of business in a known physical location;
possesses the financial means for short- and long-term operations;
possesses the appropriate technical experience and capabilities;
employs adequate personnel and subcontractor resources;
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maintains the equipment needed to perform the work;

complies with the proposed implementation schedule;

complies with the insurance and bonding requirements;

provides post-construction warranty coverage;

and other criteria which can be considered relevant to the contract.

Retainage: The amount, calculated at five percent (5%) of the contract value or a scheduled value,
that the Owner shall withhold from the Contractor until the work or portion of work is declared
substantially complete or otherwise accepted by the Owner. The Owner may, if requested, reduce the
amount withheld if the Owner deems it desirable and prudent to do so. (See Title 5 M.R.S.A.,
Section 1746.)

Sample: A physical example provided by the Contractor which illustrates materials, equipment or
workmanship and establishes standards by which the Work will be judged.

Schedule of the Work: The document prepared by the Contractor and approved by the Owner that
specifies the dates on which the Contractor plans to begin and complete various parts of the Work,
including dates on which information and approvals are required from the Owner.

Schedule of Values: The document prepared by the Contractor and approved by the Owner before the
commencement of the Work that specifies the dollar values of discrete portions of the Work equal in
sum to the contract amount. The Schedule of Values is used to document progress payments of the
Work in regular (usually monthly) requisitions for payment. See Requisition for Payment.

Shop Drawings: The drawings, diagrams, schedules and other data specially prepared for the Work
by the Contractor or a Subcontractor, manufacturer, supplier or distributor to illustrate some portion
of the Work.

Specifications: The portion of the Contract Documents consisting of the written requirements of the
Work for materials, equipment, systems, standards, workmanship, and performance of related
services.

Subcontractor: An individual or entity undertaking the execution of any part of the Work by virtue of
a written agreement with the Contractor or any other Subcontractor. Also, an individual or entity
retained by the Contractor or any other Subcontractor as an independent contractor to provide the
labor, materials, equipment or services necessary to complete a specific portion of the Work.

Substantial Completion Date: Point of time when the Work or a designated portion of the Work is
sufficiently complete in compliance with the Contract Documents so that the Owner can occupy or
utilize the Work for its intended purpose without unscheduled disruption. Substantial Completion is
documented by the date of the Certificate of Substantial Completion signed by the Owner and the
Contractor.

Superintendent: The representative of the Contractor on the job site, authorized by the Contractor to
receive and fulfill instructions from the Consultant.

Surety: The individual or entity that is legally bound with the Contractor and Subcontractor to insure
the faithful performance of the contract and for the payment of the bills for labor, materials and
equipment by the Contractor and Subcontractors.
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1.54 Work: The construction and services, whether completed or partially completed, including all labor,
materials, equipment and services provided or to be provided by the Contractor and Subcontractors to
fulfill the requirements of the Project as described in the Contract Documents.
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1. Preconstruction Conference
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The Contractor shall, upon acceptance of a contract and prior to commencing work, schedule a
preconstruction conference with the Owner and Consultant. The purpose of this conference is as
follows.
Introduce all parties who have a significant role in the Project, including:
Owner (State agency or other contracting entity)
Owner's Representative
Consultant (Architect or Engineer)
Subconsultants
Clerk-of-the-works
Contractor (GC)
Superintendent
Subcontractors
Other State agencies
Construction testing company
Commissioning agent
Special Inspections agent
Bureau of General Services (BGS);
Review the responsibilities of each party;
Review any previously-identified special provisions of the Project;
Review the Schedule of the Work calendar submitted by the Contractor to be approved by the
Owner and Consultant;
Review the Schedule of Values form submitted by the Contractor to be approved by the Owner
and Consultant;
Establish routines for Shop Drawing approval, contract changes, requisitions, et cetera;
discuss jobsite issues;
Discuss Project close-out procedures;
Provide an opportunity for clarification of Contract Documents before work begins; and
Schedule regular meetings at appropriate intervals for the review of the progress of the Work.

2. Intent and Correlation of Contract Documents

2.1

2.2

23

The intent of the Contract Documents is to describe the complete Project. The Contract
Documents consist of various components; each component complements the others. What is
shown as a requirement by any one component shall be inferred as a requirement on all
corresponding components.

The Contractor shall furnish all labor, equipment and materials, tools, transportation, insurance,
services, supplies, operations and methods necessary for, and reasonably incidental to, the
construction and completion of the Project. Any work that deviates from the Contract Documents
which appears to be required by the exigencies of construction or by inconsistencies in the
Contract Documents, will be determined by the Consultant and authorized in writing by the
Consultant, Owner and the Bureau prior to execution. The Contractor shall be responsible for
requesting clarifying information where the intent of the Contract Documents is uncertain.

The Contractor shall not utilize any apparent error or omission in the Contract Documents to the
disadvantage of the Owner. The Contractor shall promptly notify the Consultant in writing of
such errors or omissions. The Consultant shall make any corrections or clarifications necessary
in such a situation to document the true intent of the Contract Documents.
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3. Additional Drawings and Specifications

3.1

3.2

Upon the written request of the Contractor, the Owner shall provide, at no expense to the
Contractor, up to five sets of printed Drawings and Specifications for the execution of the Work.

The Consultant shall promptly furnish to the Contractor revised Drawings and Specifications, for
the area of the documents where those revisions apply, when corrections or clarifications are
made by the Consultant. All such information shall be consistent with, and reasonably inferred
from, the Contract Documents. The Contractor shall do no work without the proper Drawings
and Specifications.

4. Ownership of Contract Documents

4.1

The designs represented on the Contract Documents are the property of the Consultant. The
Drawings and Specifications shall not be used on other work without consent of the Consultant.

5. Permits, Laws, and Regulations

5.1

5.2

53

54

5.5

5.6

5.7

5.8

The Owner is responsible for obtaining any zoning approvals or other similar local project
approvals necessary to complete the Work, unless otherwise specified in the Contract Documents.

The Owner is responsible for obtaining Maine Department of Environmental Protection, Maine
Department of Transportation, or other similar state government project approvals necessary to
complete the Work, unless otherwise indicated in the Contract Documents.

The Owner is responsible for obtaining any federal agency project approvals necessary to
complete the Work, unless otherwise indicated in the Contract Documents.

The Owner is responsible for obtaining all easements for permanent structures or permanent
changes in existing facilities.

The Contractor is responsible for obtaining and paying for all permits and licenses necessary for
the implementation of the Work. The Contractor shall notify the Owner of any delays, variance
or restrictions that may result from the issuing of permits and licenses.

The Contractor shall comply with all ordinances, laws, rules and regulations and make all
required notices bearing on the implementation of the Work. In the event the Contractor observes
disagreement between the Drawings and Specifications and any ordinances, laws, rules and
regulations, the Contractor shall promptly notify the Consultant in writing. Any necessary
changes shall be made as provided in the contract for changes in the work. The Contractor shall
not perform any work knowing it to be contrary to such ordinances, laws, rules and regulations.

The Contractor shall comply with local, state and federal regulations regarding construction
safety and all other aspects of the Work.

The Contractor shall comply with the Maine Code of Fair Practices and Affirmative Action, 5
M.R.S. §784 (2).
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6. Taxes

6.1

6.2

6.3

The Owner is exempt from the payment of Maine State sales and use taxes as provided in 36
M.R.S. §1760 (1). The Contractor and Subcontractors shall not include taxes on exempt items in
the construction contract.

Section 1760 further provides in subsection 61 that sales to a construction contractor or its
subcontractor of tangible personal property that is to be physically incorporated in, and become a
permanent part of, real property for sale to or owned by the Owner, are exempt from Maine State
sales and use taxes. Tangible personal property is defined in 36 M.R.S. §1752 (17).

The Contractor may contact Maine Revenue Services, 24 State House Station, Augusta, Maine
04333 for guidance on tax exempt regulations authorized by 36 M.R.S. §1760 and detailed in
Rule 302 (18-125 CMR 302).

7. Labor and Wages

7.1

7.2

7.3

7.4

7.5

7.6

7.7

The Contractor shall conform to the labor laws of the State of Maine, and all other laws,
ordinances, and legal requirements affecting the work in Maine.

The Consultant shall include a wage determination document prepared by the Maine Department
of Labor in the Contract Documents for state-funded contracts in excess of $50,000. The
document shows the minimum wages required to be paid to each category of labor employed on
the project.

On projects requiring a Maine wage determination, the Contractor shall submit monthly payroll
records to the Owner ("the contracting agency") showing the name and occupation of all workers
and all independent contractors employed on the project. The monthly submission must also
include the Contractor's company name, the title of the project, hours worked, hourly rate or other
method of remuneration, and the actual wages or other compensation paid to each person.

The Contractor shall not reveal, in the payroll records submitted to the Owner, personal
information regarding workers and independent contractors, other than the information described
above. Such information shall not include Social Security number, employee identification
number, or employee address or phone number, for example.

The Contractor shall conform to Maine statute (39-A M.R.S. §105-A (6)) by providing to the
Workers’ Compensation Board a list of all subcontractors and independent contractors on the job
site and a record of the entity to whom that subcontractor or independent contractor is directly
contracted and by whom that subcontractor or independent contractor is insured for workers'
compensation purposes.

The Contractor shall enforce strict discipline and good order among their employees at all times,
and shall not employ any person unfit or unskilled to do the work assigned to them.

The Contractor shall promptly pay all employees when their compensation is due, shall promptly
pay all others who have billed and are due for materials, supplies and services used in the Work,
and shall promptly pay all others who have billed and are due for insurance, workers
compensation coverage, federal and state unemployment compensation, and Social Security
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charges pertaining to this Project. Before final payments are made, the Contractor shall furnish to
the Owner affidavits that all such payments described above have been made.

The Contractor may contact the Maine Department of Labor, 54 State House Station, Augusta,
Maine 04333 for guidance on labor issues.

The Contractor may contact the Maine Workers’ Compensation Board, 27 State House Station,
Augusta, Maine 04333 for guidance on workers' compensation issues.

Indemnification

The Contractor shall indemnify and hold harmless the Owner and its officers and employees from
and against any and all damages, liabilities, and costs, including reasonable attorney’s fees, and
defense costs, for any and all injuries to persons or property, including claims for violation of
intellectual property rights, to the extent caused by the negligent acts or omissions of the
Contractor, its employees, agents, officers or subcontractors in the performance of work under
this Agreement. The Contractor shall not be liable for claims to the extent caused by the
negligent acts or omissions of the Owner or for actions taken in reasonable reliance on written
instructions of the Owner.

The Contractor shall notify the Owner promptly of all claims arising out of the performance of
work under this Agreement by the Contractor, its employees or agents, officers or subcontractors.

This indemnity provision shall survive the termination of the Agreement, completion of the
project or the expiration of the term of the Agreement.

Insurance Requirements

The Contractor shall provide, with each original of the signed Contract, an insurance certificate or
certificates acceptable to the Owner and BGS. The Contractor shall submit insurance certificates
to the Owner and BGS at the commencement of this Contract and at policy renewal or revision
dates. The certificates shall identify the project name and BGS project number, and shall name
the Owner as certificate holder and as additional insured for general liability and automobile
liability coverages. The submitted forms shall contain a provision that coverage afforded under
the insurance policies will not be canceled or materially changed unless at least ten days prior
written notice by registered letter has been given to the Owner and BGS.

The Owner does not warrant or represent that the insurance required herein constitutes an
insurance portfolio which adequately addresses all risks faced by the Contractor or its
Subcontractors. The Contractor is responsible for the existence, extent and adequacy of insurance
prior to commencement of work. The Contractor shall not allow any Subcontractor to commence
work until all similar insurance required of the Subcontractor has been confirmed by the
Contractor.

The Contractor shall procure and maintain primary insurance for the duration of the Project and,
if written on a Claims-Made basis, shall also procure and maintain Extended Reporting Period
(ERP) insurance for the period of time that any claims could be brought. The Contractor shall
ensure that all Subcontractors they engage or employ will procure and maintain similar insurance
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in form and amount acceptable to the Owner and BGS. At a minimum, the insurance shall be of
the types and limits set forth herein protecting the Contractor from claims which may result from
the Contractor’s execution of the Work, whether such execution be by the Contractor or by those
employed by the Contractor or by those for whose acts they may be liable. All required insurance
coverages shall be placed with carriers authorized to conduct business in the State of Maine by
the Maine Bureau of Insurance.

The Contractor shall have Workers’ Compensation insurance for all employees on the Project site
in accordance with the requirements of the Workers’ Compensation law of the State of Maine.
Minimum acceptable limits for Employer’s Liability are:

Bodily Injury by Accident.........cocevieriieeeeieieieiennns $500,000
Bodily Injury by Disease.........cccceeeeereeereenienieriiennne $500,000 Each Employee
Bodily Injury by Disease.........cccceeevererervenienieniiennns $500,000 Policy Limit

The Contractor shall have Commercial General Liability insurance providing coverage for bodily
injury and property damage liability for all hazards of the Project including premise and
operations, products and completed operations, contractual, and personal injury liabilities. The
policy shall include collapse and underground coverage as well as explosion coverage if
explosion hazards exist. Aggregate limits shall apply on a location or project basis. Minimum
acceptable limits are:

General aggregate limit..........ccocevvevierieeeiieieieienns $2,000,000
Products and completed operations aggregate ........... $1,000,000
Each occurrence Hmit..........ocooeoviiiiiiioiiciieeeee e $1,000,000
Personal injury aggregate........cccceeeeeveercenieneenieeeee $1,000,000

The Contractor shall have Automobile Liability insurance against claims for bodily injury, death
or property damage resulting from the maintenance, ownership or use of all owned, non-owned
and hired automobiles, trucks and trailers. Minimum acceptable limit is:

Any one accident or 10SS ......cc.eevvveerveerveeneeerieenieenns $500,000

For the portion of a project which is new construction, the Contractor shall procure and maintain
Builder’s Risk insurance naming the Owner, Contractor, and any Subcontractor as insureds as
their interest may appear. Covered causes of loss form shall be all Risks of Direct Physical Loss,
endorsed to include flood, earthquake, transit and sprinkler leakage where sprinkler coverage is
applicable. Unless specifically authorized in writing by the Owner, the limit of insurance shall
not be less than the initial contract amount, for the portion of the project which is new
construction, and coverage shall apply during the entire contract period and until the work is
accepted by the Owner.

The Contractor shall have Owner’s Protective Liability insurance for contract values $50,000 and
above, naming the Owner as the Named Insured. Minimum acceptable limits are:

General aggregate imit...........cooeeevereerenenirenenne $2,000,000

Each occurrence limit...........ccoooovvviviiiiiiiiieciieceeees $1,000,000

10. Contract Bonds

10.1

When noted as required in the Bid Documents, the Contractor shall provide to the Owner a
Performance Bond and a Payment Bond, or "contract bonds", upon execution of the contract.
Each bond value shall be for the full amount of the contract and issued by a surety company
authorized to do business in the State of Maine as approved by the Owner. The bonds shall be
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executed on the forms furnished in the Bid Documents. The bonds shall allow for any subsequent
additions or deductions of the contract.

10.2  The contract bonds shall continue in effect for one year after final acceptance of the contract to
protect the Owner’s interest in connection with the one year guarantee of workmanship and
materials and to assure settlement of claims for the payment of all bills for labor, materials and
equipment by the Contractor.

11. Patents and Royalties

11.1  The Contractor shall, for all time, secure for the Owner the free and undisputed right to the use of
any patented articles or methods used in the Work. The expense of defending any suits for
infringement or alleged infringement of such patents shall be borne by the Contractor. Awards
made regarding patent suits shall be paid by the Contractor. The Contractor shall hold the Owner
harmless regarding patent suits that may arise due to installations made by the Contractor, and to
any awards made as a result of such suits.

11.2  Any royalty payments related to the work done by the Contractor for the Project shall be borne by
the Contractor. The Contractor shall hold the Owner harmless regarding any royalty payments
that may arise due to installations made by the Contractor.

12. Surveys, Layout of Work
12.1  The Owner shall furnish all property surveys unless otherwise specified.

12.2  The Contractor is responsible for correctly staking out the Work on the site. The Contractor shall
employ a competent surveyor to position all construction on the site. The surveyor shall run the
axis lines, establish correct datum points and check each line and point on the site to insure their
accuracy. All such lines and points shall be carefully preserved throughout the construction.

12.3  The Contractor shall lay out all work from dimensions given on the Drawings. The Contractor
shall take measurements and verify dimensions of any existing work that affects the Work or to
which the Work is to be fitted. The Contractor is solely responsible for the accuracy of all
measurements. The Contractor shall verify all grades, lines, levels, elevations and dimensions
shown on the Drawings and report any errors or inconsistencies to the Consultant prior to
commencing work.

13. Record of Documents
13.1  The Contractor shall maintain one complete set of Contract Documents on the jobsite, in good
order and current status, for access by the Owner and Consultant.

13.2  The Contractor shall maintain, continuously updated, complete records of Requests for
Information, Architectural Supplemental Instructions (or equivalent), Information Bulletins,
supplemental sketches, Change Order Proposals, Change Orders, Shop Drawings, testing reports,
et cetera, for access by the Owner and Consultant.
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14. Allowances

14.1

14.2

The Contract Price shall include all allowances described in the Contract Documents. The
Contractor shall include all overhead and profit necessary to implement each allowance in their
Contract Price.

The Contractor shall not be required to employ parties for allowance work against whom the
Contractor has a reasonable objection. In such a case, the Contractor shall notify the Owner in
writing of their position and shall propose an alternative party to complete the work of the
allowance.

15. Shop Drawings

15.1

15.2

15.3

15.4

The Contractor shall administer Shop Drawings prepared by the Contractor, Subcontractors,
suppliers or others to conform to the approved Schedule of the Work. The Contractor shall verify
all field measurements, check and authorize all Shop Drawings and schedules required by the
Work. The Contractor is the responsible party and contact for the Contractor's work as well as
that of Subcontractors, suppliers or others who provide Shop Drawings.

The Consultant shall review and acknowledge Shop Drawings, with reasonable promptness, for
general conformity with the design concept of the project and compliance with the information
provided in the Contract Documents.

The Contractor shall provide monthly updated logs containing: requests for information,
information bulletins, supplemental instructions, supplemental sketches, change order proposals,
change orders, submittals, testing and deficiencies.

The Contractor shall make any corrections required by the Consultant, and shall submit a quantity
of corrected copies as may be needed. The acceptance of Shop Drawings or schedules by the
Consultant shall not relieve the Contractor from responsibility for deviations from Drawings and
Specifications, unless the Contractor has called such deviations to the attention of the Consultant
at the time of submission and secured the Consultant’s written approval. The acceptance of Shop
Drawings or schedules by the Consultant does not relieve the Contractor from responsibility for
errors in Shop Drawings or schedules.

16. Samples

16.1

The Contractor shall furnish for approval, with reasonable promptness, all samples as directed by
the Consultant. The Consultant shall review and approve such samples, with reasonable
promptness, for general conformity with the design concept of the project and compliance with
the information provided in the Contract Documents. The subsequent work shall be in accord
with the approved samples.

17. Substitutions

17.1

The Contractor shall furnish items and materials described in the Contract Documents. If the
item or material specified describes a proprietary product, or uses the name of a manufacturer, the
term “or approved equal” shall be implied, if it is not included in the text. The specific item or
material specified establishes a minimum standard for the general design, level of quality, type,
function, durability, efficiency, reliability, compatibility, warranty coverage, installation factors
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and required maintenance. The Drawing or written Specification shall not be construed to
exclude other manufacturers products of comparable design, quality, and efficiency.

The Contractor may submit detailed information about a proposed substitution to the Consultant
for consideration. Particular models of items and particular materials which the Contractor
asserts to be equal to the items and materials identified in the Contract Documents shall be
allowed only with written approval by the Consultant. The request for substitution shall include a
cost comparison and a reason or reasons for the substitution.

The Consultant may request additional information about the proposed substitution. The
approval or rejection of a proposed substitution may be based on timeliness of the request, source
of the information, the considerations of minimum standards described above, or other
considerations. The Consultant should briefly state the rationale for the decision. The decision
shall be considered final.

The duration of a substitution review process can not be the basis for a claim for delay in the
Schedule of the Work.

18. Assignment of Contract

18.1

The Contractor shall not assign or sublet the contract as a whole without the written consent of
the Owner. The Contractor shall not assign any money due to the Contractor without the written
consent of the Owner.

19. Separate Contracts

19.1

19.2

19.3

19.4

19.5

The Owner reserves the right to create other contracts in connection with this Project using
similar General Conditions. The Contractor shall allow the Owner's other contractors reasonable
opportunity for the delivery and storage of materials and the execution of their work. The
Contractor shall coordinate and properly connect the Work of all contractors.

The Contractor shall promptly report to the Consultant and Owner any apparent deficiencies in
work of the Owner's other contractors that impacts the proper execution or results of the
Contractor. The Contractor’s failure to observe or report any deficiencies constitutes an
acceptance of the Owner's other contractors work as suitable for the interface of the Contractor’s
work, except for latent deficiencies in the Owner's other contractors work.

Similarly, the Contractor shall promptly report to the Consultant and Owner any apparent
deficiencies in their own work that would impact the proper execution or results of the Owner's
other contractors.

The Contractor shall report to the Consultant and Owner any conflicts or claims for damages with
the Owner's other contractors and settle such conflicts or claims for damages by mutual
agreement or arbitration, if necessary, at no expense to the Owner.

In the event the Owner's other contractors sue the Owner regarding any damage alleged to have
been caused by the Contractor, the Owner shall notify the Contractor, who shall defend such
proceedings at the Contractor's expense. The Contractor shall pay or satisfy any judgment that
may arise against the Owner, and pay all other costs incurred.

00 72 13 General Conditions.docx Page 9 of 22 007213



007213
General Conditions

20. Subcontracts

20.1

20.2

20.3

20.4

20.5

The Contractor shall not subcontract any part of this contract without the written permission of
the Owner.

The Contractor shall submit a complete list of named Subcontractors and material suppliers to the
Consultant and Owner for approval by the Owner prior to commencing work. The
Subcontractors named shall be reputable companies of recognized standing with a record of
satisfactory work.

The Contractor shall not employ any Subcontractor or use any material until they have been
approved, or where there is reason to believe the resulting work will not comply with the Contract
Documents.

The Contractor, not the Owner, is as fully responsible for the acts and omissions of
Subcontractors and of persons employed by them, as the Contractor is for the acts and omissions
of persons directly or indirectly employed by the Contractor.

Neither the Contract Documents nor any Contractor-Subcontractor contract shall indicate, infer or
create any direct contractual relationship between any Subcontractor and the Owner.

21. Contractor-Subcontractor Relationship

21.1

21.2

213

214

21.5

21.6

21.7

The Contractor shall be bound to the Subcontractor by all the obligations in the Contract
Documents that bind the Contractor to the Owner.

The Contractor shall pay the Subcontractor, in proportion to the dollar value of the work
completed and requisitioned by the Subcontractor, the approved dollar amount allowed to the
Contractor no more than seven days after receipt of payment from the Owner.

The Contractor shall pay the Subcontractor accordingly if the Contract Documents or the
subcontract provide for earlier or larger payments than described in the provision above.

The Contractor shall pay the Subcontractor for completed and requisitioned subcontract work,
less retainage, no more than seven days after receipt of payment from the Owner for the
Contractor's approved Requisition for Payment, even if the Consultant fails to certify a portion of
the Requisition for Payment for a cause not the fault of the Subcontractor.

The Contractor shall not make a claim for liquidated damages or penalty for delay in any amount
in excess of amounts that are specified by the subcontract.

The Contractor shall not make a claim for services rendered or materials furnished by the
Subcontractor unless written notice is given by the Contractor to the Subcontractor within ten
calendar days of the day in which the claim originated.

The Contractor shall give the Subcontractor an opportunity to present and to submit evidence in
any progress conference or disputes involving subcontract work.
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The Contractor shall pay the Subcontractor a just share of any fire insurance payment received by
the Contractor.

The Subcontractor shall be bound to the Contractor by the terms of the Contract Documents and
assumes toward the Contractor all the obligations and responsibilities that the Contractor, by
those documents, assumes toward the Owner.

The Subcontractor shall submit applications for payment to the Contractor in such reasonable
time as to enable the Contractor to apply for payment as specified.

The Subcontractor shall make any claims for extra cost, extensions of time or damages, to the
Contractor in the manner provided in these General Conditions for like claims by the Contractor
to the Owner, except that the time for the Subcontractor to make claims for extra cost is seven
calendar days after the receipt of Consultant's instructions.

22. Supervision of the Work

22.1

22.2

22.3

During all stages of the Work the Contractor shall have a competent superintendent, with any
necessary assistant superintendents, overseeing the project. The superintendent shall not be
reassigned without the consent of the Owner unless a superintendent ceases to be employed by
the Contractor due to unsatisfactory performance.

The superintendent represents the Contractor on the jobsite. Directives given by the Consultant
or Owner to the superintendent shall be as binding as if given directly to the Contractor's main
office. All important directives shall be confirmed in writing to the Contractor. The Consultant
and Owner are not responsible for the acts or omissions of the superintendent or assistant
superintendents.

The Contractor shall provide supervision of the Work equal to the industry's highest standard of
care. The superintendent shall carefully study and compare all Contract Documents and promptly
report any error, inconsistency or omission discovered to the Consultant. The Contractor may not
necessarily be held liable for damages resulting directly from any error, inconsistency or omission
in the Contract Documents or other instructions by the Consultant that was not revealed by the
superintendent in a timely way.

23. Observation of the Work

23.1

232

233

The Contractor shall allow the Owner, the Consultant and the Bureau continuous access to the
site for the purpose of observation of the progress of the work. All necessary safeguards and
accommodations for such observations shall be provided by the Contractor.

The Contractor shall coordinate all required testing, approval or demonstration of the Work. The
Contractor shall give sufficient notice to the appropriate parties of readiness for testing,
inspection or examination.

The Contractor shall schedule inspections and obtain all required certificates of inspection for
inspections by a party other than the Consultant.
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The Consultant shall make all scheduled observations promptly, prior to the work being
concealed or buried by the Contractor. If approval of the Work is required of the Consultant, the
Contractor shall notify the Consultant of the construction schedule in this regard. Work
concealed or buried prior to the Consultant's approval may need to be uncovered at the
Contractor’s expense.

The Consultant may order reexamination of questioned work, and, if so ordered, the work must
be uncovered by the Contractor. If the work is found to conform to the Contract Documents, the
Owner shall pay the expense of the reexamination and remedial work. If the work is found to not
conform to the Contract Documents, the Contractor shall pay the expense, unless the defect in the
work was caused by the Owner's Contractor, whose responsibility the reexamination expense
becomes.

The Bureau shall periodically observe the Work during the course of construction and make
recommendations to the Contractor or Consultant as necessary. Such recommendations shall be
considered and implemented through the usual means for changes to the Work.

24. Consultant's Status

24.1

24.2

243

The Consultant represents the Owner during the construction period, and observes the work in
progress on behalf of the Owner. The Consultant has authority to act on behalf of the Owner only
to the extent expressly provided by the Contract Documents or otherwise demonstrated to the
Contractor. The Consultant has authority to stop the work whenever such an action is necessary,
in the Consultant's reasonable opinion, to ensure the proper execution of the contract.

The Consultant is the interpreter of the conditions of the contract and the judge of its
performance. The Consultant shall favor neither the Owner nor the Contractor, but shall use the
Consultant’s powers under the contract to enforce faithful performance by both parties.

In the event of the termination of the Consultant's employment on the project prior to completion
of the work, the Owner shall appoint a capable and reputable replacement. The status of the new
Consultant relative to this contract shall be that of the former Consultant.

25. Management of the Premises

25.1

25.2

253

The Contractor shall place equipment and materials, and conduct activities on the premises in a
manner that does not unreasonably hinder site circulation, environmental stability, or any long
term effect. Likewise, the Consultant's directions shall not cause the use of premises to be
impeded for the Contractor or Owner.

The Contractor shall not use the premises for any purpose other than that which is directly related
to the scope of work. The Owner shall not use the premises for any purpose incompatible with
the proposed work simultaneous to the work of the Contractor.

The Contractor shall enforce the Consultant’s instructions regarding information posted on the
premises such as signage and advertisements, as well as activities conducted on the premises such
as fires, and smoking.
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The Owner may occupy any part of the Project that is completed with the written consent of the
Contractor, and without prejudice to any of the rights of the Owner or Contractor. Such use or
occupancy shall not, in and of itself, be construed as a final acceptance of any work or materials.

26. Safety and Security of the Premises

26.1

26.2

26.3

26.4

26.5

26.6

26.7

26.8

26.9

26.10

The Contractor shall designate, and make known to the Consultant and the Owner, a safety
officer whose duty is the prevention of accidents on the site.

The Contractor shall continuously maintain security on the premises and protect from
unreasonable occasion of injury all people authorized to be on the job site. The Contractor shall
also effectively protect the property and adjacent properties from damage or loss.

The Contractor shall take all necessary precautions to ensure the safety of workers and others on
and adjacent to the site, abiding by applicable local, state and federal safety regulations. The
Contractor shall erect and continuously maintain safeguards for the protection of workers and
others, and shall post signs and other warnings regarding hazards associated with the construction
process, such as protruding fasteners, moving equipment, trenches and holes, scaffolding,
window, door or stair openings, and falling materials.

The Contractor shall restore the premises to conditions that existed prior to the start of the project
at areas not intended to be altered according to the Contract Documents.

The Contractor shall protect existing utilities and exercise care working in the vicinity of utilities
shown in the Drawings and Specifications or otherwise located by the Contractor.

The Contractor shall protect from damage existing trees and other significant plantings and
landscape features of the site which will remain a permanent part of the site. If necessary or
indicated in the Contract Documents, tree trunks shall be boxed and barriers erected to prevent
damage to tree branches or roots.

The Contractor shall repair or replace damage to the Work caused by the Contractor’s or
Subcontractor’s forces, including that which is reasonably protected, at the expense of the
responsible party.

The Contractor shall not load, or allow to be loaded, any part of the Project with a force which
imperils personal or structural safety. The Consultant may consult with the Contractor on such
means and methods of construction, however, the ultimate responsibility lies with the Contractor.

The Contractor shall not jeopardize any work in place with subsequent construction activities
such as blasting, drilling, excavating, cutting, patching or altering work. The Consultant must
approve altering any structural components of the project. The Contractor shall supervise all
construction activities carried out by others on site to ensure that the work is neatly done and in a
manner that will not endanger the structure or the component parts.

The Contractor may act with their sole discretion in emergency situations that potentially effect
health, life or serious damage to the premises or adjacent properties, to prevent such potential loss
or injury. The Contractor may negotiate with the Owner for compensation for expenses due to
such emergency work.
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The Contractor and Subcontractors shall have no responsibility for the identification, discovery,
presence, handling, removal or disposal of, or exposure of persons to, hazardous materials in any
form at the project site. The Contractor shall avoid disruption of any hazardous materials or toxic
substances at the project site and promptly notify the Owner in writing on the occasion of such a
discovery.

The Contractor shall keep the premises free of any unsafe accumulation of waste materials caused
by the work. The Contractor shall regularly keep the spaces “broom clean”. See the Close-out of
the Work provisions of this section regarding cleaning at the completion of the project.

27. Changes in the Work

27.1

27.2

273

274

27.5

27.6

27.7

The Contractor shall not proceed with extra work without an approved Change Order or
Construction Change Directive. A Change Order which has been properly signed by all parties
shall become a part of the contract.

A Change Order is the usual document for directing changes in the Work. In certain
circumstances, however, the Owner may utilize a Construction Change Directive to direct the
Contractor to perform changes in the Work that are generally consistent with the scope of the
project. The Owner shall use a Construction Change Directive only when the normal process for
approving changes to the Work has failed to the detriment of the Project, or when agreement on
the terms of a Change Order cannot be met, or when an urgent situation requires, in the Owner's
judgment, prompt action by the Contractor.

The Consultant shall prepare the Construction Change Directive representing a complete scope of
work, with proposed Contract Price and Contract Time revisions, if any, clearly stated.

The Contractor shall promptly carry out a Construction Change Directive which has been signed
by the Owner and the Consultant. Work thus completed by the Contractor constitutes the basis
for a Change Order. Changes in the Contract Price and Contract Time shall be as defined in the
Construction Change Directive unless subsequently negotiated with some other terms.

The method of determining the dollar value of extra work shall be by:
.1 an estimate of the Contractor accepted by Owner as a lump sum, or
.2 unit prices named in the contract or subsequently agreed upon, or
.3 cost plus a designated percentage, or

4 cost plus a fixed fee.

The Contractor shall determine the dollar value of the extra work for both the lump sum and cost

plus designated percentage methods so as not to exceed the following rates. The rates include all

overhead and profit expenses.

.1 Contractor - for any work performed by the Contractor’s own forces, up to 20% of the cost;

.2 Subcontractor - for work performed by Subcontractor’s own forces, up to 20% of the cost;

.3 Contractor - for work performed by Contractor’s Subcontractor, up to 10% of the amount due
the Subcontractor.

The Contractor shall keep and provide records as needed or directed for the cost plus designated
percentage method. The Consultant shall review and certify the appropriate amount which

00 72 13 General Conditions.docx Page 14 of 22 007213



27.8

279

27.10

27.11

27.12

27.13

27.14

007213
General Conditions

includes the Contractor's overhead and profit. The Owner shall make payments based on the
Consultant’s certificate.

Cost reflected in Change Orders shall be limited to the following: cost of materials, cost of
delivery, cost of labor (including Social Security, pension, Workers' Compensation insurance, and
unemployment insurance), and cost of rental of power tools and equipment. Labor cost may
include a pro-ratio share of a foreman’s time only in the case of an extension of contract time
granted due to the Change Order.

Overhead reflected in Change Orders shall be limited to the following: bond premium,
supervision, wages of clerks, time keepers, and watchmen, small tools, incidental expenses,
general office expenses, and all other overhead expenses directly related to the Change Order.

The Contractor shall provide credit to the Owner for labor, materials, equipment and other costs
but not overhead and profit expenses for those Change Order items that result in a net value of
credit to the contract.

The Owner may change the scope of work of the Project without invalidating the contract. The
Owner shall notify the Contractor of a change of the scope of work for the Owner's Contractors,
which may affect the work of this Contractor, without invalidating the contract. Change Orders
for extension of the time caused by such changes shall be developed at the time of directing the
change in scope of work.

The Consultant may order minor changes in the Work, not involving extra cost, which is
consistent with the intent of the design or project.

The Contractor shall immediately give written notification to the Consultant of latent conditions
discovered at the site which materially differ from those represented in the Drawings or
Specifications, and which may eventually result in a change in the scope of work. The Contractor
shall suspend work until receiving direction from the Consultant. The Consultant shall promptly
investigate the conditions and respond to the Contractor's notice with direction that avoids any
unnecessary delay of the Work. The Consultant shall determine if the discovered conditions
warrant a Change Order.

The Contractor shall, within ten calendar days of receipt of the information, give written
notification to the Consultant if the Contractor claims that instructions by the Consultant will
constitute extra cost not accounted for by Change Order or otherwise under the contract. The
Consultant shall promptly respond to the Contractor's notice with direction that avoids any
unnecessary delay of the Work. The Consultant shall determine if the Contractor's claim warrants
a Change Order.

28. Correction of the Work

28.1

The Contractor shall promptly remove from the premises all work the Consultant declares is non-
conforming to the contract. The Contractor shall replace the work properly at no expense to the
Owner. The Contractor is also responsible for the expenses of others whose work was damaged
or destroyed by such remedial work.

00 72 13 General Conditions.docx Page 15 of 22 007213



007213
General Conditions

28.2  The Owner may elect to remove non-conforming work if it is not removed by the Contractor
within a reasonable time, that time defined in a written notice from the Consultant. The Owner
may elect to store removed non-conforming work not removed by the Contractor at the
Contractor's expense. The Owner may, with ten days written notice, dispose of materials which
the Contractor does not remove. The Owner may sell the materials and apply the net proceeds,
after deducting all expenses, to the costs that should have been borne by the Contractor.

28.3  The Contractor shall remedy any defects due to faulty materials or workmanship and pay for any
related damage to other work which appears within a period of one year from the date of
substantial completion, and in accord with the terms of any guarantees provided in the contract.
The Owner shall promptly give notice of observed defects to the Contractor and Consultant. The
Consultant shall determine the status of all claimed defects. The Contractor shall perform all
remedial work without unjustifiable delay in either the initial response or the corrective action.

28.4  The Consultant may authorize, after a reasonable notification to the Contractor, an equitable
deduction from the contract amount in lieu of the Contractor correcting non-conforming or
defective work.

29. Owner's Right to do Work

29.1  The Owner may, using other contractors, correct deficiencies attributable to the Contractor, or
complete unfinished work. Such action shall take place only after giving the Contractor three
days written notice, and provided the Consultant approves of the proposed course of action as an
appropriate remedy. The Owner may then deduct the cost of the remedial work from the amount
due the Contractor.

29.2  The Owner may act with their sole discretion when the Contractor is unable to take action in
emergency situations that potentially effect health, life or serious damage to the premises or
adjacent properties, to prevent such potential loss or injury. The Owner shall inform the
Contractor of the emergency work performed, particularly where it may affect the work of the
Contractor.

30. Termination of Contract and Stop Work Action

30.1  The Owner may, owing to a certificate of the Consultant indicating that sufficient cause exists to
justify such action, without prejudice to any other right or remedy and after giving the Contractor
and the Contractor’s surety seven days written notice, terminate the employment of the
Contractor. At that time the Owner may take possession of the premises and of all materials,
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tools and appliances on the premises and finish the work by whatever method the Owner may

deem expedient. Cause for such action by the Owner includes:

.1 the contractor is adjudged bankrupt, or makes a general assignment for the benefit of its
creditors, or

.2 areceiver is appointed due to the Contractor’s insolvency, or

.3 the Contractor persistently or repeatedly refuses or fails to provide enough properly skilled
workers or proper materials, or

4 the Contractor fails to make prompt payment to Subcontractors or suppliers of materials or
labor, or

.5 the Contractor persistently disregards laws, ordinances or the instructions of the Consultant,
or is otherwise found guilty of a substantial violation of a provision of the Contract
Documents.

The Contractor is not entitled, as a consequence of the termination of the employment of the
Contractor as described above, to receive any further payment until the Work is finished. If the
unpaid balance of the contract amount exceeds the expense of finishing the Work, including
compensation for additional architectural, managerial and administrative services, such balance
shall be paid to the Contractor. If the expense of finishing the Work exceeds the unpaid balance,
the Contractor shall pay the difference to the Owner. The Consultant shall certify the expense
incurred by the Contractor’s default. This obligation for payment shall continue to exist after
termination of the contract.

The Contractor may, if the Work is stopped by order of any court or other public authority for a
period of thirty consecutive days, and through no act or fault of the Contractor or of anyone
employed by the Contractor, with seven days written notice to the Owner and the Consultant,
terminate this contract. The Contractor may then recover from the Owner payment for all work
executed, any proven loss and reasonable profit and damage.

The Contractor may, if the Consultant fails to issue a certificate for payment within seven days
after the Contractor's formal request for payment, through no fault of the Contractor, or if the
Owner fails to pay to the Contractor within 30 days after submission of any sum certified by the
Consultant, with seven days written notice to the Owner and the Consultant, stop the Work or
terminate this Contract.

31. Delays and Extension of Time

31.1

31.2

31.3

The completion date of the contract shall be extended if the work is delayed by changes ordered
in the work which have approved time extensions, or by an act or neglect of the Owner, the
Consultant, or the Owner's Contractor, or by strikes, lockouts, fire, flooding, unusual delay in
transportation, unavoidable casualties, or by other causes beyond the Contractor’s control. The
Consultant shall determine the status of all claimed causes.

The contract shall not be extended for delay occurring more than seven calendar days before the
Contractor's claim made in writing to the Consultant. In case of a continuing cause of delay, only
one claim is necessary.

The contract shall not be extended due to failure of the Consultant to furnish drawings if no
schedule or agreement is made between the Contractor and the Consultant indicating the dates
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which drawings shall be furnished and fourteen calendar days has passed after said date for such
drawings.

This article does not exclude the recovery of damages for delay by either party under other
provisions in the Contract Document.

32. Payments to the Contractor

32.1

322

323

324

32.5

32.6

32.7

32.8

As noted under Preconstruction Conference in this section, the Contractor shall submit a
Schedule of Values form, before the first application for payment, for approval by the Owner and
Consultant. The Consultant may direct the Contractor to provide evidence that supports the
correctness of the form. The approved Schedule of Values shall be used as a basis for payments.

The Contractor shall submit an application for each payment (“Requisition for Payment”) on a
form approved by the Owner and Consultant. The Consultant may require receipts or other
documents showing the Contractor's payments for materials and labor, including payments to
Subcontractors.

The Contractor shall submit Requisitions for Payment as the work progresses not more frequently
than once each month, unless the Owner approves a more frequent interval due to unusual
circumstances. The Requisition for Payment is based on the proportionate quantities of the
various classes of work completed or incorporated in the Work, in agreement with the actual
progress of the Work and the dollar value indicated in the Schedule of Values.

The Consultant shall verify and certify each Requisition for Payment which appears to be
complete and correct prior to payment being made by the Owner. The Consultant may certify an
appropriate amount for materials not incorporated in the Work which have been delivered and
suitably stored at the site. The Contractor shall submit bills of sale, insurance certificates, or
other such documents that will adequately protect the Owner’s interests prior to payments being
certified.

In the event any materials delivered but not yet incorporated in the Work have been included in a
certified Requisition for Payment with payment made, and said materials thereafter are damaged,
deteriorated or destroyed, or for any reason whatsoever become unsuitable or unavailable for use
in the Work, the full amount previously allowed shall be deducted from subsequent payments
unless the Contractor satisfactorily replaces said material.

The Contractor may request certification of an appropriate dollar amount for materials not
incorporated in the Work which have been delivered and suitably stored away from the site. The
Contractor shall submit bills of sale, insurance certificates, right-of-entry documents or other such
documents that will adequately protect the Owner’s interests. The Consultant shall determine if
the Contractor's documentation for the materials is complete and specifically designated for the
Project. The Owner may allow certification of such payments.

Subcontractors may request, and shall receive from the Consultant, copies of approved
Requisitions for Payment showing the amounts certified in the Schedule of Values.

Certified Requisitions for Payment, payments made to the Contractor, or partial or entire
occupancy of the project by the Owner shall not constitute an acceptance of any work that does
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not conform to the Contract Documents. The making and acceptance of the final payment
constitutes a waiver of all claims by the Owner, other than those arising from unsettled liens,
from faulty work or materials appearing within one year from final payment or from requirements
of the Drawings and Specifications, and of all claims by the Contractor, except those previously
made and still unsettled.

33. Payments Withheld

33.1

33.2

The Owner shall retain five percent of each payment due the Contractor as part security for the
fulfillment of the contract by the Contractor. The Owner may make payment of a portion of this
“retainage” to the Contractor temporarily or permanently during the progress of the Work. The
Owner may thereafter withhold further payments until the full amount of the five percent is
reestablished. The Contractor may deposit with the Maine State Treasurer certain securities in
place of retainage amounts due according to Maine Statute (5 M.R.S. §1746).

The Consultant may withhold or nullify the whole or a portion of any Requisitions for Payment
submitted by the Contractor in the amount that may be necessary, in his reasonable opinion, to
protect the Owner from loss due to any of the following:

defective work not remedied;

claims filed or reasonable evidence indicating probable filing of claims;

failure to make payments properly to Subcontractors or suppliers;

a reasonable doubt that the contract can be completed for the balance then unpaid,

liability for damage to another contractor.

(O NG TOR R

The Owner shall make payment to the Contractor, in the amount withheld, when the above
circumstances are removed.

34. Liens

34.1

34.2

The Contractor shall deliver to the Owner a complete release of all liens arising out of this
contract before the final payment or any part of the retainage payment is released. The
Contractor shall provide with the release of liens an affidavit asserting each release includes all
labor and materials for which a lien could be filed. Alternately, the Contractor, in the event any
Subcontractor or supplier refuses to furnish a release of lien in full, may furnish a bond
satisfactory to the Owner, to indemnify the Owner against any lien.

In the event any lien remains unsatisfied after all payments to the Contractor are made by the
Owner, the Contractor shall refund to the Owner all money that the latter may be compelled to
pay in discharging such lien, including all cost and reasonable attorney’s fees.

35. Workmanship

35.1

The Contractor shall provide materials, equipment, and installed work equal to or better than the
quality specified in the Contract Documents and approved in submittal and sample. The
installation methods shall be of the highest standards, and the best obtainable from the respective
trades. The Consultant’s decision on the quality of work shall be final.
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The Contractor shall know local labor conditions for skilled and unskilled labor in order to apply
the labor appropriately to the Work. All labor shall be performed by individuals well skilled in
their respective trades.

The Contractor shall perform all cutting, fitting, patching and placing of work in such a manner to
allow subsequent work to fit properly, whether that be by the Contractor, the Owner's Contractors
or others. The Owner and Consultant may advise the Contractor regarding such subsequent work.
Notwithstanding the notification or knowledge of such subsequent work, the Contractor may be
directed to comply with this standard of compatible construction by the Consultant at the
Contractor's expense.

The Contractor shall request clarification or revision of any design work by the Consultant, prior
to commencing that work, in a circumstance where the Contractor believes the work cannot
feasibly be completed at the highest quality, or as indicated in the Contract Documents. The
Consultant shall respond to such requests in a timely way, providing clarifying information, a
feasible revision, or instruction allowing a reduced quality of work. The Contractor shall follow
the direction of the Consultant regarding the required request for information.

The Contractor shall guarantee the Work against any defects in workmanship and materials for a
period of one year commencing with the date of the Certificate of Substantial Completion, unless
specified otherwise for specific elements of the project. The Work may also be subdivided in
mutually agreed upon components, each defined by a separate Certificate of Substantial
Completion.

36. Close-out of the Work

36.1

36.2

36.3

36.4

36.5

The Contractor shall remove from the premises all waste materials caused by the work. The
Contractor shall make the spaces “broom clean” unless a more thorough cleaning is specified.
The Contractor shall clean all windows and glass immediately prior to the final inspection, unless
otherwise directed.

The Owner may conduct the cleaning of the premises where the Contractor, duly notified by the
Consultant, fails to adequately complete the task. The expense of this cleaning may be deducted
from the sum due to the Contractor.

The Contractor shall participate in all final inspections and acknowledge the documentation of
unsatisfactory work, customarily called the "punch list", to be corrected by the Contractor. The
Consultant shall document the successful completion of the Work in a dated Certificate of
Substantial Completion, to be signed by Owner, Consultant, and Contractor.

The Contractor shall not call for final inspection of any portion of the Work that is not completely
and permanently installed. The Contractor may be found liable for the expenses of individuals
called to final inspection meetings prematurely.

The Contractor and all major Subcontractors shall participate in the end-of-warranty-period
conference, typically scheduled close to one year after the Substantial Completion date.
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37. Date of Completion and Liquidated Damages

37.1

37.2

373

37.4

37.5

The Contractor may make a written request to the Owner for an extension or reduction of time, if
necessary. The request shall include the reasons the Contractor believes justifies the proposed
completion date. The Owner may grant the revision of the contract completion date if the Work
was delayed due to conditions beyond the control and the responsibility of the Contractor. The
Contractor shall not conduct unauthorized accelerated work or file delay claims to recover alleged
damages for unauthorized early completion.

The Contractor shall vigorously pursue the completion of the Work and notify the Owner of any
factors that have, may, or will affect the approved Schedule of the Work. The Contractor may be
found responsible for expenses of the Owner or Consultant if the Contractor fails to make
notification of project delays.

The Project is planned to be done in an orderly fashion which allows for an iterative submittal
review process, construction administration including minor changes in the Work and some bad
weather. The Contractor shall not file delay claims to recover alleged damages on work the
Consultant determines has followed the expected rate of progress.

The Consultant shall prepare the Certificate of Substantial Completion which, when signed by the
Owner and the Contractor, documents the date of Substantial Completion of the Work or a
designated portion of the Work. The Owner shall not consider the issuance of a Certificate of
Occupancy by an outside authority a prerequisite for Substantial Completion if the Certificate of
Occupancy cannot be obtained due to factors beyond the Contractor’s control.

Liquidated Damages may be deducted from the sum due to the Contractor for each calendar day
that the Work remains uncompleted after the completion date specified in the Contract or an
approved amended completion date. The dollar amount per day shall be calculated using the
Schedule of Liquidated Damages table shown below.

If the original contract amount is: The per day Liquidated Damages shall be:
Less than $100,000 $250
$100,000 to less than $2,000,000 §750
$2,000,000 to less than $10,000,000 $1,500
$10,000,000 and greater $1,500 plus $250 for

each $2,000,000 over $10,000,000

38. Dispute Resolution

38.1

38.1.1

38.1.2

Mediation

A dispute between the parties which arises under this Contract which cannot be resolved through
informal negotiation, shall be submitted to a neutral mediator jointly selected by the parties.

Either party may file suit before or during mediation if the party, in good faith, deems it to be
necessary to avoid losing the right to sue due to a statute of limitations. If suit is filed before
good faith mediation efforts are completed, the party filing suit shall agree to stay all proceedings
in the lawsuit pending completion of the mediation process, provided such stay is without
prejudice.
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38.1.3 In any mediation between the Owner and the Consultant, the Owner has the right to consolidate
related claims between Owner and Contractor.

38.2  Arbitration

38.2.1 Ifthe dispute is not resolved through mediation, the dispute shall be settled by arbitration. The
arbitration shall be conducted before a panel of three arbitrators. Each party shall select one
arbitrator; the third arbitrator shall be appointed by the arbitrators selected by the parties. The
arbitration shall be conducted in accordance with the Maine Uniform Arbitration Act (MUAA),
except as otherwise provided in this section.

38.2.2 The decision of the arbitrators shall be final and binding upon all parties. The decision may be
entered in court as provided in the MUAA.

38.2.3 The costs of the arbitration, including the arbitrators’ fees shall be borne equally by the parties to
the arbitration, unless the arbitrator orders otherwise.

38.2.4 In any arbitration between the Owner and the Consultant, the Owner has the right to consolidate
related claims between Owner and Contractor.
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Notice: The contract or delivery order to which this addendum is attached is made using federal assistance provided
to the State of Maine by the US Department of Treasury under the American Rescue Plan Act (“ARPA”), Sections
602 and 603 of the Social Security Act, Pub. L. No. 117-2 (March 11, 2021).

1. Equal Opportunity

The Contractor shall comply with Executive Order 11246 of September 24, 1965 entitled “Equal Opportunity,” as
amended by Executive Order 11375 of October 13, 1967 and as supplemented by in Department of Labor
Regulations (41 CFR Part 60). The equal opportunity clause for federally assisted construction contracts at 41 CFR
Part 60-1.4 is incorporated by reference.

2. Contract Work Hours and Safety Standards Act

If the Contract is in excess of $100,000 and involves the employment of mechanics or laborers, Contractor shall
comply with 40 U.S.C. 3702 and 3704, as supplemented by Department of Labor regulations (29 CFR Part 5).
Under 40 U.S.C. 3702 of the Act, Contractor shall be required to compute the wages of every mechanic and laborer
on the basis of a standard work week of 40 hours. Work in excess of the standard work week is permissible provided
that the worker is compensated at a rate of not less than 1% times the basic rate of pay for all hours worked in excess
of 40 hours in the work week unless a higher rate is required by state or federal law. The requirements of 40 U.S.C.
3704 are applicable to construction work and provide that no laborer or mechanic shall be required to work in
surroundings or under working conditions which are unsanitary, hazardous or dangerous. These requirements do not
apply to the purchases of supplies or materials or articles ordinarily available on the open market, or contracts for
transportation or transmission of intelligence.

Contractor shall comply with the following required provisions:

a. Overtime requirements: No contractor or subcontractor contracting for any part of the contract work
which may require or involve the employment of laborers or mechanics shall require or permit any
such laborer or mechanic in any workweek in which he or she is employed on such work to work in
excess of forty hours in such workweek unless such laborer or mechanic receives compensation at a
rate not less than one and one-half times the basic rate of pay for all hours worked in excess of forty
hours in such workweek unless a higher rate is required by state or federal law.

b. Violation; liability for unpaid wages; liquidated damages: In the event of any violation of the clause
set forth in paragraph (a) of this section the Contractor and any subcontractor responsible therefor shall
be liable for the unpaid wages. In addition, such Contractor and subcontractor shall be liable to the
United States (in the case of work done under contract for the District of Columbia or a territory, to
such District or to such territory), for liquidated damages. Such liquidated damages shall be computed
with respect to each individual laborer or mechanic, including watchmen and guards, employed in
violation of the clause set forth in paragraph (a) of this section, in the sum of $29 for each calendar day
on which such individual was required or permitted to work in excess of the standard workweek of
forty hours without payment of the overtime wages required by the clause set forth in paragraph (a) of
this section.

c. Withholding for unpaid wages and liquidated damages: The State of Maine shall upon its own action
or upon written request of an authorized representative of the Department of Labor withhold or cause
to be withheld, from any moneys payable on account of work performed by the Contractor or
subcontractor under any such contract or any other Federal contract with the same prime contractor, or
any other federally-assisted contract subject to the Contract Work Hours and Safety Standards Act,
which is held by the same prime contractor, such sums as may be determined to be necessary to satisfy
any liabilities of such contractor or subcontractor for unpaid wages and liquidated damages as provided
in the clause set forth in paragraph (b) of this section.

d. Subcontracts: The Contractor or subcontractor shall insert in any subcontracts the clauses set forth in
paragraph (a) through (d) of this section and also a clause requiring the subcontractors to include these
clauses in any lower tier subcontracts. The prime contractor shall be responsible for compliance by any
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subcontractor or lower tier subcontractor with the clauses set forth in paragraphs (a) through (d) of this
section.

The Contractor or subcontractor shall maintain payrolls and basic payroll records during the course of
the work and shall preserve them for a period of three years from the completion of the contract for all
laborers and mechanics, including guards and watchmen, working on the contract. Such records shall
contain the name and address of each such employee, social security number, correct classifications,
hourly rates of wages paid, daily and weekly number of hours worked, deductions made, and actual
wages paid.

Records to be maintained under this provision shall be made available by the Contractor or
subcontractor for inspection, copying, or transcription by authorized representatives of the Department
of Treasury, and the Department of Labor, and the Contractor or subcontractor will permit such
representatives to interview employees during working hours on the job.

3. Environmental Compliance

a.

Contracts and subgrants of amounts in excess of $150,000 must comply with all applicable standards,
orders or regulations issued pursuant to the Clean Air Act (42 U.S.C. 7401-7671q) and the Federal
Water Pollution Control Act as amended (33 U.S.C. 1251-1387). Violations must be reported to the
Federal awarding agency and the Regional Office of the Environmental Protection Agency (EPA).

The Contractor shall comply with all applicable standards, orders, or requirements issued under section
508 of the Clean Water Act (33 U.S.C. 1368), Executive Order 11738, Environmental Protection
Agency regulations (40 CFR Part 15), and section 308 of the Federal Water Pollution Control Act
(33U.S.C. 1318), that relate generally to inspection, monitoring, entry reports, and information, and
with all regulations and guidelines issued thereunder.

The Contractor shall comply with all applicable standards, orders, or requirements issued under the
Resource Conservation and Recovery Act (RCRA); the Comprehensive Environmental Response
Compensation and Liabilities Act (CERCLA); and any applicable Federal, Codes or Local
environmental regulation.

4. Protection for Whistleblowers

a.

In accordance with 41 U.S.C. § 4712, Contractor may not discharge, demote, or otherwise discriminate
against an employee in reprisal for disclosing to any of the list of persons or entities provided below,
information that the employee reasonably believes is evidence of gross mismanagement of a federal
contract or grant, a gross waste of federal funds, an abuse of authority relating to a federal contract or
grant, a substantial and specific danger to public health or safety, or a violation of law, rule, or
regulation related to a federal contract (including the competition for or negotiation of a contract) or
grant.

The list of persons and entities referenced in the paragraph above includes the following:
i. A member of Congress or a representative of a committee of Congress;
ii. An Inspector General
iii. The Government Accountability Office;
iv. A Treasury employee responsible for contract or grant oversight or management;
v. An authorized official of the Department of Justice or other law enforcement agency;

vi. A court or grand jury; or
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vii. A management official or other employee of Contractor, contractor, or subcontractor who has
the responsibility to investigate, discover, or address misconduct.

c. Contractor shall inform its employees in writing of the rights and remedies provided under this section,
in the predominant native language of the workforce.

5. Domestic Preference for Procurements

Contractor should, to the greatest extent practicable under a Federal award, provide a preference for the purchase,
acquisition, or use of goods, products, or materials produced in the United States (including but not limited to iron,
aluminum, steel, cement, and other manufactured products). The requirements of this section must be included in all
subawards including all contracts and purchase orders for work or products under this award. For purposes of this
section: (1) “Produced in the United States” means, for iron and steel products, that all manufacturing processes,
from the initial melting stage through the application of coatings, occurred in the United States. (2) “Manufactured
products” means items and construction materials composed in whole or in part of non-ferrous metals such as
aluminum; plastics and polymer-based products such as polyvinyl chloride pipe; aggregates such as concrete; glass,
including optical fiber; and lumber (2 CFR 200.322).

6. Procurement of recovered materials

The Contractor shall comply with section 6002 of the Solid Waste Disposal Act, as amended by the Resource
Conservation and Recovery Act. The requirements of Section 6002 include procuring only items designated in
guidelines of the Environmental Protection Agency (EPA) at 40 CFR part 247 that contain the highest percentage of
recovered materials practicable, consistent with maintaining a satisfactory level of competition, where the purchase
price of the item exceeds $10,000 or the value of the quantity acquired during the preceding fiscal year exceeded
$10,000; procuring solid waste management services in a manner that maximizes energy and resource recovery; and
establishing an affirmative procurement program for procurement of recovered materials identified in the EPA
guidelines (2 CFR 200.323).

7. Nondiscrimination

The Contractor shall ensure that no person is denied benefits of, or otherwise be subjected to discrimination in
connection with the Contractor’s performance under this agreement, on the grounds of race, religion, color, national
origin, sex, and handicap. Accordingly, and to the extent applicable, the Contractor covenants and agrees to comply
with the following:

a. Title VI of the Civil Rights Act of 1964, which prohibits recipients of federal financial assistance from
excluding from a program or activity, denying benefits of, or otherwise discriminating against a person
on the basis of race, color, or national origin (42 U.S.C. § 2000d et seq.), as implemented by the
Department of the Treasury’s Title VI regulations, 31 CFR Part 22, which are herein incorporated by
reference and made a part of this contract (or agreement). Title VI also includes protection to persons
with “Limited English Proficiency” in any program or activity receiving federal financial assistance,
42 U.S.C. § 2000d et seq., as implemented by the Department of the Treasury’s Title VI regulations,
31 CFR Part 22, and herein incorporated by reference and made a part of this contract or agreement.

b. The Fair Housing Act, Title VIII of the Civil Rights Act of 1968 (42 U.S.C. §§ 3601, et seq.), which
prohibits discrimination in housing on the basis of race, color, religion, national origin, sex, familial
status, or disability

c. Section 504 of the Rehabilitation Act of 1973 (29 U.S.C. § 794)

d. The Age Discrimination Act of 1975 (42 U.S.C. § 6101 et seq.) and regulations issued thereunder (45
CFR Part 90).

e. Title IT of the Americans with Disabilities Act of 1990, as amended (42 U.S.C. §§ 12101 et seq.),
which prohibits discrimination on the basis of disability under programs, activities, and services
provided or made available by state and local governments or instrumentalities or agencies thereto.

8. Lobbying
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a. No Federal appropriated funds have been paid or will be paid, by or on behalf of the undersigned, to
any person for influencing or attempting to influence an officer or employee of an agency, a Member
of Congress, an officer or employee of Congress, or an employee of a Member of Congress in
connection with the awarding of any Federal contract, the making of any Federal grant, the making of
any Federal loan, the entering into of any cooperative agreement, and the extension, continuation,
renewal, amendment, or modification of any Federal contract, grant, loan, or cooperative agreement.

b. If any funds other than Federal appropriated funds have been paid or will be paid to any person for
influencing or attempting to influence an officer or employee of any agency, a Member of Congress,
an officer or employee of Congress, or an employee of a Member of Congress in connection with this
Federal contract, grant, loan, or cooperative agreement, the undersigned shall complete and submit
Standard Form-LLL, "Disclosure of Lobbying Activities," in accordance with its instructions.

c. The undersigned shall require that the language of this certification be included in the award
documents for all subawards at all tiers (including subcontracts, subgrants, and contracts under grants,
loans, and cooperative agreements) and that all subrecipients shall certify and disclose accordingly.
This certification is a material representation of fact upon which reliance was placed when this
transaction was made or entered into. Submission of this certification is a prerequisite for making or
entering into this transaction imposed by section 1352, title 31, U.S. Code. Any person who fails to file
the required certification shall be subject to a civil penalty of not less than $10,000 and not more than
$100,000 for each such failure.

d. The Interim Final Rule, New Restrictions on Lobbying, issued by the Office of Management and
Budget to implement the provisions of section 319 of Public Law 101-121 (31 U.S.C., Art 1352) is
incorporated by reference.

9. Drug-Free Workplace
The Contractor will comply with the provisions of the Drug-Free Workplace Act of 1988 (Public Law 100-690, title
V, subtitle D; 41 U.S.C. 701 et seq.) and maintain a drug-free workplace.
10. Increasing Seat Belt Use in the United States
Pursuant to Executive Order 13043, 62 FR 19217 (Apr. 18, 1997), Contractor is encouraged to adopt and enforce
on-the-job seat belt policies and programs for its their employees when operating company owned, rented or
personally owned vehicles.
11. Reducing Text Messaging While Driving
Pursuant to Executive Order 13513, 74 FR 51225 (October 6, 2009), Contractor is encouraged to adopt and enforce
policies that ban text messaging while driving, and to establish workplace safety policies to decrease accidents
caused by distracted drivers.
12. Debarment and Suspension
If the Contract is in excess of $25,000, this Contract is a covered transaction for purposes of 2 C.F.R. Part 180 and 2
C.E.R. Part 3000. As such, the Contractor is required to verify that none of the Contractor’s principals (defined at 2
C.EF.R. § 180.995) or its affiliates (defined at 2 C.F.R. § 180.905) are excluded (defined at 2 C.F.R. § 180.940) or
disqualified (defined at 2 C.F.R. § 180.935). The Contractor must comply with 2 C.F.R. Part 180, subpart C and 2
C.F.R. Part 3000, subpart C, and must include a requirement to comply with these regulations in any lower tier
covered transaction it enters into. This certification is a material representation of fact relied upon by The State of
Maine. If it is later determined that the Contractor did not comply with 2 C.F.R. Part 180, subpart C and 2 C.F.R.
Part 3000, subpart C, in addition to remedies available to The State of Maine, the federal government may pursue
available remedies, including but not limited to suspension and/or debarment. The bidder or proposer agrees to
comply with the requirements of 2 C.F.R. Part 180, subpart C and 2 C.F.R. Part 3000, subpart C while this offer is
valid and throughout the period of any contract that may arise from this offer. The bidder or proposer further agrees
to include a provision requiring such compliance in its lower tier covered transactions.
13. Prohibition on Certain Telecommunications and Video Surveillance Services or Equipment
Contractor shall use no funds provided under this Contract to:

a. Procure or obtain;
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b. Extend or renew a contract to procure or obtain; or

c. Enter into a contract (or extent or renew a contract) to procure or obtain equipment, services, or
systems that uses covered telecommunications equipment or services as a substantial or essential
component of any system, or as critical technology as part of any system. As described in Public Law
115-232, section 889, covered telecommunications equipment is telecommunications equipment
produced by Huawei Technologies Company or ZTE Corporation (or any subsidiary or affiliate of
such entities).

1. For the purpose of public safety, security of government facilities, physical
security surveillance of critical infrastructure, and other national security purposes,
video surveillance and telecommunications equipment produced by Hytera
Communications Corporation, Hangzhou Hikvision Digital Technology Company,
or Dahua Technology Company (or any subsidiary or affiliate of such entities).

ii. Telecommunications or video surveillance services provided by such entities or
using such equipment.

1. Telecommunications or video surveillance equipment or services produced or
provided by an entity that the Secretary of Defense, in consultation with the
Director of the National Intelligence or the Director of the Federal Bureau of
Investigation, reasonably believes to be an entity owned or controlled by, or
otherwise connected to, the government of a covered foreign country.

d. The Contractor shall insert the substance of this clause, including this paragraph, into all subcontracts
and other contractual instruments (2 CFR 200.216).

Data for Infrastructure Projects and Capital Expenditure Projects

14.1 Programmatic Data for Infrastructure Projects (Expenditure Category 5 (EC 5)): For all projects listed
under the Water, Sewer', and Broadband Expenditure Categories (see Appendix 1 of the Compliance and
Reporting Guidance for a listing of expenditure categories), more detailed project-level information is
required. The Contractor/ Sub-recipient acknowledges that they must provide the below-referenced data
associated with the services tied to this service contract/sub-award. This information will be provided to the
State of Maine Contracting Department (Owner/Department) by the Contractor/Sub-recipient. Contractors
and Sub-recipients are only required to provide the specific information tied to the project associated with
this contract/sub-award that fits into one or more listed ECs. Each project will be required to report
expenditure data as described above, but will also report the following information:

1. All Water and Sewer projects (EC 5.1-5.18):

Projected/actual construction start date (month/year)

Projected/actual initiation of operations date (month/year)

Public Water System (PWS) ID Number

National Pollutant Discharge Elimination System (NPDES) Permit Number
Median Household Income of Service Area?

! Definitions for water and sewer Expenditure Categories can be found in the EPA’s handbooks. For “clean water”
expenditure category definitions, please see: https://www.epa.gov/sites/production/files/2018-
03/documents/cwdefinitions.pdf. For “drinking water” expenditure category definitions, please see:
https://www.epa.gov/dwsrf/drinking-water-staterevolving-fund-national-information-management-system-reports.
2 *For median income and lowest quintile income of Census Tracts and other geographic areas, Contractor/Sub-
recipient should refer to the most recent American Community Survey 5-year estimates available through the

Census website.
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e Lowest Quintile Income of the Service Area?

2. All Broadband Projects (EC 5.19-5.21):
e Projected/actual construction start date (month/year)
e Projected/actual initiation of operations date (month/year)
e Location Details
e Confirm that the project is designed to, upon completion, reliably meet or exceed symmetrical
100 Mbps download and upload speeds.
= [fthe project is not designed to reliably meet or exceed symmetrical 100 Mbps download
and upload speeds, explain why not, and
=  Confirm that the project is designed to, upon completion, meet or exceed 100 Mbps
download speed and between at least 20 Mbps and 100 Mbps upload speed, and be
scalable to a minimum of 100 Mbps download speed and 100 Mbps upload speed.

e Confirm that the service provider for the project has, or will upon completion of the project, either
participated in the Federal Communications Commission (FCC)’s Affordable Connectivity
Program (ACP) or otherwise provided access to a broad-based affordability program that provides
benefits to households commensurate with those provided under the ACP to low-income
consumers in the proposed service area of the broadband infrastructure (applicable only to projects
that provide service to households).

e Detailed Project Information:

=  Project technology type(s) (Planned/Actual)
*  Fiber
+  Coaxial Cable
*  Terrestrial Fixed Wireless
*  Other (specify)
= Total miles of fiber deployed (Planned/Actual)
=  Total number of funded locations served (Planned/Actual)
=  Pre-SLFRF Investment
*  Total Number of Funded Locations Served receiving 25/3 Mbps or below
*  Total Number of Funded Locations Served receiving between 25/3 Mbps and
100/20 Mbps
=  Post-SLFRF
+  Total Number Receiving Minimum 100/100 Mbps
*  Total Number Receiving Minimum 100/20Mbps and scalable to 100/100 Mbps
=  Total number of funded locations served, broken out by type (Planned/Actual):
* Residential
o Total Housing Units
*  Business
*  Community Anchor Institution
e Location-by-Location Project Information

For each location served by a Project, the Owner/Department must collect from the
Contractor/Sub-recipient and submit the following information to Treasury using a
predetermined file format that will be provided by Treasury (collection of certain fields will
begin in October 2022, as specified below):

e Latitude/longitude at the structure where service will be installed (required starting October
2022) Technology used to offer service at the location (required starting October 2022)

e Location type (required starting October 2022)

=  Residential
» If Residential, Number of Housing Units
=  Business
=  Community anchor institution
e Speed tier at the location post-SLFRF investment (collection to be phased in)
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=  Maximum download speed offered
=  Maximum download speed delivered
=  Maximum upload speed offered
=  Maximum upload speed delivered
= Latency
Standardized FCC Identifiers
=  Fabric ID # (Broadband Serviceable Fabric Locations)
=  FCC Issued Provider ID #

3. Wage Rate Disclosures and Certifications for Capital Expenditure and Infrastructure Projects.

A. N/A

B. To the extent that the Contractor/Sub-recipient employs laborers and mechanics as defined by the
Davis Bacon Act, the Contractor/Sub-recipient must provide a project employment and local
impact report detailing:

The number of employees of contractors and sub-contractors working on the project;
The number of employees on the project hired directly;

The number of employees on the project hired through a third party;

The wages and benefits of workers on the project by classification; and

Whether those wages are at rates less than those prevailing;

Contractor/Sub-recipient must maintain sufficient records to substantiate this information
upon request.

C. To the extent that the Contractor/Sub-recipient employs laborers and mechanics as defined by the
Davis Bacon Act, the Contractor/Sub-recipient must provide a project workforce continuity plan,
detailing:

How the Contractor/Sub-recipient will ensure the project has ready access to a sufficient
supply of appropriately skilled and unskilled labor to ensure high-quality construction
throughout the life of the project, including a description of any required professional
certifications and/or in-house training;

How the Contractor/Sub-recipient will minimize risks of labor disputes and disruptions that
would jeopardize timeliness and cost-effectiveness of the project;

How the Contractor/Sub-recipient will provide a safe and healthy workplace that avoids
delays and costs associated with workplace illnesses, injuries, and fatalities, including
descriptions of safety training, certification, and/or licensure requirements for all relevant
workers (e.g., OSHA 10, OSHA 30);

Whether workers on the project will receive wages and benefits that will secure an
appropriately skilled workforce in the context of the local or regional labor market;
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e Whether the project has completed a project labor agreement;
e  Whether the project prioritizes local hires

e  Whether the project has a Community Benefit Agreement, with a description of any such
agreement.
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00 73 46
Wage Determination Schedule

PART 1- GENERAL

1.1 Related Documents
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specifications Sections, apply to this Section.

1.2 Summary
A. This Section includes the wage determination requirements for Contractors as issued by the State
of Maine Department of Labor Bureau of Labor Standards or the United States Department of
Labor.

1.3 Requirements
A. Conform to the wage determination schedule for this project which is shown on the following
page.

PART 2 - PRODUCTS (not used)

PART 3 - EXECUTION (not used)
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00 73 46
Wage Determination Schedule

THIS DOCUMENT MUST BE CLEARLY POSTED AT ALL CONSTRUCTION SITES FUNDED IN PART WITH STATE FUNDS

State of Maine Department of Labor - Bureau of Labor Standards
Augusta, Maine 04333-0045 - Telephone (207) 623-7906

Wage Determinatien - In accordance with 26 MRS §1301 et. seq., this is a determination by the Bureau of Laber
Standards, of the fair minimum wage rate to be paid to laborers and workers employed on the below titled project.

2024 Fair Minimum Wage Rates -- Building 2 Lincoln County (other than 1 or 2 family homes)

Occupational Title Minimum Benefit Total
ick And Block $4.82 $38.82
Bulldozer Operator $7.53 $39.03
Carpenter 5$10.94 $40.62
Cement Masons And Concrete Finisher $4.55 $29.55
Commercial Divers $4.62 $34.62
Construction And Maintenance Painters $1.93 $26.93
Construction Laborer $2.97 $25.97
Crane And Tower Operators 5$10.43 $47.40
Crushing Grinding And Polishing Maching Qperators $23.00 $4.94 $27.94
Brywall And Ceiling Tile Installers $26.20 $10.62 $36.82
Earth Drillers - Except Qil And Gas $21.61 $5.53 §27.14
Electrical Power - Line Installer And Repairers $38.93 $8.91 $47.84
Electricians 538.51 $6.00 $44.51
Elevator Installers And Repairers $68.38 34529 511367
And Loading Machine And Dragline Operators $26.00 $7.01 $33.01
Excavalor Operatar $28.50 $51.67 $30.17
Fence Erectors $26.75 $4.05 $30.80
Flaggers £20.00 £0.38 £20.38
Floor Layers - Excepl Carpel/Wood/Hard Tiles $27.00 $6.21 $33.21
Glaziers $37.00 $6.60 $43.60
Grader/Scraper Operator $23.00 $1.99 $24.99
Hazardous Materials Removal Workers $22.25 $1.87 $24.12
Heating And Air Conditioning And Refrigeration Mechanics And Installers $32.60 $5.42 $38.02
Heavy And Tractor - Trailer Truck Drivers $23.25 $1.10 524.35
Highway Maintenance Workers $20.00 $0.00 $20.00
Industrial Machincry Mechanics $31.25 $1.01 $32.26
Truck And Tractor Operators $29.25 $4.06 $33.31
Insulation Worker - i $24.88 $4.46 $29.34
Iranwarker - Qrnamental $27.75 $4.50 $32.25
Light Truck Or Delivery Services Drivers $23.34 $1.67 $25.01
Millwrights $33.75 58.78 §42.53
Mobile Heavy Equipment, Mechanics - Except Engines $27.75 $4.89 $32.64
Operating And Other Equipment Operators $24.00 $2.38 $26.38
Paver Operator 527.03 $6.43 $33.52
Pile-Driver Qperalors $32.75 $1.95 $34.70
Pipelayers $28.50 $4.89 $33.39
Plumbers Pipe Fitters And Steam fitters. 529.50 $5.48 534.98
Pump Operators - Except Wellhead Pumpers $31.49 $32.08 $63.57
Radio Cellular And Tower Equipment Installers $26.00 $3.77 $29.77
Reclaimer Operator $27.03 $7.68 $34.71
Reinforcing Iron And Rebar Workers. $21.43 $6.49 $27.92
Riggers $29.25 $7.79 $37.04
Roofers $23.50 $3.56 $27.06
Screed/Wheelman $29.25 $4.94 $34.19
Sheel Melal Workers 52302 %478 $28.70
Structural Iron And Steel Workers $30.08 $7.62 $37.70
Tapers $32.63 $0.00 $32.63
Telecommunications Equipment Installers And Repairers - Except Line Installers $28.00 $6.46 534.46
T Ications Line Installers And Repairers $33.89 $18.93 $52.82
Tile And Marble Setters $27.75 $6.73 $34.48
Welders are classified as the trade to which ing is inci al (e.g. ing structural steel is Structural Iron and Steel Worker)
Apprentices — The minimum wage rates for registered apprentices are the rates rec ized in the sp ip agreement for

registered apprentices working in the pertinent classification.

For any other specific trade on this project not listed above, contact the Bureau of Labor Standards for further clarification.

Title 26 §1310 requires that a clearly legible statement of all fair minimum wage and benefits rates to be paid the several classes
of laborers, workers and mechanics employed on the construction on the public work must be kept posted in a prominent and

easily accessible place at the site by each contractor and subcontractor subject to sections 1304 to 1313,

Appeal - Any person affected by the determination of these rates may appeal to the Commissioner of Labor by filing a written
notice with the Commissioner stating the specific grounds of the objection within ten (10) days from the filing of these rates.

A true copy
<
Attest: ¢

Scott R, Cotnoir
Wage & Hour Director
Bureau of Labor Standards

Expiration Date: 12-31-2024
Revision Date: 1-3-2024

End of Section 00 73 46
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ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 011000 - SUMMARY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:

Project information.

Work covered by Contract Documents.
Construction sequencing.

Contractor's use of site and premises.
Coordination with occupants.

Work restrictions.

Specification and Drawing conventions.
Miscellaneous provisions.

NN R WD =

B.  Related Requirements:

1. Section 015000 "Temporary Facilities and Controls" for limitations and procedures
governing temporary use of Owner's facilities.

1.3 DEFINITIONS
A.  Work Package: A group of specifications, drawings, and schedules prepared by the design team
to describe a portion of the Project Work for pricing, permitting, and construction.

1.4 PROJECT INFORMATION

A.  Project Identification: Energy Efficiency Upgrades, Maine Department of Marine Resources
Laboratory.

1. Project Location: 194 McKown Point Road, West Boothbay Harbor, ME 04575.
B. Owner: Bureau of General Services, State of Maine, 111 Sewall Street, Augusta, Maine 04330.
1. Owner's Representative: Robert Gurney, 207-624-7343.

C. Architect: Oak Point Associates, 207-283-0193.
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ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.5

1.6

1.7

1. Architect's Representative: Matthew Albert, P.E., 207-283-0193.

WORK COVERED BY CONTRACT DOCUMENTS

The Work of Project is defined by the Contract Documents and includes, but is not limited to,
the following:

I. Exterior envelope improvement, mechanical and energy improvements and associated
electrical work, and other Work indicated in the Contract Documents.

Type of Contract:

1. Project will be constructed under a single prime contract.

CONSTRUCTION SEQUENCING

Sequence the construction to limit disruption to the Owner-occupied building.

CONTRACTOR'S USE OF SITE AND PREMISES

Restricted Use of Site: Contractor shall have limited use of Project site for construction
operations as indicated on Drawings by the Contract limits and as indicated by requirements of
this Section.

Limits on Use of Site: Limit use of Project site to Work in areas indicated. Do not disturb
portions of Project site beyond areas in which the Work is indicated.

1. Driveways, Walkways and Entrances: Keep driveways parking, loading areas, and
entrances serving premises clear and available to Owner, Owner's employees, and
emergency vehicles at all times. Do not use these areas for parking or for storage of

materials.

a. Schedule deliveries to minimize use of driveways and entrances by construction
operations.

b. Schedule deliveries to minimize space and time requirements for storage of

materials and equipment on-site.

Condition of Existing Building: Maintain portions of existing building affected by construction
operations in a weathertight condition throughout construction period. Repair damage caused by
construction operations.

Condition of Existing Grounds: Maintain portions of existing grounds, landscaping, and
hardscaping affected by construction operations throughout construction period. Repair damage
caused by construction operations.
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ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.8

A.

1.9

COORDINATION WITH OCCUPANTS

Full Owner Occupancy: Owner will occupy Project site and existing building(s) during entire
construction period. Cooperate with Owner during construction operations to minimize conflicts
and facilitate Owner usage. Perform the Work so as not to interfere with Owner's day-to-day
operations. Maintain existing exits unless otherwise indicated.

L. Maintain access to existing walkways, corridors, and other adjacent occupied or used
facilities. Do not close or obstruct walkways, corridors, or other occupied or used
facilities without written permission from Owner and approval of authorities having

jurisdiction.

2. Notify Owner not less than 72 hours in advance of activities that will affect Owner's
operations.

WORK RESTRICTIONS

Comply with restrictions on construction operations.

1. Comply with limitations on use of public streets, work on public streets, rights of way,
and other requirements of authorities having jurisdiction.

On-Site Work Hours: Limit work to between 7:00 a.m. to 6:00 p.m., Monday through Friday,
unless otherwise indicated. Work hours may be modified to meet Project requirements if
approved by Owner and authorities having jurisdiction.

1. Weekend Hours: Prior approval from Owner required.
Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by Owner or
others unless permitted under the following conditions and then only after arranging for

temporary utility services according to requirements indicated:

1. Notify Owner not less than seven days in advance of proposed utility interruptions.
2. Obtain Owner's written permission before proceeding with utility interruptions.

Noise, Vibration, Dust, and Odors: Coordinate operations that may result in high levels of noise
and vibration, dust, odors, or other disruption to Owner occupancy with Owner.

1. Notify Owner not less than two days in advance of proposed disruptive operations.
2. Obtain Owner's written permission before proceeding with disruptive operations.

Smoking and Controlled Substance Restrictions: Use of tobacco products , alcoholic beverages,
and other controlled substances on Owner's property is not permitted.

Employee Identification: Provide identification tags for Contractor personnel working on
Project site. Require personnel to use identification tags at all times.

Employee Screening: Comply with Owner's requirements for drug and background screening of
Contractor personnel working on Project site.
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ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.10

1. Maintain list of approved screened personnel with Owner's representative.

SPECIFICATION AND DRAWING CONVENTIONS

Specification Content: The Specifications use certain conventions for the style of language and
the intended meaning of certain terms, words, and phrases when used in particular situations.
These conventions are as follows:

1. Imperative mood and streamlined language are generally used in the Specifications. The
words "shall," "shall be," or "shall comply with," depending on the context, are implied
where a colon (:) is used within a sentence or phrase.

2. Text Color: Text used in the Specifications, including units of measure, manufacturer and
product names, and other text may appear in multiple colors or underlined as part of a
hyperlink; no emphasis is implied by text with these characteristics.

3. Hypertext: Text used in the Specifications may contain hyperlinks. Hyperlinks may allow
for access to linked information that is not residing in the Specifications. Unless
otherwise indicated, linked information is not part of the Contract Documents.

4. Specification requirements are to be performed by Contractor unless specifically stated
otherwise.

Division 00 Contracting Requirements: General provisions of the Contract, including General
and Supplementary Conditions, apply to all Sections of the Specifications.

Division 01 General Requirements: Requirements of Sections in Division 01 apply to the Work
of all Sections in the Specifications.

Drawing Coordination: Requirements for materials and products identified on Drawings are
described in detail in the Specifications. One or more of the following are used on Drawings to
identify materials and products:

1. Terminology: Materials and products are identified by the typical generic terms used in
the individual Specifications Sections.
2. Abbreviations: Materials and products are identified by abbreviations scheduled on

Drawings and published as part of the U.S. National CAD Standard.

PART 2 — PRODUCTS (Not Used)

PART 3 — EXECUTION (Not Used)

END OF SECTION
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MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 013100 - PROJECT MANAGEMENT AND COORDINATION

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative provisions for coordinating construction operations on Project,
including, but not limited to, the following:

General coordination procedures.

RFIs.

Digital project management procedures.
Project meetings.

el

Related Requirements:

1. Section 013200 "Construction Progress Documentation" for preparing and submitting
Contractor's construction schedule.

2. Section 017300 "Execution" for procedures for coordinating general installation and
field-engineering services, including establishment of benchmarks and control points.

3. Section 017700 "Closeout Procedures" for coordinating closeout of the Contract.

DEFINITIONS

RFI: Request for Information. Request from Owner, Architect, or Contractor seeking
information required by or clarifications of the Contract Documents.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Subcontract List: Prepare a written summary identifying individuals or firms proposed for each
portion of the Work, including those who are to furnish products or equipment fabricated to a
special design. Include the following information in tabular form:

1. Name, address, telephone number, and email address of entity performing subcontract or
supplying products.

2. Number and title of related Specification Section(s) covered by subcontract.

3. Drawing number and detail references, as appropriate, covered by subcontract.
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MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

C.  Key Personnel Names: Within 15 days of starting construction operations, submit a list of key
personnel assignments, including superintendent and other personnel in attendance at Project
site. Identify individuals and their duties and responsibilities; list addresses, cellular telephone
numbers, and e-mail addresses. Provide names, addresses, and telephone numbers of individuals
assigned as alternates in the absence of individuals assigned to Project.

1. Post copies of list in Project meeting room, in temporary field office, and in prominent
location in built facility. Keep list current at all times.

1.5 GENERAL COORDINATION PROCEDURES

A.  Coordination: Coordinate construction operations included in different Sections of the
Specifications to ensure efficient and orderly installation of each part of the Work. Coordinate
construction operations included in different Sections that depend on each other for proper
installation, connection, and operation.

1. Schedule construction operations in sequence required to obtain the best results, where
installation of one part of the Work depends on installation of other components, before
or after its own installation.

2. Coordinate installation of different components to ensure maximum performance and
accessibility for required maintenance, service, and repair.
3. Make adequate provisions to accommodate items scheduled for later installation.

B.  Prepare memoranda for distribution to each party involved, outlining special procedures
required for coordination. Include such items as required notices, reports, and list of attendees at
meetings.

1. Prepare similar memoranda for Owner and separate contractors if coordination of their
Work is required.

C.  Administrative Procedures: Coordinate scheduling and timing of required administrative
procedures with other construction activities to avoid conflicts and to ensure orderly progress of
the Work. Such administrative activities include, but are not limited to, the following:

Preparation of Contractor's construction schedule.
Preparation of the schedule of values.

Installation and removal of temporary facilities and controls.
Delivery and processing of submittals.

Progress meetings.

Preinstallation conferences.

Project closeout activities.

Startup and adjustment of systems.

NN RO =

1.6 REQUEST FOR INFORMATION (RFI)
A.  General: Immediately on discovery of the need for additional information, clarification, or

interpretation of the Contract Documents, Contractor shall prepare and submit an RFI in the
form specified.
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1. Architect will return without response those RFIs submitted to Architect by other entities
controlled by Contractor.
2. Coordinate and submit RFIs in a prompt manner to avoid delays in Contractor's work or

work of subcontractors.

B.  Content of the RFI: Include a detailed, legible description of item needing information or
interpretation and the following:

Project name.

Owner name.

Owner's Project number.

Name of Architect.

Architect's Project number.

Date.

Name of Contractor.

RFI number, numbered sequentially.

RFI subject.

Specification Section number and title and related paragraphs, as appropriate.

Drawing number and detail references, as appropriate.

Field dimensions and conditions, as appropriate.

Contractor's suggested resolution. If Contractor's suggested resolution impacts the
Contract Time or the Contract Sum, Contractor shall state impact in the RFL.

Contractor's signature.

Attachments: Include sketches, descriptions, measurements, photos, Product Data, Shop
Drawings, coordination drawings, and other information necessary to fully describe items
needing interpretation.

WXk W=

—
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a. Include dimensions, thicknesses, structural grid references, and details of affected
materials, assemblies, and attachments on attached sketches.

C.  RFI Forms: Software-generated form with substantially the same content as indicated above,
acceptable to Architect.

1. Attachments shall be electronic files in PDF format.
D.  Architect's Action: Architect will review each RFI, determine action required, and respond.

Allow three days for Architect's response for each RFI. RFIs received by Architect after 1:00
p-m. will be considered as received the following working day.

1. The following Contractor-generated RFIs will be returned without action:
a. Requests for approval of submittals.
b. Requests for approval of substitutions.
c. Requests for approval of Contractor's means and methods.
d. Requests for coordination information already indicated in the Contract

Documents.

Requests for adjustments in the Contract Time or the Contract Sum.
Requests for interpretation of Architect's actions on submittals.

g. Incomplete RFIs or inaccurately prepared RFIs.

™ o
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2.

Architect's action may include a request for additional information, in which case
Architect's time for response will date from time of receipt by Architect of additional
information.

Architect's action on RFIs that may result in a change to the Contract Time or the
Contract Sum may be eligible for Contractor to submit Change Proposal according to
Section 012600 "Contract Modification Procedures."

a. If Contractor believes the RFI response warrants change in the Contract Time or
the Contract Sum, notify Architect in writing within 5 days of receipt of the RFI
response.

E. RFI Log: Prepare, maintain, and submit a tabular log of RFIs organized by the RFI number.
Submit log weekly. Include the following:

PN R LD =

Project name.

Name and address of Contractor.

Name and address of Architect.

RFI number, including RFIs that were returned without action or withdrawn.

RFI description.

Date the RFI was submitted.

Date Architect's response was received.

Identification of related Minor Change in the Work, Construction Change Directive, and
Proposal Request, as appropriate.

F. On receipt of Architect's action, update the RFI log and immediately distribute the RFI response
to affected parties. Review response and notify Architect within three days if Contractor
disagrees with response.

1.7 DIGITAL PROJECT MANAGEMENT PROCEDURES

A.  Use of Architect's Digital Data Files: Digital data files of Architect's CAD drawings will be
provided by Architect for Contractor's use during construction.

1.

2.

W

Digital data files may be used by Contractor in preparing coordination drawings, Shop
Drawings, and Project Record Drawings.

Architect makes no representations as to the accuracy or completeness of digital data files
as they relate to Contract Drawings.

Digital Drawing Software Program: Contract Drawings are available in AutoCad 2017.
Contractor shall execute a data licensing agreement in the form of Agreement acceptable
to Owner and Architect.

a. Subcontractors and other parties granted access by Contractor to Architect’s digital
date files shall execute a data licensing agreement in the form of Agreement
acceptable to Owner and Architect.

The following digital data files will be furnished for each appropriate discipline:

a. Floor plans.
b. Reflected ceiling plans.
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B.  PDF Document Preparation: Where PDFs are required to be submitted to Architect, prepare as
follows:

1. Assemble complete submittal package into a single indexed file, incorporating submittal
requirements of a single Specification Section and transmittal form with links enabling
navigation to each item.

2. Name file with submittal number or other unique identifier, including revision identifier.

3. Certifications: Where digitally submitted certificates and certifications are required,
provide a digital signature with digital certificate on where indicated.

1.8 PROJECT MEETINGS

A.  General: Schedule and conduct meetings and conferences at Project site unless otherwise
indicated.

L. Attendees: Inform participants and others involved, and individuals whose presence is
required, of date and time of each meeting. Notify Owner and Architect of scheduled
meeting dates and times a minimum of seven days prior to meeting.

2. Agenda: Prepare the meeting agenda. Distribute the agenda to all invited attendees.

3. Minutes: Entity responsible for conducting meeting will record significant discussions
and agreements achieved. Distribute the meeting minutes to everyone concerned,
including Owner and Architect, within three days of the meeting.

B.  Preconstruction Conference: Schedule and conduct a preconstruction conference before starting
construction, at a time convenient to Owner and Architect, but no later than 15 days after
execution of the Agreement.

1. Attendees: Authorized representatives of Owner, Architect, and their consultants;
Contractor and its superintendent; major subcontractors; suppliers; and other concerned
parties shall attend the conference. Participants at the conference shall be familiar with
Project and authorized to conclude matters relating to the Work.

2. Agenda: Discuss items of significance that could affect progress, including the following:

Responsibilities and personnel assignments.
Tentative construction schedule.

Phasing.

Critical work sequencing and long lead items.
Designation of key personnel and their duties.

Lines of communications.

Use of web-based Project software.

Procedures for processing field decisions and Change Orders.
Procedures for RFIs.

Procedures for testing and inspecting.

Procedures for processing Applications for Payment.
Distribution of the Contract Documents.

Submittal procedures.

Preparation of Record Documents.

Use of the premises and existing building.

Work restrictions.

TOBECRTER M0 A0 O
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Working hours.
Owner's occupancy requirements.

Responsibility for temporary facilities and controls.

Procedures for moisture and mold control.
Procedures for disruptions and shutdowns.

Construction waste management and recycling.

Parking availability.

Office, work, and storage areas.
Equipment deliveries and priorities.
First aid.

Security.

Progress cleaning.

BGS PROJECT NO. 3707

Minutes: Entity responsible for conducting meeting will record and distribute meeting
minutes.

C.  Preinstallation Conferences: Conduct a preinstallation conference at Project site before each
construction activity when required by other Sections and when required for coordination with
other construction.

1.

Attendees: Installer and representatives of manufacturers and fabricators involved in or
affected by the installation and its coordination or integration with other materials and
installations that have preceded or will follow, shall attend the meeting. Advise Architect
of scheduled meeting dates.
Agenda: Review progress of other construction activities and preparations for the
particular activity under consideration, including requirements for the following:

S<ETPNOBOBEIRFTIER MO A0 T

Contract Documents.

Options.

Related RFIs.

Related Change Orders.
Purchases.

Deliveries.

Submittals.

Review of mockups.

Possible conflicts.

Compatibility requirements.
Time schedules.

Weather limitations.
Manufacturer's written instructions.
Warranty requirements.
Compatibility of materials.
Acceptability of substrates.
Temporary facilities and controls.
Space and access limitations.

Regulations of authorities having jurisdiction.

Testing and inspecting requirements.
Installation procedures.
Coordination with other work.
Required performance results.

PROJECT MANAGEMENT AND COORDINATION
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X. Protection of adjacent work.
y. Protection of construction and personnel.

3. Record significant conference discussions, agreements, and disagreements, including
required corrective measures and actions.

4. Reporting: Distribute minutes of the meeting to each party present and to other parties
requiring information.

5. Do not proceed with installation if the conference cannot be successfully concluded.
Initiate whatever actions are necessary to resolve impediments to performance of the
Work and reconvene the conference at earliest feasible date.

D.  Project Closeout Conference: Schedule and conduct a project closeout conference, at a time
convenient to Owner and Architect, but no later than 30 days prior to the scheduled date of
Substantial Completion.

L. Conduct the conference to review requirements and responsibilities related to Project
closeout.
2. Attendees: Authorized representatives of Owner, Architect, and their consultants;

Contractor and its superintendent; major subcontractors; suppliers; and other concerned
parties shall attend the meeting. Participants at the meeting shall be familiar with Project
and authorized to conclude matters relating to the Work.

3. Agenda: Discuss items of significance that could affect or delay Project closeout,
including the following:

a. Preparation of Record Documents.

b. Procedures required prior to inspection for Substantial Completion and for final
inspection for acceptance.

c. Procedures for completing and archiving web-based Project software site data
files.

d. Submittal of written warranties.

e. Requirements for preparing operations and maintenance data.

f. Requirements for delivery of material samples, attic stock, and spare parts.

g. Requirements for demonstration and training.

h. Preparation of Contractor's punch list.

1. Procedures for processing Applications for Payment at Substantial Completion and

for final payment.

J- Submittal procedures.
k. Responsibility for removing temporary facilities and controls.
4. Minutes: Entity conducting meeting will record and distribute meeting minutes.
E. Progress Meetings: Conduct progress meetings at biweekly intervals.
1. Coordinate dates of meetings with preparation of payment requests.

Attendees: In addition to representatives of Owner and Architect, each contractor,
subcontractor, supplier, and other entity concerned with current progress or involved in
planning, coordination, or performance of future activities shall be represented at these
meetings. All participants at the meeting shall be familiar with Project and authorized to
conclude matters relating to the Work.
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3. Agenda: Review and correct or approve minutes of previous progress meeting. Review
other items of significance that could affect progress. Include topics for discussion as
appropriate to status of Project.

a. Contractor's Construction Schedule: Review progress since the last meeting.
Determine whether each activity is on time, ahead of schedule, or behind schedule,
in relation to Contractor's construction schedule. Determine how construction
behind schedule will be expedited; secure commitments from parties involved to
do so. Discuss whether schedule revisions are required to ensure that current and
subsequent activities will be completed within the Contract Time.

1)  Review schedule for next period.
b. Review present and future needs of each entity present, including the following:

1)  Interface requirements.

2) Sequence of operations.

3) Status of submittals.

4) Deliveries.

5) Off-site fabrication.

6) Access.

7) Site use.

8) Temporary facilities and controls.

9)  Progress cleaning.

10)  Quality and work standards.

11)  Status of correction of deficient items.
12)  Field observations.

13)  Status of RFIs.

14)  Status of Proposal Requests.

15) Pending changes.

16)  Status of Change Orders.

17)  Pending claims and disputes.

18)  Documentation of information for payment requests.

4. Minutes: Entity responsible for conducting the meeting will record and distribute the
meeting minutes to each party present and to parties requiring information.

a. Schedule Updating: Revise Contractor's construction schedule after each progress
meeting, where revisions to the schedule have been made or recognized. Issue
revised schedule concurrently with the report of each meeting.

F. Coordination Meetings: Conduct Project coordination meetings at regular intervals. Project
coordination meetings are in addition to specific meetings held for other purposes, such as
progress meetings and preinstallation conferences.

1. Attendees: Each contractor, subcontractor, supplier, and other entity concerned with
current progress or involved in planning, coordination, or performance of future activities
shall be represented at these meetings. All participants at the meetings shall be familiar
with Project and authorized to conclude matters relating to the Work.
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2. Agenda: Review and correct or approve minutes of the previous coordination meeting.
Review other items of significance that could affect progress. Include topics for
discussion as appropriate to status of Project.

a. Combined Contractor's Construction Schedule: Review progress since the last
coordination meeting. Determine whether each contract is on time, ahead of
schedule, or behind schedule, in relation to combined Contractor's construction
schedule. Determine how construction behind schedule will be expedited; secure
commitments from parties involved to do so. Discuss whether schedule revisions
are required to ensure that current and subsequent activities will be completed
within the Contract Time.

b. Schedule Updating: Revise combined Contractor's construction schedule after each
coordination meeting, where revisions to the schedule have been made or
recognized. Issue revised schedule concurrently with report of each meeting.

c. Review present and future needs of each contractor present, including the
following:

1) Interface requirements.

2) Sequence of operations.

3) Status of submittals.

4) Deliveries.

5) Off-site fabrication.

6) Access.

7 Site use.

8)  Temporary facilities and controls.
9)  Work hours.

10) Hazards and risks.

11)  Progress cleaning.

12)  Quality and work standards.
13)  Status of RFIs.

14)  Proposal Requests.

15) Change Orders.

16) Pending changes.

3. Reporting: Record meeting results and distribute copies to everyone in attendance and to
others affected by decisions or actions resulting from each meeting.
PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION

PROJECT MANAGEMENT AND COORDINATION 013100 -9



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 013200 - CONSTRUCTION PROGRESS DOCUMENTATION

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for documenting the progress of
construction during performance of the Work, including the following:

Startup construction schedule.
Contractor's Construction Schedule.
Construction schedule updating reports.
Site condition reports.

Unusual event reports.

SNhA W=

Related Requirements:

1. Section 014000 "Quality Requirements" for schedule of tests and inspections.

DEFINITIONS

Activity: A discrete part of a project that can be identified for planning, scheduling, monitoring,
and controlling the construction Project. Activities included in a construction schedule consume
time and resources.

1. Critical Activity: An activity on the critical path that must start and finish on the planned
early start and finish times.
2. Predecessor Activity: An activity that precedes another activity in the network.

3. Successor Activity: An activity that follows another activity in the network.

Cost Loading: The allocation of the schedule of values for completing an activity as scheduled.
The sum of costs for all activities must equal the total Contract Sum.

Event: The starting or ending point of an activity.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.
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B.

1.5

1.6

Format for Submittals: Submit required submittals in the following format:

1. Working electronic copy of schedule file.
2. PDF file.

Startup construction schedule.

Contractor's Construction Schedule: Initial schedule, of size required to display entire schedule
for entire construction period.

1. Submit a working digital copy of schedule, using software indicated, and labeled to
comply with requirements for submittals.

Construction Schedule Updating Reports: Submit with Applications for Payment.
Site Condition Reports: Submit at time of discovery of differing conditions.
Unusual Event Reports: Submit at time of unusual event.

Qualification Data: For scheduling consultant.

COORDINATION

Coordinate Contractor's Construction Schedule with the schedule of values, list of subcontracts,
submittal schedule, progress reports, payment requests, and other required schedules and
reports.

1. Secure time commitments for performing critical elements of the Work from entities
involved.
2. Coordinate each construction activity in the network with other activities, and schedule

them in proper sequence.

CONTRACTOR'S CONSTRUCTION SCHEDULE

Computer Scheduling Software: Prepare schedules using current version of a program that has
been developed specifically to manage construction schedules.

Time Frame: Extend schedule from date established for commencement of the Work to date of
Final Completion.

1. Contract completion date shall not be changed by submission of a schedule that shows an
early completion date, unless specifically authorized by Change Order.

Activities: Treat each floor or separate area as a separate numbered activity for each main
element of the Work. Comply with the following:

1. Activity Duration: Define activities so no activity is longer than 20 days, unless
specifically allowed by Architect.
2. Temporary Facilities: Indicate start and completion dates for the following as applicable:
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Securing of approvals and permits required for performance of the Work.
Temporary facilities.

Construction of mock-ups, prototypes and samples.

Owner interfaces and furnishing of items.

Interfaces with Separate Contracts.

Regulatory agency approvals.

g. Punch list.

e a0 o

Procurement Activities: Include procurement process activities for the following long
lead-time items and major items, requiring a cycle of more than 60 days, as separate
activities in schedule. Procurement cycle activities include, but are not limited to,
submittals, approvals, purchasing, fabrication, and delivery.

Submittal Review Time: Include review and resubmittal times indicated in
Section 013300 "Submittal Procedures" in schedule. Coordinate submittal review times
in Contractor's Construction Schedule with submittal schedule.

Startup and Testing Time: Include no fewer than 15 days for startup and testing.
Substantial Completion: Indicate completion in advance of date established for
Substantial Completion, and allow time for Architect's administrative procedures
necessary for certification of Substantial Completion.

Punch List and Final Completion: Include not more than 30 days for completion of punch
list items and Final Completion.

D. Constraints: Include constraints and work restrictions indicated in the Contract Documents and
as follows in schedule, and show how the sequence of the Work is affected.

1.

Phasing: Arrange list of activities on schedule by phase.

Products Ordered in Advance: Include a separate activity for each product. Include
delivery date indicated in Section 011000 "Summary." Delivery dates indicated stipulate
the earliest possible delivery date.

Work Restrictions: Show the effect of the following items on the schedule:

Coordination with existing construction.
Limitations of continued occupancies.
Uninterruptible services.

Partial occupancy before Substantial Completion.
Use-of-premises restrictions.

Seasonal variations.

Environmental control.

Qe Ao o

Work Stages: Indicate important stages of construction for each major portion of the
Work, including, but not limited to, the following:

Subcontract awards.
Submittals.
Purchases.
Mockups.
Fabrication.

Sample testing.
Deliveries.
Installation.

PR o o
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1. Tests and inspections.
J- Adjusting.
k. Curing.
5. Construction Areas: Identify each major area of construction for each major portion of

the Work. Indicate where each construction activity within a major area must be
sequenced or integrated with other construction activities to provide for the following:

a. Structural completion.
b. Temporary enclosure and space conditioning.
c. Permanent space enclosure.
d. Completion of electrical installation.
e. Substantial Completion.
E. Milestones: Include milestones indicated in the Contract Documents in schedule, including, but

not limited to, the Notice to Proceed, Substantial Completion, and Final Completion.

F. Upcoming Work Summary: Prepare summary report indicating activities scheduled to occur or
commence prior to submittal of next schedule update. Summarize the following issues:

Unresolved issues.

Unanswered Requests for Information.

Rejected or unreturned submittals.

Notations on returned submittals.

Pending modifications affecting the Work and the Contract Time.

Nk W=

G.  Contractor's Construction Schedule Updating: At monthly intervals, update schedule to reflect
actual construction progress and activities. Issue schedule one week before each regularly
scheduled progress meeting.

1. Revise schedule immediately after each meeting or other activity where revisions have
been recognized or made. Issue updated schedule concurrently with the report of each
such meeting.

2. Include a report with updated schedule that indicates every change, including, but not
limited to, changes in logic, durations, actual starts and finishes, and activity durations.

3. As the Work progresses, indicate Final Completion percentage for each activity.

H.  Distribution: Distribute copies of approved schedule to Architect Owner, separate contractors,
testing and inspecting agencies, and other parties identified by Contractor with a need-to-know
schedule responsibility.

1. Post copies in Project meeting rooms and temporary field offices.

2. When revisions are made, distribute updated schedules to the same parties and post in the
same locations. Delete parties from distribution when they have completed their assigned
portion of the Work and are no longer involved in performance of construction activities.

CONSTRUCTION PROGRESS DOCUMENTATION 013200 - 4



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.7 REPORTS

A.  Site Condition Reports: Immediately on discovery of a difference between site conditions and
the Contract Documents, prepare and submit a detailed report. Submit with a Request for
Information. Include a detailed description of the differing conditions, together with
recommendations for changing the Contract Documents.

B.  Unusual Event Reports: When an event of an unusual and significant nature occurs at Project
site, whether or not related directly to the Work, prepare and submit a special report. List chain
of events, persons participating, responses by Contractor's personnel, evaluation of results or
effects, and similar pertinent information. Advise Owner in advance when these events are

known or predictable.

1. Submit unusual event reports directly to Owner within one day(s) of an occurrence.
Distribute copies of report to parties affected by the occurrence.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION
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SECTION 013233 - PHOTOGRAPHIC DOCUMENTATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section includes administrative and procedural requirements for the following:
Preconstruction photographs.
Concealed Work photographs.

Periodic construction photographs.
Final Completion construction photographs.

b s

B.  Related Requirements:

1. Section 017700 "Closeout Procedures" for submitting photographic documentation as
Project Record Documents at Project closeout.
2. Section 024119 "Selective Demolition" for photographic documentation before selective

demolition operations commence.

1.3 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Key Plan: Submit key plan of Project site and building with notation of vantage points marked
for location and direction of each photograph. Indicate elevation or story of construction.
Include same information as corresponding photographic documentation.

C.  Digital Photographs: Submit image files within 7 days of taking photographs.

1. Submit photos on CD-ROM or thumb-drive by uploading to web-based Project
management software site. Include copy of key plan indicating each photograph's
location and direction.

2. Identification: Provide the following information with each image description in file
metadata tag:

Name of Project.

Name of Contractor.

Date photograph was taken.

Description of location, vantage point, and direction.

fao o
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e. Unique sequential identifier keyed to accompanying key plan.

1.4 FORMATS AND MEDIA

A.  Digital Photographs: Provide color images in JPG or PDF format, produced by a digital camera
with minimum sensor size of 12 megapixels, and at an image resolution of not less than 3200 by
2400 pixels. Use flash in low light levels or backlit conditions.

B.  Digital Images: Submit digital media as originally recorded in the digital camera, without
alteration, manipulation, editing, or modifications using image-editing software.

C. Metadata: Record accurate date and time from camera.

D.  File Names: Name media files with date and sequential numbering suffix.

1.5 CONSTRUCTION PHOTOGRAPHS
A.  General: Take photographs with maximum depth of field and in focus.

1. Maintain key plan with each set of construction photographs that identifies each
photographic location.

B.  Preconstruction Photographs: Before commencement of the Work, take photographs of Project
site and surrounding properties, including existing items to remain during construction, from
different vantage points.

1. Take 20 photographs to show existing conditions adjacent to property before starting the
Work.

2. Take 20 photographs of existing buildings either on or adjoining property, to accurately
record physical conditions at start of construction.

3. Take additional photographs as required to record settlement or cracking of adjacent
structures, pavements, and improvements.

C.  Concealed Work Photographs: Before proceeding with installing work that will conceal other
work, take photographs sufficient in number, with annotated descriptions, to record nature and
location of concealed Work, including, but not limited to, the following:

Underground utilities.

Underslab services.

Piping.

Electrical conduit.

Waterproofing and weather-resistant barriers.

Al o e

D.  Periodic Construction Photographs: Take 50 photographs weekly. Select vantage points to show
status of construction and progress since last photographs were taken.

E. Time-Lapse Sequence Construction Photographs: Take 20 photographs as indicated, to show
status of construction and progress since last photographs were taken.
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1. Frequency: Take photographs weekly, on the same day each week.

2. Vantage Points: Following suggestions by Architect and Contractor, photographer shall
select vantage points. During each of the following construction phases, take not less than
two of the required shots from same vantage point each time, to create a time-lapse
sequence as follows:

a. Commencement of the Work, through completion of work.
b. Exterior building enclosure.

c. Interior Work, through date of Substantial Completion.

F. Final Completion Construction Photographs: Take 50 photographs after date of Substantial
Completion for submission as Project Record Documents.

G.  Additional Photographs: Architect may request photographs in addition to periodic photographs
specified. Additional photographs will be paid for by Change Order and are not included in the
Contract Sum.

1. Three days' notice will be given, where feasible.
2. In emergency situations, take additional photographs within 24 hours of request.
PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION
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SECTION 013300 - SUBMITTAL PROCEDURES

PART 1 - GENERAL

1.1

1.2

1.3

A.

SUMMARY
Section Includes:

L. Submittal schedule requirements.
2. Administrative and procedural requirements for submittals.

Related Requirements:

1. Section 013200 "Construction Progress Documentation” for submitting schedules and
reports, including Contractor's construction schedule.

2. Section 013233  "Photographic Documentation” for submitting preconstruction
photographs, periodic construction photographs, and Final Completion construction
photographs.

3. Section 014000 "Quality Requirements" for submitting test and inspection reports, and
schedule of tests and inspections.

4. Section 017700 "Closeout Procedures" for submitting closeout submittals and
maintenance material submittals.

5. Section 017839 "Project Record Documents" for submitting record Drawings, record

Specifications, and record Product Data.

DEFINITIONS

Action Submittals: Written and graphic information and physical samples that require
Architect's responsive action. Action submittals are those submittals indicated in individual
Specification Sections as "action submittals."

Informational Submittals: Written and graphic information and physical samples that do not
require Architect's responsive action. Submittals may be rejected for not complying with
requirements. Informational submittals are those submittals indicated in individual Specification
Sections as "informational submittals."

SUBMITTAL SCHEDULE

Submittal Schedule: Submit, as an action submittal, a list of submittals, arranged in
chronological order by dates required by construction schedule. Include time required for
review, ordering, manufacturing, fabrication, and delivery when establishing dates. Include
additional time required for making corrections or revisions to submittals noted by Architect
and additional time for handling and reviewing submittals required by those corrections.
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1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and
Contractor's construction schedule.

2. Final Submittal Schedule: Submit concurrently with the first complete submittal of
Contractor's construction schedule.
a. Submit revised submittal schedule as required to reflect changes in current status

and timing for submittals.

3. Format: Arrange the following information in a tabular format:
a. Scheduled date for first submittal.
b. Specification Section number and title.
c. Submittal Category: Action; informational.
d. Name of subcontractor.
e. Description of the Work covered.
f. Scheduled date for Architect's final release or approval.

1.4 SUBMITTAL FORMATS

A.  Submittal Information: Include the following information in each submittal:

NNk

o

9.

10.

11.
12.
13.
14.
15.
16.

Project name.

Date.

Name of Architect.

Name of Contractor.

Name of firm or entity that prepared submittal.

Names of subcontractor, manufacturer, and supplier.

Unique submittal number, including revision identifier. Include Specification Section
number with sequential alphanumeric identifier and alphanumeric suffix for resubmittals.

Category and type of submittal.

Submittal purpose and description.

Number and title of Specification Section, with paragraph number and generic name for
each of multiple items.

Drawing number and detail references, as appropriate.

Indication of full or partial submittal.

Location(s) where product is to be installed, as appropriate.

Other necessary identification.

Remarks.

Signature of transmitter.

B.  Options: Identify options requiring selection by Architect.

C.  Deviations and Additional Information: On each submittal, clearly indicate deviations from
requirements in the Contract Documents, including minor variations and limitations; include
relevant additional information and revisions, other than those requested by Architect on
previous submittals. Indicate by highlighting on each submittal or noting on attached separate

sheet.

D.  Paper Submittals:
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1. Place a permanent label or title block on each submittal item for identification; include
name of firm or entity that prepared submittal.

2. Provide a space approximately 6 by 8 inches on label or beside title block to record
Contractor's review and approval markings and action taken by Architect.

3. Action Submittals: Submit three paper copies of each submittal unless otherwise
indicated. Architect will return two copies.

4, Informational Submittals: Submit two paper copies of each submittal unless otherwise
indicated. Architect will not return copies.

5. Additional Copies: Unless additional copies are required for final submittal, and unless
Architect observes noncompliance with provisions in the Contract Documents, initial
submittal may serve as final submittal.

6. Transmittal for Submittals: Assemble each submittal individually and appropriately for
transmittal and handling. Transmit each submittal using AIA Document G810 transmittal
form.

E. Electronic Submittals: Prepare submittals as PDF package, incorporating complete information

into each PDF file. Name PDF file with submittal number and specification section.

F. Submittals Utilizing Web-Based Project Software: Prepare submittals as PDF files or other
format indicated by Project management software.

1.5 SUBMITTAL PROCEDURES

A.  Prepare and submit submittals required by individual Specification Sections. Types of
submittals are indicated in individual Specification Sections.

1.

3.

Email: Prepare submittals as PDF package and transmit to Architect by sending via
email. Include PDF transmittal form. Include information in email subject line as
requested by Architect.

a. Architect will return annotated file. Annotate and retain one copy of file as a
digital Project Record Document file.

Web-Based Project Management Software: Prepare submittals in PDF form, and upload
to web-based Project management software website. Enter required data in web-based
software site to fully identify submittal.

Paper: Prepare submittals in paper form and deliver to Architect.

B.  Coordination: Coordinate preparation and processing of submittals with performance of
construction activities.

1.

2.

Coordinate each submittal with fabrication, purchasing, testing, delivery, other
submittals, and related activities that require sequential activity.

Submit all submittal items required for each Specification Section concurrently unless
partial submittals for portions of the Work are indicated on approved submittal schedule.
Submit action submittals and informational submittals required by the same Specification
Section as separate packages under separate transmittals.

SUBMITTAL PROCEDURES 013300 -3



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.6

4, Coordinate transmittal of submittals for related parts of the Work specified in different
Sections, so processing will not be delayed because of need to review submittals
concurrently for coordination.

a. Architect reserves the right to withhold action on a submittal requiring
coordination with other submittals until related submittals are received.

Processing Time: Allow time for submittal review, including time for resubmittals, as follows.
Time for review shall commence on Architect's receipt of submittal. No extension of the
Contract Time will be authorized because of failure to transmit submittals enough in advance of
the Work to permit processing, including resubmittals.

1. Initial Review: Allow 15 days for initial review of each submittal. Allow additional time
if coordination with subsequent submittals is required. Architect will advise Contractor
when a submittal being processed must be delayed for coordination.

2. Intermediate Review: If intermediate submittal is necessary, process it in same manner as
initial submittal.

3. Resubmittal Review: Allow 15 days for review of each resubmittal.

4. Sequential Review: Where sequential review of submittals by Architect's consultants,

Owner, or other parties is indicated, allow 21 days for initial review of each submittal.

Resubmittals: Make resubmittals in same form and number of copies as initial submittal.

1. Note date and content of previous submittal.

2. Note date and content of revision in label or title block, and clearly indicate extent of
revision.

3. Resubmit submittals until they are marked with approval notation from Architect's action
stamp.

Distribution: Furnish copies of final submittals to manufacturers, subcontractors, suppliers,
fabricators, installers, authorities having jurisdiction, and others as necessary for performance of
construction activities. Show distribution on transmittal forms.

Use for Construction: Retain complete copies of submittals on Project site. Use only final action
submittals that are marked with reviewed notation from Architect's action stamp.

SUBMITTAL REQUIREMENTS

Product Data: Collect information into a single submittal for each element of construction and
type of product or equipment.

1. If information must be specially prepared for submittal because standard published data
are unsuitable for use, submit as Shop Drawings, not as Product Data.

2. Mark each copy of each submittal to show which products and options are applicable.

3. Include the following information, as applicable:

a. Manufacturer's catalog cuts.
b. Manufacturer's product specifications.
c. Standard color charts.
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d. Statement of compliance with specified referenced standards.
e. Testing by recognized testing agency.
f. Application of testing agency labels and seals.
g. Notation of coordination requirements.
h. Availability and delivery time information.

4. For equipment, include the following in addition to the above, as applicable:
a. Wiring diagrams that show factory-installed wiring.
b. Printed performance curves.
c. Operational range diagrams.
d. Clearances required to other construction, if not indicated on accompanying Shop

Drawings.
5. Submit Product Data before Shop Drawings, and before or concurrently with Samples.
B.  Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base

Shop Drawings on reproductions of the Contract Documents or standard printed data unless
submittal based on Architect's digital data drawing files is otherwise permitted.

1. Preparation: Fully illustrate requirements in the Contract Documents. Include the
following information, as applicable:

a. Identification of products.
b. Schedules.
c. Compliance with specified standards.
d. Notation of coordination requirements.
e. Notation of dimensions established by field measurement.
f. Relationship and attachment to adjoining construction clearly indicated.
g. Seal and signature of professional engineer if specified.
2. Paper Sheet Size: Except for templates, patterns, and similar full-size Drawings, submit

Shop Drawings on sheets at least 8-1/2 by 11 inches, but no larger than 30 by 42 inches.

a. Three opaque copies of each submittal. Architect will retain one copy; remainder
will be returned.

C.  Samples: Submit Samples for review of type, color, pattern, and texture for a check of these
characteristics with other materials.

1. Transmit Samples that contain multiple, related components, such as accessories together
in one submittal package.

2. Identification: Permanently attach label on unexposed side of Samples that includes the
following:

Project name and submittal number.

Generic description of Sample.

Product name and name of manufacturer.

Sample source.

Number and title of applicable Specification Section.

oo o
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f. Specification paragraph number and generic name of each item.

3. Email Transmittal: Provide PDF transmittal. Include digital image file illustrating Sample
characteristics and identification information for record.

4, Web-Based Project Management Software: Prepare submittals in PDF form, and upload
to web-based Project software website. Enter required data in web-based software site to
fully identify submittal.

5. Paper Transmittal: Include paper transmittal, including complete submittal information
indicated.
6. Disposition: Maintain sets of approved Samples at Project site, available for quality-

control comparisons throughout the course of construction activity. Sample sets may be
used to determine final acceptance of construction associated with each set.

a. Samples that may be incorporated into the Work are indicated in individual
Specification Sections. Such Samples must be in an undamaged condition at time
of use.

b. Samples not incorporated into the Work, or otherwise designated as Owner's

property, are the property of Contractor.

7. Samples for Initial Selection: Submit manufacturer's color charts consisting of units or
sections of units, showing the full range of colors, textures, and patterns available.

a. Number of Samples: Submit one full set(s) of available choices where color,
pattern, texture, or similar characteristics are required to be selected from
manufacturer's product line. Architect will return submittal with options selected.

D.  Product Schedule: As required in individual Specification Sections, prepare a written summary
indicating types of products required for the Work and their intended location. Include the
following information in tabular form:

1. Type of product. Include unique identifier for each product indicated in the Contract
Documents or assigned by Contractor if none is indicated.
2. Manufacturer and product name, and model number if applicable.
3. Number and name of room or space.
4. Location within room or space.
E. Qualification Data: Prepare written information that demonstrates capabilities and experience of

firm or person. Include lists of completed projects with project names and addresses, contact
information of architects and owners, and other information specified.

F. Design Data: Prepare and submit written and graphic information indicating compliance with
indicated performance and design criteria in individual Specification Sections. Include list of
assumptions and summary of loads. Include load diagrams if applicable. Provide name and
version of software, if any, used for calculations. Number each page of submittal.

G. Certificates:

L. Certificates and Certifications Submittals: Submit a statement that includes signature of
entity responsible for preparing certification. Certificates and certifications shall be
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signed by an officer or other individual authorized to sign documents on behalf of that
entity. Provide a notarized signature where indicated.

Installer Certificates: Submit written statements on manufacturer's letterhead, certifying
that Installer complies with requirements in the Contract Documents and, where required,
is authorized by manufacturer for this specific Project.

Manufacturer Certificates: Submit written statements on manufacturer's letterhead,
certifying that manufacturer complies with requirements in the Contract Documents.
Include evidence of manufacturing experience where required.

Material Certificates: Submit written statements on manufacturer's letterhead, certifying
that material complies with requirements in the Contract Documents.

Product Certificates: Submit written statements on manufacturer's letterhead, certifying
that product complies with requirements in the Contract Documents.

Welding Certificates: Prepare written certification that welding procedures and personnel
comply with requirements in the Contract Documents. Submit record of AWS
B2.1/B2.1M on AWS forms. Include names of firms and personnel certified.

H.  Test and Research Reports:

1.

Compatibility Test Reports: Submit reports written by a qualified testing agency, on
testing agency's standard form, indicating and interpreting results of compatibility tests
performed before installation of product. Include written recommendations for substrate
preparation and primers required.

Field Test Reports: Submit written reports indicating and interpreting results of field tests
performed either during installation of product or after product is installed in its final
location, for compliance with requirements in the Contract Documents.

Material Test Reports: Submit reports written by a qualified testing agency, on testing
agency's standard form, indicating and interpreting test results of material for compliance
with requirements in the Contract Documents.

Preconstruction Test Reports: Submit reports written by a qualified testing agency, on
testing agency's standard form, indicating and interpreting results of tests performed
before installation of product, for compliance with performance requirements in the
Contract Documents.

Product Test Reports: Submit written reports indicating that current product produced by
manufacturer complies with requirements in the Contract Documents. Base reports on
evaluation of tests performed by manufacturer and witnessed by a qualified testing
agency, or on comprehensive tests performed by a qualified testing agency.

Research Reports: Submit written evidence, from a model code organization acceptable
to authorities having jurisdiction, that product complies with building code in effect for
Project. Include the following information:

Name of evaluation organization.
Date of evaluation.

Time period when report is in effect.
Product and manufacturers' names.
Description of product.

Test procedures and results.
Limitations of use.

e Ao o
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1.7

A.

1.8

1.9

DELEGATED DESIGN SERVICES

Performance and Design Criteria: Where professional design services or certifications by a
design professional are specifically required of Contractor by the Contract Documents, provide
products and systems complying with specific performance and design criteria indicated.

L. If criteria indicated are insufficient to perform services or certification required, submit a
written request for additional information to Architect.

Delegated Design Services Certification: In addition to Shop Drawings, Product Data, and other
required submittals, submit digitally signed PDF file and three paper copies of certificate,
signed and sealed by the responsible design professional, for each product and system
specifically assigned to Contractor to be designed or certified by a design professional.

1. Indicate that products and systems comply with performance and design criteria in the
Contract Documents. Include list of codes, loads, and other factors used in performing
these services.

CONTRACTOR'S REVIEW

Action Submittals and Informational Submittals: Review each submittal and check for
coordination with other Work of the Contract and for compliance with the Contract Documents.
Note corrections and field dimensions. Mark with approval stamp before submitting to
Architect.

Contractor's Approval: Indicate Contractor's approval for each submittal with a uniform
approval stamp. Include name of reviewer, date of Contractor's approval, and statement
certifying that submittal has been reviewed, checked, and approved for compliance with the
Contract Documents.

1. Architect will not review submittals received from Contractor that do not have
Contractor's review and approval.

ARCHITECT'S REVIEW

Action Submittals: Architect will review each submittal, indicate corrections or revisions
required, and return.

1. PDF Submittals: Architect will indicate, via markup on each submittal, the appropriate
action
2. Paper Submittals: Architect will stamp each submittal with an action stamp and will mark

stamp appropriately to indicate action
3. Submittals by Web-Based Project Management Software: Architect will indicate, on
Project management software website, the appropriate action.

Informational Submittals: Architect will review each submittal and will not return it, or will
return it if it does not comply with requirements. Architect will forward each submittal to
appropriate party.
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C.

D.

Partial submittals prepared for a portion of the Work will be reviewed when use of partial
submittals has received prior approval from Architect.

Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned
for resubmittal without review.

Architect will return without review submittals received from sources other than Contractor.

Submittals not required by the Contract Documents will be returned by Architect without
action.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION
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SECTION 013516 - ALTERATION PROJECT PROCEDURES

PART 1 - GENERAL

1.1

A.

1.2

SUMMARY

Section includes special procedures for alteration work.

DEFINITIONS

Alteration Work: This term includes remodeling, renovation, repair, and maintenance work
performed within existing spaces or on existing surfaces as part of the Project.

Consolidate: To strengthen loose or deteriorated materials in place.

Design Reference Sample: A sample that represents the Architect's prebid selection of work to
be matched; it may be existing work or work specially produced for the Project.

Dismantle: To remove by disassembling or detaching an item from a surface, using gentle
methods and equipment to prevent damage to the item and surfaces; disposing of items unless

indicated to be salvaged or reinstalled.

Match: To blend with adjacent construction and manifest no apparent difference in material
type, species, cut, form, detail, color, grain, texture, or finish; as approved by Architect.

Refinish: To remove existing finishes to base material and apply new finish to match original,
or as otherwise indicated.

Repair: To correct damage and defects, retaining existing materials, features, and finishes. This
includes patching, piecing-in, splicing, consolidating, or otherwise reinforcing or upgrading

materials.

Replace: To remove, duplicate, and reinstall entire item with new material. The original item is
the pattern for creating duplicates unless otherwise indicated.

Replicate: To reproduce in exact detail, materials, and finish unless otherwise indicated.

Reproduce: To fabricate a new item, accurate in detail to the original, and from either the same
or a similar material as the original, unless otherwise indicated.

Retain: To keep an element or detail secure and intact.

Strip: To remove existing finish down to base material unless otherwise indicated.
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1.3

A.

1.4

1.5

COORDINATION

Alteration Work Subschedule: A construction schedule coordinating the sequencing and
scheduling of alteration work for entire Project, including each activity to be performed, and
based on Contractor's Construction Schedule. Secure time commitments for performing critical
construction activities from separate entities responsible for alteration work.

1. Schedule construction operations in sequence required to obtain best Work results.
2. Coordinate sequence of alteration work activities to accommodate the following:
a. Owner's continuing occupancy of existing building.
b. Other known work in progress.
c. Tests and inspections.
3. Detail sequence of alteration work, with start and end dates.
4. Utility Services: Indicate how long utility services will be interrupted. Coordinate
shutoff, capping, and continuation of utility services.
5. Use of elevator and stairs.
6. Equipment Data: List gross loaded weight, axle-load distribution, and wheel-base

dimension data for mobile and heavy equipment proposed for use in existing structure.
Do not use such equipment without certification from Contractor's professional engineer
that the structure can support the imposed loadings without damage.

Pedestrian and Vehicular Circulation: Coordinate alteration work with circulation patterns
within Project building(s) and site. Some work is near circulation patterns. Circulation patterns
cannot be closed off entirely and in places can be only temporarily redirected around small
areas of work. Plan and execute the Work accordingly.

MATERIALS OWNERSHIP

Historic items, relics, and similar objects including, but not limited to, cornerstones and their
contents, commemorative plaques and tablets, antiques, and other items of interest or value to
Owner that may be encountered or uncovered during the Work, regardless of whether they were
previously documented, remain Owner's property.

QUALITY ASSURANCE

Specialist Qualifications: An experienced firm regularly engaged in specialty work similar in
nature, materials, design, and extent to alteration work as specified in each Section and that has
completed a minimum of five recent projects with a record of successful in-service performance
that demonstrates the firm's qualifications to perform this work.

1. Field Supervisor Qualifications: Full-time supervisors experienced in specialty work
similar in nature, material, design, and extent to that indicated for this Project.
Supervisors shall be on-site when specialty work begins and during its progress.
Supervisors shall not be changed during Project except for causes beyond the control of
the specialist firm.
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B.  Alteration Work Program: Prepare a written plan for alteration work for whole Project,
including each phase or process and protection of surrounding materials during operations.
Show compliance with indicated methods and procedures specified in this and other Sections.
Coordinate this whole-Project alteration work program with specific requirements of programs
required in other alteration work Sections.

1. Dust and Noise Control: Include locations of proposed temporary dust- and noise-control
partitions and means of egress from occupied areas coordinated with continuing on-site
operations and other known work in progress.

2. Debris Hauling: Include plans clearly marked to show debris hauling routes, turning radii,
and locations and details of temporary protective barriers.

C.  Fire-Prevention Plan: Prepare a written plan for preventing fires during the Work, including
placement of fire extinguishers, fire blankets, rag buckets, and other fire-control devices during
each phase or process. Coordinate plan with Owner's fire-protection equipment and
requirements. Include fire-watch personnel's training, duties, and authority to enforce fire
safety.

D.  Safety and Health Standard: Comply with ANSI/ASSP A10.6.

1.6 STORAGE AND HANDLING OF SALVAGED MATERIALS

A.  Salvaged Materials:

1. Clean loose dirt and debris from salvaged items unless more extensive cleaning is
indicated.
2. Pack or crate items after cleaning; cushion against damage during handling. Label

contents of containers.

3. Store items in a secure area until delivery to Owner.
4. Transport items to Owner's storage area on-site.
5. Protect items from damage during transport and storage.

B.  Salvaged Materials for Reinstallation:

[

Repair and clean items for reuse as indicated.

2. Pack or crate items after cleaning and repairing; cushion against damage during handling.
Label contents of containers.

Protect items from damage during transport and storage.

4. Reinstall items in locations indicated. Comply with installation requirements for new
materials and equipment unless otherwise indicated. Provide connections, supports, and
miscellaneous materials to make items functional for use indicated.

W

C.  Existing Materials to Remain: Protect construction indicated to remain against damage and
soiling from construction work. Where permitted by Architect, items may be dismantled and
taken to a suitable, protected storage location during construction work and reinstalled in their
original locations after alteration and other construction work in the vicinity is complete.

D.  Storage: Catalog and store items within a weathertight enclosure where they are protected from
moisture, weather, condensation, and freezing temperatures.
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1.

Identify each item for reinstallation with a nonpermanent mark to document its original
location. Indicate original locations on plans, elevations, sections, or photographs by
annotating the identifying marks.

Secure stored materials to protect from theft.

Control humidity so that it does not exceed 85 percent. Maintain temperatures 5 deg F or
more above the dew point.

E. Storage Space:

L.

2.

Owner will arrange for limited on-site location(s) for free storage of salvaged material.
This storage space does not include security and climate control for stored material.
Arrange for off-site locations for storage and protection of salvaged material that cannot
be stored and protected on-site.

PART 2 - PRODUCTS - (Not Used)

PART 3 - EXECUTION

3.1 PROTECTION

A.  Protect persons, motor vehicles, surrounding surfaces of building, building site, plants, and
surrounding buildings from harm resulting from alteration work.

1. Use only proven protection methods, appropriate to each area and surface being
protected.
2. Provide temporary barricades, barriers, and directional signage to exclude the public from
areas where alteration work is being performed.
3. Erect temporary barriers to form and maintain fire-egress routes.
4. Erect temporary protective covers over walkways and at points of pedestrian and
vehicular entrance and exit that must remain in service during alteration work.
5. Contain dust and debris generated by alteration work, and prevent it from reaching the
public or adjacent surfaces.
6. Provide shoring, bracing, and supports as necessary. Do not overload structural elements.
7. Protect floors and other surfaces along hauling routes from damage, wear, and staining.
B.  Temporary Protection of Materials to Remain:
1. Protect existing materials with temporary protections and construction. Do not remove
existing materials unless otherwise indicated.
2. Do not attach temporary protection to existing surfaces except as indicated as part of the
alteration work program.
C.  Comply with each product manufacturer's written instructions for protections and precautions.

Protect against adverse effects of products and procedures on people and adjacent materials,
components, and vegetation.

D.  Utility and Communications Services:
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1. Notify Owner, Architect, authorities having jurisdiction, and entities owning or
controlling wires, conduits, pipes, and other services affected by alteration work before
commencing operations.

2. Disconnect and cap pipes and services as required by authorities having jurisdiction, as
required for alteration work.

3. Maintain existing services unless otherwise indicated; keep in service, and protect against
damage during operations. Provide temporary services during interruptions to existing
utilities.

Existing Drains: Prior to the start of work in an area, test drainage system to ensure that it is
functioning properly. Notify Architect immediately of inadequate drainage or blockage. Do not
begin work in an area until the drainage system is functioning properly.

L. Prevent solids such as adhesive or mortar residue or other debris from entering the
drainage system. Clean out drains and drain lines that become sluggish or blocked by
sand or other materials resulting from alteration work.

2. Protect drains from pollutants. Block drains or filter out sediments, allowing only clean
water to pass.

PROTECTION FROM FIRE
General: Follow fire-prevention plan and the following:

1. Comply with NFPA 241 requirements unless otherwise indicated.
2. Remove and keep area free of combustibles, including rubbish, paper, waste, and
chemicals, unless necessary for the immediate work.

a. If combustible material cannot be removed, provide fire blankets to cover such
materials.

Heat-Generating Equipment and Combustible Materials: Comply with the following procedures
while performing work with heat-generating equipment or combustible materials, including
welding, torch-cutting, soldering, brazing, removing paint with heat, or other operations where
open flames or implements using high heat or combustible solvents and chemicals are
anticipated:

1. Obtain Owner's approval for operations involving use of open-flame or welding or other
high-heat equipment. Notify Owner at least 72 hours before each occurrence, indicating
location of such work.

2. As far as practicable, restrict heat-generating equipment to shop areas or outside the
building.
3. Do not perform work with heat-generating equipment in or near rooms or in areas where

flammable liquids or explosive vapors are present or thought to be present. Use a
combustible gas indicator test to ensure that the area is safe.

4. Use fireproof baffles to prevent flames, sparks, hot gases, or other high-temperature
material from reaching surrounding combustible material.
5. Prevent the spread of sparks and particles of hot metal through open windows, doors,

holes, and cracks in floors, walls, ceilings, roofs, and other openings.
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6. Fire Watch: Before working with heat-generating equipment or combustible materials,
station personnel to serve as a fire watch at each location where such work is performed.
Fire-watch personnel shall have the authority to enforce fire safety. Station fire watch
according to NFPA 51B, NFPA 241, and as follows:

a. Train each fire watch in the proper operation of fire-control equipment and alarms.

b. Prohibit fire-watch personnel from other work that would be a distraction from
fire-watch duties.

c. Cease work with heat-generating equipment whenever fire-watch personnel are not
present.

d. Have fire-watch personnel perform final fire-safety inspection each day beginning

no sooner than 30 minutes after conclusion of work in each area to detect hidden or
smoldering fires and to ensure that proper fire prevention is maintained.

C.  Fire-Control Devices: Provide and maintain fire extinguishers, fire blankets, and rag buckets for
disposal of rags with combustible liquids. Maintain each as suitable for the type of fire risk in
each work area. Ensure that nearby personnel and the fire-watch personnel are trained in fire-
extinguisher and blanket use.

D.  Sprinklers: Where sprinkler protection exists and is functional, maintain it without interruption
while operations are being performed. If operations are performed close to sprinklers, shield
them temporarily with guards.

1. Remove temporary guards at the end of work shifts, whenever operations are paused, and
when nearby work is complete.

33 PROTECTION DURING APPLICATION OF CHEMICALS

A.  Protect motor vehicles, surrounding surfaces of building, building site, plants, and surrounding
buildings from harm or spillage resulting from applications of chemicals and adhesives.

B.  Cover adjacent surfaces with protective materials that are proven to resist chemicals selected for
Project unless chemicals being used will not damage adjacent surfaces as indicated in alteration
work program. Use covering materials and masking agents that are waterproof and UV resistant
and that will not stain or leave residue on surfaces to which they are applied. Apply protective
materials according to manufacturer's written instructions. Do not apply liquid masking agents
or adhesives to painted or porous surfaces. When no longer needed, promptly remove protective
materials.

C. Do not apply chemicals during winds of sufficient force to spread them to unprotected surfaces.
D.  Neutralize alkaline and acid wastes and legally dispose of off Owner's property.
E.  Collect and dispose of runoff from chemical operations by legal means and in a manner that

prevents soil contamination, soil erosion, undermining of paving and foundations, damage to
landscaping, or water penetration into building interior.
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A.

GENERAL ALTERATION WORK

Have specialty work performed only by qualified specialists.

Ensure that supervisory personnel are present when work begins and during its progress.

Record existing work before each procedure (preconstruction), and record progress during the
work. Use digital preconstruction documentation photographs. Comply with requirements in

Section 013233 "Photographic Documentation."

Perform surveys of Project site as the Work progresses to detect hazards resulting from
alterations.

Notify Architect of visible changes in the integrity of material or components whether from
environmental causes including biological attack, UV degradation, freezing, or thawing or from

structural defects including cracks, movement, or distortion.

1. Do not proceed with the work in question until directed by Architect.

END OF SECTION
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SECTION 014000 - QUALITY REQUIREMENTS

PART 1 - GENERAL

1.1

A.

1.2

1.3

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for quality assurance and quality
control.

Testing and inspection services are required to verify compliance with requirements specified or
indicated. These services do not relieve Contractor of responsibility for compliance with the
Contract Document requirements.

1. Specific quality-assurance and quality-control requirements for individual work results
are specified in their respective Specification Sections. Requirements in individual
Sections may also cover production of standard products.

2. Specified tests, inspections, and related actions do not limit Contractor's other quality-
assurance and quality-control procedures that facilitate compliance with the Contract
Document requirements.

3. Requirements for Contractor to provide quality-assurance and quality-control services
required by Architect, Owner, or authorities having jurisdiction are not limited by
provisions of this Section.

DEFINITIONS

Experienced: When used with an entity or individual, "experienced," unless otherwise further
described, means having successfully completed a minimum of five previous projects similar in
nature, size, and extent to this Project; being familiar with special requirements indicated; and
having complied with requirements of authorities having jurisdiction.

Field Quality-Control Tests and Inspections: Tests and inspections that are performed on-site
for installation of the Work and for completed Work.

Installer/Applicator/Erector: Contractor or another entity engaged by Contractor as an
employee, subcontractor, or sub-subcontractor, to perform a particular construction operation,
including installation, erection, application, assembly, and similar operations.

1. Use of trade-specific terminology in referring to a Work result does not require that
certain construction activities specified apply exclusively to specific trade(s).
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1.4

D.

Mockups: Physical assemblies of portions of the Work constructed to establish the standard by
which the Work will be judged. Mockups are not Samples.

1. Mockups are used for one or more of the following:
a. Verify selections made under Sample submittals.
b. Demonstrate aesthetic effects.
c. Demonstrate the qualities of products and workmanship.
d. Demonstrate successful installation of interfaces between components and
systems.
e. Perform preconstruction testing to determine system performance.
2. Product Mockups: Mockups that may include multiple products, materials, or systems
specified in a single Section.
3. In-Place Mockups: Mockups constructed on-site in their actual final location as part of

permanent construction.

Preconstruction Testing: Tests and inspections performed specifically for Project before
products and materials are incorporated into the Work, to verify performance or compliance
with specified criteria. Unless otherwise indicated, copies of reports of tests or inspections
performed for other than the Project do not meet this definition.

Product Tests: Tests and inspections that are performed by a nationally recognized testing
laboratory (NRTL) according to 29 CFR 1910.7, by a testing agency accredited according to
NIST's National Voluntary Laboratory Accreditation Program (NVLAP), or by a testing agency
qualified to conduct product testing and acceptable to authorities having jurisdiction, to
establish product performance and compliance with specified requirements.

Source Quality-Control Tests and Inspections: Tests and inspections that are performed at the
source (e.g., plant, mill, factory, or shop).

Testing Agency: An entity engaged to perform specific tests, inspections, or both. The term
"testing laboratory" has the same meaning as the term "testing agency."

Quality-Assurance Services: Activities, actions, and procedures performed before and during
execution of the Work, to guard against defects and deficiencies and substantiate that proposed
construction will comply with requirements.

Quality-Control Services: Tests, inspections, procedures, and related actions during and after
execution of the Work, to evaluate that actual products incorporated into the Work and
completed construction comply with requirements. Contractor's quality-control services do not
include contract administration activities performed by Architect.

DELEGATED DESIGN SERVICES

Performance and Design Criteria: Where professional design services or certifications by a
design professional are specifically required of Contractor by the Contract Documents, provide
products and systems complying with specific performance and design criteria indicated.
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1.5

1.6

1. If criteria indicated are not sufficient to perform services or certification required, submit
a written request for additional information to Architect.

Delegated Design Services Statement: Submit a statement signed and sealed by the responsible
design professional, for each product and system specifically assigned to Contractor to be
designed or certified by a design professional, indicating that the products and systems are in
compliance with performance and design criteria indicated. Include list of codes, loads, and
other factors used in performing these services.

CONFLICTING REQUIREMENTS

Conflicting Standards and Other Requirements: If compliance with two or more standards or
requirements is specified and the standards or requirements establish different or conflicting
requirements for minimum quantities or quality levels, inform the Architect regarding the
conflict and obtain clarification prior to proceeding with the Work. Refer conflicting
requirements that are different, but apparently equal, to Architect for clarification before
proceeding.

Minimum Quantity or Quality Levels: The quantity or quality level shown or specified is the
minimum provided or performed. The actual installation may comply exactly with the minimum
quantity or quality specified, or it may exceed the minimum within reasonable limits. To
comply with these requirements, indicated numeric values are minimum or maximum, as
appropriate, for the context of requirements. Refer uncertainties to Architect for a decision
before proceeding.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Contractor's Quality-Control Plan: For quality-assurance and quality-control activities and
responsibilities.

Qualification Data: For Contractor's quality-control personnel.
Contractor's Statement of Responsibility: When required by authorities having jurisdiction,

submit copy of written statement of responsibility submitted to authorities having jurisdiction
before starting work on the following systems:

1. Seismic-force-resisting system, designated seismic system, or component listed in the
Statement of Special Inspections.
2. Primary wind-force-resisting system or a wind-resisting component listed in the

Statement of Special Inspections.

Testing Agency Qualifications: For testing agencies specified in "Quality Assurance" Article to
demonstrate their capabilities and experience. Include proof of qualifications in the form of a
recent report on the inspection of the testing agency by a recognized authority.
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1.7

F.

Schedule of Tests and Inspections: Prepare in tabular form and include the following:

Specification Section number and title.

Entity responsible for performing tests and inspections.
Description of test and inspection.

Identification of applicable standards.

Identification of test and inspection methods.

Number of tests and inspections required.

Time schedule or time span for tests and inspections.
Requirements for obtaining samples.

Unique characteristics of each quality-control service.

A N A o e

Reports: Prepare and submit certified written reports and documents as specified.

Permits, Licenses, and Certificates: For Owner's record, submit copies of permits, licenses,
certifications, inspection reports, releases, jurisdictional settlements, notices, receipts for fee
payments, judgments, correspondence, records, and similar documents established for
compliance with standards and regulations bearing on performance of the Work.

CONTRACTOR'S QUALITY-CONTROL PLAN

Quality-Control Plan, General: Submit quality-control plan within 10 days of Notice to Proceed,
and not less than five days prior to preconstruction conference. Submit in format acceptable to
Architect. Identify personnel, procedures, controls, instructions, tests, records, and forms to be
used to carry out Contractor's quality-assurance and quality-control responsibilities and to
coordinate Owner's quality-assurance and quality-control activities. Coordinate with
Contractor's Construction Schedule.

Quality-Control Personnel Qualifications: Engage qualified personnel trained and experienced
in managing and executing quality-assurance and quality-control procedures similar in nature
and extent to those required for Project.

1. Project quality-control manager may also serve as Project superintendent.

Submittal Procedure: Describe procedures for ensuring compliance with requirements through
review and management of submittal process. Indicate qualifications of personnel responsible
for submittal review.

Testing and Inspection: In quality-control plan, include a comprehensive schedule of Work
requiring testing or inspection, including the following:

1. Contractor-performed tests and inspections, including subcontractor-performed tests and
inspections. Include required tests and inspections and Contractor-elected tests and
inspections. Distinguish source quality-control tests and inspections from field quality-
control tests and inspections.

2. Special inspections required by authorities having jurisdiction and indicated on the
Statement of Special Inspections.
3. Owner-performed tests and inspections indicated in the Contract Documents.
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E. Continuous Inspection of Workmanship: Describe process for continuous inspection during
construction to identify and correct deficiencies in workmanship in addition to testing and
inspection specified. Indicate types of corrective actions to be required to bring the Work into
compliance with standards of workmanship established by Contract requirements and approved
mockups.

F. Monitoring and Documentation: Maintain testing and inspection reports, including log of
approved and rejected results. Include Work Architect has indicated as nonconforming or
defective. Indicate corrective actions taken to bring nonconforming Work into compliance with
requirements. Comply with requirements of authorities having jurisdiction.

1.8 REPORTS AND DOCUMENTS

A.  Test and Inspection Reports: Prepare and submit certified written reports specified in other
Sections. Include the following:

Date of issue.

Project title and number.

Name, address, telephone number, and email address of testing agency.

Dates and locations of samples and tests or inspections.

Names of individuals making tests and inspections.

Description of the Work and test and inspection method.

Identification of product and Specification Section.

Complete test or inspection data.

Test and inspection results and an interpretation of test results.

0. Record of temperature and weather conditions at time of sample-taking and testing and
inspection.

11.  Comments or professional opinion on whether tested or inspected Work complies with

the Contract Document requirements.
12.  Name and signature of laboratory inspector.
13. Recommendations on retesting and reinspecting.

e SR BRI I S

B.  Manufacturer's Technical Representative's Field Reports: Prepare written information
documenting manufacturer's technical representative's tests and inspections specified in other
Sections. Include the following:

1. Name, address, telephone number, and email address of technical representative making
report.

2. Statement on condition of substrates and their acceptability for installation of product.

3. Statement that products at Project site comply with requirements.

4. Summary of installation procedures being followed, whether they comply with
requirements and, if not, what corrective action was taken.

5. Results of operational and other tests and a statement of whether observed performance
complies with requirements.

6. Statement of whether conditions, products, and installation will affect warranty.

7. Other required items indicated in individual Specification Sections.
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1.9

C.

Factory-Authorized Service Representative's Reports: Prepare written information documenting
manufacturer's factory-authorized service representative's tests and inspections specified in
other Sections. Include the following:

1. Name, address, telephone number, and email address of factory-authorized service
representative making report.

2. Statement that equipment complies with requirements.

3. Results of operational and other tests and a statement of whether observed performance
complies with requirements.

4. Statement of whether conditions, products, and installation will affect warranty.

5. Other required items indicated in individual Specification Sections.

QUALITY ASSURANCE

Qualifications paragraphs in this article establish the minimum qualification levels required;
individual Specification Sections specify additional requirements.

Manufacturer Qualifications: A firm experienced in manufacturing products or systems similar
to those indicated for this Project and with a record of successful in-service performance, as
well as sufficient production capacity to produce required units. As applicable, procure products
from manufacturers able to meet qualification requirements, warranty requirements, and
technical or factory-authorized service representative requirements.

Fabricator Qualifications: A firm experienced in producing products similar to those indicated
for this Project and with a record of successful in-service performance, as well as sufficient
production capacity to produce required units.

Installer Qualifications: A firm or individual experienced in installing, erecting, applying, or
assembling work similar in material, design, and extent to that indicated for this Project, whose
work has resulted in construction with a record of successful in-service performance.

Specialists: Certain Specification Sections require that specific construction activities be
performed by entities who are recognized experts in those operations. Specialists will satisfy
qualification requirements indicated and engage in the activities indicated.

1. Requirements of authorities having jurisdiction supersede requirements for specialists.

Testing and Inspecting Agency Qualifications: An NRTL, an NVLAP, or an independent
agency with the experience and capability to conduct testing and inspection indicated, as
documented in accordance with ASTM E329, and with additional qualifications specified in
individual Sections; and, where required by authorities having jurisdiction, that is acceptable to
authorities.

Manufacturer's Technical Representative Qualifications: An authorized representative of
manufacturer who is trained and approved by manufacturer to observe and inspect installation
of manufacturer's products that are similar in material, design, and extent to those indicated for
this Project.
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H.

1.10

Factory-Authorized Service Representative Qualifications: An authorized representative of
manufacturer who is trained and approved by manufacturer to inspect, demonstrate, repair, and
perform service on installations of manufacturer's products that are similar in material, design,
and extent to those indicated for this Project.

Mockups: Before installing portions of the Work requiring mockups, build mockups for each
form of construction and finish required to comply with the following requirements, using
materials indicated for the completed Work:

1. Build mockups of size indicated.

2. Build mockups in location indicated or, if not indicated, as directed by Architect.

3. Notify Architect seven days in advance of dates and times when mockups will be
constructed.

4. Employ supervisory personnel who will oversee mockup construction. Employ workers

who will be employed to perform same tasks during the construction at Project.

Demonstrate the proposed range of aesthetic effects and workmanship.

6. Obtain Architect's approval of mockups before starting corresponding Work, fabrication,
or construction.

hd

a. Allow seven days for initial review and each re-review of each mockup.

7. Promptly correct unsatisfactory conditions noted by Architect's preliminary review, to the
satisfaction of the Architect, before completion of final mockup.

8. Approval of mockups by the Architect does not constitute approval of deviations from

the Contract Documents contained in mockups unless Architect specifically approves
such deviations in writing.

9. Maintain mockups during construction in an undisturbed condition as a standard for
judging the completed Work.

10.  Demolish and remove mockups when directed unless otherwise indicated.

QUALITY CONTROL

Owner Responsibilities: Where quality-control services are indicated as Owner's responsibility,
Owner will engage a qualified testing agency to perform these services.

1. Owner will furnish Contractor with names, addresses, and telephone numbers of testing
agencies engaged and a description of types of testing and inspection they are engaged to
perform.

2. Costs for retesting and reinspecting construction that replaces or is necessitated by Work

that failed to comply with the Contract Documents will be charged to Contractor, and the
Contract Sum will be adjusted by Change Order.

Contractor Responsibilities: Tests and inspections not explicitly assigned to Owner are
Contractor's responsibility. Perform additional quality-control activities, whether specified or
not, to verify and document that the Work complies with requirements.

1. Unless otherwise indicated, provide quality-control services specified and those required
by authorities having jurisdiction. Perform quality-control services required of Contractor
by authorities having jurisdiction, whether specified or not.
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2. Engage a qualified testing agency to perform quality-control services.

a. Contractor will not employ same entity engaged by Owner, unless agreed to in
writing by Owner.

3. Notify testing agencies at least 24 hours in advance of time when Work that requires
testing or inspection will be performed.

4. Where quality-control services are indicated as Contractor's responsibility, submit a
certified written report, in duplicate, of each quality-control service.

5. Testing and inspection requested by Contractor and not required by the Contract
Documents are Contractor's responsibility.

6. Submit additional copies of each written report directly to authorities having jurisdiction,

when they so direct.

C.  Retesting/Reinspecting: Regardless of whether original tests or inspections were Contractor's
responsibility, provide quality-control services, including retesting and reinspecting, for
construction that replaced Work that failed to comply with the Contract Documents.

D.  Testing Agency Responsibilities: Cooperate with Architect and Contractor in performance of
duties. Provide qualified personnel to perform required tests and inspections.

1. Notify Architect and Contractor promptly of irregularities or deficiencies observed in the
Work during performance of its services.

2. Determine the locations from which test samples will be taken and in which in-situ tests
are conducted.

3. Conduct and interpret tests and inspections, and state in each report whether tested and
inspected Work complies with or deviates from requirements.

4, Submit a certified written report, in duplicate, of each test, inspection, and similar
quality-control service through Contractor.

5. Do not release, revoke, alter, or increase the Contract Document requirements or approve
or accept any portion of the Work.

6. Do not perform duties of Contractor.

E. Manufacturer's Field Services: Where indicated, engage a factory-authorized service

representative to inspect field-assembled components and equipment installation, including
service connections. Report results in writing as specified in Section 013300 "Submittal
Procedures."

F. Manufacturer's Technical Services: Where indicated, engage a manufacturer's technical
representative to observe and inspect the Work. Manufacturer's technical representative's
services include participation in preinstallation conferences, examination of substrates and
conditions, verification of materials, observation of Installer activities, inspection of completed
portions of the Work, and submittal of written reports.

G. Contractor's Associated Requirements and Services: Cooperate with agencies and
representatives performing required tests, inspections, and similar quality-control services, and
provide reasonable auxiliary services as requested. Notify agency sufficiently in advance of
operations to permit assignment of personnel. Provide the following:

1. Access to the Work.
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1.1

H.

L

1

A.

2. Incidental labor and facilities necessary to facilitate tests and inspections.

3. Adequate quantities of representative samples of materials that require testing and
inspection. Assist agency in obtaining samples.

4. Facilities for storage and field curing of test samples.

5. Preliminary design mix proposed for use for material mixes that require control by testing
agency.

6. Security and protection for samples and for testing and inspection equipment at Project
site.

Coordination: Coordinate sequence of activities to accommodate required quality-assurance and
quality-control services with a minimum of delay and to avoid necessity of removing and
replacing construction to accommodate testing and inspection.

L. Schedule times for tests, inspections, obtaining samples, and similar activities.

Schedule of Tests and Inspections: Prepare a schedule of tests, inspections, and similar quality-
control services required by the Contract Documents as a component of Contractor's quality-
control plan. Coordinate and submit concurrently with Contractor's Construction Schedule.
Update and submit with each Application for Payment.

1. Schedule Contents: Include tests, inspections, and quality-control services, including
Contractor- and Owner-retained services, commissioning activities, and other Project-
required services paid for by other entities.

2. Distribution: Distribute schedule to Owner, Architect, testing agencies, and each party
involved in performance of portions of the Work where tests and inspections are required.

SPECIAL TESTS AND INSPECTIONS

Special Tests and Inspections: Owner will engage a qualified testing agency to conduct special
tests and inspections required by authorities having jurisdiction as the responsibility of Owner.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.

TEST AND INSPECTION LOG
Test and Inspection Log: Prepare a record of tests and inspections. Include the following:

Date test or inspection was conducted.

Description of the Work tested or inspected.

Date test or inspection results were transmitted to Architect.

Identification of testing agency or special inspector conducting test or inspection.

b
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B.  Maintain log at Project site. Post changes and revisions as they occur. Provide access to test and
inspection log for Architect's authorities' having jurisdiction reference during normal working

hours.

1. Submit log at Project closeout as part of Project Record Documents.

3.2 REPAIR AND PROTECTION

A.  General: On completion of testing, inspection, sample-taking, and similar services, repair
damaged construction and restore substrates and finishes.

1. Provide materials and comply with installation requirements specified in other
Specification Sections or matching existing substrates and finishes. Restore patched areas
and extend restoration into adjoining areas with durable seams that are as invisible as
possible. Comply with the Contract Document requirements for cutting and patching in
Section 017300 "Execution."”

B.  Protect construction exposed by or for quality-control service activities.
C. Repair and protection are Contractor's responsibility, regardless of the assignment of

responsibility for quality-control services.

END OF SECTION
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SECTION 015000 - TEMPORARY FACILITIES AND CONTROLS

PART 1 - GENERAL

1.1

A.

1.2

1.3

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes requirements for temporary utilities, support facilities, and security and
protection facilities.

Related Requirements:

1. Section 011000 "Summary" for work restrictions and limitations on utility interruptions.

USE CHARGES

Installation, removal, and use charges for temporary facilities shall be included in the Contract
Sum unless otherwise indicated. Allow other entities engaged in the Project to use temporary
services and facilities without cost, including, but not limited to, Architect, testing agencies, and
authorities having jurisdiction.

Sewer Service: Pay sewer-service use charges for sewer usage by all entities for construction
operations.

Water Service: Owner will pay water-service use charges for water used by all entities for
construction operations.

Electric Power Service: Owner will pay electric-power-service use charges for electricity used
by all entities for construction operations.

Water from Existing System: Water from Owner's existing water system is available for use
without metering and without payment of use charges. Provide connections and extensions of
services as required for construction operations.

Electric Power Service from Existing System: Electric power from Owner's existing system is
available for use without metering and without payment of use charges. Provide connections
and extensions of services as required for construction operations.
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1.4

A.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Site Utilization Plan: Show temporary facilities, temporary utility lines and connections, staging
areas, construction site entrances, vehicle circulation, and parking areas for construction
personnel.

Implementation and Termination Schedule: Within 15 days of date established for
commencement of the Work, submit schedule indicating implementation and termination dates
of each temporary utility.

Project Identification and Temporary Signs: Show fabrication and installation details, including
plans, elevations, details, layouts, typestyles, graphic elements, and message content.

Fire-Safety Program: Show compliance with requirements of NFPA 241 and authorities having
jurisdiction. Indicate Contractor personnel responsible for management of fire-prevention
program.

Moisture- and Mold-Protection Plan: Describe procedures and controls for protecting materials
and construction from water absorption and damage and mold. Describe delivery, handling,
storage, installation, and protection provisions for materials subject to water absorption or water
damage.

1. Indicate procedures for discarding water-damaged materials, protocols for mitigating
water intrusion into completed Work, and requirements for replacing water-damaged
Work.

2. Indicate sequencing of work that requires water, such as sprayed fire-resistive materials,

plastering, and terrazzo grinding, and describe plans for dealing with water from these
operations. Show procedures for verifying that wet construction has dried sufficiently to
permit installation of finish materials.

3. Indicate methods to be used to avoid trapping water in finished work.

Dust-Control Plan: Submit coordination drawing and narrative that indicates the dust-control
measures proposed for use, proposed locations, and proposed time frame for their operation.
Include the following:

1. Locations of dust-control partitions at each phase of work.
2. Waste-handling procedures.
3. Other dust-control measures.

Noise and Vibration Control Plan: Identify construction activities that may impact the
occupancy and use of existing spaces within the building or adjacent existing buildings, whether
occupied by others, or occupied by the Owner. Include the following:

1. Methods used to meet the goals and requirements of the Owner.
2. Concrete cutting method(s) to be used.
3. Location of construction devices on the site.

TEMPORARY FACILITIES AND CONTROLS 015000 - 2



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.5

A.

B.

4, Show compliance with the use and maintenance of quieted construction devices for the
duration of the Project.

5. Indicate activities that may disturb building occupants and that are planned to be
performed during non-standard working hours as coordinated with the Owner.

6. Indicate locations of sensitive areas or other areas requiring special attention as identified

by Owner. Indicate means for complying with Owner's requirements.

QUALITY ASSURANCE

Electric Service: Comply with NECA, NEMA, and UL standards and regulations for temporary
electric service. Install service to comply with NFPA 70.

Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect each
temporary utility before use. Obtain required certifications and permits.

PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

A.

23

A.

MATERIALS

Portable Chain-Link Fencing: Minimum 2-inch, 0.148-inch-thick, galvanized-steel, chain-link
fabric fencing; minimum 6 feet high with galvanized-steel pipe posts; minimum 2-3/8-inch-OD
line posts and 2-7/8-inch-OD corner and pull posts, with 1-5/8-inch-OD top and bottom rails.
Provide galvanized-steel bases for supporting posts.

Polyethylene Sheet: Reinforced, fire-resistive sheet, 10-mil minimum thickness, with flame-
spread rating of 15 or less in accordance with ASTM E84 and passing NFPA 701 Test
Method 2.

Dust-Control Adhesive-Surface Walk-Off Mats: Provide mats, minimum 36 by 60 inches.

TEMPORARY FACILITIES

Field Offices: Prefabricated or mobile units with serviceable finishes, temperature controls, and
foundations adequate for normal loading.

EQUIPMENT

Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required by
locations and classes of fire exposures.

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating
units is prohibited.
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PART 3 - EXECUTION

3.1 TEMPORARY FACILITIES, GENERAL

A.  Conservation: Coordinate construction and use of temporary facilities with consideration given
to conservation of energy, water, and materials. Coordinate use of temporary utilities to
minimize waste.

1. Salvage materials and equipment involved in performance of, but not actually
incorporated into, the Work. See other Sections for disposition of salvaged materials that
are designated as Owner's property.

3.2 INSTALLATION, GENERAL

A.  Locate facilities where they will serve Project adequately and result in minimum interference
with performance of the Work. Relocate and modify facilities as required by progress of the
Work.

1. Locate facilities to limit site disturbance as specified in Section 011000 "Summary."

B.  Provide each facility ready for use when needed to avoid delay. Do not remove until facilities
are no longer needed or are replaced by authorized use of completed permanent facilities.

C.  Isolation of Work Areas in Occupied Facilities: Prevent dust, fumes, and odors from entering
occupied areas.

1. Maintain dust partitions during the Work. Use vacuum collection attachments on dust-
producing equipment. Isolate limited work within occupied areas using portable dust-
containment devices.

2. Perform daily construction cleanup and final cleanup using approved, HEPA-filter-
equipped vacuum equipment.

33 TEMPORARY UTILITY INSTALLATION

A.  General: Install temporary service or connect to existing service.

1. Arrange with utility company, Owner, and existing users for time when service can be
interrupted, if necessary, to make connections for temporary services.

B.  Water Service: Connect to Owner's existing water service facilities. Clean and maintain water
service facilities in a condition acceptable to Owner. At Substantial Completion, restore these
facilities to condition existing before initial use.

C.  Sanitary Facilities: Provide temporary toilets, wash facilities, safety shower and eyewash
facilities, and drinking water for use of construction personnel. Comply with requirements of
authorities having jurisdiction for type, number, location, operation, and maintenance of fixtures
and facilities.
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1. Use of Permanent Toilets: Use of Owner's existing or new toilet facilities is not
permitted.

Temporary Heating and Cooling: Provide temporary heating and cooling required by
construction activities for curing or drying of completed installations or for protecting installed
construction from adverse effects of low temperatures or high humidity. Select equipment that
will not have a harmful effect on completed installations or elements being installed.

Electric Power Service: Connect to Owner's existing electric power service. Maintain equipment
in a condition acceptable to Owner.

Lighting: Provide temporary lighting with local switching that provides adequate illumination
for construction operations, observations, inspections, and traffic conditions.

1. Install and operate temporary lighting that fulfills security and protection requirements
without operating entire system.

Project Computer: Provide a desktop computer in the primary field office adequate to access
Project electronic documents and maintain electronic communications.

SUPPORT FACILITIES INSTALLATION

Parking: Use off-site parking areas for construction personnel.

Dewatering Facilities and Drains: Comply with requirements of authorities having jurisdiction.
Maintain Project site, excavations, and construction free of water.

1. Dispose of rainwater in a lawful manner that will not result in flooding Project or
adjoining properties or endanger permanent Work or temporary facilities.
2. Remove snow and ice as required to minimize accumulations.

Project Signs: Provide Project signs. Unauthorized signs are not permitted.

1. Identification Signs: Provide Project identification signs.
Temporary Signs: Provide other signs as indicated and as required to inform public and
individuals seeking entrance to Project.
a. Provide temporary, directional signs for construction personnel and visitors.

3. Maintain and touch up signs, so they are legible at all times.

Waste Disposal Facilities: Comply with requirements specified in Section 017419
"Construction Waste Management and Disposal."

Waste Disposal Facilities: Provide waste-collection containers in sizes adequate to handle waste
from construction operations. Comply with requirements of authorities having jurisdiction.

Comply with progress cleaning requirements in Section 017300 "Execution."

Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel.

TEMPORARY FACILITIES AND CONTROLS 015000 - 5



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

G.

H.

3.5

Temporary Elevator Use: Use of elevators is not permitted.

Existing Stair Usage: Use of Owner's existing stairs will not be permitted.

SECURITY AND PROTECTION FACILITIES INSTALLATION

Protection of Existing Facilities: Protect existing vegetation, equipment, structures, utilities, and
other improvements at Project site and on adjacent properties, except those indicated to be
removed or altered. Repair damage to existing facilities.

1. Where access to adjacent properties is required in order to affect protection of existing
facilities, obtain written permission from adjacent property owner to access property for
that purpose.

Environmental Protection: Provide protection, operate temporary facilities, and conduct
construction as required to comply with environmental regulations and that minimize possible
air, waterway, and subsoil contamination or pollution or other undesirable effects.

Stormwater Control: Comply with requirements of authorities having jurisdiction. Provide
barriers in and around excavations and subgrade construction to prevent flooding by runoff of
stormwater from heavy rains.

Site Enclosure Fence: Before construction operations begin, furnish and install site enclosure
fence in a manner that will prevent people from easily entering site except by entrance gates.

1. Extent of Fence: As required to enclose entire Project site or portion determined
sufficient to accommodate construction operations.
2. Maintain security by limiting number of keys and restricting distribution to authorized

personnel. Furnish one set of keys to Owner.

Security Enclosure and Lockup: Install temporary enclosure around partially completed areas of
construction. Provide lockable entrances to prevent unauthorized entrance, vandalism, theft, and
similar violations of security. Lock entrances at end of each workday.

Barricades, Warning Signs, and Lights: Comply with requirements of authorities having
jurisdiction for erecting structurally adequate barricades, including warning signs and lighting.

Temporary Egress: Provide temporary egress from existing occupied facilities as required by
authorities having jurisdiction. Provide signage directing occupants to temporary egress.

Temporary Enclosures: Provide temporary enclosures for protection of construction, in progress
and completed, from exposure, foul weather, other construction operations, and similar
activities. Provide temporary weathertight enclosure for building exterior.

Temporary Partitions: Provide floor-to-ceiling dustproof partitions to limit dust and dirt
migration and to separate areas occupied by Owner from fumes and noise.
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1. Construct dustproof partitions with two layers of 6-mil polyethylene sheet on each side.
Cover floor with two layers of 6-mil polyethylene sheet, extending sheets 18 inches up
the sidewalls. Overlap and tape full length of joints. Cover floor with fire-retardant-

treated plywood.
2. Where fire-resistance-rated temporary partitions are indicated or are required by
authorities having jurisdiction, construct partitions according to the rated assemblies.
3. Seal joints and perimeter.
4. Provide walk-off mats at each entrance through temporary partition.
J. Temporary Fire Protection: Install and maintain temporary fire-protection facilities of types

needed to protect against reasonably predictable and controllable fire losses. Comply with
NFPA 241; manage fire-prevention program.

1. Prohibit smoking in construction areas. Comply with additional limits on smoking
specified in other Sections.

2. Supervise welding operations, combustion-type temporary heating units, and similar
sources of fire ignition in accordance with requirements of authorities having jurisdiction.

3. Develop and supervise an overall fire-prevention and -protection program for personnel

at Project site. Review needs with local fire department and establish procedures to be
followed. Instruct personnel in methods and procedures. Post warnings and information.

3.6 MOISTURE AND MOLD CONTROL

A. Moisture and Mold Protection: Protect stored materials and installed Work in accordance with
Moisture and Mold Protection Plan.

B.  Exposed Construction Period: Before installation of weather barriers, when materials are subject
to wetting and exposure and to airborne mold spores, protect as follows:

Protect porous materials from water damage.

Protect stored and installed material from flowing or standing water.

Keep porous and organic materials from coming into prolonged contact with concrete.
Remove standing water from decks.

Keep deck openings covered or dammed.

M

C.  Partially Enclosed Construction Period: After installation of weather barriers but before full
enclosure and conditioning of building, when installed materials are still subject to infiltration
of moisture and ambient mold spores, protect as follows:

1. Do not load or install drywall or other porous materials or components, or items with
high organic content, into partially enclosed building.

Keep interior spaces reasonably clean and protected from water damage.

Periodically collect and remove waste containing cellulose or other organic matter.
Discard or replace water-damaged material.

Do not install material that is wet.

Discard and replace stored or installed material that begins to grow mold.

Perform work in a sequence that allows wet materials adequate time to dry before
enclosing the material in gypsum board or other interior finishes.

Nk WD
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3.7

A.

OPERATION, TERMINATION, AND REMOVAL

Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste and
abuse, limit availability of temporary facilities to essential and intended uses.

Maintenance: Maintain facilities in good operating condition until removal.

1. Maintain operation of temporary enclosures, heating, cooling, humidity control,
ventilation, and similar facilities on a 24-hour basis where required to achieve indicated
results and to avoid possibility of damage.

Temporary Facility Changeover: Do not change over from using temporary security and
protection facilities to permanent facilities until Substantial Completion.

Termination and Removal: Remove each temporary facility when need for its service has ended,
when it has been replaced by authorized use of a permanent facility, or no later than Substantial
Completion. Complete or, if necessary, restore permanent construction that may have been
delayed because of interference with temporary facility. Repair damaged Work, clean exposed
surfaces, and replace construction that cannot be satisfactorily repaired.

1. Materials and facilities that constitute temporary facilities are property of Contractor.
Owner reserves right to take possession of Project identification signs.
2. At Substantial Completion, repair, renovate, and clean permanent facilities used during

construction period. Comply with final cleaning requirements specified in
Section 017700 "Closeout Procedures."

END OF SECTION
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SECTION 016000 - PRODUCT REQUIREMENTS

PART 1 - GENERAL

1.1

1.2

1.3

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for selection of products for use in
Project; product delivery, storage, and handling; manufacturers' standard warranties on
products; special warranties; and comparable products.

Related Requirements:

1.

Section 01770 "Closeout Procedures" for submitting warranties.

DEFINITIONS

Products: Items obtained for incorporating into the Work, whether purchased for Project or
taken from previously purchased stock. The term "product” includes the terms "material,"
"equipment," "system," and terms of similar intent.

1.

Named Products: Items identified by manufacturer's product name, including make or
model number or other designation shown or listed in manufacturer's published product
literature that is current as of date of the Contract Documents.

New Products: Items that have not previously been incorporated into another project or
facility. Salvaged items or items reused from other projects are not considered new
products. Items that are manufactured or fabricated to include recycled content materials
are considered new products, unless indicated otherwise.

Comparable Product: Product by named manufacturer that is demonstrated and approved
through the comparable product submittal process described in Part 2 "Comparable
Products" Article, to have the indicated qualities related to type, function, dimension, in-
service performance, physical properties, appearance, and other characteristics that equal
or exceed those of specified product.

Basis-of-Design Product Specification: A specification in which a single manufacturer's product
is named and accompanied by the words "basis-of-design product," including make or model
number or other designation. Published attributes and characteristics of basis-of-design product
establish salient characteristics of products.

1.

Evaluation of Comparable Products: In addition to the basis-of-design product
description, product attributes and characteristics may be listed to establish the significant
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qualities related to type, function, in-service performance and physical properties, weight,
dimension, durability, visual characteristics, and other special features and requirements
for purposes of evaluating comparable products of additional manufacturers named in the
specification. Manufacturer's published attributes and characteristics of basis-of-design
product also establish salient characteristics of products for purposes of evaluating
comparable products.

C.  Subject to Compliance with Requirements: Where the phrase "Subject to compliance with
requirements" introduces a product selection procedure in an individual Specification Section,
provide products qualified under the specified product procedure. In the event that a named
product or product by a named manufacturer does not meet the other requirements of the
specifications, select another named product or product from another named manufacturer that
does meet the requirements of the specifications; submit a comparable product request or
substitution request, if applicable.

D.  Comparable Product Request Submittal: An action submittal requesting consideration of a
comparable product, including the following information:

1. Identification of basis-of-design product or fabrication or installation method to be
replaced, including Specification Section number and title and Drawing numbers and
titles.

2. Data indicating compliance with the requirements specified in Part2 "Comparable

Products" Article.

E.  Basis-of-Design Product Specification Submittal: An action submittal complying with

requirements in Section 013300 "Submittal Procedures."
1.4 QUALITY ASSURANCE

A.  Compatibility of Options: If Contractor is given option of selecting between two or more
products for use on Project, select product compatible with products previously selected, even if
previously selected products were also options.

B.  Identification of Products: Except for required labels and operating data, do not attach or
imprint manufacturer or product names or trademarks on exposed surfaces of products or
equipment that will be exposed to view in occupied spaces or on the exterior.

1. Labels: Locate required product labels and stamps on a concealed surface, or, where
required for observation following installation, on a visually accessible surface that is not
conspicuous.

1.5 COORDINATION

A.  Modify or adjust affected work as necessary to integrate work of approved comparable products
and approved substitutions.
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1.6

A.

1.7

PRODUCT DELIVERY, STORAGE, AND HANDLING

Deliver, store, and handle products, using means and methods that will prevent damage,
deterioration, and loss, including theft and vandalism. Comply with manufacturer's written
instructions.

Delivery and Handling:

L. Schedule delivery to minimize long-term storage at Project site and to prevent
overcrowding of construction spaces.

2. Coordinate delivery with installation time to ensure minimum holding time for items that
are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other
losses.

3. Deliver products to Project site in an undamaged condition in manufacturer's original

sealed container or other packaging system, complete with labels and instructions for
handling, storing, unpacking, protecting, and installing.

4. Inspect products on delivery to determine compliance with the Contract Documents and
that products are undamaged and properly protected.

Storage:

1. Provide a secure location and enclosure at Project site for storage of materials and
equipment.

2. Store products to allow for inspection and measurement of quantity or counting of units.

3. Store materials in a manner that will not endanger Project structure.

4. Store products that are subject to damage by the elements under cover in a weathertight

enclosure above ground, with ventilation adequate to prevent condensation and with
adequate protection from wind.

5. Protect foam plastic from exposure to sunlight, except to extent necessary for period of
installation and concealment.

6. Comply with product manufacturer's written instructions for temperature, humidity,
ventilation, and weather-protection requirements for storage.

7. Protect stored products from damage and liquids from freezing.

PRODUCT WARRANTIES

Warranties specified in other Sections shall be in addition to, and run concurrent with, other
warranties required by the Contract Documents. Manufacturer's disclaimers and limitations on
product warranties do not relieve Contractor of obligations under requirements of the Contract
Documents.

1. Manufacturer's Warranty: Written standard warranty form furnished by individual
manufacturer for a particular product and issued in the name of the Owner or endorsed by
manufacturer to Owner.

2. Special Warranty: Written warranty required by the Contract Documents to provide
specific rights for Owner and issued in the name of the Owner or endorsed by
manufacturer to Owner.
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B. Special Warranties: Prepare a written document that contains appropriate terms and
identification, ready for execution.

1. Manufacturer's Standard Form: Modified to include Project-specific information and
properly executed.

2. Specified Form: When specified forms are included in the Project Manual, prepare a
written document, using indicated form properly executed.

3. See other Sections for specific content requirements and particular requirements for

submitting special warranties.

C.  Submittal Time: Comply with requirements in Section 017700 "Closeout Procedures."

PART 2 - PRODUCTS

2.1 PRODUCT SELECTION PROCEDURES

A.  General Product Requirements: Provide products that comply with the Contract Documents, are
undamaged and, unless otherwise indicated, are new at time of installation.

1. Provide products complete with accessories, trim, finish, fasteners, and other items
needed for a complete installation and indicated use and effect.
2. Standard Products: If available, and unless custom products or nonstandard options are

specified, provide standard products of types that have been produced and used
successfully in similar situations on other projects.

3. Owner reserves the right to limit selection to products with warranties meeting
requirements of the Contract Documents.

4. Where products are accompanied by the term "as selected," Architect will make
selection.

5. Descriptive, performance, and reference standard requirements in the Specifications
establish salient characteristics of products.

6. Or Equal: For products specified by name and accompanied by the term "or equal,”" "or

approved equal," or "or approved," comply with requirements in "Comparable Products"
Article to obtain approval for use of an unnamed product.

a. Submit additional documentation required by Architect in order to establish
equivalency of proposed products. Unless otherwise indicated, evaluation of "or
equal" product status is by the Architect, whose determination is final.

B.  Product Selection Procedures:
1. Sole Product: Where Specifications name a single manufacturer and product, provide the
named product that complies with requirements. Comparable products or substitutions for

Contractor's convenience will not be considered.

a. Sole product may be indicated by the phrase "Subject to compliance with
requirements, provide the following."
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2. Sole Manufacturer/Source: Where Specifications name a single manufacturer or source,
provide a product by the named manufacturer or source that complies with requirements.
Comparable products or substitutions for Contractor's convenience will not be
considered.

a. Sole manufacturer/source may be indicated by the phrase "Subject to compliance
with requirements, provide products by the following."

3. Limited List of Products: Where Specifications include a list of names of both
manufacturers and products, provide one of the products listed that complies with
requirements. Comparable products or substitutions for Contractor's convenience will not
be considered unless otherwise indicated.

a. Limited list of products may be indicated by the phrase "Subject to compliance
with requirements, provide one of the following."

4. Non-Limited List of Products: Where Specifications include a list of names of both
available manufacturers and products, provide one of the products listed or an unnamed
product that complies with requirements.

a. Non-limited list of products is indicated by the phrase "Subject to compliance with
requirements, available products that may be incorporated in the Work include, but
are not limited to, the following."

b. Provision of an unnamed product is not considered a substitution, if the product
complies with requirements.

5. Limited List of Manufacturers: Where Specifications include a list of manufacturers'
names, provide a product by one of the manufacturers listed that complies with
requirements. Comparable products or substitutions for Contractor's convenience will not
be considered unless otherwise indicated.

a. Limited list of manufacturers is indicated by the phrase "Subject to compliance
with requirements, provide products by one of the following."

6. Non-Limited List of Manufacturers: Where Specifications include a list of available
manufacturers, provide a product by one of the manufacturers listed or a product by an
unnamed manufacturer that complies with requirements.

a. Non-limited list of manufacturers is indicated by the phrase "Subject to compliance
with requirements, available manufacturers whose products may be incorporated in
the Work include, but are not limited to, the following."

b. Provision of products of an unnamed manufacturer is not considered a substitution,
if the product complies with requirements.

7. Basis-of-Design Product: Where Specifications name a product, or refer to a product
indicated on Drawings, and include a list of manufacturers, provide the specified or
indicated product or a comparable product by one of the other named manufacturers.
Drawings and Specifications may additionally indicate sizes, profiles, dimensions, and
other characteristics that are based on the product named. Comply with requirements in
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2.2

"Comparable Products" Article for consideration of an unnamed product by one of the
other named manufacturers.

Visual Matching Specification: Where Specifications require the phrase "match Architect's
sample," provide a product that complies with requirements and matches Architect's sample.
Architect's decision will be final on whether a proposed product matches.

Visual Selection Specification: Where Specifications include the phrase "as selected by
Architect from manufacturer's full range" or a similar phrase, select a product that complies
with requirements. Architect will select color, gloss, pattern, density, or texture from
manufacturer's product line that includes both standard and premium items.

COMPARABLE PRODUCTS

Conditions for Consideration of Comparable Products: Architect will consider Contractor's
request for comparable product when the following conditions are satisfied. If the following
conditions are not satisfied, Architect may return requests without action, except to record
noncompliance with the following requirements:

I. Evidence that proposed product does not require revisions to the Contract Documents, is
consistent with the Contract Documents, will produce the indicated results, and is
compatible with other portions of the Work.

2. Detailed comparison of significant qualities of proposed product with those of the named
basis-of-design product. Significant product qualities include attributes, such as type,
function, in-service performance and physical properties, weight, dimension, durability,
visual characteristics, and other specific features and requirements.

3. Evidence that proposed product provides specified warranty.

4. List of similar installations for completed projects, with project names and addresses and
names and addresses of architects and owners, if requested.

5. Samples, if requested.

Architect's Action on Comparable Products Submittal: If necessary, Architect will request
additional information or documentation for evaluation, as specified in Section 013300
"Submittal Procedures."

1. Form of Approval of Submittal: As specified in Section 013300 "Submittal Procedures."
2. Use product specified if Architect does not issue a decision on use of a comparable
product request within time allocated.

Submittal Requirements, Two-Step Process: Approval by the Architect of Contractor's request
for use of comparable product is not intended to satisfy other submittal requirements. Comply
with specified submittal requirements.

Submittal Requirements, Single-Step Process: When acceptable to Architect, incorporate
specified submittal requirements of individual Specification Section in combined submittal for
comparable products. Approval by the Architect of Contractor's request for use of comparable
product and of individual submittal requirements will also satisfy other submittal requirements.
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PART 3 - EXECUTION (Not Used)

END OF SECTION
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SECTION 017300 - EXECUTION

PART 1 - GENERAL

1.1 SUMMARY

A.  Section includes general administrative and procedural requirements governing execution of the
Work, including, but not limited to, the following:

Construction layout.

Field engineering and surveying.
Installation of the Work.

Cutting and patching.

Progress cleaning.

Protection of installed construction.
Correction of the Work.

Nk W=

B.  Related Requirements:
1. Section 024119 "Selective Demolition" for demolition and removal of selected portions
of the building.
1.2 DEFINITIONS

A.  Cutting: Removal of in-place construction necessary to permit installation or performance of
subsequent work.

B.  Patching: Fitting and repair work required to restore construction to original conditions after
installation of subsequent work.
1.3 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Utilities and Mechanical and Electrical Systems: List services and systems that cutting and
patching procedures will disturb or affect. List services and systems that will be relocated and
those that will be temporarily out of service. Indicate length of time permanent services and
systems will be disrupted.

1. Include description of provisions for temporary services and systems during interruption
of permanent services and systems.

EXECUTION 017300 - 1



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.4

A.

B.

QUALITY ASSURANCE

Cutting and Patching: Comply with requirements for and limitations on cutting and patching of
construction elements.

1. Structural Elements: When cutting and patching structural elements, or when
encountering the need for cutting and patching of elements whose structural function is
not known, notify Architect of locations and details of cutting and await directions from
Architect before proceeding. Shore, brace, and support structural elements during cutting
and patching. Do not cut and patch structural elements in a manner that could change
their load-carrying capacity or increase deflection.

2. Operational Elements: Do not cut and patch operating elements and related components
in a manner that results in reducing their capacity to perform as intended or that results in
increased maintenance or decreased operational life or safety.

3. Other Construction Elements: Do not cut and patch other construction elements or
components in a manner that could change their load-carrying capacity, that results in
reducing their capacity to perform as intended, or that results in increased maintenance or
decreased operational life or safety. Other construction elements include but are not
limited to the following:

a. Water, moisture, or vapor barriers.
b. Membranes and flashings.
c. Exterior curtain-wall construction.
d. Sprayed fire-resistive material.
e. Equipment supports.
f. Piping, ductwork, vessels, and equipment.
4. Visual Elements: Do not cut and patch construction in a manner that results in visual

evidence of cutting and patching. Do not cut and patch exposed construction in a manner
that would, in Architect's opinion, reduce the building's aesthetic qualities. Remove and
replace construction that has been cut and patched in a visually unsatisfactory manner.

Manufacturer's Installation Instructions: Obtain and maintain on-site manufacturer's written
recommendations and instructions for installation of specified products and equipment.

PART 2 - PRODUCTS

2.1

A.

B.

MATERIALS
Comply with requirements specified in other Sections.

1. For projects requiring compliance with sustainable design and construction practices and
procedures, use products for patching that comply with sustainable design requirements.

In-Place Materials: Use materials for patching identical to in-place materials. For exposed
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent
possible.
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C.

1. If identical materials are unavailable or cannot be used, use materials that, when installed,
will provide a match acceptable to Architect for the visual and functional performance of
in-place materials. Use materials that are not considered hazardous.

Cleaning Agents: Use cleaning materials and agents recommended by manufacturer or
fabricator of the surface to be cleaned. Do not use cleaning agents that are potentially hazardous
to health or property or that might damage finished surfaces.

PART 3 - EXECUTION

3.1

32

A.

B.

C.

A.

EXAMINATION

Existing Conditions: The existence and location of underground and other utilities and
construction indicated as existing are not guaranteed. Before beginning sitework, investigate
and verify the existence and location of underground utilities, mechanical and electrical
systems, and other construction affecting the Work.

1. Before construction, verify the location and invert elevation at points of connection of
sanitary sewer, storm sewer, gas service piping, and water-service piping; underground
electrical services; and other utilities.

2. Furnish location data for work related to Project that must be performed by public
utilities serving Project site.

Examination and Acceptance of Conditions: Before proceeding with each component of the
Work, examine substrates, areas, and conditions, with Installer or Applicator present where
indicated, for compliance with requirements for installation tolerances and other conditions
affecting performance. Record observations.

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of
connections before equipment and fixture installation.
2. Examine walls, floors, and roofs for suitable conditions where products and systems are

to be installed.
3. Verify compatibility with and suitability of substrates, including compatibility with
existing finishes or primers.

Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding
with the Work indicates acceptance of surfaces and conditions.

PREPARATION

Field Measurements: Take field measurements as required to fit the Work properly. Recheck
measurements before installing each product. Where portions of the Work are indicated to fit to
other construction, verify dimensions of other construction by field measurements before
fabrication. Coordinate fabrication schedule with construction progress to avoid delaying the
Work.
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3.3

34

B.

Space Requirements: Verify space requirements and dimensions of items shown
diagrammatically on Drawings.

Review of Contract Documents and Field Conditions: Immediately on discovery of the need for
clarification of the Contract Documents, submit a request for information to Architect in
accordance with requirements in Section 013100 "Project Management and Coordination."

CONSTRUCTION LAYOUT

Verification: Before proceeding to lay out the Work, verify layout information shown on
Drawings, in relation to the property survey and existing benchmarks and existing conditions. If
discrepancies are discovered, notify Architect promptly.

Site Improvements: Locate and lay out site improvements, including pavements, grading, fill
and topsoil placement, utility slopes, and rim and invert elevations.

INSTALLATION

Locate the Work and components of the Work accurately, in correct alignment and elevation, as
indicated.

Comply with manufacturer's written instructions and recommendations for installing products in
applications indicated.

Install products at the time and under conditions that will ensure satisfactory results as judged
by Architect. Maintain conditions required for product performance until Substantial
Completion.

Conduct construction operations, so no part of the Work is subjected to damaging operations or
loading in excess of that expected during normal conditions of occupancy of type expected for
Project.

Sequence the Work and allow adequate clearances to accommodate movement of construction
items on-site and placement in permanent locations.

Tools and Equipment: Select tools or equipment that minimize production of excessive noise
levels.

Templates: Obtain and distribute to the parties involved templates for Work specified to be
factory prepared and field installed. Check Shop Drawings of other portions of the Work to
confirm that adequate provisions are made for locating and installing products to comply with
indicated requirements.

Attachment: Provide blocking and attachment plates and anchors and fasteners of adequate size
and number to securely anchor each component in place, accurately located and aligned with
other portions of the Work. Where size and type of attachments are not indicated, verify size
and type required for load conditions with manufacturer.
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3.5

1. Mounting Heights: Where mounting heights are not indicated, mount components at
heights directed by Architect.

2. Allow for building movement, including thermal expansion and contraction.

3. Coordinate installation of anchorages. Furnish setting drawings, templates, and directions

for installing anchorages, including sleeves, concrete inserts, anchor bolts, and items with
integral anchors, that are to be embedded in concrete or masonry. Deliver such items to
Project site in time for installation.

Joints: Make joints of uniform width. Where joint locations in exposed Work are not indicated,
arrange joints for the best visual effect, as judged by Architect. Fit exposed connections together
to form hairline joints.

CUTTING AND PATCHING

General: Employ skilled workers to perform cutting and patching. Proceed with cutting and
patching at the earliest feasible time, and complete without delay.

1. Cut in-place construction to provide for installation of other components or performance
of other construction, and subsequently patch as required to restore surfaces to their
original condition.

Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged
during installation or cutting and patching operations, by methods and with materials so as not
to void existing warranties.

Temporary Support: Provide temporary support of Work to be cut.

Protection: Protect in-place construction during cutting and patching to prevent damage.
Provide protection from adverse weather conditions for portions of Project that might be
exposed during cutting and patching operations.

Adjacent Occupied Areas: Where interference with use of adjoining areas or interruption of free
passage to adjoining areas is unavoidable, coordinate cutting and patching in accordance with
requirements in Section 011000 "Summary."

Existing Utility Services and Mechanical/Electrical Systems: Where existing services/systems
are required to be removed, relocated, or abandoned, bypass such services/systems before
cutting to minimize interruption to occupied areas.

Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar
operations, including excavation, using methods least likely to damage elements retained or
adjoining construction. If possible, review proposed procedures with original Installer; comply
with original Installer's written recommendations.

1. In general, use hand or small power tools designed for sawing and grinding, not
hammering and chopping. Cut holes and slots neatly to minimum size required, and with
minimum disturbance of adjacent surfaces. Temporarily cover openings when not in use.

2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces.
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3.

4.

5.

6.

Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a
diamond-core drill.

Excavating and Backfilling: Comply with requirements in applicable Sections where
required by cutting and patching operations.

Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be
removed. Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent
entrance of moisture or other foreign matter after cutting.

Proceed with patching after construction operations requiring cutting are complete.

H.  Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations
following performance of other Work. Patch with durable seams that are as invisible as
practicable, as judged by Architect. Provide materials and comply with installation requirements
specified in other Sections, where applicable.

L.

2.

Inspection: Where feasible, test and inspect patched areas after completion to
demonstrate physical integrity of installation.

Exposed Finishes: Restore exposed finishes of patched areas and extend finish restoration
into retained adjoining construction in a manner that will eliminate evidence of patching
and refinishing.

a. Clean piping, conduit, and similar features before applying paint or other finishing
materials.
b. Restore damaged pipe covering to its original condition.

Floors and Walls: Where walls or partitions that are removed extend one finished area
into another, patch and repair floor and wall surfaces in the new space. Provide an even
surface of uniform finish, color, texture, and appearance. Remove in-place floor and wall
coverings and replace with new materials, if necessary, to achieve uniform color and
appearance.

a. Where patching occurs in a painted surface, prepare substrate and apply primer and
intermediate paint coats appropriate for substrate over the patch, and apply final
paint coat over entire unbroken surface containing the patch, corner to corner of
wall and edge to edge of ceiling. Provide additional coats until patch blends with
adjacent surfaces.

Ceilings: Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane
surface of uniform appearance.

Exterior Building Enclosure: Patch components in a manner that restores enclosure to a
weathertight condition and ensures thermal and moisture integrity of building enclosure.

L Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint,
mortar, oils, putty, and similar materials from adjacent finished surfaces.

3.6 PROGRESS CLEANING

A.  Clean Project site and work areas daily, including common areas. Enforce requirements strictly.
Dispose of materials lawfully.
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3.7

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and
debris.

2. Do not hold waste materials more than seven days during normal weather or three days if
the temperature is expected to rise above 80 deg F.

3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark

containers appropriately and dispose of legally, according to regulations.
a. Use containers intended for holding waste materials of type to be stored.
Site: Maintain Project site free of waste materials and debris.

Work Areas: Clean areas where Work is in progress to the level of cleanliness necessary for
proper execution of the Work.

1. Remove liquid spills promptly.
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the
entire work area, as appropriate.

Installed Work: Keep installed work clean. Clean installed surfaces according to written
instructions of manufacturer or fabricator of product installed, using only cleaning materials
specifically recommended. If specific cleaning materials are not recommended, use cleaning
materials that are not hazardous to health or property and that will not damage exposed surfaces.

Concealed Spaces: Remove debris from concealed spaces before enclosing the space.

Exposed Surfaces: Clean exposed surfaces and protect as necessary to ensure freedom from
damage and deterioration at time of Substantial Completion.

Waste Disposal: Do not bury or burn waste materials on-site. Do not wash waste materials
down sewers or into waterways. Comply with waste disposal requirements in Section 017419
"Construction Waste Management and Disposal."

During handling and installation, clean and protect construction in progress and adjoining
materials already in place. Apply protective covering where required to ensure protection from
damage or deterioration at Substantial Completion.

Clean and provide maintenance on completed construction as frequently as necessary through
the remainder of the construction period. Adjust and lubricate operable components to ensure
operability without damaging effects.

Limiting Exposures: Supervise construction operations to ensure that no part of the
construction, completed or in progress, is subject to harmful, dangerous, damaging, or otherwise
deleterious exposure during the construction period.

PROTECTION OF INSTALLED CONSTRUCTION

Provide final protection and maintain conditions that ensure installed Work is without damage
or deterioration at time of Substantial Completion.
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B.

3.8

Protection of Existing Items: Provide protection and ensure that existing items to remain
undisturbed by construction are maintained in condition that existed at commencement of the
Work.

CORRECTION OF THE WORK

Repair or remove and replace damaged, defective, or nonconforming Work. Restore damaged
substrates and finishes.

1. Repairing includes replacing defective parts, refinishing damaged surfaces, touching up
with matching materials, and properly adjusting operating equipment.

Repair Work previously completed and subsequently damaged during construction period.
Repair to like-new condition.

Restore permanent facilities used during construction to their specified condition.

Remove and replace damaged surfaces that are exposed to view if surfaces cannot be repaired
without visible evidence of repair.

Repair components that do not operate properly. Remove and replace operating components
that cannot be repaired.

Remove and replace chipped, scratched, and broken glass or reflective surfaces.

END OF SECTION
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SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for the following:

1. Disposing of nonhazardous demolition and construction waste.

DEFINITIONS

Construction Waste: Building, structure, and site improvement materials and other solid waste
resulting from construction, remodeling, renovation, or repair operations. Construction waste
includes packaging.

Demolition Waste: Building, structure, and site improvement materials resulting from
demolition operations.

Disposal: Removal of demolition or construction waste and subsequent salvage, sale, recycling,
or deposit in landfill, incinerator acceptable to authorities having jurisdiction, or designated

spoil areas on Owner’s property.

Recycle: Recovery of demolition or construction waste for subsequent processing in preparation
for reuse.

Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in another
facility.

Salvage and Reuse: Recovery of demolition or construction waste and subsequent incorporation
into the Work.

MATERIALS OWNERSHIP

Unless otherwise indicated, demolition and construction waste becomes property of Contractor.
Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones

and their contents, commemorative plaques and tablets, and other items of interest or value to
Owner that may be uncovered during demolition remain the property of Owner.
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1. Carefully salvage in a manner to prevent damage and promptly return to Owner.

1.5 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Landfill and Incinerator Disposal Records: Indicate receipt and acceptance of waste by landfills
and incinerator facilities licensed to accept them. Include manifests, weight tickets, receipts, and
invoices.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1 DISPOSAL OF WASTE

A.  General: Except for items or materials to be salvaged or recycled, remove waste materials from
Project site and legally dispose of them in a landfill or incinerator acceptable to authorities

having jurisdiction.
1. Except as otherwise specified, do not allow waste materials that are to be disposed of
accumulate on-site.
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces
and areas.
B.  Burning: Do not burn waste materials.

END OF SECTION
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SECTION 017700 - CLOSEOUT PROCEDURES

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for Contract closeout, including,
but not limited to, the following:

Substantial Completion procedures.
Final completion procedures.
Warranties.

Final cleaning.

el S

Related Requirements:

1. Section 013233 "Photographic Documentation" for submitting Final Completion
construction photographic documentation.

2. Section 017839 "Project Record Documents" for submitting Record Drawings, Record
Specifications, and Record Product Data.

DEFINITIONS

List of Incomplete Items: Contractor-prepared list of items to be completed or corrected,

prepared for the Architect's use prior to Architect's inspection, to determine if the Work is

substantially complete.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of cleaning agent.
Contractor's List of Incomplete [tems: Initial submittal at Substantial Completion.

Certified List of Incomplete Items: Final submittal at Final Completion.
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1.5

1.7

A.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Certificates of Release: From authorities having jurisdiction.
Certificate of Insurance: For continuing coverage.

Field Report: For pest-control inspection.

MAINTENANCE MATERIAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Schedule of Maintenance Material Items: For maintenance material submittal items required by
other Sections.

SUBSTANTIAL COMPLETION PROCEDURES

Contractor's List of Incomplete Items: Prepare and submit a list of items to be completed and
corrected (Contractor's "punch list"), indicating the value of each item on the list and reasons
why the Work is incomplete.

Submittals Prior to Substantial Completion: Complete the following a minimum of 10 days
prior to requesting inspection for determining date of Substantial Completion. List items below
that are incomplete at time of request.

1. Certificates of Release: Obtain and submit releases from authorities having jurisdiction,
permitting Owner unrestricted use of the Work and access to services and utilities.
Include occupancy permits, operating certificates, and similar releases.

2. Submit closeout submittals specified in other Division 01 Sections, including Project
Record Documents, operation and maintenance manuals, damage or settlement surveys,
property surveys, and similar final record information.

3. Submit closeout submittals specified in individual Sections, including specific warranties,
workmanship bonds, maintenance service agreements, final certifications, and similar
documents.

4, Submit maintenance material submittals specified in individual Sections, including tools,

spare parts, extra materials, and similar items, and deliver to location designated by
Architect. Label with manufacturer's name and model number.

Procedures Prior to Substantial Completion: Complete the following a minimum of 10 days
prior to requesting inspection for determining date of Substantial Completion. List items below
that are incomplete at time of request.

1. Terminate and remove temporary facilities from Project site, along with mockups,
construction tools, and similar elements.
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1.8

1.9

2. Complete final cleaning requirements.
3. Touch up paint and otherwise repair and restore marred exposed finishes to eliminate
visual defects.

Inspection: Submit a written request for inspection to determine Substantial Completion a
minimum of 10 days prior to date the Work will be completed and ready for final inspection and
tests. On receipt of request, Architect will either proceed with inspection or notify Contractor of
unfulfilled requirements. Architect will prepare the Certificate of Substantial Completion after
inspection or will notify Contractor of items, either on Contractor's list or additional items
identified by Architect, that must be completed or corrected before certificate will be issued.

1. Request reinspection when the Work identified in previous inspections as incomplete is
completed or corrected.

2. Results of completed inspection will form the basis of requirements for Final
Completion.

FINAL COMPLETION PROCEDURES

Submittals Prior to Final Completion: Before requesting final inspection for determining Final
Completion, complete the following:

1. Submit a final Application for Payment.

2. Certified List of Incomplete Items: Submit certified copy of Architect's Substantial
Completion inspection list of items to be completed or corrected (punch list), endorsed
and dated by Architect. Certified copy of the list shall state that each item has been
completed or otherwise resolved for acceptance.

3. Certificate of Insurance: Submit evidence of final, continuing insurance coverage
complying with insurance requirements.
4. Submit Final Completion photographic documentation.

Inspection: Submit a written request for final inspection to determine acceptance a minimum of
10 days prior to date the Work will be completed and ready for final inspection and tests. On
receipt of request, Architect will either proceed with inspection or notify Contractor of
unfulfilled requirements. Architect will prepare a final Certificate for Payment after inspection
or will notify Contractor of construction that must be completed or corrected before certificate
will be issued.

1. Request reinspection when the Work identified in previous inspections as incomplete is
completed or corrected.

SUBMITTAL OF PROJECT WARRANTIES

Time of Submittal: Submit written warranties on request of Architect for designated portions of
the Work where warranties are indicated to commence on dates other than date of Substantial
Completion, or when delay in submittal of warranties might limit Owner's rights under
warranty.
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B.

C.

D.

Organize warranty documents into an orderly sequence based on the table of contents of Project
Manual.

Warranty Electronic File: Provide warranties and bonds in PDF format. Assemble complete
warranty and bond submittal package into a single electronic PDF file with bookmarks enabling
navigation to each item. Provide bookmarked table of contents at beginning of document.

1. Submit on digital media acceptable to Architect.

Warranties in Paper Form:

1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders,
thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch
paper.

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty. Mark

tab to identify the product or installation. Provide a typed description of the product or
installation, including the name of the product and the name, address, and telephone
number of Installer.

3. Identify each binder on the front and spine with the typed or printed title
"WARRANTIES," Project name, and name of Contractor.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.

B.

3.2

A.

FINAL CLEANING
General: Perform final cleaning. Conduct cleaning and waste-removal operations to comply
with local laws and ordinances and Federal and local environmental and antipollution

regulations.

Construction Waste Disposal: Comply with waste-disposal requirements in Section 017419
"Construction Waste Management and Disposal.”

REPAIR OF THE WORK

Complete repair and restoration operations required by Section 017300 "Execution" before
requesting inspection for determination of Substantial Completion.

END OF SECTION

CLOSEOUT PROCEDURES 017700 - 4



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 017839 - PROJECT RECORD DOCUMENTS

PART 1 - GENERAL

1.1

A.

1.2

1.3

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for Project Record Documents,
including the following:

Record Drawings.

Record specifications.

Record Product Data.
Miscellaneous record submittals.

halb ol e

Related Requirements:

1. Section 017700 "Closeout Procedures" for general closeout procedures.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Record Drawings: Comply with the following:
1. Number of Copies: Submit one set(s) of marked-up record prints.

Record Specifications: Submit annotated PDF electronic files and one paper copy of Project's
Specifications, including addenda and Contract modifications.

Record Product Data: Submit annotated PDF electronic files and directories and one paper copy
of each submittal.

Miscellaneous Record Submittals: See other Specification Sections for miscellaneous record-
keeping requirements and submittals in connection with various construction activities. Submit
annotated PDF electronic files and directories and one paper copy of each submittal.
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1.4

A.

RECORD DRAWINGS

Record Prints: Maintain one set of marked-up paper copies of the Contract Drawings and Shop
Drawings, incorporating new and revised drawings as modifications are issued.

1.

Preparation: Mark record prints to show the actual installation, where installation varies
from that shown originally. Require individual or entity who obtained record data,
whether individual or entity is Installer, subcontractor, or similar entity, to provide
information for preparation of corresponding marked-up record prints.

Give particular attention to information on concealed elements that would be
difficult to identify or measure and record later.

Accurately record information in an acceptable drawing technique.

Record data as soon as possible after obtaining it.

Record and check the markup before enclosing concealed installations.
Cross-reference record prints to corresponding photographic documentation.

ono o

Content: Types of items requiring marking include, but are not limited to, the following:

Dimensional changes to Drawings.

Revisions to details shown on Drawings.

Depths of foundations.

Locations and depths of underground utilities.

Revisions to routing of piping and conduits.

Revisions to electrical circuitry.

Actual equipment locations.

Duct size and routing.

Locations of concealed internal utilities.

Changes made by Change Order or Construction Change Directive.
Changes made following Architect's written orders.

Details not on the original Contract Drawings.

Field records for variable and concealed conditions.

Record information on the Work that is shown only schematically.

PR AT SE@E Mo a0 o

Mark the Contract Drawings and Shop Drawings completely and accurately. Use
personnel proficient at recording graphic information in production of marked-up record
prints.

Mark record prints with erasable, red-colored pencil. Use other colors to distinguish
between changes for different categories of the Work at same location.

Mark important additional information that was either shown schematically or omitted
from original Drawings.

Note Construction Change Directive numbers, alternate numbers, Change Order
numbers, and similar identification, where applicable.

Record Digital Data Files: Immediately before inspection for Certificate of Substantial
Completion, review marked-up record prints with Architect. When authorized, prepare a full set
of corrected digital data files of the Contract Drawings, as follows:

1.

Format: Annotated PDF electronic file with comment function enabled.
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1.5

1.6

2.

3.
4.

Incorporate changes and additional information previously marked on record prints.
Delete, redraw, and add details and notations where applicable.

Refer instances of uncertainty to Architect for resolution.

Architect will furnish Contractor with one set of digital data files of the Contract
Drawings for use in recording information.

a. See Section 013100 "Project Management and Coordination" for requirements
related to use of Architect's digital data files.
b. Record markups in separate layers.

Format: Identify and date each Record Drawing; include the designation "PROJECT RECORD
DRAWING" in a prominent location.

1.

2.
3.

Record Prints: Organize record prints into manageable sets. Bind each set with durable
paper cover sheets. Include identification on cover sheets.

Format: Annotated PDF electronic file with comment function enabled.

Record Digital Data Files: Organize digital data information into separate electronic files
that correspond to each sheet of the Contract Drawings. Name each file with the sheet
identification. Include identification in each digital data file.

Identification: As follows:

Project name.

Date.

Designation "PROJECT RECORD DRAWINGS."
Name of Architect.

Name of Contractor.

oo o

RECORD SPECIFICATIONS

Preparation: Mark Specifications to indicate the actual product installation, where installation
varies from that indicated in Specifications, addenda, and Contract modifications.

L.

2.

3.

4,

Give particular attention to information on concealed products and installations that
cannot be readily identified and recorded later.

Mark copy with the proprietary name and model number of products, materials, and
equipment furnished, including substitutions and product options selected.

Record the name of manufacturer, supplier, Installer, and other information necessary to
provide a record of selections made.

Note related Change Orders and Record Drawings where applicable.

Format: Submit record specifications as scanned PDF electronic file(s) of marked-up paper
copy of Specifications.

RECORD PRODUCT DATA

Recording: Maintain one copy of each submittal during the construction period for Project
Record Document purposes. Post changes and revisions to Project Record Documents as they
occur; do not wait until end of Project.
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B.

1.7

1.8

Preparation: Mark Product Data to indicate the actual product installation where installation
varies substantially from that indicated in Product Data submittal.

1. Give particular attention to information on concealed products and installations that
cannot be readily identified and recorded later.
2. Include significant changes in the product delivered to Project site and changes in

manufacturer's written instructions for installation.
3. Note related Change Orders and Record Drawings where applicable.

Format: Submit Record Product Data as scanned PDF electronic file(s) of marked-up paper
copy of Product Data.

1. Include Record Product Data directory organized by Specification Section number and
title, electronically linked to each item of Record Product Data.

MISCELLANEOUS RECORD SUBMITTALS

Assemble miscellaneous records required by other Specification Sections for miscellaneous
record keeping and submittal in connection with actual performance of the Work. Bind or file
miscellaneous records and identify each, ready for continued use and reference.

Format: Submit miscellaneous record submittals as scanned PDF electronic file(s) of marked-up
miscellaneous record submittals.

1. Include miscellaneous record submittals directory organized by Specification Section
number and title, electronically linked to each item of miscellaneous record submittals.

MAINTENANCE OF RECORD DOCUMENTS

Maintenance of Record Documents: Store Record Documents in the field office apart from the
Contract Documents used for construction. Do not use Project Record Documents for
construction purposes. Maintain Record Documents in good order and in a clean, dry, legible
condition, protected from deterioration and loss. Provide access to Project Record Documents
for Architect's reference during normal working hours.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION
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SECTION 024119 - SELECTIVE DEMOLITION

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

SUMMARY

The Work of this Section Includes:

1. Demolition and removal of selected portions of exterior or interior of building or
structure and site elements.
2. Removal and salvage of existing items for delivery to Owner and removal of existing

items for reinstallation.

Related Requirements:

1. Section 011000 "Summary" for restrictions on use of the premises, Owner-occupancy
requirements, and phasing requirements.

2. Section 017300 "Execution" for cutting and patching procedures.

DEFINITIONS

Remove: Detach items from existing construction and legally dispose of off-site unless
indicated to be removed and salvaged or removed and reinstalled.

Remove and Salvage: Detach items from existing construction, in a manner to prevent damage,
and deliver to Owner as indicated.

Remove and Reinstall: Detach items from existing construction, in a manner to prevent damage;
prepare for reuse; and reinstall where indicated.

Existing to Remain: Existing items of construction that are not to be removed.

MATERIALS OWNERSHIP

Unless otherwise indicated, demolition waste becomes property of Contractor.

Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones
and their contents, commemorative plaques and tablets, and other items of interest or value to

Owner that may be uncovered during demolition remain the property of Owner.

1. Carefully salvage in a manner to prevent damage and promptly return to Owner.

COORDINATION

Arrange selective demolition schedule so as not to interfere with Owner's operations.
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1.5

1.6

1.7

1.8

PREINSTALLATION MEETINGS

Predemolition Conference: Conduct conference at Project site.

1. Inspect and discuss condition of construction to be selectively demolished.

2. Review structural load limitations of existing structure.

3. Review and finalize selective demolition schedule and verify availability of demolition
personnel, equipment, and facilities needed to make progress and avoid delays.

4, Review requirements of work performed by other trades that rely on substrates exposed

by selective demolition operations.

Review areas where existing construction is to remain and requires protection.

Review and finalize protection requirements.

Review procedures for noise control and dust control.

Review storage, protection, and accounting for items to be removed for salvage or
reinstallation.

o N

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Proposed Protection Measures: Submit report, including Drawings, that indicates the measures
proposed for protecting individuals and property, for environmental protection , for dust control

and , for noise control. Indicate proposed locations and construction of barriers.

Schedule of Selective Demolition Activities: Indicate the following:

1. Detailed sequence of selective demolition and removal work, with starting and ending
dates for each activity. Ensure Owner's on-site operations are uninterrupted.

2. Temporary interruption of utility services. Indicate how long utility services will be
interrupted.

3. Coordination for shutoff, capping, and continuation of utility services.

4. Use of elevator and stairs.

5. Coordination of Owner's continuing occupancy of portions of existing building and of

Owner's partial occupancy of completed Work.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Inventory: Submit a list of items that have been removed and salvaged.

FIELD CONDITIONS

Owner will occupy portions of building immediately adjacent to selective demolition area.
Conduct selective demolition so Owner's operations will not be disrupted.
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B.

C.

D.

E.

Conditions existing at time of inspection for bidding purpose will be maintained by Owner as
far as practical.

Notify Architect of discrepancies between existing conditions and Drawings before proceeding
with selective demolition.

Hazardous Materials:
I. It is not expected that hazardous materials will be encountered in the Work.
a. If materials suspected of containing hazardous materials are encountered, do not
disturb; immediately notify Architect and Owner. Hazardous materials will be

removed by Owner under a separate contract.

On-site sale of removed items or materials is not permitted.

PART 2 - PRODUCTS

2.1

A.

B.

PERFORMANCE REQUIREMENTS

Regulatory Requirements: Comply with governing EPA notification regulations before
beginning selective demolition. Comply with hauling and disposal regulations of authorities
having jurisdiction.

Standards: Comply with ANSI/ASSP A10.6 and NFPA 241.

PART 3 - EXECUTION

3.1

A.

B.

C.

EXAMINATION

Verify that utilities have been disconnected and capped before starting selective demolition
operations.

Review Project Record Documents of existing construction or other existing condition provided
by Owner. Owner does not guarantee that existing conditions are same as those indicated in
Project Record Documents.

Survey of Existing Conditions: Record existing conditions by use of preconstruction
photographs.

1. Inventory and record the condition of items to be removed for salvage or reinstallation.
Photograph or video conditions that might be misconstrued as damage caused by
removal.

2. Photograph or video existing conditions of adjoining construction including finish

surfaces, that might be misconstrued as damage caused by selective demolition
operations or removal of items for salvage or reinstallation.
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3.2

A.

33

PREPARATION

Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as
required to preserve stability and prevent movement, settlement, or collapse of construction and
finishes to remain, and to prevent unexpected or uncontrolled movement or collapse of
construction being demolished.

1. Strengthen or add new supports when required during progress of selective demolition.

Temporary Protection: Provide temporary barricades and other protection required to prevent
injury to people and damage to adjacent buildings and facilities to remain.

1. Provide protection to ensure safe passage of people around selective demolition area and
to and from occupied portions of building.
2. Provide temporary weather protection, during interval between selective demolition of

existing construction on exterior surfaces and new construction, to prevent water leakage
and damage to structure and interior areas.

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are
exposed during selective demolition operations.

4. Cover and protect furniture, furnishings, and equipment that have not been removed.

5. Comply with requirements for temporary enclosures, dust control, heating, and cooling

specified in Section 015000 "Temporary Facilities and Controls."

Existing Items to Remain: Protect construction indicated to remain against damage and soiling
during selective demolition. When permitted by Architect, items may be removed to a suitable,
protected storage location and cleaned and reinstalled in their original locations after selective
demolition operations are complete.

UTILITY SERVICES AND BUILDING SYSTEMS

Heating, Cooling and Ventilation: Under Base Bid, AHU-2 will be offline for a significant
amount of time. Cap existing to remain duct so that the existing AHU-1 can remain online.
Installation of humidifier in main duct will require both AHU’s to be offline. Prep installation of
humidifier in main duct to minimize downtime of both AHU’s, this must be completed over a
weekend/non-business hours; coordinate schedule with the Owner. In the event that Bid
Alternate 2 is selected, phase AHU-1 replacement after AHU-2 has been installed and is
operational.

Existing Services/Systems to Remain: Maintain utilities and building systems and equipment to
remain and protect against damage during selective demolition operations.

1. Maintain fire-protection facilities in service during selective demolition operations.

Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify,
disconnect, and seal or cap off utilities and building systems serving areas to be selectively
demolished.

I. Arrange to shut off utilities with utility companies.

2. If disconnection of utilities and building systems will affect adjacent occupied parts of
the building, provide temporary services/systems that bypass area of selective demolition
and that maintain continuity of services/systems to those parts of the building.
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3.

Demolish and remove existing building systems, equipment, and components indicated
on Drawings to be removed.

a. Piping to Be Removed: Remove portion of piping indicated to be removed and cap
or plug remaining piping with same or compatible piping material.

b. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug
remaining ducts with same or compatible ductwork material.

c. Equipment to Be Removed: Disconnect and cap services and remove equipment

and components.

Abandon existing building systems, equipment, and components indicated on Drawings
to be abandoned in place.

a. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same
or compatible piping material and leave in place.

b. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible
ductwork material and leave in place.

Remove and reinstall/salvage existing building systems, equipment, and components
indicated on drawings to be removed and reinstalled or removed and salvaged:

a. Equipment to Be Removed and Reinstalled: Disconnect and cap services and
remove, clean, and store equipment and components; when appropriate, reinstall,
reconnect, and make equipment operational.

b. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove
equipment and components and deliver to Owner.

34 SALVAGE/REINSTALL

A.  Removed and Salvaged Items:

1. Clean salvaged items.
2. Pack or crate items after cleaning. Identify contents of containers with label indicating
elements, date of removal, quantity, and location where removed.
3. Store items in a secure area until delivery to Owner.
4. Transport items to Owner's storage area on-site designated by Owner.
5. Protect items from damage during transport and storage.
B.  Removed and Reinstalled Items:
1. Clean and repair items to functional condition adequate for intended reuse.
2. Pack or crate items after cleaning and repairing. Identify contents of containers.
3. Protect items from damage during transport and storage.
4. Reinstall items in locations indicated. Comply with installation requirements for new

materials and equipment. Provide connections, supports, and miscellaneous materials
necessary to make item functional for use indicated.
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3.5

A.

3.6

SELECTIVE DEMOLITION, GENERAL

General: Demolish and remove existing construction only to extent required by new
construction and as indicated. Use methods required to complete the Work within limitations of
governing regulations and as follows:

L.

b

Neatly cut openings and holes plumb, square, and true to dimensions required. Use
cutting methods least likely to damage construction to remain or adjoining construction.
Use hand tools or small power tools designed for sawing or grinding, not hammering and
chopping. Temporarily cover openings to remain.

Cut or drill from the exposed or finished side into concealed surfaces to avoid marring
existing finished surfaces.

Do not use cutting torches until work area is cleared of flammable materials. At
concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden
space before starting flame-cutting operations. Maintain portable fire-suppression devices
during flame-cutting operations.

Maintain fire watch during and for at least four (4) hours after flame-cutting operations.
Maintain adequate ventilation when using cutting torches.

Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and
promptly dispose of off-site.

Remove structural framing members and lower to ground by method suitable to avoid
free fall and to prevent ground impact or dust generation.

Locate selective demolition equipment and remove debris and materials so as not to
impose excessive loads on supporting walls, floors, or framing.

Site Access and Temporary Controls: Conduct selective demolition and debris-removal
operations to ensure minimum interference with roads, streets, walks, walkways, and other
adjacent occupied and used facilities.

1.

Do not close or obstruct streets, walks, walkways, or other adjacent occupied or used
facilities without permission from Owner and authorities having jurisdiction. Provide
alternate routes around closed or obstructed trafficways if required by authorities having
jurisdiction.

Use water mist and other suitable methods to limit spread of dust and dirt. Comply with
governing environmental-protection regulations. Do not use water when it may damage
adjacent construction or create hazardous or objectionable conditions, such as ice,
flooding, and pollution.

SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS

Concrete:

1.

Demolish in small sections. Using power-driven saw, cut concrete to a depth of at least
3/4 inch at junctures with construction to remain. Dislodge concrete from reinforcement
at perimeter of areas being demolished, cut reinforcement, and then remove remainder of
concrete. Neatly trim openings to dimensions indicated.

Demolish in sections. Cut concrete full depth at junctures with construction to remain and
at regular intervals using power-driven saw, and then remove concrete between saw cuts.

Masonry: Demolish in small sections. Cut masonry at junctures with construction to remain,
using power-driven saw, and then remove masonry between saw cuts.
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3.7

3.8

Concrete Slabs-on-Grade: Saw-cut perimeter of area to be demolished, and then break up and
remove.

DISPOSAL OF DEMOLISHED MATERIALS

Remove demolition waste materials from Project site and dispose of them in an EPA-approved
construction and demolition waste landfill acceptable to authorities having jurisdiction.

1.
2.

3.

4.

Do not allow demolished materials to accumulate on-site.

Remove and transport debris in a manner that will prevent spillage on adjacent surfaces
and areas.

Remove debris from elevated portions of building by chute, hoist, or other device that
will convey debris to grade level in a controlled descent.

Comply with requirements specified in Section 017419 "Construction Waste
Management and Disposal."

Burning: Do not burn demolished materials.

CLEANING

Clean adjacent structures and improvements of dust, dirt, and debris caused by selective
demolition operations. Return adjacent areas to condition existing before selective demolition
operations began.

END OF SECTION
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SECTION 061000 - ROUGH CARPENTRY

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Wood products.

Dimension lumber framing.
Miscellaneous lumber.
Plywood backing panels.

Ll .

B.  Related Requirements:

1. Section 061600 "Sheathing" for sheathing, subflooring, and underlayment.

1.2 DEFINITIONS
A.  Boards or Strips: Lumber of less than 2 inches nominal size in least dimension.

B.  Dimension Lumber: Lumber of 2 inches nominal size or greater but less than 5 inches nominal
size in least dimension.

C.  Exposed Framing: Framing not concealed by other construction.
D.  Lumber grading agencies, and abbreviations used to reference them, include the following:

NeLMA: Northeastern Lumber Manufacturers' Association.
NLGA: National Lumber Grades Authority.

SPIB: The Southern Pine Inspection Bureau.

WCLIB: West Coast Lumber Inspection Bureau.

WWPA: Western Wood Products Association.

M

1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of process and factory-fabricated product. Indicate component
materials and dimensions and include construction and application details.

1. Include data for wood-preservative treatment from chemical treatment manufacturer and
certification by treating plant that treated materials comply with requirements. Indicate
type of preservative used and net amount of preservative retained.

2. Include data for fire-retardant treatment from chemical treatment manufacturer and
certification by treating plant that treated materials comply with requirements. Include
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physical properties of treated materials based on testing by a qualified independent
testing agency.

3. For fire-retardant treatments, include physical properties of treated lumber both before
and after exposure to elevated temperatures, based on testing by a qualified independent
testing agency in accordance with ASTM D5664.

4. For products receiving a waterborne treatment, include statement that moisture content of
treated materials was reduced to levels specified before shipment to Project site.

1.4 DELIVERY, STORAGE, AND HANDLING

A.  Stack wood products flat with spacers beneath and between each bundle to provide air
circulation. Protect wood products from weather by covering with waterproof sheeting, securely
anchored. Provide for air circulation around stacks and under coverings.

PART 2 - PRODUCTS

2.1 WOOD PRODUCTS

A.  Lumber: Comply with DOC PS 20 and applicable rules of grading agencies indicated. If no
grading agency is indicated, comply with the applicable rules of any rules-writing agency
certified by the ALSC Board of Review. Grade lumber by an agency certified by the ALSC
Board of Review to inspect and grade lumber under the rules indicated.

1. Factory mark each piece of lumber with grade stamp of grading agency.

2. Where nominal sizes are indicated, provide actual sizes required by DOC PS 20 for
moisture content specified. Where actual sizes are indicated, they are minimum dressed
sizes for dry wood products.

3. Dress lumber, S4S, unless otherwise indicated.

B.  Maximum Moisture Content:
1. Boards: 15 percent.
2. Dimension Lumber: 15 percent unless otherwise indicated.
2.2 MISCELLANEOUS LUMBER

A.  Provide miscellaneous Ilumber indicated and lumber for support or attachment of other
construction, including the following:

1. Blocking.
2. Nailers.
3. Rooftop equipment bases and support curbs.
4. Cants.
5. Furring.
6. Grounds.
7. Utility shelving.
B.  Dimension Lumber Items: Construction or No. 2 grade lumber of any of the following species:
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Hem-fir (north); NLGA.

Mixed southern pine or southern pine; SPIB.
Spruce-pine-fir; NLGA.

Hem-fir; WCLIB or WWPA.

Spruce-pine-fir (south); NeLMA, WCLIB, or WWPA.
Western woods; WCLIB or WWPA.

Northern species; NLGA.

Eastern softwoods; NeLMA.

NN R DD =

Concealed Boards: 15 percent maximum moisture content and any of the following species and
grades:

1. Mixed southern pine or southern pine; No. 2 grade; SPIB.

2. Hem-fir or hem-fir (north); Construction or No. 2 Common grade; NLGA, WCLIB, or
WWPA.

3. Spruce-pine-fir (south) or spruce-pine-fir; Construction or No.2 Common grade;
NeLMA, NLGA, WCLIB, or WWPA.

Roofing Nailers: Structural- or No. 2-grade lumber or better; kiln-dried Douglas fir, southern
pine, or wood having similar decay-resistant properties.

For blocking not used for attachment of other construction, Utility, Stud, or No. 3 grade lumber
of any species may be used provided that it is cut and selected to eliminate defects that will
interfere with its attachment and purpose.

For furring strips for installing plywood or hardboard paneling, select boards with no knots

capable of producing bent-over nails and damage to paneling.

PLYWOOD BACKING PANELS

Equipment Backing Panels: Plywood, DOC PS 1, Exterior, A-C, in thickness indicated or, if not

indicated, not less than 1/2-inch nominal thickness.

FASTENERS

General: Fasteners are to be of size and type indicated and comply with requirements specified

in this article for material and manufacture. Provide nails or screws, in sufficient length, to

penetrate not less than 1-1/2 inches into wood substrate.

1. Where rough carpentry is exposed to weather, in ground contact, pressure-preservative
treated, or in area of high relative humidity, provide fasteners with hot-dip zinc coating
complying with ASTM A153/A153M or ASTM F2329 of Type 304 stainless steel.

Nails, Brads, and Staples: ASTM F1667.

Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities
having jurisdiction, based on ICC-ES AC70.
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2.5

A.

B.

C.

2.6

A.

METAL FRAMING ANCHORS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. MiTek Industries, Inc.
2. Simpson Strong-Tie Co., Inc.

3. Tamlyn.

Flat straps, with holes for fasteners, for blocking anchorage.

1. Width: 1-1/4 inches.
2. Thickness: 0.050 inch.

Materials: Unless otherwise indicated, fabricate from the following materials:

1. Galvanized-Steel Sheet: Hot-dip, zinc-coated steel sheet complying with
ASTM A653/A653M, G60 coating designation.

a. Use for interior locations unless otherwise indicated.

MISCELLANEOUS MATERIALS
Sill-Sealer Gaskets:
1. Glass-fiber-resilient insulation, fabricated in strip form, for use as a sill sealer; 1-inch

nominal thickness, compressible to 1/32 inch; selected from manufacturer's standard
widths to suit width of sill members indicated.

2. Closed-cell neoprene foam, 1/4 inch thick, selected from manufacturer's standard widths
to suit width of sill members indicated.
3. Self-adhering sheet consisting of 64 mils of rubberized asphalt laminated on one side to a

4-mil-thick, polyethylene-film reinforcement, and with release liner on adhesive side.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

INSTALLATION

Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional Wood Frame
Construction," unless otherwise indicated.

Set work to required levels and lines, with members plumb, true to line, cut, and fitted. Fit
rough carpentry accurately to other construction. Locate furring, nailers, blocking, grounds, and
similar supports to comply with requirements for attaching other construction.

Install metal framing anchors to comply with manufacturer's written instructions. Install
fasteners through each fastener hole.

Provide blocking and framing as indicated and as required to support facing materials, fixtures,
specialty items, and trim.
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3.2
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1. Provide metal clips for fastening gypsum board or lath at corners and intersections where
framing or blocking does not provide a surface for fastening edges of panels. Space clips
not more than 16 inches o.c.

Sort and select lumber so that natural characteristics do not interfere with installation or with
fastening other materials to lumber. Do not use materials with defects that interfere with
function of member or pieces that are too small to use with minimum number of joints or
optimum joint arrangement.

Securely attach rough carpentry work to substrate by anchoring and fastening.

INSTALLATION OF WOOD BLOCKING AND NAILERS
Install where indicated and where required for attaching other work. Form to shapes indicated
and cut as required for true line and level of attached work. Coordinate locations with other

work involved.

Attach wood blocking to substrates to support applied loading. Recess bolts and nuts flush with
surfaces unless otherwise indicated.

Attach wood roofing nailers securely to substrate to resist the designed outward and upward
wind loads indicated on Drawings and in accordance with ANSI/SPRI ED-1, Tables A6 and A7.
INSTALLATION OF WOOD FURRING

Install level and plumb with closure strips at edges and openings. Shim with wood as required
for tolerance of finish work.

Furring to Receive Plywood or Hardboard Paneling: Install 1-by-3-inch nominal-size furring
horizontally at 24 inches o.c.

Furring to Receive Gypsum Board or Plaster Lath: Install 1-by-2-inch nominal-size furring
vertically at 16 inches o.c.

END OF SECTION
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SECTION 061600 - SHEATHING

PART 1 - GENERAL

1.1

A.

B.

1.2

A.

B.

C.

1.3

A.

SUMMARY
Section Includes:

1. Wall sheathing.
2. Attic sheathing.

Related Requirements:

1. Section 061000 "Rough Carpentry" for plywood backing panels.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data:

1. Wall sheathing.
2. Attic sheathing.

Product Data Submittals: For each type of process and factory-fabricated product. Indicate
component materials and dimensions and include construction and application details.
DELIVERY, STORAGE, AND HANDLING

Stack panels flat with spacers beneath and between each bundle to provide air circulation.

Protect sheathing from weather by covering with waterproof sheeting, securely anchored.
Provide for air circulation around stacks and under coverings.

PART 2 - PRODUCTS

2.1

A.

B.

WOOD PANEL PRODUCTS

Thickness: As needed to comply with requirements specified, but not less than thickness
indicated.

Factory mark panels to indicate compliance with applicable standard.
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2.2

A.

23

A.

24

A.

D.

WALL SHEATHING

Plywood Sheathing, Walls: DOC PS 1, Exterior sheathing.
1. Span Rating: Not less than 16/0.

2. Nominal Thickness: Not less than 1/2 inch.

ATTIC SHEATHING

Plywood Sheathing: DOC PS 1, Exterior sheathing.

1. Span Rating: Not less than 16/0.

2. Nominal Thickness: Not less than 1/2 inch.
FASTENERS

General: Provide fasteners of size and type indicated that comply with requirements specified in
this article for material and manufacture.

Nails, Brads, and Staples: ASTM F1667.

Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities
having jurisdiction, based on ICC-ES AC70.

Screws for Fastening Sheathing to Wood Framing: ASTM C1002.
Screws for Fastening Wood Structural Panels to Cold-Formed Metal Framing: ASTM C954,
except with wafer heads and reamer wings, length as recommended by screw manufacturer for

material being fastened.

Screws for Fastening Gypsum Sheathing to Cold-Formed Metal Framing: Steel drill screws, in
length recommended by sheathing manufacturer for thickness of sheathing to be attached.

1. For steel framing less than 0.0329 inch thick, use screws that comply with ASTM C1002.

PART 3 - EXECUTION

3.1

A.

B.

C.

INSTALLATION, GENERAL
Do not use materials with defects that impair quality of sheathing or pieces that are too small to
use with minimum number of joints or optimum joint arrangement. Arrange joints so that pieces

do not span between fewer than three support members.

Cut panels at penetrations, edges, and other obstructions of work; fit tightly against abutting
construction unless otherwise indicated.

Securely attach to substrate by fastening as indicated, complying with the following:
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1. Table 2304.10.1, "Fastening Schedule," in the ICC's International Building Code.
2. ICC-ES evaluation report for fastener.

D.  Use common wire nails unless otherwise indicated. Select fasteners of size that will not fully
penetrate members where opposite side will be exposed to view or will receive finish materials.
Make tight connections. Install fasteners without splitting wood.

E. Coordinate wall sheathing installation with flashing and joint-sealant installation so these
materials are installed in sequence and manner that prevent exterior moisture from passing

through completed assembly.

F. Do not bridge building expansion joints; cut and space edges of panels to match spacing of
structural support elements.

G. Coordinate sheathing installation with installation of materials installed over sheathing so
sheathing is not exposed to precipitation or left exposed at end of the workday when rain is
forecast.

END OF SECTION
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SECTION 072100 - THERMAL INSULATION

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

SUMMARY

Section Includes:

1. Mineral-wool blanket insulation.

2. Loose-fill insulation.

3. Poly vapor barrier and vapor barrier tape.
ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Installer's Certification: Listing type, manufacturer, and R-value of insulation installed in each
element of the building thermal envelope.

1. For blown-in or sprayed fiberglass and cellulosic-fiber loose-fill insulation, indicate
initial installed thickness, settled thickness, settled R-value, installed density, coverage
area, and number of bags installed.

2. Sign, date, and post the certification in a conspicuous location on Project site.

Product Test Reports: For each product, for tests performed by a qualified testing agency.

Research Reports: For foam-plastic insulation, from ICC-ES.

DELIVERY, STORAGE, AND HANDLING

Protect insulation materials from physical damage and from deterioration due to moisture,
soiling, and other sources. Store inside and in a dry location. Comply with manufacturer's
written instructions for handling, storing, and protecting during installation.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A.  Surface-Burning Characteristics: Maximum flame-spread and smoke-developed indexes less
than Class A, 25 and 450 when tested in accordance with ASTM E&4.

B.  Thermal-Resistance Value (R-Value): R-value as indicated on Drawings in accordance with
ASTM C518.

2.2 MINERAL-WOOL BLANKET INSULATION

A.  Mineral-Wool Blanket Insulation, Unfaced: ASTM C665, Type I (blankets without membrane
facing); consisting of fibers; complying with ASTM E136 for combustion characteristics.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Johns Manville; a Berkshire Hathaway company.

b. Owens Corning.
c. ROCKWOOL.

2.3 LOOSE-FILL INSULATION
A.  Mineral-Fiber Loose-Fill Insulation: ASTM C764, Type I for pneumatic application.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Knauf Insulation.
b. Owens Corning.
2.4 POLYETHYLENE VAPOR BARRIER

A. 10 mil clear vapor barrier.

B.  Vapor Barrier Tape: 9 mil — 4 inches wide, waterproof.

2.5 ACCESSORIES
A. Insulation for Miscellaneous Voids:

1. Glass-Fiber Insulation: ASTM C764, Type II, loose fill; with maximum flame-spread and
smoke-developed indexes of 5, per ASTM E&4.
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B.

Miscellaneous Application Accessories:

1. Crack Sealer: Closed-cell insulating foam in aerosol dispenser recommended in writing
by insulation manufacturer for filling gaps in board insulation.
2. Eave Ventilation Troughs: Preformed, rigid fiberboard or plastic sheets designed and

sized to fit between roof framing members and to provide ventilation between insulated
attic spaces and vented eaves.

PART 3 - EXECUTION

3.1

3.2

33

A.

PREPARATION

Clean substrates of substances that are harmful to insulation, including removing projections
capable of puncturing insulation or vapor retarders, or those that interfere with insulation
attachment.

INSTALLATION, GENERAL

Comply with insulation manufacturer's written instructions applicable to products, applications
and applicable codes.

Install insulation that is undamaged, dry, and unsoiled and that has not been left exposed to ice,
rain, or snow at any time.

Install insulation with manufacturer's R-value label exposed after insulation is installed.

Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions and fill
voids with insulation. Remove projections that interfere with placement.

Provide sizes to fit applications and selected from manufacturer's standard thicknesses, widths,
and lengths. Apply single layer of insulation units unless multiple layers are otherwise shown or
required to make up total thickness or to achieve R-value.

INSTALLATION OF INSULATION IN FRAMED CONSTRUCTION

Blanket Insulation: Install in cavities formed by framing members in accordance with the
following requirements:

1. Use insulation widths and lengths that fill the cavities formed by framing members. If
more than one length is required to fill the cavities, provide lengths that will produce a
snug fit between ends.

2. Place insulation in cavities formed by framing members to produce a friction fit between
edges of insulation and adjoining framing members.

3. Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated for or
protected from contact with insulation.

4. Attics: Install eave ventilation troughs between roof framing members in insulated attic

spaces at vented eaves.
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B.  Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where required
to prevent gaps in insulation using the following materials:

1. Glass-Fiber Insulation: Compact to approximately 40 percent of normal maximum
volume equaling a density of approximately 2.5 1b/cu. ft..

C.  Loose-Fill Insulation: Apply in accordance with ASTM C1015 and manufacturer's written
instructions.

1. Level horizontal applications to uniform thickness as indicated, lightly settle to uniform
density, but do not compact excessively.

34 PROTECTION

A.  Protect installed insulation from damage due to harmful weather exposures, physical abuse, and
other causes.

B.  Provide temporary coverings or enclosures where insulation is subject to abuse and cannot be
concealed and protected by permanent construction immediately after installation.

3.5 INSTALLATION OF VAPOR BARRIER

A.  Install with all edges fastened and sealed to abutting construction. Seal all seams, mechanical
equipment and duct penetrations, mechanical and sprinkler piping penetrations, and electrical
conduit, wiring, and device penetrations with vapor barrier tape.

END OF SECTION
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SECTION 079200 - JOINT SEALANTS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

SUMMARY

Section Includes:

1. Silicone joint sealants.
2. Latex joint sealants.
ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data:
1. Silicone joint sealants.
2. Latex joint sealants.

Samples for Initial Selection: Manufacturer's standard color charts consisting of strips of cured
sealants showing the full range of colors available for each product exposed to view.

Joint-Sealant Schedule: Include the following information:

Joint-sealant application, joint location, and designation.
Joint-sealant manufacturer and product name.
Joint-sealant formulation.

Joint-sealant color.

el

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

1. Joint-sealant location and designation.
2. Manufacturer and product name.
3. Type of substrate material.

Sample warranties.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.
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1.5

1.6

1.7

1.8

B.

C.

A.

A.

A.

A.

Manufacturers' special warranties.

Installer's special warranties.

QUALITY ASSURANCE

Installer Qualifications: Authorized representative who is trained and approved by
manufacturer.

MOCKUPS
Install sealant in mockups of assemblies specified in other Sections that are indicated to receive

joint sealants specified in this Section. Use materials and installation methods specified in this
Section.

FIELD CONDITIONS

Do not proceed with installation of joint sealants under the following conditions:

1. When ambient and substrate temperature conditions are outside limits permitted by joint-
sealant manufacturer or are below 40 deg F.

2. When joint substrates are wet.

3. Where joint widths are less than those allowed by joint-sealant manufacturer for
applications indicated.

4. Where contaminants capable of interfering with adhesion have not yet been removed

from joint substrates.

WARRANTY
Special Installer's Warranty: Installer agrees to repair or replace joint sealants that do not
comply with performance and other requirements specified in this Section within specified

warranty period.

1. Warranty Period: Two years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

SOURCE LIMITATIONS

Obtain joint sealants from single manufacturer for each sealant type.
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2.2 JOINT SEALANTS, GENERAL
A.  Compatibility: Provide joint sealants, backings, and other related materials that are compatible

23

24

2.5

A.

with one another and with joint substrates under conditions of service and application, as
demonstrated by joint-sealant manufacturer, based on testing and field experience.

Colors of Exposed Joint Sealants: As selected by Architect from manufacturer's full range.

SILICONE JOINT SEALANTS

Silicone, S, NS, 50, NT: Single-component, nonsag, plus 50 percent and minus 50 percent
movement capability, nontraffic-use, neutral-curing silicone joint sealant; ASTM C920, Type S,
Grade NS, Class 50, Use NT.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Adfast.

GE Construction Sealants; Momentive Performance Materials Inc.
Pecora Corporation.

Sika Corporation - Building Components.

The Dow Chemical Company.

o0 o

LATEX JOINT SEALANTS
Acrylic Latex: Acrylic latex or siliconized acrylic latex, ASTM C834, Type OP, Grade NF.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Adfast.

Everkem Diversified Products, Inc.
Franklin International.

PPG Paints; PPG Industries, Inc.
Pecora Corporation.
Sherwin-Williams Company (The).
Tremco Incorporated.

e s o

JOINT-SEALANT BACKING

Sealant Backing Material, General: Nonstaining; compatible with joint substrates, sealants,
primers, and other joint fillers; and approved for applications indicated by sealant manufacturer
based on field experience and laboratory testing.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

JOINT SEALANTS 079200 - 3
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Adfast.

Alcot Plastics Ltd.

Construction Foam Products; a division of Nomaco, Inc.

Master Builders Solutions, brand of MBCC Group, a Sika company.

oo

Cylindrical Sealant Backings: ASTM C1330, Type C (closed-cell material with a surface skin),
and of size and density to control sealant depth and otherwise contribute to producing optimum
sealant performance.

Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant
manufacturer for preventing sealant from adhering to rigid, inflexible joint-filler materials or
joint surfaces at back of joint. Provide self-adhesive tape where applicable.

MISCELLANEOUS MATERIALS

Primer: Material recommended by joint-sealant manufacturer where required for adhesion of
sealant to joint substrates indicated, as determined from preconstruction joint-sealant-substrate
tests and field tests.

Cleaners for Nonporous Surfaces: Chemical cleaners acceptable to manufacturers of sealants
and sealant backing materials, free of oily residues or other substances capable of staining or
harming joint substrates and adjacent nonporous surfaces in any way, and formulated to
promote optimum adhesion of sealants to joint substrates.

Masking Tape: Nonstaining, nonabsorbent material compatible with joint sealants and surfaces
adjacent to joints.

PART 3 - EXECUTION

3.1

32

A.

EXAMINATION

Examine joints indicated to receive joint sealants, with Installer present, for compliance with
requirements for joint configuration, installation tolerances, and other conditions affecting
performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to
comply with joint-sealant manufacturer's written instructions and the following requirements:

1. Remove all foreign material from joint substrates that could interfere with adhesion of
joint sealant, including dust, paints (except for permanent, protective coatings tested and
approved for sealant adhesion and compatibility by sealant manufacturer), old joint
sealants, oil, grease, waterproofing, water repellents, water, surface dirt, and frost.

2. Clean porous joint substrate surfaces by brushing, grinding, mechanical abrading, or a
combination of these methods to produce a clean, sound substrate capable of developing

JOINT SEALANTS 079200 - 4
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optimum bond with joint sealants. Remove loose particles remaining after cleaning
operations above by vacuuming or blowing out joints with oil-free compressed air.
Porous joint substrates include the following:

a. Concrete.
b. Masonry.

W

Remove laitance and form-release agents from concrete.

4, Clean nonporous joint substrate surfaces with chemical cleaners or other means that do
not stain, harm substrates, or leave residues capable of interfering with adhesion of joint
sealants. Nonporous joint substrates include the following:

a. Metal.
b. Wood.

Joint Priming: Prime joint substrates where recommended by joint-sealant manufacturer or as
indicated by preconstruction joint-sealant-substrate tests or prior experience. Apply primer to
comply with joint-sealant manufacturer's written instructions. Confine primers to areas of joint-
sealant bond; do not allow spillage or migration onto adjoining surfaces.

Masking Tape: Use masking tape where required to prevent contact of sealant or primer with
adjoining surfaces that otherwise would be permanently stained or damaged by such contact or
by cleaning methods required to remove sealant smears. Remove tape immediately after tooling
without disturbing joint seal.

INSTALLATION OF JOINT SEALANTS

General: Comply with joint-sealant manufacturer's written installation instructions for products
and applications indicated, unless more stringent requirements apply.

Sealant Installation Standard: Comply with recommendations in ASTM C1193 for use of joint
sealants as applicable to materials, applications, and conditions indicated.

Install sealant backings of type indicated to support sealants during application and at position
required to produce cross-sectional shapes and depths of installed sealants relative to joint
widths that allow optimum sealant movement capability.

1. Do not leave gaps between ends of sealant backings.
2. Do not stretch, twist, puncture, or tear sealant backings.
3. Remove absorbent sealant backings that have become wet before sealant application, and

replace them with dry materials.

Install sealants using proven techniques that comply with the following and at the same time
backings are installed:

1. Place sealants so they directly contact and fully wet joint substrates.
2. Completely fill recesses in each joint configuration.
3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow

optimum sealant movement capability.

JOINT SEALANTS 079200 - 5
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3.5

E.

Tooling of Nonsag Sealants: Immediately after sealant application and before skinning or curing
begins, tool sealants in accordance with requirements specified in subparagraphs below to form
smooth, uniform beads of configuration indicated; to eliminate air pockets; and to ensure
contact and adhesion of sealant with sides of joint.

1. Remove excess sealant from surfaces adjacent to joints.

2. Use tooling agents that are approved in writing by sealant manufacturer and that do not
discolor sealants or adjacent surfaces.

3. Provide concave joint profile in accordance with Figure 8A in ASTM C1193 unless

otherwise indicated.

CLEANING

Clean off excess sealant or sealant smears adjacent to joints as the Work progresses by methods
and with cleaning materials approved in writing by manufacturers of joint sealants and of
products in which joints occur.

PROTECTION

Protect joint sealants during and after curing period from contact with contaminating substances
and from damage resulting from construction operations or other causes so sealants are without
deterioration or damage at time of Substantial Completion. If, despite such protection, damage
or deterioration occurs, cut out, remove, and repair damaged or deteriorated joint sealants
immediately so installations with repaired areas are indistinguishable from original work.

END OF SECTION
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes general requirements for single-phase and polyphase, general-purpose,
horizontal, small and medium, squirrel-cage induction motors for use on alternating-current
power systems up to 600 V and installed at equipment manufacturer's factory or shipped
separately by equipment manufacturer for field installation.

COORDINATION

Coordinate features of motors, installed units, and accessory devices to be compatible with the
following:

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

b

PART 2 - PRODUCTS

2.1

2.2

A.

B.

A.

B.

GENERAL MOTOR REQUIREMENTS
Comply with NEMA MG 1 unless otherwise indicated.

Comply with IEEE 841 for severe-duty motors.

MOTOR CHARACTERISTICS

Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above
sea level.

Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads
at designated speeds, at installed altitude and environment, with indicated operating sequence,
and without exceeding nameplate ratings or considering service factor.

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513 -1
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2.3 POLYPHASE MOTORS

Description: NEMA MG 1, Design B, medium induction motor.

Efficiency: Premium efficient, as defined in NEMA MG 1.

Service Factor: 1.15.

c o = »

Multispeed Motors: Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.

E. Rotor: Random-wound, squirrel cage.

M

Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.

Temperature Rise: Match insulation rating.

TQ

Insulation: Class F.

1—1

Code Letter Designation:

1. Motors 15 HP and Larger: NEMA starting Code F or Code G.
2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic.

J. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor
frame sizes smaller than 324T.

24 ADDITIONAL REQUIREMENTS FOR POLYPHASE MOTORS

A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection
requirements for controller with required motor leads. Provide terminals in motor terminal box,
suited to control method.

B.  Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and features
coordinated with and approved by controller manufacturer.

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and
tested to resist transient spikes, high frequencies, and short time rise pulses produced by
pulse-width-modulated inverters.

2. Premium-Efficient Motors: Class B temperature rise; Class F insulation.

Inverter-Duty Motors: Class F temperature rise; Class H insulation.

4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
motors.

W

C.  Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.
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2.5 SINGLE-PHASE MOTORS

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and
requirements of specific motor application:

1. Permanent-split capacitor.

2. Split phase.

3. Capacitor start, inductor run.
4. Capacitor start, capacitor run.

B.  Multispeed Motors: Variable-torque, permanent-split-capacitor type.

C.  Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and
thrust loading.

D.  Motors 1/20 HP and Smaller: Shaded-pole type.
E. Thermal Protection: Internal protection to automatically open power supply circuit to motor
when winding temperature exceeds a safe value calibrated to temperature rating of motor

insulation. Thermal-protection device shall automatically reset when motor temperature returns
to normal range.

PART 3 - EXECUTION (Not Applicable)

END OF SECTION
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

1.1

A.

1.2

A.

B.

1.3

A.

B.

1.4

A.

B.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Sleeves.
2. Sleeve-seal systems.
3. Grout.

Related Requirements:

1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without
penetrating items.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™” and
the individual sections specifying the work.

Product Data: For each type of product. On data submittal sheets where more than one product
is described, clearly annotate which product(s) is to be supplied.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Field quality-control reports.

PART 2 - PRODUCTS

2.1

A.

SLEEVES

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 230517 -1
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1. Advance Products & Systems, Inc.
2. CALPICO, Inc.
3. GPT; an EnPro Industries company.

Cast-Iron Pipe Sleeves: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron
pressure pipe, with plain ends and integral waterstop collar unless otherwise indicated.

Galvanized Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc
coated, with plain ends.

SLEEVE-SEAL SYSTEMS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Advance Products & Systems, Inc.
CALPICO, Inc.

GPT; an EnPro Industries company.
Metraflex Company (The).

Proco Products, Inc.

M

Description:

1. Modular sealing-element unit, designed for field assembly, for filling annular space
between piping and sleeve.

2. Designed to form a hydrostatic seal of 20-psig.

3. Sealing Elements: EPDM-rubber or Nitrile (Buna N) interlocking links shaped to fit
surface of pipe. Include type and number required for pipe material and size.

4. Pressure Plates: Carbon steel or stainless steel.

5. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, ASTM B 633
or stainless steel of length required to secure pressure plates to sealing elements.

GROUT

Description: Nonshrink, recommended for interior and exterior sealing openings in nonfire-
rated walls or floors.

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 230517 -2
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PART 3 - EXECUTION

3.1

32

A.

SLEEVE INSTALLATION
Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.

For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
provide 1-inch annular clear space between piping and concrete slabs and walls.

Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls
are constructed.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or
other wet areas 2 inches above finished floor level.

2. Using grout, seal space outside of sleeves in slabs and walls without sleeve-seal system.

3. Seal annular space between sleeve and piping or piping insulation; use joint sealants
appropriate for size, depth and location of joint. Comply with requirements for sealants
specified in Section 079200 "Joint Sealants."

Install sleeves for pipes passing through interior partitions.

1. Extend sleeves installed in concealed interior partitions a minimum of 1-inch beyond
finished wall surface.

2. Cut sleeves to length in exposed locations to mount flush with finished surface where
escutcheons required.

3. Install sleeves that are large enough to provide 1/4-inch annular clear space between
sleeve and pipe or pipe insulation.

4. Seal annular space between sleeve and piping or piping insulation; use sealants

appropriate for size, depth, and location of joint. Comply with requirements for sealants
specified in Section 079200 "Joint Sealants."

Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke-Barrier
Penetrations: Maintain indicated fire or smoke rating of walls, partitions, ceilings, and floors at
pipe penetrations. Seal pipe penetrations with fire- and smoke-stop materials. Comply with
requirements for firestopping and fill materials specified in Section 078413 "Penetration
Firestopping."

SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
piping entries into building.

Select type, size, and number of sealing elements required for piping material and size and for
sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration,
assemble sleeve-seal-system components, and install in annular space between piping and
sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a
watertight seal.
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A.

SLEEVE AND SLEEVE-SEAL SCHEDULE

Use sleeves and sleeve seals for the following piping-penetration applications:

Exterior Concrete Walls Above Grade:
a. Piping Smaller Than NPS 6: Cast-iron sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.

Exterior Concrete Walls Below Grade:
a. Piping Smaller Than NPS 6: Cast-iron pipe sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.

Concrete Slabs-on-Grade:
a. Piping Smaller Than NPS 6: Cast-iron pipe sleeves with sleeve-seal system.

1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.

Concrete Slabs Above Grade:
a. Piping Smaller Than NPS 6: Galvanized steel pipe sleeves.
Interior Partitions:

a. Piping Smaller Than NPS 6: Galvanized steel pipe sleeves.

END OF SECTION
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

A.

B.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

1. Escutcheons.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product. On data submittal sheets where more than one product
is described, clearly annotate which product(s) is to be supplied.

PART 2 - PRODUCTS

2.1

2.2

A.

A.

B.

C.

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. BrassCraft Manufacturing Co.; a Masco company.
2. Dearborn Brass.

3. Jones Stephens Corp.

4. Keeney Manufacturing Company (The).

5. Mid-America Fittings, Inc.

6. ProFlo:; a Ferguson Enterprises, Inc. brand.
ESCUTCHEONS

One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.

One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished, chrome-plated
finish and spring-clip fasteners.

One-Piece, Stamped-Steel Type: With polished, chrome-plated finish and spring-clip fasteners.

ESCUTCHEONS FOR HVAC PIPING 230518 -1
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D.  Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and

setscrew.

E. Split-Plate, Stamped-Steel Type: With polished, chrome-plated finish; concealed and exposed-
rivet hinge; and spring-clip fasteners.

PART 3 - EXECUTION

3.1 INSTALLATION

A.  Install escutcheons for piping penetrations of walls, ceilings, and finished floors.

B.  Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with
OD that completely covers opening.

1. Escutcheons for New Piping:

a.
b.
C.

Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep pattern.
Chrome-Plated Piping: One-piece cast brass with polished, chrome-plated finish.
Insulated Piping: One-piece stamped steel or split-plate, stamped steel with
concealed hinge with polished, chrome-plated finish.

Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece stamped
steel or split-plate, stamped steel with concealed hinge with polished, chrome-
plated finish.

Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece cast brass or
split-casting brass type with polished, chrome-plated finish.

Bare Piping in Unfinished Service Spaces: One-piece stamped steel or split-plate,
stamped steel with exposed-rivet hinge with polished, chrome-plated finish.

3.2 FIELD QUALITY CONTROL

A.  Using new materials, replace broken and damaged escutcheons.

END OF SECTION

ESCUTCHEONS FOR HVAC PIPING 230518 -2



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 230523.12 - BALL VALVES FOR HVAC PIPING

PART 1 - GENERAL

1.1

1.2

1.3

1.5

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Bronze ball valves.
2. Iron ball valves.
DEFINITIONS

CWP: Cold working pressure.

SWP: Steam working pressure.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of valve. On data submittal sheets where more than one product is
described, clearly annotate which product(s) is to be supplied.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, and weld ends.
3. Set ball valves open to minimize exposure of functional surfaces.

Use the following precautions during storage:

1. Maintain valve end protection.
2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If
outdoor storage is necessary, store valves off the ground in watertight enclosures.
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PART 2 - PRODUCTS

2.1

A.

2.2

GENERAL REQUIREMENTS FOR VALVES

Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.

ASME Compliance:

1. ASME B1.20.1 for threads for threaded-end valves.

2. ASME B16.1 for flanges on iron valves.

3. ASME B16.18 for solder-joint connections.

4. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
5. ASME B31.1 for power piping valves.

6. ASME B31.9 for building services piping valves.

Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with
copper alloy (brass) containing more than 15 percent zinc are not permitted.

Refer to HVAC valve schedule articles for applications of valves.

Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Actuator Types:
1. Handlever: For quarter-turn valves smaller than NPS 4.
2. Gear Actuator: For quarter-turn valves NPS 4 and larger.

Valves in Insulated Piping:

1. Include 2-inch stem extensions.

2. Extended operating handle of nonthermal-conductive material, and protective sleeves that
allow operation of valves without breaking the vapor seals or disturbing insulation.

3. Memory stops that are fully adjustable after insulation is applied.

Valve Bypass and Drain Connections: MSS SP-45.

BRONZE BALL VALVES

Bronze Ball Valves, Two-Piece with Full Port and Bronze or Brass Trim:

1. Description:
a. Standard: MSS SP-110.
b. SWP Rating: 150 psig.
c. CWP Rating: 600 psig.
d. Body Design: Two piece.

BALL VALVES FOR HVAC PIPING 230523.12-2



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

23

A.

Body Material: Bronze.
Ends: Threaded.

Seats: PTFE or TFE.
Stem: Bronze.

Ball: Chrome-plated brass.
Port: Full.

TP @E e

IRON BALL VALVES
Iron Ball Valves, Class 125:
1. Description:

Standard: MSS SP-72.

CWP Rating: 200 psig.

Body Design: Split body.

Body Material: ASTM A 126, gray iron.
Ends: Flanged.

Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel.

Port: Full.

FE@R e po o

PART 3 - EXECUTION

3.1

A.

EXAMINATION
Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks, used to prevent disc movement during shipping and

handling.

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.

Do not attempt to repair defective valves; replace with new valves.

VALVE INSTALLATION

Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.

Install valves in position to allow full stem movement.
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E. Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC
Piping and Equipment" for valve tags and schedules.

33 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A.  If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves
with higher SWP classes or CWP ratings may be substituted.

B.  Select valves with the following end connections:

1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-joint valve-
end option is indicated in valve schedules below.

2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end

option is indicated in valve schedules below.

For Steel Piping, NPS 2 and Smaller: Threaded ends.

4. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end
option is indicated in valve schedules below.

W

34 HYDRONIC-WATER VALVE SCHEDULE
A.  Pipe NPS 2 and Smaller: Bronze ball valves, two piece with bronze trim, and full port.
1. Valves may be provided with solder-joint ends instead of threaded ends.
B.  Pipe NPS 2-1/2 and Larger:
1. Iron ball valves, Class 125.
a. Iron Valves, NPS 2-1/2 to NPS 4: May be provided with threaded ends instead of

flanged ends.

END OF SECTION
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SECTION 230523.14 - CHECK VALVES FOR HVAC PIPING

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Bronze swing check valves.

2. Iron swing check valves.

3. Iron, center-guided check valves.
DEFINITIONS

CWP: Cold working pressure.
EPDM: Ethylene propylene copolymer rubber.

NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data: For each type of valve. On data submittal sheets where more than one product is
described, clearly annotate which product(s) is to be supplied.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooves, and weld ends.
3. Block check valves in either closed or open position.

Use the following precautions during storage:

1. Maintain valve end protection.
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C.

2. Store valves indoors and maintain at higher than ambient dew point temperature. If
outdoor storage is necessary, store valves off the ground in watertight enclosures.

Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheels or stems as lifting or rigging points.

PART 2 - PRODUCTS

2.1

A.

D.

F.

2.2

A.

23

A.

GENERAL REQUIREMENTS FOR VALVES

Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.

ASME Compliance:

1. ASME B1.20.1 for threads for threaded-end valves.

2. ASME B16.1 for flanges on iron valves.

3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
4. ASME B16.18 for solder joint.

5. ASME B31.9 for building services piping valves.

Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with
copper alloy (brass) containing more than 15 percent zinc are not permitted.

Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Bypass and Drain Connections: MSS SP-45.

BRONZE SWING CHECK VALVES
Bronze Swing Check Valves with Bronze Disc, Class 125:
1. Description:

Standard: MSS SP-80, Type 3.
CWP Rating: 200 psig.

Body Design: Horizontal flow.
Body Material: ASTM B 62, bronze.
Ends: Threaded.

Disc: Bronze.

me e o

IRON SWING CHECK VALVES

Iron Swing Check Valves with Metal Seats, Class 125:
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1. Description:
a. Standard: MSS SP-71, Type L.
b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
c. Body Design: Clear or full waterway.
d. Body Material: ASTM A 126, gray iron with bolted bonnet.
e. Ends: Flanged.
f. Trim: Bronze.
g. Gasket: Asbestos free.

24 IRON, CENTER-GUIDED CHECK VALVES

A.  Iron, Compact-Wafer, Center-Guided Check Valves with Metal Seat, Class 125:

1. Description:
a. Standard: MSS SP-125.
b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
c. Body Material: ASTM A 126, gray iron.
d. Style: Compact wafer.
e. Seat: Bronze.

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks, used to prevent disc movement during shipping and

handling.

B.  Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

C.  Examine threads on valve and mating pipe for form and cleanliness.
D.  Examine mating flange faces for conditions that might cause leakage. Check bolting for proper
size, length, and material. Verify that gasket is of proper size, that its material composition is

suitable for service, and that it is free from defects and damage.

E. Do not attempt to repair defective valves; replace with new valves.

3.2 VALVE INSTALLATION

A. Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

B.  Locate valves for easy access and provide separate support where necessary.
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C.  Install valves in horizontal piping with stem at or above center of pipe.

D.  [Install valves in position to allow full stem movement.

E. Install check valves for proper direction of flow and as follows:
1. Swing Check Valves: In horizontal position with hinge pin level.
2. Center-Guided Check Valves: In horizontal or vertical position, between flanges.
F. Install valve tags. Comply with requirements for valve tags and schedules in Section 230553

"Identification for HVAC Piping and Equipment."

33 ADJUSTING

A.  Adjust or replace valve packing after piping systems have been tested and put into service but
before final adjusting and balancing. Replace valves if persistent leaking occurs.

34 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
A.  If valve applications are not indicated, use the following:
1. Horizontal Pump-Discharge Check Valves:

a. NPS 2 and Smaller: Bronze swing check valves with bronze disc.
b. NPS 2-1/2 and Larger: Iron swing check valves with lever and weight or with
spring or iron, center-guided, metal seat check valves.

2. Vertical Pump-Discharge Check Valves:
a. Center-guided check valves.

B.  If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves
with higher SWP classes or CWP ratings may be substituted.

C.  Select valves, except wafer types, with the following end connections:

1. For Copper Tubing, NPS 2 and Smaller: Threaded ends.

2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end

option is indicated in valve schedules.

For Copper Tubing, NPS 5 and Larger: Flanged ends.

For Steel Piping, NPS 2 and Smaller: Threaded ends.

5. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end
option is indicated in valve schedules.

6. For Steel Piping, NPS 5 and Larger: Flanged ends.

W

3.5 HYDRONIC-WATER VALVE SCHEDULE

A.  Pipe NPS 2 and Smaller:
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1. Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
2. Bronze swing check valves with bronze disc, Class 125.

B.  Pipe NPS 2-1/2 and Larger:

1. NPS 2-1/2 to NPS 4: Iron valves may be provided with threaded ends instead of flanged

ends.
2. Iron swing check valves with metal seats, Class 125.
3. Iron, compact-wafer, center-guided check valves with metal seat, Class 125.

END OF SECTION
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SECTION 230523.15 - GATE VALVES FOR HVAC PIPING

PART 1 - GENERAL

1.1

1.2

1.3

1.5

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Iron gate valves.

DEFINITIONS

CWP: Cold working pressure.
NRS: Nonrising stem.

OS&Y: Outside screw and yoke.

RS: Rising stem.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data: For each type of valve. On data submittal sheets where more than one product is
described, clearly annotate which product(s) is to be supplied.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, and weld ends.
3. Set gate valves closed to prevent rattling.

Use the following precautions during storage:

1. Maintain valve end protection.
2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If
outdoor storage is necessary, store valves off the ground in watertight enclosures.
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C.  Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheels or stems as lifting or rigging points.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES

A.  Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.

B.  ASME Compliance:

ASME B1.20.1 for threads for threaded-end valves.

ASME B16.1 for flanges on iron valves.

ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
ASME B31.1 for power piping valves.

ASME B31.9 for building services piping valves.

SNk W=

C.  Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

D.  Valve Sizes: Same as upstream piping unless otherwise indicated.

E. RS Valves in Insulated Piping: With 2-inch stem extensions.

2.2 IRON GATE VALVES
A.  Iron Gate Valves, OS&Y, Class 125:

1. Description:

Standard: MSS SP-70, Type L.

NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.

Body Material: ASTM A 126, gray iron with bolted bonnet.
Ends: Flanged.

Trim: Bronze.

Disc: Solid wedge.

Packing and Gasket: Asbestos free.

©ho oo o

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove

special packing materials, such as blocks, used to prevent disc movement during shipping and
handling.
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32

33

34

B.

w

o O

o

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.
Examine mating flange faces for conditions that might cause leakage. Check bolting for proper
size, length, and material. Verify that gasket is of proper size, that its material composition is

suitable for service, and that it is free from defects and damage.

Do not attempt to repair defective valves; replace with new valves.

VALVE INSTALLATION

Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.
Install valves in position to allow full stem movement.

Install chainwheels on operators for gate valves NPS 4 and larger and more than 96 inches
above floor. Extend chains to 60 inches above finished floor.

Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC
Piping and Equipment" for valve tags and schedules.

ADJUSTING

Adjust or replace valve packing after piping systems have been tested and put into service but
before final adjusting and balancing. Replace valves if persistent leaking occurs.

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

If valve applications are not indicated, use the following:

1. Shutoff Service: Gate valves.

If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves
with higher SWP classes or CWP ratings may be substituted.

Select valves, except wafer types, with the following end connections:

1. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends, except where threaded valve-end
option is indicated in valve schedules below.

2. For Copper Tubing, NPS 5 and Larger: Flanged ends.

3. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends, except where threaded valve-end
option is indicated in valve schedules below.
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4, For Steel Piping, NPS 5 and Larger: Flanged ends.

3.5 HYDRONIC-WATER VALVE SCHEDULE

A.  Pipe NPS 2-1/2 and Larger: Iron gate valves, OS&Y, Class 125.

END OF SECTION
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.

Metal framing systems.
Thermal-hanger shield inserts.
Fastener systems.

Equipment supports.

A e

Related Sections:

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze
hangers for pipe and equipment supports.

2. Section 230548.13 "Vibration Controls for HVAC" for vibration isolation devices.

3. Section 233113 "Metal Ducts" for duct hangers and supports.

DEFINITIONS

MSS: Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

PERFORMANCE REQUIREMENTS

Delegated Design: Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.

Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand
the effects of gravity loads and stresses within limits and under conditions indicated according
to ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting
combined weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of
supported equipment and connected systems and components.
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1.5

1.6

1.7

A.

B.

C.

D.

A.

B.

A.

B.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product indicated. On data submittal sheets where more than
one product is described, clearly annotate which product(s) is to be supplied.

Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and
installation details and include calculations for the following; include Product Data for
components:

1. Trapeze pipe hangers.

2. Metal framing systems.

3. Equipment supports.

Delegated-Design Submittal: For trapeze hangers indicated to comply with performance
requirements and design criteria, including analysis data signed and sealed by the qualified
professional engineer responsible for their preparation.

1. Detail fabrication and assembly of trapeze hangers.

2. Design Calculations: Calculate requirements for designing trapeze hangers.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Welding certificates.

QUALITY ASSURANCE

Structural Steel Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

PART 2 - PRODUCTS

2.1

A.

METAL PIPE HANGERS AND SUPPORTS
Carbon-Steel Pipe Hangers and Supports:
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.

2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.
3. Nonmetallic Coatings: Plastic coating, jacket, or liner.
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2.2

23

24

4, Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated
components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.

TRAPEZE PIPE HANGERS

Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from
structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-
bolts.

METAL FRAMING SYSTEMS
MFMA Manufacturer Metal Framing Systems:
1. Manufacturers: Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Allied Tube & Conduit.
b. B-line, an Eaton business.
c. Flex-Strut Inc.
d. GS Metals Corp.
€. Thomas & Betts Corporation; A Member of the ABB Group.
f. Unistrut; Part of Atkore International.
g. Wesanco, Inc.
2. Description: Shop- or field-fabricated pipe-support assembly for supporting multiple
parallel pipes.
3 Standard: MFMA-4.
4, Channels: Continuous slotted steel channel with inturned lips.
5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel
slot and, when tightened, prevent slipping along channel.
6. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

7. Metallic Coating: Hot-dipped galvanized.

THERMAL-HANGER SHIELD INSERTS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. Carpenter & Paterson, Inc.
2. Clement Support Services.
3. ERICO International Corporation.
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2.5

2.6

2.7

National Pipe Hanger Corporation.
PHS Industries, Inc.

Pipe Shields Inc.

Piping Technology & Products, Inc.
Rilco Manufacturing Co., Inc.
Value Engineered Products, Inc.

VoSN Bs

Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with 100-psig
or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength and vapor barrier.

Insulation-Insert Material for Hot Piping: ASTM C 552, Type II cellular glass with 100-psig or
ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength.

For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air
temperature.

FASTENER SYSTEMS

Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete
with pull-out, tension, and shear capacities appropriate for supported loads and building
materials where used.

Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in
hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for
supported loads and building materials where used.

EQUIPMENT SUPPORTS

Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.
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PART 3 - EXECUTION

3.1

A.

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
supports, clamps, and attachments as required to properly support piping from the building
structure.

Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for
grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze
pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or
install intermediate supports for smaller diameter pipes as specified for individual pipe
hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being
supported. Weld steel according to AWS D1.1/D1.1M.

Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support
together on field-assembled metal framing systems.

Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less
than 4 inches thick in concrete after concrete is placed and completely cured. Use
operators that are licensed by powder-actuated tool manufacturer. Install fasteners
according to powder-actuated tool manufacturer's operating manual.

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely
cured. Install fasteners according to manufacturer's written instructions.

Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
washers, and other accessories.

Equipment Support Installation: Fabricate from welded-structural-steel shapes.

Install hangers and supports to allow controlled thermal and seismic movement of piping
systems, to permit freedom of movement between pipe anchors, and to facilitate action of
expansion joints, expansion loops, expansion bends, and similar units.

Install lateral bracing with pipe hangers and supports to prevent swaying.

Install building attachments within concrete slabs or attach to structural steel. Install additional
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten
inserts to forms and install reinforcing bars through openings at top of inserts.

Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
from movement will not be transmitted to connected equipment.
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L.

M.

Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed
maximum pipe deflections allowed by ASME B31.9 for building services piping.

Insulated Piping:
1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield

insert with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services

piping.

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
indicated. Fill interior voids with insulation that matches adjoining insulation.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
shall span an arc of 180 degrees.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

4. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.

5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

EQUIPMENT SUPPORTS

Fabricate structural-steel stands to suspend equipment from structure overhead or to support
equipment above floor.

Grouting: Place grout under supports for equipment and make bearing surface smooth.

Provide lateral bracing, to prevent swaying, for equipment supports.

METAL FABRICATIONS

Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment
supports.

Fit exposed connections together to form hairline joints. Field weld connections that cannot be
shop welded because of shipping size limitations.
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C.

34

3.5

3.6

Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding;
appearance and quality of welds; and methods used in correcting welding work; and with the
following:

1. Use materials and methods that minimize distortion and develop strength and corrosion
resistance of base metals.

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and so

contours of welded surfaces match adjacent contours.

ADJUSTING

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve
indicated slope of pipe.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

PAINTING

Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately
after erecting hangers and supports as specified in Division 09 painting sections.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.
HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are in Sections specifying piping systems and
equipment.

Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in
piping system Sections.

Use hangers and supports with galvanized metallic coatings for piping and equipment that will
not have field-applied finish.

Use nonmetallic coatings on attachments for electrolytic protection where attachments are in
direct contact with copper tubing.

Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing
systems and attachments for general service applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
Use padded hangers for piping that is subject to scratching.

Use thermal-hanger shield inserts for insulated piping and tubing.
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Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to
NPS 24 if little or no insulation is required.

3. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of
noninsulated, stationary pipes NPS 3/4 to NPS 8.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4
to NPS 24 if longer ends are required for riser clamps.

Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.

Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of
building attachments.

5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

el

Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams,
channels, or angles.

4, Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.

5. C-Clamps (MSS Type 23): For structural shapes.

6. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to
flange edge.

7. Side-Beam Clamps (MSS Type 27): For bottom of steel [-beams.

8. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-
beams for heavy loads.

9. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to
structural steel.

10.  Welded-Steel Brackets: For support of pipes from below or for suspending from above
by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
c. Heavy (MSS Type 33): 3000 Ib.
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11.  Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
12.  Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear
horizontal movement where headroom is limited.

M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

L. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer
to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

N.  Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
specified in piping system Sections.

O. Comply with MFMA-103 for metal framing system selections and applications that are not
specified in piping system Sections.

P. Use powder-actuated fasteners or mechanical-expansion anchors instead of building

attachments where required in concrete construction.

END OF SECTION
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SECTION 230548.13 - VIBRATION CONTROLS FOR HVAC

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:

Elastomeric isolation pads.
Elastomeric isolation mounts.
Open spring isolators.
Housed-restrained-spring isolators.
Pipe-riser resilient supports.
Resilient pipe guides.

Spring hangers.

Nk W=

B.  Related Requirements:
1. Section 220548.13 "Vibration Controls for Plumbing" for devices for plumbing
equipment and systems.
1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product. On data submittal sheets where more than one product
is described, clearly annotate which product(s) is to be supplied.

1. Include rated load, rated deflection, and overload capacity for each vibration isolation
device.
2. Illustrate and indicate style, material, strength, fastening provision, and finish for each

type and size of vibration isolation device type required.
C.  Shop Drawings:

1. Detail fabrication and assembly of equipment bases. Detail fabrication including
anchorages and attachments to structure and to supported equipment. Include adjustable
motor bases, rails, and frames for equipment mounting.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
to structure and to supported equipment. Include adjustable motor bases, rails, and frames
for equipment mounting.

VIBRATION CONTROLS FOR HVAC 230548.13 - 1



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.4

A.

B.

1.5

A.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Coordination Drawings: Show coordination of vibration isolation device installation for HVAC
piping and equipment with other systems and equipment in the vicinity, including other
supports and restraints, if any.

Qualification Data: For testing agency.

Welding certificates.

QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

PART 2 - PRODUCTS

2.1

A.

B.

2.2

A.

ELASTOMERIC ISOLATION PADS
Elastomeric Isolation Pads:

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

Ace Mountings co., Inc.

California Dynamics Corporation.
Isolation Technology, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Elininator Co., Inc.
Vibration Isolation.

Vibration Mountings & Controls, Inc.

o an op

2. Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform
loading over pad area.

Size: Factory or field cut to match requirements of supported equipment.

Pad Material: Oil and water resistant with elastomeric properties.

Surface Pattern: Smooth pattern.

Infused nonwoven cotton or synthetic fibers.

Load-bearing metal plates adhered to pads.

Nownbkw

ELASTOMERIC ISOLATION MOUNTS

Double-Deflection, Elastomeric Isolation Mounts:
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1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Ace Mountings Co., Inc.

California Dynamics Corporation.
Isolation Technology, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Eliminator Co., Inc.
Vibration Isolation.

Vibration Mountings & Controls, Inc.

S@Rmo a0 o

Mounting Plates:

a. Top Plate: Encapsulated steel load transfer top plates, factory drilled and threaded.
b. Baseplate: Encapsulated steel bottom plates with holes provided for anchoring to
support structure.

Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric
material.

OPEN-SPRING ISOLATORS

Freestanding, Laterally Stable, Open-Spring Isolators:

1.

nhw

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Ace Mountings Co., Inc.

California Dynamics Corporation.
Isolation Technology, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Eliminator Co., Inc.
Vibration Isolation.

Vibration Mountings & Controls, Inc.

S ome a0 o

Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring
at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

Baseplates: Factory-drilled steel plate for bolting to structure with an elastomeric isolator
pad attached to the underside. Baseplates shall limit floor load to 500 psig.

Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap screw to
fasten and level equipment.
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2.5

2.6

HOUSED-RESTRAINED-SPRING ISOLATORS

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Ace Mountings Co., Inc.

California Dynamics Corporation.
Isolation Technology, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Eliminator Co., Inc.
Vibration Isolation.

Vibration Mountings & Controls, Inc.

e a0 o

Freestanding, Steel, Open-Spring Isolators with Vertical-Limit Stop Restraint in Two-Part
Telescoping Housing:

L.

W

Two-Part Telescoping Housing: A steel top and bottom frame separated by an
elastomeric material and enclosing the spring isolators. Housings are equipped with
adjustable snubbers to limit vertical movement.

a. Drilled base housing for bolting to structure with an elastomeric isolator pad
attached to the underside. Bases shall limit floor load to 500 psig.

b. Threaded top housing with adjustment bolt and cap screw to fasten and level
equipment.

Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring
at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

PIPE-RISER RESILIENT SUPPORT

Description: All-directional, acoustical pipe anchor consisting of two steel tubes separated by a
minimum 1/2-inch-thick neoprene.

1. Vertical-Limit Stops: Steel and neoprene vertical-limit stops arranged to prevent vertical
travel in both directions.

2. Maximum Load Per Support: 500 psig on isolation material providing equal isolation in
all directions.

RESILIENT PIPE GUIDES

Description: Telescopic arrangement of two steel tubes or post and sleeve arrangement
separated by a minimum 1/2-inch-thick neoprene.
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2.7

A.

1. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and reinsertable
to allow for selection of pipe movement. Guides shall be capable of motion to meet
location requirements.

SPRING HANGERS

Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in

Compression:

1. Manufacturers: Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not limited to
the following:

Ace Mountings Co., Inc.

California Dynamics Corporation.
Isolation Technology, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Eliminator Co., Inc.
Vibration Isolation.

Vibration Mountings & Controls, Inc.

B o po o

Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a
maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing
isolation efficiency.

Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring
at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced
cup to support spring and bushing projecting through bottom of frame.

Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower
threaded rod.

Self-centering hanger rod cap to ensure concentricity between hanger rod and support
spring coil.

PART 3 - EXECUTION

3.1

A.

B.

C.

EXAMINATION

Examine areas and equipment to receive vibration isolation control devices for compliance with
requirements for installation tolerances and other conditions affecting performance of the Work.

Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations
before installation.

Proceed with installation only after unsatisfactory conditions have been corrected.
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3.2 VIBRATION CONTROL DEVICE INSTALLATION

A. Installation of vibration isolators must not cause any change of position of equipment, piping, or
ductwork resulting in stresses or misalignment.

END OF SECTION
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A.

1.2

A.

1.3

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1. Equipment labels.

2. Warning signs and labels.
3. Pipe labels.

4. Valve tags.

5. Warning tags.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product. On data submittal sheets where more than one product
is described, clearly annotate which product(s) is to be supplied.

Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed
content for each label.

Valve numbering scheme.

Valve Schedules: For each piping system to include in maintenance manuals.

PART 2 - PRODUCTS

2.1

A.

EQUIPMENT LABELS

Plastic Labels for Equipment:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to

the following:

a. Brady Corporation.
b. Brimar Industries, Inc.
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9.

Carlton Industries, LP.
Champion America.
Craftmark Pipe Markers.
emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

Marking Services, Inc.

Seton Identification Products.

TorEge o Ao

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick, and having predrilled holes for attachment hardware.

Letter Color: White.

Background Color: Black.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering
for greater viewing distances. Include secondary lettering two-thirds to three-quarters the
size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.

Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

B.  Label Content: Include equipment's Drawing designation or unique equipment number.

C.  Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond
paper. Tabulate equipment identification number, and identify Drawing numbers where
equipment is indicated (plans, details, and schedules) and the Specification Section number and
title where equipment is specified. Equipment schedule shall be included in operation and
maintenance data.

2.2 WARNING SIGNS AND LABELS

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

e B S e

0.
1.

Brady Corporation.

Brimar Industries, Inc.
Carlton Industries, LP.
Champion America.
Craftmark Pipe Markers.
emedco.

LEM Products Inc.
Marking Sevices Inc.
National Marker Company.
Seton Identification Products.
Stranco, Inc.

B.  Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8
inch thick, and having predrilled holes for attachment hardware.
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C.  Letter Color: White.

D.  Background Color: Red.

E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.

F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2
by 3/4 inch.

G.  Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater
viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal
lettering.

H.  Fasteners: Stainless-steel rivets or self-tapping screws.

L Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

J. Label Content: Include caution and warning information plus emergency notification
instructions.

23 PIPE LABELS

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:
1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
2. Brady Corporation.

3. Brimar Industries, Inc.

4. Carlton Industries, LP.

5. Champion America.

6. Craftmark Pipe Markers.

7. emedco.

8. Kolbi Pipe Marker Co.

9. LEM Products Inc.

10. Marking Sevices Inc.

11.  Seton Identification Products.

B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering
indicating service, and showing flow direction according to ASME A13.1.

C.  Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of
pipe and to attach to pipe without fasteners or adhesive.

D.  Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.

E. Pipe Label Contents: Include identification of piping service using same designations or

abbreviations as used on Drawings; also include pipe size and an arrow indicating flow
direction.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 230553 -3


http://www.specagent.com/Lookup?ulid=9465
http://www.specagent.com/Lookup?uid=123456944736
http://www.specagent.com/Lookup?uid=123456944737
http://www.specagent.com/Lookup?uid=123456944738
http://www.specagent.com/Lookup?uid=123456944739
http://www.specagent.com/Lookup?uid=123456944740
http://www.specagent.com/Lookup?uid=123456944741
http://www.specagent.com/Lookup?uid=123456944742
http://www.specagent.com/Lookup?uid=123456944743
http://www.specagent.com/Lookup?uid=123456944744
http://www.specagent.com/Lookup?uid=123456944745
http://www.specagent.com/Lookup?uid=123456944746

ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

24

2.5

1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate
both directions or as separate unit on each pipe label to indicate flow direction.
2. Lettering Size: Size letters according to ASME A13.1 for piping.

VALVE TAGS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
Brady Corporation.

Brimar Industries, Inc.
Carlton Industries, LP.
Champion America.
Craftmark Pipe Markers.
emedco.

Kolbi Pipe Marker Co.

. LEM Products Inc.

0. Marking Sevices Inc.

1.  Seton Identification Products.

e~ AN S e

Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
inch numbers.

1. Tag Material: Brass, 0.032-inch minimum thickness, and having predrilled or stamped
holes for attachment hardware.
2. Fasteners: Brass wire-link chain or beaded chain or S-hook.

Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or
space), normal-operating position (open, closed, or modulating), and variations for
identification. Mark valves for emergency shutoff and similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data.

WARNING TAGS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Brady Corporation.

Brimar Industries, Inc.
Carlton Industries, LP.
Champion America.
Craftmark Pipe Markers.
emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

Marking Sevices Inc.

0. Seton Identification Products.

=0 XN RN =
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B.

Description: Preprinted or partially preprinted accident-prevention tags of plasticized card stock
with matte finish suitable for writing.

1. Size: Approximately 4 by 7 inches.

2. Fasteners: Brass grommet and wire.
3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or "DO
NOT OPERATE."

4, Color: Safety-yellow background with black lettering.

PART 3 - EXECUTION

3.1

A.

3.2

A.

B.

C.

33

A.

B.

34

A.

PREPARATION

Clean piping and equipment surfaces of substances that could impair bond of identification
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and
encapsulants.

GENERAL INSTALLATION REQUIREMENTS

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

EQUIPMENT LABEL INSTALLATION
Install or permanently fasten labels on each major item of mechanical equipment.

Locate equipment labels where accessible and visible.

PIPE LABEL INSTALLATION

Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings
in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and
plenums; and exterior exposed locations as follows:

1. Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.
Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible
enclosures.

4, At access doors, manholes, and similar access points that permit view of concealed
piping.

5. Near major equipment items and other points of origination and termination.
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6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in
areas of congested piping and equipment.
7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.
B.  Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including

pipes where flow is allowed in both directions.
C.  Pipe Label Color Schedule:

1. Refrigerant Piping: White letters on a safety-blue background.
2. Condensate Piping: White letters on a black background.

3.5 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves, valves within
factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose
connections, and HVAC terminal devices and similar roughing-in connections of end-use
fixtures and units. List tagged valves in a valve schedule.

B.  Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and
with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape: 1-1/2 inches, round.
2. Valve-Tag Colors:

Toxic and Corrosive Fluids: Black letters on a safety-orange background.
Flammable Fluids: Black letters on a safety-yellow background.

Combustible Fluids: White letters on a safety-brown background.

Potable and Other Water: White letters on a safety-green background.

Defined by User: White letters on a safety-purple background, black letters on a
safety-white background, white letters on a safety-gray background, and white
letters on a safety-black background

oo o

3.6 WARNING-TAG INSTALLATION

A.  Write required message on, and attach warning tags to, equipment and other items where
required.

END OF SECTION
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Balancing Air Systems:
a. Variable-volume air systems.
2. Testing, Adjusting, and Balancing Equipment:
Hydronic pumps.
Heat pumps.

Air handling units.
VAV boxes.

oo
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Testing, adjusting, and balancing existing systems and equipment.
4. Control system verification.

1.3 DEFINITIONS

AABC: Associated Air Balance Council.

BAS: Building automation systems.

NEBB: National Environmental Balancing Bureau.

c o w »

TAB: Testing, adjusting, and balancing.

e

TABB: Testing, Adjusting, and Balancing Bureau.
F. TAB Specialist: An independent entity meeting qualifications to perform TAB work.

G.  TDH: Total dynamic head.
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1.4 PREINSTALLATION MEETINGS
A. TAB Conference: If requested by the Owner, conduct a TAB conference at Project site after

approval of the TAB strategies and procedures plan to develop a mutual understanding of the
details. Provide a minimum of 14 days' advance notice of scheduled meeting time and location.

1. Minimum Agenda Items:
a. The Contract Documents examination report.
b. The TAB plan.
c. Needs for coordination and cooperation of trades and subcontractors.
d. Proposed procedures for documentation and communication flow.

1.5 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Qualification Data: Within 60 days of Contractor's Notice to Proceed, submit documentation
that the TAB specialist and this Project's TAB team members meet the qualifications specified

in "Quality Assurance" Article.

C.  Contract Documents Examination Report: Within 90 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

D.  Strategies and Procedures Plan: Within 90 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.

E. System Readiness Checklists: Within 90 days of Contractor's Notice to Proceed, submit system
readiness checklists as specified in "Preparation” Article.

F. Examination Report: Submit a summary report of the examination review required in
"Examination" Article.

G.  Certified TAB reports.

H.  Sample report forms.

L Instrument calibration reports, to include the following:
1. Instrument type and make.
2. Serial number.
3. Application.
4. Dates of use.
5. Dates of calibration.
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1.6

A.

B.

C.

QUALITY ASSURANCE

TAB Specialists Qualifications: Engage a TAB firm certified within the past 10 years by either
AABC, NEBB, or TABB or a firm that has 10 years' experience with testing and balancing of
mechanical systems.

Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in
ASHRAE 111, Section 4, "Instrumentation."

ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6.7.2.3 - "System Balancing."

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A.

D.

F.

G.

H.

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems designs that may preclude proper TAB of systems and equipment.

Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are applicable for intended purpose and are accessible.

Examine the approved submittals for HVAC systems and equipment.

Examine design data including HVAC system descriptions, statements of design assumptions
for environmental conditions and systems output, and statements of philosophies and
assumptions about HVAC system and equipment controls.

Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including system effects
that can create undesired or unpredicted conditions that cause reduced capacities in all or
part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when
installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.

Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight,
filters are clean, and equipment with functioning controls is ready for operation.
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Examine terminal units and verify that they are accessible and their controls are connected and
functioning.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine operating safety interlocks and controls on HVAC equipment.
Report deficiencies discovered before and during performance of TAB procedures. Observe and

record system reactions to changes in conditions. Record default set points if different from
indicated values.

PREPARATION
Prepare a TAB plan that includes the following:

Equipment and systems to be tested.

Strategies and step-by-step procedures for balancing the systems.
Instrumentation to be used.

Sample forms with specific identification for all equipment.

el s

Perform system-readiness checks of HVAC systems and equipment to verify system readiness
for TAB work. Include, at a minimum, the following;:

1. Airside:

Duct systems are complete with terminals installed.

Volume and fire dampers are open and functional.

Clean filters are installed.

Fans are operating, free of vibration, and rotating in correct direction.
Automatic temperature-control systems are operational.

Ceilings are installed.

Windows and doors are installed.

Suitable access to balancing devices and equipment is provided.

B o ao o

GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures contained
in AABC's "National Standards for Total System Balance", ASHRAE 111, NEBB's "Procedural
Standards for Testing, Adjusting, and Balancing of Environmental Systems", or SMACNA's
"HVAC Systems - Testing, Adjusting, and Balancing" and in this Section.

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the
minimum extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in ducts with same material and thickness
as used to construct ducts.
2. After testing and balancing, install test ports and duct access doors that comply with

requirements in Section 233300 "Air Duct Accessories."
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3. Install and join new insulation that matches removed materials. Restore insulation,
coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation," and
Section 230719 "HVAC Piping Insulation."

Mark equipment and balancing devices, including damper-control positions, fan-speed-control

levers, and similar controls and devices, with paint or other suitable, permanent identification

material to show final settings.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Cross-check the summation of required outlet volumes with
required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.

Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air
dampers through the supply-fan discharge and mixing dampers.

Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
Verify that motor starters are equipped with properly sized thermal protection.
Check dampers for proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.

Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."

PROCEDURES FOR VARIABLE-VOLUME AIR SYSTEMS

Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by
fan manufacturer.

1. Measure total airflow.
a. Set outside-air, return-air, and relief-air dampers for proper position that simulates
minimum outdoor-air conditions.
b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary,
perform multiple Pitot-tube traverses to obtain total airflow.
c. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil

traverse may be acceptable.
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d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at
terminals and calculate the total airflow.

Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet or through the flexible connection.

b. Measure static pressure directly at the fan inlet or through the flexible connection.

c. Measure static pressure across each component that makes up the air-handling
system.

d. Report artificial loading of filters at the time static pressures are measured.

Review Record Documents to determine variations in design static pressures versus
actual static pressures. Calculate actual system-effect factors. Recommend adjustments to
accommodate actual conditions.

Obtain approval from Owner for adjustment of fan speed higher or lower than indicated
speed. Comply with requirements in HVAC Sections for air-handling units for
adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit
performance.

Do not make fan-speed adjustments that result in motor overload. Consult equipment
manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor
amperage to ensure that no overload occurs. Measure amperage in full-cooling, full-
heating, economizer, and any other operating mode to determine the maximum required
brake horsepower.

B.  Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated
airflows.

1.
2.
3.

Measure airflow of submain and branch ducts.
Adjust submain and branch duct volume dampers for specified airflow.
Re-measure each submain and branch duct after all have been adjusted.

C.  Adjust air inlets and outlets for each space to indicated airflows.

halb o e

Set airflow patterns of adjustable outlets for proper distribution without drafts.
Measure inlets and outlets airflow.

Adjust each inlet and outlet for specified airflow.

Re-measure each inlet and outlet after they have been adjusted.

D.  Verify final system conditions.

1.

NNk WD

Re-measure and confirm that minimum outdoor, return, and relief airflows are within
design. Readjust to design if necessary.

Re-measure and confirm that total airflow is within design.

Re-measure all final fan operating data, rpms, volts, amps, and static profile.

Mark all final settings.

Test system in economizer mode. Verify proper operation and adjust if necessary.
Measure and record all operating data.

Record final fan-performance data.
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3.6 PROCEDURES FOR MOTORS

A.  Motors 1/2 HP and Larger: Test at final balanced conditions and record the following data:

1. Manufacturer's name, model number, and serial number.
2. Motor horsepower rating.
3. Motor rpm.
4. Phase and hertz.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter size and thermal-protection-element rating.
8. Service factor and frame size.
B.  Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to prove

proper operation.

3.7 PROCEDURES FOR HYDRONIC PUMPS
A.  Verify proper rotation of pump motors.
B.  Measure differential pressure.

C.  Record motor operating data.

3.8 PROCEDURES FOR HEAT PUMPS
A.  Measure, adjust, and record the following data for each heat pump:

Nameplate data

Hydronic flow.

Entering- and leaving-water temperature at full load.
Water pressure drop.

Voltage and amperage input of each phase at full load.
Calculated kilowatt at full load.

Fuse or circuit-breaker rating for overload protection.

Nk

B.  Measure, adjust, and record the following data for each refrigerant coil:
1. Temperature of entering and leaving water.
2. GPM.
3.9 PROCEDURES FOR TEMPERATURE MEASUREMENTS

A.  During TAB, report the need for adjustment in temperature regulation within the automatic
temperature-control system.

B.  Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive

eight-hour days, in each separately controlled zone, to prove correctness of final temperature
settings. Measure when the building or zone is in occupied mode.
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C.  Measure outside-air, wet- and dry-bulb temperatures.

3.10 CONTROLS VERIFICATION
A.  In conjunction with system balancing, perform the following:

Verify temperature control system is operating within the design limitations.

Confirm that the sequences of operation are in compliance with Contract Documents.
Verify that controllers are calibrated and function as intended.

Verify that controller set points are as indicated.

Verify the operation of lockout or interlock systems.

Verify the operation of damper actuators.

Verify that controlled devices are properly installed and connected to correct controller.
Verify that controlled devices travel freely and are in position indicated by controller:
open, closed, or modulating.

Verify location and installation of sensors to ensure that they sense only intended
temperature, humidity, or pressure.

PNANR WD =
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B.  Reporting: Include a summary of verifications performed, remaining deficiencies, and
variations from indicated conditions.

3.11 TOLERANCES
A.  Set HVAC system's airflow rates and water flow rates within the following tolerances:

Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.
Air Outlets and Inlets: Plus or minus 10 percent.

Heating-Water Flow Rate: Plus or minus 10 percent.

Cooling-Water Flow Rate: Plus or minus 10 percent.

el

B.  Maintaining pressure relationships as designed shall have priority over the tolerances specified
above.

3.12 PROGRESS REPORTING

A. Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination" Article, prepare a report on the adequacy of design for systems
balancing devices. Recommend changes and additions to systems balancing devices to facilitate
proper performance measuring and balancing. Recommend changes and additions to HVAC
systems and general construction to allow access for performance measuring and balancing
devices.

B.  Status Reports: Prepare biweekly progress reports to describe completed procedures, procedures
in progress, and scheduled procedures. Include a list of deficiencies and problems found in
systems being tested and balanced. Prepare a separate report for each system and each building
floor for systems serving multiple floors.
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3.13 FINAL REPORT

A.  General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.

1.

2.
3.

Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.

Include a list of instruments used for procedures, along with proof of calibration.

Certify validity and accuracy of field data.

B.  Final Report Contents: In addition to certified field-report data, include the following:

SNhA W=

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
Product Data.

C.  General Report Data: In addition to form titles and entries, include the following data:

=00 NN R WD

12.
13.
14.
15.

Title page.

Name and address of the TAB specialist.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

c. Description of system operation sequence if it varies from the Contract
Documents.

Nomenclature sheets for each item of equipment.

Data for terminal units, including manufacturer's name, type, size, and fittings.

Notes to explain why certain final data in the body of reports vary from indicated values.
Test conditions for fans and pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Fan drive settings including settings and percentage of maximum pitch diameter.
Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

Mo Qo o
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D.  System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:

Quantities of outdoor, supply, return, and exhaust airflows.
Duct, outlet, and inlet sizes.

Terminal units.

Position of balancing devices.

el s

E.  Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
1. Unit Data:

Unit identification.

Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.

Unit arrangement and class.
Discharge arrangement.

Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave and amount of adjustments in inches.
Number, make, and size of belts.
Number, type, and size of filters.

~TrERMe a0 o

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave and amount of adjustments in inches.

mo e o

3. Test Data (Indicated and Actual Values):

Total airflow rate in cfm.

Total system static pressure in inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.
Preheat-coil static-pressure differential in inches wg.
Cooling-coil static-pressure differential in inches wg.
Heating-coil static-pressure differential in inches wg.
Outdoor airflow in cfm.

Return airflow in cfm.

Outdoor-air damper position.

Return-air damper position.

~RT T ER MO AL O

F. Apparatus-Coil Test Reports:

1. Coil Data:
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System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.

Face area in sq. ft.

Circuiting arrangement.

PR mo po o

2. Test Data (Indicated and Actual Values):

Airflow rate in cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outdoor-air, wet- and dry-bulb temperatures in deg F.
Return-air, wet- and dry-bulb temperatures in deg F.
Entering-air, wet- and dry-bulb temperatures in deg F.
Leaving-air, wet- and dry-bulb temperatures in deg F.
Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressure in psig.

Refrigerant suction temperature in deg F.

T ER e ae o

G.  Fan Test Reports: For supply, return, transfer, and exhaust fans, include the following:
1. Fan Data:

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave and amount of adjustments in inches.

SR o a0 o

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.

o Ao o

3. Test Data (Indicated and Actual Values):

Total airflow rate in cfm.

Total system static pressure in inches wg.
Fan rpm.

Discharge static pressure in inches wg.
Suction static pressure in inches wg.

o po0 o
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H. Round and Rectangular Duct Traverse Reports: Include a diagram with a grid representing the
duct cross-section and record the following:

1. Report Data:

System and air-handling-unit number.
Location and zone.

Traverse air temperature in deg F.
Duct static pressure in inches wg.
Duct size in inches.

Duct area in sq. ft.

Indicated airflow rate in cfm.
Indicated velocity in fpm.

Actual airflow rate in cfm.

Actual average velocity in fpm.
Barometric pressure in psig.

FTSER Mo a0 o

L Air-Terminal-Device Reports:
1. Unit Data:

System and air-handling unit identification.
Location and zone.

Apparatus used for test.

Area served.

Make.

Number from system diagram.

Type and model number.

Size.

SR mo a0 o

2. Test Data (Indicated and Actual Values):

Airflow rate in cfm.

Preliminary airflow rate as needed in cfm.
Final airflow rate in cfm.

Space temperature in deg F.

fao o

J. System-Coil Reports: Electric unit heaters and cabinet unit heaters.
1. Unit Data:

System unit identification.
Location and zone.

Room or riser served.

Coil make and size.

Connected volts, phase, and hertz.
Rated amperage.

Mo Ao o

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.
b. Heat input in Btu/h.

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 12
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3.14

Entering-air temperature in deg F.
Leaving-air temperature in deg F.
Motor voltage.

Motor amperage.

o oo

Instrument Calibration Reports:
1. Report Data:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

oo o

VERIFICATION OF TAB REPORT

The TAB specialist's test and balance engineer shall conduct the inspection in the presence of
Owner.

Owner shall randomly select measurements, documented in the final report, to be rechecked.
Rechecking shall be limited to either 10 percent of the total measurements recorded or the
extent of measurements that can be accomplished in a normal 8-hour business day.

If rechecks yield measurements that differ from the measurements documented in the final
report by more than the tolerances allowed, the measurements shall be noted as "FAILED."

If the number of "FAILED" measurements is greater than 10 percent of the total measurements
checked during the final inspection, the testing and balancing shall be considered incomplete
and shall be rejected.

If TAB work fails, proceed as follows:

1. TAB specialists shall recheck all measurements and make adjustments. Revise the final
report and balancing device settings to include all changes; resubmit the final report and
request a second final inspection.

2. If the second final inspection also fails, Owner may contract the services of another TAB
specialist to complete TAB work according to the Contract Documents and deduct the
cost of the services from the original TAB specialist's final payment.

3. If the second verification also fails, Owner may contact AABC Headquarters regarding
the AABC National Performance Guaranty.

Prepare test and inspection reports.

END OF SECTION
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes insulating the following duct services:

1. Indoor supply and outdoor air.

Related Sections:

1. Section 230719 "HVAC Piping Insulation."

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory- and field-applied if any). On data submittal
sheets where more than one product is described, clearly annotate which product(s) is to be
supplied.

Insulation Schedule: Identify type of material, thickness, vapor barrier provision, and where
required, field-applied jacket to be provided for each system application.
INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates

of tests and test methods employed.

Field quality-control reports.

DUCT INSULATION 230713 -1
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1.5

A.

B.

1.6

A.

1.7

A.

B.

1.8

A.

B.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing agency acceptable to authorities
having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes,
and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate

ASTM standard designation, type and grade, and maximum use temperature.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

Coordinate clearance requirements with duct Installer for duct insulation application. Before
preparing ductwork Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

SCHEDULING
Schedule insulation application after pressure testing systems and, where required, after
installing and testing heat tracing. Insulation application may begin on segments that have

satisfactory test results.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.

PART 2 - PRODUCTS

2.1

A.

B.

INSULATION MATERIALS

Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum
Insulation Schedule" articles for where insulating materials shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.
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C.

D.

2.2

Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290, Type Il with factory-applied FSK
jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

CertainTeed Corporation; SoftTouch Duct Wrap.

Johns Manville; a Berkshire Hathaway company; Microlite.

Knauf Insulation; Friendly Feel Duct Wrap with ECOSE Technology.
Manson Insulation Inc.; Allen Wrap.

Owens Corning; SOFTR All-Service Duct Wrap.

o0 op

Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide
insulation with factory-applied FSK jacket. Factory-applied jacket requirements are specified in
"Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. CertainTeed Corporation; Commercial Board.
b. Johns Manville; a Berkshire Hathaway company; 800 Series Spin-Glas.
c. Knauf Insulation; Insulation Board with ECOSE Technology.
d. Manson Insulation Inc.; AK Board.
e. Owens Corning; Fiberglas 700 Series.
ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type 11, Class L.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA, Inc.; Aeroseal.

b. Armacell LLC; Armaflex 520 Adhesive.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-75.

d. K-Flex USA; R-373 Contact Adhesive.
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C.

D.

B.

For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand; H. B. Fuller Construction Products; CP-127.

b. Eagle Bridges - Marathon Industries; CP-127.Eagle Bridges - Marathon Industries;
225.

c. Foster Brand; H. B. Fuller Construction Products; 85-60/85-70.

d. Mon-Eco Industries, Inc.; 22-25.

2. Fiberglass adhesive shall have a VOC content of 80 g/L or less when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation
jacket lap seams and joints.

L. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Childers Brand; H. B. Fuller Construction Products; CP-82.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products; 85-50.
Mon-Eco Industries, Inc.; 22-25.

oo

2. Adhesive shall have a VOC content of 80 g/L or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type 1I.

1. VOC Content: 300 g/L or less.

2. Low-Emitting Materials: Mastic coatings shall comply with the testing and product
requirements of the California Department of Public Health's "Standard Method for the
Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources
Using Environmental Chambers."

Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.
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2.4

1.

kW

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Foster Brand; H. B. Fuller Construction Products; 38-80/30-90.
b. Knauf Insulation; EXPERT Mastics.
c. Vimasco Corporation.

Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry
film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

Color: White.

Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.

L.

kA we

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Childers Brand; H. B. Fuller Construction Products; CP-10.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products; 46-50.
Knauf Insulation; EXPERT Mastics.

Mon-Eco Industries, Inc.; 55-50.

Vimasco Corporation; WC-1/WC-5.

e e o

Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: 60 percent by volume and 66 percent by weight.

Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1.

v

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products; 85-50.
c. Vimasco Corporation; 713 and 714.

Adhesives shall have a VOC content of 50 g/L or less.

Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation.

Service Temperature Range: 0 to plus 180 deg F.

Color: White.
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2.5

2.6

2.7

SEALANTS
FSK Sealants:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand; H. B. Fuller Construction Products; CP-76.

b. Eagle Bridges - Marathon Industries; CP-76.Eagle Bridges - Marathon Industries;
405.

c. Foster Brand; H.B. Fuller Construction Products; 95-44.

d. Mon-Eco Industries, Inc.; 44-05.

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: Aluminum.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

Nownbkwbd

PVC Jacket Flashing Sealants

Materials are compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

el

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type II.

FIELD-APPLIED JACKETS

Field-applied jackets comply with ASTM C921, Type I, unless otherwise indicated.
Self-Adhesive Outdoor Jacket (Asphaltic): 60-mil-thick, laminated vapor barrier and
waterproofing membrane for installation over insulation located aboveground outdoors;

consisting of a rubberized bituminous resin on a crosslaminated polyethylene film covered with
stucco-embossed aluminum-foil facing.
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2.8

A.

2.9

TAPES

FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
b. Compac Corporation; 110 and 111.
c. Ideal Tape Co., Inc.; and American Biltrite company; 491 AWF FSK.
d. Knauf Insulation; EXPERT Tapes - FSK Tape.
e. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.
2. Width: 3 inches.
3. Thickness: 6.5 mils.
4. Adhesion: 90 ounces force/inch in width.
5. Elongation: 2 percent.
6. Tensile Strength: 40 Ibf/inch in width.
7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.
SECUREMENTS
Bands:
1. Products: Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following:

a. ITW Insulation systems; Illinois Tool Works, Inc.; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015
inch thick, 1/2 inch wide with wing seal or closed seal.

3. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 1/2 inch wide with wing seal or closed seal.

4. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept
metal bands. Spring size determined by manufacturer for application.

Insulation Pins and Hangers:

1. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for
capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth of insulation
indicated.

a. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; CWP-1.

2) Gemco; CD.

3) Midwest Fasteners, Inc.; CD.

4) Nelson Stud Welding; TPA, TPC, and TPS.
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2.

Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth
of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

a. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1)  AGM Industries, Inc.; CHP-1.

2) Gemco; Cupped Head Weld Pin.

3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.

Self-Sticking Base Insulation Hangers: Baseplate welded to projecting spindle that is
capable of holding insulation, of thickness indicated, securely in position indicated when
self-locking washer is in place. Comply with the following requirements:

a. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.
2) Gemco; Peel & Press.

3)  Hardcast, Inc.

4) Midwest Fasteners, Inc.; Self Stick.

b. Baseplate: Galanized carbon-steel sheet, 0.030 inch thick by 2 inches square.

c. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated.
d. Adhesive-backed base with a peel-off protective cover.

Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- thick,
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in
place but not less than 1-1/2 inches in diameter.

a. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; CWP-1.

2) Gemco; R-150.

3)  Hardcast, Inc.

4) Midwest Fasteners, Inc.; WA-150.
5)  Nelson Stud Welding; Speed Clips.

b. Protect ends with capped self-locking washers incorporating a spring steel insert to
ensure permanent retention of cap in exposed locations.

Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.

Wire: 0.062-inch soft-annealed, stainless steel.
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PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

L. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.
B.  Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION
A.  Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.
33 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of ducts and fittings.

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for
each item of duct system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Keep insulation materials dry during application and finishing. Replace insulation materials

that get wet during storage or in the installation process before being properly covered and
sealed in accordance with Contract Documents.

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.
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3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive
self-sealing lap. Staple laps with outward clinching staples along edge at 2 inches o.c.

a. For below ambient services, apply vapor-barrier mastic over staples.

4, Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to duct flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

Repair damaged insulation facings by applying same facing material over damaged areas.

Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

INSTALLATION OF MINERAL-FIBER INSULATION

Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

3. Install cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal

ducts and sides of vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pins to hold
insulation tightly against surface at cross bracing.
c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
d. Do not overcompress insulation during installation.
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e. Impale insulation over pins and attach speed washers.

f. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, along butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to two times the
insulation thickness, but not less than 3 inches.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

B.  Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2.

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pins to hold

insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not overcompress insulation during installation.

e. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

/e

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
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Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, along butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to two times the
insulation thickness, but not less than 3 inches.

5. Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Groove and score insulation to fit as closely as possible to outside and
inside radius of elbows. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

3.5 FIELD-APPLIED JACKET INSTALLATION

A.  Where FSK jackets are indicated, install as follows:

1. Draw jacket material smooth and tight.

2. Install lap or joint strips with same material as jacket.

3. Secure jacket to insulation with manufacturer’s recommended adhesive.

4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at
end joints.

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
with vapor-barrier mastic.

B.  Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end

joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof
sealant recommended by insulation manufacturer. Secure jacket with stainless steel bands 12
inches o.c. and at end joints.

3.6 FINISHES

A.  Insulation with ASJ, Glass-Cloth, or other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Division 09 painting Sections.

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible jacket material and
finish coat paint. Add fungicidal agent to render fabric mildew proof.
a. Finish Coat Material: Interior, flat, latex-emulsion size.
B.  Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of

insulation manufacturer’s recommended protective coating.

C.  Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.
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D.

3.7

3.8

3.9

Do not field paint aluminum or stainless-steel jackets.

FIELD QUALITY CONTROL

Perform tests and inspections.

Tests and Inspections:

1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and
insulation in layers in reverse order of their installation. Extent of inspection shall be
limited to one location for each duct system defined in the "Duct Insulation Schedule,

General" Article.

All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.

DUCT INSULATION SCHEDULE, GENERAL
Plenums and Ducts Requiring Insulation:

L. Indoor, supply and outdoor air.

Items Not Insulated:

Factory-insulated flexible ducts.
Factory-insulated plenums and casings.
Flexible connectors.

Vibration-control devices.
Factory-insulated access panels and doors.

Nk e

INDOOR DUCT AND PLENUM INSULATION SCHEDULE

Rectangular, supply-air duct insulation shall be one of the following:

1. Mineral-Fiber Blanket: 2 inches thick and 0.75-1b/cu. ft. nominal density.
2. Mineral-Fiber Board: 1-1/2 inches thick and 2-1b/cu. ft. nominal density.
Rectangular, outdoor-air duct insulation shall be the following:

1. Mineral-Fiber Board: 2 inches thick and 2-1b/cu. ft. nominal density.

END OF SECTION
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SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes insulating the following HVAC piping systems:

l. Condensate drain piping, indoors.
2. Refrigerant suction and hot-gas piping indoors and outdoors.

Related Sections:

1. Section 230713 "Duct Insulation."

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory and field applied if any). On data submittal
sheets where more than one product is described, clearly annotate which product(s) is to be
supplied.

Insulation Schedule: Identify type of material, thickness, vapor barrier provision, and where
required, field-applied jacket to be provided for each system application.
INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates

of tests and test methods employed.

Field quality-control reports.
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1.5

A.

B.

1.6

A.

1.7

A.

B.

1.8

A.

B.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and adhesive,
mastic, tapes, and cement material containers, with appropriate markings of applicable testing
agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.
COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

Coordinate clearance requirements with piping Installer for piping insulation application.
Before preparing piping Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

SCHEDULING

Schedule insulation application after pressure testing systems. Insulation application may begin
on segments that have satisfactory test results.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.

PART 2 - PRODUCTS

2.1

A.

INSULATION MATERIALS

Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation
Schedule" and "Outdoor, Aboveground Piping Insulation Schedule" Articles for where
insulating materials shall be applied.
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B.

C.

2.2

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply
with ASTM C 534, Type I for tubular materials.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA, Inc.; Aerocel.
b. Armacell LLC; AP Armaflex.
c. K-Flex USA; Insul-Lock.

ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type 1, Class L.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA, Inc.; Aerocel.
b. Armacell LLC; Armaflex 520 Adhesive.

2. Adhesives shall have a VOC content of 50 g/L or less.

Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

W

PVC Jacket Adhesive: Compatible with PVC jacket.

L. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Dow Corning Corporation; 739, Dow Silicone.

b. Johns Manville; a Berkshire Hathaway company; Zeston Perma-Weld, CEEL-
TITE Solvent Welding Adhesive.

c. P.I.C. Plastics, Inc.; Welding Adhesive.

d. Speedline Corporation; Polyco VP Adhesive.
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2. Adhesive shall have a VOC content of 80 g/ or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type II.

1.
2.

VOC Content: 300 g/L or less.

Low-Emitting Materials: Mastic coatings shall comply with the testing and product
requirements of the California Department of Public Health's "Standard Method for the
Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources
Using Environmental Chambers."

Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.

L.

B w

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Foster Brand; Specialty Construction Brands, Inc. a business of H. B. Fuller
company; 30-80/30-90.
b. Vimasco Corporation; 749.

Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry
film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

Color: White.

Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

1.

nhk WD

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to the following:

Childers Brand: H. B. Fuller Construction Products; CP-10.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products; 46-50.
Knauf Insulation; EXPERT Mastics.

Mon-Eco Industries, Inc.; 55-50.

Vimasco Corporation; WC-1/WC-5.

SN

Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: 60 percent by volume and 66 percent by weight.

Color: White.
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A.

2.5

2.6

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand; H. B. Fuller Construction Products; CP-50 AHV2.
b. Foster Brand; H. B. Fuller Construction Products; 30-36.

c. Vimasco Corporation; 713 and 714.

2. Adhesives shall have a VOC content of 50 g/L or less.

3. Adhesive shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

4. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

5. Service Temperature Range: 0 to plus 180 deg F.

6. Color: White.

SEALANTS

ASJ Flashing Sealants and PVC Jacket Flashing Sealants:

1.

Nowunbkwh

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand; H. B. Fuller Construction Products; CP-76.

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

FIELD-APPLIED JACKETS

Field-applied jackets shall comply with ASTM C 921, Type [, unless otherwise indicated.

PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.
Thickness is indicated in field-applied jacket schedules.
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1.

W

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

Johns Manville; a Berkshire Hathaway company; Zeston.
P.1.C. Plastics, Inc.; FG Series.

Proto Corporation; LoSmoke.

Speedline Corporation; SmokeSafe.

/a0 o

Adhesive: As recommended by jacket material manufacturer.
Color: White.
Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and
supply covers for lavatories.

C. Metal Jacket:

1.

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand; H. B. Fuller Construction Products: Metal Jacketing Systems.

b. ITW Insulation Systems; Illinois Tool Works, Inc.; Aluminum and Stainless Steel
Jacketing.

c. RPR Products, Inc.; Insul-Mate.

Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.

a. Factory cut and rolled to size.

b. Finish and thickness are indicated in field-applied jacket schedules.

c. Moisture Barrier for Indoor Applications: 1-mil-thick, heat-bonded polyethylene
and Kraft paper.

d. Moisture Barrier for Outdoor Applications: 3-mil-thick, heat-bonded polyethylene
and Kraft paper.

e. Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2)  Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius
elbows.

3) Tee covers.

4)  Flange and union covers.

5)  End caps.

6) Beveled collars.

7) Valve covers.

8)  Field fabricate fitting covers only if factory-fabricated fitting covers are not
available.

D.  Self-Adhesive Outdoor Jacket: 60-mil-thick, laminated vapor barrier and waterproofing
membrane for installation over insulation located aboveground outdoors; consisting of a
rubberized bituminous resin on a cross-laminated polyethylene film covered with stucco-
embossed aluminum-foil facing.
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2.7

2.8

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Polyguard Products, Inc.; Alumaguard 60.

TAPES

PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Campac Corporation.
b. Ideal Tape Co., Inc.; and American Biltrite company; 370 White PVC tape.
c. Venture Tape; 1506 CW NS.

2. Width: 2 inches.

3. Thickness: 6 mils.

4. Adhesion: 64 ounces force/inch in width.

5. Elongation: 500 percent.

6. Tensile Strength: 18 Ibf/inch in width.

SECUREMENTS

Bands:

1. Products: Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following:

a. ITW Insulation Systems; Illinois Tool Works, Inc.; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping Seals, and Springs.

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015
inch thick, 1/2 inch wide with wing seal or closed seal.

3. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept
metal bands. Spring size determined by manufacturer for application.

Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
Wire: 0.080-inch nickel-copper alloy or 0.062-inch soft-annealed, galvanized steel.

Manufacturers: subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. C & F Wire.
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PART 3 - EXECUTION

3.1

A.

32

33

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

L. Verify that systems to be insulated have been tested and are free of defects.

2. Verify that surfaces to be insulated are clean and dry.

3. Proceed with installation only after unsatisfactory conditions have been corrected.
PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

Mix insulating cements with clean potable water; if insulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.
GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of piping including fittings, valves, and specialties.

Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
for each item of pipe system as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.

Install multiple layers of insulation with longitudinal and end seams staggered.

Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

Keep insulation materials dry during application and finishing.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
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2.

For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K.  Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet

and dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.
Staple laps with outward clinching staples along edge at 2 inches o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to pipe flanges and fittings.

M.  Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

N.  Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

O. Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar

to butt joints.
P. For above-ambient services, do not install insulation to the following:
1. Vibration-control devices.
2. Testing agency labels and stamps.
3. Nameplates and data plates.
4. Manbholes.
5. Handholes.
6. Cleanouts.
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A.

3.5

PENETRATIONS

Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation above roof surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.

4, Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
least 2 inches.

4, Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Pipe: Install insulation continuously through floor penetrations.

2. Seal penetrations through fire-rated assemblies. Comply with requirements in
Section 078413 "Penetration Firestopping."

GENERAL PIPE INSULATION INSTALLATION

Requirements in this article generally apply to all insulation materials except where more
specific requirements are specified in various pipe insulation material installation articles.

Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
continuous thermal and vapor-retarder integrity unless otherwise indicated.
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2.

Insulate pipe elbows using preformed fitting insulation or mitered fittings made from
same material and density as adjacent pipe insulation. Each piece shall be butted tightly
against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is
uniform with adjoining pipe insulation.

Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same
material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt
each section closely to the next and hold in place with tie wire. Bond pieces with
adhesive.

Insulate valves using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. For valves, insulate up to and including the bonnets, valve
stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with
insulating cement.

Insulate strainers using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with insulating
cement. Insulate strainers so strainer basket flange or plug can be easily removed and
replaced without damaging the insulation and jacket. Provide a removable reusable
insulation cover. For below-ambient services, provide a design that maintains vapor
barrier.

Insulate flanges and unions using a section of oversized preformed pipe insulation.
Overlap adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker.

Cover segmented insulated surfaces with a layer of finishing cement and coat with a
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for
above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the
mastic to a smooth and well-shaped contour.

For services not specified to receive a field-applied jacket except for flexible elastomeric
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and
unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation
facing using PVC tape.

Stencil or label the outside insulation jacket of each union with the word "union." Match
size and color of pipe labels.

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
insulation at these connections by tapering it to and around the connection with insulating
cement and finish with finishing cement, mastic, and flashing sealant.

D. Install removable insulation covers at locations indicated. Installation shall conform to the
following:

1.

Make removable flange and union insulation from sectional pipe insulation of same
thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
insulation.

When flange and union covers are made from sectional pipe insulation, extend insulation
from flanges or union long at least two times the insulation thickness over adjacent pipe
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3.6

insulation on each side of flange or union. Secure flange cover in place with stainless-
steel or aluminum bands. Select band material compatible with insulation and jacket.

3. Construct removable valve insulation covers in same manner as for flanges, except divide
the two-part section on the vertical center line of valve body.
4, When covers are made from block insulation, make two halves, each consisting of

mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe
insulation on each side of valve. Fill space between flange or union cover and pipe
insulation with insulating cement. Finish cover assembly with insulating cement applied
in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
surfaces with a metal jacket.

INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate
openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of

adjacent straight pipe segments with cut sections of sheet insulation of same thickness as
pipe insulation.

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive
to eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Fittings and Elbows:
1. Install mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to

eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Valves and Pipe Specialties:

1. Install preformed valve covers manufactured of same material as pipe insulation when
available.
2. When preformed valve covers are not available, install cut sections of pipe and sheet

insulation to valve body. Arrange insulation to permit access to packing and to allow
valve operation without disturbing insulation.

3. Install insulation to flanges as specified for flange insulation application.

4. Secure insulation to valves and specialties and seal seams with manufacturer's
recommended adhesive to eliminate openings in insulation that allow passage of air to
surface being insulated.
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3.7

A.

3.8

3.9

3.10

3.11

A.

FIELD-APPLIED JACKET INSTALLATION

Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end
joints; for horizontal applications. Seal with manufacturer's recommended adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the
finish bead along seam and joint edge.

Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end

joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof

sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12

inches o.c. and at end joints.

FINISHES

Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of

insulation manufacturer's recommended protective coating.

FIELD QUALITY CONTROL

Perform tests and inspections.

Tests and Inspections:

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing
field-applied jacket and insulation in layers in reverse order of their installation. Extent of
inspection shall be limited to three locations of straight pipe, three locations of threaded
fittings, three locations of welded fittings, two locations of threaded strainers, two
locations of welded strainers, three locations of threaded valves, and three locations of
flanged valves for each pipe service defined in the "Piping Insulation Schedule, General"
Article.

All insulation applications will be considered defective Work if sample inspection reveals

noncompliance with requirements.

PIPING INSULATION SCHEDULE, GENERAL

Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for

each piping system and pipe size range. If more than one material is listed for a piping system,

selection from materials listed is Contractor's option.

Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

1. Underground piping.
2. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

INDOOR PIPING INSULATION SCHEDULE

Condensate and Equipment Drain Water below 60 Deg F:

HVAC PIPING INSULATION 230719-13



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1. All Pipe Sizes: Insulation shall be the following:

a. Flexible Elastomeric: 3/4 inch thick.
b. Vapor Barrier: Required.

B.  Heat pump condenser water piping:
1. All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 1 inch thick.

2. Vapor Barrier: Required.

3.12 INDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the
field-applied jacket over the factory-applied jacket.

B.  Piping, Concealed:
1. None.

C.  Piping, Exposed in Unoccupied Areas Below 8-Feet Above Finished Floor and All Exposed
Piping in Finished Areas:

1. PVC: 20 mils thick.

END OF SECTION
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SECTION 230923 - DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC

PART 1 - GENERAL

1.1

1.2

1.3

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

1. DDC system for monitoring and controlling of HVAC systems.
2. Delivery of selected control devices to equipment and systems manufacturers for factory
installation and to HVAC systems installers for field installation.

Related Requirements:
I. Communications Cabling:

a. Section 260523 "Control-Voltage Electrical Power Cables" for balanced twisted
pair communications cable.

b. Section 271513 "Communications Copper Horizontal Cabling" for balanced
twisted pair communications cable.

2. Section 260553 "Identification for Electrical Systems" for identification requirements for
electrical components.

DEFINITIONS

Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set
of well-defined rules or processes for solving a problem in a finite number of steps.

Analog: A continuously varying signal value, such as current, flow, pressure, or temperature.
BACnet Specific Definitions:

1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A
communications protocol allowing devices to communicate data over and services over a
network.

2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of
BAChnet functionality that is needed to perform a particular task. BIBBs are combined to
build the BACnet functional requirements for a device.

3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet
messages over IP networks. A BACnet/IP network is a collection of one or more IP
subnetworks that share the same BACnet network number.
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4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for
compliance with ASHRAE 135, operated under direction of BACnet International.

5. PICS (Protocol Implementation Conformance Statement): Written document that
identifies the particular options specified by BACnet that are implemented in a device.

D. Binary: Two-state signal where a high signal level represents ON" or "OPEN" condition and a
low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used
interchangeably with "Binary" to indicate a two-state signal.

E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing
on a network, used for local or global control. Three types of controllers are indicated: Network
Controller, Programmable Application Controller, and Application-Specific Controller.

F. Control System Integrator: An entity that assists in expansion of existing enterprise system and
support of additional operator interfaces to I/O being added to existing enterprise system.

G.  COV: Changes of value.

H. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer
and responsible for execution of DDC system Work indicated.

L. Distributed Control: Processing of system data is decentralized and control decisions are made
at subsystem level. System operational programs and information are provided to remote
subsystems and status is reported back. On loss of communication, subsystems shall be capable
of operating in a standalone mode using the last best available data.

J. Gateway: Bidirectional protocol translator that connects control systems that use different
communication protocols.

K.  HLC: Heavy load conditions.

L. I/O: System through which information is received and transmitted. I/O refers to analog input
(Al), binary input (BI), analog output (AO) and binary output (BO). Analog signals are
continuous and represent control influences such as flow, level, moisture, pressure, and
temperature. Binary signals convert electronic signals to digital pulses (values) and generally
represent two-position operating and alarm status. "Digital," (DI and (DO), is sometimes used
interchangeably with "Binary," (BI) and (BO), respectively.

M. LAN: Local area network.

N.  Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or
for remote-control, signaling power-limited circuits.

O. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular
data network and running a native control application or accessing a web interface.

P. MS/TP: Master-slave/token-passing, IEE 8802-3. Datalink protocol LAN option that uses
twisted-pair wire for low-speed communication.

Q. MTBF: Mean time between failures.
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1.4

1.5

Network Controller: Digital controller, which supports a family of programmable application
controllers and application-specific controllers, that communicates on peer-to-peer network for
transmission of global data.

Network Repeater: Device that receives data packet from one network and rebroadcasts it to
another network. No routing information is added to protocol.

Peer to Peer: Networking architecture that treats all network stations as equal partners.

POT: Portable operator's terminal.

PUE: Performance usage effectiveness.

RAM: Random access memory.

RF: Radio frequency.

Router: Device connecting two or more networks at network layer.

Server: Computer used to maintain system configuration, historical and programming database.
TCP/IP: Transport control protocol/Internet protocol.

UPS: Uninterruptible power supply.

USB: Universal Serial Bus.

User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying
protocol.

VAV: Variable air volume.

WLED: White light emitting diode.

PREINSTALLATION MEETINGS

Preinstallation Conference: Conduct conference at Project site.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Multiple Submissions:

1. If multiple submissions are required to execute work within schedule, first submit a
coordinated schedule clearly defining intent of multiple submissions. Include a proposed
date of each submission with a detailed description of submittal content to be included in
each submission.
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2.

3.

Clearly identify each submittal requirement indicated and in which submission the
information will be provided.

Include an updated schedule in each subsequent submission with changes highlighted to
casily track the changes made to previous submitted schedule.

C.  Product Data: On data submittal sheets where more than one product is described, clearly
annotate which product(s) is to be supplied. For each type of product include the following:

1.

2.

Construction details, material descriptions, dimensions of individual components and
profiles, and finishes.

Operating characteristics, electrical characteristics, and furnished accessories indicating
process operating range, accuracy over range, control signal over range, default control
signal with loss of power, calibration data specific to each unique application, electrical
power requirements, and limitations of ambient operating environment, including
temperature and humidity.

Product description with complete technical data, performance curves, and product
specification sheets.

Installation, operation and maintenance instructions including factors effecting
performance.

Bill of materials of indicating quantity, manufacturer, and extended model number for
each unique product.

When manufacturer's product datasheets apply to a product series rather than a specific
product model, clearly indicate and highlight only applicable information.

Each submitted piece of product literature shall clearly cross reference specification and
drawings that submittal is to cover.

D.  Software Submittal. On data submittal sheets where more than one product is described, clearly
annotate which product(s) is to be supplied.

L.

2.

Cross-referenced listing of software to be loaded on each operator workstation, server,
gateway, and DDC controller.

Description and technical data of all software provided, and cross-referenced to products
in which software will be installed.

Operating system software, operator interface and programming software, color graphic
software, DDC controller software, maintenance management software, and third-party
software.

Description of operator interface to alphanumeric and graphic programming.

Description of each network communication protocol.

Description of system database, including all data included in database, database capacity
and limitations to expand database.

Controlled Systems: Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

E. Shop Drawings:

L.

General Requirements:

a. Include cover drawing with Project name, location, Owner, Architect, Contractor
and issue date with each Shop Drawings submission.
b. Include a drawing index sheet listing each drawing number and title that matches

information in each title block.
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2. Include plans, elevations, sections, and mounting details where applicable.

3. Include details of product assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

4. Plan Drawings indicating the following:

a. Screened backgrounds of walls, structural grid lines, HVAC equipment, ductwork
and piping.

b. Room names and numbers with coordinated placement to avoid interference with
control products indicated.

c. Each desktop workstation, server, gateway, router, DDC controller, control panel
instrument connecting to DDC controller, and damper and valve connecting to
DDC controller, included in Project.

d. Exact placement of products in rooms, ducts, and piping to reflect proposed
installed condition.

e. Network communication cable and raceway routing.

f. Proposed routing of wiring, cabling, conduit, and tubing, coordinated with building

services for review before installation.

5. Schematic drawings for each controlled HVAC system indicating the following:

a. I/O points labeled with point names shown. Indicate instrument range, normal
operating set points, and alarm set points. Indicate fail position of each damper and
valve, if included in Project.

b. I/O listed in table format showing point name, type of device, manufacturer, model
number, and cross-reference to product data sheet number.

c. A graphic showing location of control I/O in proper relationship to HVAC system.

d. Wiring diagram with each I/O point having a unique identification and indicating
labels for all wiring terminals.

e. Unique identification of each /O that shall be consistently used between different
drawings showing same point.

f. Elementary wiring diagrams of controls for HVAC equipment motor circuits
including interlocks, switches, relays and interface to DDC controllers.

g. Narrative sequence of operation.

6. Control panel drawings indicating the following:

a. Panel dimensions, materials, size, and location of field cable, raceways, and wiring
connections.

b. Interior subpanel layout, drawn to scale and showing all internal components,
cabling and wiring raceways, nameplates and allocated spare space.

c. Front, rear, and side elevations and nameplate legend.

d. Unique drawing for each panel.

7. DDC system network riser diagram indicating the following:

a. Each device connected to network with unique identification for each.

b. Interconnection of each different network in DDC system.

C. For each network, indicate communication protocol, speed and physical means of

interconnecting network devices, such as copper cable type, or optical fiber cable
type. Indicate raceway type and size for each.
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10.

d. Each network port for connection of an operator workstation or other type of
operator interface with unique identification for each.

DDC system electrical power riser diagram indicating the following:

a. Each  point of connection to field power with requirements
(volts/phase//hertz/amperes/connection type) listed for each.
b. Each control power supply including, as applicable, transformers, power-line

conditioners, transient voltage suppression and high filter noise units, DC power
supplies, and UPS units with unique identification for each.

c. Each product requiring power with requirements
(volts/phase//hertz/amperes/connection type) listed for each.
d. Power wiring type and size, race type, and size for each.

Monitoring and control signal diagrams indicating the following:

a. Control signal cable and wiring between controllers and 1/O.
b. Point-to-point schematic wiring diagrams for each product.

Color graphics indicating the following:

a. Itemized list of color graphic displays to be provided.

b. For each display screen to be provided, a true color copy showing layout of
pictures, graphics and data displayed.
c. Intended operator access between related hierarchical display screens.

F. System Description:

1.

9]

Full description of DDC system architecture, network configuration, operator interfaces
and peripherals, servers, controller types and applications, gateways, routers and other
network devices, and power supplies.

Complete listing and description of each report, log and trend for format and timing and
events which initiate generation.

System and product operation under each potential failure condition including, but not
limited to, the following:

Loss of power.

Loss of network communication signal.

Loss of controller signals to inputs and outpoints.
Operator workstation failure.

Server failure.

Gateway failure.

Network failure

Controller failure.

Instrument failure.

Control damper and valve actuator failure.

T ER MO a0 o

Complete bibliography of documentation and media to be delivered to Owner.
Description of testing plans and procedures.
Description of Owner training.
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1.6 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B. Coordination Drawings:
1. Plan drawings and corresponding product installation details, drawn to scale, on which

the following items are shown and coordinated with each other, using input from
installers of the items involved:

a. Product installation location shown in relationship to room, duct, pipe and
equipment.

b. Structural members to which products will be attached.

c. Wall-mounted instruments located in finished space showing relationship to light
switches, fire-alarm devices and other installed devices.

d. Size and location of wall access panels for products installed behind walls and

requiring access.

2. Reflected ceiling plans and other details, drawn to scale, on which the following items are
shown and coordinated with each other, using input from installers of the items involved:

a. Ceiling components.

b. Size and location of access panels for products installed above inaccessible ceiling
assemblies and requiring access.

c. Items penetrating finished ceiling including the following:

1)  Lighting fixtures.

2) Air outlets and inlets.

3) Speakers.

4) Sprinklers.

5)  Access panels.

6) Motion sensors.

7 Pressure sensors.

8)  Temperature sensors and other DDC control system instruments.

C. Qualification Data:

1. Systems Provider Qualification Data:

a. Resume of project manager assigned to Project.

b. Resumes of application engineering staff assigned to Project.

c. Resumes of installation and programming technicians assigned to Project.

d. Resumes of service technicians assigned to Project.

e. Brief description of past project including physical address, floor area, number of
floors, building system cooling and heating capacity and building's primary
function.

f. Description of past project DDC system, noting similarities to Project scope and
complexity indicated.

g. Names of staff assigned to past project that will also be assigned to execute work

of this Project.
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1.7

h. Owner contact information for past project including name, phone number, and e-
mail address.

1. Contractor contact information for past project including name, phone number, and
e-mail address.

J- Architect and Engineer contact information for past project including name, phone

number, and e-mail address.

2. Manufacturer's qualification data.
3. Testing agency's qualifications data.
Product Certificates:

1. Data Communications Protocol Certificates: Certifying that each proposed DDC system
component complies with ASHRAE 135.

Product Test Reports: For each product that requires testing to be performed by manufacturer.
Source quality-control reports.
Field quality-control reports.

Sample Warranty: For manufacturer's warranty.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Operation and Maintenance Data: For DDC system to include in emergency, operation and
maintenance manuals. On data submittal sheets where more than one product is described,
clearly annotate which product(s) is to be supplied.

1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:

a. Project Record Drawings of as-built versions of submittal Shop Drawings provided
in electronic PDF format.

b. Testing and commissioning reports and checklists of completed final versions of
reports, checklists, and trend logs.

c. As-built versions of submittal Product Data.

d. Names, addresses, e-mail addresses and 24-hour telephone numbers of Installer
and service representatives for DDC system and products.

e. Operator's manual with procedures for operating control systems including logging

on and off, handling alarms, producing point reports, trending data, overriding
computer control and changing set points and variables.

f. Programming manuals with description of programming language and syntax, of
statements for algorithms and calculations used, of point database creation and
modification, of program creation and modification, and of editor use.

g. Documentation of all programs created using custom programming language
including set points, tuning parameters, and object database.
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h. Backup copy of graphic files, programs, and database on electronic media such as
DVDs or CDs.

1. List of recommended spare parts with part numbers and suppliers.

J. Complete original-issue documentation, installation, and maintenance information
for furnished third-party hardware including computer equipment and sensors.

k. Complete original-issue copies of furnished software, including operating systems,
custom programming language, operator workstation software, and graphics
software.

L. Licenses, guarantees, and warranty documents.

m. Recommended preventive maintenance procedures for system components,
including schedule of tasks such as inspection, cleaning, and calibration; time
between tasks; and task descriptions.

n. Owner training materials.

1.8 MAINTENANCE MATERIAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Furnish extra materials and parts that match products installed and that are packaged with
protective covering for storage and identified with labels describing contents.

C.  Include product manufacturers' recommended parts lists for proper product operation over four-
year period following warranty period. Parts list shall be indicated for each year.

D.  Furnish parts, as indicated by manufacturer's recommended parts list, for product operation
during two-year period following warranty period.

E. Furnish quantity indicated of matching product(s) in Project inventory for each unique size and
type of following:

Network Controller: One.

Programmable Application Controller: One.

Application-Specific Controller: One.

Room and Outdoor Carbon Dioxide Sensor and Transmitter: One of each.
Transformer: One of each size and type.

DC Power Supply: One of each size and type.

AN ol S e

1.9 QUALITY ASSURANCE

A.  DDC System Manufacturer Qualifications:

1. Nationally recognized manufacturer of DDC systems and products.

2. DDC systems with similar requirements to those indicated for a continuous period of 10
years within time of bid.

3. DDC systems and products that have been successfully tested and in use on at least five
past projects.

4. Having complete published catalog literature, installation, operation and maintenance
manuals for all products intended for use.

5. Having full-time in-house employees for the following:
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B.

0

A.

Product research and development.

Product and application engineering.

Product manufacturing, testing and quality control.

Technical support for DDC system installation training, commissioning and
troubleshooting of installations.

e. Owner operator training.

oo

DDC System Provider Qualifications:

1. Authorized representative of, and trained by, DDC system manufacturer.

2. In-place facility located within 50 miles of Project.

3. Demonstrated past experience with installation of DDC system products being installed
for period within five consecutive years before time of bid.

4. Demonstrated past experience on five projects of similar complexity, scope and value.

5. Product parts inventory to support on-going DDC system operation for a period of not
less than 5 years after Substantial Completion.

6. DDC system manufacturer's backing to take over execution of Work if necessary to
comply with requirements indicated. Include Project-specific written letter, signed by
manufacturer's corporate officer, if requested.

WARRANTY

Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace products that fail
in materials or workmanship within specified warranty period.

1.

2.

Failures shall be adjusted, repaired, or replaced at no additional cost or reduction in
service to Owner.

Include updates or upgrades to software and firmware if necessary to resolve
deficiencies.

a. Install updates only after receiving Owner's written authorization.
Warranty service shall occur during normal business hours and commence within 16
hours of Owner's warranty service request.

Warranty Period: Three years from date of Substantial Completion.

a. For Gateway: Three-year parts and labor warranty for each.

PART 2 - PRODUCTS

2.1

2.2

A.

A.

DDC SYSTEM MANUFACTURERS

DDC system must be compatible with the existing Honeywell system.

DDC SYSTEM DESCRIPTION

Microprocessor-based monitoring and control including analog/digital conversion and program
logic. A control loop or subsystem in which digital and analog information is received and
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processed by a microprocessor, and digital control signals are generated based on control
algorithms and transmitted to field devices to achieve a set of predefined conditions.

1. DDC system shall consist of a high-speed, peer-to-peer network of distributed DDC
controllers, other network devices, operator interfaces, and software.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

WEB ACCESS
DDC system shall be Web based.
1. Web-Based Access to DDC System:

a. DDC system software shall be based on server thin-client architecture, designed
around open standards of Web technology. DDC system server shall be accessed
using a Web browser over DDC system network, using Owner's LAN, and
remotely over Internet through Owner's LAN.

b. Intent of thin-client architecture is to provide operators complete access to DDC
system via a Web browser. No special software other than a Web browser shall be
required to access graphics, point displays, and trends; to configure trends, points,
and controllers; and to edit programming.

c. Web access shall be password protected.

PERFORMANCE REQUIREMENTS

Surface-Burning Characteristics: Products installed in ducts, equipment, and return-air paths
shall comply with ASTM E 84; testing by a qualified testing agency. Identify products with
appropriate markings of applicable testing agency.

1. Flame-Spread Index: 25 or less.
2. Smoke-Developed Index: 50 or less.

DDC System Speed:
1. Response Time of Connected I/O:

a. Al point values connected to DDC system shall be updated at least every five
seconds for use by DDC controllers. Points used globally shall also comply with
this requirement.

b. BI point values connected to DDC system shall be updated at least every five
seconds for use by DDC controllers. Points used globally shall also comply with
this requirement.

c. AO points connected to DDC system shall begin to respond to controller output
commands within two seconds. Global commands shall also comply with this
requirement.

d. BO point values connected to DDC system shall respond to controller output
commands within two seconds. Global commands shall also comply with this
requirement.
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2. Display of Connected I/O:

a. Analog point COV connected to DDC system shall be updated and displayed at
least every 10 seconds for use by operator.

b. Binary point COV connected to DDC system shall be updated and displayed at
least every 10 seconds for use by operator.

c. Alarms of analog and digital points connected to DDC system shall be displayed
within 45 seconds of activation or change of state.

d. Graphic display refresh shall update within eight seconds.

e. Point change of values and alarms displayed from workstation to workstation when
multiple operators are viewing from multiple workstations shall not exceed graphic
refresh rate indicated.

C.  Network Bandwidth: Design each network of DDC system to include at least 30 percent
available spare bandwidth with DDC system operating under normal and heavy load conditions
indicated. Calculate bandwidth usage, and apply a safety factor to ensure that requirement is
satisfied when subjected to testing under worst case conditions.

D.  DDC System Data Storage:

1. Include capability to archive not less than 24 consecutive months of historical data for all
I/0 points connected to system, including alarms, event histories, transaction logs, trends
and other information indicated.

2. Local Storage:

a. Provide workstation with data storage indicated. Server(s) shall use IT industry
standard database platforms and be capable of functions described in "DDC Data
Access" Paragraph.

E. DDC Data Access:

1. When logged into the system, operator shall be able to also interact with any DDC
controller connected to DDC system as required for functional operation of DDC system.

2. System(s) shall be used for application configuration; for archiving, reporting and
trending of data; for operator transaction archiving and reporting; for network
information management; for alarm annunciation; and for operator interface tasks and
controls application management.

F. Future Expandability:

1. DDC system size shall be expandable to an ultimate capacity of at least two times total
/O points indicated.

2. Additional DDC controllers, I/O and associated wiring shall be all that is needed to
achieve ultimate capacity. Initial network infrastructure shall be designed and installed to
support ultimate capacity.

3. Operator interfaces installed initially shall not require hardware and software additions
and revisions for ultimate capacity.

G.  Input Point Displayed Accuracy: Input point displayed values shall meet following end-to-end

overall system accuracy, including errors associated with meter, sensor, transmitter, lead wire or
cable, and analog to digital conversion.
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1.
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Energy:

a. Thermal: Within 5 percent of reading.
b. Electric Power: Within 1 percent of reading.

c. Requirements indicated on Drawings for meters not supplied by utility.

Flow:

a. Air: Within 5 percent of design flow rate.
b. Air (Terminal Units): Within 5 percent of design flow rate.

Gas:

a. Carbon Dioxide: Within 50 ppm.

b. Carbon Monoxide: Within 5 percent of reading.
c. Refrigerant: Within 50 ppm.

Moisture (Relative Humidity):

a. Air: Within 3 percent RH.

b. Space: Within 3 percent RH.

c. Outdoor: Within 3 percent RH.

Level: Within 5 percent of reading.

Pressure:
a. Air, Ducts and Equipment: 0.5 percent of instrument range.
b. Space: Within 0.25 percent of instrument range.

Speed: Within percent of reading.
Temperature, Dry Bulb:

Air: Within 1 deg F.

Space: Within 1 deg F.

Outdoor: Within 1 deg F.

Other Temperatures Not Indicated: Within 1 deg F.

o o

BGS PROJECT NO. 3707

H.  Precision of I/O Reported Values: Values reported in database and displayed shall have
following precision:

1.

2.

Current:

a. Milliamperes: Nearest 1/100th of a milliampere.

b. Amperes: Nearest 1/10th of an ampere up to 100 A; nearest ampere for 100 A and
more.

Energy:

a. Electric Power:

1)  Rate (Watts): Nearest 1/10th of a watt through 1000 W.

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC
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2)

3)

Rate (Kilowatts): Nearest 1/10th of a kilowatt through 1000 kW; nearest
kilowatt above 1000 kW.

Usage (Kilowatt-Hours): Nearest kilowatt through 10,000 kW; nearest 10
kW between 10,000 and 100,000 kW; nearest 100 kW for above 100,000
kW.

b. Thermal, Rate:
1)  Heating: For Btu/h, nearest Btu/h up to 1000 Btu/h; nearest 10 Btu/h
between 1000 and 10,000 Btu/h; nearest 100 Btu/h for above 10,000 Btu/h.
For Mbh, round to nearest Mbh up to 1000 Mbh; nearest 10 Mbh between
1000 and 10,000 Mbh; nearest 100 Mbh above 10,000 Mbh.
2) Cooling: For tons, nearest ton up to 1000 tons; nearest 10 tons between 1000
and 10,000 tons; nearest 100 tons above 10,000 tons.
c. Thermal, Usage:
1)  Heating: For Btu, nearest Btu up to 1000 Btu; nearest 10 Btu between 1000
and 10,000 Btu; nearest 100 Btu for above 10,000 Btu. For Mbtu, round to
nearest Mbtu up to 1000 Mbtu; nearest 10 Mbtu between 1000 and 10,000
Mbtu; nearest 100 Mbtu above 10,000 Mbtu.
2)  Cooling: For ton-hours, nearest ton-hours up to 1000 ton-hours; nearest 10
ton-hours between 1000 and 10,000 ton-hours; nearest 100 tons above
10,000 tons.
3. Flow:
a. Air: Nearest 1/10th of a cfm through 100 cfm; nearest cfm between 100 and
1000 cfm; nearest 10 cfm between 1000 and 10,000 cfm; nearest 100 cfm above
10,000 cfm.
4, Moisture (Relative Humidity):
a. Relative Humidity (Percentage): Nearest 1 percent.
5. Pressure:
a. Air, Ducts and Equipment: Nearest 1/10th in. w.c..
b. Space: Nearest 1/100th in. w.c..
6. Temperature:
a. Air, Ducts and Equipment: Nearest 1/10th of a degree.
b. Outdoor: Nearest degree.
c Space: Nearest 1/10th of a degree.
d Heating Hot Water: Nearest degree.
7. Voltage: Nearest 1/10 volt up to 100 V; nearest volt above 100 V.
L Control Stability: Control variables indicated within the following limits:
1. Flow:
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a. Air, Ducts and Equipment, except Terminal Units: Within 5 percent of design flow
rate.
b. Air, Terminal Units: Within 5 percent of design flow rate.

2. Moisture (Relative Humidity):
a. Air: Within 5 percent RH.
b. Space: Within 5 percent RH.
c. Outdoor: Within 5 percent RH.
3. Pressure:
a. Air, Ducts and Equipment: 0.5 percent of instrument range.
b. Space: Within 0.25 percent of instrument range.
4. Temperature, Dry Bulb:
a. Air: Within 0.5 deg F.
b. Space: Within 0.5 deg F.
1. Environmental Conditions for Controllers, Gateways, and Routers:
1. Products shall operate without performance degradation under ambient environmental
temperature, pressure and humidity conditions encountered for installed location.
a. If product alone cannot comply with requirement, install product in a protective
enclosure that is isolated and protected from conditions impacting performance.
Enclosure shall be internally insulated, electrically heated, cooled and ventilated as
required by product and application.
2. Products shall be protected with enclosures satisfying the following minimum

requirements unless more stringent requirements are indicated. Products not available
with integral enclosures complying with requirements indicated shall be housed in
protective secondary enclosures. Installed location shall dictate the following NEMA 250
enclosure requirements:

Outdoors, Protected: Type 3.

Outdoors, Unprotected: Type 4.

Indoors, Heated with Filtered Ventilation: Type 1 or Type 2.
Indoors, Heated with Non-Filtered Ventilation: Type 2.
Indoors, Heated and Air Conditioned: Type 1.

Mechanical Equipment Rooms:

mo oo o

1)  Air-Moving Equipment Rooms: Type 1.

g. Localized Areas Exposed to Washdown: Type 4.

h. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible
Condensation: Type 2.

1. Within Duct Systems and Air-Moving Equipment Exposed to Possible
Condensation: Type 4.

K. Environmental Conditions for Instruments and Actuators:
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1. Instruments and actuators shall operate without performance degradation under the
ambient environmental temperature, pressure, humidity, and vibration conditions
specified and encountered for installed location.

a. If instruments and actuators alone cannot comply with requirement, install
instruments and actuators in protective enclosures that are isolated and protected
from conditions impacting performance. Enclosure shall be internally insulated,
electrically heated and ventilated as required by instrument and application.

L. DDC System Reliability:

1. Design, install and configure DDC controllers, devices and to yield a MTBF of at least
40,000 hours, based on a confidence level of at least 90 percent. MTBF value shall
include any failure for any reason to any part of products indicated.

2. If required to comply with MTBF indicated, include DDC system and product
redundancy to maintain DCC system, and associated systems and equipment that are
being controlled, operational and under automatic control.

3. Critical systems and equipment that require a higher degree of DDC system redundancy
than MTBF indicated shall be indicated on Drawings.

M.  Electric Power Quality:

1. Power-Line Surges:
a. Protect DDC system products connected to ac power circuits from power-line
surges.
b. Do not use fuses for surge protection.
2. Power Conditioning:
a. Protect susceptible DDC system products connected to ac power circuits from
irregularities and noise rejection. Characteristics of power-line conditioner shall be
as follows:

1) At 85 percent load, output voltage shall not deviate by more than plus or
minus 1 percent of nominal when input voltage fluctuates between minus 20
percent to plus 10 percent of nominal.

2) During load changes from zero to full load, output voltage shall not deviate
by more than plus or minus 3 percent of nominal.

3)  Accomplish full correction of load switching disturbances within five
cycles, and 95 percent correction within two cycles of onset of disturbance.

4) Total harmonic distortion shall not exceed 3-1/2 percent at full load.

3. Ground Fault: Protect products from ground fault by providing suitable grounding.
Products shall not fail due to ground fault condition.

N.  Backup Power Source:
1. HVAC systems and equipment served by a backup power source shall have associated

DDC system products that control such systems and equipment also served from a
backup power source.
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0. UPS:

L. DDC system products powered by UPS units shall include the following:

a. Desktop workstations.
b. Printers.
c. Servers.
P. Continuity of Operation after Electric Power Interruption:
1. Equipment and associated factory-installed controls, field-installed controls, electrical

equipment, and power supply connected to building normal and backup power systems
shall automatically return equipment and associated controls to operating state occurring
immediately before loss of normal power, without need for manual intervention by
operator when power is restored either through backup power source or through normal
power if restored before backup power is brought online.

2.5 SYSTEM ARCHITECTURE
A.  System architecture shall consist of no more than two levels of LANS.
1. Level one LAN shall connect network controllers and operator workstations.

Level one or Level two LAN shall connect programmable application controllers to other
programmable application controllers, and to network controllers.

3. Level two LAN shall connect application-specific controllers to programmable
application controllers and network controllers.

4. Level two LAN shall connect application-specific controllers to application-specific
controllers.

B. DDC system shall consist of dedicated and separated LANs that are not shared with other
building systems and tenant data and communication networks.

C.  System architecture shall be modular and have inherent ability to expand to not less than two
times system size indicated with no impact to performance indicated.

D.  System architecture shall perform modifications without having to remove and replace existing
network equipment.

E.  Number of LANs and associated communication shall be transparent to operator. All I/O points
residing on any LAN shall be capable of global sharing between all system LANS.

F. System design shall eliminate dependence on any single device for system alarm reporting and
control execution. Each controller shall operate independently by performing its' own control,
alarm management and historical data collection.

G.  Special Network Architecture Requirements:

1. Air-Handling Systems: For control applications of an air-handling system that consists of

air-handling unit(s) and VAV or CAV terminal units, include a dedicated LAN of
application-specific controllers serving VAV or CAV terminal units connected directly to
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2.6

2.7

controller that is controlling air-handling system air-handling unit(s). Create a DDC
system LAN that aligns with air-handling system being controlled.

DDC SYSTEM OPERATOR INTERFACES

Operator Means of System Access: Operator shall be able to access entire DDC system through
any of multiple means, including, but not limited to, the following:

1. Desktop and portable workstation with hardwired connection through LAN port.

2. Portable operator terminal with hardwired connection through LAN port.

3. Portable operator workstation with wireless connection through LAN router.

4. Mobile device and application with secured wireless connection through LAN router or
cellular data service.

5. Remote connection through web access.

Access to system, regardless of operator means used, shall be transparent to operator.

Network Ports: For hardwired connection of desktop or portable workstation. Network port
shall be easily accessible, properly protected, clearly labeled, and installed at the following
locations:

1. Each mechanical equipment room.

2. Each different roof level with roof-mounted air-handling units or rooftop units.

Mobile Device:

1. Connect to system through a wireless router connected to LAN and cellular data service.
2. Able to communicate with any DDC controller connected to DDC system using a

dedicated application and secure web access.
Critical Alarm Reporting:

1. Operator-selected critical alarms shall be sent by DDC system to notify operator of
critical alarms that require immediate attention.

2. DDC system shall send alarm notification to multiple recipients that are assigned for each
alarm.
3. DDC system shall notify recipients by any or all means, including e-mail, text message

and prerecorded phone message to mobile and landline phone numbers.
Simultaneous Operator Use: Capable of accommodating up to five simultaneous operators that
are accessing DDC system through any one of operator interfaces indicated.
NETWORK COMMUNICATION PROTOCOL

Network communication protocol(s) used throughout entire DDC system shall be open to
Owner and available to other companies for use in making future modifications to DDC system.

ASHRAE 135 Protocol:
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2.8

1.

2.

ASHRAE 135 communication protocol shall be sole and native protocol used throughout
entire DDC system.

DDC system shall not require use of gateways except to integrate HVAC equipment and
other building systems and equipment, not required to use ASHRAE 135 communication
protocol.

If used, gateways shall connect to DDC system using ASHRAE 135 communication
protocol and Project object properties and read/write services indicated by
interoperability schedule.

Operator workstations, controllers and other network devices shall be tested and listed by
BACnet Testing Laboratories.

Industry Standard Protocols:

L.

DDC system shall use any one or a combination of the following industry standard
protocols for network communication while complying with other DDC system
requirements indicated:

a. ASHRAE 135.

2. Operator workstations and network controllers shall communicate through ASHRAE 135
protocol.

3. Portions of DDC system networks using ASHRAE 135 communication protocol shall be
an open implementation of network devices complying with ASHRAE 135. Network
devices shall be tested and listed by BACnet Testing Laboratories.

DESKTOP WORKSTATIONS

Description: A tower or all-in-one computer designed for normal use at a single, semipermanent
location.

Performance Requirements:

L.

2.

Performance requirements may dictate equipment exceeding minimum requirements
indicated.
Energy Star compliant.

Personal Computer:

1.
2.

Minimum Processor Speed: 5.4 GHz.
RAM:

a. Capacity: 16 GB.

Hard Drive:

a. Media: Rotating disc, nominal rotational speed of 7200 rpm.
b. Number of Hard Drives: One.

c. Capacity: 1 TB.

Network Interface Card: Include card with connection, as applicable.

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 19



ENERGY EFFICIENCY UPGRADES

MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY

BOOTHBAY HARBOR, MAINE

2.9

BGS PROJECT NO. 3707

a. 10-100-1000 base TX Ethernet with RJ45 connector port.

Keyboard:

1. 101 enhanced keyboard.

2. Full upper- and lowercase ASCII keyset, numeric keypad, dedicated cursor control

keypad, and 12 programmable function keys.
Pointing Device:

1. Either a two- or three-button mouse.

PORTABLE WORKSTATIONS

Description: A self-contained computer designed to allow for normal use in different locations

and conditions.

Performance Requirements:

1. Performance requirements may dictate equipment exceeding minimum requirements

indicated.
2. Energy Star compliant.

3. Hardware and software shall support local down-loading to DDC controllers.

4. Data transfer rate to DDC controller shall be at network speed.

Processor:

1. Minimum Processor Speed: 4.7 GHz.
2. RAM:

a. Capacity: 16 GB.
3. Hard Drive:

a. Number of Hard Drives: One.
b. Capacity: 500 GB.

Input and Output Ports:

1. Four USB 3.0 ports.
2. HDMI port.

Battery:

1. Battery life of at least three years.
2. Battery charge time of less than three hours.

Keyboard:

1. 85-key backlit keyboard.
2. Full upper- and lowercase ASCII keyset.
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G.

H.

2.10

2.11

Integral Pointing Device: Touchpad with two buttons. Gesture enabled.

Display:

1.
2.

Antiglare screen.
1920 by 1080 pixel resolution.

Network Interfaces:

L.

Network Interface Card: Include card with connection, as application.

a. 10-100-1000 base TX Ethernet with RJ45 connector port.

Accessories:
1. Nylon carrying case.
2. Wireless optical mouse.

3. HDMI cable. Minimum cable length shall be 6 feet.

PRINTERS

Color Inkjet Printer:

1. Inkjet technology with true four-color printing (black, cyan, magenta, and yellow).

2. Print quality of 1200 by 600 dots per inch with black on inkjet paper and 4800 by 1200
dots per inch color printing on premium photo paper.

SYSTEM SOFTWARE

System Software Minimum Requirements:

1.

Real-time multitasking and multiuser 64-bit operating system that allows concurrent
multiple operator workstations operating and concurrent execution of multiple real-time
programs and custom program development.

Operating system shall be capable of operating DOS and Microsoft Windows
applications.

Network communications software shall manage and control multiple network
communications to provide exchange of global information and execution of global
programs.

Operator interface software shall include day-to-day operator transaction processing,
alarm and report handling, operator privilege level and data segregation control, custom
programming, and online data modification capability.

Scheduling software shall schedule centrally based time and event, temporary, and
exception day programs.

Operator Interface Software:

1.

Minimize operator training through use of English language prorating and English
language point identification.
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2. Minimize use of a typewriter-style keyboard through use of a pointing device similar to a
mouse.

3. Operator sign-off shall be a manual operation or, if no keyboard or mouse activity takes
place, an automatic sign-off.

4. Automatic sign-off period shall be programmable from one to 60 minutes in one-minute
increments on a per operator basis.

5. Security Access:

Operator access to DDC system shall be under password control.

An alphanumeric password shall be field assignable to each operator.

Operators shall be able to access DDC system by entry of proper password.
Operator password shall be same regardless of which computer or other interface
means is used.

oo

e. Additions or changes made to passwords shall be updated automatically.

f. Each operator shall be assigned an access level to restrict access to data and
functions the operator is cable of performing.

g. Software shall have at least five access levels.

h. Each menu item shall be assigned an access level so that a one-for-one

correspondence between operator assigned access level(s) and menu item access
level(s) is required to gain access to menu item.

1. Display menu items to operator with those capable of access highlighted. Menu
and operator access level assignments shall be online programmable and under
password control.

6. Operators shall be able to perform commands including, but not limited to, the following:

Start or stop selected equipment.

Adjust set points.

Add, modify, and delete time programming.
Enable and disable process execution.

Lock and unlock alarm reporting for each point.
Enable and disable totalization for each point.
Enable and disable trending for each point.
Override control loop set points.

Enter temporary override schedules.

Define holiday and event schedules.

Change time and date.

Enter and modify analog alarm limits.

Enter and modify analog warning limits.
View limits.

Enable and disable demand limiting.

eBEZTARTIER MO 00 O

7. Reporting:

Generated automatically and manually.
Sent to displays, printers and disk files.
C. Types of Reporting:

o

1) General listing of points.

2)  List points currently in alarm.

3)  List of off-line points.

4) List points currently in override status.
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8.

5) List of disabled points.

6)  List points currently locked out.
7) List weekly schedules.

8) List holiday programming.

Summaries: For specific points, for a logical point group, for an operator selected
group(s), or for entire system without restriction due to hardware configuration.

C.  Graphic Interface Software:

L.

11.
12.

13.

14.

15.
16.

Include a full interactive graphical selection means of accessing and displaying system
data to operator. Include at least five levels with the penetration path operator assignable
(for example, site, building, floor, air-handling unit, and supply temperature loop). Native
language descriptors assigned to menu items are to be operator defined and modifiable
under password control.

Include a hierarchical-linked dynamic graphic operator interface for accessing and
displaying system data and commanding and modifying equipment operation. Interface
shall use a pointing device with pull-down or penetrating menus, color and animation to
facilitate operator understanding of system.

Include at least 10 levels of graphic penetration with the hierarchy operator assignable.
Descriptors for graphics, points, alarms and such shall be modified through operator's
workstation under password control.

Graphic displays shall be online user definable and modifiable using the hardware and
software provided.

Data to be displayed within a graphic shall be assignable regardless of physical hardware
address, communication or point type.

Graphics are to be online programmable and under password control.

Points may be assignable to multiple graphics where necessary to facilitate operator
understanding of system operation.

Graphics shall also contain software points.

Penetration within a graphic hierarchy shall display each graphic name as graphics are
selected to facilitate operator understanding.

Display operator accessed data on the monitor.

Operator shall select further penetration using pointing device to click on a site, building,
floor, area, equipment, and so on. Defined and linked graphic below that selection shall
then be displayed.

Dynamic data shall be assignable to graphics.

Use color, rotation, or other highly visible means, to denote status and alarm states. Color
shall be variable for each class of points, as chosen by operator.

Points shall be dynamic update rates on a per point basis.

For operators with appropriate privilege, points shall be commanded directly from
display using pointing device.

D.  Project-Specific Graphics: Graphics documentation including, but not limited to, the following:

1.

2.

Site plan showing each building, and additional site elements, which are being controlled
or monitored by DDC system.
Plan for each building floor and the roof, showing the following:

a. Room layouts with room identification and name.
b. Locations and identification of all monitored and controlled HVAC equipment and
other equipment being monitored and controlled by DDC system.
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c. Location and identification of each hardware point being controlled or monitored
by DDC system.

Control schematic for each of following, including a graphic system schematic
representation, similar to that indicated on Drawings, with point identification, set point
and dynamic value indication, sequence of operation and controller wiring diagram.
Graphic display for each piece of equipment connected to DDC system through a data
communications link. Include dynamic indication of all points associated with equipment.
DDC system network riser diagram that shows schematic layout for entire system
including all networks and all controllers, operator workstations and other network
devices.

E. Customizing Software:

L.

Software to modify and tailor DDC system to specific and unique requirements of
equipment installed, to programs implemented and to staffing and operational practices
planned.

Online modification of DDC system configuration, program parameters, and database
using menu selection and keyboard entry of data into preformatted display templates.

As a minimum, include the following modification capability:

a. Operator assignment shall include designation of operator passwords, access
levels, point segregation and auto sign-off.

b. System text addition and change capability shall include English or native
language descriptors for points and access levels and action messages for alarms,
run time and trouble condition.

c. Time and schedule change capability shall include time and date set, time and
occupancy schedules, exception and holiday schedules and daylight savings time
schedules.

d. Point related change capability shall include the following:

1)  System and point enable and disable.
2)  Assignment of alarm and warning limits.

e. Application program change capability shall include the following:
1)  Programming changes.

Software shall allow operator to add points, or groups of points, to DDC system and to
link them to energy optimization and management programs. Additions and
modifications shall be online programmable using operator workstation, downloaded to
other network devices and entered into their databases. After verification of point
additions and associated program operation, database shall be uploaded and recorded on
hard drive and disk for archived record.

F. Alarm Handling Software:

1.

2.

Include alarm handling software to report all alarm conditions monitored and transmitted
through DDC controllers and other network devices.

Include first in, first out handling of alarms according to alarm priority ranking, with
most critical alarms first, and with buffer storage in case of simultaneous and multiple
alarms.
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3.

4.

Alarm handling shall be active at all times to ensure that alarms are processed even if an
operator is not currently signed on to DDC system.
Alarms display shall include the following:

a. Indication of alarm condition such as "Abnormal Off," "Hi Alarm," and "Low
Alarm."

b. "Analog Value" or "Status" group and point identification with native language
point descriptor such as "Space Temperature, Building 110, 2nd Floor,
Room 212."

c. Discrete per point alarm action message, such as "Call Maintenance Dept. Ext-
5561."

d. Include extended message capability to allow assignment and printing of extended

action messages. Capability shall be operator programmable and assignable on a
per point basis.

Alarms shall be directed to appropriate operator workstations, printers, and individual
operators by privilege level and assignments.

Include an unacknowledged alarm indicator on display to alert operator that there are
unacknowledged alarms in system. Operator shall be able to acknowledge alarms on an
individual basis or through a multiple alarm acknowledge key, depending on alarm class.

G.  Reports and Logs:

1.

Include reporting software package that allows operator to select, modify, or create
reports using DDC system I/O point data available.

Each report shall be definable as to data content, format, interval and date.

Report data shall be sampled and stored on DDC controller, within storage limits of DDC
controller, and then uploaded to archive on workstation for historical reporting.

Operator shall be able to obtain real-time logs of all I/O points by type or status, such as
alarm, point lockout, or normal.

Reports and logs shall be stored on workstation hard drives in a format that is readily
accessible by other standard software applications, including spreadsheets and word
processing.

Reports and logs shall be readily printed and set to be printed either on operator
command or at a specific time each day.

H.  Standard Reports: Standard DDC system reports shall be provided and operator shall be able to
customize reports later.

SNk =

All I/O: With current status and values.

Alarm: All current alarms, except those in alarm lockout.

Disabled I/0: All I/O points that are disabled.

Alarm Lockout I/0: All I/O points in alarm lockout, whether manual or automatic.
Alarm Lockout I/O in Alarm: All I/O in alarm lockout that are currently in alarm.
Logs:

Alarm history.
System messages.
System events.
Trends.

fao o

I Standard Trends:

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 25



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

2.12

2.13

1. Trend all I/O point present values, set points, and other parameters indicated for trending.
2. Trends shall be associated into groups, and a trend report shall be set up for each group.
3. Trends shall be stored within DDC controller and uploaded to hard drives automatically

on reaching 75 percent of DDC controller buffer limit, or by operator request, or by
archiving time schedule.
4. Preset trend intervals for each I/O point after review with Owner.

5. Trend intervals shall be operator selectable from 10 seconds up to 60 minutes. Minimum
number of consecutive trend values stored at one time shall be 100 per variable.
6. When drive storage memory is full, most recent data shall overwrite oldest data.

7. Archived and real-time trend data shall be available for viewing numerically and
graphically by operators.

Programming Software:

L. Include programming software to execute sequences of operation indicated.

2. Include programming routines in simple and easy to follow logic with detailed text
comments describing what the logic does and how it corresponds to sequence of
operation.

3. Include means for detecting programming errors and testing software control strategies

with a simulation tool before implementing in actual control. Simulation tool may be
inherent with programming software or as a separate product.
ASHRAE 135 GATEWAYS
Include BACnet communication ports, whenever available as an equipment OEM standard
option, for integration via a single communication cable. BACnet-controlled plant equipment
includes, but is not limited to, boilers, and variable-speed drives.

DDC CONTROLLERS

DDC system shall consist of a combination of network controllers, programmable application
controllers and application-specific controllers to satisfy performance requirements indicated.

DDC controllers shall perform monitoring, control, energy optimization and other requirements
indicated.

DDC controllers shall use a multitasking, multiuser, real-time digital control microprocessor
with a distributed network database and intelligence.

Each DDC controller shall be capable of full and complete operation as a completely
independent unit and as a part of a DDC system wide distributed network.

Environment Requirements:
1. Controller hardware shall be suitable for the anticipated ambient conditions.
Power and Noise Immunity:

1. Controller shall operate at 90 to 110 percent of nominal voltage rating and shall perform
an orderly shutdown below 80 percent of nominal voltage.
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2. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios
with up to 5 W of power located within36 inches of enclosure.

G.  DDC Controller Spare Processing Capacity:

1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will
implement requirements indicated with the following spare memory:

a. Network Controllers: 50 percent.
b. Programmable Application Controllers: Not less than 60 percent.
c. Application-Specific Controllers: Not less than 70 percent.

H.  DDC Controller Spare 1/0 Point Capacity: Include spare I/O point capacity for each controller
as follows:

1. Network Controllers:

a. 10 percent of each Al, AO, BI, and BO point connected to controller.
b. Minimum Spare I/O Points per Controller:

1) Als: Two.

2) AOs: Two.
3) Bls: Three.
4)  BOs: Three.

2. Programmable Application Controllers:

a. 10 percent of each Al, AO, BI, and BO point connected to controller.
b. Minimum Spare 1/O Points per Controller:

1)  Als: Three.
2) AOs: Three.
3) Bls: Three.
4)  BOs: Three.

3. Application-Specific Controllers:

a. 10 percent of each Al, AO, BI, and BO point connected to controller.

b. Minimum Spare I/O Points per Controller:
1)  Als: One.
2) AOs: One.
3)  Bls: One.
4)  BOs: One.
L Maintenance and Support: Include the following features to facilitate maintenance and support:

Mount microprocessor components on circuit cards for ease of removal and replacement.
Means to quickly and easily disconnect controller from network.

Means to quickly and easily access connect to field test equipment.

Visual indication that controller electric power is on, of communication fault or trouble,
and that controller is receiving and sending signals to network.

el e e
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J. Input and Output Point Interface:

L.

2.

Hardwired input and output points shall connect to network, programmable application
and application-specific controllers.

Input and output points shall be protected so shorting of point to itself, to another point,
or to ground will not damage controller.

Input and output points shall be protected from voltage up to 24 V of any duration so that
contact will not damage controller.

Als:

@

AOs:

/e

Bls:

Als shall include monitoring of low-voltage (zero- to 10-V dc), current (4 to 20
mA) and resistance signals from thermistor and RTD sensors.

Als shall be compatible with, and field configurable to, sensor and transmitters
installed.

Controller Als shall perform analog-to-digital (A-to-D) conversion with a
minimum resolution of 12 bits or better to comply with accuracy requirements
indicated.

Signal conditioning including transient rejection shall be provided for each Al
Capable of being individually calibrated for zero and span.

Incorporate common-mode noise rejection of at least 50 dB from zero to 100 Hz
for differential inputs, and normal-mode noise rejection of at least 20 dB at 60 Hz
from a source impedance of 10000 ohms.

Controller AOs shall perform analog-to-digital (A-to-D) conversion with a
minimum resolution of 12 bits or better to comply with accuracy requirements
indicated.

Output signals shall have a range of 4 to 20 mA dc or zero- to 10-V dc as required
to include proper control of output device.

Capable of being individually calibrated for zero and span.

AOs shall not exhibit a drift of greater than 0.4 percent of range per year.

Network and programmable application controller AOs shall be equipped with
individual H-O-A switches and output adjustment potentiometers for use in the
hand position.

Controller Bls shall accept contact closures and shall ignore transients of less than
5-ms duration.

Isolation and protection against an applied steady-state voltage of up to 180-V ac
peak.

Bls shall include a wetting current of at least 12 mA to be compatible with
commonly available control devices and shall be protected against effects of
contact bounce and noise.

BIs shall sense "dry contact" closure without external power (other than that
provided by the controller) being applied.

Pulse accumulation input points shall comply with all requirements of Bls and
accept up to 10 pulses per second for pulse accumulation. Buffer shall be provided
to totalize pulses. Pulse accumulator shall accept rates of at least 20 pulses per
second. The totalized value shall be reset to zero on operator's command.
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7.

BOs:

a. Controller BOs shall include relay contact closures or triac outputs for momentary
and maintained operation of output devices.

1) Relay contact closures shall have a minimum duration of 0.1 second. Relays
shall include at least 180 V of isolation. Electromagnetic interference
suppression shall be provided on all output lines to limit transients to non-
damaging levels. Minimum contact rating shall be 1 A at 24-V ac.

2) Triac outputs shall include at least 180 V of isolation. Minimum contact
rating shall be 1 A at 24-V ac.

b. BOs shall include for two-state operation or a pulsed low-voltage signal for pulse-
width modulation control.

c. BOs shall be selectable for either normally open or normally closed operation.

d. Include tristate outputs (two coordinated BOs) for control of three-point floating-
type electronic actuators without feedback.

€. Limit use of three-point floating devices to VAV terminal unit control applications.

Control algorithms shall operate actuator to one end of its stroke once every 24
hours for verification of operator tracking.

2.14 NETWORK CONTROLLERS

A.  General Network Controller Requirements:

1. Include adequate number of controllers to achieve performance indicated.

2. System shall consist of one or more independent, standalone, microprocessor-based
network controllers to manage global strategies indicated.

3. Controller shall have enough memory to support its operating system, database, and
programming requirements.

4. Data shall be shared between networked controllers and other network devices.

5. Operating system of controller shall manage input and output communication signals to
allow distributed controllers to share real and virtual object information and allow for
central monitoring and alarms.

6. Controller shall continually check status of its processor and memory circuits. If an
abnormal operation is detected, controller shall assume a predetermined failure mode and
generate an alarm notification.

7. Controllers shall be fully programmable.

B.  Communication:

1. Network controllers shall communicate with other devices on DDC system Level one
network.

2. Network controller also shall perform routing if connected to a network of programmable
application and application-specific controllers.

C.  Operator Interface:
1. Controller shall be equipped with a service communications port for connection to a

portable operator's workstation or mobile device.
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D.

2.15

2.16

Serviceability:

1. Controller shall be equipped with diagnostic LEDs or other form of local visual
indication of power, communication, and processor.

2. Wiring and cable connections shall be made to field-removable, modular terminal strips
or to a termination card connected by a ribbon cable.
3. Controller shall maintain BIOS and programming information in event of a power loss

for at least 96 hours.

PROGRAMMABLE APPLICATION CONTROLLERS

General Programmable Application Controller Requirements:

1. Include adequate number of controllers to achieve performance indicated.

2. Controller shall have enough memory to support its operating system, database, and
programming requirements.

3. Data shall be shared between networked controllers and other network devices.

4, Operating system of controller shall manage input and output communication signals to

allow distributed controllers to share real and virtual object information and allow for
central monitoring and alarms.

5. Controller shall continually check status of its processor and memory circuits. If an
abnormal operation is detected, controller shall assume a predetermined failure mode and
generate an alarm notification.

6. Controllers shall be fully programmable.

Communication:
1. Programmable application controllers shall communicate with other devices on network.
Operator Interface:

1. Controller shall be equipped with a service communications port for connection to a
portable operator's workstation or mobile device.

Serviceability:

1. Controller shall be equipped with diagnostic LEDs or other form of local visual
indication of power, communication, and processor.

2. Wiring and cable connections shall be made to field-removable, modular terminal strips
or to a termination card connected by a ribbon cable.

3. Controller shall maintain BIOS and programming information in event of a power loss

for at least 72 hours.

APPLICATION-SPECIFIC CONTROLLERS

Description: Microprocessor-based controllers, which through hardware or firmware design are
dedicated to control a specific piece of equipment. Controllers are not fully user-programmable
but are configurable and customizable for operation of equipment they are designed to control.
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2.17

1. Capable of standalone operation and shall continue to include control functions without
being connected to network.
2. Data shall be shared between networked controllers and other network devices.

Communication: Application-specific controllers shall communicate with other application-
specific controller and devices on network, and to programmable application and network
controllers.

Operator Interface: Controller shall be equipped with a service communications port for
connection to a portable operator's workstation. Connection shall extend to port on space
temperature sensor that is connected to controller.

Serviceability:

1. Controller shall be equipped with diagnostic LEDs or other form of local visual
indication of power, communication, and processor.

2. Wiring and cable connections shall be made to field-removable, modular terminal strips
or to a termination card connected by a ribbon cable.

3. Controller shall use nonvolatile memory and maintain all BIOS and programming

information in event of power loss.

CONTROLLER SOFTWARE
General Controller Software Requirements:

1. Software applications shall reside and operate in controllers. Editing of applications shall
occur at operator workstations.

2. I/0 points shall be identified by up to 30-character point name and up to 16-character

point descriptor. Same names shall be used at operator workstations.

Control functions shall be executed within controllers using DDC algorithms.

4. Controllers shall be configured to use stored default values to ensure fail-safe operation.
Default values shall be used when there is a failure of a connected input instrument or
loss of communication of a global point value.

98]

Security:

[a—

Operator access shall be secured using individual security passwords and user names.

2. Passwords shall restrict operator to points, applications, and system functions as assigned
by system manager.

Operator log-on and log-off attempts shall be recorded.

4. System shall protect itself from unauthorized use by automatically logging off after last
keystroke. The delay time shall be operator-definable.

W

Scheduling: Include capability to schedule each point or group of points in system.

System Coordination:

1. Include standard application for proper coordination of equipment.

2. Application shall include operator with a method of grouping together equipment based
on function and location.

3. Group may then be used for scheduling and other applications.
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E.

Binary Alarms:

L. Each binary point shall be set to alarm based on operator-specified state.
2. Include capability to automatically and manually disable alarming.

Analog Alarms:

1. Each analog object shall have both high and low alarm limits.
2. Alarming shall be able to be automatically and manually disabled.

Alarm Reporting:

I. Operator shall be able to determine action to be taken in event of an alarm.

2. Alarms shall be routed to appropriate operator workstations based on time and other
conditions.

3. Alarm shall be able to start programs, print, be logged in event log, generate custom

messages, and display graphics.
Remote Communication:
1. System shall have ability to dial out in the event of an alarm.

Maintenance Management: System shall monitor equipment status and generate maintenance
messages based on operator-designated run-time, starts, and calendar date limits.

Sequencing: Include application software based on sequences of operation indicated to properly
sequence chillers, boilers, and other applicable HVAC equipment.

Control Loops:

1. Support any of the following control loops, as applicable to control required:
a. Two-position (on/off, open/close, slow/fast) control.
b. Proportional control.
c. Proportional plus integral (PI) control.
d. Proportional plus integral plus derivative (PID) control.

1) Include PID algorithms with direct or reverse action and anti-windup.

2)  Algorithm shall calculate a time-varying analog value used to position an
output or stage a series of outputs.

3) Controlled variable, set point, and PID gains shall be operator-selectable.

e. Adaptive (automatic tuning).
Staggered Start: Application shall prevent all controlled equipment from simultaneously
restarting after a power outage. Order which equipment (or groups of equipment) is started,
along with the time delay between starts, shall be operator-selectable.

Anti-Short Cycling:

1. BO points shall be protected from short cycling.
2. Feature shall allow minimum on-time and off-time to be selected.
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N. On and Off Control with Differential:

L. Include an algorithm that allows a BO to be cycled based on a controlled variable and set
point.
2. Algorithm shall be direct- or reverse-acting and incorporate an adjustable differential.

0. Run-Time Totalization:

1. Include software to totalize run-times for all BI and BO points.
2. A high run-time alarm shall be assigned, if required, by operator.
2.18 ENCLOSURES
A.  General Enclosure Requirements:
1. House each controller and associated control accessories in an enclosure. Enclosure shall

serve as central tie-in point for control devices such as switches, transmitters, transducers,
power supplies and transformers.

2. Do not house more than one controller in a single enclosure.

3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures
and include one pair of keys per enclosure.

4. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall
or freestanding support stand as required.

5. Supply each enclosure with a complete set of as-built schematics and wiring diagrams

and product literature located in a pocket on inside of door.

B.  Environmental Requirements:
1. Evaluate temperature and humidity requirements of each product to be installed within
each enclosure.
2. Where required by application, include temperature-controlled electrical heat to maintain
inside of enclosure above minimum operating temperature of product with most stringent
requirement.

2.19 RELAYS
A.  General-Purpose Relays:

1. Relays shall be heavy duty and rated for at least 10 A at 250-V ac and 60 Hz.

2. Relays shall be either double pole double throw (DPDT) or three-pole double throw,
depending on the control application.

3. Relays shall have LED indication.

B.  Current Sensing Relay:

Monitors ac current.

Independent adjustable controls for pickup and dropout current.

Energized when supply voltage is present and current is above pickup setting.
De-energizes when monitored current is below dropout current.

Dropout current is adjustable from 50 to 95 percent of pickup current.

Al e
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2.20 ELECTRICAL POWER DEVICES

A. Transformers:

1.

2.
3.

Transformer shall be sized for the total connected load, plus an additional 25 percent of
connected load.

Transformer shall be at least 40 VA.

Transformer shall have both primary and secondary fuses.

B. Power-Line Conditioner:

L.

General Power-Line Conditioner Requirements:

a. Design to ensure maximum reliability, serviceability and performance.

b. Overall function of the power-line conditioner is to receive raw, polluted electrical
power and purify it for use by electronic equipment. The power-line conditioner
shall provide isolated, regulated, transient and noise-free sinusoidal power to loads
served.

Standards: NRTL listed per UL 1012.

2.21 UNINTERRUPTABLE POWER SUPPLY (UPS) UNITS FOR WORKSTATIONS

A. 250 through 1000 VA:

1.

2.

UPS units shall provide continuous, regulated output power without using their batteries
during brown-out, surge, and spike conditions.

Load served shall not exceed 75 percent of UPS rated capacity, including power factor of
connected loads.

a. Larger-capacity units shall be provided for systems with larger connected loads.
b. UPS shall provide five minutes of battery power.

Performance:

a. Input Voltage: Single phase, 120- or 230-V ac, compatible with field power
source.

b. Load Power Factor Range (Crest Factor): 0.65 to 1.0.

c. Output Voltage: 101- to 132-V ac, while input voltage varies between 89 and 152-

V ac.

d. On Battery Output Voltage: Sine wave.

e. Inverter overload capacity shall be minimum 150 percent for 30 seconds.

f. Recharge time shall be a maximum of six hours to 90 percent capacity after full
discharge to cutoff.

g. Transfer Time: 6 ms.

h. Surge Voltage Withstand Capacity: IEEE C62.41, Categories A and B; 6 kV/200
and 500 A; 100-kHz ringwave.

UPS shall be automatic during fault or overload conditions.
Unit with integral line-interactive, power condition topology to eliminate all power
contaminants.
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6.

7.
8.
9.

10.

Include front panel with power switch and visual indication of power, battery, fault and
temperature.

Unit shall include an audible alarm of faults and front panel silence feature.

Unit with four NEMA WD 1, NEMA WD 6 Configuration 5-15R receptacles.

Batteries shall be sealed lead-acid type and be maintenance free. Battery replacement
shall be front accessible by user without dropping load.

Include tower models installed in ventilated cabinets to the particular installation
location.

B. 1000 through 3000 VA:

1.

2.

UPS units shall provide continuous, regulated output power without using their batteries
during brown-out, surge, and spike conditions.

Load served shall not exceed 75 percent of UPS rated capacity, including power factor of
connected loads.

a. Larger-capacity units, or multiple units, shall be provided for systems with larger
connected loads.
b. UPS shall provide five minutes of battery power.

Performance:

a. Input Voltage: Single phase, 120-V ac, plus 20 to minus 30 percent.

b. Power Factor: Minimum 0.97 at full load.

c. Output Voltage: Single phase, 120-V ac, within 3 percent, steady state with rated
output current of 10.0 A, 30.0-A peak.
Inverter overload capacity shall be minimum 150 percent for 30 seconds.

e. Recharge time shall be a maximum of eight hours to 90 percent capacity.

UPS bypass shall be automatic during fault or overload conditions.

UPS shall include dry contacts (digital output points) for low battery condition and
battery-on (primary utility power failure).

Batteries shall be sealed lead-acid type and be maintenance free.

Include tower models installed in ventilated cabinets or rack models installed on
matching racks, as applicable to the particular installation location and space
availability/configuration.

2.22 CONTROL WIRE AND CABLE

A. LAN and Communication Cable: Comply with DDC system manufacturer requirements for
network being installed.

L.
2.

Cable shall be balanced twisted pair.

Comply with the following requirements and for balanced twisted pair cable described in
Section 260523 "Control-Voltage Electrical Power Cables" and Section 271513
"Communications Copper Horizontal Cabling."

a. Cable shall be plenum rated.
b. Cable shall have a unique color that is different from other cables used on Project.
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2.23

A.

2.24

2.25

B.

RACEWAYS

Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for
electrical power raceways and boxes.

Comply with requirements in Section 270528 "Pathways for Communications Systems" for
raceways for balanced twisted pair cables and optical fiber cables.

Provide junction boxes for wall-mounted thermostats and wall-mounted temperature sensors,
and provide conduit from junction box to an accessible location above a ceiling.

ACCESSORIES

Damper Blade Limit Switches:

1. Sense positive open and/or closed position of the damper blades.

2. NEMA 250, Type 13, oil-tight construction.

3. Arrange for the mounting application.

4. Additional waterproof enclosure when required by its environment.
5. Arrange to prevent "over-center" operation.

IDENTIFICATION

Control Equipment, Instruments, and Control Devices:
1. Self-adhesive label bearing unique identification.

a. Include instruments with unique identification identified by equipment being
controlled or monitored, followed by point identification.

2. Letter size shall be as follows:

Operator Workstations: Minimum of 0.5 inch high.

Printers: Minimum of 0.5 inch high.

DDC Controllers: Minimum of 0.5 inch high.

Repeaters: Minimum of 0.5 inch high.

Enclosures: Minimum of 0.5 inch high.

Electrical Power Devices: Minimum of 0.25 inch high.

UPS units: Minimum of 0.5 inch high.

Accessories: Minimum of 0.25 inch high.

Instruments: Minimum of 0.25 inch high.

Control Damper and Valve Actuators: Minimum of 0.25 inch high.

CrER Mo a0 o

3. Legend shall consist of white lettering on black background.

4. Instruments, control devices and actuators with Project-specific identification tags having
unique identification numbers following requirements indicated and provided by original
manufacturer do not require additional identification.

Raceway and Boxes:
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1.

2.

Comply with requirements for identification specified in Section 260553 "Identification
for Electrical Systems."

Paint cover plates on junction boxes and conduit same color as the tape banding for
conduits. After painting, label cover plate "HVAC Controls," using an engraved phenolic
tag.

C.  Equipment Warning Labels:

—_

Self-adhesive label with pressure-sensitive adhesive back and peel-off protective jacket.
Lettering size shall be at least 14-point type with white lettering on red background.
Warning label shall read "CAUTION-Equipment operated under remote automatic
control and may start or stop at any time without warning. Switch electric power
disconnecting means to OFF position before servicing."

Lettering shall be enclosed in a white line border. Edge of label shall extend at least 0.25
inch beyond white border.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of the Work.

1. Verify compatibility with and suitability of substrates.
B.  Examine roughing-in for products to verify actual locations of connections before installation.
1. Examine roughing-in for instruments installed in piping to verify actual locations of
connections before installation.
2. Examine roughing-in for instruments installed in duct systems to verify actual locations

of connections before installation.

C. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be
installed.

D.  Prepare written report, endorsed by Installer, listing conditions detrimental to performance of
the Work.

E. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT

A.  Communication Interface to Equipment with Integral Controls:

L.

DDC system shall have communication interface with equipment having integral controls
and having a communication interface for remote monitoring or control.
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33

A.

34

CONTROL DEVICES FOR INSTALLATION BY INSTALLERS

Deliver selected control devices, specified in indicated HVAC instrumentation and control
device Sections, to identified equipment and systems manufacturers for factory installation and
to identified installers for field installation.

Deliver the following to duct fabricator and Installer for installation in ductwork. Include
installation instructions to Installer and supervise installation for compliance with requirements.

1. DDC control dampers, which are specified in Section 230923.12 "DDC Control

Dampers."

2. Airflow sensors and switches, which are specified in Section 230923.14 "Flow
Instruments."

3. Pressure sensors, which are specified in Section 230923.23 "Pressure Instruments."

GENERAL INSTALLATION REQUIREMENTS
Install products to satisfy more stringent of all requirements indicated.
Install products level, plumb, parallel, and perpendicular with building construction.

Support products, piping wiring, and raceways. Brace products to prevent lateral movement and
sway or a break in attachment when subjected to a force.

If codes and referenced standards are more stringent than requirements indicated, comply with
requirements in codes and referenced standards.

Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation
of products. Before proceeding with drilling, punching, and cutting, check for concealed work

to avoid damage. Patch, flash, grout, seal, and refinish openings to match adjacent condition.

Firestop Penetrations Made in Fire-Rated Assemblies: Comply with requirements in
Section 078413 "Penetration Firestopping."

Seal penetrations made in acoustically rated assemblies. Comply with requirements in
Section 079219 "Acoustical Joint Sealants."

Fastening Hardware:

1. Stillson wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other
parts are prohibited for work of assembling and tightening fasteners.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force
or by oversized wrenches.

3. Lubricate threads of bolts, nuts and screws with graphite and oil before assembly.

If product locations are not indicated, install products in locations that are accessible and that
will permit service and maintenance from floor, equipment platforms, or catwalks without
removal of permanently installed furniture and equipment.
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3.5 WORKSTATION INSTALLATION

A.  Desktop Workstations Installation:

1.
2.
3.
4.
5.

Install workstation(s) at location(s) directed by Owner.

Install multiple-receptacle power strip with cord for use in connecting multiple
workstation components to a single duplex electrical power receptacle.

Install software on workstation(s) and verify software functions properly.

Develop Project-specific graphics, trends, reports, logs and historical database.

Power each workstation through a dedicated UPS unit. Locate UPS adjacent to
workstation.

B. Portable Workstations Installation:

1.
2.

Turn over portable workstations to Owner at Substantial Completion.
Install software on workstation(s) and verify software functions properly.

C.  Color Graphics Application:

1. Use system schematics indicated as starting point to create graphics.

2. Develop Project-specific library of symbols for representing system equipment and
products.

3. Incorporate digital images of Project-completed installation into graphics where
beneficial to enhance effect.

4. Submit sketch of graphic layout with description of all text for each graphic for
Owner's and Architect's review before creating graphic using graphics software.

5. Seek Owner input in graphics development once using graphics software.

6. Final editing shall be done on-site with Owner's and Architect's review and feedback.

7. Refine graphics as necessary for Owner acceptance.

8. On receiving Owner acceptance, print a hard copy for inclusion in operation and
maintenance manual. Prepare a scanned copy PDF file of each graphic and include with
softcopy of DDC system operation and maintenance manual.

3.6 PRINTER INSTALLATION

A.  Provide the following printer(s) at location(s) directed by Owner:

1.

Color Inkjet: Quantity, one.

B.  Install printer software on workstations and verify that software functions properly.

3.7 ROUTER INSTALLATION

A.  Install routers if required for DDC system communication interface requirements indicated.

1.

Install router(s) required to suit indicated requirements.

B.  Testrouter to verify that communication interface functions properly.
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3.8

A.

3.9

3.10

CONTROLLER INSTALLATION
Install controllers in enclosures to comply with indicated requirements.
Connect controllers to field power supply.

Install controller with latest version of applicable software and configure to execute
requirements indicated.

Test and adjust controllers to verify operation of connected I/O to achieve performance
indicated requirements while executing sequences of operation.

Installation of Network Controllers:

1. Quantity and location of network controllers shall be determined by DDC system
manufacturer to satisfy requirements indicated.
2. Install controllers in a protected location that is easily accessible by operators.

3. Top of controller shall be within 84 inches of finished floor.

Installation of Programmable Application Controllers:

1. Quantity and location of programmable application controllers shall be determined by
DDC system manufacturer to satisfy requirements indicated.
2. Install controllers in a protected location that is easily accessible by operators.

3. Top of controller shall be within 84 inches of finished floor.

Application-Specific Controllers:

1. Quantity and location of application-specific controllers shall be determined by DDC
system manufacturer to satisfy requirements indicated.

2. For controllers not mounted directly on equipment being controlled, install controllers in
a protected location that is easily accessible by operators.

INSTALLATION OF WIRELESS ROUTERS FOR OPERATOR INTERFACE

Install wireless routers to achieve optimum performance and best possible coverage.

Mount wireless routers in a protected location that is within 60 inches of floor and easily

accessible by operators.

ELECTRIC POWER CONNECTIONS

Connect electrical power to DDC system products requiring electrical power connections.

Design of electrical power to products not indicated with electric power is delegated to DDC

system provider and installing trade. Work shall comply with NFPA 70 and other requirements

indicated.

Comply with requirements in Section 262816 "Enclosed Switches and Circuit Breakers" for
electrical power circuit breakers.
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D.

3.11

3.12

3.13

Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and
Cables" for electrical power conductors and cables.

Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for
electrical power raceways and boxes.

IDENTIFICATION

Identify system components, wiring, cabling, and terminals. Comply with requirements in
Section 260553 "Identification for Electrical Systems" for identification products and

installation.

Install unique instrument identification on face of each instrument connected to a DDC
controller.

Install unique identification on face of each control damper and valve actuator connected to a
DDC controller.

Warning Labels and Signs:

1. Shall be permanently attached to equipment that can be automatically started by DDC
control system.

2. Shall be located in highly visible location near power service entry points.

NETWORK INSTALLATION

Install cable in continuous raceway.

1. Where indicated on Drawings, cable trays may be used for copper cable in lieu of
conduit.

NETWORK NAMING AND NUMBERING

Coordinate with Owner and provide unique naming and addressing for networks and devices.

ASHRAE 135 Networks:

1. MAC Address:

a. Every network device shall have an assigned and documented MAC address
unique to its network.
b. Ethernet Networks: Document MAC address assigned at its creation.

c. ARCNET or MS/TP networks: Assign from 00 to 64.

2. Network Numbering:

a. Assign unique numbers to each new network.
b. Provide ability for changing network number through device switches or operator
interface.
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3.14

3.15

3.16

c. DDC system, with all possible connected LANSs, can contain up to 65,534 unique
networks.
CONTROL WIRE, CABLE AND RACEWAYS INSTALLATION
Comply with NECA 1.
Wire and Cable Installation:

1. Comply with installation requirements in Section 260523 "Control-Voltage Electrical
Power Cables."

Conduit Installation:

1. Comply with Section "260533 "Raceways and Boxes for Electrical Systems" for control-
voltage conductors.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and installations, including connections.

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

DDC SYSTEM 1/0 CHECKOUT PROCEDURES
Check installed products before continuity tests, leak tests and calibration.
Check instruments for proper location and accessibility.

Check instruments for proper installation on direction of flow, elevation, orientation, insertion
depth, or other applicable considerations that will impact performance.

Control Damper Checkout:

Verify that control dampers are installed correctly for flow direction.

Verify that proper blade alignment, either parallel or opposed, has been provided.
Verify that damper frame attachment is properly secured and sealed.

Verify that damper actuator and linkage attachment is secure.

Verify that actuator wiring is complete, enclosed and connected to correct power source.
Verify that damper blade travel is unobstructed.

A e

Instrument Checkout:
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3.17

1. Verify that instrument is correctly installed for location, orientation, direction and
operating clearances.

2. Verify that attachment is properly secured and sealed.

3. Verify that conduit connections are properly secured and sealed.

4. Verify that wiring is properly labeled with unique identification, correct type and size and
is securely attached to proper terminals.

5. Inspect instrument tag against approved submittal.

6. For instruments with tubing connections, verify that tubing attachment is secure and
isolation valves have been provided.

7. For flow instruments, verify that recommended upstream and downstream distances have
been maintained.

8. For temperature instruments:
a. Verify sensing element type and proper material.

b. Verify length and insertion.

DDC SYSTEM /O ADJUSTMENT, CALIBRATION AND TESTING:

Calibrate each instrument installed that is not factory calibrated and provided with calibration
documentation.

Provide a written description of proposed field procedures and equipment for calibrating each
type of instrument. Submit procedures before calibration and adjustment.

For each analog instrument, make a three-point test of calibration for both linearity and
accuracy.

Equipment and procedures used for calibration shall comply with instrument manufacturer's
written instructions.

Provide diagnostic and test equipment for calibration and adjustment.

Field instruments and equipment used to test and calibrate installed instruments shall have
accuracy at least twice the instrument accuracy being calibrated. An installed instrument with an
accuracy of 1 percent shall be checked by an instrument with an accuracy of 0.5 percent.

Calibrate each instrument according to instrument instruction manual supplied by manufacturer.

If after calibration indicated performance cannot be achieved, replace out-of-tolerance
instruments.

Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11,
"Field Testing of HVAC Control Components," in the absence of specific requirements, and to
supplement requirements indicated.

Analog Signals:

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100
percent.

2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.
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3.18

3.19

3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating
span using a precision-resistant source.

Digital Signals:

1. Check digital signals using a jumper wire.
2. Check digital signals using an ohmmeter to test for contact making or breaking.

Control Dampers:

1. Stroke and adjust control dampers following manufacturer's recommended procedure,
from 100 percent open to 100 percent closed and back to 100 percent open.

2. Check and document open and close cycle times for applications with a cycle time less
than 30 seconds.

3. For control dampers equipped with positive position indication, check feedback signal at

multiple positions to confirm proper position indication.
Meters: Check sensors at zero, 50, and 100 percent of Project design values.
Sensors: Check sensors at zero, 50, and 100 percent of Project design values.

Switches: Calibrate switches to make or break contact at set points indicated.

Transmitters:
1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a

precision-resistant source.

DDC SYSTEM CONTROLLER CHECKOUT
Verify power supply.

Verify voltage, phase and hertz.

Verify that protection from power surges is installed and functioning.

Verify that ground fault protection is installed.

If applicable, verify if connected to UPS unit.

If applicable, verify if connected to a backup power source.

If applicable, verify that power conditioning units, transient voltage suppression and
high-frequency noise filter units are installed.

AN o e

Verify that wire and cabling is properly secured to terminals and labeled with unique
identification.

Verify that spare I/O capacity is provided.

DDC CONTROLLER I/O CONTROL LOOP TESTS

Testing:
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1.
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10.

Test every 1/O point connected to DDC controller to verify that safety and operating
control set points are as indicated and as required to operate controlled system safely and
at optimum performance.

Test every 1/0 point throughout its full operating range.

Test every control loop to verify operation is stable and accurate.

Adjust control loop proportional, integral and derivative settings to achieve optimum
performance while complying with performance requirements indicated. Document
testing of each control loop's precision and stability via trend logs.

Test and adjust every control loop for proper operation according to sequence of
operation.

Test software and hardware interlocks for proper operation. Correct deficiencies.

Operate each analog point at the following:

a. Upper quarter of range.
b. Lower quarter of range.
c. At midpoint of range.

Exercise each binary point.

For every I/O point in DDC system, read and record each value at operator workstation,
at DDC controller and at field instrument simultaneously. Value displayed at operator
workstation, at DDC controller and at field instrument shall match.

Prepare and submit a report documenting results for each I/0O point in DDC system and
include in each I/O point a description of corrective measures and adjustments made to
achieve desire results.

3.20 DDC SYSTEM VALIDATION TESTS

A.  Perform validation tests before requesting final review of system. Before beginning testing, first
submit Pretest Checklist and Test Plan.

B.  After approval of Test Plan, execute all tests and procedures indicated in plan.

C.  After testing is complete, submit completed test checklist.

D.  Pretest Checklist: Submit the following list with items checked off once verified:

N —

%N oL s W

9

10.
11.
12.
13.

Detailed explanation for any items that are not completed or verified.

Required mechanical installation work is successfully completed and HVAC equipment
is working correctly.

HVAC equipment motors operate below full-load amperage ratings.

Required DDC system components, wiring, and accessories are installed.

Installed DDC system architecture matches approved Drawings.

Control electric power circuits operate at proper voltage and are free from faults.
Required surge protection is installed.

DDC system network communications function properly, including uploading and
downloading programming changes.

Each controller's programming is backed up.

Equipment, products, tubing, wiring cable and conduits are properly labeled.

All I/O points are programmed into controllers.

Testing, adjusting and balancing work affecting controls is complete.

Dampers and actuators zero and span adjustments are set properly.
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14.  Each control damper and actuator goes to failed position on loss of power.

15.  Meter, sensor and transmitter readings are accurate and calibrated.

16.  Control loops are tuned for smooth and stable operation.

17.  View trend data where applicable.

18.  Each controller works properly in standalone mode.

19.  Safety controls and devices function properly.

20. Interfaces with fire-alarm system function properly.

21.  Electrical interlocks function properly.

22.  Operator workstations and other interfaces are delivered, all system and database
software is installed, and graphic are created.

23.  Record Drawings are completed.

E. Test Plan:

1. Prepare and submit a validation test plan including test procedures for performance
validation tests.

2. Test plan shall address all specified functions of DDC system and sequences of operation.

3. Explain detailed actions and expected results to demonstrate compliance with
requirements indicated.

4. Explain method for simulating necessary conditions of operation used to demonstrate
performance.

5. Include a test checklist to be used to check and initial that each test has been successfully
completed.

6. Submit test plan documentation 20 business days before start of tests.

F. Validation Test:

1.

Verify operating performance of each I/O point in DDC system.

a. Verify analog I/O points at operating value.
b. Make adjustments to out-of-tolerance I/O points.

1)  Identify I/O points for future reference.

2) Simulate abnormal conditions to demonstrate proper function of safety
devices.

3)  Replace instruments and controllers that cannot maintain performance
indicated after adjustments.

Simulate conditions to demonstrate proper sequence of control.

Readjust settings to design values and observe ability of DDC system to establish desired
conditions.

After 24 Hours following Initial Validation Test:

a. Re-check 1/0 points that required corrections during initial test.
b. Identify I/O points that still require additional correction and make corrections
necessary to achieve desired results.

After 24 Hours of Second Validation Test:

a. Re-check 1/0 points that required corrections during second test.
b. Continue validation testing until I/O point is normal on two consecutive tests.
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3.21

3.22

6. Completely check out, calibrate, and test all connected hardware and software to ensure
that DDC system performs according to requirements indicated.
7. After validation testing is complete, prepare and submit a report indicating all I/O points

that required correction and how many validation re-tests it took to pass. Identify
adjustments made for each test and indicate instruments that were replaced.

FINAL REVIEW

Submit written request to Architect and Owner when DDC system is ready for final review.
Written request shall state the following:

I. DDC system has been thoroughly inspected for compliance with contract documents and
found to be in full compliance.

2. DDC system has been calibrated, adjusted and tested and found to comply with
requirements of operational stability, accuracy, speed and other performance
requirements indicated.

3. DDC system monitoring and control of HVAC systems results in operation according to
sequences of operation indicated.
4. DDC system is complete and ready for final review.

Review by Architect and Owner shall be made after receipt of written request. A field report
shall be issued to document observations and deficiencies.

Take prompt action to remedy deficiencies indicated in field report and submit a second written
request when all deficiencies have been corrected. Repeat process until no deficiencies are
reported.

Should more than two reviews be required, DDC system manufacturer and Installer shall
compensate entity performing review for total costs, labor and expenses, associated with third
and subsequent reviews. Estimated cost of each review shall be submitted and approved by
DDC system manufacturer and Installer before making the review.

Prepare and submit closeout submittals and begin procedures indicated in "Extended Operation
Test" Article when no deficiencies are reported.

A part of DDC system final review shall include a demonstration to parties participating in final
review.

1. Provide staff familiar with DDC system installed to demonstrate operation of DDC
system during final review.

2. Provide testing equipment to demonstrate accuracy and other performance requirements
of DDC system that is requested by reviewers during final review.

ADJUSTING

Occupancy Adjustments: When requested within 12 months from date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.
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3.23

A.

3.24

3.25

MAINTENANCE SERVICE

Maintenance Service: Beginning at Substantial Completion, maintenance service shall include
12 months' full maintenance by DDC system manufacturer's authorized service representative.
Include monthly preventive maintenance, repair or replacement of worn or defective
components, cleaning, calibration and adjusting as required for proper operation. Parts and
supplies shall be manufacturer's authorized replacement parts and supplies.

SOFTWARE SERVICE AGREEMENT

Technical Support: Beginning at Substantial Completion, service agreement shall include
software support for two years.

Upgrade Service: At Substantial Completion, update software to latest version. Install and
program software upgrades that become available within two years from date of Substantial
Completion. Upgrading software shall include operating system and new or revised licenses for
using software.

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access system and to
upgrade computer equipment if necessary.

DEMONSTRATION

Engage a factory-authorized service representative with complete knowledge of Project-specific

system installed to train Owner's maintenance personnel to adjust, operate, and maintain DDC

system.

Extent of Training:

1. Base extent of training on scope and complexity of DDC system indicated and training

requirements indicated. Provide extent of training required to satisfy requirements
indicated even if more than minimum training requirements are indicated.

2. Inform Owner of anticipated training requirements if more than minimum training
requirements are indicated.

3. Minimum Training Requirements:
a. Provide not less than five days of training total.
b. Stagger training over multiple training classes to accommodate Owner's

requirements. All training shall occur before end of warranty period.

Training Schedule:

1. Schedule training with Owner 20 business days before expected Substantial Completion.

2. Schedule training to provide Owner with at least 15 business days of notice in advance of
training.

3. Training shall occur within normal business hours at a mutually agreed on time. Unless

otherwise agreed to, training shall occur Monday through Friday, except on U.S. Federal
holidays, with two morning sessions and two afternoon sessions. Each morning session
and afternoon session shall be split in half with 15-minute break between sessions.
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Morning and afternoon sessions shall be separated by 30-minute lunch period. Training,
including breaks and excluding lunch period, shall not exceed eight hours per day.

4, Provide staggered training schedule as requested by Owner.

D.  Training Attendee List and Sign-in Sheet:

1. Request from Owner in advance of training a proposed attendee list with name, phone
number and e-mail address.
2. Provide a preprinted sign-in sheet for each training session with proposed attendees listed

and no fewer than six blank spaces to add additional attendees.

E.  Training Attendee Headcount:

1. Plan in advance of training for five attendees.
2. Make allowance for Owner to add up to two attendees at time of training.
3. Headcount may vary depending on training content covered in session. Attendee access

may be restricted to some training content for purposes of maintaining system security.
F. Attendee Training Manuals:

1. Provide each attendee with a color hard copy of all training materials and visual
presentations.

G.  Instructor Requirements:
1. One or multiple qualified instructors, as required, to provide training.
2. Instructors shall have not less than five years of providing instructional training on not
less than five past projects with similar DDC system scope and complexity to DDC

system installed.

H.  Training Content for Daily Operators:

1. Basic operation of system.

2. Understanding DDC system architecture and configuration.

3. Understanding each unique product type installed including performance and service
requirements for each.

4. Understanding operation of each system and equipment controlled by DDC system

including sequences of operation, each unique control algorithm and each unique
optimization routine.

5 Operating operator workstations, printers and other peripherals.

6. Logging on and off system.

7. Accessing graphics, reports and alarms.

8 Adjusting and changing set points and time schedules.

9 Recognizing DDC system malfunctions.

10.  Understanding content of operation and maintenance manuals including control
drawings.

11.  Understanding physical location and placement of DDC controllers and I/O hardware.

12.  Accessing data from DDC controllers.

13.  Operating portable operator workstations.

14.  Running each specified report and log.

15. Displaying and demonstrating each data entry to show Project-specific customizing
capability. Demonstrating parameter changes.
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16. Stepping through graphics penetration tree, displaying all graphics, demonstrating
dynamic updating, and direct access to graphics.

17.  Executing digital and analog commands in graphic mode.

18.  Demonstrating control loop precision and stability via trend logs of I/O for not less than
10 percent of I/O installed.

19. Demonstrating DDC system performance through trend logs and command tracing.

20. Demonstrating on-line user guide, and help function and mail facility.

END OF SECTION

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 50



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

SECTION 230923.53 - VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

w

m | o 0
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1—1

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes separately enclosed, preassembled, combination VFCs, rated 600 V and less,
for speed control of three-phase, squirrel-cage induction motors.

DEFINITIONS

CPT: Control power transformer.

DDC: Direct digital control.

EMI: Electromagnetic interference.

LED: Light-emitting diode.

NC: Normally closed.

NO: Normally open.

OCPD: Overcurrent protective device.

PID: Control action, proportional plus integral plus derivative.

RFI: Radio-frequency interference.

VFC: Variable-frequency motor controller.

ACTION SUBMITTALS

Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

Product Data: For each type and rating of VFC indicated. On data submittal sheets were more
than one product is described, clearly annotate which product(s) is to be supplied.
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1. Include dimensions and finishes for VFCs.
2. Include rated capacities, operating characteristics, electrical characteristics, and furnished
specialties and accessories.

C.  Shop Drawings: For each VFC indicated.

1. Include mounting and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

1.5 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

B.  Product Certificates: For each VFC from manufacturer.
C.  Source quality-control reports.
D.  Field quality-control reports.
E. Sample Warranty: For special warranty.
1.6 CLOSEOUT SUBMITTALS

A.  Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

B.  Operation and Maintenance Data: For VFCs to include in emergency, operation, and
maintenance manuals.

1. In addition to items specified in Section 017822 "Operation and Maintenance Data,"
include the following:

a. Manufacturer's written instructions for testing and adjusting thermal-magnetic
circuit breaker and motor-circuit protector trip settings.

b. Manufacturer's written instructions for setting field-adjustable overload relays.

c. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor control modules.

d. Manufacturer's written instructions for setting field-adjustable timers, controls, and

status and alarm points.

1.7 WARRANTY

A.  Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or
workmanship within specified warranty period.
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1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

2.2

A.

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. Cerus Industrial, Inc.

2. Danfoss Inc.

3. Eaton.

4, Rockwell Automation, Inc.
5. Schneider Electric USA, Inc.
6. Siemens Industry, Inc.
SYSTEM DESCRIPTION

General Requirements for VFCs:

1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.
2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A.

Application: Variable torque for centrifugal fans.

VFC Description: Variable-frequency motor controller, consisting of power converter that
employs pulse-width-modulated inverter, factory built and tested in an enclosure, with integral
disconnecting means and overcurrent and overload protection; listed and labeled by an NRTL as
a complete unit; arranged to provide self-protection, protection, and variable-speed control of
one or more three-phase induction motors by adjusting output voltage and frequency.

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors, as defined
by NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed
Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors
Used with Adjustable-Voltage or Adjustable-Frequency Controls or Both."

2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1,
Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors."

3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL
acceptable to authorities having jurisdiction.

Design and Rating: Match load type, such as fans, blowers, and pumps; and type of connection
used between motor and load such as direct or through a power-transmission connection.

Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout
voltage range; maximum voltage equals input voltage.

Unit Operating Requirements:
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Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F.
Humidity Rating: Less than 95 percent (noncondensing).

Altitude Rating: Not exceeding 3300 feet.

Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8
times the base load current for three seconds.

5. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz.

b

Inverter Logic: Microprocessor based, isolated from all power circuits.

Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1
speed range.

Internal Adjustability Capabilities:

Minimum Speed: 5 to 25 percent of maximum rpm.

Maximum Speed: 80 to 100 percent of maximum rpm.
Acceleration: 0.1 to 999.9 seconds.

Deceleration: 0.1 to 999.9 seconds.

Current Limit: 30 to minimum of 150 percent of maximum rating.

SNk W=

Self-Protection and Reliability Features:

1. Surge Suppression: Factory installed as an integral part of the VFC, complying with
UL 1449 SPD, Type 1 or Type 2.

Loss of Input Signal Protection: Selectable response strategy, including speed default to a
percent of the most recent speed, a preset speed, or stop; with alarm.

Under- and overvoltage trips.

Inverter overcurrent trips.

Critical frequency rejection, with three selectable, adjustable deadbands.

Instantaneous line-to-line and line-to-ground overcurrent trips.

Loss-of-phase protection.

Reverse-phase protection.

Short-circuit protection.

0. Motor-overtemperature fault.

0

i S AR ol

Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after an
interruption and before shutting down for manual reset or fault correction; adjustable delay time
between restart attempts.

Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning in either
direction and returning motor to set speed in proper direction, without causing damage to drive,
motor, or load.

CONTROLS AND INDICATION

Status Lights: Door-mounted LED indicators displaying the following conditions:
Power on.
Run.

1.

2.

3. Overvoltage.
4. Line fault.
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B.

C.

A.

5. Overcurrent.
6. External fault.

Indicating Devices: Digital display mounted flush in VFC door and connected to display VFC
parameters including, but not limited to:

Output frequency (Hz).

Motor speed (rpm).

Motor status (running, stop, fault).
Motor current (amperes).

Motor torque (percent).

Fault or alarming status (code).
PID feedback signal (percent).
DC-link voltage (V dc).

Set point frequency (Hz).

Motor output voltage (V ac).

i N Al

e

Control Signal Interfaces:

1. Remote Signal Inputs: Capability to accept any of the following speed-setting input
signals from the DDC system for HVAC or other control systems:

a. 0- to 10-V dc.
b. 4-to 20-mA dc.

2. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs
(120-V ac, 1 A) for remote indication of the following:

a. Motor running.
b. Set point speed reached.
c. Fault and warning indication (overtemperature or overcurrent).
d. PID high- or low-speed limits reached.
ENCLOSURES

VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.

L. Dry and Clean Indoor Locations: Type 1.

PART 3 - EXECUTION

3.1

A.

B.

EXAMINATION

Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance
with requirements for installation tolerances, and other conditions affecting performance of the
Work.

Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold
damaged.
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C.

32

33

34

3.5

Examine roughing-in for conduit systems to verify actual locations of conduit connections
before VFC installation.

Prepare written report, endorsed by Installer, listing conditions detrimental to performance of
the Work

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating

handles not higher than 79 inches above finished floor, unless otherwise indicated, and by
bolting units to wall or mounting on lightweight structural-steel channels bolted to wall.

CONTROL WIRING INSTALLATION

Install wiring between VFCs and existing building DDC system. Comply with requirements in
Section 230923 "Direct Digital Control (DDC) System for HVAC."

Bundle, train, and support wiring in enclosures.

IDENTIFICATION

Identify VFCs, components, and control wiring. Comply with requirements for identification
specified in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.

2. Label each VFC with engraved nameplate.

3. Label each enclosure-mounted control and pilot device.

FIELD QUALITY CONTROL

Perform tests and inspections with the assistance of a factory-authorized service representative.

Tests and Inspections:

1. Inspect VFC, wiring, components, connections, and equipment installation. Test and
adjust controllers, components, and equipment.

2. Test continuity of each circuit.

3. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated

voltages. If outside this range for any motor, notify Owner before starting the motor(s).

4. Test each motor for proper phase rotation.

5. Perform tests according to the Inspection and Test Procedures for Adjustable Speed
Drives stated in NETA Acceptance Testing Specification. Certify compliance with test
parameters.

6. Correct malfunctioning units on-site, where possible, and retest to demonstrate

compliance; otherwise, replace with new units and retest.
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7. Test and adjust controls, remote monitoring, and safetiecs. Replace damaged and
malfunctioning controls and equipment.

C.  VFCs will be considered defective if they do not pass tests and inspections.

D.  Prepare test and inspection reports. Include notation of deficiencies detected, remedial action
taken, and observations made after remedial action.

3.6 STARTUP SERVICE
A. Perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.

3.7 ADJUSTING

A.  Program microprocessors for required operational sequences, status indications, alarms, event
recording, and display features. Clear events memory after final acceptance testing and prior to
Substantial Completion.

3.8 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs.

END OF SECTION
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SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A.  Section includes pipe and fitting materials and joining methods for the following:

Copper tube and fittings.
Steel pipe and fittings.
PVC pipe and fittings.
Joining materials.
Transition fittings.
Dielectric fittings.
Bypass chemical feeder.

Nk W=

1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: On data submittal sheets where more than one product is described, clearly
annotate which product(s) is to be supplied. For each type of the following:

1. Pipe.
2. Fittings.
3. Joining materials.
4. Bypass chemical feeder.
C.  Piping Schedule: Identify type of material fittings, and joining method to be used for each
piping application and size range.

1.4 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown
and coordinated with each other, using input from installers of the items involved:

1. Suspended ceiling components.
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2. Other building services.
3. Structural members.

C. Qualification Data: For Installer.
D.  Welding certificates.

E.  Field quality-control reports.

1.5 QUALITY ASSURANCE

A.  Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

B.  Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel
Code: Section IX.

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and
installation.

2. Certify that each welder has passed AWS qualification tests for welding processes
involved and that certification is current.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A.  Hydronic piping components and installation shall be capable of withstanding the following
minimum working pressure and temperature unless otherwise indicated:

Chilled/Hot Water Piping: 100 psig at 200 deg F.

Condenser-Water Piping: 150 psig at 150 deg F.

Seawater and Condensate-Drain Piping: 180 deg F.

Air-Vent Piping: 200 deg F.

Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system to
which it is attached.

Nk W=

22 COPPER TUBE AND FITTINGS
A.  Drawn-Temper Copper Tubing: ASTM B 88, Type L.
B.  DWYV Copper Tubing: ASTM B 306, Type DWV.

C.  Wrought-Copper, Solder Joint Pressure Fittings, Unions, and Flanges: ASME B16.22.
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A.

24

2.5

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, and
wall thickness as indicated in "Piping Applications" Article.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in “Piping
Applications” Article.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping
Applications" Article.

Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised
ground face, and bolt holes spot faced as indicated in "Piping Applications" Article.

Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in
which they are installed.
PVC PIPE AND FITTINGS

PVC Plastic Pipe: ASTM D 1785, with wall thickness as indicated in "Piping Applications"
Article.

1. PVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM D 2466 for Schedule 40 pipe.

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
otherwise indicated.

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate
for wall thickness and chemical analysis of steel pipe being welded.

Gasket Material: Thickness, material, and type suitable for fluid to be handled and working
temperatures and pressures.
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2.6

A.

2.7

DIELECTRIC FITTINGS

General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be joined.

Dielectric Unions:
l. Description:
a. Standard: ASSE 1079.
b. Pressure Rating: 125 psig minimum at 180 deg F.

c. End Connections: Solder-joint copper alloy and threaded ferrous.

Dielectric Flanges:

1. Description:
a. Standard: ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.
c. Pressure Rating: 125 psig minimum at 180 deg F.
d. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-

joint copper alloy and threaded ferrous.

Dielectric-Flange Insulating Kits:

1. Description:
a. Nonconducting materials for field assembly of companion flanges.
b. Pressure Rating: 150 psig.
c. Gasket: Neoprene or phenolic.
d. Bolt Sleeves: Phenolic or polyethylene.
e. Washers: Phenolic with steel backing washers.
Dielectric Nipples:
1. Description:
a. Standard: IAPMO PS 66.
b. Electroplated steel nipple, complying with ASTM F 1545.
c. Pressure Rating: 300 psig at 225 deg F.
d. End Connections: Male threaded or grooved.
e. Lining: Inert and noncorrosive, propylene.

BYPASS CHEMICAL FEEDER

Propylene Glycol: Industrial grade with corrosion inhibitors and environmental-stabilizer
additives for mixing with water in systems indicated to contain antifreeze or glycol solutions.
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PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A.  Chilled/Hot Water and Condenser Water Piping: Hot-water heating, radiant-heating piping,
aboveground, NPS 2-1/2 and larger, shall be the following:

L. Schedule 40 steel pipe, cast-iron flanges and flange fittings, and welded and flanged
joints.

2. Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.

B.  Makeup-water piping installed aboveground shall be the following:
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

C.  Seawater and Condensate-Drain Piping: Type DWYV, drawn-temper copper tubing, wrought-
copper fittings, and soldered joints or Schedule 40 PVC plastic pipe and fittings and solvent-
welded joints.

D.  Air-Vent Piping:

1. Inlet: Same as service where installed.
2. Outlet: Copper tubing with soldered joints.

E. Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping
specified for the service in which safety valve is installed.
3.2 PIPING INSTALLATIONS
A.  Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Install piping as indicated unless deviations to layout are approved on Coordination

Drawings.

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service areas.

C.  Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping to permit valve servicing.

F. Install piping at indicated slopes.

G. Install piping free of sags and bends.

H.  Install fittings for changes in direction and branch connections.
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L

J.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating
pressure.

Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple
with cap, at low points in piping system mains and elsewhere as required for system drainage.

Install piping at a uniform grade of 0.2 percent upward in direction of flow.
Reduce pipe sizes using eccentric reducer fitting installed with level side up.

Install branch connections to mains using tee fittings in main pipe, with the branch connected to
the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.

Install valves according to the following:

1. Section 230523.12 "Ball Valves for HVAC Piping."
2. Section 230523.14 "Check Valves for HVAC Piping."
3. Section 230523.15 "Gate Valves for HVAC Piping."

Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.

Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.

Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC
Piping" for installation of expansion loops, expansion joints, anchors, and pipe alignment
guides.

Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment"
for identifying piping.

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC
Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."
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33 DIELECTRIC FITTING INSTALLATION

A.  Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B.  Dielectric Fittings : Use dielectric flange kits or nipples.

3.4 HANGERS AND SUPPORTS
A.  Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and
Equipment" for hanger, support, and anchor devices. Comply with the following requirements

for maximum spacing of supports.

B.  Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.

4. Spring hangers to support vertical runs.

5. Provide copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.

6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from

scratching pipe.

C.  Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
1. NPS 3/4: Maximum span, 7 feet.
2. NPS 1: Maximum span, 7 feet.
3. NPS 1-1/2: Maximum span, 9 feet.
4. NPS 2: Maximum span, 10 feet.
5. NPS 2-1/2: Maximum span, 11 feet.
6. NPS 3 and Larger: Maximum span, 12 feet.

D. Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes:

1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. NPS 1-1/4Maximum span, 7 feet; minimum rod size, 3/8 inch.
4, NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. NPS 2: Maximum span, 8§ feet; minimum rod size, 3/8 inch.
6. NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.
7. NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch.
E.  Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written

instructions for service conditions. Avoid point loading. Space and install hangers with the
fewest practical rigid anchor points.

F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
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3.5

A.

3.6

3.7

PIPE JOINT CONSTRUCTION
Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube
end. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using
lead-free solder alloy complying with ASTM B 32.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut

threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore

full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal
threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged. Do not use pipe sections that have cracked or open welds.

Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes
and welding operators according to "Quality Assurance" Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

Plastic Piping Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings
according to the following:

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
cements.

2. PVC Nonpressure Piping: Join according to ASTM D 2855.

TERMINAL EQUIPMENT CONNECTIONS

Sizes for supply and return piping connections shall be the same as or larger than equipment
connections.

Install control valves in accessible locations close to connected equipment.

Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply
with requirements in Section 230519 "Meters and Gages for HVAC Piping."

CHEMICAL TREATMENT

Install bypass chemical feeders in each hydronic system where indicated.
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3.8

1. Install in upright position with top of funnel not more than 48 inches above the floor.

2. Install feeder in minimum NPS 3/4 bypass line, from main with full-size, full-port, ball
valve in the main between bypass connections.

3. Install NPS 3/4 pipe from chemical feeder drain to nearest equipment drain and include a
full-size, full-port, ball valve.

Fill system with fresh water and add liquid alkaline compound with emulsifying agents and
detergents to remove grease and petroleum products from piping. Circulate solution for a
minimum of 24 hours, drain, clean strainer screens, and refill with fresh water.

Add initial chemical treatment and maintain water quality in ranges noted above for the first
year of operation.

Fill systems that have antifreeze or glycol solutions with the concentrations indicated on
drawings:

FIELD QUALITY CONTROL

Prepare hydronic piping according to ASME B31.9 and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.

3. Flush hydronic piping systems with clean water; then remove and clean or replace
strainer screens.

4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be

capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to
protect against damage by expanding liquid or other source of overpressure during test.

The General Contractor shall engage a testing agent to perform the following tests on hydronic
piping:

1. Use ambient temperature water as a testing medium unless there is risk of damage due to
freezing. Another liquid that is safe for workers and compatible with piping may be used.

2. While filling system, use vents installed at high points of system to release air. Use drains
installed at low points for complete draining of test liquid.

3. Isolate expansion tanks and determine that hydronic system is full of water.

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the

system's working pressure. Test pressure shall not exceed maximum pressure for any
vessel, pump, valve, or other component in system under test. Verify that stress due to
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum
yield strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building
Services Piping."

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

6. Prepare written report of testing.

Perform the following before operating the system:

L. Open manual valves fully.
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2.
3.
4.

e

Inspect pumps for proper rotation.

Set makeup pressure-reducing valves for required system pressure.

Inspect air vents at high points of system and determine if all are installed and operating
freely (automatic type), or bleed air completely (manual type).

Set temperature controls so all coils are calling for full flow.

Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers,
cooling towers, to specified values.

Verify lubrication of motors and bearings.

END OF SECTION
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A.  Section includes the following:

SNk W=

Hydronic specialty valves.
Air-control devices.

Strainers.

Connectors.

Packaged glycol make-up unit.

B.  Related Requirements:

1.

Section 230516 "Expansion Fittings and Loops for HVAC Piping" for expansion fittings
and loops.

2. Section 230523.12 "Ball Valves for HVAC Piping" for specification and installation
requirements for ball valves common to most piping systems.

3. Section 230523.14 "Check Valves for HVAC Piping" for specification and installation
requirements for check valves common to most piping systems.

4. Section 230523.15 "Gate Valves for HVAC Piping" for specification and installation
requirements for gate valves common to most piping systems.

5. Section 230923.11 "Control Valves" for automatic control valve and sensor
specifications, installation requirements, and locations.

1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of the following. On data submittal sheets where more than one
product is described, clearly annotate which product(s) is to be supplied.

1.

Hydronic Specialty Valves: Include flow and pressure drop curves based on
manufacturer's testing for calibrated-orifice balancing valves and automatic flow-control
valves.

Air-control devices.

Strainers.
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1.4

1.5

1.6

A.

B.

A.

B.

A.

4. Connectors.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Operation and Maintenance Data: For air-control devices, hydronic specialties, and special-duty
valves to include in emergency, operation, and maintenance manuals.
MAINTENANCE SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Differential Pressure Meter: For each type of balancing valve and automatic flow control valve,
include flowmeter, probes, hoses, flow charts, and carrying case.

QUALITY ASSURANCE

Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure
Vessel Code: Section IX.

1. Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate and
stamp air separators and expansion tanks to comply with ASME Boiler and Pressure
Vessel Code: Section VIII, Division 1.

PART 2 - PRODUCTS

2.1

A.

B.

HYDRONIC SPECIALTY VALVES
Bronze, Calibrated-Orifice, Balancing Valves:

Body: Bronze, ball or plug type with calibrated orifice or venturi.

Ball: Brass or stainless steel.

Plug: Resin.

Seat: PTFE.

End Connections: Threaded or socket.

Pressure Gage Connections: Integral seals for portable differential pressure meter.
Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig.

Maximum Operating Temperature: 250 deg F.

Lok WD =

Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves:
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1.
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0.

Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or
venturi.

Ball: Brass or stainless steel.

Stem Seals: EPDM O-rings.

Disc: Glass and carbon-filled PTFE.

Seat: PTFE.

End Connections: Flanged or grooved.

Pressure Gage Connections: Integral seals for portable differential pressure meter.
Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig.

Maximum Operating Temperature: 250 deg F.

C.  Diaphragm-Operated, Pressure-Reducing Valves: ASME labeled.

VXN b W=

Body: Bronze or brass.

Disc: Glass and carbon-filled PTFE.

Seat: Brass.

Stem Seals: EPDM O-rings.

Diaphragm: EPT.

Low inlet-pressure check valve.

Inlet Strainer: Removable without system shutdown.

Valve Seat and Stem: Noncorrosive.

Valve Size, Capacity, and Operating Pressure: Selected to suit system in which installed,
with operating pressure and capacity factory set and field adjustable.

D.  Diaphragm-Operated Safety Valves: ASME labeled.

XA N R DD —

Body: Bronze or brass.

Disc: Glass and carbon-filled PTFE.

Seat: Brass.

Stem Seals: EPDM O-rings.

Diaphragm: EPT.

Wetted, Internal Work Parts: Brass and rubber.

Inlet Strainer: Removable without system shutdown.

Valve Seat and Stem: Noncorrosive.

Valve Size, Capacity, and Operating Pressure: Comply with ASME Boiler and Pressure
Vessel Code: Section IV, and selected to suit system in which installed, with operating
pressure and capacity factory set and field adjustable.

E. Automatic Flow-Control Valves:

I S
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Body: Brass or ferrous metal.

Piston and Spring Assembly: Stainless steel, tamper proof, self-cleaning, and removable.
Combination Assemblies: Include bronze or brass-alloy ball valve.

Identification Tag: Marked with zone identification, valve number, and flow rate.

Size: Same as pipe in which installed.

Performance: Maintain constant flow, plus or minus 5 percent over system pressure
fluctuations.

Minimum CWP Rating: 175 psig.

Maximum Operating Temperature: 250 deg F.
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F. Saltwater Piping Valves:

Basis of Design: Spears lever handle PVC butterfly valve.

PVC butterfly valve, lever handle PVC butterfly valve.

CPVC Type IV cell classification 23447.

Bolt hole pattern shall conform ASME B16.5 Class 150.

Interlocking body and seat design.

Buna-N, EPDM, or FKM Seat and Seals.

Fully isolated solid Type 316L stainless steel stem and hardware.

Reversable high impact polypropylene lever handle with 7-position stops and built-in
lockout.

PTFE coated stem.

NN R WD =

e

2.2 AIR-CONTROL DEVICES
A. Manual Air Vents:

Body: Bronze.

Internal Parts: Nonferrous.

Operator: Screwdriver or thumbscrew.

Inlet Connection: NPS 1/2.

Discharge Connection: NPS 1/8.

CWP Rating: 150 psig.

Maximum Operating Temperature: 225 deg F.

Nk W=

B. Automatic Air Vents:

Body: Bronze or cast iron.

Internal Parts: Nonferrous.

Operator: Noncorrosive metal float.

Inlet Connection: NPS 1/2.

Discharge Connection: NPS 1/4.

CWP Rating: 150 psig.

Maximum Operating Temperature: 240 deg F.

Nk W=

C.  Bladder-Type Expansion Tanks:

1. Tank: Welded steel, rated for 125-psig working pressure and 375 deg F maximum
operating temperature. Factory test after taps are fabricated and supports installed and are
labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.

2. Bladder: Securely sealed into tank to separate air charge from system water to maintain
required expansion capacity.

3. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats.

D.  Tangential-Type Air Separators:

1. Tank: Welded steel; ASME constructed and labeled for 125-psig minimum working
pressure and 375 deg F maximum operating temperature.
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2. Air Collector Tube: Perforated stainless steel, constructed to direct released air into
expansion tank.

3. Tangential Inlet and Outlet Connections: Threaded for NPS 2 and smaller; flanged
connections for NPS 2-1/2 and larger.

4. Blowdown Connection: Threaded.

5. Size: Match system flow capacity.

E. In-Line Air Separators:

1. Tank: One-piece cast iron with an integral weir constructed to decelerate system flow to
maximize air separation.

2. Maximum Working Pressure: Up to 175 psig.

3. Maximum Operating Temperature: Up to 300 deg F.

2.3 STRAINERS

A. Y-Pattern Strainers:

1.
2.

3.
4.

Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.

Strainer Screen: Stainless-steel, mesh strainer, or perforated stainless-steel basket.

CWP Rating: 125 psig.

B.  Magnetic Strainers:

ANl S e

Body: 304L stainless steel with bolted cover and bottom drain connection.

End Connections: Flanged, ASME B16.5 Class 150.

Magnets: High power NdFeB

Pocket Sleeves: 304L stainless steel.

CWP Rating: 125 psig.

Provide ASME approved basis of design filter, Grundfoss MagFilter, or approved
equivalent.

24 CONNECTORS

A. Stainless-Steel Bellow, Flexible Connectors:

1.

wbkwbh

Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective
jacket.

End Connections: Threaded or flanged to match equipment connected.

Performance: Capable of 3/4-inch misalignment.

CWP Rating: 150 psig.

Maximum Operating Temperature: 250 deg F.
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PART 3 - EXECUTION

3.1

©S o =

=2

3.2

VALVE APPLICATIONS

Install shutoff-duty valves at each branch connection to supply mains and at supply connection
to each piece of equipment.

Install calibrated-orifice, balancing valves at each branch connection to return main.

Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.
Install check valves at each pump discharge and elsewhere as required to control flow direction.
Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and
Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe without valves to
the outdoors; pipe drain to nearest floor drain or as indicated on Drawings. Comply with ASME

Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation requirements.

Install pressure-reducing valves at makeup-water connection to regulate system fill pressure.

HYDRONIC SPECIALTIES INSTALLATION

Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required
for system air venting.

Install automatic air vents at high points of system piping in mechanical equipment rooms only.
Install manual vents at heat-transfer coils and elsewhere as required for air venting.

Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2
percent upward slope toward tank.

Install in-line air separators in pump suction. Install drain valve on air separators NPS 2 and
larger.

Install tangential air separator in pump suction. Install blowdown piping with gate or full-port
ball valve; extend full size to nearest floor drain.

Install expansion tanks on the floor. Vent and purge air from hydronic system, and ensure that
tank is properly charged with air to suit system Project requirements.

END OF SECTION
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SECTION 232123 - HYDRONIC PUMPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Close-coupled, in-line centrifugal pumps.
2. Self-priming, close coupled pump.
1.3 DEFINITIONS
A.  Buna-N: Nitrile rubber.

B.  EPT: Ethylene propylene terpolymer.

1.4 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of pump. Include certified performance curves and rated capacities,
operating characteristics, furnished specialties, final impeller dimensions, and accessories for
each type of product indicated. Indicate pump's operating point on curves. On data submittal
sheets where more than one product is described, clearly annotate which product(s) is to be
supplied.

C.  Shop Drawings: For each pump.

1. Show pump layout and connections.
2. Include setting drawings with templates for installing foundation and anchor bolts and
other anchorages.
3. Include diagrams for power, signal, and control wiring.
D.  Provide equipment cut sheets to General Contractor for inclusion in project coordination

drawings. Include all equipment dimensions, noting manufacturer's clearance requirements, as
well as location and sizes of all equipment connections.
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1.5

A.

B.

1.6

A.

B.

1.7

A.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Warranty: Sample of special warranty.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Operation and Maintenance Data: For pumps to include in emergency, operation, and
maintenance manuals.

WARRANTY

Special Warranty: Manufacturer’s standard form in which manufacturer agrees to repair or
replace components of centrifugal pumps that fail in material or workmanship within specified
warranty period.

1. Extended Warranty Period:

a. For Parts: Two years.
b. For Labor: Two years.

PART 2 - PRODUCTS

2.1

A.

B.

C.

D.

CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

1. Armstrong Pumps, Inc.

2. Bell and Gossett.

3. Grundfos Pumps Corporation.
4. TACO Incorporated.

Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, in-
line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with pump and motor
shafts mounted horizontally or vertically.

Capacities and Characteristics: As scheduled on Drawings.

Pump Construction:
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2.2

1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and
outlet, replaceable bronze wear rings, and threaded companion-flange connections.

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft,
and secured with a locking cap screw. For constant-speed pumps, trim impeller to match

specified performance.
3. Pump Shaft: Steel, with copper-alloy shaft sleeve.
4. Pump Bearings: Permanently lubricated ball bearings.

Motor: Variable speed and rigidly mounted to pump casing.

1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 230513 "Common Motor Requirements for
HVAC Equipment."

a. Enclosure: Open, dripproof.
b. Motor Bearings: Permanently lubricated ball bearings.
c. Efficiency: Premium efficient.

SELF-PRIMING, CLOSE COUPLED PUMP

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product:

1. Ampco.

Description: Factory-assembled and -tested, self-priming, centrifugal, overhung-impeller,
separately coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base
mounting, with pump and motor shafts horizontal.

Capacities and Characteristics: As scheduled on Drawings.

Pump Construction:

1. Constructed in NiAl bronze with buna carbon vs. ceramic mechanical seal.

Mounting Frame: Welded-steel frame and cross members, factory fabricated from
ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, coupling guard, and

motor.

Motor: Variable speed, secured to mounting frame, with adjustable alignment.

1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.
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2. Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 230513 "Common Motor Requirements for
HVAC Equipment."

a. Enclosure: Open, dripproof.
b. Motor Bearings: Permanently lubricated ball bearings.
c. Efficiency: Premium efficient.

2.3 PUMP SPECIALTY FITTINGS
A. Suction Diffuser:

Angle pattern.

175-psig pressure rating, cast or ductile-iron body and end cap, pump-inlet fitting.
Bronze startup and bronze or stainless-steel permanent strainers.

Bronze or stainless-steel straightening vanes.

Drain plug.

Factory-fabricated support.

ANl o e

B.  Triple-Duty Valve: Not allowed.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine equipment foundations and anchor-bolt locations for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

B.  Examine roughing-in for piping systems to verify actual locations of piping connections before
pump installation.

C.  Examine foundations and inertia bases for suitable conditions where pumps are to be installed.
D.  Proceed with installation only after unsatisfactory conditions have been corrected.
32 PUMP INSTALLATION

A.  Comply with HI 1.4 and HI 2.4.

B. Install pumps to provide access for periodic maintenance including removing motors, impellers,
couplings, and accessories.

C.  Independently support pumps and piping so weight of piping is not supported by pumps and
weight of pumps is not supported by piping.

D.  Equipment Mounting:
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1. Install base-mounted pumps on cast-in-place concrete equipment bases. Comply with
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-
Place Concrete."

2. Comply with requirements for vibration isolation devices specified in Section 230548.13
"Vibration Controls for HVAC."

Equipment Mounting: Install in-line pumps with continuous-thread hanger rods and spring
hangers with vertical-limit stop of size required to support weight of in-line pumps.

1. Comply with requirements for hangers and supports specified in Section 230529
"Hangers and Supports for HVAC Piping and Equipment."

ALIGNMENT

Perform alignment service.

Comply with requirements in Hydronics Institute standards for alignment of pump and motor

shaft. Add shims to the motor feet and bolt motor to base frame. Do not use grout between

motor feet and base frame.

Comply with pump and coupling manufacturers' written instructions.

After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill

baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in

place. After grout has cured, fully tighten foundation bolts.

CONNECTIONS

Where installing piping adjacent to pump, allow space for service and maintenance.

Connect piping to pumps. Install valves that are same size as piping connected to pumps.

Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.

Install check, shut-off, and balancing valves with memory stop on discharge side of pumps.

Install suction diffuser, Y-type strainer, and shutoff valve on suction side of pumps.

Install flexible connectors on suction and discharge sides of base-mounted pumps between
pump casing and valves.

Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or
install single gage with multiple-input selector valves.

Install check valve and gate or ball valve on each condensate pump unit discharge.

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."
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J. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."
3.5 STARTUP SERVICE
A.  Engage a factory-authorized service representative to perform startup service.
Complete installation and startup checks according to manufacturer's written instructions.
Check piping connections for tightness.

Clean strainers on suction piping.
Perform the following startup checks for each pump before starting:

el S

a. Verify bearing lubrication.

b. Verity that pump is free to rotate by hand and that pump for handling hot liquid is
free to rotate with pump hot and cold. If pump is bound or drags, do not operate
until cause of trouble is determined and corrected.

c. Verify that pump is rotating in the correct direction.

5. Prime pump by opening suction valves and closing drains, and prepare pump for
operation.

Start motor.

7. Open discharge valve slowly.

&

3.6 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps. Provide
one hour of training for each pump provided.

END OF SECTION
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SECTION 232213 - STEAM AND CONDENSATE HEATING PIPING

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes pipe and fittings for LP steam and condensate piping:

Related Requirements:

1. Section 232216 "Steam and Condensate Piping Specialties" for strainers, flash tanks,
special-duty valves, steam traps, thermostatic air vents and vacuum breakers, and steam
and condensate meters.

ACTION SUBMITTALS

Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

Product Data: For RTRP and RTRF and adhesive.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown
and coordinated with each other, using input from installers of the items involved:

1. Suspended ceiling components.
2. Other building services.
3. Structural members.

Qualification Data: For Installer.
Welding certificates.

Field quality-control reports.
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1.5

A.

B.

C.

QUALITY ASSURANCE
Installer Qualifications:

Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

Pipe Welding: Qualify procedures and operators according to the following:

1. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for
materials, products, and installation.

2. Certify that each welder has passed AWS qualification tests for welding processes
involved and that certification is current.

PART 2 - PRODUCTS

2.1

2.2

A.

A.

PERFORMANCE REQUIREMENTS

Components and installation shall be capable of withstanding the following minimum working
pressures and temperatures unless otherwise indicated:

1. LP Steam Piping: 15 psig.

2. Condensate Piping: 15 psig at 250 deg F.

3. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it
is attached.

4. Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it
is attached.

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel, plain ends, welded and seamless, Grade B, and
Schedule as indicated in piping applications articles.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125, 150, and 300 as indicated in piping
applications articles.

Malleable-Iron Threaded Fittings: ASME B16.3; Classes 150 and 300 as indicated in piping
applications articles.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in piping
applications articles.

Cast-Iron Threaded Flanges and Flanged Fittings: ASME B16.1, Classes 125 and 250 as
indicated in piping applications articles; raised ground face, and bolt holes spot faced.

Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

Wrought-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts, nuts, and gaskets of
the following material group, end connections, and facings:
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H.

23

A.

B.

C.

D.

1. Material Group: 1.1.
2. End Connections: Butt welding.
3. Facings: Raised face.

Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type,
Grade, and Schedule as pipe in which installed.

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
otherwise indicated.

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate
for wall thickness and chemical analysis of steel pipe being welded.

Welding Materials: Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code
for welding materials appropriate for wall thickness and for chemical analysis of pipe being
welded.

PART 3 - EXECUTION

3.1

A.

B.

C.

32

A.

B.

LP STEAM PIPING APPLICATIONS

LP Steam Piping, NPS 2 and Smaller: Schedule 40, Type S, Grade B, steel pipe; Class 125
cast-iron fittings; and threaded joints.

LP Steam Piping, NPS 2-1/2 through NPS 12: Schedule 40, Type E, Grade B, steel pipe;
Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.

Condensate piping above grade, and smaller, shall be the following:

1. Schedule 80, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded
joints.

ANCILLARY PIPING APPLICATIONS

Vacuum-Breaker Piping: Outlet, same as service where installed.

Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping
specified for the service in which safety valve is installed.

STEAM AND CONDENSATE HEATING PIPING 232213 -3



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

33

A.

e

TQ

1—1

PIPING INSTALLATION
Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Install piping as indicated unless deviations to layout are approved on Coordination

Drawings.

Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service areas.

Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or parallel to building walls. Diagonal runs are prohibited unless otherwise indicated.

Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
Install piping to permit valve servicing.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating
pressure.

Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4
threaded nipple with cap, at low points in piping system mains and elsewhere as required for
system drainage.

Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction
of steam flow.

Install condensate return piping at a minimum uniform grade of 0.4 percent downward in
direction of condensate flow.

Reduce pipe sizes using eccentric reducer fitting installed with level side down.

Install branch connections to mains using tee fittings in main pipe, with the branch connected to
top of main pipe.

Install valves according to Section 230523.11 "Globe Valves for HVAC Piping,"
Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.13 "Butterfly Valves for
HVAC Piping," Section 230523.14 "Check Valves for HVAC Piping," and Section 230523.15
"Gate Valves for HVAC Piping."

Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.
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34

3.5

Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.

Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere
as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers
NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2.

Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC
Piping" for installation of expansion loops, expansion joints, anchors, and pipe alignment
guides.

Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment”
for identifying piping.

Install drip legs at low points and natural drainage points such as ends of mains, bottoms of
risers, and ahead of pressure regulators, and control valves.

1. On straight runs with no natural drainage points, install drip legs at intervals not
exceeding 200 feet.
2. Size drip legs same size as main. In steam mains NPS 6 and larger, drip leg size can be

reduced, but to no less than NPS 4.

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC
Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."
STEAM AND CONDENSATE PIPING SPECIALTIES INSTALLATION

Comply with requirements in Section 232216 "Steam and Condensate Piping Specialties" for
installation requirements for strainers, flash tanks, special-duty valves, steam traps, thermostatic
air vents and vacuum breakers, and steam and condensate meters.

HANGERS AND SUPPORTS

Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and
Equipment" for installation of hangers and supports. Comply with requirements below for

maximum spacing.

Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for
seismic restraints.

Install the following pipe attachments:
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3.6

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.
4. Spring hangers to support vertical runs.

Install hangers for steel steam supply piping with the following maximum spacing:

NPS 3/4: Maximum span, 9 feet.

NPS 1: Maximum span, 9 feet.

NPS 1-1/2: Maximum span, 12 feet.

NPS 2: Maximum span, 13 feet.

NPS 2-1/2: Maximum span, 14 feet.

NPS 3 and Larger: Maximum span, 15 feet.

S e

Install hangers for steel steam condensate piping with the following maximum spacing:

NPS 3/4: Maximum span, 7 feet.

NPS 1: Maximum span, 7 feet.

NPS 1-1/2: Maximum span, 9 feet.

NPS 2: Maximum span, 10 feet.

NPS 2-1/2: Maximum span, 11 feet.

NPS 3 and Larger: Maximum span, 12 feet

ANl e

Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

Fiberglass Piping Hanger Spacing: Space hangers according to pipe manufacturer's written
instructions for service conditions. Avoid point loading. Space and install hangers with the
fewest practical rigid anchor points.

PIPE JOINT CONSTRUCTION
Ream ends of pipes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore
full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal
threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged. Do not use pipe sections that have cracked or open welds.

Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes
and welding operators according to "Quality Assurance" Article.
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E.

3.7

3.8

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

TERMINAL EQUIPMENT CONNECTIONS

Size for supply and return piping connections shall be the same as or larger than equipment
connections.

Install traps and control valves in accessible locations close to connected equipment.

Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

Install vacuum breakers downstream from control valve, close to coil inlet connection.

Install a drip leg at coil outlet.

FIELD QUALITY CONTROL

Prepare steam and condensate piping according to ASME B31.9, "Building Services Piping,"
and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.

3. Flush system with clean water. Clean strainers.

4, Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be

capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

Testing Agency: Engage a qualified testing agency to perform tests and inspections.

Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections.

Perform the following tests and inspections:

1. Use ambient temperature water as a testing medium unless there is risk of damage due to
freezing. Another liquid that is safe for workers and compatible with piping may be used.

2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
working pressure. Test pressure shall not exceed maximum pressure for any vessel,
pump, valve, or other component in system under test. Verify that stress due to pressure
at bottom of vertical runs does not exceed 90 percent of specified minimum yield
strength.

3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

Prepare test and inspection reports.

END OF SECTION
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SECTION 232216 - STEAM AND CONDENSATE PIPING SPECIALTIES

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes the following piping specialties for LP steam and condensate piping:

1. Strainers.

2. Steam traps.

3. Thermostatic air vents and vacuum breakers.
ACTION SUBMITTALS

Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

Product Data: For each type of the following:
I. Steam trap.

2. Air vent and vacuum breaker.
CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual sections specifying the work.

Operation and Maintenance Data: For valves, steam traps, air vents, vacuum breakers, and
meters to include in emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

Pipe Welding: Qualify procedures and operators according to the following:

1. ASME Compliance: Safety valves and pressure vessels shall bear the appropriate ASME

label. Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel
Code: Section VIII, Division 1.

STEAM AND CONDENSATE PIPING SPECIALTIES 232216 -1



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A.  Components and installation shall be capable of withstanding the following minimum working
pressures and temperatures unless otherwise indicated:

LP Steam Piping: 30 psig.

Condensate Piping: 15 psig at 250 deg F.

Makeup-Water Piping: 80 psig at 150 deg F.

Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached.
Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it
is attached.

SNhA W=

2.2 VALVES

A.  Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in
Section 230523.11 "Globe Valves for HVAC Piping," Section 230523.12 "Ball Valves for
HVAC Piping," Section 230523.13 "Butterfly Valves for HVAC Piping," Section 230523.14
"Check Valves for HVAC Piping," and Section 230523.15 "Gate Valves for HVAC Piping."

B.  Stop-Check Valves:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

A.Y. McDonald Mfg. Co.

Cincinnati Valve Company.

Crane; Crane Energy Flow Solutions.
Jenkins Valves.

fao o

Body and Bonnet: Malleable iron.

End Connections: Flanged.

Disc: Cylindrical with removable liner and machined seat.

Stem: Brass alloy.

Operator: Outside screw and yoke with cast-iron handwheel.

Packing: Polytetrafluoroethylene-impregnated packing with two-piece packing gland
assembly.

8. Pressure Class: 250.

N LA WD

23 STRAINERS
A.  Y-Pattern Strainers:
1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.

2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for
strainers NPS 2-1/2 and larger.
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3. Strainer Screen: Stainless-steel, [20] [40] [60]-mesh strainer, or perforated stainless-steel
basket.
4, Tapped blowoff plug.
5. CWP Rating: 250-psig working steam pressure.

24 STEAM TRAPS

A.  Float and Thermostatic Traps:

1.

XN R WD

10.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Armstrong International, Inc.
b. Hoffman Specialty.
c. Spirax Sarco, Inc.

Body and Bolted Cap: ASTM A 126, cast iron.

End Connections: Threaded.

Float Mechanism: Replaceable, stainless steel.

Head and Seat: Hardened stainless steel.

Trap Type: Balanced pressure.

Thermostatic Bellows: Stainless steel or monel.

Thermostatic air vent capable of withstanding 45 deg F of superheat and resisting water
hammer without sustaining damage.

Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless-steel cage,
valve, and seat.

Maximum Operating Pressure: 125 psig.

B.  Inverted Bucket Traps:

1.

e A il

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Armstrong International, Inc.
b. Hoffman Specialty.
c. Spirax Sarco, Inc.

Body and Cap: Cast iron.

End Connections: Threaded.

Head and Seat: Stainless steel.

Valve Retainer, Lever, and Guide Pin Assembly: Stainless steel.
Bucket: Brass or stainless steel.

Strainer: Integral stainless-steel inlet strainer within the trap body.
Air Vent: Stainless-steel thermostatic vent.

Pressure Rating: 250 psig.
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2.5 THERMOSTATIC AIR VENTS AND VACUUM BREAKERS

A. Thermostatic Air Vents:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Armstrong International, Inc.
b. Hoffman Specialty.
c. Spirax Sarco, Inc.

2. Body: Cast iron, bronze, or stainless steel.

3. End Connections: Threaded.

4, Float, Valve, and Seat: Stainless steel.

5. Thermostatic Element: Phosphor bronze bellows in a stainless-steel cage.

6. Pressure Rating: 125 psig.

7. Maximum Temperature Rating: 350 deg F.

B.  Vacuum Breakers:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Armstrong International, Inc.
b. Hoffman Specialty.
C. Spirax Sarco, Inc.

2. Body: Cast iron, bronze, or stainless steel.

3. End Connections: Threaded.

4. Sealing Ball, Retainer, Spring, and Screen: Stainless steel.

5. O-Ring Seal: EPR.

6. Pressure Rating: 125 psig.

7. Maximum Temperature Rating: 350 deg F.

2.6 FLEXIBLE CONNECTORS

A. Stainless-Steel Bellows, Flexible Connectors:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Duraflex, Inc.

Flexicraft Industries.

Hyspan Precision Products, Inc.
Mason Industries, Inc.
Metraflex Company (The).
Twin City Hose, Inc.

o Qa0 o
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2. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforced, protective
jacket.

3. End Connections: Threaded or flanged to match equipment connected.

4, Performance: Capable of 3/4-inch misalignment.

5. CWP Rating: 150 psig.

6. Maximum Operating Temperature: 250 deg F.

PART 3 - EXECUTION

3.1

A.

32

A.

B.

C.

D.

E.

F.

G.

H.

VALVE APPLICATIONS

Install shutoff duty valves at branch connections to steam supply mains, at steam supply
connections to equipment, and at the outlet of steam traps.

PIPING INSTALLATION
Install piping to permit valve servicing.

Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4
threaded nipple with cap, at low points in piping system mains and elsewhere as required for
system drainage.

Install valves according to Section 230523.11 "Globe Valves for HVAC Piping,"
Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.13 "Butterfly Valves for
HVAC Piping," Section 230523.14 "Check Valves for HVAC Piping," and Section 230523.15
"Gate Valves for HVAC Piping."

Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.

Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.
Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere

as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers
NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2.

Flash Tank:

1. Pitch condensate piping down toward flash tank.

2. If more than one condensate pipe discharges into flash tank, install a check valve in each
line.

3. Install thermostatic air vent at tank top.

4. Install safety valve at tank top.

5. Install full-port ball valve, and swing check valve on condensate outlet.

6. Install inverted bucket or float and thermostatic trap at low-pressure condensate outlet,

sized for three times the calculated heat load.
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7. Install pressure gage on low-pressure steam outlet according to Section 230519 "Meters
and Gages for HVAC Piping."

3.3 STEAM-TRAP INSTALLATION
A.  Install steam traps in accessible locations as close as possible to connected equipment.

B. Install full-port ball valve, strainer, and union upstream from trap; install union, check valve,
and full-port ball valve downstream from trap unless otherwise indicated.

3.4 TERMINAL EQUIPMENT CONNECTIONS
A. Install traps and control valves in accessible locations close to connected equipment.

B.  Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

C. Install vacuum breakers downstream from control valve, close to coil inlet connection.

END OF SECTION
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SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

Single-wall rectangular ducts and fittings.
Single-wall round ducts and fittings.
Sheet metal materials.

Sealants and gaskets.

Hangers and supports.

M

Related Sections:

1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and
balancing requirements for metal ducts.

2. Section 233300 "Air Duct Accessories" for dampers, duct-mounting access doors and
panels, turning vanes, and flexible ducts.

PERFORMANCE REQUIREMENTS

Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible" and performance requirements and design
criteria indicted in "Duct Schedule" Article.

Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in
ASHRAE 62.1.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: On data submittal sheets where more than one product is described, clearly
annotate which product(s) is to be supplied. For each type of the following products:

1. Sealants and gaskets.
2. Adhesives.
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1.5 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Coordination Drawings: Plans, drawn to scale, on which the following items are shown and
coordinated with each other, using input from installers of the items involved:

1. Duct installation in congested spaces, indicating coordination with general construction,
building components, and other building services. Indicate proposed changes to duct
layout.

Suspended ceiling components.

Structural members to which duct will be attached.

Size and location of initial access modules for acoustical tile.

Penetrations of smoke barriers and fire-rated construction.

Items penetrating finished ceiling including the following:

AT

Luminaires.

Air outlets and inlets.
Speakers.

Sprinklers.

Access panels.
Perimeter moldings.

O

C.  Delegated-Design Submittal:

Sheet metal thicknesses.

Joint and seam construction and sealing.

Reinforcement details and spacing.

Materials, fabrication, assembly, and spacing of hangers and supports.

bl .

D.  Welding certificates.

E. Field quality-control reports.

1.6 QUALITY ASSURANCE

A.  Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel," for hangers and supports.

B.  Welding Qualifications: Qualify procedures and personnel according to the following:
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.

C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."

D. ASHRAE/IES Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.4.4 -
"HVAC System Construction and Insulation."
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PART 2 - PRODUCTS

2.1

A.

2.2

SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse
Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

SINGLE-WALL ROUND DUCTS AND FITTINGS

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on
indicated static-pressure class unless otherwise indicated.

1. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Ductmate Industries, Inc.
Lindab Inc.

McGill AirFlow LLC.
SEMCO LLC.

Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.
Stamped Fittings Inc.

Qe e oe

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for
static-pressure class, applicable sealing requirements, materials involved, duct-support intervals,
and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."
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24

1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal
seams.

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and
Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

SHEET METAL MATERIALS

General Material Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct
construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting,
seam marks, roller marks, stains, discolorations, and other imperfections.

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1. Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.

Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and
galvanized.

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

SEALANT AND GASKETS

General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index
of 50 when tested according to UL 723; certified by an NRTL.

Water-Based Joint and Seam Sealant:

Application Method: Brush on.
Solids Content: Minimum 65 percent.
Shore A Hardness: Minimum 20.
Water resistant.

el .
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2.5

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

DX

Flanged Joint Sealant: Comply with ASTM C 920.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

1. General: Single-component, acid-curing, silicone, elastomeric.
2. Type: S.

3. Grade: NS.

4. Class: 25.

5. Use: O.

6.

7.

Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.

Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 c¢fim/100 sq. ft. at 1-inch wg and shall be
rated forl0-inch wg static-pressure class, positive or negative.

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.

HANGERS AND SUPPORTS

Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal

and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2,

"Minimum Hanger Sizes for Round Duct."

Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.

Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.

Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts
designed for duct hanger service; with an automatic-locking and clamping device.

Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible
with duct materials.

Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.
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2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.

PART 3 - EXECUTION

3.1

3.2

A.

A.

DUCT INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts and
calculate friction loss for air-handling equipment sizing and for other design considerations.
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and
Coordination Drawings.

Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" unless otherwise indicated.

Install ducts in maximum practical lengths.
Install ducts with fewest possible joints.

Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for
branch connections.

Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

Route ducts to avoid passing through transformer vaults and electrical equipment rooms and
enclosures.

Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to
view, cover the opening between the partition and duct or duct insulation with sheet metal
flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2
inches.

Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.
Comply with requirements in Section 233300 "Air Duct Accessories”" for fire and smoke
dampers.

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

INSTALLATION OF EXPOSED DUCTWORK

Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
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B.

33

34

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds,

and treat the welds to remove discoloration caused by welding.

Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.

DUCT SEALING

Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

HANGER AND SUPPORT INSTALLATION

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners
appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for

slabs less than 4 inches thick.

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports
within 24 inches of each elbow and within 48 inches of each branch intersection.

Hangers Exposed to View: Threaded rod and angle or channel supports.
Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16

feet.

Install upper attachments to structures. Select and size upper attachments with pull-out, tension,
and shear capacities appropriate for supported loads and building materials where used.
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3.5

A.

3.6

3.7

CONNECTIONS

Make connections to equipment with flexible connectors complying with Section 233300 "Air
Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

PAINTING

Paint interior of metal ducts that are visible through registers and grilles and that do not have
duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.
Paint materials and application requirements are specified in Section 099113 "Exterior Painting"
and Section 099123 "Interior Painting."

FIELD QUALITY CONTROL

Perform tests and inspections.

Duct System Cleanliness Tests:

1. Visually inspect duct system to ensure that no visible contaminants are present.

2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according
to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC
Systems."

a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media

shall not exceed 0.75 mg/100 sq. cm.
Duct system will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

DUCT CLEANING
Clean new duct system(s) before testing, adjusting, and balancing.
Use service openings for entry and inspection.

1. Create new openings and install access panels appropriate for duct static-pressure class if
required for cleaning access. Provide insulated panels for insulated or lined duct. Patch
insulation and liner as recommended by duct liner manufacturer. Comply with
Section 233300 "Air Duct Accessories" for access panels and doors.

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.

3. Remove and reinstall ceiling to gain access during the cleaning process.

Particulate Collection and Odor Control:
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1.

2.

When venting vacuuming system inside the building, use HEPA filtration with 99.97
percent collection efficiency for 0.3-micron-size (or larger) particles.

When venting vacuuming system to outdoors, use filter to collect debris removed from
HVAC system, and locate exhaust downwind and away from air intakes and other points
of entry into building.

D.  Clean the following components by removing surface contaminants and deposits:

[u—

o

Air outlets and inlets (registers, grilles, and diffusers).

Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply
and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive
assemblies.

Air-handling unit internal surfaces and components including mixing box, coil section,
air wash systems, spray eliminators, condensate drain pans, humidifiers and
dehumidifiers, filters and filter sections, and condensate collectors and drains.

Coils and related components.

Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
mechanical equipment rooms.

Supply-air ducts, dampers, actuators, and turning vanes.

Dedicated exhaust and ventilation components and makeup air systems.

E. Mechanical Cleaning Methodology:

1. Clean metal duct systems using mechanical cleaning methods that extract contaminants
from within duct systems and remove contaminants from building.

2. Use vacuum-collection devices that are operated continuously during cleaning. Connect
vacuum device to downstream end of duct sections so areas being cleaned are under
negative pressure.

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without
damaging integrity of metal ducts, duct liner, or duct accessories.

4. Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational.
Rinse coils with clean water to remove latent residues and cleaning materials; comb and
straighten fins.

5. Provide drainage and cleanup for wash-down procedures.

6. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if fungus
is present. Apply antimicrobial agents according to manufacturer's written instructions
after removal of surface deposits and debris.

3.9 START UP

A.  Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing
for HVAC."

3.10 DUCT SCHEDULE

A.  Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:

B. Supply and Outside-Air Ducts:

1.

Ducts Connected to Terminal Units:
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Pressure Class: Positive 2-inch wg.

Minimum SMACNA Seal Class: A.
SMACNA Leakage Class for Rectangular: 24.
SMACNA Leakage Class for Round: 12.

g0 o

2. Ducts Connected to Constant-Volume Air-Handling Units:

a. Pressure Class: Positive 3-inch wg.

b. Minimum SMACNA Seal Class: A.

c. SMACNA Leakage Class for Rectangular: 24.

d. SMACNA Leakage Class for Round and Flat Oval: 12.

3. Ducts Connected to Variable-Air-Volume Air-Handling Units:

Pressure Class: Positive 4-inch wg.

Minimum SMACNA Seal Class: A.

SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Class for Round and Flat Oval: 6.

o o

C. Return Ducts:
1. Ducts Connected to Terminal Units:

a Pressure Class: Positive or negative 2-inch wg.

b. Minimum SMACNA Seal Class: A.

c SMACNA Leakage Class for Rectangular: 24.

d SMACNA Leakage Class for Round and Flat Oval: 12.

2. Ducts Connected to Air-Handling Units:

a Pressure Class: Positive or negative 3-inch wg.

b. Minimum SMACNA Seal Class: A.

c SMACNA Leakage Class for Rectangular: 24.

d SMACNA Leakage Class for Round and Flat Oval: 12.

D.  Exhaust Ducts:
1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

a Pressure Class: Negative 2-inch wg.

b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
pressure.

c SMACNA Leakage Class for Rectangular: 12.

d. SMACNA Leakage Class for Round: 6.

2. Ducts Connected to Air-Handling Units:

a Pressure Class: Positive or negative 3-inch wg.

b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
pressure.

SMACNA Leakage Class for Rectangular: 12.

SMACNA Leakage Class for Round and Flat Oval: 6.

e o
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E. Intermediate Reinforcement:
1. Galvanized-Steel Ducts: Galvanized steel.
a. Exposed to Airstream: Match duct material.

b. Not Exposed to Airstream: Match duct material.
F. Elbow Configuration:

L. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-2, "Rectangular Elbows."

a Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.

c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."

2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Figure 3-4, "Round Duct Elbows."

a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-
1, "Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

1) Radius-to Diameter Ratio: 1.5.

b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
c. Round Elbows, 14 Inches and Larger in Diameter: Standing seam.

G.  Branch Configuration:

1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-6, "Branch Connection."

a. Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch: Spin in.

2. Round: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees."
Saddle taps are permitted in existing duct.

a. Velocity 1000 to 1500 fpm or Lower: Conical tap.
b. Velocity 1500 fpm or Higher: 45-degree lateral.

END OF SECTION
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:

Backdraft dampers.

Manual volume dampers.
Turning vanes.
Duct-mounted access doors.
Flexible connectors.

Duct accessory hardware.

A S e

B.  Related Requirements:
L. Section 233346 "Flexible Ducts" for insulated and non-insulated flexible ducts.
2. Section 284621.11 "Addressable Fire-Alarm System" for duct-mounted fire and smoke
detectors.

1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product. On data submittal sheets where more than one product
is described, clearly annotate which product(s) is to be supplied.
1.4 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Coordination Drawings: Reflected ceiling plans, drawn to scale, on which ceiling-mounted
access panels and access doors required for access to duct accessories are shown and

coordinated with each other, using input from Installers of the items involved.

C.  Source quality-control reports.
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1.5

A.

B.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals. On data submittal sheets where more than one product is described,
clearly annotate which product(s) is to be supplied.

PART 2 - PRODUCTS

2.1

A.

B.

2.2

A.

B.

C.

D.

23

A.

B.

ASSEMBLY DESCRIPTION

Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless otherwise
indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains,
discolorations, and other imperfections.

MATERIALS

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1. Galvanized Coating Designation: G90.
2. Exposed-Surface Finish: Mill phosphatized.

Extruded Aluminum: Comply with ASTM B 221 (ASTM B 221M), Alloy 6063, Temper T6.

Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.
BACKDRAFT DAMPERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. Geenheck Fan Corporation.
b. Nailor Industries Inc.

c. Pottorft.

d. Ruskin Company.

Description: Gravity balanced.
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C.

D.

2.4

Maximum Air Velocity: 3000 fpm.
Maximum System Pressure: 3-inch wg.

Frame: Hat-shaped, 0.05-inch-thick, galvanized sheet steel, with welded corners or
mechanically attached and mounting flange.

Blades: Multiple single-piece blades, off-center pivoted or end pivoted, maximum 6-inch width,
0.025-inch-thick, roll-formed aluminum with sealed edges.

Blade Action: Parallel.
Blade Seals: Extruded vinyl, mechanically locked.
Blade Axles:

1. Material: Stainless steel.
2. Diameter: 0.20 inch.

Tie Bars and Brackets: Aluminum.

Return Spring: Adjustable tension.

Bearings: Synthetic pivot bushings.

Accessories:

Adjustment device to permit setting for varying differential static pressure.
Counterweights and spring-assist kits for vertical airflow installations.
Electric actuators.

Chain pulls.
Screen Mounting: Front mounted in sleeve.

A

a. Sleeve Thickness: 20 gage minimum.
b. Sleeve Length: 6 inches minimum.

Screen Mounting: Rear mounted.
Screen Material: Galvanized steel.
Screen Type: Bird.

90-degree stops.

S

MANUAL VOLUME DAMPERS
Standard, Steel, Manual Volume Dampers:

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. Flexmaster U.S.A., Inc.
b. Nailor Industries Inc.
c. Pottorft.
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2.5

d. Ruskin Company.

2. Standard leakage rating, with linkage outside airstream.
3. Suitable for horizontal or vertical applications.
4. Frames:

a. Frame: Hat-shaped, 0.094-inch-thick, galvanized sheet steel.

b. Mitered and welded corners.
c. Flanges for attaching to walls and flangeless frames for installing in ducts.
5. Blades:

Multiple or single blade.

Parallel- or opposed-blade design.
Stiffen damper blades for stability.
Galvanized-steel, 0.064 inch thick.

o o

6. Blade Axles: Galvanized steel.
7. Bearings:

a. Molded synthetic.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.

8. Tie Bars and Brackets: Galvanized steel.

Jackshatft:

1. Size: 1-inch diameter.

2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.

3. Length and Number of Mountings: As required to connect linkage of each damper in

multiple-damper assembly.
Damper Hardware:

1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel,
and a 3/4-inch hexagon locking nut.

2. Include center hole to suit damper operating-rod size.
3. Include elevated platform for insulated duct mounting.
TURNING VANES

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. Aero-Dyne Sound Control Co.
b. Ductmate Industries, Inc.

c. Duro Dyne Inc.

d. METALAIRE, Inc.

e. SEMCO LLC.
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2.6

2.7

B.

Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support
with bars perpendicular to blades set; set into vane runners suitable for duct mounting.

1. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated
faces and fibrous-glass fill.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."

Vane Construction: Single wall.

DUCT-MOUNTED ACCESS DOORS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. Aire Technologies.

b. Ductmate Industries, Inc.

c. Flexmaster U.S.A., Inc.

d. Geenheck Fan Corporation.
e. McGill AirFlow LLC.

f. Nailor Industries Inc.

g. Pottorff.

Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels,"
and 7-3, "Access Doors - Round Duct."

1. Door:
a. Double wall, rectangular.
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct

pressure class.
c. Vision panel.
d. Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.
e. Fabricate doors airtight and suitable for duct pressure class.

2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and Locks:

a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.
b. Access Doors up to 18 Inches Square: Two hinges and two sash locks.
FLEXIBLE CONNECTORS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

a. Ductmate Industries, Inc.
b. Duro Dyne Inc.
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2.8

c. JP Lamborn Co.
d. Ventfabrics, Inc.

Materials: Flame-retardant or noncombustible fabrics.
Coatings and Adhesives: Comply with UL 181, Class 1.

Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to
two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick
aluminum sheets. Provide metal compatible with connected ducts.

Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1. Minimum Weight: 26 0z./sq. yd..
2. Tensile Strength: 480 1bf/inch in the warp and 360 Ibf/inch in the filling.
3. Service Temperature: Minus 40 to plus 200 deg F.

Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,
synthetic rubber resistant to UV rays and ozone.

1. Minimum Weight: 24 0z./sq. yd.
2. Tensile Strength: 530 1bf/inch in the warp and 440 Ibf/inch in the filling.
3. Service Temperature: Minus 50 to plus 250 deg F.

Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan
discharge and duct.

1. Frame: Steel, fabricated for connection to threaded rods and to allow for a maximum of
30 degrees of angular rod misalignment without binding or reducing isolation efficiency.

2. Outdoor Spring Diameter: Not less than 80 percent of the compressed height of the

spring at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5. Overload Capacity: Support 200 percent of rated load, fully compressed, without

deformation or failure.

Elastomeric Element: Molded, oil-resistant rubber or neoprene.

7. Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement at
start and stop.

B w

o

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap
and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to
suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline
and grease.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts.

B.  Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in
galvanized-steel and stainless-steel accessories in stainless-steel ducts.

C. Compliance with ASHRAE/IESNA 90.1-2004 includes Section 6.4.3.3.3 - "Shutoff Damper
Controls," restricts the use of backdraft dampers, and requires control dampers for certain
applications. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as
possible to exhaust fan unless otherwise indicated.

D. Install volume dampers at points on supply, return, and exhaust systems where branches extend
from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with
hat channel of same depth as liner, and terminate liner with nosing at hat channel.

1. Install steel volume dampers in steel ducts.
E. Set dampers to fully open position before testing, adjusting, and balancing.
F. Install test holes at fan inlets and outlets and elsewhere as indicated.

G. Install fire dampers according to UL listing.

H.  Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining
accessories and equipment at the following locations:

1. At duct coils.

2. At outdoor-air intakes and mixed-air plenums.

3. Downstream from control dampers, backdraft dampers, and equipment.

4. Adjacent to and close enough to fire dampers, to reset or reinstall fusible links. Access
doors for access to fire dampers having fusible links shall be pressure relief access doors
and shall be outward operation for access doors installed upstream from dampers and
inward operation for access doors installed downstream from dampers.

5. At each change in direction and at maximum 50-foot spacing.

6. Upstream and downstream from turning vanes.

7. Elsewhere as indicated.

L Install access doors with swing against duct static pressure.
J. Access Door Sizes:

1. One-Hand or Inspection Access: 8 by 5 inches.

2. Two-Hand Access: 12 by 12 inches.

3. Head and Hand Access: 18 by 10 inches.

4. Head and Shoulders Access: 21 by 14 inches.
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K.

32

Label access doors according to Section 230553 "Identification for HVAC Piping and
Equipment" to indicate the purpose of access door.

Install flexible connectors to connect ducts to equipment.

Connect terminal units to supply ducts directly.

Connect diffusers to ducts directly or with maximum 60-inch lengths of flexible duct clamped
or strapped in place.

Connect flexible ducts to metal ducts with draw bands and adhesive plus sheet metal screws.

Install duct test holes where required for testing and balancing purposes.

FIELD QUALITY CONTROL

Tests and Inspections:

1.
2.

3.

Operate dampers to verify full range of movement.

Inspect locations of access doors and verify that purpose of access door can be
performed.

Operate fire dampers to verify full range of movement and verify that proper heat-
response device is installed.

Inspect turning vanes for proper and secure installation.

Operate remote damper operators to verify full range of movement of operator and
damper.

END OF SECTION
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SECTION 235700 - HEAT EXCHANGERS FOR HVAC

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

SUMMARY
Section Includes:

1. Gasketed-plate heat exchangers.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product.

Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required

clearances, method of field assembly, components, and location and size of each field

connection.

1. Base Details: Detail fabrication, including anchorages and attachments to structure and to
supported equipment.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Sample Warranty: For manufacturer's warranty.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Operation and maintenance data.

WARRANTY

Special Warranty: Manufacturer agrees to repair or replace components of heat exchangers that
fail in materials or workmanship within specified warranty period.

1. Warranty Periods: From date of Substantial Completion.

a. Plate Heat Exchangers:

HEAT EXCHANGERS FOR HVAC 235700 -1
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1) Flat-Plate Type: One year.

PART 2 - PRODUCTS

2.1

A.

G.
H

L

J.

GASKETED-PLATE HEAT EXCHANGERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. Alfa Laval Inc.

Configuration: Freestanding assembly, consisting of frame support, top and bottom carrying and
guide bars, fixed and movable end plates, tie rods, individually removable plates, and one-piece
gaskets. Floor-mounted heat exchangers must have integral legs with mounting feet.

Construction: Fabricate and label heat exchangers to comply with ASME Boiler and Pressure
Vessel Code, Section VIII, "Pressure Vessels," Division 1.

Frame:
1. Capacity to accommodate 100 percent additional plates.
2. Painted carbon steel with provisions for anchoring to support.

Top and Bottom Carrying and Guide Bars: Painted carbon steel, aluminum, or stainless steel.

1. Fabricate attachment of heat-exchanger support bars and guide bars with reinforcement
strong enough to resist heat-exchanger movement during seismic event when heat-
exchanger support bars and guide bars are anchored to building structure.

End-Plate Material: Painted carbon steel.

Tie Rods and Nuts: Stainless steel.

Plate Material: 0.024 inch thick before stamping; 300 psi titanium.

Gasket Materials: NBR HT.

Piping Connections: Factory fabricated of materials compatible with heat-exchanger shell.
Attach tappings to shell before testing and labeling.

PART 3 - EXECUTION

3.1

A.

INSTALLATION OF HEAT EXCHANGER, GENERAL
Equipment Mounting;:

1. Install floor-mounted heat exchangers on equipment bases. Install all heat exchangers
level and plumb in accordance with manufacturer's recommendations. Install floor-

HEAT EXCHANGERS FOR HVAC 235700 -2
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mounted and wall-hung steam heat exchangers at sufficient height, using sufficient length
supports, to achieve required steam and condensate pipe pitch.
INSTALLATION OF GASKETED-PLATE HEAT EXCHANGER

Install floor-mounted gasketed-plate heat exchangers on cast-in-place concrete equipment base,
and fasten legs to base.

Install metal shroud over installed gasketed-plate heat exchanger in accordance with
manufacturer's written instructions.

PIPING CONNECTIONS

Comply with requirements for piping specified in Section 232113 "Hydronic Piping" and
Section 232116 "Hydronic Piping Specialties." Drawings indicate general arrangement of
piping, fittings, and specialties.

Maintain manufacturer's recommended clearances for tube removal, service, and maintenance.

Install piping adjacent to heat exchangers to allow space for service and maintenance of heat
exchangers. Arrange piping for easy removal of heat exchangers.

Install shutoff valves at heat-exchanger inlet and outlet connections.

Install pressure-relief valves on heat-exchanger shells where a connection has been provided on
shell. When no shell pressure-relief valve connection has been provided, install pressure-relief
valve on shell outlet piping before any isolation valves.

Install pressure-relief valves on heat-exchanger tube outlet piping before any isolation valves.
Pipe pressure-relief valves, full size of valve connection, to floor drain.

Install vacuum breaker at heat-exchanger steam inlet connection.

Install hose end valve to drain shell.

Install thermometer on each heat-exchanger fluidinlet and outlet piping. Comply with
requirements for thermometers specified in Section 230500 "Common Work Results for
HVAC."

Install pressure gauges on each heat-exchanger fluid inlet and outlet piping. Comply with
requirements for pressure gauges specified in Section 230500 "Common Work Results for
HVAC."

CLEANING

After completing system installation, including outlet fitting and devices, inspect exposed
finish. Remove burrs, dirt, and construction debris, and repair damaged finishes.
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3.5

B.

Isolate heat exchangers from piping before flushing piping. If a valve is used to isolate
equipment, its closure shall be capable of sealing against test pressure without damage to valve.
Install blind flanges in flanged joints to isolate equipment.
Flush heat-exchanger piping systems with clean water; then remove and clean or replace
strainer screens before reopening flow to heat exchangers.

FIELD QUALITY CONTROL

Testing Agency, Owner: Owner will engage a qualified testing agency to perform tests and
inspections.

Testing Agency, Contractor: Engage a qualified testing agency to perform tests and inspections.
Perform tests and inspections.

Tests and Inspections:

1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
until no leaks exist.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Heat exchanger will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

END OF SECTION
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SECTION 237433 - DEDICATED OUTDOOR-AIR UNITS

PART 1 - GENERAL

1.1

A.

1.2

1.3

SUMMARY
Section Includes:

L. Dedicated outdoor air-handling units.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each dedicated outdoor-air unit.

Shop Drawings: For each dedicated outdoor-air unit.

1. Include plans, elevations, sections, and mounting details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Coordination Drawings: Floor/roof plans and other details, or BIM model, drawn to scale,
showing the items described in this Section, and coordinated with all building trades.

Sample Warranty: For manufacturer's warranty.

Product Certificates: Submit certification that specified equipment will withstand wind forces
identified in "Performance Requirements" Article and in Section 230548 "Vibration and
Seismic Controls for HVAC."

Source quality-control reports.

Startup service reports.

Field quality-control reports.
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1.4

A.

B.

1.5

A.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Operation and maintenance data.

WARRANTY

Warranty: Manufacturer agrees to replace components of dedicated outdoor-air units that fail in
materials or workmanship within specified warranty period.

1. Warranty Period for Dedicated Outdoor-Air-Handling Units: Three years from date of
Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

2.2

A.

23

A.

B.

PERFORMANCE REQUIREMENTS
Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
an "NRTL" (nationally recognized testing laboratory), and marked for intended location and

application.

NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of units
and components.

ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems
and Equipment" and Section 7 - "Construction and Startup."

ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6 -
"Heating, Ventilating, and Air-Conditioning."

CAPACITIES AND CHARACTERISTICS

See construction drawings.

DEDICATED OUTDOOR-AIR UNITS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Carrier.
2. Johnson Controls.
3. Trane.

Source Limitations: Obtain dedicated outdoor-air units from single manufacturer.
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C.  Unit Casing:

L.

General Fabrication Requirements for Casings: Formed and reinforced double-wall
insulated panels, fabricated to allow removal for access to internal parts and components,
with joints between sections sealed.

Configuration: Horizontal unit with top discharge for concrete-base installation.
Double-Wall Configuration:

a. Outside Casing Wall:  Galvanized steel, minimum 18 gauge thick with
manufacturer's standard finish, with pitched roof panels and knockouts with
grommet seals for electrical and piping connections and lifting lugs.

b. Inside Casing Wall:

1)  Inside Casing, All Other Sections: Galvanized steel,.

c. Floor Plate: Reinforced metal surface; reinforced to limit deflection when walked
on by service personnel. Insulation is provided below metal walking surface.

d. Roof: Standing seam or membrane; sloped to drain water.

e. Casing Insulation:

1)  Materials: Polyurethane foam insulation.

2) Casing Panel R-Value: Minimum R-13.

3)  Insulation Thickness: 2 inches.

4) Thermal Break: Provide continuity of insulation with no through-casing
metal in casing walls, floors, or roofs of air-handling unit.

Airstream Surfaces: Surfaces in contact with airstream shall comply with requirements in
ASHRAE 62.1.
Static-Pressure Classifications:

a. For Unit Sections Upstream of Fans: Minus 3 inches wg.
b. For Unit Sections Downstream and Including Fans: 4 inches wg.

Panels and Doors:
a. Panels:

1)  Fabrication: Formed and reinforced double-wall and insulated panels of
same materials and thicknesses as casing.

2)  Fasteners: Two or more camlock-type fasteners for panel lift-out operation.
Arrangement shall allow panels to be opened against airflow.

3) Gasket: Neoprene, applied around entire perimeters of panel frames.

4) Size: Large enough to allow unobstructed access for inspection and
maintenance of unit's internal components.

b. Doors:

1)  Fabrication: Formed and reinforced double-wall and insulated panels of
same materials and thicknesses as casing.

2)  Hinges: A minimum of two ball-bearing hinges or stainless steel piano hinge
and two wedge-lever latches, operable from inside and outside. Arrange
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doors to be opened against airflow. Provide safety latch retainers on doors
so that doors do not open uncontrollably.

3) Gasket: Neoprene, applied around entire perimeters of panel frames.

4) Size: Large enough to allow for unobstructed access for inspection and
maintenance of air-handling unit's internal components.

c. Locations and Applications:

1)  Fan Section: Doors.

2)  Access Section: Doors.

3)  Filter Section: Doors large enough to allow periodic removal and
installation of filters.

4)  Relief Section: Doors.

7. Condensate Drain Pans:
a. Location: Each cooling coil and pre-heat/cool coil.
b. Construction:

1) Single-wall, galvanized-steel or noncorrosive polymer sheet.

c. Size: Large enough to collect condensate from cooling coils, including coil piping
connections, coil headers, and return bends.
d. Drain Connection:

1)  Located on one end of pan, at lowest point of pan.
2) Terminated with threaded nipple.

e. Slope: Minimum 0.125-inch/ft. slope in at least two planes to collect condensate
from cooling coils (including coil piping connections, coil headers, and return
bends) and from humidifiers and to direct water toward drain connection.

f. Length: Extend drain pan downstream from leaving face for distance to comply
with ASHRAE 62.1.

g. Width: Entire width of water-producing device.

h. Depth: A minimum of 2 inches deep.

i. Pan-Top Surface Coating for Galvanized-Steel Drain Pans: Asphaltic
waterproofing compound.

J- Provide units having stacked coils with intermediate drain pan to collect
condensate from top coil.

D. Fans, Drives, And Motors:
1. Fan and Drive Assemblies: Statically and dynamically balanced and designed for
continuous operation at maximum-rated fan speed and motor horsepower.
2. Supply-Air Fans and Relief-Air Fans: Centrifugal; galvanized or painted steel; mounted
on solid-steel shaft.
a. Shafts: With field-adjustable alignment.
1)  Turned, ground, and polished hot-rolled steel with keyway.

b. Shaft Bearings:
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1) Heavy-duty, self-aligning, pillow-block type with an L-50 rated life of
minimum 100,000 hours in accordance with ABMA 9.

c. Housings: Formed- and reinforced-steel panels to form curved scroll housings with
shaped cutoff and spun-metal inlet bell.

1)  Bracing: Steel angle or channel supports for mounting and supporting fan
scroll, wheel, motor, and accessories.

d. Housings, Plenum Fans: Steel frame and panel; fabricated without fan scroll and
volute housing. Provide inlet screens for Type SWSI fans.

e. Mounting: For internal vibration isolation and seismic control. Factory mount fans
with manufacturer's standard vibration isolation mounting devices having a
minimum static deflection of 1 inch.

f. Shaft Lubrication Lines: Extended to a location outside the casing.

g. Flexible Connector: Factory fabricated with a fabric strip minimum 3-1/2 inches
wide, attached to two strips of minimum 2-3/4-inch-wide by 0.028-inch-thick,
galvanized-steel sheet.

1)  Flexible Connector Fabric: Glass fabric, double coated with neoprene.
Fabrics, coatings, and adhesives shall comply with UL 181, Class 1.
3. Drive, Direct: Factory-mounted direct drive.
4. Motors:

a. Comply with NEMA designation, temperature rating, service factor, enclosure
type, and efficiency requirements for motors specified in Section 230500
"Common Work Results for HVAC."

b. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven
load will not require motor to operate in service factor range above 1.0.

c. Efficiency: Premium efficient as defined in NEMA MG 1.

d. Controllers, FElectrical Devices, and Wiring: Comply with requirements for
electrical devices and connections specified in electrical Sections.

e. Mount unit-mounted disconnect switches on unit.

5. Comply with Section 262923 "Variable-Frequency Motor Controllers."
6. Variable-Frequency Motor Controller: Serving all fans combined in fan array.

a.

Unit Operating Requirements:
1)  Internal Adjustability:

a) Minimum Speed: 5 to 25 percent of maximum rpm.

b)  Maximum Speed: 80 to 100 percent of maximum rpm.

c) Acceleration: 0.1 to 999.9 seconds.

d) Deceleration: 0.1 to 999.9 seconds.

e) Current Limit: 30 to minimum of 150 percent of maximum rating.

2)  Self-Protection and Reliability Features:

a) Surge suppression.
b) Loss of input signal protection.
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E.

Coils:

c) Under- and overvoltage trips.

d) Variable-frequency motor controller and motor-
overload/overtemperature protection.

e) Critical frequency rejection.

f) Loss-of-phase protection.

g)  Reverse-phase protection.

h)  Motor-overtemperature fault.

3)  Bidirectional autospeed search.
4)  Torque boost.
5) Motor temperature compensation at slow speeds.

a) Panel-mounted operator station.
b)  Historical logging information and displays.
c) Digital indicating devices.

6) Control Signal Interface: Electric.

7) Proportional Integral Directive (PID) control interface.

8) DDC system for HVAC Protocols for Network Communications:
ASHRAE 135.

Line Conditioning:

1)  Input line conditioning.

2)  Output filtering.

3)  EMI/RFI filtering.

Bypass Systems:

1)  Bypass Mode: Field-selectable automatic or manual.

2)  Bypass Controller, Two-Contactor Style: With bypass and output isolating
contactors and isolating switch.

General Requirements for Coils:

a.
b.

C.

Comply with AHRI 410.

Fabricate coils section to allow removal and replacement of coil for maintenance
and to allow in-place access for service and maintenance of coil(s).

Coils are not to act as structural component of unit.

Heating-Water Coils: Self-draining.

fao o

Tube Material: Copper.

Fin Type: Plate.

Fin Material: Aluminum or copper.
Headers:

1)  Castiron with cleaning plugs and drain and air vent tappings.
2)  Seamless copper tube with brazed joints, prime coated.
3) Fabricated steel, with brazed joints, prime coated.
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4) Provide insulated cover to conceal exposed outside casings of headers.
5) Frames: Channel frame, minimum 0.052-inch thick galvanized steel.
6) Coil Working-Pressure Ratings: 200 psig, 325 deg F.

e. Coating: Corrosion-resistant coating.

F. Air Filtration:

L.

See design drawings.

G. Electrical Power Connections:

1. Single-Point Power Connection: Factory-installed and -wired switches, motor controllers,
transformers, and other necessary electrical devices shall provide a single-point field
power connection to unit.

2. Enclosure: NEMA 250, Type 3R, mounted in unit with hinged access door in unit cabinet
having a lock and key or padlock and key.

3. Wiring: Numbered and color-coded to match wiring diagram.

4, Wiring Location: Install factory wiring outside an enclosure in a raceway.

5. Power Interface: Field power interface to be NEMA KS 1, heavy-duty, nonfused
disconnect switch.

6. Factory Wiring: Branch power circuit to each motor and to controls with one of the
following disconnecting means:

a. NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips rated for
fuses. Select and size fuses to provide Type 2 protection in accordance with
IEC 60947-4-1.

b. NEMA KS 1, heavy-duty, nonfusible switch.

c. UL 489, motor-circuit protector (circuit breaker) with field-adjustable, short-circuit
trip coordinated with motor locked-rotor amperes.

7. Factory-Mounted, Overcurrent-Protection Service: For each motor.

8. Transformer: Factory mounted with primary and secondary fuses and sized with enough
capacity to operate electrical load plus spare capacity.

9. Controls: Factory wire unit-mounted controls where indicated.

10.  Control Relays: Auxiliary and adjustable time-delay relays.

H.  Controls:

1. Comply with requirements in Section 230923 "Direct Digital Control (DDC) System for
HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC" for control
equipment and sequence of operation.

2. Control Valves: Comply with requirements in Section 230923.11 "Control Valves."

3. Control Wiring: Factory wire connection for controls' power supply.

4, Control Devices: Sensors, transmitters, relays, switches, detectors, operators, actuators,
and valves shall be manufacturer's standard items to accomplish indicated control
functions.

5. Status Panel:

a. Cooling/Off/Heating Controls: Control operational mode.

b. Damper Position: Indicate position of outdoor-air dampers in terms of percentage

of outdoor air.
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c. Status Lights:
1)  Filter dirty.
2) Fan operating.
3) Cooling operating.
4) Heating operating.
5) Smoke alarm.
6) General alarm.

d. Digital Numeric Display:
1) Outdoor airflow.
2) Supply airflow.
3) Outdoor dry-bulb temperature.
4)  Outdoor dew point temperature.
5) Space temperature.
6) Supply temperature.
7)  Space relative humidity.
8) Space carbon dioxide level.

6. DDC Temperature Control: Standalone control module for link between unit controls and

DDC temperature-control system. Control module shall be compatible with control
system specified in Section 230923 "Direct Digital Control (DDC) System for HVAC."
Links shall include the following:

a.

b.

Start/stop interface relay and relay to notify DDC temperature-control system
alarm condition.
Hardware interface or additional sensors for the following:

1) Room temperature.

2)  Discharge-air temperature.

3)  Refrigeration system operation.
4)  Furnace operation.

7. Interface with DDC System for HVAC: Factory-installed hardware and software to
enable the DDC system for HVAC to monitor, control, and display unit status and
alarms.

Hardwired Points:

1)  Monitoring: On-off status, common trouble alarm.
2) Control: On-off operation, space temperature set-point adjustment.

ASHRAE 135 (BACnet) communication interface with the DDC system for
HVAC shall enable the DDC system for HVAC operator to remotely control and
monitor the unit from an operator workstation. Control features and monitoring
points displayed locally at unit control panel shall be available through the DDC
system for HVAC.
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A.

2.5

MATERIALS
Steel:

1. ASTM A36/A36M for carbon structural steel.
2. ASTM A568/A568M for steel sheet.

Stainless Steel:

1. Manufacturer's standard grade for casing.
2. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to airstream or
moisture.

Galvanized Steel: ASTM A653/A653M.
Aluminum: ASTM B209.
Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating.

Corrosion-Resistant Coating: Coat coils and fan guards with a corrosion-resistant coating
capable of withstanding a 3,000-hour salt-spray test in accordance with ASTM B117.

1. Standards:
a. ASTM B117 for salt spray.
b. ASTM D2794 for minimum impact resistance of 100 in-1b.
c. ASTM D3359 for cross-hatch adhesion of 5B.

2. Thickness: 1 mil.
3. Gloss: Minimum gloss of 50 gloss units on a single angle 60-degree meter.

SOURCE QUALITY CONTROL
AHRI 920: Manufacturer to certify that performance ratings are in accordance with AHRI 920
if AHRI 920 certification program is not in place. Provide AHRI 920 certification if AHRI 920

certification program is in place.

AHRI 260 or AMCA 311 Sound Performance Rating Certification: Test, rate, and label unit fan
sound ratings in accordance with AHRI 260 or AMCA 311.

Fan Energy Index (FEI): Test in accordance with AMCA 210 and rate in accordance with
AMCA 99, AMCA 207, and AMCA 208.

Fan Operating Limits: Classify fans in accordance with AMCA 99, Section 14.

Water Coils: Factory tested to 300 psig in accordance with AHRI 410 and ASHRAE 33.
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PART 3 - EXECUTION

3.1

A.

32

3.3

EXAMINATION

Examine areas, and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.
INSTALLATION OF DEDICATED OUTDOOR-AIR UNITS

Unit Support: Install unit level on structural curbs. Coordinate roof penetrations and flashing
with roof construction. Secure units to structural support with anchor bolts. Coordinate sizes

and locations of curbs with actual equipment provided.

1. Comply with requirements for vibration isolation and seismic-control devices specified in
Section 230548 "Vibration and Seismic Controls for HVAC."

Do not operate fan system until filters (temporary or permanent) are in place. Replace
temporary filters used during construction and testing with new, clean filters.

Install filter-gauge, static-pressure taps upstream and downstream of filters. Mount filter gauges
on outside of filter housing or filter plenum in accessible position. Provide filter gauges on filter

banks, installed with separate static-pressure taps upstream and downstream of filters.

Connect duct to air-handling units with flexible connections. Comply with requirements in
Section 233300 "Air Duct Accessories."

Install wall- and duct-mounted sensors furnished by manufacturer for field installation. Install
control wiring and make final connections to control devices and unit control panel.

Comply with requirements for gas-fired furnace installation in NFPA 54.

Install separate devices furnished by manufacturer and not factory installed.

Install new filters at completion of equipment installation and before testing, adjusting, and
balancing.

PIPING CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

Where installing piping adjacent to units, allow space for service and maintenance.

Connect piping to units mounted on vibration isolators with flexible connectors.

Hot-Water Piping: Comply with applicable requirements in Section 232113 "Hydronic Piping"
and Section 232116 "Hydronic Piping Specialties." Install shutoff valve and union or flange at

each coil supply connection. Install balancing valve and union or flange at each coil return
connection.
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3.5

3.6

Hydronic Piping Connections:

1. Comply with requirements in Section 232113 "Hydronic Piping" and Section 232116
"Hydronic Piping Specialties."

2. Install shutoff valve and union or flange on each supply connection, and install balancing
valve and union or flange on each return connection.

Duct Connections:

1. Comply with requirements in Section 233113 "Metal Ducts."

2. Drawings indicate the general arrangement of ducts.

3. Connect ducts to units with flexible duct connectors. Comply with requirements for
flexible duct connectors in Section 233300 "Air Duct Accessories."

ELECTRICAL CONNECTIONS

Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors
and Cables."

Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical
Systems."

Install electrical devices furnished by manufacturer, but not factory mounted, in accordance
with NFPA 70 and NECA 1.

Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.

1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in
Section 260553 "Identification for Electrical Systems."
2. Nameplate shall be laminated acrylic or melamine plastic signs with a black background

and engraved white letters at least 1/2 inch high.

CONTROL CONNECTIONS
Install control and electrical power wiring to field-mounted control devices.

Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power
Cables."

STARTUP SERVICE

Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks in accordance with manufacturer's written
instructions.

2. Inspect units for visible damage to furnace combustion chamber.

3. Inspect units for visible damage to refrigerant compressor, condenser and evaporator

coils, and fans.
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Simulate maximum cooling demand and inspect the following:

Inspect casing insulation for integrity, moisture content, and adhesion.

Verify that clearances have been provided for servicing.

Verify that controls are connected and operable.

Verify that filters are installed.

9. Clean coils and inspect for construction debris.

10.  Inspect operation of power vents.

11.  Inspect and adjust vibration isolators and seismic restraints.

12.  Verify bearing lubrication.

13. Clean fans and inspect fan-wheel rotation for movement in correct direction without
vibration and binding.

14.  Start unit.

15. Inspect and record performance of interlocks and protective devices, including response
to smoke detectors by fan controls and fire alarm.

16.  Operate unit for run-in period.

17.  Calibrate controls.

18.  Adjust and inspect high-temperature limits.

19.  Verify operational sequence of controls.

20.  Measure and record the following airflows. Plot fan volumes on fan curve.

O NNk

a. Supply-air volume.
b. Outdoor-air flow.
B.  After startup, change filters, verify bearing lubrication, and adjust belt tension.
C.  Remove and replace components that do not properly operate, and repeat startup procedures as

specified above.

D.  Prepare written report of the results of startup services.

3.7 ADJUSTING
A.  Adjust initial temperature and humidity set points.
B.  Set field-adjustable switches and circuit-breaker trip ranges as indicated.
C.  Occupancy Adjustments: When requested within 12 months from date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.
3.8 CLEANING
A.  After completing system installation; testing, adjusting, and balancing dedicated outdoor-air
unit and air-distribution systems; and completing startup service, clean air-handling units

internally to remove foreign material and construction dirt and dust. Clean fan wheels, casings,
dampers, coils, and filter housings, and install new, clean filters.
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3.9 FIELD QUALITY CONTROL

A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.

B.  Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections.

C.  Perform the following tests and inspections with the assistance of a factory-authorized service

representative:

1. Leak Test: After installation, fill water and steam coils with water, and test coils and
connections for leaks.

2. Charge refrigerant coils with refrigerant and test for leaks.

3. Fan Operational Test: After electrical circuitry has been energized, start units to confirm

proper motor rotation and unit operation.

3.10 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain units.

END OF SECTION
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SECTION 238146 - WATER-SOURCE UNITARY HEAT PUMPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A.  Section includes unitary heat pumps with refrigerant-to-water heat exchangers, refrigeration
circuits, and refrigerant compressor(s).

1.3 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for each water-source unitary heat pump.
2. Include rated capacities, operating characteristics, furnished specialties, and accessories.

C.  Shop Drawings:

1. Include plans, elevations, sections, and mounting and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Seismic Qualification Certificates: For water-source unitary heat pumps, accessories, and
components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate

and describe mounting and anchorage provisions.
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C.

D.

E.

1.5

A.

B.

1.6

A.

1.7

A.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

Product Certificates: For each type of water-source unitary heat pump, signed by product
manufacturer.

Field quality-control reports.

Sample Warranty: For manufacturer's warranty.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Operation and Maintenance Data: For water-source unitary heat pumps to include in
emergency, operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

WARRANTY

Special Warranty: Manufacturer agrees to repair or replace components of water-source unitary
heat pumps that fail in materials or workmanship within specified warranty period.

1. Failures include, but are not limited to, refrigeration components.
2. Warranty Period: Four years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

B.

C.

PERFORMANCE REQUIREMENTS
ASHRAE Compliance:

1. ASHRAE 15.

Comply with NFPA 70.

Comply with safety requirements in UL 484 for assembly of free-delivery, water-source heat
pumps.
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2.2

A.

WATER-SOURCE UNITARY HEAT PUMPS LARGER THAN 6 TONS

BGS PROJECT NO. 3707

Description: Packaged water-source unitary heat pump with temperature controls; factory

assembled, piped, wired, tested, and rated according to ASHRAE/ARI/ISO-13256-1.

1. Electrical Components, Devices, and Accessories: Listed and labeled as

defined in

NFPA 70, by a qualified testing agency and marked for intended location and application.

Cabinet and Chassis: Galvanized-steel casing with the following features:

1. Access panel for access and maintenance of internal components.
2. Knockouts for electrical and piping connections.

3. Cabinet Insulation: Glass-fiber liner, minimum, 3/4 inch thick, complying with UL 181,

ASTM C 1071, and ASTM G 21.
Water Circuits:

1. Refrigerant-to-Water Heat Exchangers:

a. Coaxial heat exchangers with cupronickel water tube, with enhanced heat-transfer
surfaces inside a steel shell; both shell and tube are leak tested to 450 psig on

refrigerant side and 400 psig on water side.

b. Stainless-steel, brazed-plate heat exchanger is leak tested to 450 psig on refrigerant
side and 400 psig on water side. Factory mount heat exchanger in unit on resilient

rubber vibration isolators.

c. Hot-water generator, copper water tube with enhanced heat-transfer surfaces inside
a steel shell; both shell and tube are leak tested to 450 psig on refrigerant side and
400 psig on water side, pump, circuit breaker, high water temperature and low

water refrigerant cutoffs, and tank connection.

Refrigerant Circuit Components:

[

Sealed Refrigerant Circuit: Charge with R-454B refrigerant.
2. Filter-Dryer: Factory installed to clean and dehydrate the refrigerant circuit.

3. Charging Connections: Service fittings on suction and liquid for charging and testing on

each circuit.

4. Reversing Valve: Four-way, solenoid-activated valve designed to be fail-safe in heating

position with replaceable magnetic coil.
5. Compressor:

a. Scroll.
b. Multi-stage.

c. Installed on vibration isolators and mounted on a structural steel base plate and

full-length channel stiffeners.

d. Exterior of compressor shall be wrapped with a high-density sound-attenuating

blanket and housed in an acoustically treated enclosure.
e. Factory-Installed Safeties:

1)  Antirecycle timer.
2) High-pressure cutout.

WATER-SOURCE UNITARY HEAT PUMPS
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3) Low-pressure cutout or loss of charge switch.

4)  Internal thermal-overload protection.

5) Freezestat to stop compressor if water-loop temperature in refrigerant-to-
water heat exchanger falls below 35 deg F.

6) Water-coil, low-temperature switch.

6. Refrigerant Piping Materials: ASTM B 743 copper tube with wrought-copper fittings and
brazed joints.

7. Pipe Insulation: Refrigerant minimum 3/8-inch-thick, flexible elastomeric insulation on

piping exposed to airflow through the unit. Maximum 25/50 flame-spread/smoke-

developed indexes according to ASTM E 84.

Refrigerant Metering Device: Thermal-expansion valve.

9. Refrigerant Metering Device: Dual-port, thermal-expansion valve to allow specified
operation with entering-water temperatures from 25 to 125 deg F.

o

E. Controls:
1. Basic Unit Control Modes and Devices:

Unit shutdown on high or low refrigerant pressures.

Unit shutdown on low water temperature.

Low- and high-voltage protection.

Overcurrent protection for compressor.

Random time delay, three to 10 seconds, start on power-up.

Time delay override for servicing.

Control voltage transformer.

Water-coil freeze protection (selectable for water or antifreeze).

Automatic intelligent reset. Unit shall automatically reset five minutes after trip if
the fault has cleared. Should a fault reoccur three times sequentially, lockout
requiring manual reset occurs.

Ability to defeat time delays for servicing.

Digital display to indicate high pressure, low pressure, low voltage, and high
voltage.

The low-pressure switch shall not be monitored for the first 90 seconds after a
compressor start command to prevent nuisance safety trips.

Remote fault-type indication at thermostat.

Selectable 24-V dc or pilot duty dry contact alarm output.

24-V dc output to cycle a motorized water valve with compressor contactor.
Service test mode for troubleshooting and service.

Unit-performance sentinel warns when heat pump is running inefficiently.
Compressor soft start.

FER MO a0 o

~
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2. DDC interface requirements as further described in Section 230923 "Direct Digital
Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for

HVAC DDC."

a Interface relay for scheduled operation.

b. Interface relay to provide indication of fault at central workstation.

C. Provide BAC-net interface for central DDC workstation for the following
functions:
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F.

A.

1) Set-point adjustment

2) Start/stop and operating status of heat-pump unit.

3)  Data inquiry to include supply-air and room-air temperature and humidity,
and entering-water temperature.

4) Occupied and unoccupied schedules.

Electrical Connection: Single electrical connection with fused disconnect.

ACCESSORIES

Hose Kits: Tag hose kits to equipment designations.

SAINAIE ol e

10.

Minimum Working Pressure: 400 psig.

Operating Temperatures: From 33 to 211 deg F.

Hose Length: 36 inches.

Minimum Hose Diameter: Equal to water-source unitary heat-pump piping connection.
Hose Material: Braided stainless steel with adapters for pipe connections.

Isolation Valves: Two-piece, bronze-body ball valves with stainless-steel ball and stem,
standard-port threaded connections, and galvanized-steel lever handle. Valves shall be
factory installed on supply and return connections of both load-side and source-side heat
exchangers. If balancing valve is combination shutoff type with memory stop, the
isolation valve may be omitted on the return.

Strainer: Y-pattern with blowdown valve in supply connections of both load and source
side of heat exchangers.

Balancing Valves: Mount in return connection. Include meter ports to allow flow
measurement with differential pressure gage.

a. Automatic balancing valve, factory set to operate within 10 percent of design flow
rate over a pressure range of 2 to 80 psig.

b. Manual, calibrated-orifice balancing valve with memory stop.

c. Manual, venturi-type balancing valve with memory stop.

Water-Regulating Valve Assemblies: A direct acting valve regulates discharge pressure
during the cooling cycle, and a reverse acting valve regulates the suction pressure during
the heating cycle. Valves shall close when heat-pump compressor is not running.
Motorized Water Valve: Stop water flow through the unit when compressor is off. Slow-
acting, 24-V dc valve with threaded connections is installed between isolation valves and
heat exchanger.

PART 3 - EXECUTION

3.1

A.

EXAMINATION

Examine areas and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.
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B.

3.2

33

Examine roughing-in for piping and electric installations for water-source unitary heat pumps to
verify actual locations of piping connections and electrical conduits before installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Equipment Mounting:

1. Install water-source, unitary heat pumps on cast-in-place concrete equipment base(s).
Comply with requirements for equipment bases and foundations specified in
Section 033000 "Cast-in-Place Concrete."

2. Comply with requirements for vibration-isolation devices specified in Section 230548.13
"Vibration Controls for HVAC."

Suspend water-source, unitary heat pumps from structure with all-thread hanger rods and

elastomeric hangers. Hanger rods and attachments to structure are specified in Section 230529

"Hangers and Supports for HVAC Piping and Equipment." Vibration hangers are specified in

Section 230548.13 “Vibration Controls for HVAC”.

Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to

match lighting controls or as required in Section 230923 "Direct Digital Control (DDC) System

for HVAC."

CONNECTIONS

Drawings indicate general arrangement of piping, fittings, and specialties. Specific connection
requirements are as follows:

1. Connect supply and return hydronic piping to heat pump with hose kits.
Install electrical devices furnished by manufacturer but not specified to be factory mounted.

Install piping adjacent to machine to allow space for service and maintenance.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections.

The General Contractor shall engage a testing agent to perform the following field tests and
inspections:

1. After installing water to water heat pumps and after electrical circuitry has been
energized, test units for compliance with requirements.
2. Inspect for and remove shipping bolts, blocks, and tie-down straps.
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3. Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor rotation and unit operation.

4, Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

C.  Heat pumps will be considered defective if they do not pass tests and inspections.

D.  Prepare test and inspection reports.

3.5 STARTUP SERVICE
A.  Engage a factory-authorized service representative to perform startup service.

Complete installation and startup checks according to manufacturer's written instructions.
Inspect for visible damage to unit casing.

Inspect for visible damage to compressor and coils.

Inspect internal insulation.

Verify that labels are clearly visible.

Verify that clearances have been provided for servicing.

Verify that controls are connected and operable.

Adjust vibration isolators.

Start unit according to manufacturer's written instructions.

Complete startup sheets and attach copy with Contractor's startup report.

Inspect and record performance of interlocks and protective devices; verify sequences.
Operate unit for an initial period as recommended or required by manufacturer.

Verify thermostat calibration.

Inspect controls for correct sequencing of heating, refrigeration, and normal and
emergency shutdown.

XN R LD =
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3.6 ADJUSTING
A.  Adjust initial temperature set points.
B.  Set field-adjustable switches and circuit-breaker trip ranges as indicated.
C.  Occupancy Adjustments: When requested within 12 months from date of Substantial

Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.

3.7 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain water-source unitary heat pumps.

END OF SECTION
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SECTION 260010 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

L.

Requirements generally applicable to all electrical Work on the Project, including but not
limited to Work specified in Divisions 26, 27, and 28.

1.2 REFERENCES

A.  Abbreviations and Acronyms for Electrical Terms and Units of Measure:

NN R WD =

23.

24.

25.
26.
27.
28.
29.
30.

8P8C: An 8-position 8-contact modular jack.

A: Ampere, unit of electrical current.

AC or ac: Alternating current.

AFCI: Arc-fault circuit interrupter.

AIC: Ampere interrupting capacity.

AL, Al, or ALUM: Aluminum.

ASD: Adjustable-speed drive.

ATS: Automatic transfer switch.

AWG: American wire gauge; see ASTM B258.

BAS: Building automation system.

BIL: Basic impulse insulation level.

BIM: Building information modeling.

BMS: Building management system.

CAD: Computer-aided design or drafting.

CATV: Community antenna television.

CB: Circuit breaker.

cd: Candela, the SI fundamental unit of luminous intensity.
CO/ALR: Copper-aluminum, revised.

COPS: Critical operations power system.

CU or Cu: Copper.

CU-AL or AL-CU: Copper-aluminum.

dB: Decibel, a unitless logarithmic ratio of two electrical, acoustical, or optical power
values.

dB(A-weighted) or dB(A): Decibel acoustical sound pressure level with A-weighting
applied in accordance with I[EC 61672-1.

dB(adjusted) or dBa: Decibel weighted absolute noise power with respect to 3.16 pW
(minus 85 dBm).

dBm: Decibel absolute power with respect to 1 mW.

DC or dc: Direct current.

DCOA: Designated critical operations area.

DDC: Direct digital control (HVAC).

EGC: Equipment grounding conductor.

ELV: Extra-low voltage.
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31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

EMF: Electromotive force.

EMI: Electromagnetic interference.

EMP: Electrical maintenance program (operation and maintenance); electromagnetic
pulse (transient analysis).

EPS: Emergency power supply.

EPSS: Emergency power supply system.

ESS: Energy storage system.

EV: Electric vehicle.

EVPE: Electric vehicle power export equipment.

EVSE: Electric vehicle supply equipment.

FACU: Fire-alarm control unit.

fc: Footcandle, an internationally recognized unit of illuminance equal to one lumen per
square foot or 10.76 Ix. The simplified conversion 1 fc = 10 Ix in the Specifications is
common practice and considered adequate precision for building construction activities.
When there are conflicts, lux is the primary unit; footcandle is specified for convenience.
FLC: Full-load current.

ft: Foot.

ft-cd: Foot-candle, the antiquated U.S. standard unit of illuminance, equal to one
international candle measured at a distance of one foot, that was superseded in 1948 by
the unit "footcandle" when the SI unit candela (cd) replaced the international candle; see
"fc."

FTP: File transfer protocol.

GEC: Grounding electrode conductor.

GFCI: Ground-fault circuit interrupter.

GFPE: Ground-fault protection of equipment.

GND: Ground.

HACR: Heating, air conditioning, and refrigeration.

HDPE: High-density polyethylene.

HID: High-intensity discharge.

HP or hp: Horsepower.

HVAC: Heating, ventilating, and air conditioning.

Hz: Hertz.

IBT: Intersystem bonding termination.

ICT: Information and communications technology.

inch: Inch. To avoid confusion, the abbreviation "in." is not used.

I/O: Input/output.

IP: Ingress protection rating (enclosures); Internet protocol (communications).

IR: Infrared.

IS: Intrinsically safe.

IT&R: Inspecting, testing, and repair.

ITE: Information technology equipment.

kAIC: Kiloampere interrupting capacity.

kemil or MCM: One thousand circular mils.

kV: Kilovolt.

kVA: Kilovolt-ampere.

kvar: Kilovolt-ampere reactive.

kW: Kilowatt.

kWh: Kilowatt-hour.

LAN: Local area network.

Ib: Pound (weight).

Ibf: Pound (force).
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75. LCD: Liquid-crystal display.

76. LCDI: Leakage-current detector-interrupter.

77. LED: Light-emitting diode.

78.  Li-ion: Lithium-ion.

79. Im: Lumen, the SI-derived unit of luminous flux.

80. LNG: Liquefied natural gas.

81. LP-Gas: Liquefied petroleum gas.

82. LRC: Locked-rotor current.

83. LV:Low voltage.

84. Ix: Lux, the SI-derived unit of illuminance equal to one lumen per square meter.

85. m: Meter.

86. MCC: Motor-control center.

87. MDC: Modular data center.

88. MG set: Motor-generator set.

89. MIDI: Musical instrument digital interface.

90. MLO: Main lugs only.

91. MPEG-2: Abbreviation for the ISO/IEC Moving Picture Experts Group's standard for
generic coding of moving pictures and associated audio information (ISO/IEC 13818)
released in 1995 and used for most over-the-air and satellite broadcast digital television.

92. MPEG-4: Abbreviation for the ISO/IEC Moving Picture Experts Group's standard
framework for coding of audio-visual objects (ISO/IEC 14496) released in 1999, with
digital rights management and more advanced compression algorithms than MPEG-2.

93.  MOV: Metal-oxide varistor.

94. MV: Medium voltage.

95. MVA: Megavolt-ampere.

96. mW: Milliwatt.

97. MW: Megawatt.

98.  MWh: Megawatt-hour.

99. N.C.: Normally closed.

100. Ni-Cd: Nickel-cadmium.

101. Ni-MH: Nickel-metal hydride.

102. NIU: Network interface unit.

103. N.O.: Normally open.

104. NPT: National (American) standard pipe taper.

105. OCPD: Overcurrent protective device.

106. ONT: Optical network terminal.

107. PC: Personal computer.

108. PCS: Power conversion system.

109. PCU: Power-conditioning unit.

110. PF or pf: Power factor.

111. PHEV: Plug-in hybrid electric vehicle.

112. PLC: Programmable logic controller.

113. PLFA: Power-limited fire alarm.

114. PoE: Power over Ethernet.

115. POTS: Plain old telephone service. See "public switched telephone network" definition.

116. PSTN: Public switched telephone network.

117. PV: Photovoltaic.

118. PVC: Polyvinyl chloride.

119. pW: Picowatt.

120. RFTI: (electrical) Radio-frequency interference; (contract) Request for interpretation.

121. RMS or rms: Root-mean-square.
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122. RPM or rpm: Revolutions per minute.

123. SCADA: Supervisory control and data acquisition.
124. SCCR: Short-circuit current rating.

125. SCR: Silicon-controlled rectifier.

126. SPD: Surge protective device.

127. sq.: Square.

128. SWD: Switching duty.

129. TCP/IP: Transmission Control Protocol/Internet Protocol.
130. TEFC: Totally enclosed fan-cooled.

131. TR: Tamper resistant.

132. TVSS: Transient voltage surge suppressor.

133. UL: (standards) UL Standards & Engagement Inc.; (product categories) UL, LLC.

134. UL CCN: UL Category Control Number.

135.  UPS: Uninterruptible power supply.

136. USB: Universal serial bus.

137. UV: Ultraviolet.

138. V: Volt, unit of electromotive force.

139. V(ac): Volt, alternating current.

140. V(dc): Volt, direct current.

141. VA: Volt-ampere, unit of complex electrical power.
142. VAR: Volt-ampere reactive, unit of reactive electrical power.
143. VFC: Variable-frequency controller.

144. VOM: Volt-ohm-multimeter.

145. VoIP: Voice over Internet Protocol.

146. VPN: Virtual private network.

147. VRLA: Valve regulated lead acid; also called "sealed lead acid (SLA)" or "valve

regulated sealed lead acid."
148. W: Watt, unit of real electrical power.
149. WAN: Wide area network.
150. Wh: Watt-hour, unit of electrical energy usage.
151. WPT: Wireless power transfer.
152. WPTE: Wireless power transfer equipment.
153. WR: Weather resistant.

B.  Abbreviations and Acronyms for Electrical Raceway Types:

EMT: Electrical metallic tubing.

EMT-A: Aluminum electrical metallic tubing.

EMT-S: Steel electrical metallic tubing.

EMT-SS: Stainless steel electrical metallic tubing.

ENT: Electrical nonmetallic tubing.

EPEC: Electrical HDPE underground conduit (thin wall).
EPEC-A: Type A electrical HDPE underground conduit.
EPEC-B: Type B electrical HDPE underground conduit.
ERMC: Electrical rigid metal conduit.

ERMC-A: Aluminum electrical rigid metal conduit.
ERMC-S: Steel electrical rigid metal conduit.

ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
ERMC-SS: Stainless steel electrical rigid metal conduit.
FMC: Flexible metal conduit.

WHO_NAN B W=
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.

43.

44,

FMC-A: Aluminum flexible metal conduit.

FMC-S: Steel flexible metal conduit.

FMT: Steel flexible metallic tubing.

FNMC: Flexible nonmetallic conduit. See "LFNC."

HDPE: HDPE underground conduit (thick wall).

HDPE-40: Schedule 40 HDPE underground conduit.

HDPE-80: Schedule 80 HDPE underground conduit.

IMC: Steel electrical intermediate metal conduit.

LFMC: Liquidtight flexible metal conduit.

LFMC-A: Aluminum liquidtight flexible metal conduit.

LFMC-S: Steel liquidtight flexible metal conduit.

LFMC-SS: Stainless steel liquidtight flexible metal conduit.

LFNC: Liquidtight flexible nonmetallic conduit.

LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit.
LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit.
LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit.
PVC: Rigid PVC conduit.

PVC-40: Schedule 40 rigid PVC conduit.

PVC-80: Schedule 80 rigid PVC Conduit.

PVC-A: Type A rigid PVC concrete-encased conduit.

PVC-EB: Type EB rigid PVC concrete-encased underground conduit.
RGS: See ERMC-S-G.

RMC: See ERMC.

RTRC: Reinforced thermosetting resin conduit.

BGS PROJECT NO. 3707

RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit.
RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting resin

conduit.

RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced thermosetting resin

conduit.

RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced thermosetting

resin conduit.

RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit.

C.  Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor Cable
Types:

WO R W=
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AC: Armored cable.

CATV: Coaxial general-purpose cable.
CATVP: Coaxial plenum cable.

CATVR: Coaxial riser cable.

CI: Circuit integrity cable.

CL2: Class 2 cable.

CL2P: Class 2 plenum cable.

CL2R: Class 2 riser cable.

CL2X: Class 2 cable, limited use.

CL3: Class 3 cable.

CL3P: Class 3 plenum cable.

CL3R: Class 3 riser cable.

CL3X: Class 3 cable, limited use.

CM: Communications general-purpose cable.
CMG: Communications general-purpose cable.
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16. CMP: Communications plenum cable.

17.  CMR: Communications riser cable.

18. CMUC: Under-carpet communications wire and cable.

19. CMX: Communications cable, limited use.

20. DG: Distributed generation cable.

21.  FC: Flat cable.

22.  FCC: Flat conductor cable.

23.  FPL: Power-limited fire-alarm cable.

24.  FPLP: Power-limited fire-alarm plenum cable.

25. FPLR: Power-limited fire-alarm riser cable.

26. IGS: Integrated gas spacer cable.

27. ITC: Instrumentation tray cable.

28.  ITC-ER: Instrumentation tray cable, exposed run.

29.  MC: Metal-clad cable.

30. MC-HL: Metal-clad cable, hazardous location.

31. MI: Mineral-insulated, metal-sheathed cable.

32.  MTW: (machine tool wiring) Moisture-, heat-, and oil-resistant thermoplastic cable.

33.  MV: Medium-voltage cable.

34. NM: Nonmetallic sheathed cable.

35.  NMC: Nonmetallic sheathed cable with corrosion-resistant nonmetallic jacket.

36. NMS: Nonmetallic sheathed cable with signaling, data, and communications conductors,
plus power or control conductors.

37. NPLF: Non-power-limited fire-alarm circuit cable.

38. NPLFP: Non-power-limited fire-alarm circuit cable for environmental air spaces.

39. NPLFR: Non-power-limited fire-alarm circuit riser cable.

40. NUCC: Nonmetallic underground HDPE conduit with conductors.

41. OFC: Conductive optical fiber general-purpose cable.

42. OFCG: Conductive optical fiber general-purpose cable.

43.  OFCP: Conductive optical fiber plenum cable.

44,  OFCR: Conductive optical fiber riser cable.

45.  OFN: Nonconductive optical fiber general-purpose cable.

46. OFNG: Nonconductive optical fiber general-purpose cable.

47.  OFNP: Nonconductive optical fiber plenum cable.

48. OFNR: Nonconductive optical fiber riser cable.

49.  P: Marine shipboard cable.

50. PLTC: Power-limited tray cable.

51.  PLTC-ER: Power-limited tray cable, exposed run.

52.  PV: Photovoltaic cable.

53.  RHH: (high heat) Thermoset rubber, heat-resistant cable.

54. RHW: Thermoset rubber, moisture-resistant cable.

55.  SA: Silicone rubber cable.

56.  SE: Service-entrance cable.

57.  SER: Service-entrance cable, round.

58.  SEU: Service-entrance cable, flat.

59.  SIS: Thermoset cable for switchboard and switchgear wiring.

60. TBS: Thermoplastic cable with outer braid.

61. TC: Tray cable.

62. TC-ER: Tray cable, exposed run.

63. TC-ER-HL: Tray cable, exposed run, hazardous location.

64. THW: Thermoplastic, heat- and moisture-resistant cable.

65. THHN: Thermoplastic, heat-resistant cable with nylon jacket outer sheath.
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66.
67.
68.
69.
70.
71.
72.

THHW: Thermoplastic, heat- and moisture-resistant cable.

THWN: Thermoplastic, moisture- and heat-resistant cable with nylon jacket outer sheath.
TW: Thermoplastic, moisture-resistant cable.

UF: Underground feeder and branch-circuit cable.

USE: Underground service-entrance cable.

XHH: Cross-linked polyethylene, heat-resistant cable.

XHHW: Cross-linked polyethylene, heat- and moisture-resistant cable.

D. Definitions:

L.

10.

11.
12.

13.

8-Position 8-Contact (§P8C) Modular Jack: An unkeyed jack with up to eight contacts
commonly used to terminate twisted pair and multiconductor Ethernet cable. Also called
a "TIA-1096 miniature 8-position series jack" (8PSJ), or an "IEC 8877 8-pole jack."

a. Be careful when suppliers use "RJ45" generically. Obsolete RJ45 jacks used for
analog telephone cables have rejection keys. 8P8C jacks used for digital telephone
cables and Ethernet cables do not have rejection keys.

Basic Impulse Insulation Level (BIL): Reference insulation level expressed in impulse
crest voltage with a standard wave not longer than 1.5 times 50 microseconds and 1.5
times 40 microseconds.

Cable: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "cable" is (1) a conductor
with insulation, or a stranded conductor with or without insulation (single-conductor
cable); or (2) a combination of conductors insulated from one another (multiple-
conductor cable).

Communications Jack: A fixed connecting device designed for insertion of a
communications cable plug.

Communications Outlet: One or more communications jacks, or cables and plugs,
mounted in a box or ring, with a suitable protective cover.

Conductor: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "conductor" is (1) a wire
or combination of wires not insulated from one another, suitable for carrying an electric
current; (2) (National Electrical Safety Code) a material, usually in the form of wire,
cable, or bar, suitable for carrying an electric current; or (3) (general) a substance or body
that allows a current of electricity to pass continuously along it.

Conduit: A structure containing one or more duct raceways.

Designated Seismic System: An architectural, electrical, or mechanical system and its
components for which the component importance factor is greater than 1.0 when
determined in accordance with Section 018123 "Facility Seismic and Wind Criteria."
Direct Buried: Installed underground without encasement in concrete or other protective
material.

Duct Bank: An arrangement of conduit providing one or more continuous duct raceways
between two points.

Duct Raceway: A single enclosed raceway for conductors or cable.

Electrical Service: The conductors and equipment for delivering electric energy from the
serving utility to the wiring system of the premises served.

Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an
installation, to prevent personnel from accidentally contacting energized parts or to
protect the equipment from physical damage. Types of enclosures and enclosure covers
include the following:
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a. Cabinet: An enclosure that is designed for either surface mounting or flush
mounting and is provided with a frame, mat, or trim in which a swinging door or
doors are or can be hung.

b. Concrete Box: A box intended for use in poured concrete.

c. Conduit Body: A means for providing access to the interior of a conduit or tubing
system through one or more removable covers at a junction or terminal point. In
the United States, conduit bodies are listed in accordance with outlet box
requirements.

d. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or
fittings.

e. Cover Plate: A cover designed for protecting wiring devices installed in flush-
mounted device boxes while permitting their safe operation; also called a faceplate
or wallplate.

f. Cutout Box: An enclosure designed for surface mounting that has swinging doors
or covers secured directly to and telescoping with the walls of the enclosure.

g. Device Box: A box with provisions for mounting a wiring device directly to the
box.

h. Extension Ring: A ring intended to extend the sides of an outlet box or device box
to increase the box depth, volume, or both.

1. Floor Box: A box mounted in the floor intended for use with a floor box cover and
other components to complete the floor box enclosure.

J- Floor-Mounted Enclosure: A floor box and floor box cover assembly with means
to mount in the floor that is sealed against the entrance of scrub water at the floor
level.

k. Floor Nozzle: An enclosure used on a wiring system, intended primarily as a
housing for a receptacle, provided with a means, such as a collar, for surface-
mounting on a floor, which may or may not include a stem to support it above the
floor level, and is sealed against the entrance of scrub water at the floor level.

1. Junction Box: A box with a blank cover that joins different runs of raceway or
cable and provides space for connection and branching of the enclosed conductors.

m.  Outlet Box: A box that provides access to a wiring system having pryout openings,
knockouts, threaded entries, or hubs in either the sides or the back, or both, for the
entrance of conduit, conduit or cable fittings, or cables, with provisions for
mounting an outlet box cover, but without provisions for mounting a wiring device
directly to the box.

n. Pedestal Floor Box Cover: A floor box cover that, when installed as intended,
provides a means for typically vertical or near-vertical mounting of receptacle
outlets above the floor's finished surface.

0. Pull Box: A box with a blank cover that joins different runs of raceway and
provides access for pulling or replacing the enclosed cables or conductors.

p- Raised-Floor Box: A floor box intended for use in raised floors.

qg. Recessed Access Floor Box: A floor box with provisions for mounting wiring
devices below the floor surface.

. Recessed Access Floor Box Cover: A floor box cover with provisions for passage
of cords to recessed wiring devices mounted within a recessed floor box.

S. Ring: A sleeve, which is not necessarily round, used for positioning a recessed
wiring device flush with the plaster, concrete, drywall, or other wall surface.

t. Ring Cover: A box cover, with raised center portion to accommodate a specific
wall or ceiling thickness, for mounting wiring devices or luminaires flush with the
surface.
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14.

15.

16.
17.

18.

19.

20.

21.
22.
23.
24.

25.

u. Termination Box: An enclosure designed for installation of termination base
assemblies consisting of bus bars, terminal strips, or terminal blocks with provision
for wire connectors to accommodate incoming or outgoing conductors, or both.

Emergency Systems: Those systems legally required and classed as emergency by
municipal, state, federal, or other codes, or by any governmental agency having
jurisdiction that are designed to ensure continuity of lighting, electrical power, or both, to
designated areas and equipment in the event of failure of the normal supply for safety to
human life.

Fault Limited: Providing or being served by a source of electrical power that is limited to
not more than 100 W when tested in accordance with UL 62368-1.

a. The term "fault limited" is intended to encompass most Class 1, 2, and 3 power-
limited sources complying with Article 725 of NFPA 70; Class ES1 and ES2
electrical energy sources that are Class PS1 electrical power sources (e.g., USB);
and Class ES3 electrical energy sources that are Class PS1 and PS2 electrical
power sources (e.g., PoE). See UL 62368-1 for discussion of classes of electrical
energy sources and classes of electrical power sources.

Jacket: A continuous nonmetallic outer covering for conductors or cables.

Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway designed to

hold conductors, receptacles, and switches, assembled in the field or at the factory.

One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols,

the course of an electric circuit or system of circuits and the component devices or parts

used therein. Also called "single-line diagram."

Plenum: A compartment or chamber to which one or more air ducts are connected and

that forms part of the air distribution system.

Protective Device: A device that senses when an abnormal current flow, abnormal

voltage potential, or other abnormal electrical waveform exists and then disconnects the

affected portion of the circuit from the system. Common protective devices include fuses,
circuit breakers, relays, ground-fault circuit interrupters, and arc-fault circuit interrupters.

Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also

called a power jack.

Receptacle Outlet: One or more receptacles mounted in a box with a suitable protective

cover.

Sheath: A continuous metallic covering for conductors or cables.

UL Category Control Number (CCN): An alphabetic or alphanumeric code used to

identify product categories covered by UL's Listing, Classification, and Recognition

Services.

Voltage Class: For specified circuits and equipment, voltage classes are defined as

follows:

a. Control Voltage: Having electromotive force between any two conductors, or
between a single conductor and ground, that is supplied from a battery or other
Class 2 or Class 3 power-limited source.

b. Line Voltage: (1) (controls) Designed to operate using the supplied low-voltage
power without transformation. (2) (transmission lines, transformers, SPDs) The
line-to-line voltage of the supplying power system.

c. Extra-Low Voltage (ELV): Not having electromotive force between any two
conductors, or between a single conductor and ground, exceeding 30 V(ac rms),
42 V(ac peak), or 60 V(dc).
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d. Low Voltage (LV): Having electromotive force between any two conductors, or
between a single conductor and ground, that is rated above 30 V but not exceeding
1000 V.

e. Medium Voltage (MV): Having electromotive force between any two conductors,
or between a single conductor and ground, that is rated about 1kV but not
exceeding 69 kV.

f. High Voltage: (1) (circuits) Having electromotive force between any two
conductors, or between a single conductor and ground, that is rated above 69 kV
but not exceeding 230 kV. (2) (safety) Having sufficient electromotive force to
inflict bodily harm or injury.

26. Wire: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "wire" is a slender rod or
filament of drawn metal. A group of small wires used as a single wire is properly called a
"stranded wire." A wire or stranded wire covered with insulation is properly called an
"insulated wire" or a "single-conductor cable." Nevertheless, when the context indicates
that the wire is insulated, the term "wire" will be understood to include the insulation.

1.3 COORDINATION

A.  Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities
occupied by Owner or others unless permitted under the following conditions:

1. Notify Architect or Owner no fewer than 14 days in advance of proposed interruption of
electrical service.

2. Do not proceed with interruption of electrical service without Owner's written
permission.

3. Coordinate interruption with systems impacted by outage including, but not limited to,

the following:

a. Exercising generators.
b. Emergency lighting.
c. Elevators.
d. Fire-alarm systems.
e. Building occupants.
4. Arrange to provide temporary emergency and standby electrical power so facility may

remain occupied during the outage in accordance with requirements specified in
Section 015000 "Temporary Facilities and Controls." Coordinate power requirements
with Owner.

B.  Interruption of Existing Fire-Alarm System: Do not interrupt fire-alarm system to facilities
occupied by Owner or others unless permitted under the following conditions:

1. Notify Architect or Owner no fewer than 14 days in advance of proposed interruption of
fire-alarm system.

2. Do not proceed with interruption of fire-alarm system without Owner's written
permission.

SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 260010 - 10



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

1.4

A.

1.5

SEQUENCING

Conduct and submit results of power system studies before submitting product data and Shop
Drawings for electrical equipment.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Coordination Drawings for Structural Supports: Show coordination of structural supports for
equipment and devices, including restraints and bracing for control of seismic and wind loads,
with other systems, equipment, and structural supports in the vicinity.

Coordination Drawings for Ceiling Areas: Where indicated on drawings, provide reflected
ceiling plan(s), supplemented by sections and other details, drawn to scale, in accordance with
Section 013100 "Project Management and Coordination," on which the following items are
shown and coordinated with each other, using input from installers of the items involved:

Suspended ceiling components.

Structural members to which equipment and suspension systems will be attached.
Size and location of access panels on ceilings.

Elevation, size, and route of sprinkler piping.

Elevation, size, and route of plumbing piping.

Elevation, size, and route of ductwork.

Elevation, size, and route of cable tray.

Elevation, size, and route of conduit.

. Elevation and size of wall-mounted and ceiling-mounted equipment.
10.  Access panels.

11.  Sprinklers.

12.  Air inlets and outlets.

13.  Control modules.

14.  Luminaires.

15. Communications devices.

16.  Speakers.

17.  Security devices.

18.  Fire-alarm devices.

19. Indicate clear dimensions for maintenance access in front of equipment.
20. Indicate dimensions of fully open access doors.

PN R WD =

O

Coordination Drawings for Conduit Routing: Conduit routing plans, drawn to scale, on which
the following items are shown and coordinated with each other, using input from installers of
items involved:

1. Structural members in paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups with
common supports.
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1.6 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter as dates
change, provide schedule for electrical installation Work to Owner and Architect including, but
not limited to, milestone dates for the following activities:

el e AN O S e

— O

Submission of specified coordination drawings.

Submission of action submittals specified in Division 26.

Orders placed for major electrical equipment.

Arrival of major electrical equipment on-site.

Utility service outages.

Utility service inspection and activation.

Mockup reviews.

Closing of walls and ceilings containing electrical Work.

System startup, testing, and commissioning activities for major electrical equipment.
System startup, testing, and commissioning activities for emergency lighting.
System startup, testing, and commissioning activities for automation systems (SCADA,

BMS, lighting, HVAC, fire alarm, fire pump, etc.).

_.
N

Pouring of concrete housekeeping pads for electrical equipment and testing of concrete

samples.
13.  Requests for special inspections.
14.  Requests for inspections by authorities having jurisdiction.

C.  Welding certificates.

D.  Qualification Statements:

1. For electrical professional engineer.

2. For power quality specialist.

3. For power-limited electrical testing agency and on-site power-limited testing supervisor.
1.7 CLOSEOUT SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Operation and Maintenance Data:
1. Include the following information:

a. Manufacturer's operating specifications.

b. User's guides for software and hardware.

c. Schedule of maintenance material items recommended to be stored at the Project
site.

d. Detailed instructions covering operation under both normal and abnormal
conditions.

e. Time-current curves for overcurrent protective devices and manufacturer's written

instructions for testing and adjusting their settings.
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f. List of load-current and overload-relay heaters with related motor nameplate data.

g. List of lamp types and photoelectric relays used on the Project, with ANSI and
manufacturers' codes.

h. Manufacturer's instructions for setting field-adjustable components.

1. Manufacturer's instructions for testing, adjusting, and reprogramming
microprocessor controls.

J. EPSS: Manufacturer's system checklists, maintenance schedule, and maintenance
log sheets in accordance with NFPA 110.

k. Exterior pole inspection and repair procedures.

C.  Software and Firmware Operational Documentation: Provide software and firmware operational

documentation, including the following:

Software operating and upgrade manuals.

Names, versions, and website addresses for locations of installed software.
Device address list.

Printout of software application and graphic screens.

Testing and adjusting of panic and emergency power features.

For lighting controls, include the following:

A e

a. Adjustments of scene preset controls, adjustable fade rates, and fade overrides.
b. Operation of adjustable zone controls.

PART 2 - PRODUCTS

2.1 SUBSTITUTION LIMITATIONS FOR ELECTRICAL EQUIPMENT

A.  Substitution requests for electrical equipment will be entertained under the following
conditions:

1. Substitution requests may be submitted for consideration prior to the Electrical
Preconstruction Conference if accompanied by value analysis data indicating that
substitution will comply with the Project performance requirements while significantly
increasing value for Owner throughout life of facility.

2. Substitution requests may be submitted for consideration concurrently with submission of
power system study reports when those reports indicate that substitution is necessary for
safety of maintenance personnel and facility occupants.

3. Contractor is responsible for sequencing and scheduling power system studies and
electrical equipment procurement. After the Electrical Preconstruction Conference,
insufficient lead time for electrical equipment delivery will not be considered a valid
reason for substitution.
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PART 3 - EXECUTION

3.1 INSTALLATION OF ELECTRICAL WORK

1

A.  Unless more stringent requirements are specified in the Contract Documents or manufacturers
written instructions, comply with NFPA 70 and NECA NEIS 1 for installation of electrical
Work on the Project. Consult Architect for resolution of conflicting requirements.

END OF SECTION
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

A.

1.2

1.3

SUMMARY

Section Includes:

Ll .

Copper building wire.
Metal-clad cable, Type MC.
Fire alarm wire and cable.
Connectors and splices.

Related Requirements:

1.

Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations,
definitions, submittals, qualifications, testing agencies, and other Project requirements
applicable to Work specified in this Section.

2. Section 260523 "Control-Voltage Electrical Power Cables" for control systems
communications cables and Classes 1, 2, and 3 control cables.
ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data:

1. Copper building wire.

2. Metal-clad cable, Type MC.
3. Fire alarm wire and cable.
4. Connectors and splices.

Product Schedule: Indicate type, use, location, and termination locations.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Field quality-control reports.
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PART 2 - PRODUCTS

2.1 COPPER BUILDING WIRE

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Alpha Wire; brand of Belden, Inc.

Belden Inc.

Cerro Wire LLC.

Encore Wire Corporation.

General Cable:; Prysmian Group North America.
Okonite Company (The).

Service Wire Co.

Southwire Company, LLC.

WESCO.

WO b W=

B.  Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with
an overall insulation layer or jacket, or both, rated 600 V or less.

C. Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

D.  Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8
for stranded conductors.

E.  Conductor Insulation:
1. Type RHH and Type RHW-2. Comply with UL 44.
2. Type TC-ER. Comply with NEMA WC 70/ICEA S-95-658 and UL 1277.
3. Type THHN and Type THWN-2. Comply with UL 83.
4. Type THW and Type THW-2. Comply with NEMA WC-70/ICEA S-95-658 and UL 83.
5. Type XHHW-2. Comply with UL 44.

2.2 METAL-CLAD CABLE, TYPE MC

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

AFC Cable Systems; Atkore International.
Alpha Wire; brand of Belden, Inc.

Belden Inc.

Cerro Wire LLC.

Encore Wire Corporation.

General Cable; Prysmian Group North America.
Okonite Company (The).

Nk W=
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8. Southwire Company, LLC.
9. WESCO.

Description: A factory assembly of one or more current-carrying insulated conductors in an
overall metallic sheath.

Standards:

L. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. Comply with UL 1569.

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Circuits:

1. Single circuit.
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424.

Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM BS
for stranded conductors.

Ground Conductor: Insulated.
Conductor Insulation:

1. Type TFN/THHN/THWN-2. Comply with UL 83.
2. Type XHHW-2. Comply with UL 44.

Armor: Steel, interlocked.

FIRE ALARM WIRE AND CABLE

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Allied Wire & Cable Inc.

CommScope, Inc.

Comtran Corporation.

Genesis; Resideo Technologies, Inc.
PYROTENAX: brand of nVent Electrical plc.
Prysmian Cables and Systems; Prysmian Group North America.
Radix Wire.

Rockbestos-Suprenant Cable Corp.

. Superior Essex Inc.; subsidiary of LS Corp.

0. West Penn Wire: brand of Belden, Inc.

1. Cerro Wire LLC.

= BN e

General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70,
Article 760.
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C.  Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded
insulation, and complying with requirements in UL 2196 for a two-hour rating.

1. Low-Voltage Circuits: No. 16 AWG, minimum, in pathway.

2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway.

3. Multiconductor Armored Cable: NFPA 70, Type MC, copper conductors, Type THHN
conductor insulation, copper drain wire, copper armor with red identifier stripe, NTRL
listed for fire-alarm and cable tray installation, plenum rated.

24 CONNECTORS AND SPLICES

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

3M Electrical Products.

ABB, Electrification Business.

AFC Cable Systems; Atkore International.

Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Gardner Bender.

Hubbell Utility Solutions; Hubbell Incorporated.

ILSCO.

Ideal Industries, Inc.

9. NSi Industries LLC.

10. 0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
11.  Service Wire Co.

12. TE Connectivity Ltd.

PN R WD =

B.  Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material,
type, and class for application and service indicated; listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and use.

C.  Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set
screws, designed to connect conductors specified in this Section.

D.  Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
1. Material: Copper.

2. Type: Two hole with standard barrels.
3. Termination: Compression.

PART 3 - EXECUTION

3.1 CONDUCTOR MATERIAL APPLICATIONS
A.  Feeders:
1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

B. Branch Circuits:
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1. Copper:
a. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and larger.
ASD Output Circuits Cable: Extra-flexible stranded for all sizes.
Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.
CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2,
single conductors in raceway Metal-clad cable, Type MC.

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single
conductors in raceway Metal-clad cable, Type MC.

INSTALLATION, GENERAL

Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

Complete raceway installation between conductor and cable termination points in accordance
with Section 260533.13 "Conduits for Electrical Systems" prior to pulling conductors and
cables.

Use manufacturer-approved pulling compound or lubricant where necessary; compound used
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended

maximum pulling tensions and sidewall pressure values.

Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will
not damage cables or raceway.

Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and
follow surface contours where possible.

Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."
Complete cable tray systems installation according to Section 260536 "Cable Trays for
Electrical Systems" prior to installing conductors and cables.

INSTALLATION OF FIRE-ALARM WIRE AND CABLE

Comply with NFPA 72.

Wiring Method: Install wiring in metal pathway according to Section 270528.29 "Hangers and
Supports for Communications Systems."

1. Install plenum cable in environmental airspaces, including plenum ceilings.
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3.5

2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system must
be installed in a dedicated pathway system.

a. Cables and pathways used for fire-alarm circuits, and equipment control wiring
associated with fire-alarm system, may not contain any other wire or cable.

3. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types MI and
Cl, is not permitted.

4, Signaling Line Circuits: Power-limited fire-alarm cables must not be installed in the same
cable or pathway as signaling line circuits.

Wiring within Enclosures: Separate power-limited and non-power-limited conductors as
recommended by manufacturer. Install conductors parallel with or at right angles to sides and
back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess.
Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with
fire-alarm system to terminal blocks. Mark each terminal according to system's wiring
diagrams. Make all connections with approved crimp-on terminal spade lugs, pressure-type
terminal blocks, or plug connectors.

Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes; cabinets; or
equipment enclosures where circuit connections are made.

Color-Coding: Color-code fire-alarm conductors differently from the normal building power
wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-
code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different
colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes and covers
red.

Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate risers in
close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does
not prevent receipt or transmission of signals from other floors or zones.

Wiring to Remote Alarm Transmitting Device: 1 inch conduit between the fire-alarm control
panel and the transmitter. Install number of conductors and electrical supervision for connecting
wiring as needed to suit monitoring function.

CONNECTIONS

Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in
UL 486A-486B.

Make splices, terminations, and taps that are compatible with conductor material.

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack.

Comply with requirements in Section 284621.11 “Addressable Fire-Alarm Systems” for
connecting, terminating, and identifying wires and cables.
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3.6 IDENTIFICATION

A.  Identify and color-code conductors and cables according to Section 260553 "Identification for
Electrical Systems."

B.  Identify each spare conductor at each end with identity number and location of other end of
conductor, and identify as spare conductor.

3.7 FIRESTOPPING

A.  Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly.

3.8 FIELD QUALITY CONTROL

A.  Tests and Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized,
test service entrance and feeder conductors for compliance with requirements.

2. Perform each of the following visual and electrical tests:
a. Inspect exposed sections of conductor and cable for physical damage and correct

connection according to the single-line diagram.

b. Test bolted connections for high resistance using one of the following:

1) A low-resistance ohmmeter.
2)  Calibrated torque wrench.
3) Thermographic survey.

c. Inspect compression-applied connectors for correct cable match and indentation.

d. Inspect for correct identification.

e. Inspect cable jacket and condition.

f. Insulation-resistance test on each conductor for ground and adjacent conductors.
Apply a potential of 500 V(dc) for 300 V rated cable and 1000 V(dc) for 600 V
rated cable for a one-minute duration.

g. Continuity test on each conductor and cable.

h. Uniform resistance of parallel conductors.

3. Initial Infrared Scanning: After Substantial Completion, but before Final Acceptance,

perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove
box and equipment covers so splices are accessible to portable scanner. Correct
deficiencies determined during the scan.

a.

Instrument: Use an infrared scanning device designed to measure temperature or to
detect significant deviations from normal values. Provide calibration record for
device.

Record of Infrared Scanning: Prepare a certified report that identifies switches
checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.
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4, Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
switch 11 months after date of Substantial Completion.

B.  Cables will be considered defective if they do not pass tests and inspections.

C.  Prepare test and inspection reports to record the following:

1. Procedures used.
2. Results that comply with requirements.
3. Results that do not comply with requirements, and corrective action taken to achieve

compliance with requirements.

END OF SECTION
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART 1 - GENERAL

1.1

1.2

1.3

A.

B.

A.

B.

A.

B.

C.

SUMMARY
Section Includes:

Category 6 balanced twisted pair cable.
Balanced twisted pair cable hardware.
Twin-axial data highway cable.
RS-485 cable.

Control cable.

Control-circuit conductors.

SANAIE ol o e

Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations,
definitions, submittals, qualifications, testing agencies, and other Project requirements
applicable to Work specified in this Section.

ACTION SUBMITTALS

Submittals must comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual Sections specifying the work.

Product Data: For each type of product.

INFORMATIONAL SUBMITTALS

Submittals must comply with the requirements of the Construction Contract Clauses, Section
013300 "Submittal Procedures" and the individual Sections specifying the work.

Source quality-control reports.

Field quality-control reports.

PART 2 - PRODUCTS

2.1

A.

PERFORMANCE REQUIREMENTS

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.
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2.2

B.

Flame Travel and Smoke Density in Plenums: As determined by testing identical products
according to NFPA 262, by a qualified testing agency. Identify products for installation in
plenums with appropriate markings of applicable testing agency.

1. Flame Travel Distance: 60 inch or less.
2. Peak Optical Smoke Density: 0.5 or less.
3. Average Optical Smoke Density: 0.15 or less.

Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As
determined by testing identical products according to UL 1666.

Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum
Building Spaces: As determined by testing identical products according to UL 1685.

CATEGORY 6 BALANCED TWISTED PAIR CABLE

Description: Four-pair, balanced-twisted pair cable, certified to meet transmission
characteristics of Category 6 cable at frequencies up to 250 MHz.

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

3M.

AMP NETCONNECT: a TE Connectivity Ltd. company.
Belden, Inc.

Berk-Tek Leviton; a Nexans/Leviton alliance.
CommScope, Inc.

General Cable; Prysmian Group North America.

Genesis Cable Products; Honeywell International, Inc.
Hitachi Cable America Inc.

. Mohawk: a division of Belden Networking, Inc.

10. Prysmian Cables and Systems; Prysmian Group North America.
11.  Superior Essex Inc.: subsidiary of LS Corp.

12.  SYSTIMAZX Solutions: a CommScope Inc. brand.

000N LR W

Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6
cables.

Conductors: 100 ohm, No. 23 AWG solid copper.

1. Lead Content: Less than 300 parts per million.
Shielding/Screening: Unshielded twisted pairs (UTP).
Cable Rating: Plenum.

Jacket: Blue thermoplastic.
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23 BALANCED TWISTED PAIR CABLE HARDWARE

A.  Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper
communications cable.

B.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

3M.

American Technology Systems Industries, Inc.

AMP NETCONNECT: a TE Connectivity Ltd. company.
Belden, Inc.

Berk-Tek Leviton; a Nexans/Leviton alliance.

CommScope, Inc.

Dynacom Corporation.

General Cable; Prysmian Group North America.

Genesis Cable Products; Honeywell International, Inc.

10. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
11. KRONE Incorporated.

12.  Leviton Manufacturing Co., Inc.

13. Mohawk; a division of Belden Networking, Inc.

14. Molex Premise Networks.

15.  Panduit Corp.

16. Prysmian Cables and Systems:; Prysmian Group North America.
17. Siemon Co. (The).

18.  Superior Essex Inc.: subsidiary of LS Corp.

19. SYSTIMAZX Solutions: a CommScope Inc. brand.

e e A o

C.  General Requirements for Balanced Twisted Pair Cable Hardware:
L. Comply with the performance requirements of Category 6.
2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or
tools.
3. Cables must be terminated with connecting hardware of same category or higher.

D.  Source Limitations: Obtain balanced twisted pair cable hardware from single source from
single manufacturer.

E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and
permit interconnection between cables.

1. Number of Terminals per Field: One for each conductor in assigned cables.

F. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each
jack location for permanent termination of pair groups of installed cables.

1. Features:

Universal TS68A and T568B wiring labels.
Labeling areas adjacent to conductors.
Replaceable connectors.

48 ports.

o o
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2. Construction: 16-gauge steel and mountable on 19 inch equipment racks.
3. Number of Jacks per Field: One for each four-pair conductor group of indicated cables,
plus spares and blank positions adequate to suit specified expansion criteria.

G.  Patch Cords: Factory-made, four-pair cables in lengths indicated; terminated with an eight-
position modular plug at each end.

1. Patch cords must have bend-relief-compliant boots and color-coded icons to ensure
performance. Patch cords must have latch guards to protect against snagging.
2. Patch cords must have color-coded boots for circuit identification.

H.  Plugs and Plug Assemblies:

1. Male; eight position; color-coded modular telecommunications connector designed for
termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair
cable.

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and
IEC 60603-7.5.

3. Marked to indicate transmission performance.

1. Jacks and Jack Assemblies:

1. Female; eight position; modular; fixed telecommunications connector designed for
termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair
cable.

2. Designed to snap-in to a patch panel or faceplate.

3. Standards:

a. Category 6, unshielded balanced twisted pair cable must comply with IEC 60603-

7-4.
b. Category 6a, unshielded balanced twisted pair cable must comply with IEC 60603-
7-41.
4. Marked to indicate transmission performance.
J. Faceplate:
1. Two, Four, and Six port, as indicated, vertical single-gang faceplates designed to mount
to single-gang wall boxes.
2. Metal Faceplate: Stainless steel, complying with requirements in Section 262726
"Wiring Devices."
3. For use with snap-in jacks accommodating any combination of balanced twisted pair,

optical fiber, and coaxial work area cords.
a. Flush mounting jacks, positioning the cord at a 45-degree angle.
K.  Legend:

1. Machine printed, in the field, using adhesive-tape label.
2. Snap-in, clear-label covers and machine-printed paper inserts.

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 260523 -4



ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

24

A.

2.5

2.6

2.7

RS-232 CABLE

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

M

Allied Wire & Cable Inc.

Belden Inc.

General Cable; Prysmian Group North America.
Genesis Cable Products; Honeywell International, Inc.
Southwire Company, LLC.

Plenum-Type, TIA 232-F:

S e e

Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.

Lead Content: Less than 300 parts per million.

PE insulation.

Aluminum foil-polyester tape shield with 100 percent shield coverage.

Fluorinated ethylene propylene jacket.

Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper
drain wire.

Flame Resistance: Comply with NFPA 262.

RS-485 CABLE

Plenum-Rated Cable: NFPA 70, Type CMP.

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
2. Fluorinated ethylene propylene insulation.

3. Unshielded.

4. Fluorinated ethylene propylene jacket.

5. Flame Resistance: NFPA 262.

6. Lead Content: Less than 300 parts per million.

CONTROL CABLE

Plenum-Rated, Paired Cable: NFPA 70, Type CMP.

A e

Multi-pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
PVC insulation.

Unshielded.

PVC jacket.

Flame Resistance: Comply with NFPA 262.

Lead Content: Less than 300 parts per million.

CONTROL-CIRCUIT CONDUCTORS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:
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2.8

Encore Wire Corporation.

General Cable:; Prysmian Group North America.
Service Wire Co.

Southwire Company, LLC.

el s

Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway.

Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway.

Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2,
complying with UL 83 in raceway.

Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical
Circuits: Circuit Integrity (CI) cable.

1. Smoke control signaling and control circuits.

FIRE-ALARM WIRE AND CABLE

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Allied Wire & Cable Inc.

CommScope, Inc.

Comtran Corporation.

Genesis Cable Products; Honeywell International, Inc.
Prysmian Cables and Systems; Prysmian Group North America.
PYROTENAX: brand of nVent Electrical plc.

Radix Wire.

Rockbestos-Suprenant Cable Corp.

Superior Essex Inc.; subsidiary of LS Corp.

0. West Penn Wire.

N S AR ol e

General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70,
Article 760.

1. Lead Content: Less than 300 parts per million.

Signaling Line Circuits: Twisted, shielded pair, not less than No. 18 AWG and size as
recommended by system manufacturer.

Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded
insulation, and complying with requirements in UL 2196 for a two-hour rating.

1. Control-Voltage Circuits: No. 16 AWG, minimum, in pathway.
2. Low-Voltage Circuits: No. 12 AWG, minimum, in pathway.
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2.9

A.
B.
C.
D.

SOURCE QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to evaluate cables.
Factory test twisted pair cables according to TIA-568-C.2.

Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

A.

3.2

A.

B.

C.

D.

3.3

A.

EXAMINATION
Test cables on receipt at Project site.

1. Test each pair of twisted pair cable for open and short circuits.

INSTALLATION OF RACEWAYS AND BOXES

Comply with requirements in Section 260533.13 “Conduits for Electrical Systems” and Section
260533.16 “Boxes and Covers for Electrical Systems” for raceway selection and installation
requirements for boxes, conduits, and wireways as supplemented or modified in this Section.

1. Outlet boxes for telecommunications wiring must be no smaller than 4-11/16 inch square
by 2-1/8 inch deep. Boxes must be provided with extension rings sized to bring edge of
ring to within 1/8 inch of the finished wall surface.

2. Flexible metal conduit must not be used.

Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends
between pull points.

Install manufactured conduit sweeps and long-radius elbows.
Raceway Installation in Equipment Room:s:

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is
installed, or in the corner of the room if multiple sheets of plywood are installed around
perimeter walls of the room.

Provide cable trays to route cables if conduits cannot be located in these positions.

Secure conduits to backboard if entering the room from overhead.

Provide conduits 48 inches above finished floor.

Provide metal conduits with grounding bushings and connect with grounding conductor
to grounding system.

nbkhw

INSTALLATION OF CONDUCTORS AND CABLES

Comply with NECA 1.
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B.

General Requirements for Cabling:

L. Comply with TIA-568-C Series of standards.
2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."

3. Terminate all conductors; cable must not contain unterminated elements. Make
terminations only at indicated outlets, terminals, and cross-connect and patch panels.

4. Cables may not be spliced and must be continuous from terminal to terminal. Do not
splice cable between termination, tap, or junction points.

5. Cables serving a common system may be grouped in a common raceway. Install network

cabling and control wiring and cable in separate raceway from power wiring. Do not
group conductors from different systems or different voltages.

6. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch
from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
7. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's

limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5,
"Copper Structured Cabling Systems." Install lacing bars and distribution spools.

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard
cable if damaged during installation and replace it with new cable.
9. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use

heat lamps for heating.

10. Pulling Cable: Comply with BICSIITSIMM, Ch.5, "Copper Structured Cabling
Systems." Monitor cable pull tensions.

11.  Support: Provide independent support as indicated. Do not allow cables to lie on
removable ceiling tiles.

12.  Provide and fasten securely in place with hardware specifically designed and installed so
as to not damage cables.

13.  Provide strain relief.

14.  Allow extra length for connecting to terminals. Do not bend cables in a radius less than
10 times the cable OD. Use sleeves or grommets to protect cables from vibration at points
where they pass around sharp corners and through penetrations.

15. Ground wire must be copper, and grounding methods must comply with IEEE C2.
Demonstrate ground resistance.

Balanced Twisted Pair Cable Installation:

1. Comply with TIA-568-C.2.
2. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination
to maintain cable geometry.

Installation of Control-Circuit Conductors:

1. Provide wiring in raceways.

2. Use insulated spade lugs for wire and cable connection to screw terminals.

3. Comply with requirements specified in Section 260533.13 “Conduits for Electrical

Systems” and Section 260533.16 “Boxes and Covers for Electrical Systems.”

Open-Cable Installation:

1. Provide cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.
2. Provide copper cable in a continuous cable tray or open top pathway a minimum of

8 inch above ceilings by cable supports not more than 30 inch apart.
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3.

Cable must not be run through or on structural members or in contact with pipes, ducts,
or other potentially damaging items. Do not run cables between structural members and
corrugated panels.

F. Separation from EMI Sources:

L.

Comply with BICSI TDMM and TIA-569-D recommendations for separating unshielded
copper voice and data communications cable from potential EMI sources including
electrical power lines and equipment.

Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment must be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
12 inch.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inch.

Separation between communications cables in grounded metallic raceways and
unshielded power lines or electrical equipment must be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-
1/2 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
6 inch.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inch.

Separation between communications cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or enclosures must
be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
3 inch.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inch.

Separation between Communications Cables and Electrical Motors and Transformers,
5 kVA or 5 HP and Larger: A minimum of 48 inch.

Separation between Communications Cables and Fluorescent Fixtures: A minimum of
5 inch.

34 REMOVAL OF CONDUCTORS AND CABLES

A. Remove abandoned conductors and cables. Abandoned conductors and cables are those
installed that are not terminated at equipment and are not identified with a tag for future use.

3.5 CONTROL-CIRCUIT CONDUCTORS

A. Minimum Conductor Sizes:

1.

Class 1 remote-control and signal circuits; No 14 AWG.
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3.6

3.8

3.9

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.
3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.
FIRESTOPPING

Comply with TIA-569-D, Annex A, "Firestopping."

Comply with BICSI TDMM, "Firestopping" Chapter.

GROUNDING

For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding
and Grounding (Earthing)" Chapter.

For control-voltage wiring and cabling, comply with requirements in Section 260526
"Grounding and Bonding for Electrical Systems."
IDENTIFICATION

Comply with requirements for identification specified in Section 260553 "Identification for
Electrical Systems."

Identify data and communications system components, wiring, and cabling according to TIA-
606-B; label printers must use label stocks, laminating adhesives, and inks complying with
UL 969.

Identify each wire on each end and at each terminal with a number-coded identification tag.
Each wire must have a unique tag.

FIELD QUALITY CONTROL

Tests and Inspections:

1. Visually inspect cable jacket materials for UL or third-party certification markings.

Inspect cabling terminations to confirm color-coding for pin assignments, and inspect
cabling connections to confirm compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment
and patch cords, and labeling of all components.
3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and

polarity between conductors. Test operation of shorting bars in connection blocks. Test
cables after termination, but not after cross-connection.

a. Test instruments must meet or exceed applicable requirements in TIA-568-C.2.
Perform tests with a tester that complies with performance requirements in its
"Test Instruments (Normative)" Annex, complying with measurement accuracy
specified in its "Measurement Accuracy (Informative)" Annex. Use only test cords
and adapters that are qualified by test equipment manufacturer for channel or link
test configuration.
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B.  Document data for each measurement. Print data for submittals in a summary report that is
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument
to the computer, save as text files, print, and submit.

C.  End-to-end cabling will be considered defective if it does not pass tests and inspections.

D.  Prepare test and inspection reports.

END OF SECTION
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Grounding and bonding conductors.

Grounding and bonding clamps.

Grounding and bonding bushings.

Grounding and bonding hubs.

Grounding and bonding connectors.

Intersystem bonding bridge grounding connectors.

ANl e

B.  Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" specifies additional
requirements applicable to coordinating, scheduling, and sequencing of the Work
specified in this Section.

2. Section 260553 "Identification for Electrical Systems" specifies electrical equipment
labels and warning signs installed by this Section.

1.2 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product.

1. Product Listing: Include copy of unexpired approval letter, on letterhead of qualified
electrical testing agency, certifying product's compliance with specified listing criteria.

a. If listed manufacturer differs from selling manufacturer, indicate relationship
between entities on submittal. Clearly indicate which entity warrants product
performance and fitness for purpose.

b. Listing criteria identified in approval letter must match specified listing criteria.
UL label indicating approval of equipment's enclosure is not considered approval
of equipment for intended application.

c. Product identification in approval letter must match product branding and model
numbers in submittal. Approval letters for discontinued or superseded products are
unacceptable for submitted product.

C.  Field quality-control reports.
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PART 2 - PRODUCTS

2.1

A.

2.2

23

PERFORMANCE REQUIREMENTS

Regulatory Requirements: Products or components listed and labeled in accordance with
NFPA 70, by qualified electrical testing laboratory recognized by authorities having
jurisdiction, and marked for intended location and application.

GROUNDING AND BONDING CONDUCTORS

Equipment Grounding Conductor:

1. Standard Features: 600 V, THHN/THWN-2 or THWN-2, copper wire or cable, green
color, in accordance with Section 260519 "Low-Voltage Electrical Power Conductors
and Cables."

ASTM - Bare Copper Grounding and Bonding Conductor:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to

the following:

a. ERICO: brand of nVent Electrical plc.

b. Harger Lightning & Grounding: business of Harger, Inc.
2. Standard Features: Complying with one or more of the following:
a. Soft or Annealed Copper Wire: ASTM B3.
b. Concentric-Lay Stranded Copper Conductor: ASTM BS.
c. Tin-Coated Soft or Annealed Copper Wire: ASTM B33.
d. 19-Wire Combination Unilay-Stranded Copper Conductor: ASTM B787/B787M.

GROUNDING AND BONDING CLAMPS

Description: Clamps suitable for attachment of grounding and bonding conductors to grounding
electrodes, pipes, tubing, and rebar. Grounding and bonding clamps specified in this article are
also suitable for use with communications applications.

UL KDER and KDSH - Hex-Fitting-Type Pipe and Rod Grounding and Bonding Clamp:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

America Fujikura Ltd. (AFL):; Fujikura Ltd.
Arlington Industries, Inc.

Cooper B-line; brand of Eaton, Electrical Sector.
Crouse-Hinds: brand of Eaton, Electrical Sector.

opoos
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ERICO: brand of nVent Electrical plc.

Galvan Industries, Inc.; Electrical Products Division, LLC.

Greaves Corp.: Essex Products Group, Inc.

Harger Lightning & Grounding; business of Harger, Inc.

ILSCO.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton

Group.

Panduit Corp.
Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

~or e R

55—

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH;

including UL 467.
Standard Features:
a. Two pieces with zinc-plated bolts.
b. Clamp Material: Die-cast zinc alloy.
c. Listed for outdoor use.

C. UL KDER and KDSH - U-Bolt-Type Pipe and Rod Grounding and Bonding Clamp:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.

b. America Fujikura Ltd. (AFL):; Fujikura Ltd.

c. Arlington Industries, Inc.

d. Cooper B-line; brand of Eaton, Electrical Sector.

e. Crouse-Hinds: brand of Eaton, Electrical Sector.

f. ERICO: brand of nVent Electrical plc.

g. Galvan Industries, Inc.; Electrical Products Division, LLC.

h. Greaves Corp.; Essex Products Group, Inc.

1. Harger Lightning & Grounding: business of Harger, Inc.

] ILSCO.

k. 0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

1. Panduit Corp.

m. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:
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2.4

D.

4,

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH;

including UL 467.
Standard Features:
a. Clamp Material: Aluminum.
b. Listed for outdoor use.

UL KDER and KDSH - Strap-Type Pipe and Rod Grounding and Bonding Clamp:

L.

W

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Burndy: brand of Hubbell Electrical Solutions: Hubbell Incorporated.
Crouse-Hinds: brand of Eaton, Electrical Sector.

ERICO: brand of nVent Electrical plc.

0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

e. Panduit Corp.

oo

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH;

including UL 467.
Standard Features:
a. Clamp Material: Aluminum.
b. Listed for outdoor use.

GROUNDING AND BONDING BUSHINGS

Description: Bonding bushings connect conduit fittings, tubing fittings, threaded metal conduit,
and unthreaded metal conduit to metal boxes and equipment enclosures, and have one or more
bonding screws intended to provide electrical continuity between bushing and enclosure.
Grounding bushings have provision for connection of bonding or grounding conductor and may
or may not also have bonding screws.

UL KDER - Bonding Bushing:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB. Flectrification Business.
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2.5

(98]

4.

Arlington Industries, Inc.

Crouse-Hinds: brand of Eaton, Electrical Sector.

Killark: brand of Hubbell Electrical Solutions; Hubbell Incorporated.

0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton

Group.
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

o0 o

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

Standard Features: Threaded bushing with insulated throat.

UL KDER - Grounding Bushing:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Arlington Industries, Inc.

Crouse-Hinds: brand of Eaton, Electrical Sector.

Killark: brand of Hubbell Electrical Solutions; Hubbell Incorporated.

0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton

Group.
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

o a0 ow

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

Standard Features: Threaded bushing with insulated throat and mechanical-type wire
terminal.

GROUNDING AND BONDING HUBS

UL KDER - Grounding and Bonding Hub:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.
b. Arlington Industries, Inc.
C. Burndy: brand of Hubbell Electrical Solutions; Hubbell Incorporated.
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d. Crouse-Hinds: brand of Eaton, Electrical Sector.

e. Greaves Corp.; Essex Products Group, Inc.

f. 0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

g. Penn-Union Corp.; subsidiary of Nesco, Inc.

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

Standard Features: Insulated, gasketed, watertight hub with mechanical-type wire
terminal.

2.6 GROUNDING AND BONDING CONNECTORS

A. UL KDER - Crimped Pressure-Type Grounding and Bonding Cable Connector:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.
b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
c. allG Fabrication (formerly ALT).

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH;
including UL 467.

Standard Features: Crimp-and-compress connectors that bond to conductor when
connector is compressed around conductor.

a. Copper alloy, C and H shaped.

PART 3 - EXECUTION

3.1 SELECTION OF GROUNDING AND BONDING PRODUCTS

A.  Grounding and Bonding Conductors:
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1.

Provide solid conductor for 8 AWG and smaller, and stranded conductors for 6 AWG and
larger unless otherwise indicated.

2. Custom-Length Insulated Equipment Bonding Jumpers: 6 AWG, 19-strand, Type THHN.

3. Bonding Cable: 28 kemil, 14 strands of 17 AWG conductor, 1/4 inch in diameter.

4, Bonding Conductor: 4 AWG or 6 AWG, stranded conductor.

5. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-
5/8 inch wide and 1/16 inch thick.

6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inch wide and 1/16 inch thick.

7. Underground Grounding Conductors: Install bare tinned-copper conductor, 2/0 AWG
minimum.

B.  Grounding and Bonding Connectors:
L. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
2. Connections to Structural Steel: Welded connectors.

3.2 INSTALLATION OF GROUNDING AND BONDING

A.  Comply with manufacturer's published instructions.

B. Reference Standards:

SAINANE I N

Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
Electrical Maintenance: NFPA 70B.

Electrical Safety: NFPA 70E.

Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.

Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
Consult Architect for resolution of conflicting requirements.

C.  Special Techniques:

1.

Grounding and Bonding Connectors: Make connections so possibility of galvanic action
or electrolysis is minimized. Select connectors, connection hardware, conductors, and
connection methods so metals in direct contact are galvanically compatible.

a. Use electroplated or hot-tin-coated materials to ensure high conductivity and to
make contact points closer in order of galvanic series.

b. Make connections with clean, bare metal at points of contact.

c. Make aluminum-to-steel connections with stainless steel separators and
mechanical clamps.

d. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers
and mechanical clamps.

e. Coat and seal connections having dissimilar metals with inert material to prevent
future penetration of moisture to contact surfaces.

f. Bonding Straps and Jumpers: Install in locations accessible for inspection and

maintenance except where routed through short lengths of conduit.

1)  Bonding to Structure: Bond straps directly to basic structure, taking care not
to penetrate adjacent parts.
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2) Bonding to Equipment Mounted on Vibration Isolation Hangers and
Supports: Install bonding so vibration is not transmitted to rigidly mounted
equipment.

2. Equipment Grounding and Bonding:

a. Install insulated equipment grounding conductors with feeders and branch circuits.

3.3 FIELD QUALITY CONTROL FOR GROUNDING AND BONDING
A.  Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections with assistance of factory-authorized
service representative.

B.  Field tests and inspections must be witnessed by Architect.

C.  Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted,

electrical connections with calibrated torque wrench in accordance with manufacturer's
published instructions.

D.  Nonconforming Work:

1. Grounding system will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective components and retest.
34 PROTECTION

A.  After installation, protect grounding and bonding cables and equipment from construction
activities. Remove and replace items that are contaminated, defaced, damaged, or otherwise
caused to be unfit for use prior to acceptance by Owner.

END OF SECTION
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A.  Section Includes:
I. Support systems.
2. Mounting, anchoring, and attachment components.
3. Installation of fabricated metal supports.
B.  Related Requirements:
1. Section 260010 "Supplemental Requirements for Electrical" specifies additional
requirements applicable to coordinating, scheduling, and sequencing of the Work
specified in this Section.

1.2 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for the following:

a. Slotted support systems, hardware, and accessories.

b. Clamps.

c. Hangers.

d. Sockets.

e. Eye nuts.

f. Fasteners.

g. Anchors.
2. Include rated capacities and furnished specialties and accessories.

C.  Shop Drawings: For fabrication and installation details for electrical hangers and support

systems.
1. Hangers. Include product data for components.

2. Slotted support systems.
3. Equipment supports.
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PART 2 - PRODUCTS

2.1 SUPPORT SYSTEMS

A.  Steel Slotted Support Systems:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

S FTER MO AL TR

ABB, Electrification Business.

Allied Tube & Conduit; Atkore International.
Atkore Unistrut.

CADDY: brand of nVent Electrical plc.

Cooper B-line: brand of Eaton, Electrical Sector.
Flex-Strut Inc.

G-Strut.

Gripple Inc.

Haydon Corporation.

MIRO Industries Inc.

Metal Ties Innovation.

Rocket Rack: Robroy Industries.
Wesanco/ZSi-Foster; an Ideal Tridon Group Company.

Standard Features: Preformed steel channels and angles with minimum 13/32 inch
diameter holes at a maximum of 8 inch on center in at least one surface.

oo

Referenced Standard: MFMA-4 factory-fabricated components for field assembly.
Material for Channel, Fittings, and Accessories: Galvanized steel.

Channel Width: Selected for applicable load criteria.

Metallic Coatings: Hot-dip galvanized after fabrication and applied according to
MFMA-4.

Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester
coating applied according to MFMA-4.,

Painted Coatings: Manufacturer's standard painted coating applied according to
MFMA-4.

Protect finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.

2.2 MOUNTING, ANCHORING, AND ATTACHMENT COMPONENTS

A.  Mechanical-Expansion Anchors:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a.
b.
c.

Cooper B-line: brand of Eaton, Electrical Sector.
Empire Industries, Inc.
Hilti, Inc.
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d. ITW Ramset/Red Head: Illinois Tool Works, Inc.
e. MKT Fastening, LLC.

2. Standard Features: Insert-wedge-type, stainless steel, for use in hardened portland cement
concrete, with tension, shear, and pullout capacities appropriate for supported loads and
building materials where used.

Clamps for Attachment to Steel Structural Elements:

1. Standard Features: MSS SP-58 units are suitable for attached structural element.

Through Bolts:

1. Standard Features: Structural type, hex head, and high strength. Comply with
ASTM F3125/F3125M, Grade A325.

Toggle Bolts:
1. Standard Features: All steel springhead type.
Hanger Rods:

1. Standard Features: Threaded steel.

PART 3 - EXECUTION

3.1

3.2

A.

B.

C.

A.

B.

SELECTION OF HANGERS AND SUPPORTS

Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for
EMT, IMC, and ERMC as required by NFPA 70. Minimum rod size must be 1/4 inch in
diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slottedsupport
system, sized so capacity can be increased by at least 25 percent in future without exceeding
specified design load limits.

1. Secure raceways and cables to these supports with two-bolt conduit clamps.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2 inch and smaller raceways serving branch circuits and communication systems above
suspended ceilings, and for fastening raceways to trapeze supports.

INSTALLATION OF HANGERS AND SUPPORTS

Comply with manufacturer's published instructions.

Reference Standards for Installation: Unless more stringent installation requirements are

specified in the Contract Documents or manufacturer's published instructions, comply with the
following:

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 -3


http://www.specagent.com/Lookup?uid=123457189227
http://www.specagent.com/Lookup?uid=123457189228

ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

el e

Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
Installation of Steel Conduit: NECA NEIS 101.

Installation of Aluminum Conduit: NECA NEIS 102.

Consult Architect for resolution of conflicting requirements.

C.  Special Installation Techniques:

L.

Raceway Support Methods: In addition to methods described in NECA NEIS 1, EMT and
ERMC may be supported by openings through structure members, in accordance with
NFPA 70.

Strength of Support Assemblies: Where not indicated, select sizes of components so
strength will be adequate to carry present and future static loads within specified loading
limits. Minimum static design load used for strength determination must be weight of
supported components plus 200 Ib.

Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and
fasten electrical items and their supports to building structural elements by the following
methods unless otherwise indicated by code:

a. To Wood: Fasten with lag screws or through bolts.

b. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion
anchor fasteners on solid masonry units.

c. To Existing Concrete: Expansion anchor fasteners.

d. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with
MSS SP-69.

e. To Light Steel: Sheet metal screws.

f. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount
cabinets, panelboards, disconnect switches, control enclosures, pull and junction
boxes, transformers, and other devices on slotted-channel racks attached to
substrate by means that comply with seismic-restraint strength and anchorage
requirements.

Drill holes for expansion anchors in concrete at locations and to depths that avoid the
need for reinforcing bars.

D. Interfaces with Other Work:

L.

Touchup Finishes:

a. Clean field welds and abraded areas of shop paint. Paint exposed areas
immediately after erecting hangers and supports. Use same materials as used for
shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted
surfaces.

1)  Apply paint by brush or spray to provide minimum dry film thickness of

2.0 mils.
b. Cleaning and touchup painting of field welds, bolted connections, and abraded
areas of shop paint on miscellaneous metal.
c. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and

apply galvanizing-repair paint to comply with ASTM A780.

Installation of Fabricated Metal Supports:
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a. Provide site-fabricated metal supports.

b. Cut, fit, and place miscellaneous metal supports accurately in location, alignment,
and elevation to support and anchor electrical materials and equipment.
c. Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates.

END OF SECTION
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SECTION 260533.13 - CONDUITS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

A.

SUMMARY

Section Includes:

Nk W=

Type EMT duct raceways and elbows.

Type ERMC duct raceways, elbows, couplings, and nipples.
Type FMC duct raceways.

Type LFMC duct raceways.

Fittings for conduit, tubing, and cable.

Joint compounds.

Solvent cements.

Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" specifies additional
coordination, scheduling, sequencing, submittal, and installation requirements applicable
to the Work for electrical, communications, and electronic safety and security systems on
the Project, including wiring methods.

2. Section 260529 "Hangers and Supports for Electrical Systems" specifies conduit hangers
and supports referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical equipment
labels.

REFERENCES

Abbreviations and Acronyms for Electrical Raceway Types:

A e e e
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EMT: Electrical metallic tubing.

EMT-A: Aluminum electrical metallic tubing.

EMT-S: Steel electrical metallic tubing.

EMT-SS: Stainless steel electrical metallic tubing.

ERMC: Electrical rigid metal conduit.

ERMC-A: Aluminum electrical rigid metal conduit.
ERMC-S: Steel electrical rigid metal conduit.

ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
ERMC-SS: Stainless steel electrical rigid metal conduit.
FMC: Flexible metal conduit.

FMC-A: Aluminum flexible metal conduit.

FMC-S: Steel flexible metal conduit.

LFMC: Liquidtight flexible metal conduit.

LFMC-A: Aluminum liquidtight flexible metal conduit.
LFMC-S: Steel liquidtight flexible metal conduit.
LFMC-SS: Stainless steel liquidtight flexible metal conduit.
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B.

1.3

1.4

Definitions:

1. Conduit: A structure containing one or more duct raceways.

2. Direct Buried: Installed underground without encasement in concrete or other protective
material.

3. Duct Bank: An arrangement of conduit providing one or more continuous duct raceways
between two points.

4, Duct Raceway: A single enclosed raceway for conductors or cable.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Product Data: For each type of product.

Field quality-control reports.

QUALIFICATIONS

Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III
certification. Able to manage switching procedures; conduct tests of complex equipment;
analyze test and equipment data; plan a job; and lead a team. Has experience performing
NFPA 70B, IEEE, and NETA electrical tests.

Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV
certification. Able to conduct tests of complex metering and relay systems; evaluate tests, test
equipment, test results, and power system performance; recommend actions to maintain or
improve system performance; and lead multi-team projects.

PART 2 - PRODUCTS

2.1

A.

2.2

PERFORMANCE REQUIREMENTS

Regulatory Requirements: Products or components listed and labeled in accordance with

NFPA 70, by qualified electrical testing laboratory recognized by authorities having

jurisdiction, and marked for intended location and application.

TYPE EMT DUCT RACEWAYS AND ELBOWS

UL FJMX - Stainless Steel Electrical Metal Tubing (EMT-SS) and Elbows:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to

the following:

a. Calconduit; Atkore International.
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b. Rymco USA brand; manufactured and listed by subsidiary Conduit S.A. de C.V.
Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN FJMX; including UL 797A.

Standard Features:

a. Material: Stainless steel.
b. Minimum Trade Size: Metric designator 16 (trade size 1/2).

B. UL FIMX - Steel Electrical Metal Tubing (EMT-S) and Elbows:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Allied Tube & Conduit; Atkore International.

Calconduit; Atkore International.

Emerson Electric Co., Automation Solutions.

Picoma; Zekelman Industries.

Republic Conduit; Nucor Corporation, Nucor Tubular Products.
Topaz Lighting & Electric.

Western Tube; Zekelman Industries.

Wheatland Tube; Zekelman Industries.

S ome a0 o

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN FIMX; including UL 797.
Standard Features:

Material: Steel.

Exterior Coating: Zinc.

Interior Coating: Zinc.

Minimum Trade Size: Metric designator 16 (trade size 1/2).

/a0 o

Other Available Features Required by the Project:

a. Colors: As indicated on the Drawings.

TYPE ERMC DUCT RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES

UL DYWYV - Stainless Steel Electrical Rigid Metal Conduit (ERMC-SS), Elbows, Couplings,

and Nipples:
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1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.

b. Allied Tube & Conduit; Atkore International.

c. Calconduit; Atkore International.

d. Crouse-Hinds: brand of Eaton, Electrical Sector.
e. Patriot Aluminum Products, LLC.

2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DYWYV; including UL 6A.
3. Standard Features:

a. Material: Stainless steel.
b. Minimum Trade Size: Metric designator 16 (trade size 1/2).

4. Other Available Features Required by the Project:
a. Colors: As indicated on the Drawings.

B. UL DYIX - Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings,
and Nipples:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Allied Tube & Conduit; Atkore International.

Calconduit; Atkore International.

Crouse-Hinds: brand of Eaton, Electrical Sector.

Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

Patriot Aluminum Products, LLC.

Republic Conduit; Nucor Corporation, Nucor Tubular Products.

Rymco USA brand; manufactured and listed by subsidiary Conduit S.A. de C.V.
Topaz Lighting & Electric.

Western Tube; Zekelman Industries.

Wheatland Tube; Zekelman Industries.

T E@ Mo a0 o

2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:
a. UL CCN DYIX; including UL 6.

3. Standard Features:

a. Exterior Coating: Zinc.
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b. Interior Coating: Zinc.
c. Minimum Trade Size: Metric designator 16 (trade size 1/2).

4, Other Available Features Required by the Project:

a. Colors: As indicated on the Drawings.

24 TYPE FMC DUCT RACEWAYS
A. UL DXUZ - Steel Flexible Metal Conduit (FMC-S):

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Anaconda Sealtite; Anamet Electrical, Inc.

Electri-Flex Company.

International Metal Hose Co.

Penn Aluminum Conduit & EMT; Penn Aluminum International LLC; Berkshire

Hathaway.
f. Topaz Lighting & Electric.

o a0 ow

2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DXUZ; including UL 1.
3. Standard Features:

a. Material: Steel.
b. Minimum Trade Size: Metric designator 16 (trade size 1/2).

4, Other Available Features Required by the Project:

a. Colors: As indicated on the Drawings.

2.5 TYPE LFMC DUCT RACEWAYS
A. UL DXHR - Steel Liquidtight Flexible Metal Conduit (LFMC-S):

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Anaconda Sealtite; Anamet Electrical, Inc.
Electri-Flex Company.

International Metal Hose Co.

o oe
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2.6

2.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DXHR; including UL 360.

Standard Features:

a. Material: Steel.
b. Minimum Trade Size: Metric designator 16 (trade size 1/2).

Other Available Features Required by the Project:

a. Colors: As indicated on the Drawings.

UL DXHR - Stainless Steel Liquidtight Flexible Metal Conduit (LFMC-SS):

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.
b. Anaconda Sealtite; Anamet Electrical, Inc.
C. Electri-Flex Company.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DXHR; including UL 360.

Standard Features:

a. Material: Stainless steel.
b. Minimum Trade Size: Metric designator 16 (trade size 1/2).

Other Available Features Required by the Project:

a. Colors: As indicated on the Drawings.

FITTINGS FOR CONDUIT, TUBING, AND CABLE

UL DWTT - Fittings for Type ERMC Raceways:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB. Flectrification Business.
b. Appleton; Emerson Electric Co., Automation Solutions.
c. Crouse-Hinds: brand of Eaton, Electrical Sector.
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B.

C.

d. Konkore Fittings: Atkore International.
€. 0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton

Group.
f. Penn Aluminum Conduit & EMT:; Penn Aluminum International LLC; Berkshire

Hathaway.
g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
h. Southwire Company, LLC.
1. Topaz Lighting & FElectric.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DWTT; including UL 514B.
Standard Features:
a. Material: Steel.

b. Coupling Method: Threaded fittings.
c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.

UL FKAYV - Fittings for Type EMT Duct Raceways:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Allied Tube & Conduit; Atkore International.

Appleton; Emerson Electric Co., Automation Solutions.

Calconduit; Atkore International.

Crouse-Hinds: brand of Eaton, Electrical Sector.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Southwire Company, LLC.

1. Topaz Lighting & Electric.

e e oe

]

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN FKAYV; including UL 514B.
Standard Features:

a. Material: Steel.

b. Coupling Method: Setscrew coupling. Setscrew couplings with only single screw
per conduit are unacceptable.

c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.

UL ILNR - Fittings for Type FMC Duct Raceways:
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2.7

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. American Fittings Corp. (AMFICO).
b. Liquid Tight Connector Co.
C. Southwire Company, LLC.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN ILNR; including UL 514B.

UL DXAS - Fittings for Type LFMC Duct Raceways:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Arlington Industries, Inc.
b. Liquid Tight Connector Co.

2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN DXAS; including UL 514B.

JOINT COMPOUNDS

UL FOIZ - Electrically Conductive Corrosion-Resistant Compound for Threaded Conduit:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN FOIZ; including UL Subject 2419.
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PART 3 - EXECUTION

3.1 SELECTION OF CONDUITS FOR ELECTRICAL SYSTEMS

A.  Unless more stringent requirements are specified in the Contract Documents or manufacturer's
published instructions, comply with NFPA 70 for selection of duct raceways. Consult Architect
for resolution of conflicting requirements.

B.  Outdoors:
1. Exposed and Subject to Severe Physical Damage: ERMC.
2. Exposed and Subject to Physical Damage: ERMC.
3. Exposed and Not Subject to Physical Damage: ERMC.
4, Concealed Aboveground: ERMC.
C.  Indoors:
L. Exposed and Subject to Severe Physical Damage: ERMC.
2. Exposed and Subject to Physical Damage: ERMC.
3. Exposed and Not Subject to Physical Damage: ERMC EMT.
4. Concealed in Ceilings and Interior Walls and Partitions: ERMC EMT.
5. Damp or Wet Locations: ERMC.
6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,

Electric Solenoid, or Motor-Driven Equipment): LFMC FMC.
D.  Duct Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines.

1. ERMC: Provide threaded-type fittings unless otherwise indicated.

3.2 INSTALLATION OF CONDUITS FOR ELECTRICAL SYSTEMS

A.  Comply with manufacturer's published instructions.

B.  Reference Standards for Installation: Unless more stringent installation requirements are
specified in the Contract Documents or manufacturer's published instructions, comply with the
following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
2. Electrical Safety: NFPA 70E.

3. Commissioning of Active and Passive Fire Protection Features: NFPA 3 and NFPA 4.
4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.

5. Life Safety and Means of Egress Work: NFPA 101.

6. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
7. Type EMT-SS: Article 358 of NFPA 70 and NECA NEIS 101.

8. Type EMT-S: Article 358 of NFPA 70 and NECA NEIS 101.

9. Type ERMC-SS: Article 344 of NFPA 70 and NECA NEIS 101.
10.  Type ERMC-S: Article 344 of NFPA 70 and NECA NEIS 101.
11.  Type FMC-S: Article 348 of NFPA 70 and NECA NEIS 101.
12.  Type LFMC: Article 350 of NFPA 70 and NECA NEIS 101.

13.  Expansion Fittings: NEMA FB 2.40.
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14.  Consult Architect for resolution of conflicting requirements.

C.  Special Installation Techniques:

1. General Requirements for Installation of Duct Raceways:

a.
b.

o~

Complete duct raceway installation before starting conductor installation.

Provide stub-ups through floors with coupling threaded inside for plugs, set flush
with finished floor. Plug coupling until conduit is extended above floor to final
destination or a minimum of 2 ft above finished floor.

Install no more than equivalent of three 90-degree bends in conduit run. Support
within 12 inch of changes in direction.

Make bends in duct raceway using large-radius preformed ells except for parallel
bends. Field bending must be in accordance with NFPA 70 minimum radii
requirements. Provide only equipment specifically designed for material and size
involved.

Conceal conduit within finished walls, ceilings, and floors unless otherwise
indicated. Install conduits parallel or perpendicular to building lines.

Support conduit within 12 inch of enclosures to which attached.

Install duct sealing fittings at accessible locations in accordance with NFPA 70 and
fill them with listed sealing compound. For concealed duct raceways, install fitting
in flush steel box with blank cover plate having finish similar to that of adjacent
plates or surfaces. Install duct sealing fittings in accordance with NFPA 70.

Install devices to seal duct raceway interiors at accessible locations. Locate seals
so no fittings or boxes are between the seal and the following changes of
environments. Seal interior of duct raceways at the following points:

1)  Where conduits pass from warm to cold locations, such as boundaries of
refrigerated spaces.

2) Conduit extending from interior to exterior of building.

3)  Conduit extending into pressurized duct raceway and equipment.

4) Conduit extending into pressurized zones that are automatically controlled
to maintain different pressure set points.

5)  Where otherwise required by NFPA 70.

Do not install duct raceways or electrical items on "explosion-relief" walls or
rotating equipment.

Do not install conduits within 2 inch of the bottom side of a metal deck roof.

Keep duct raceways at least 6 inch away from parallel runs of flues and steam or
hot-water pipes. Install horizontal duct raceway runs above water and steam
piping.

Cut conduit perpendicular to the length. For conduits metric designator 53 (trade
size 2) and larger, use roll cutter or a guide to make cut straight and perpendicular
to the length. Ream inside of conduit to remove burrs.

Install pull wires in empty duct raceways. Provide polypropylene or monofilament
plastic line with not less than 200 1b tensile strength. Leave at least 12 inch of slack
at both ends of pull wire. Cap underground duct raceways designated as spare
above grade alongside duct raceways in use.

Install duct raceways square to the enclosure and terminate at enclosures without
hubs with locknuts on both sides of enclosure wall. Install locknuts hand tight, plus
one-quarter turn more.
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33

34

2.

3.

1) Termination fittings with shoulders do not require two locknuts.

0. Terminate threaded conduits into threaded hubs or with locknuts on inside and
outside of boxes or cabinets. Install bushings on conduits up to metric
designator 35 (trade size 1-1/4) and insulated throat metal bushings on metric
designator 41 (trade size 1-1/2) and larger conduits terminated with locknuts.

Types ERMC and IMC:

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor
Conditions: Apply listed compound that maintains electrical conductivity to
threads of duct raceway and fittings before making up joints. Follow compound
manufacturer's published instructions.

Types FMC, LFMC, and LFNC:
a. Provide a maximum of 36 inch of flexible conduit for recessed and semirecessed

luminaires, equipment subject to vibration, noise transmission, or movement; and
for transformers and motors.

Interfaces with Other Work:

1.
2.

Firestop penetrations of fire-rated floor and wall assemblies.
Provide conduit hangers and supports.

FIELD QUALITY CONTROL OF CONDUITS FOR ELECTRICAL SYSTEMS

Administrant for Electrical Power Tests and Inspections:

1.

2.

Owner will engage qualified medium-voltage electrical testing and inspecting agency to
administer and perform tests and inspections.

Engage qualified medium-voltage electrical testing and inspecting agency to administer
and perform tests and inspections.

Engage factory-authorized service representative to administer and perform tests and
inspections on components, assemblies, and equipment installations, including
connections.

Administer and perform tests and inspections with assistance of factory-authorized
service representative.

Field tests and inspections must be witnessed by Architect.

Nonconforming Work:

1. Conduit will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.
CLEANING

Verify that bentonite or other drilling fluids are contained and removed, and site is restored to
its original or improved condition.
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3.5 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.
2. Repair damage to PVC coatings or paint finishes with matching touchup coating

recommended by manufacturer.

END OF SECTION
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SECTION 260533.16 - BOXES AND COVERS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

el

Metallic outlet boxes, device boxes, rings, and covers.
Nonmetallic outlet boxes, device boxes, rings, and covers.
Junction boxes and pull boxes.

Cover plates for device boxes.

B.  Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical” specifies additional
coordination, scheduling, sequencing, submittal, and installation requirements applicable
to the Work for electrical, communications, and electronic safety and security systems on
the Project, including wiring methods.

2. Section 260526 "Grounding and Bonding for Electrical Systems" specifies grounding and
bonding referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical equipment
labels and warning signs installed by this Section.

1.2 DEFINITIONS

A.  Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an
installation, to prevent personnel from accidentally contacting energized parts or to protect the
equipment from physical damage. Types of enclosures and enclosure covers include the

following:

1. Cabinet: An enclosure that is designed for either surface mounting or flush mounting and
is provided with a frame, mat, or trim in which a swinging door or doors are or can be
hung.

2. Concrete Box: A box intended for use in poured concrete.

3. Conduit Body: A means for providing access to the interior of a conduit or tubing system
through one or more removable covers at a junction or terminal point. In the United
States, conduit bodies are listed in accordance with outlet box requirements.

4. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or
fittings.

5. Cover Plate: A cover designed for protecting wiring devices installed in flush-mounted
device boxes while permitting their safe operation; also called a faceplate or wallplate.

6. Cutout Box: An enclosure designed for surface mounting that has swinging doors or
covers secured directly to and telescoping with the walls of the enclosure.

7. Device Box: A box with provisions for mounting a wiring device directly to the box.

8. Extension Ring: A ring intended to extend the sides of an outlet box or device box to

increase the box depth, volume, or both.
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1.3

1.4

9. Junction Box: A box with a blank cover that joins different runs of raceway or cable and
provides space for connection and branching of the enclosed conductors.

10.  Outlet Box: A box that provides access to a wiring system having pryout openings,
knockouts, threaded entries, or hubs in either the sides or the back, or both, for the
entrance of conduit, conduit or cable fittings, or cables, with provisions for mounting an
outlet box cover, but without provisions for mounting a wiring device directly to the box.

11.  Pull Box: A box with a blank cover that joins different runs of raceway and provides
access for pulling or replacing the enclosed cables or conductors.

12.  Termination Box: An enclosure designed for installation of termination base assemblies
consisting of bus bars, terminal strips, or terminal blocks with provision for wire
connectors to accommodate incoming or outgoing conductors, or both.

Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also called
a power jack.

Receptacle Outlet: One or more receptacles mounted in a box with a suitable protective cover.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product.

QUALIFICATIONS

Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III
certification. Able to manage switching procedures; conduct tests of complex equipment;
analyze test and equipment data; plan a job; and lead a team. Has experience performing
NFPA 70B, IEEE, and NETA electrical tests.

Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV
certification. Able to conduct tests of complex metering and relay systems; evaluate tests, test
equipment, test results, and power system performance; recommend actions to maintain or
improve system performance; and lead multi-team projects.

PART 2 - PRODUCTS

2.1

A.

2.2

PERFORMANCE REQUIREMENTS

Regulatory Requirements: Products or components listed and labeled in accordance with
NFPA 70, by qualified electrical testing laboratory recognized by authorities having
jurisdiction, and marked for intended location and application.

METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS

Source Quality Control:
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B. UL QCIT - Metallic Outlet Boxes and Covers:

L. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.

b. Appleton; Emerson Electric Co., Automation Solutions.

c. Arlington Industries, Inc.

d. Crouse-Hinds: brand of Eaton, Electrical Sector.

€. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

f. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell

Incorporated.
g. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

h. MonoSystems, Inc.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

Pass & Seymour:; Legrand North America, LLC.

Patriot Aluminum Products, LLC.

Plasti-Bond:; Robroy Industries.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Spring City Electrical Manufacturing Company.

Topaz Lighting & Electric.

Wiremold; Legrand North America, LLC.

— e
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2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN QCIT; including UL 514A.
3. Standard Features:

a. Box having pryout openings, knockouts, threaded entries, or hubs in either the
sides or the back, or both, for entrance of conduit, conduit or cable fittings, or
cables, with provisions for mounting outlet box cover, but without provisions for
mounting wiring device directly to box.

b. Material: Sheet steel.

c. Sheet Metal Depth: Minimum 1.5 inch.

d. Cast-Metal Depth: Minimum 2.4 inch.

C. UL QCIT - Metallic Conduit Bodies:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Appleton; Emerson Electric Co., Automation Solutions.
Crouse-Hinds: brand of Eaton, Electrical Sector.

Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

o o
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e. 0O-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

Pass & Seymour; Legrand North America, LLC.

Patriot Aluminum Products, LLC.

Plasti-Bond:; Robroy Industries.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Topaz Lighting & Electric.

S DR o

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN QCIT; including UL 514A.
Standard Features: Means for providing access to interior of conduit or tubing system

through one or more removable covers at junction or terminal point. In the United States,
conduit bodies are listed in accordance with outlet box requirements.

D. UL QCIT - Metallic Device Boxes:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. ABB, Electrification Business.

b. Appleton; Emerson Electric Co., Automation Solutions.

c. Arlington Industries, Inc.

d. Crouse-Hinds: brand of Eaton, Electrical Sector.

€. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

f. Hubbell Wiring Device-Kellems: brand of Hubbell Electrical Solutions; Hubbell

Incorporated.
g. Killark: brand of Hubbell Electrical Solutions; Hubbell Incorporated.

h. 0O-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

1. Patriot Aluminum Products, LLC.

J- Plasti-Bond: Robroy Industries.

k. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

l. Topaz Lighting & Electric.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN QCIT; including UL 514A.

Standard Features:

a. Box with provisions for mounting wiring device directly to box.
b. Material: Sheet steel Cast metal.

c. Sheet Metal Depth: minimum 1.5 inch.

d. Cast-Metal Depth: minimum 2.4 inch.

BOXES AND COVERS FOR ELECTRICAL SYSTEMS 260533.16 - 4


http://www.specagent.com/Lookup?uid=123457231232
http://www.specagent.com/Lookup?uid=123457231232
http://www.specagent.com/Lookup?uid=123457231235
http://www.specagent.com/Lookup?uid=123457231236
http://www.specagent.com/Lookup?uid=123457231237
http://www.specagent.com/Lookup?uid=123457231234
http://www.specagent.com/Lookup?uid=123457231238
http://www.specagent.com/Lookup?ulid=14244
http://www.specagent.com/Lookup?uid=123457231199
http://www.specagent.com/Lookup?uid=123457231200
http://www.specagent.com/Lookup?uid=123457231210
http://www.specagent.com/Lookup?uid=123457231207
http://www.specagent.com/Lookup?uid=123457231202
http://www.specagent.com/Lookup?uid=123457231202
http://www.specagent.com/Lookup?uid=123457231208
http://www.specagent.com/Lookup?uid=123457231208
http://www.specagent.com/Lookup?uid=123457231203
http://www.specagent.com/Lookup?uid=123457231201
http://www.specagent.com/Lookup?uid=123457231201
http://www.specagent.com/Lookup?uid=123457231205
http://www.specagent.com/Lookup?uid=123457231206
http://www.specagent.com/Lookup?uid=123457231204
http://www.specagent.com/Lookup?uid=123457231209

ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

E. UL QCIT - Metallic Extension Rings:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

ABB, Electrification Business.

Appleton; Emerson Electric Co., Automation Solutions.

Cooper B-line: brand of Eaton, Electrical Sector.

Crouse-Hinds: brand of Eaton, Electrical Sector.

Hubbell Wiring Device-Kellems:; brand of Hubbell Electrical Solutions: Hubbell

Incorporated.
0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton

Group.
g. Pass & Seymour; Legrand North America, LLC.
h. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
1. Topaz Lighting & Electric.

oo os
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Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN QCIT; including UL 514A.

Standard Features: Ring intended to extend sides of outlet box or device box to increase
box depth, volume, or both.

23 JUNCTION BOXES AND PULL BOXES

A. UL BGUZ - Indoor Sheet Metal Junction and Pull Boxes:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Adalet.

Appleton; Emerson Electric Co., Automation Solutions.

Cooper B-line; brand of Eaton, Electrical Sector.

FSR Inc.

Hoffman; brand of nVent Electrical plc.

Hubbell Industrial Controls; brand of Hubbell Electrical Solutions: Hubbell

Incorporated.
Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell

Incorporated.

Milbank Manufacturing Company.

N J Sullivan Company.

0O-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Spring City Electrical Manufacturing Company.

Square D: Schneider Electric USA.

o o o
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2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN BGUZ; including UL 50 and UL 50E.
3. Standard Features:

a. Box with a blank cover that serves the purpose of joining different runs of raceway
or cable.
b. Degree of Protection: Type 1.

B. UL BGUZ - Indoor Cast-Metal Junction and Pull Boxes:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Adalet.

Appleton; Emerson Electric Co., Automation Solutions.

Crouse-Hinds: brand of Eaton, Electrical Sector.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton

Group.

eo o

2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN BGUZ; including UL 50 and UL 50E.
3. Standard Features:

a. Box with a blank cover that serves the purpose of joining different runs of raceway
or cable.
b. Degree of Protection: Type 1.

C. UL BGUZ - Outdoor Sheet Metal Junction and Pull Boxes:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Adalet.

Appleton; Emerson Electric Co., Automation Solutions.

Cooper B-line; brand of Eaton, Electrical Sector.

FSR Inc.

Hoffman; brand of nVent Electrical plc.

Hubbell Industrial Controls; brand of Hubbell Electrical Solutions: Hubbell

Incorporated.
g. Hubbell Wiring Device-Kellems:; brand of Hubbell Electrical Solutions: Hubbell

Incorporated.
h. Milbank Manufacturing Company.

e s oe
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N J Sullivan Company.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton
Group.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Spring City Electrical Manufacturing Company.

Square D: Schneider Electric USA.

—

—.
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Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN BGUZ; including UL 50 and UL 50E.

Standard Features:
a. Box with a blank cover that serves the purpose of joining different runs of raceway
or cable.

b. Degree of Protection: Type 4.

UL BGUZ - Outdoor Cast-Metal Junction and Pull Boxes:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Adalet.

Appleton; Emerson Electric Co., Automation Solutions.

Crouse-Hinds: brand of Eaton, Electrical Sector.

0-Z/Gedney: brand of Emerson Electric Co., Automation Solutions, Appleton

Group.

eao o

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. UL CCN BGUZ; including UL 50 and UL 50E.

Standard Features:
a. Box with a blank cover that serves the purpose of joining different runs of raceway
or cable.

b. Degree of Protection: Type 4.

COVER PLATES FOR DEVICE BOXES

UL QCIT or QCMZ - Metallic Cover Plates for Device Boxes:

1.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:
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ABB, Electrification Business.

Appleton; Emerson Electric Co., Automation Solutions.

Arrow Hart, Wiring Devices; Eaton, Electrical Sector.

Crouse-Hinds: brand of Eaton, Electrical Sector.

Hubbell Premise Wiring; brand of Hubbell FElectrical Solutions: Hubbell

Incorporated.
Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell

Incorporated.

Intermatic, Inc.

Leviton Manufacturing Co., Inc.

0O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton

Group.

Panduit Corp.
Pass & Seymour; Legrand North America, LLC.

Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
Topaz Lighting & Electric.
Wiremold; Legrand North America, LLC.

Listing Criteria: Investigated, labeled, and marked by qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a.

UL CCN QCIT or UL CCN QCMZ; including UL 514D.

Standard Features:

Cover plate-Securing Screws: Metal with head color to match cover plate finish.
Damp and Wet Locations: Listed, labeled, and marked for location and use.
Provide gaskets and accessories necessary for compliance with listing.

Cover Plate Material: 0.032 inch thick, Type 302/304 non-magnetic stainless steel
with brushed finish.

PART 3 - EXECUTION

3.1

A.

SELECTION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

Unless more stringent requirements are specified in Contract Documents or manufacturers'
published instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult
Architect for resolution of conflicting requirements.

Degree of Protection:

1.

Outdoors:

a. Type 4 unless otherwise indicated.

b. Locations Exposed to Hosedown: Type 4.

c. Locations Subject to Potential Flooding: Type 6P.

d. Locations Aboveground Where Mechanism Must Operate When Ice Covered:

Type 3S.
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2.

Indoors:

a. Type 1 unless otherwise indicated.

3.2 INSTALLATION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

A.  Comply with manufacturer's published instructions.

B.  Reference Standards for Installation: Unless more stringent installation requirements are
specified in Contract Documents or manufacturers' published instructions, comply with the
following:

NN R WD =

Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
Electrical Safety: NFPA 70E.

Commissioning of Active and Passive Fire Protection Features: NFPA 3 and NFPA 4.
Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.

Life Safety and Means of Egress Work: NFPA 101.

Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
Outlet, Device, Pull, and Junction Boxes: Article 314 of NFPA 70.

Consult Architect for resolution of conflicting requirements.

C.  Special Installation Techniques:

1.

2.

SN

11.

Provide boxes in wiring and raceway systems wherever required for pulling of wires,
making connections, and mounting of devices or fixtures.

Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not
individually indicated, give priority to ADA requirements. Install boxes with height
measured to center of box unless otherwise indicated.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry
block, and install box flush with surface of wall. Prepare block surfaces to provide a flat
surface for a raintight connection between box and cover plate or supported equipment
and box, whether installed indoors or outdoors.

Horizontally separate boxes mounted on opposite sides of walls so they are not in the
same vertical channel.

Locate boxes so that cover or plate will not span different building finishes.

Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid.

Support boxes of three gangs or more from more than one side by spanning two framing
members or mounting on brackets specifically designed for purpose.

Fasten junction and pull boxes to, or support from, building structure. Do not support
boxes by conduits.

Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth.
Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove
coatings in the locknut area prior to assembling conduit to enclosure to ensure a
continuous ground path.

Boxes and Enclosures in Areas or Walls with Acoustical Requirements:

a. Seal openings and knockouts in back and sides of boxes and enclosures with
acoustically rated putty.
b. Provide gaskets for cover plates and covers.
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A.

34

3.5

FIELD QUALITY CONTROL OF BOXES AND COVERS

Administrant for Electrical Power Tests and Inspections:

1. Owner will engage qualified medium-voltage electrical testing and inspecting agency to
administer and perform tests and inspections.

2. Engage qualified medium-voltage electrical testing and inspecting agency to administer
and perform tests and inspections.

3. Engage factory-authorized service representative to administer and perform tests and
inspections on components, assemblies, and equipment installations, including
connections.

4, Administer and perform tests and inspections with assistance of factory-authorized

service representative.

Field tests and inspections must be witnessed by Architect.

Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.

2. Perform tests and inspections recommended by standards listed in "Reference Standards
for Installation" Paragraph.

Nonconforming Work:

1. Boxes and covers will be considered defective if they do not pass tests and inspections.
2. Remove and replace defective units and retest.

Field Quality-Control Reports: Collect, assemble, and submit test and inspection reports.

CLEANING

Remove construction dust and debris from boxes before installing cover plates, covers, and
hoods.

PROTECTION
After installation, protect boxes from construction activities. Remove and replace items that are

contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance by
Owner.

END OF SECTION
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

B.

1.2

A.

B.

C.

D.

SUMMARY

Section Includes:

1. Labels.

2. Bands.

3. Tapes and stencils.
4. Tags.

5. Signs.

6. Cable ties.

Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations,
definitions, submittals, qualifications, testing agencies, and other Project requirements
applicable to Work specified in this Section.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product.

Samples: For each type of label and sign to illustrate composition, size, colors, lettering style,
mounting provisions, and graphic features of identification products.

Identification Schedule: For each piece of electrical equipment and electrical system
components to be index of nomenclature for electrical equipment and system components used
in identification signs and labels. Use same designations indicated on Drawings.

PART 2 - PRODUCTS

2.1

A.

LABELS
Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified
electrical testing laboratory recognized by authorities having jurisdiction, and marked for
intended location and application.

2. Listing Criteria: UL CCN PGDQ2 for components; including UL 969.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 -1
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B. UL PGDQ2 - Vinyl Wraparound Labels: Preprinted, flexible labels laminated with clear,
weather- and chemical-resistant coating and matching wraparound clear adhesive tape for
securing label ends.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Brady Corporation.

Champion America.

Grafoplast Wire Markers.

HellermannTyton.

LEM Products Inc.

Marking Services Inc.

Panduit Corp.

Seton Identification Products; a Brady Corporation company.
emedco.

FER MO Al o

C. UL PGDQ2 - Self-Adhesive Wraparound Labels: Preprinted, 3 mil thick, vinyl flexible label
with acrylic pressure-sensitive adhesive.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. A'n D Cable Products.

b. Brady Corporation.

C. Brother International Corporation.

d. Grafoplast Wire Markers.

€. Ideal Industries, Inc.

f. LEM Products Inc.

g. Marking Services Inc.

h. Panduit Corp.

1. Seton Identification Products; a Brady Corporation company.
J. emedco.

2. Self-Lamination: Clear; UV-, weather-, and chemical-resistant; self-laminating, with
protective shield over legend. Size labels such that clear shield overlaps entire printed
legend.

3. Marker for Labels:

a. Permanent, waterproof, black ink marker recommended by tag manufacturer.
b. Machine-printed, permanent, waterproof, black ink recommended by printer
manufacturer.

D. UL PGDQ2 - Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3 mil thick, multicolor,
weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and
location.

1. Manufacturers: Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not limited to
the following:
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A'n D Cable Products.

Brady Corporation.

Brother International Corporation.
Grafoplast Wire Markers.
HellermannTyton.

Ideal Industries, Inc.

LEM Products Inc.

Marking Services Inc.

Panduit Corp.

Seton Identification Products; a Brady Corporation company.
emedco.

FTS PR Mo a0 o

2. Minimum Nominal Size:
a. 1-1/2 by 6 inch for raceway and conductors.

b. 3-1/2 by 5 inch for equipment.
c. As required by authorities having jurisdiction.

2.2 BANDS

A. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves,
2 inch long, with diameters sized to suit diameters and that stay in place by gripping action.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.
b. HellermannTyton.

c. Marking Services Inc.
d. Panduit Corp.

23 TAPES AND STENCILS

A.  Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification

legend machine printed by thermal transfer or equivalent process.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.

b. Carlton Industries, LP.
C. Champion America.
d. HellermannTyton.

€. Ideal Industries, Inc.

f. Marking Services Inc.

g. Panduit Corp.

B.  Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mil

thick by 1 to 2 inch wide; compounded for outdoor use.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.
b. Carlton Industries, LP.
C. Marking Services Inc.
d. emedco.

24 TAGS

A.  Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch thick, color-coded for phase and
voltage level, with factory printed permanent designations; punched for use with self-locking
cable tie fastener.

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.

b. Carlton Industries, LP.

C. Grafoplast Wire Markers.

d. LEM Products Inc.

e. Marking Services Inc.

f. Panduit Corp.

g. Seton Identification Products; a Brady Corporation company.
h. emedco.

B.  Write-on Tags:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.
b. Carlton Industries, LP.
C. LEM Products Inc.
d. Pipemarker.com; Brimar Industries, Inc.
e. Seton Identification Products; a Brady Corporation company.
2. Polyester Tags: 0.010 inch thick, with corrosion-resistant grommet and cable tie for
attachment.

3. Marker for Tags:
a. Permanent, waterproof, black ink marker recommended by tag manufacturer.

b. Machine-printed, permanent, waterproof, black ink marker recommended by
printer manufacturer.
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2.5 SIGNS
A.  Laminated Acrylic or Melamine Plastic Signs:
1. Manufacturers: Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Brady Corporation.
b. Carlton Industries, LP.
C. Marking Services Inc.
d. Seton Identification Products; a Brady Corporation company.
e. emedco.
2. Engraved legend.
3. Thickness:
a. For signs up to 20 sq. inch, minimum 1/16 inch thick.
b. For signs larger than 20 sq. inch, 1/8 inch thick.
c. Engraved legend with black letters on white face.
d. Punched or drilled for mechanical fasteners with 1/4 inch grommets in corners for
mounting.
e. Framed with mitered acrylic molding and arranged for attachment at applicable
equipment.
2.6 CABLE TIES
A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering

products that may be incorporated into the Work include, but are not limited to the following:

1. HellermannTyton.
2. Ideal Industries, Inc.
3. Marking Services Inc.
4. Panduit Corp.

B. Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified
electrical testing laboratory recognized by authorities having jurisdiction, and marked for
intended location and application.

2. Listing Criteria: UL CCN ZODZ; including UL 1565 or UL 62275.

C. UL ZODZ - General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-
locking, and Type 6/6 nylon.

Minimum Width: 3/16 inch.

Tensile Strength at 73 deg F in accordance with ASTM D638: 12,000 psi.
Temperature Range: Minus 40 to plus 185 deg F.

Color: Black, except where used for color-coding.

el s
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D.

UL ZODZ - Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-
locking.

Minimum Width: 3/16 inch.

Tensile Strength at 73 deg F in accordance with ASTM D638: 7000 psi.
UL 94 Flame Rating: 94V-0.

Temperature Range: Minus 50 to plus 284 deg F.

Color: Black.

kW=

PART 3 - EXECUTION

3.1

3.2

A.

A.

B.

C.

PREPARATION
Self-Adhesive Identification Products: Before applying electrical identification products, clean

substrates of substances that could impair bond, using materials and methods recommended by
manufacturer of identification product.

SELECTION OF COLORS AND IDENTIFICATION MARKINGS

Comply with 29 CFR 1910.144 for color identification of hazards, and the following:

1. Fire-protection and fire-alarm equipment must be finished, painted, or suitably marked
safety red.
2. Ceiling-mounted hangers, supports, cable trays, and raceways must be finished, painted,

or suitably marked safety yellow where less than 7.7 ft above finished floor.
Pipe and Conduit Labeling: Comply with ASME A13.1.

Color-Coding for Phase- and Voltage-Level Identification, 1000 V or Less: Use colors listed
below for ungrounded service feeder and branch-circuit conductors.

1. Color must be factory applied.
2. Colors for 208Y/120 V Circuits:

a. Phase A: Black.
b. Phase B: Red.
c. Phase C: Blue.

3. Colors for 480Y/277 V Circuits:
a. Phase A: Brown.
b. Phase B: Orange.
c. Phase C: Yellow.

4, Color for Neutral (Grounded Conductor): White.
5. Color for Equipment Ground: Bare copper or green.
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D.

J.

Color-Coding Raceways, Cable Trays, Junction Boxes, and Conductors for Intrinsically-Safe
Circuits: Light blue. When used to identify intrinsically-safe circuits, Article 504 of NFPA 70
requires that the color light blue not be used for any other purpose.

Color-Coding Instructional Signs: Self-adhesive labels, including color code for grounded and
ungrounded conductors.

Accessible Fittings for Raceways: Identify cover of junction and pull box of the following
systems with wiring system legend and system voltage. System legends must be as follows:

1. "EMERGENCY POWER."
2. "POWER."
3. "UPS."

Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points,
and locations of high visibility. Identify by system and circuit designation.

Cover Plates: Label individual cover plates with self-adhesive labels. Place label at top of cover
plate. Label cover plate with the following information, in the order listed:

1. Panelboard designation.
2. Colon or dash.
3. Branch circuit number.

Equipment Identification Labels:

Black letters on white field.

Indoor Equipment: Self-adhesive label.

Outdoor Equipment: Laminated acrylic or melamine sign.
Equipment to Be Labeled:

el

a. Racks, Frames, and Enclosures: Identify front and rear of each with self-adhesive
labels.

b. Panelboards: Typewritten directory of circuits in location provided by panelboard

manufacturer. Panelboard identification must be in form of laminated acrylic or

melamine label.

Enclosures and electrical cabinets.

Access doors and panels for concealed electrical items.

Emergency system boxes and enclosures.

Motor-control centers.

Enclosed switches.

Enclosed circuit breakers.

Enclosed controllers.

Variable-speed controllers.

Push-button stations.

Power-transfer equipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.

Battery racks.

Monitoring and control equipment.

VOB g RTER MO A0

Cable Ties: General purpose, for attaching tags, except as listed below:
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1. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.

SELECTION OF SIGNS AND HAZARD MARKINGS
Comply with 29 CFR 1910.145 for danger, caution, warning, and safety instruction signs.
Signs, labels, and tags required for personnel safety must comply with the following standards:

Safety Colors: NEMA Z535.1.

Facility Safety Signs: NEMA Z535.2.

Safety Symbols: NEMA Z535.3.

Product Safety Signs and Labels: NEMA Z535.4.

Safety Tags and Barricade Tapes for Temporary Hazards: NEMA Z535.5.

kW=

Electrical Hazard Warnings:

1. Arc-Flash Hazard Warning: Self-adhesive labels. Comply with NFPA 70E requirements
for arc-flash hazard warning labels.
2. Raceways and Cables Carrying Circuits at More Than 1000 V:

a. Black letters on orange field.
b. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING."

3. Multiple Power Sources Warning Legend: "DANGER - ELECTRICAL SHOCK
HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."

4. OSHA Workspace Clearance Warning Legend: "WARNING - OSHA REGULATION -
AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 3
FEET MINIMUM."

Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive labels.

1. Apply to exterior of door, cover, or other access.
2. For equipment with multiple power or control sources, apply to door or cover of
equipment, including, but not limited to, the following:

a. Power-transfer switches.
b. Controls with external control power connections.

Operating Instruction Signs: Self-adhesive labels.
Emergency Operating Instruction Signs: Self-adhesive labels with white legend on red

background with minimum 3/8 inch high letters for emergency instructions at equipment used
for power transfer.
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3.5

M.

SELECTION OF IDENTIFICATION PRODUCTS FOR COMMUNICATIONS, CONTROL,
AUXILIARY, AND LIFE SAFETY SYSTEMS

Comply with Section 270528 "Pathways for Communications Systems" and Section 271100
"Communications Equipment Room Fittings."

INSTALLATION

Install identification materials and devices at locations for most convenient viewing without
interference with operation and maintenance of equipment. Install access doors or panels to
provide view of identifying devices.

Thermal Movements: Allow for thermal movements from ambient and surface temperature
changes typical for electrical equipment environments specified in Section 260011 "Facility
Performance Requirements for Electrical."

Paint: Comply with requirements in painting Sections for paint materials and application
requirements. Retain paint system applicable for surface material and location (exterior or

interior).

Fasteners for Labels and Signs: Self-tapping, stainless steel screws or stainless steel machine
screws with nuts and flat and lock washers.

Verify and coordinate identification names, abbreviations, colors, and other features with
requirements in other Sections requiring identification applications, Drawings, Shop Drawings,
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent
designations throughout Project.

Install identifying devices before installing acoustical ceilings and similar concealment.

Verify identity of item before installing identification products.

Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation
and maintenance manual.

Apply identification devices to surfaces that require finish after completing finish work.

Install signs with approved legend to facilitate proper identification, operation, and maintenance
of electrical systems and connected items.

Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for
viewing from floor.

Vinyl Wraparound Labels:

1. Secure tight to surface of raceway or cable at location with high visibility and
accessibility.

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive

appropriate to location and substrate.

Snap-Around Labels: Secure tight to surface at location with high visibility and accessibility.
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N.

Self-Adhesive Wraparound Labels: Secure tight to surface at location with high visibility and
accessibility.

Snap-Around Color-Coding Bands: Secure tight to surface at location with high visibility and
accessibility.

Heat-Shrink, Preprinted Tubes: Secure tight to surface at location with high visibility and
accessibility.

Marker Tapes: Secure tight to surface at location with high visibility and accessibility.

Self-Adhesive Vinyl Tape: Secure tight to surface at location with high visibility and
accessibility.

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for minimum
distance of 6 inch where splices or taps are made. Apply last two turns of tape with no

tension to prevent possible unwinding.

Tape and Stencil: Comply with requirements in painting Sections for surface preparation and
paint application.

Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's instructions.
Nonmetallic Preprinted Tags:

1. Place in location with high visibility and accessibility.
2. Secure using general-purpose cable ties.

Write-on Tags:

1. Place in location with high visibility and accessibility.
2. Secure using general-purpose cable ties.

Baked-Enamel Signs: Attach signs that are not self-adhesive type with mechanical fasteners
appropriate to location and substrate.

Metal-Backed Butyrate Signs: Attach signs that are not self-adhesive type with mechanical
fasteners appropriate to location and substrate.

Laminated Acrylic or Melamine Plastic Signs: Attach signs that are not self-adhesive type with
mechanical fasteners appropriate to location and substrate.

END OF SECTION
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SECTION 262416 — PANELBOARD CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:

1. Lighting and appliance branch-circuit panelboards.

1.3 DEFINITIONS
A.  GFCI: Ground-fault circuit interrupter.

B. MCCB: Molded-case circuit breaker.

1.4 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 "Submittal Procedures" and
the individual sections specifying the work.

B.  Product Data: For each type of panelboard.

1. Include materials and overcurrent protective devices, accessories, and components
indicated.
2. Include dimensions and manufacturers' technical data on features, performance, electrical

characteristics, ratings, and finishes.

1.5 INFORMATIONAL SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 "Submittal Procedures" and
the individual sections specifying the work.

B.  Panelboard Schedules: For installation in panelboards.
1.6 FIELD CONDITIONS
A.  Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied

by Government or others unless permitted under the following conditions and then only after
arranging to provide temporary electric service according to requirements indicated:
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1.7

A.

1. Notify Government no fewer than seven days in advance of proposed interruption of
electric service.

2. Do not proceed with interruption of electric service without Government’s written
permission.

3. Comply with NFPA 70E.

WARRANTY

Manufacturer's Warranty: Manufacturer agrees to repair or replace circuit breakers that fail in
materials or workmanship within specified warranty period.

1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

2.2

A.

B.

A.

B.

DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

Manufacturers: Subject to compliance with requirements, provide products by the following
Manufacturer:

1. Cutler Hammer.

MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers:
a. Inverse time-current element for low-level overloads.
b. Instantaneous magnetic trip element for short circuits.

2. MCCB Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.

b. Breaker handle indicates tripped status.

c. UL listed for reverse connection without restrictive line or load ratings.

d. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor

materials.

e. Application Listing: Appropriate for application.

f. Multipole units enclosed in a single housing with a single handle.
IDENTIFICATION

Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC
rating.

Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with
transparent plastic protective cover.
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1. Circuit directory shall identify specific purpose for each circuit with detail sufficient to
distinguish it from all other circuits.

PART 3 - EXECUTION

3.1

3.2

33

34

A.

INSTALLATION

Comply with NECA 1.

Install according to NECA 407.

Install overcurrent protective devices and controllers.

1. Tighten bolted connections and circuit breaker connections using calibrated torque
wrench or torque screwdriver per manufacturer's written instructions.

Install filler plates in unused spaces.

Arrange conductors in gutters into groups and bundle and wrap with wire ties.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; install warning
signs complying with requirements in Section 260553 "Identification for Electrical Systems."

Update directory to indicate installed circuit loads; incorporate Government’s final room
designations. Obtain approval before installing. Handwritten directories are not acceptable.
Install directory inside panelboard door.

FIELD QUALITY CONTROL

Perform tests and inspections.

ADJUSTING
Adjust moving parts and operable components to function smoothly, and lubricate as

recommended by manufacturer.
END OF SECTION
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Straight-blade convenience receptacles.
2. GFCl receptacles.
3. Wall plates.
1.3 DEFINITIONS
A.  Abbreviations of Manufacturers' Names:
Cooper: Cooper Wiring Devices; Division of Cooper Industries, Inc.
Hubbell: Hubbell Incorporated: Wiring Devices-Kellems.

Leviton: Leviton Mfg. Company, Inc.
Pass & Seymour: Pass& Seymour/Legrand.

el

B.  EMI: Electromagnetic interference.

C.  GFCI: Ground-fault circuit interrupter.

D.  Pigtail: Short lead used to connect a device to a branch-circuit conductor.
E. RFI: Radio-frequency interference.

F. SPD: Surge protective device.

G.  UTP: Unshielded twisted pair.

1.4 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Product Data: For each type of product.

C.  Shop Drawings: List of legends and description of materials and process used for pre-marking
wall plates.
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1.5

A.

B.

1.6

A.

B.

INFORMATIONAL SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Field quality-control reports.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures™ and
the individual sections specifying the work.

Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions.

PART 2 - PRODUCTS

2.1

A.

B.

D.

2.2

A.

GENERAL WIRING-DEVICE REQUIREMENTS

Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

Comply with NFPA 70.

Devices that are manufactured for use with modular plug-in connectors may be substituted
under the following conditions:

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
2. Devices shall comply with the requirements in this Section.

Source Limitations: Obtain each type of wiring device and associated wall plate from single
source from single manufacturer.

GENERAL-GRADE DUPLEX STRAIGHT-BLADE RECEPTACLES
Duplex Straight-Blade Receptacle:

1. Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Arrow Hart, Wiring Devices; Eaton, FElectrical Sector.

b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

C. Leviton Manufacturing Co., Inc.

d. Pass & Seymour; Legrand North America, LLC.

2. Regulatory Requirements:
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a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction, and marked for intended
location and application.

3. General Characteristics:
a. Reference Standards: UL CCN RTRT and UL 498.
4. Options:

a. Configuration:

D General-duty, NEMA 5-20R.

23 GFCI RECEPTACLES
A.  General Description:

1. 125V, 20 A, straight blade, non-feed-through type.

2. Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943
Class A, and FS W-C-596.

3. Include indicator light that shows when the GFCI has malfunctioned and no longer
provides proper GFCI protection.

B.  Duplex GFCI Convenience Receptacles:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to the following:

a. Hubbell Incorporated; Wiring Device-Kellems.
b. Pass & Seymour/Legrand (Pass & Seymour).

2.4 WALL PLATES
A.  Single and combination types shall match corresponding wiring devices.
1. Plate-Securing Screws: Metal with head color to match plate finish.

2. Material for Finished Spaces: Satin-finished, Type 302 stainless steel.
3. Material for Unfinished Spaces: Galvanized steel.

PART 3 - EXECUTION

3.1 INSTALLATION

A.  Comply with NECA 1, including mounting heights listed in that standard, unless otherwise
indicated.

B. Coordination with Other Trades:
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1. Protect installed devices and their boxes. Do not place wall finish materials over device
boxes and do not cut holes for boxes with routers that are guided by riding against outside
of boxes.

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust,
paint, and other material that may contaminate the raceway system, conductors, and
cables.

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint
unless the joint is troweled flush with the face of the wall.

4. Install wiring devices after all wall preparation, including painting, is complete.

C.  Conductors:

1. Do not strip insulation from conductors until right before they are spliced or terminated
on devices.

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid
scoring or nicking of solid wire or cutting strands from stranded wire.

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70,
Article 300, without pigtails.

4. Existing Conductors:

a. Cut back and pigtail, or replace all damaged conductors.
b. Straighten conductors that remain and remove corrosion and foreign matter.
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough.

D. Device Installation:

1. Replace devices that have been in temporary use during construction and that were
installed before building finishing operations were complete.

2. Keep each wiring device in its package or otherwise protected until it is time to connect
conductors.

3. Do not remove surface protection, such as plastic film and smudge covers, until the last
possible moment.

4, Connect devices to branch circuits using pigtails that are not less than 6 inches in length.

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal
screw.

6. Use a torque screwdriver when a torque is recommended or required by manufacturer.

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice

No. 12 AWG pigtails for device connections.

Tighten unused terminal screws on the device.

9. When mounting into metal boxes, remove the fiber or plastic washers used to hold
device-mounting screws in yokes, allowing metal-to-metal contact.

*®

E.  Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted
receptacles to the right.

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount
outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
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G.

3.2

33

34

Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical
and with grounding terminal of receptacles on top. Group adjacent switches under single,
multigang wall plates.

GFCI RECEPTACLES

Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is
not required.

IDENTIFICATION
Comply with Section 260553 "Identification for Electrical Systems."

Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or
engraved machine printing with black-filled lettering on face of plate, and durable wire markers
or tags inside outlet boxes.

FIELD QUALITY CONTROL
Test Instruments: Use instruments that comply with UL 1436.

Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or
illuminated digital-display indicators of measurement.

Perform the following tests and inspections:

1. Test Instruments: Use instruments that comply with UL 1436.
2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital
readout or illuminated digital-display indicators of measurement.

Tests for Convenience Receptacles:

Line Voltage: Acceptable range is 105 to 132 V.

Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
Ground Impedance: Values of up to 2 ohms are acceptable.

GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.

Using the test plug, verify that the device and its outlet box are securely mounted.

Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit
breaker, poor connections, inadequate fault current path, defective devices, or similar
problems. Correct circuit conditions, remove malfunctioning units and replace with new
ones, and retest as specified above.

ANl e

Wiring device will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.

END OF SECTION
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SECTION 262813 - FUSES

PART 1 - GENERAL

1.1

A.

1.2

1.3

FUSES

SUMMARY

Section Includes:

L.

Nonrenewable cartridge fuses.

Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" specifies additional
requirements applicable to coordinating, scheduling, and sequencing of the Work
specified in this Section.

2. Section 260553 "lIdentification for Electrical Systems" specifies electrical equipment
labels and warning signs referenced by this Section.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data: For each type of product. Include the following for each fuse type indicated:

1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to
accommodate ambient temperatures, provide list of fuses with adjusted ratings.

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating,
local ambient temperature, and adjusted fuse rating.

b. Provide manufacturer's technical data on which ambient temperature adjustment
calculations are based.

2. Dimensions and manufacturer's technical data on features, performance, electrical
characteristics, and ratings.

3. Current-limitation curves for fuses with current-limiting characteristics.

4, Time-current coordination curves (average melt) and current-limitation curves
(instantaneous peak let-through current) for each type and rating of fuse. Submit in PDF
format.

5. Coordination charts and tables and related data.

6. Fuse sizes for elevator feeders and elevator disconnect switches.

FIELD CONDITIONS

Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more
than 100 deg F, apply manufacturer's ambient temperature adjustment factors to fuse ratings.
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PART 2 - PRODUCTS

2.1

A.

2.2

FUSES

PERFORMANCE REQUIREMENTS

Regulatory Requirements: Products or components listed and labeled in accordance with
NFPA 70, by a qualified electrical testing laboratory recognized by authorities having
jurisdiction, and marked for intended location and application.

NONRENEWABLE CARTRIDGE FUSES

Class CC Nonrenewable Cartridge Fuse:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Bussmann, an Eaton business.

Edison; a brand of Bussmann by Eaton.

Littelfuse, Inc.

Mersen USA.

Optifuse; Vortex Technologies; division of Triad Partners, LLC.

oo o

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-
4 (Class CC).

Standard Features:

a. NEMA FU 1, Class CC, 200 kA(sym) interrupt rating, current limiting, sizes up to
30 A, 600 V(ac), 12 s minimum time-delay at 200 percent, with rejection feature.

Class CD Nonrenewable Cartridge Fuse:

L.

W

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. Littelfuse, Inc.

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-
18 (Class CD).
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C.

D.

FUSES

4,

Standard Features:

a. UL 248-18, Class CD, 200 kA(sym) interrupt rating, current limiting, sizes 31 to
60 A, 600 V(ac), 12 s minimum time-delay at 200 percent, with rejection feature.

Class RK1 Nonrenewable Cartridge Fuse:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Bussmann, an Eaton business.

Edison; a brand of Bussmann by Eaton.
Littelfuse, Inc.

Mersen USA.

oo

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-
12 (Class R).

Standard Features:
a. NEMA FU 1, Class RK1, 200 kA(sym) interrupt rating, current limiting, sizes up
to 600 A, 600 V(ac), 8 to 10 s minimum time-delay at 500 percent, with rejection

feature.

§)] Select ferrule terminals or knife blade terminals to match equipment where
fuse is installed.

Class RKS Nonrenewable Cartridge Fuse:

L.

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

Bussmann, an Eaton business.

Edison; a brand of Bussmann by Eaton.
Littelfuse, Inc.

Mersen USA.

oo

Source Limitations: Obtain products from single manufacturer.

Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing
laboratory in accordance with guide information and standards specified for the following
UL product categories:

a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-
12 (Class R).
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4. Standard Features:

a. NEMA FU 1, Class RKS5, 200 kA(sym) interrupt rating, current limiting, sizes up
to 600 A, 600 V(ac), 8 to 10 s minimum time-delay at 500 percent, with rejection
feature.

D Select ferrule terminals or knife blade terminals to match equipment where
fuse is installed.

PART 3 - EXECUTION

3.1

A.

32

FUSES

EXAMINATION

Examine fuses before installation. Reject fuses that are moisture damaged or physically
damaged.

Examine holders to receive fuses for compliance with installation tolerances and other
conditions affecting performance, such as rejection features.

Examine utilization equipment nameplates and installation instructions. Install fuses of sizes
and with characteristics appropriate for each piece of equipment.

Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to
fuse ratings.

INSTALLATION OF FUSES
Comply with manufacturer's published instructions.

Reference Standards for Installation: Unless more stringent installation requirements are
specified in the Contract Documents or manufacturer's published instructions, comply with the
following:

Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
Electrical Maintenance: NFPA 70B.

Electrical Safety: NFPA 70E.

Work in Confined Spaces: NFPA 350.

Work in Basements and Other Developed Subterranean Spaces: NFPA 520.

Fuse Applications: NECA NEIS 420.

Work with Fuses in Motor Control Centers: NECA NEIS 402.

Nk W=

Provide open-fuse indicator fuses or fuse covers with open fuse indication.

Install fuses in fusible devices. Arrange fuses so rating information is readable without
removing fuse.

Interfaces with Other Work:
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1. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum
fuse size.

END OF SECTION
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SECTION 262816 - ENCLOSED SWITCHES

PART 1 - GENERAL

1.1

A.

1.2

SUMMARY

Section Includes:

1. Fusible switches.
2. Nonfusible switches.
3. Enclosures.

Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations,
definitions, submittals, qualifications, testing agencies, and other Project requirements
applicable to Work specified in this Section.

DEFINITIONS

GFEP: Ground-fault circuit-interrupter for equipment protection.

GFLS: Ground-fault circuit-interrupter for life safety.

SPDT: Single pole, double throw.

ACTION SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Product Data:

1. For each type of enclosed switch, circuit breaker, accessory, and component indicated.
Include nameplate ratings, dimensioned elevations, sections, weights, and manufacturers'
technical data on features, performance, electrical characteristics, ratings, accessories,
and finishes.

2. Enclosure types and details for types other than UL 50E, Type 1.

3. Current and voltage ratings.

4. Short-circuit current ratings (interrupting and withstand, as appropriate).

5. Include evidence of qualified electrical testing laboratory listing for series rating of
installed devices.

6. Detail features, characteristics, ratings, and factory settings of individual overcurrent

protective devices, accessories, and auxiliary components.

7. Include time-current coordination curves (average melt) for each type and rating of
overcurrent protective device; include selectable ranges for each type of overcurrent
protective device. Provide in PDF electronic format.
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C.

1.4

1.5

Shop Drawings: For enclosed switches.

1. Include plans, elevations, sections, details, and attachments to other work.
2. Include wiring diagrams for power, signal, and control wiring.

Field Quality-Control Submittals:

L. Field quality-control reports.

CLOSEOUT SUBMITTALS

Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

Warranty documentation.

WARRANTY

Special Installer Extended Warranty: Installer warrants that fabricated and installed enclosed
switches and circuit breakers perform in accordance with specified requirements and agrees to
repair or replace components or products that fail to perform as specified within extended-
warranty period.

1. Extended-Warranty Period: Two years from date of Substantial Completion; full
coverage for labor, materials, and equipment.

Special Manufacturer Extended Warranty: Manufacturer warrants that enclosed switches and
circuit breakers perform in accordance with specified requirements and agrees to provide repair
or replacement of components or products that fail to perform as specified within extended-
warranty period.

1. Extended-Warranty Period: Three years from date of Substantial Completion; full
coverage for labor, materials, and equipment.

PART 2 - PRODUCTS

2.1

A.

GENERAL REQUIREMENTS
Source Limitations: Obtain products from single manufacturer.

Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces
and other items. Comply with indicated maximum dimensions.

Electrical Components, Devices, and Accessories: Listed and labeled in accordance with
NFPA 70, by qualified electrical testing laboratory recognized by authorities having
jurisdiction, and marked for intended location and application.
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2.2 FUSIBLE SWITCHES

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

ABB, Electrification Business.

Eaton.

Siemens Industry, Inc., Enerey Management Division.
Square D: Schneider Electric USA.

b

B.  Type HD, Heavy Duty:

1. Single throw.

2. Two and three pole.

3. 600 V(ac).

4. 200 A and smaller.

5. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate

specified fuses.
6. Lockable handle with capability to accept three padlocks, and interlocked with cover in
closed position.

C. Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

2. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.

3. Lugs: Mechanical type, suitable for number, size, and conductor material.

23 NONFUSIBLE SWITCHES

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

ABB, Electrification Business.

Eaton.

Siemens Industry, Inc., Enerey Management Division.
Square D; Schneider Electric USA.

el

B.  Type HD, Heavy Duty, Six Pole, Single Throw, 600 V(ac), 200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and
interlocked with cover in closed position.

C. Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

2. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.

3. Service-Rated Switches: Labeled for use as service equipment.

4, Lugs: Mechanical type, suitable for number, size, and conductor material.
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24

A.

D.

ENCLOSURES

Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, UL 50E, and UL 50, to comply
with environmental conditions at installed location.

Enclosure Finish: Enclosure must be finished with gray baked enamel paint, electrodeposited on
cleaned, phosphatized steel (UL S0E Type 1), and a brush finish on Type 304 stainless steel
(UL 50E Type 4-4X stainless steel).

Conduit Entry: UL 50E Types 4, enclosures may not contain knockouts. UL 50E Types 7 and 9
enclosures must be provided with threaded conduit openings in both endwalls.

Operating Mechanism: Circuit-breaker operating handle must be externally operable with
operating mechanism being integral part of box, not cover directly operable through front cover
of enclosure (UL S0E Type 1) directly operable through dead front trim of enclosure (UL 50E
Type 3R). Cover interlock mechanism must have externally operated override. Override may
not permanently disable interlock mechanism, which must return to locked position once
override is released. Tool used to override cover interlock mechanism must not be required to
enter enclosure in order to override interlock.

Enclosures designated as UL 50E Type 4, 4X stainless steel, 12, or 12K must have dual cover
interlock mechanism to prevent unintentional opening of enclosure cover when circuit breaker
is ON and to prevent turning circuit breaker ON when enclosure cover is open.

UL 50E Type 7/9 enclosures must be furnished with breather and drain kit to allow their use in
outdoor and wet location applications.

PART 3 - EXECUTION

3.1

A.

B.

32

A.

B.

C.

EXAMINATION

Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance
with installation tolerances and other conditions affecting performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

1. Commencement of work will indicate Installer's acceptance of areas and conditions as
satisfactory.

SELECTION OF ENCLOSURES

Indoor, Dry and Clean Locations: UL 50E, Type 1.

Outdoor Locations: UL 50E, Type 4X.

Other Wet or Damp, Indoor Locations: UL 50E, Type 4.
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3.3 INSTALLATION
A.  Comply with manufacturer's published instructions.
B.  Special Techniques:
1. Coordinate layout and installation of switches, circuit breakers, and components with

equipment served and adjacent surfaces. Maintain required workspace clearances and
required clearances for equipment access doors and panels.

2. Install individual wall-mounted switches and circuit breakers with tops at uniform height
unless otherwise indicated.

3. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets
and temporary blocking of moving parts from enclosures and components.

4. Install fuses in fusible devices.

34 IDENTIFICATION

A.  Comply with requirements in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.
2. Label each enclosure with engraved metal or laminated-plastic nameplate.
3.5 FIELD QUALITY CONTROL

A.  Field tests and inspections must be witnessed by Architect.

B.  Tests and Inspections for Switches:
1. Visual and Mechanical Inspection:
a. Inspect physical and mechanical condition.
b. Inspect anchorage, alignment, grounding, and clearances.
c. Verify that unit is clean.
d. Verify blade alignment, blade penetration, travel stops, and mechanical operation.
e. Verify that fuse sizes and types match the Specifications and Drawings.
f. Verify that each fuse has adequate mechanical support and contact integrity.
g. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use low-resistance ohmmeter.

a) Compare bolted connection resistance values to values of similar
connections. Investigate values that deviate from those of similar
bolted connections by more than 50 percent of lowest value.

2)  Verify tightness of accessible bolted electrical connections by calibrated

torque-wrench method in accordance with manufacturer's published data or
NETA ATS Table 100.12.
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a) Bolt-torque levels must be in accordance with manufacturer's
published data. In absence of manufacturer's published data, use
NETA ATS Table 100.12.

h. Verify that operation and sequencing of interlocking systems is as described in the
Specifications and shown on Drawings.

1. Verify correct phase barrier installation.

J- Verify lubrication of moving current-carrying parts and moving and sliding
surfaces.

2. Electrical Tests:

a. Perform resistance measurements through bolted connections with low-resistance
ohmmeter. Compare bolted connection resistance values to values of similar
connections. Investigate values that deviate from adjacent poles or similar switches
by more than 50 percent of lowest value.

b. Measure contact resistance across each switchblade fuseholder. Drop values may
not exceed high level of manufacturer's published data. If manufacturer's published
data are not available, investigate values that deviate from adjacent poles or similar
switches by more than 50 percent of lowest value.

c. Perform insulation-resistance tests for one minute on each pole, phase-to-phase
and phase-to-ground with switch closed, and across each open pole. Apply voltage
in accordance with manufacturer's published data. In absence of manufacturer's
published data, use Table 100.1 from NETA ATS. Investigate values of insulation
resistance less than those published in Table 100.1 or as recommended in
manufacturer's published data.

d. Measure fuse resistance. Investigate fuse-resistance values that deviate from each
other by more than 15 percent.

e. Perform ground fault test in accordance with NETA ATS Section 7.14 "Ground
Fault Protection Systems, Low-Voltage."

C.  Nonconforming Work:

1. Enclosed switches and circuit breakers will be considered defective if they do not pass
tests and inspections.
2. Remove and replace defective units and retest.

D.  Collect, assemble, and submit test and inspection reports.

1. Test procedures used.
2. Include identification of each enclosed switch and circuit breaker tested and describe test
results.
3. List deficiencies detected, remedial action taken, and observations after remedial action.
E. Manufacturer Services:
1. Engage factory-authorized service representative to support field tests and inspections.
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3.6 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

3.7 PROTECTION

A.  After installation, protect enclosed switches and circuit breakers from construction activities.
Remove and replace items that are contaminated, defaced, damaged, or otherwise caused to be
unfit for use prior to acceptance by Owner.

3.8 MAINTENANCE

A. Infrared Scanning of Enclosed Switches and Breakers: Two months after Substantial
Completion, perform infrared scan of joints and connections. Remove covers so joints and
connections are accessible to portable scanner. Take visible light photographs at same locations
and orientations as infrared scans for documentation to ensure follow-on scans match same
conditions for valid comparison.

1. Instruments and Equipment: Use infrared scanning device designed to measure
temperature or to detect significant deviations from normal values. Provide calibration
record for device.

2. Follow-up Infrared Scanning: Perform two follow-up infrared scans of enclosed switches
and breakers, one at four months and another at 11 months after Substantial Completion.

3. Instrument: Use infrared-scanning device designed to measure temperature or to detect
significant deviations from normal values. Provide documentation of device calibration.

4. Report: Prepare certified report that identifies units checked and that describes scanning

results. Include notation of deficiencies detected, remedial actions taken, and scanning
observations after remedial action.

END OF SECTION
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SECTION 263600 - TRANSFER SWITCHES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

L.

Nonautomatic transfer switches.

1.2 ACTION SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B. Product Data:

1.

Nonautomatic transfer switches.

C.  Product Data Submittals: For each product.

L.

2.

Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for transfer switches.

Include rated capacities, operating characteristics, electrical characteristics, and
accessories.

D.  Shop Drawings:

1.

2.
3.

Include plans, elevations, sections, details showing minimum clearances, conductor entry
provisions, gutter space, and installed features and devices.

Include material lists for each switch specified.

Single-Line Diagram: Show connections between transfer switch, power sources, and
load; and show interlocking provisions for each combined transfer switch and
bypass/isolation switch.

Riser Diagram: Show interconnection wiring between transfer switches, bypass/isolation
switches, annunciators, and control panels.

1.3 CLOSEOUT SUBMITTALS

A.  Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and
the individual sections specifying the work.

B.  Operation and Maintenance Data: For each type of product to include in emergency, operation,
and maintenance manuals.

1.

In addition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:
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1.4

1.5

1.6

A.

A.

A.

a. Features and operating sequences, both automatic and manual.
b. List of all factory settings of relays; provide relay-setting and calibration
instructions, including software, where applicable.
QUALITY ASSURANCE
Testing Agency Qualifications:

1. Member company of NETA.

a. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.

FIELD CONDITIONS

Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities
occupied by Owner or others unless permitted under the following conditions and then only
after arranging to provide temporary electrical service:

1. Notify Owner no fewer than two days in advance of proposed interruption of electrical
service.

2. Do not proceed with interruption of electrical service without Owner's written
permission.

WARRANTY

Manufacturer's Warranty: Manufacturer agrees to repair or replace components of transfer
switch or transfer switch components that fail in materials or workmanship within specified
warranty period.

1. Warranty Period: Two years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

PERFORMANCE REQUIREMENTS

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

Comply with NEMA ICS 1.

Comply with NFPA 110.

Comply with UL 1008 unless requirements of these Specifications are stricter.

Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system

transfer, including tungsten filament lamp loads not exceeding 30 percent of switch ampere
rating, unless otherwise indicated.
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F.

2.2

Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by
protective devices at installation locations in Project under the fault conditions indicated, based
on testing according to UL 1008.

1. Where transfer switch includes internal fault-current protection, rating of switch and trip
unit combination shall exceed indicated fault-current value at installation location.
2. Short-time withstand capability for 30 cycles.

Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or
better over an operating temperature range of minus 20 to plus 70 deg C.

Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge
withstand capability requirements when tested according to IEEE C62.62. Components shall
meet or exceed voltage-impulse withstand test of NEMA ICS 1.

Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism. Switches for emergency or standby purposes shall be mechanically
and electrically interlocked in both directions to prevent simultaneous connection to both power
sources unless closed transition.

Neutral Terminal: Solid and fully rated unless otherwise indicated.

Oversize Neutral: Ampacity and switch rating of neutral path through units indicated for
oversize neutral shall be double the nominal rating of circuit in which switch is installed.

Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by
color-code or by numbered or lettered wire and cable with printed markers at terminations.
Color-coding and wire and cable markers are specified in Section 260553 "Identification for
Electrical Systems."

1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring
indicated.

2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom
entrance of feeder conductors as indicated.

3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.

4. Accessible via front access.

Enclosures: General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508,
unless otherwise indicated.

NONAUTOMATIC TRANSFER SWITCHES

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

ASCO Power Technologies.

Caterpillar, Inc.; Electric Power Division.
Cummins Power Generation.

ESL Power Systems, Inc.

Eaton.

Russelectric, Inc.

AN S e

TRANSFER SWITCHES 263600 - 3


http://www.specagent.com/Lookup?ulid=12326
http://www.specagent.com/Lookup?uid=123457166351
http://www.specagent.com/Lookup?uid=123457166353
http://www.specagent.com/Lookup?uid=123457226854
http://www.specagent.com/Lookup?uid=123457166352
http://www.specagent.com/Lookup?uid=123457166349
http://www.specagent.com/Lookup?uid=123457166350

ENERGY EFFICIENCY UPGRADES BGS PROJECT NO. 3707
MAINE DEPARTMENT OF MARINE RESOURCES LABORATORY
BOOTHBAY HARBOR, MAINE

B.

23

Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and
"Alternative Source." Switch shall be capable of transferring load in either direction with either
or both sources energized.

Manual and Electrically Operated: Electrically actuated by push buttons designated "Normal
Source" and "Alternative Source." Manual handle provides quick-make, quick-break manual-
switching action. Switch shall be capable of electrically or manually transferring load in either
direction with either or both sources energized. Control circuit disconnects from electrical
operator during manual operation.

Double-Throw Switching Arrangement: Incapable of pauses or intermediate position stops
during switching sequence.

Pilot Lights: Indicate source to which load is connected.

Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and
alternative-source sensing circuits.

1. Normal Power Supervision: Green light with nameplate engraved "Normal Source
Available."

2. Emergency Power Supervision: Red light with nameplate engraved "Alternative Source
Available."

Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current
between active power sources.

1. Switch Action: Double throw; mechanically held in both directions.

2. Contacts: Silver composition or silver alloy for load-current switching.

3. Conductor Connectors: Suitable for use with conductor material and sizes.

4. Material: Tin-plated aluminum.

5. Main and Neutral Lugs: Compression type.

6. Ground Lugs and Bus-Configured Terminators: Compression type.

7. Ground bar.

8. Connectors shall be marked for conductor size and type according to UL 1008.
SOURCE QUALITY CONTROL

Factory Tests: Test and inspect components, assembled switches, and associated equipment
according to UL 1008. Ensure proper operation. Check transfer time and voltage, frequency,
and time-delay settings for compliance with specified requirements. Perform dielectric strength
test complying with NEMA ICS 1.

Prepare test and inspection reports.

1. For each of the tests required by UL 1008, performed on representative devices, for
emergency systems. Include results of test for the following conditions:

a Contact opening.
b. Short circuit.

c Short-time current capability.

d Insulating base and supports damage.
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PART 3 - EXECUTION

3.1

32

33

A.

B.

C.

INSTALLATION
Identify components according to Section 260553 "Identification for Electrical Systems."
Set field-adjustable intervals and delays, relays, and engine exerciser clock.

Comply with NECA 1.

CONNECTIONS

Wiring Method: Install cables in raceways and cable trays except within electrical enclosures.
Conceal raceway and cables except in unfinished spaces.

L. Comply with requirements for raceways specified in Section 260533.13 "Conduits for
Electrical Systems."

Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess
and without exceeding manufacturer's limitations on bending radii.

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more
than 18 inches in length.

FIELD QUALITY CONTROL

Administrant for Tests and Inspections:

1. Owner will engage qualified testing agency to administer and perform tests and
inspections.

2. Engage qualified testing agency to administer and perform tests and inspections.

3. Engage factory-authorized service representative to administer and perform tests and
inspections on components, assemblies, and equipment installations, including
connections.

4. Administer and perform tests and inspections with assistance of factory-authorized

service representative.

Tests and Inspections:

1. After installing equipment, test for compliance with requirements according to
NETA ATS.
2. Visual and Mechanical Inspection:
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Compare equipment nameplate data with Drawings and Specifications.

Inspect physical and mechanical condition.

Inspect anchorage, alignment, grounding, and required clearances.

Verify that the unit is clean.

Verify appropriate lubrication on moving current-carrying parts and on moving
and sliding surfaces.

Verify that manual transfer warnings are attached and visible.

Verify tightness of all control connections.

Inspect bolted electrical connections for high resistance using one of the following
methods, or both:

1)  Use of low-resistance ohmmeter.
2)  Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method according to manufacturer's published data.

Perform manual transfer operation.

Verify positive mechanical interlocking between normal and alternate sources.
Perform visual and mechanical inspection of surge arresters.

Inspect control power transformers.

1)  Inspect for physical damage, cracked insulation, broken leads, tightness of
connections, defective wiring, and overall general condition.

2)  Verify that primary and secondary fuse or circuit-breaker ratings match
Drawings.

3)  Verify correct functioning of drawout disconnecting contacts, grounding
contacts, and interlocks.

3. Electrical Tests:

a. Perform insulation-resistance tests on all control wiring with respect to ground.
b. Perform a contact/pole-resistance test. Compare measured values with
manufacturer's acceptable values.
c. Verify settings and operation of control devices.
d. Calibrate and set all relays and timers.
e. Verify phase rotation, phasing, and synchronized operation.
f. Perform automatic transfer tests.
4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester. Include external annunciation and control circuits. Use test voltages and
procedure recommended by manufacturer. Comply with manufacturer's specified
minimum resistance.

a. Check for electrical continuity of circuits and for short circuits.
b. Inspect for physical damage, proper installation and connection, and integrity of
barriers, covers, and safety features.
c. Verify that manual transfer warnings are properly placed.
d. Perform manual transfer operation.
5. After energizing circuits, perform each electrical test for transfer switches stated in

NETA ATS and demonstrate interlocking sequence and operational function for each
switch at least three times.
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a. Simulate power failures of normal source to automatic transfer switches and
retransfer from emergency source with normal source available.
b. Simulate loss of phase-to-ground voltage for each phase of normal source.

C.  Report results of tests and inspections in writing. Record adjustable relay settings and measured
insulation and contact resistances and time delays. Attach a label or tag to each tested
component indicating satisfactory completion of tests.

D.  Transfer switches will be considered defective if they do not pass tests and inspections.

E.  Remove and replace malfunctioning units and retest as specified above.
F. Prepare test and inspection reports.
34 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain transfer switches and related equipment.

B.  Training shall include testing ground-fault protective devices and instructions to determine
when the ground-fault system shall be retested. Include instructions on where ground-fault
sensors are located and how to avoid negating the ground-fault protection scheme during testing
and circuit modifications.

C.  Coordinate this training with that for generator equipment.

END OF SECTION
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	1.  Preconstruction Conference
	1.1 The Contractor shall, upon acceptance of a contract and prior to commencing work, schedule a preconstruction conference with the Owner and Consultant.  The purpose of this conference is as follows.
	1.1.1 Introduce all parties who have a significant role in the Project, including:
	Owner (State agency or other contracting entity)
	Owner's Representative
	Consultant (Architect or Engineer)
	Subconsultants
	Clerk-of-the-works
	Contractor (GC)
	Superintendent
	Subcontractors
	Other State agencies
	Construction testing company
	Commissioning agent
	Special Inspections agent
	Bureau of General Services (BGS);
	1.1.2 Review the responsibilities of each party;
	1.1.3 Review any previously-identified special provisions of the Project;
	1.1.4 Review the Schedule of the Work calendar submitted by the Contractor to be approved by the Owner and Consultant;
	1.1.5 Review the Schedule of Values form submitted by the Contractor to be approved by the Owner and Consultant;
	1.1.6 Establish routines for Shop Drawing approval, contract changes, requisitions, et cetera;
	1.1.7 discuss jobsite issues;
	1.1.8 Discuss Project close-out procedures;
	1.1.9 Provide an opportunity for clarification of Contract Documents before work begins; and
	1.1.10 Schedule regular meetings at appropriate intervals for the review of the progress of the Work.


	2. Intent and Correlation of Contract Documents
	2.1 The intent of the Contract Documents is to describe the complete Project.  The Contract Documents consist of various components; each component complements the others.  What is shown as a requirement by any one component shall be inferred as a req...
	2.2 The Contractor shall furnish all labor, equipment and materials, tools, transportation, insurance, services, supplies, operations and methods necessary for, and reasonably incidental to, the construction and completion of the Project.  Any work th...
	2.3 The Contractor shall not utilize any apparent error or omission in the Contract Documents to the disadvantage of the Owner.  The Contractor shall promptly notify the Consultant in writing of such errors or omissions.  The Consultant shall make any...

	3. Additional Drawings and Specifications
	3.1 Upon the written request of the Contractor, the Owner shall provide, at no expense to the Contractor, up to five sets of printed Drawings and Specifications for the execution of the Work.
	3.2 The Consultant shall promptly furnish to the Contractor revised Drawings and Specifications, for the area of the documents where those revisions apply, when corrections or clarifications are made by the Consultant.  All such information shall be c...

	4. Ownership of Contract Documents
	4.1 The designs represented on the Contract Documents are the property of the Consultant.  The Drawings and Specifications shall not be used on other work without consent of the Consultant.

	5. Permits, Laws, and Regulations
	5.1 The Owner is responsible for obtaining any zoning approvals or other similar local project approvals necessary to complete the Work, unless otherwise specified in the Contract Documents.
	5.2 The Owner is responsible for obtaining Maine Department of Environmental Protection, Maine Department of Transportation, or other similar state government project approvals necessary to complete the Work, unless otherwise indicated in the Contract...
	5.3 The Owner is responsible for obtaining any federal agency project approvals necessary to complete the Work, unless otherwise indicated in the Contract Documents.
	5.4 The Owner is responsible for obtaining all easements for permanent structures or permanent changes in existing facilities.
	5.5 The Contractor is responsible for obtaining and paying for all permits and licenses necessary for the implementation of the Work.  The Contractor shall notify the Owner of any delays, variance or restrictions that may result from the issuing of pe...
	5.6 The Contractor shall comply with all ordinances, laws, rules and regulations and make all required notices bearing on the implementation of the Work.  In the event the Contractor observes disagreement between the Drawings and Specifications and an...
	5.7 The Contractor shall comply with local, state and federal regulations regarding construction safety and all other aspects of the Work.
	5.8 The Contractor shall comply with the Maine Code of Fair Practices and Affirmative Action, 5 M.R.S. §784 (2).

	6. Taxes
	6.1 The Owner is exempt from the payment of Maine State sales and use taxes as provided in 36 M.R.S. §1760 (1).   The Contractor and Subcontractors shall not include taxes on exempt items in the construction contract.
	6.2 Section 1760 further provides in subsection 61 that sales to a construction contractor or its subcontractor of tangible personal property that is to be physically incorporated in, and become a permanent part of, real property for sale to or owned ...
	6.3 The Contractor may contact Maine Revenue Services, 24 State House Station, Augusta, Maine 04333 for guidance on tax exempt regulations authorized by 36 M.R.S. §1760 and detailed in Rule 302 (18-125 CMR 302).

	7. Labor and Wages
	7.1 The Contractor shall conform to the labor laws of the State of Maine, and all other laws, ordinances, and legal requirements affecting the work in Maine.
	7.2 The Consultant shall include a wage determination document prepared by the Maine Department of Labor in the Contract Documents for state-funded contracts in excess of $50,000.  The document shows the minimum wages required to be paid to each categ...
	7.3 On projects requiring a Maine wage determination, the Contractor shall submit monthly payroll records to the Owner ("the contracting agency") showing the name and occupation of all workers and all independent contractors employed on the project.  ...
	7.4 The Contractor shall not reveal, in the payroll records submitted to the Owner, personal information regarding workers and independent contractors, other than the information described above.  Such information shall not include Social Security num...
	7.5 The Contractor shall conform to Maine statute (39-A M.R.S. §105-A (6)) by providing to the Workers’ Compensation Board a list of all subcontractors and independent contractors on the job site and a record of the entity to whom that subcontractor o...
	7.6 The Contractor shall enforce strict discipline and good order among their employees at all times, and shall not employ any person unfit or unskilled to do the work assigned to them.
	7.7 The Contractor shall promptly pay all employees when their compensation is due, shall promptly pay all others who have billed and are due for materials, supplies and services used in the Work, and shall promptly pay all others who have billed and ...
	7.8 The Contractor may contact the Maine Department of Labor, 54 State House Station, Augusta, Maine 04333 for guidance on labor issues.
	7.9 The Contractor may contact the Maine Workers’ Compensation Board, 27 State House Station, Augusta, Maine 04333 for guidance on workers' compensation issues.

	8. Indemnification
	8.1 The Contractor shall indemnify and hold harmless the Owner and its officers and employees from and against any and all damages, liabilities, and costs, including reasonable attorney’s fees, and defense costs, for any and all injuries to persons or...
	8.2 The Contractor shall notify the Owner promptly of all claims arising out of the performance of work under this Agreement by the Contractor, its employees or agents, officers or subcontractors.
	8.3 This indemnity provision shall survive the termination of the Agreement, completion of the project or the expiration of the term of the Agreement.

	9. Insurance Requirements
	9.1 The Contractor shall provide, with each original of the signed Contract, an insurance certificate or certificates acceptable to the Owner and BGS.  The Contractor shall submit insurance certificates to the Owner and BGS at the commencement of this...
	9.2 The Owner does not warrant or represent that the insurance required herein constitutes an insurance portfolio which adequately addresses all risks faced by the Contractor or its Subcontractors.  The Contractor is responsible for the existence, ext...
	9.3 The Contractor shall procure and maintain primary insurance for the duration of the Project and, if written on a Claims-Made basis, shall also procure and maintain Extended Reporting Period (ERP) insurance for the period of time that any claims co...
	9.3.1 The Contractor shall have Workers’ Compensation insurance for all employees on the Project site in accordance with the requirements of the Workers’ Compensation law of the State of Maine.  Minimum acceptable limits for Employer’s Liability are:
	9.3.2 The Contractor shall have Commercial General Liability insurance providing coverage for bodily injury and property damage liability for all hazards of the Project including premise and operations, products and completed operations, contractual, ...
	9.3.3 The Contractor shall have Automobile Liability insurance against claims for bodily injury, death or property damage resulting from the maintenance, ownership or use of all owned, non-owned and hired automobiles, trucks and trailers.  Minimum acc...
	9.3.4 For the portion of a project which is new construction, the Contractor shall procure and maintain Builder’s Risk insurance naming the Owner, Contractor, and any Subcontractor as insureds as their interest may appear.  Covered causes of loss form...
	9.3.5 The Contractor shall have Owner’s Protective Liability insurance for contract values $50,000 and above, naming the Owner as the Named Insured.  Minimum acceptable limits are:


	10. Contract Bonds
	10.1 When noted as required in the Bid Documents, the Contractor shall provide to the Owner a Performance Bond and a Payment Bond, or "contract bonds", upon execution of the contract.  Each bond value shall be for the full amount of the contract and i...
	10.2 The contract bonds shall continue in effect for one year after final acceptance of the contract to protect the Owner’s interest in connection with the one year guarantee of workmanship and materials and to assure settlement of claims for the paym...

	11. Patents and Royalties
	11.1 The Contractor shall, for all time, secure for the Owner the free and undisputed right to the use of any patented articles or methods used in the Work.  The expense of defending any suits for infringement or alleged infringement of such patents s...
	11.2 Any royalty payments related to the work done by the Contractor for the Project shall be borne by the Contractor.  The Contractor shall hold the Owner harmless regarding any royalty payments that may arise due to installations made by the Contrac...

	12. Surveys, Layout of Work
	12.1 The Owner shall furnish all property surveys unless otherwise specified.
	12.2 The Contractor is responsible for correctly staking out the Work on the site.  The Contractor shall employ a competent surveyor to position all construction on the site.  The surveyor shall run the axis lines, establish correct datum points and c...
	12.3 The Contractor shall lay out all work from dimensions given on the Drawings.  The Contractor shall take measurements and verify dimensions of any existing work that affects the Work or to which the Work is to be fitted.  The Contractor is solely ...

	13. Record of Documents
	13.1 The Contractor shall maintain one complete set of Contract Documents on the jobsite, in good order and current status, for access by the Owner and Consultant.
	13.2 The Contractor shall maintain, continuously updated, complete records of Requests for Information, Architectural Supplemental Instructions (or equivalent), Information Bulletins, supplemental sketches, Change Order Proposals, Change Orders, Shop ...

	14. Allowances
	14.1 The Contract Price shall include all allowances described in the Contract Documents.  The Contractor shall include all overhead and profit necessary to implement each allowance in their Contract Price.
	14.2 The Contractor shall not be required to employ parties for allowance work against whom the Contractor has a reasonable objection.  In such a case, the Contractor shall notify the Owner in writing of their position and shall propose an alternative...

	15. Shop Drawings
	15.1 The Contractor shall administer Shop Drawings prepared by the Contractor, Subcontractors, suppliers or others to conform to the approved Schedule of the Work.  The Contractor shall verify all field measurements, check and authorize all Shop Drawi...
	15.2 The Consultant shall review and acknowledge Shop Drawings, with reasonable promptness, for general conformity with the design concept of the project and compliance with the information provided in the Contract Documents.
	15.3 The Contractor shall provide monthly updated logs containing: requests for information, information bulletins, supplemental instructions, supplemental sketches, change order proposals, change orders, submittals, testing and deficiencies.
	15.4 The Contractor shall make any corrections required by the Consultant, and shall submit a quantity of corrected copies as may be needed.  The acceptance of Shop Drawings or schedules by the Consultant shall not relieve the Contractor from responsi...

	16. Samples
	16.1 The Contractor shall furnish for approval, with reasonable promptness, all samples as directed by the Consultant.  The Consultant shall review and approve such samples, with reasonable promptness, for general conformity with the design concept of...

	17. Substitutions
	17.1 The Contractor shall furnish items and materials described in the Contract Documents.  If the item or material specified describes a proprietary product, or uses the name of a manufacturer, the term “or approved equal” shall be implied, if it is ...
	17.2 The Contractor may submit detailed information about a proposed substitution to the Consultant for consideration.  Particular models of items and particular materials which the Contractor asserts to be equal to the items and materials identified ...
	17.3 The Consultant may request additional information about the proposed substitution.  The approval or rejection of a proposed substitution may be based on timeliness of the request, source of the information, the considerations of minimum standards...
	17.4 The duration of a substitution review process can not be the basis for a claim for delay in the Schedule of the Work.

	18. Assignment of Contract
	18.1 The Contractor shall not assign or sublet the contract as a whole without the written consent of the Owner.  The Contractor shall not assign any money due to the Contractor without the written consent of the Owner.

	19. Separate Contracts
	19.1 The Owner reserves the right to create other contracts in connection with this Project using similar General Conditions.  The Contractor shall allow the Owner's other contractors reasonable opportunity for the delivery and storage of materials an...
	19.2 The Contractor shall promptly report to the Consultant and Owner any apparent deficiencies in work of the Owner's other contractors that impacts the proper execution or results of the Contractor.  The Contractor’s failure to observe or report any...
	19.3 Similarly, the Contractor shall promptly report to the Consultant and Owner any apparent deficiencies in their own work that would impact the proper execution or results of the Owner's other contractors.
	19.4 The Contractor shall report to the Consultant and Owner any conflicts or claims for damages with the Owner's other contractors and settle such conflicts or claims for damages by mutual agreement or arbitration, if necessary, at no expense to the ...
	19.5 In the event the Owner's other contractors sue the Owner regarding any damage alleged to have been caused by the Contractor, the Owner shall notify the Contractor, who shall defend such proceedings at the Contractor's expense.  The Contractor sha...

	20. Subcontracts
	20.1 The Contractor shall not subcontract any part of this contract without the written permission of the Owner.
	20.2 The Contractor shall submit a complete list of named Subcontractors and material suppliers to the Consultant and Owner for approval by the Owner prior to commencing work.  The Subcontractors named shall be reputable companies of recognized standi...
	20.3 The Contractor shall not employ any Subcontractor or use any material until they have been approved, or where there is reason to believe the resulting work will not comply with the Contract Documents.
	20.4 The Contractor, not the Owner, is as fully responsible for the acts and omissions of Subcontractors and of persons employed by them, as the Contractor is for the acts and omissions of persons directly or indirectly employed by the Contractor.
	20.5 Neither the Contract Documents nor any Contractor-Subcontractor contract shall indicate, infer or create any direct contractual relationship between any Subcontractor and the Owner.

	21. Contractor-Subcontractor Relationship
	21.1 The Contractor shall be bound to the Subcontractor by all the obligations in the Contract Documents that bind the Contractor to the Owner.
	21.2 The Contractor shall pay the Subcontractor, in proportion to the dollar value of the work completed and requisitioned by the Subcontractor, the approved dollar amount allowed to the Contractor no more than seven days after receipt of payment from...
	21.3 The Contractor shall pay the Subcontractor accordingly if the Contract Documents or the subcontract provide for earlier or larger payments than described in the provision above.
	21.4 The Contractor shall pay the Subcontractor for completed and requisitioned subcontract work, less retainage, no more than seven days after receipt of payment from the Owner for the Contractor's approved Requisition for Payment, even if the Consul...
	21.5 The Contractor shall not make a claim for liquidated damages or penalty for delay in any amount in excess of amounts that are specified by the subcontract.
	21.6 The Contractor shall not make a claim for services rendered or materials furnished by the Subcontractor unless written notice is given by the Contractor to the Subcontractor within ten calendar days of the day in which the claim originated.
	21.7 The Contractor shall give the Subcontractor an opportunity to present and to submit evidence in any progress conference or disputes involving subcontract work.
	21.8 The Contractor shall pay the Subcontractor a just share of any fire insurance payment received by the Contractor.
	21.9 The Subcontractor shall be bound to the Contractor by the terms of the Contract Documents and assumes toward the Contractor all the obligations and responsibilities that the Contractor, by those documents, assumes toward the Owner.
	21.10 The Subcontractor shall submit applications for payment to the Contractor in such reasonable time as to enable the Contractor to apply for payment as specified.
	21.11 The Subcontractor shall make any claims for extra cost, extensions of time or damages, to the Contractor in the manner provided in these General Conditions for like claims by the Contractor to the Owner, except that the time for the Subcontracto...

	22. Supervision of the Work
	22.1 During all stages of the Work the Contractor shall have a competent superintendent, with any necessary assistant superintendents, overseeing the project.  The superintendent shall not be reassigned without the consent of the Owner unless a superi...
	22.2 The superintendent represents the Contractor on the jobsite.  Directives given by the Consultant or Owner to the superintendent shall be as binding as if given directly to the Contractor's main office.  All important directives shall be confirmed...
	22.3 The Contractor shall provide supervision of the Work equal to the industry's highest standard of care.  The superintendent shall carefully study and compare all Contract Documents and promptly report any error, inconsistency or omission discovere...

	23. Observation of the Work
	23.1 The Contractor shall allow the Owner, the Consultant and the Bureau continuous access to the site for the purpose of observation of the progress of the work.  All necessary safeguards and accommodations for such observations shall be provided by ...
	23.2 The Contractor shall coordinate all required testing, approval or demonstration of the Work.  The Contractor shall give sufficient notice to the appropriate parties of readiness for testing, inspection or examination.
	23.3 The Contractor shall schedule inspections and obtain all required certificates of inspection for inspections by a party other than the Consultant.
	23.4 The Consultant shall make all scheduled observations promptly, prior to the work being concealed or buried by the Contractor.  If approval of the Work is required of the Consultant, the Contractor shall notify the Consultant of the construction s...
	23.5 The Consultant may order reexamination of questioned work, and, if so ordered, the work must be uncovered by the Contractor.  If the work is found to conform to the Contract Documents, the Owner shall pay the expense of the reexamination and reme...
	23.6 The Bureau shall periodically observe the Work during the course of construction and make recommendations to the Contractor or Consultant as necessary.  Such recommendations shall be considered and implemented through the usual means for changes ...

	24. Consultant's Status
	24.1 The Consultant represents the Owner during the construction period, and observes the work in progress on behalf of the Owner.  The Consultant has authority to act on behalf of the Owner only to the extent expressly provided by the Contract Docume...
	24.2 The Consultant is the interpreter of the conditions of the contract and the judge of its performance.  The Consultant shall favor neither the Owner nor the Contractor, but shall use the Consultant’s powers under the contract to enforce faithful p...
	24.3 In the event of the termination of the Consultant's employment on the project prior to completion of the work, the Owner shall appoint a capable and reputable replacement.  The status of the new Consultant relative to this contract shall be that ...

	25. Management of the Premises
	25.1 The Contractor shall place equipment and materials, and conduct activities on the premises in a manner that does not unreasonably hinder site circulation, environmental stability, or any long term effect.  Likewise, the Consultant's directions sh...
	25.2 The Contractor shall not use the premises for any purpose other than that which is directly related to the scope of work.  The Owner shall not use the premises for any purpose incompatible with the proposed work simultaneous to the work of the Co...
	25.3 The Contractor shall enforce the Consultant’s instructions regarding information posted on the premises such as signage and advertisements, as well as activities conducted on the premises such as fires, and smoking.
	25.4 The Owner may occupy any part of the Project that is completed with the written consent of the Contractor, and without prejudice to any of the rights of the Owner or Contractor.  Such use or occupancy shall not, in and of itself, be construed as ...

	26. Safety and Security of the Premises
	26.1 The Contractor shall designate, and make known to the Consultant and the Owner, a safety officer whose duty is the prevention of accidents on the site.
	26.2 The Contractor shall continuously maintain security on the premises and protect from unreasonable occasion of injury all people authorized to be on the job site.  The Contractor shall also effectively protect the property and adjacent properties ...
	26.3 The Contractor shall take all necessary precautions to ensure the safety of workers and others on and adjacent to the site, abiding by applicable local, state and federal safety regulations. The Contractor shall erect and continuously maintain sa...
	26.4 The Contractor shall restore the premises to conditions that existed prior to the start of the project at areas not intended to be altered according to the Contract Documents.
	26.5 The Contractor shall protect existing utilities and exercise care working in the vicinity of utilities shown in the Drawings and Specifications or otherwise located by the Contractor.
	26.6 The Contractor shall protect from damage existing trees and other significant plantings and landscape features of the site which will remain a permanent part of the site.  If necessary or indicated in the Contract Documents, tree trunks shall be ...
	26.7 The Contractor shall repair or replace damage to the Work caused by the Contractor’s or Subcontractor’s forces, including that which is reasonably protected, at the expense of the responsible party.
	26.8 The Contractor shall not load, or allow to be loaded, any part of the Project with a force which imperils personal or structural safety.  The Consultant may consult with the Contractor on such means and methods of construction, however, the ultim...
	26.9 The Contractor shall not jeopardize any work in place with subsequent construction activities such as blasting, drilling, excavating, cutting, patching or altering work.  The Consultant must approve altering any structural components of the proje...
	26.10 The Contractor may act with their sole discretion in emergency situations that potentially effect health, life or serious damage to the premises or adjacent properties, to prevent such potential loss or injury.  The Contractor may negotiate with...
	26.11 The Contractor and Subcontractors shall have no responsibility for the identification, discovery, presence, handling, removal or disposal of, or exposure of persons to, hazardous materials in any form at the project site.  The Contractor shall a...
	26.12 The Contractor shall keep the premises free of any unsafe accumulation of waste materials caused by the work.  The Contractor shall regularly keep the spaces “broom clean”.  See the Close-out of the Work provisions of this section regarding clea...

	27. Changes in the Work
	27.1 The Contractor shall not proceed with extra work without an approved Change Order or Construction Change Directive.  A Change Order which has been properly signed by all parties shall become a part of the contract.
	27.2 A Change Order is the usual document for directing changes in the Work.  In certain circumstances, however, the Owner may utilize a Construction Change Directive to direct the Contractor to perform changes in the Work that are generally consisten...
	27.3 The Consultant shall prepare the Construction Change Directive representing a complete scope of work, with proposed Contract Price and Contract Time revisions, if any, clearly stated.
	27.4 The Contractor shall promptly carry out a Construction Change Directive which has been signed by the Owner and the Consultant.  Work thus completed by the Contractor constitutes the basis for a Change Order.  Changes in the Contract Price and Con...
	27.5 The method of determining the dollar value of extra work shall be by:
	.1 an estimate of the Contractor accepted by Owner as a lump sum, or
	.2 unit prices named in the contract or subsequently agreed upon, or
	.3 cost plus a designated percentage, or
	.4 cost plus a fixed fee.

	27.6 The Contractor shall determine the dollar value of the extra work for both the lump sum and cost plus designated percentage methods so as not to exceed the following rates.  The rates include all overhead and profit expenses.
	.1 Contractor - for any work performed by the Contractor’s own forces, up to 20% of the cost;
	.2 Subcontractor - for work performed by Subcontractor’s own forces, up to 20% of the cost;
	.3 Contractor - for work performed by Contractor’s Subcontractor, up to 10% of the amount due the Subcontractor.

	27.7 The Contractor shall keep and provide records as needed or directed for the cost plus designated percentage method.  The Consultant shall review and certify the appropriate amount which includes the Contractor's overhead and profit.  The Owner sh...
	27.8 Cost reflected in Change Orders shall be limited to the following:  cost of materials, cost of delivery, cost of labor (including Social Security, pension, Workers' Compensation insurance, and unemployment insurance), and cost of rental of power ...
	27.9 Overhead reflected in Change Orders shall be limited to the following: bond premium, supervision, wages of clerks, time keepers, and watchmen, small tools, incidental expenses, general office expenses, and all other overhead expenses directly rel...
	27.10 The Contractor shall provide credit to the Owner for labor, materials, equipment and other costs but not overhead and profit expenses for those Change Order items that result in a net value of credit to the contract.
	27.11 The Owner may change the scope of work of the Project without invalidating the contract.  The Owner shall notify the Contractor of a change of the scope of work for the Owner's Contractors, which may affect the work of this Contractor, without i...
	27.12 The Consultant may order minor changes in the Work, not involving extra cost, which is consistent with the intent of the design or project.
	27.13 The Contractor shall immediately give written notification to the Consultant of latent conditions discovered at the site which materially differ from those represented in the Drawings or Specifications, and which may eventually result in a chang...
	27.14 The Contractor shall, within ten calendar days of receipt of the information, give written notification to the Consultant if the Contractor claims that instructions by the Consultant will constitute extra cost not accounted for by Change Order o...

	28. Correction of the Work
	28.1 The Contractor shall promptly remove from the premises all work the Consultant declares is non-conforming to the contract.  The Contractor shall replace the work properly at no expense to the Owner.  The Contractor is also responsible for the exp...
	28.2 The Owner may elect to remove non-conforming work if it is not removed by the Contractor within a reasonable time, that time defined in a written notice from the Consultant.  The Owner may elect to store removed non-conforming work not removed by...
	28.3 The Contractor shall remedy any defects due to faulty materials or workmanship and pay for any related damage to other work which appears within a period of one year from the date of substantial completion, and in accord with the terms of any gua...
	28.4 The Consultant may authorize, after a reasonable notification to the Contractor, an equitable deduction from the contract amount in lieu of the Contractor correcting non-conforming or defective work.

	29. Owner's Right to do Work
	29.1 The Owner may, using other contractors, correct deficiencies attributable to the Contractor, or complete unfinished work.  Such action shall take place only after giving the Contractor three days written notice, and provided the Consultant approv...
	29.2 The Owner may act with their sole discretion when the Contractor is unable to take action in emergency situations that potentially effect health, life or serious damage to the premises or adjacent properties, to prevent such potential loss or inj...

	30. Termination of Contract and Stop Work Action
	30.1 The Owner may, owing to a certificate of the Consultant indicating that sufficient cause exists to justify such action, without prejudice to any other right or remedy and after giving the Contractor and the Contractor’s surety seven days written ...
	.1 the contractor is adjudged bankrupt, or makes a general assignment for the benefit of its creditors, or
	.2 a receiver is appointed due to the Contractor’s insolvency, or
	.3 the Contractor persistently or repeatedly refuses or fails to provide enough properly skilled workers or proper materials, or
	.4 the Contractor fails to make prompt payment to Subcontractors or suppliers of materials or labor, or
	.5 the Contractor persistently disregards laws, ordinances or the instructions of the Consultant, or is otherwise found guilty of a substantial violation of a provision of the Contract Documents.

	30.2 The Contractor is not entitled, as a consequence of the termination of the employment of the Contractor as described above, to receive any further payment until the Work is finished.  If the unpaid balance of the contract amount exceeds the expen...
	30.3 The Contractor may, if the Work is stopped by order of any court or other public authority for a period of thirty consecutive days, and through no act or fault of the Contractor or of anyone employed by the Contractor, with seven days written not...
	30.4 The Contractor may, if the Consultant fails to issue a certificate for payment within seven days after the Contractor's formal request for payment, through no fault of the Contractor, or if the Owner fails to pay to the Contractor within 30 days ...

	31. Delays and Extension of Time
	31.1 The completion date of the contract shall be extended if the work is delayed by changes ordered in the work which have approved time extensions, or by an act or neglect of the Owner, the Consultant, or the Owner's Contractor, or by strikes, locko...
	31.2 The contract shall not be extended for delay occurring more than seven calendar days before the Contractor's claim made in writing to the Consultant.  In case of a continuing cause of delay, only one claim is necessary.
	31.3 The contract shall not be extended due to failure of the Consultant to furnish drawings if no schedule or agreement is made between the Contractor and the Consultant indicating the dates which drawings shall be furnished and fourteen calendar day...
	31.4 This article does not exclude the recovery of damages for delay by either party under other provisions in the Contract Document.

	32. Payments to the Contractor
	32.1 As noted under Preconstruction Conference in this section, the Contractor shall submit a Schedule of Values form, before the first application for payment, for approval by the Owner and Consultant.  The Consultant may direct the Contractor to pro...
	32.2 The Contractor shall submit an application for each payment (“Requisition for Payment”) on a form approved by the Owner and Consultant.  The Consultant may require receipts or other documents showing the Contractor's payments for materials and la...
	32.3 The Contractor shall submit Requisitions for Payment as the work progresses not more frequently than once each month, unless the Owner approves a more frequent interval due to unusual circumstances.  The Requisition for Payment is based on the pr...
	32.4 The Consultant shall verify and certify each Requisition for Payment which appears to be complete and correct prior to payment being made by the Owner.  The Consultant may certify an appropriate amount for materials not incorporated in the Work w...
	32.5 In the event any materials delivered but not yet incorporated in the Work have been included in a certified Requisition for Payment with payment made, and said materials thereafter are damaged, deteriorated or destroyed, or for any reason whatsoe...
	32.6 The Contractor may request certification of an appropriate dollar amount for materials not incorporated in the Work which have been delivered and suitably stored away from the site.  The Contractor shall submit bills of sale, insurance certificat...
	32.7 Subcontractors may request, and shall receive from the Consultant, copies of approved Requisitions for Payment showing the amounts certified in the Schedule of Values.
	32.8 Certified Requisitions for Payment, payments made to the Contractor, or partial or entire occupancy of the project by the Owner shall not constitute an acceptance of any work that does not conform to the Contract Documents.  The making and accept...

	33. Payments Withheld
	33.1 The Owner shall retain five percent of each payment due the Contractor as part security for the fulfillment of the contract by the Contractor.  The Owner may make payment of a portion of this “retainage” to the Contractor temporarily or permanent...
	33.2 The Consultant may withhold or nullify the whole or a portion of any Requisitions for Payment submitted by the Contractor in the amount that may be necessary, in his reasonable opinion, to protect the Owner from loss due to any of the following:
	.1 defective work not remedied;
	.2 claims filed or reasonable evidence indicating probable filing of claims;
	.3 failure to make payments properly to Subcontractors or suppliers;
	.4 a reasonable doubt that the contract can be completed for the balance then unpaid;
	.5 liability for damage to another contractor.
	The Owner shall make payment to the Contractor, in the amount withheld, when the above circumstances are removed.


	34. Liens
	34.1 The Contractor shall deliver to the Owner a complete release of all liens arising out of this contract before the final payment or any part of the retainage payment is released.  The Contractor shall provide with the release of liens an affidavit...
	34.2 In the event any lien remains unsatisfied after all payments to the Contractor are made by the Owner, the Contractor shall refund to the Owner all money that the latter may be compelled to pay in discharging such lien, including all cost and reas...

	35. Workmanship
	35.1 The Contractor shall provide materials, equipment, and installed work equal to or better than the quality specified in the Contract Documents and approved in submittal and sample.  The installation methods shall be of the highest standards, and t...
	35.2 The Contractor shall know local labor conditions for skilled and unskilled labor in order to apply the labor appropriately to the Work.  All labor shall be performed by individuals well skilled in their respective trades.
	35.3 The Contractor shall perform all cutting, fitting, patching and placing of work in such a manner to allow subsequent work to fit properly, whether that be by the Contractor, the Owner's Contractors or others.  The Owner and Consultant may advise ...
	35.4 The Contractor shall request clarification or revision of any design work by the Consultant, prior to commencing that work, in a circumstance where the Contractor believes the work cannot feasibly be completed at the highest quality, or as indica...
	35.5 The Contractor shall guarantee the Work against any defects in workmanship and materials for a period of one year commencing with the date of the Certificate of Substantial Completion, unless specified otherwise for specific elements of the proje...

	36. Close-out of the Work
	36.1 The Contractor shall remove from the premises all waste materials caused by the work.  The Contractor shall make the spaces “broom clean” unless a more thorough cleaning is specified.  The Contractor shall clean all windows and glass immediately ...
	36.2 The Owner may conduct the cleaning of the premises where the Contractor, duly notified by the Consultant, fails to adequately complete the task.  The expense of this cleaning may be deducted from the sum due to the Contractor.
	36.3 The Contractor shall participate in all final inspections and acknowledge the documentation of unsatisfactory work, customarily called the "punch list", to be corrected by the Contractor.  The Consultant shall document the successful completion o...
	36.4 The Contractor shall not call for final inspection of any portion of the Work that is not completely and permanently installed.  The Contractor may be found liable for the expenses of individuals called to final inspection meetings prematurely.
	36.5 The Contractor and all major Subcontractors shall participate in the end-of-warranty-period conference, typically scheduled close to one year after the Substantial Completion date.

	37. Date of Completion and Liquidated Damages
	37.1 The Contractor may make a written request to the Owner for an extension or reduction of time, if necessary.  The request shall include the reasons the Contractor believes justifies the proposed completion date.  The Owner may grant the revision o...
	37.2 The Contractor shall vigorously pursue the completion of the Work and notify the Owner of any factors that have, may, or will affect the approved Schedule of the Work.  The Contractor may be found responsible for expenses of the Owner or Consulta...
	37.3 The Project is planned to be done in an orderly fashion which allows for an iterative submittal review process, construction administration including minor changes in the Work and some bad weather.  The Contractor shall not file delay claims to r...
	37.4 The Consultant shall prepare the Certificate of Substantial Completion which, when signed by the Owner and the Contractor, documents the date of Substantial Completion of the Work or a designated portion of the Work.  The Owner shall not consider...
	37.5 Liquidated Damages may be deducted from the sum due to the Contractor for each calendar day that the Work remains uncompleted after the completion date specified in the Contract or an approved amended completion date.  The dollar amount per day s...
	If the original contract amount is: The per day Liquidated Damages shall be:

	38. Dispute Resolution
	38.1 Mediation
	38.1.1 A dispute between the parties which arises under this Contract which cannot be resolved through informal negotiation, shall be submitted to a neutral mediator jointly selected by the parties.
	38.1.2 Either party may file suit before or during mediation if the party, in good faith, deems it to be necessary to avoid losing the right to sue due to a statute of limitations.  If suit is filed before good faith mediation efforts are completed, t...
	38.1.3 In any mediation between the Owner and the Consultant, the Owner has the right to consolidate related claims between Owner and Contractor.

	38.2 Arbitration
	38.2.1 If the dispute is not resolved through mediation, the dispute shall be settled by arbitration.  The arbitration shall be conducted before a panel of three arbitrators.  Each party shall select one arbitrator; the third arbitrator shall be appoi...
	38.2.2 The decision of the arbitrators shall be final and binding upon all parties.  The decision may be entered in court as provided in the MUAA.
	38.2.3 The costs of the arbitration, including the arbitrators’ fees shall be borne equally by the parties to the arbitration, unless the arbitrator orders otherwise.
	38.2.4 In any arbitration between the Owner and the Consultant, the Owner has the right to consolidate related claims between Owner and Contractor.
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	011000 FL - Summary
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Project information.
	2. Work covered by Contract Documents.
	3. Construction sequencing.
	4. Contractor's use of site and premises.
	5. Coordination with occupants.
	6. Work restrictions.
	7. Specification and Drawing conventions.
	8. Miscellaneous provisions.

	B. Related Requirements:
	1. Section 015000 "Temporary Facilities and Controls" for limitations and procedures governing temporary use of Owner's facilities.


	1.3 DEFINITIONS
	A. Work Package: A group of specifications, drawings, and schedules prepared by the design team to describe a portion of the Project Work for pricing, permitting, and construction.

	1.4 PROJECT INFORMATION
	A. Project Identification:  Energy Efficiency Upgrades, Maine Department of Marine Resources Laboratory.
	1. Project Location:  194 McKown Point Road, West Boothbay Harbor, ME 04575.

	B. Owner:  Bureau of General Services, State of Maine, 111 Sewall Street, Augusta, Maine 04330.
	1. Owner's Representative:  Robert Gurney, 207-624-7343.

	C. Architect:  Oak Point Associates, 207-283-0193.
	1. Architect's Representative:  Matthew Albert, P.E., 207-283-0193.


	1.5 WORK COVERED BY CONTRACT DOCUMENTS
	A. The Work of Project is defined by the Contract Documents and includes, but is not limited to, the following:
	1. Exterior envelope improvement, mechanical and energy improvements and associated electrical work, and other Work indicated in the Contract Documents.

	B. Type of Contract:
	1. Project will be constructed under a single prime contract.


	1.6 CONSTRUCTION SEQUENCING
	A. Sequence the construction to limit disruption to the Owner-occupied building.

	1.7 CONTRACTOR'S USE OF SITE AND PREMISES
	A. Restricted Use of Site: Contractor shall have limited use of Project site for construction operations as indicated on Drawings by the Contract limits and as indicated by requirements of this Section.
	B. Limits on Use of Site: Limit use of Project site to Work in areas indicated. Do not disturb portions of Project site beyond areas in which the Work is indicated.
	1. Driveways, Walkways and Entrances: Keep driveways parking,  loading areas, and entrances serving premises clear and available to Owner, Owner's employees, and emergency vehicles at all times. Do not use these areas for parking or for storage of mat...
	a. Schedule deliveries to minimize use of driveways and entrances by construction operations.
	b. Schedule deliveries to minimize space and time requirements for storage of materials and equipment on-site.


	C. Condition of Existing Building: Maintain portions of existing building affected by construction operations in a weathertight condition throughout construction period. Repair damage caused by construction operations.
	D. Condition of Existing Grounds: Maintain portions of existing grounds, landscaping, and hardscaping affected by construction operations throughout construction period. Repair damage caused by construction operations.

	1.8 COORDINATION WITH OCCUPANTS
	A. Full Owner Occupancy: Owner will occupy Project site and existing building(s) during entire construction period. Cooperate with Owner during construction operations to minimize conflicts and facilitate Owner usage. Perform the Work so as not to int...
	1. Maintain access to existing walkways, corridors, and other adjacent occupied or used facilities. Do not close or obstruct walkways, corridors, or other occupied or used facilities without written permission from Owner and approval of authorities ha...
	2. Notify Owner not less than 72 hours in advance of activities that will affect Owner's operations.


	1.9 WORK RESTRICTIONS
	A. Comply with restrictions on construction operations.
	1. Comply with limitations on use of public streets, work on public streets, rights of way, and other requirements of authorities having jurisdiction.

	B. On-Site Work Hours: Limit work to between 7:00 a.m. to 6:00 p.m., Monday through Friday, unless otherwise indicated. Work hours may be modified to meet Project requirements if approved by Owner and authorities having jurisdiction.
	1. Weekend Hours:  Prior approval from Owner required.

	C. Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging for temporary utility services according to requirements indicated:
	1. Notify Owner not less than seven days in advance of proposed utility interruptions.
	2. Obtain Owner's written permission before proceeding with utility interruptions.

	D. Noise, Vibration, Dust, and Odors: Coordinate operations that may result in high levels of noise and vibration, dust, odors, or other disruption to Owner occupancy with Owner.
	1. Notify Owner not less than two days in advance of proposed disruptive operations.
	2. Obtain Owner's written permission before proceeding with disruptive operations.

	E. Smoking and Controlled Substance Restrictions: Use of tobacco products , alcoholic beverages, and other controlled substances on Owner's property is not permitted.
	F. Employee Identification:  Provide identification tags for Contractor personnel working on Project site. Require personnel to use identification tags at all times.
	G. Employee Screening: Comply with Owner's requirements for drug and background screening of Contractor personnel working on Project site.
	1. Maintain list of approved screened personnel with Owner's representative.


	1.10 SPECIFICATION AND DRAWING CONVENTIONS
	A. Specification Content: The Specifications use certain conventions for the style of language and the intended meaning of certain terms, words, and phrases when used in particular situations. These conventions are as follows:
	1. Imperative mood and streamlined language are generally used in the Specifications. The words "shall," "shall be," or "shall comply with," depending on the context, are implied where a colon (:) is used within a sentence or phrase.
	2. Text Color: Text used in the Specifications, including units of measure, manufacturer and product names, and other text may appear in multiple colors or underlined as part of a hyperlink; no emphasis is implied by text with these characteristics.
	3. Hypertext: Text used in the Specifications may contain hyperlinks. Hyperlinks may allow for access to linked information that is not residing in the Specifications. Unless otherwise indicated, linked information is not part of the Contract Documents.
	4. Specification requirements are to be performed by Contractor unless specifically stated otherwise.

	B. Division 00 Contracting Requirements: General provisions of the Contract, including General and Supplementary Conditions, apply to all Sections of the Specifications.
	C. Division 01 General Requirements: Requirements of Sections in Division 01 apply to the Work of all Sections in the Specifications.
	D. Drawing Coordination: Requirements for materials and products identified on Drawings are described in detail in the Specifications. One or more of the following are used on Drawings to identify materials and products:
	1. Terminology: Materials and products are identified by the typical generic terms used in the individual Specifications Sections.
	2. Abbreviations: Materials and products are identified by abbreviations scheduled on Drawings and published as part of the U.S. National CAD Standard.

	PART 2 – PRODUCTS (Not Used)
	PART 3 – EXECUTION (Not Used)
	END OF SECTION



	013100 FL - Project Management and Coordination
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative provisions for coordinating construction operations on Project, including, but not limited to, the following:
	1. General coordination procedures.
	2. RFIs.
	3. Digital project management procedures.
	4. Project meetings.

	B. Related Requirements:
	1. Section 013200 "Construction Progress Documentation" for preparing and submitting Contractor's construction schedule.
	2. Section 017300 "Execution" for procedures for coordinating general installation and field-engineering services, including establishment of benchmarks and control points.
	3. Section 017700 "Closeout Procedures" for coordinating closeout of the Contract.


	1.3 DEFINITIONS
	A. RFI: Request for Information. Request from Owner, Architect, or Contractor seeking information required by or clarifications of the Contract Documents.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Subcontract List: Prepare a written summary identifying individuals or firms proposed for each portion of the Work, including those who are to furnish products or equipment fabricated to a special design. Include the following information in tabula...
	1. Name, address, telephone number, and email address of entity performing subcontract or supplying products.
	2. Number and title of related Specification Section(s) covered by subcontract.
	3. Drawing number and detail references, as appropriate, covered by subcontract.

	C. Key Personnel Names: Within 15 days of starting construction operations, submit a list of key personnel assignments, including superintendent and other personnel in attendance at Project site. Identify individuals and their duties and responsibilit...
	1. Post copies of list in Project meeting room, in temporary field office, and in prominent location in built facility. Keep list current at all times.


	1.5 GENERAL COORDINATION PROCEDURES
	A. Coordination: Coordinate construction operations included in different Sections of the Specifications to ensure efficient and orderly installation of each part of the Work. Coordinate construction operations included in different Sections that depe...
	1. Schedule construction operations in sequence required to obtain the best results, where installation of one part of the Work depends on installation of other components, before or after its own installation.
	2. Coordinate installation of different components to ensure maximum performance and accessibility for required maintenance, service, and repair.
	3. Make adequate provisions to accommodate items scheduled for later installation.

	B. Prepare memoranda for distribution to each party involved, outlining special procedures required for coordination. Include such items as required notices, reports, and list of attendees at meetings.
	1. Prepare similar memoranda for Owner and separate contractors if coordination of their Work is required.

	C. Administrative Procedures: Coordinate scheduling and timing of required administrative procedures with other construction activities to avoid conflicts and to ensure orderly progress of the Work. Such administrative activities include, but are not ...
	1. Preparation of Contractor's construction schedule.
	2. Preparation of the schedule of values.
	3. Installation and removal of temporary facilities and controls.
	4. Delivery and processing of submittals.
	5. Progress meetings.
	6. Preinstallation conferences.
	7. Project closeout activities.
	8. Startup and adjustment of systems.


	1.6 REQUEST FOR INFORMATION (RFI)
	A. General: Immediately on discovery of the need for additional information, clarification, or interpretation of the Contract Documents, Contractor shall prepare and submit an RFI in the form specified.
	1. Architect will return without response those RFIs submitted to Architect by other entities controlled by Contractor.
	2. Coordinate and submit RFIs in a prompt manner to avoid delays in Contractor's work or work of subcontractors.

	B. Content of the RFI: Include a detailed, legible description of item needing information or interpretation and the following:
	1. Project name.
	2. Owner name.
	3. Owner's Project number.
	4. Name of Architect.
	5. Architect's Project number.
	6. Date.
	7. Name of Contractor.
	8. RFI number, numbered sequentially.
	9. RFI subject.
	10. Specification Section number and title and related paragraphs, as appropriate.
	11. Drawing number and detail references, as appropriate.
	12. Field dimensions and conditions, as appropriate.
	13. Contractor's suggested resolution. If Contractor's suggested resolution impacts the Contract Time or the Contract Sum, Contractor shall state impact in the RFI.
	14. Contractor's signature.
	15. Attachments: Include sketches, descriptions, measurements, photos, Product Data, Shop Drawings, coordination drawings, and other information necessary to fully describe items needing interpretation.
	a. Include dimensions, thicknesses, structural grid references, and details of affected materials, assemblies, and attachments on attached sketches.


	C. RFI Forms:  Software-generated form with substantially the same content as indicated above, acceptable to Architect.
	1. Attachments shall be electronic files in PDF format.

	D. Architect's Action: Architect will review each RFI, determine action required, and respond. Allow three days for Architect's response for each RFI. RFIs received by Architect after 1:00 p.m. will be considered as received the following working day.
	1. The following Contractor-generated RFIs will be returned without action:
	a. Requests for approval of submittals.
	b. Requests for approval of substitutions.
	c. Requests for approval of Contractor's means and methods.
	d. Requests for coordination information already indicated in the Contract Documents.
	e. Requests for adjustments in the Contract Time or the Contract Sum.
	f. Requests for interpretation of Architect's actions on submittals.
	g. Incomplete RFIs or inaccurately prepared RFIs.

	2. Architect's action may include a request for additional information, in which case Architect's time for response will date from time of receipt by Architect of additional information.
	3. Architect's action on RFIs that may result in a change to the Contract Time or the Contract Sum may be eligible for Contractor to submit Change Proposal according to Section 012600 "Contract Modification Procedures."
	a. If Contractor believes the RFI response warrants change in the Contract Time or the Contract Sum, notify Architect in writing within 5 days of receipt of the RFI response.


	E. RFI Log: Prepare, maintain, and submit a tabular log of RFIs organized by the RFI number. Submit log weekly. Include the following:
	1. Project name.
	2. Name and address of Contractor.
	3. Name and address of Architect.
	4. RFI number, including RFIs that were returned without action or withdrawn.
	5. RFI description.
	6. Date the RFI was submitted.
	7. Date Architect's response was received.
	8. Identification of related Minor Change in the Work, Construction Change Directive, and Proposal Request, as appropriate.

	F. On receipt of Architect's action, update the RFI log and immediately distribute the RFI response to affected parties. Review response and notify Architect within three days if Contractor disagrees with response.

	1.7 DIGITAL PROJECT MANAGEMENT PROCEDURES
	A. Use of Architect's Digital Data Files: Digital data files of Architect's CAD drawings will be provided by Architect for Contractor's use during construction.
	1. Digital data files may be used by Contractor in preparing coordination drawings, Shop Drawings, and Project Record Drawings.
	2. Architect makes no representations as to the accuracy or completeness of digital data files as they relate to Contract Drawings.
	3. Digital Drawing Software Program: Contract Drawings are available in AutoCad 2017.
	4. Contractor shall execute a data licensing agreement in the form of Agreement acceptable to Owner and Architect.
	a. Subcontractors and other parties granted access by Contractor to Architect’s digital date files shall execute a data licensing agreement in the form of Agreement acceptable to Owner and Architect.

	5. The following digital data files will be furnished for each appropriate discipline:
	a. Floor plans.
	b. Reflected ceiling plans.


	B. PDF Document Preparation: Where PDFs are required to be submitted to Architect, prepare as follows:
	1. Assemble complete submittal package into a single indexed file, incorporating submittal requirements of a single Specification Section and transmittal form with links enabling navigation to each item.
	2. Name file with submittal number or other unique identifier, including revision identifier.
	3. Certifications: Where digitally submitted certificates and certifications are required, provide a digital signature with digital certificate on where indicated.


	1.8 PROJECT MEETINGS
	A. General:  Schedule and conduct meetings and conferences at Project site unless otherwise indicated.
	1. Attendees: Inform participants and others involved, and individuals whose presence is required, of date and time of each meeting. Notify Owner and Architect of scheduled meeting dates and times a minimum of seven days prior to meeting.
	2. Agenda: Prepare the meeting agenda. Distribute the agenda to all invited attendees.
	3. Minutes: Entity responsible for conducting meeting will record significant discussions and agreements achieved. Distribute the meeting minutes to everyone concerned, including Owner and Architect, within three days of the meeting.

	B. Preconstruction Conference:  Schedule and conduct a preconstruction conference before starting construction, at a time convenient to Owner and Architect, but no later than 15 days after execution of the Agreement.
	1. Attendees: Authorized representatives of Owner, Architect, and their consultants; Contractor and its superintendent; major subcontractors; suppliers; and other concerned parties shall attend the conference. Participants at the conference shall be f...
	2. Agenda: Discuss items of significance that could affect progress, including the following:
	a. Responsibilities and personnel assignments.
	b. Tentative construction schedule.
	c. Phasing.
	d. Critical work sequencing and long lead items.
	e. Designation of key personnel and their duties.
	f. Lines of communications.
	g. Use of web-based Project software.
	h. Procedures for processing field decisions and Change Orders.
	i. Procedures for RFIs.
	j. Procedures for testing and inspecting.
	k. Procedures for processing Applications for Payment.
	l. Distribution of the Contract Documents.
	m. Submittal procedures.
	n. Preparation of Record Documents.
	o. Use of the premises and existing building.
	p. Work restrictions.
	q. Working hours.
	r. Owner's occupancy requirements.
	s. Responsibility for temporary facilities and controls.
	t. Procedures for moisture and mold control.
	u. Procedures for disruptions and shutdowns.
	v. Construction waste management and recycling.
	w. Parking availability.
	x. Office, work, and storage areas.
	y. Equipment deliveries and priorities.
	z. First aid.
	aa. Security.
	bb. Progress cleaning.

	3. Minutes: Entity responsible for conducting meeting will record and distribute meeting minutes.

	C. Preinstallation Conferences: Conduct a preinstallation conference at Project site before each construction activity when required by other Sections and when required for coordination with other construction.
	1. Attendees: Installer and representatives of manufacturers and fabricators involved in or affected by the installation and its coordination or integration with other materials and installations that have preceded or will follow, shall attend the mee...
	2. Agenda: Review progress of other construction activities and preparations for the particular activity under consideration, including requirements for the following:
	a. Contract Documents.
	b. Options.
	c. Related RFIs.
	d. Related Change Orders.
	e. Purchases.
	f. Deliveries.
	g. Submittals.
	h. Review of mockups.
	i. Possible conflicts.
	j. Compatibility requirements.
	k. Time schedules.
	l. Weather limitations.
	m. Manufacturer's written instructions.
	n. Warranty requirements.
	o. Compatibility of materials.
	p. Acceptability of substrates.
	q. Temporary facilities and controls.
	r. Space and access limitations.
	s. Regulations of authorities having jurisdiction.
	t. Testing and inspecting requirements.
	u. Installation procedures.
	v. Coordination with other work.
	w. Required performance results.
	x. Protection of adjacent work.
	y. Protection of construction and personnel.

	3. Record significant conference discussions, agreements, and disagreements, including required corrective measures and actions.
	4. Reporting: Distribute minutes of the meeting to each party present and to other parties requiring information.
	5. Do not proceed with installation if the conference cannot be successfully concluded. Initiate whatever actions are necessary to resolve impediments to performance of the Work and reconvene the conference at earliest feasible date.

	D. Project Closeout Conference:  Schedule and conduct a project closeout conference, at a time convenient to Owner and Architect, but no later than 30 days prior to the scheduled date of Substantial Completion.
	1. Conduct the conference to review requirements and responsibilities related to Project closeout.
	2. Attendees: Authorized representatives of Owner, Architect, and their consultants; Contractor and its superintendent; major subcontractors; suppliers; and other concerned parties shall attend the meeting. Participants at the meeting shall be familia...
	3. Agenda: Discuss items of significance that could affect or delay Project closeout, including the following:
	a. Preparation of Record Documents.
	b. Procedures required prior to inspection for Substantial Completion and for final inspection for acceptance.
	c. Procedures for completing and archiving web-based Project software site data files.
	d. Submittal of written warranties.
	e. Requirements for preparing operations and maintenance data.
	f. Requirements for delivery of material samples, attic stock, and spare parts.
	g. Requirements for demonstration and training.
	h. Preparation of Contractor's punch list.
	i. Procedures for processing Applications for Payment at Substantial Completion and for final payment.
	j. Submittal procedures.
	k. Responsibility for removing temporary facilities and controls.

	4. Minutes: Entity conducting meeting will record and distribute meeting minutes.

	E. Progress Meetings:  Conduct progress meetings at biweekly intervals.
	1. Coordinate dates of meetings with preparation of payment requests.
	2. Attendees: In addition to representatives of Owner and Architect, each contractor, subcontractor, supplier, and other entity concerned with current progress or involved in planning, coordination, or performance of future activities shall be represe...
	3. Agenda: Review and correct or approve minutes of previous progress meeting. Review other items of significance that could affect progress. Include topics for discussion as appropriate to status of Project.
	a. Contractor's Construction Schedule: Review progress since the last meeting. Determine whether each activity is on time, ahead of schedule, or behind schedule, in relation to Contractor's construction schedule. Determine how construction behind sche...
	1) Review schedule for next period.

	b. Review present and future needs of each entity present, including the following:
	1) Interface requirements.
	2) Sequence of operations.
	3) Status of submittals.
	4) Deliveries.
	5) Off-site fabrication.
	6) Access.
	7) Site use.
	8) Temporary facilities and controls.
	9) Progress cleaning.
	10) Quality and work standards.
	11) Status of correction of deficient items.
	12) Field observations.
	13) Status of RFIs.
	14) Status of Proposal Requests.
	15) Pending changes.
	16) Status of Change Orders.
	17) Pending claims and disputes.
	18) Documentation of information for payment requests.


	4. Minutes: Entity responsible for conducting the meeting will record and distribute the meeting minutes to each party present and to parties requiring information.
	a. Schedule Updating: Revise Contractor's construction schedule after each progress meeting, where revisions to the schedule have been made or recognized. Issue revised schedule concurrently with the report of each meeting.


	F. Coordination Meetings:  Conduct Project coordination meetings at regular intervals. Project coordination meetings are in addition to specific meetings held for other purposes, such as progress meetings and preinstallation conferences.
	1. Attendees: Each contractor, subcontractor, supplier, and other entity concerned with current progress or involved in planning, coordination, or performance of future activities shall be represented at these meetings. All participants at the meeting...
	2. Agenda: Review and correct or approve minutes of the previous coordination meeting. Review other items of significance that could affect progress. Include topics for discussion as appropriate to status of Project.
	a. Combined Contractor's Construction Schedule: Review progress since the last coordination meeting. Determine whether each contract is on time, ahead of schedule, or behind schedule, in relation to combined Contractor's construction schedule. Determi...
	b. Schedule Updating: Revise combined Contractor's construction schedule after each coordination meeting, where revisions to the schedule have been made or recognized. Issue revised schedule concurrently with report of each meeting.
	c. Review present and future needs of each contractor present, including the following:
	1) Interface requirements.
	2) Sequence of operations.
	3) Status of submittals.
	4) Deliveries.
	5) Off-site fabrication.
	6) Access.
	7) Site use.
	8) Temporary facilities and controls.
	9) Work hours.
	10) Hazards and risks.
	11) Progress cleaning.
	12) Quality and work standards.
	13) Status of RFIs.
	14) Proposal Requests.
	15) Change Orders.
	16) Pending changes.


	3. Reporting: Record meeting results and distribute copies to everyone in attendance and to others affected by decisions or actions resulting from each meeting.



	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION (Not Used)

	013200 FL - Construction Progress Documentation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for documenting the progress of construction during performance of the Work, including the following:
	1. Startup construction schedule.
	2. Contractor's Construction Schedule.
	3. Construction schedule updating reports.
	4. Site condition reports.
	5. Unusual event reports.

	B. Related Requirements:
	1. Section 014000 "Quality Requirements" for schedule of tests and inspections.


	1.3 DEFINITIONS
	A. Activity: A discrete part of a project that can be identified for planning, scheduling, monitoring, and controlling the construction Project. Activities included in a construction schedule consume time and resources.
	1. Critical Activity: An activity on the critical path that must start and finish on the planned early start and finish times.
	2. Predecessor Activity: An activity that precedes another activity in the network.
	3. Successor Activity: An activity that follows another activity in the network.

	B. Cost Loading: The allocation of the schedule of values for completing an activity as scheduled. The sum of costs for all activities must equal the total Contract Sum.
	C. Event: The starting or ending point of an activity.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Format for Submittals: Submit required submittals in the following format:
	1. Working electronic copy of schedule file.
	2. PDF file.

	C. Startup construction schedule.
	D. Contractor's Construction Schedule: Initial schedule, of size required to display entire schedule for entire construction period.
	1. Submit a working digital copy of schedule, using software indicated, and labeled to comply with requirements for submittals.

	E. Construction Schedule Updating Reports: Submit with Applications for Payment.
	F. Site Condition Reports: Submit at time of discovery of differing conditions.
	G. Unusual Event Reports: Submit at time of unusual event.
	H. Qualification Data: For scheduling consultant.

	1.5 COORDINATION
	A. Coordinate Contractor's Construction Schedule with the schedule of values, list of subcontracts, submittal schedule, progress reports, payment requests, and other required schedules and reports.
	1. Secure time commitments for performing critical elements of the Work from entities involved.
	2. Coordinate each construction activity in the network with other activities, and schedule them in proper sequence.


	1.6 CONTRACTOR'S CONSTRUCTION SCHEDULE
	A. Computer Scheduling Software: Prepare schedules using current version of a program that has been developed specifically to manage construction schedules.
	B. Time Frame: Extend schedule from date established for commencement of the Work to date of Final Completion.
	1. Contract completion date shall not be changed by submission of a schedule that shows an early completion date, unless specifically authorized by Change Order.

	C. Activities: Treat each floor or separate area as a separate numbered activity for each main element of the Work. Comply with the following:
	1. Activity Duration: Define activities so no activity is longer than 20 days, unless specifically allowed by Architect.
	2. Temporary Facilities: Indicate start and completion dates for the following as applicable:
	a. Securing of approvals and permits required for performance of the Work.
	b. Temporary facilities.
	c. Construction of mock-ups, prototypes and samples.
	d. Owner interfaces and furnishing of items.
	e. Interfaces with Separate Contracts.
	f. Regulatory agency approvals.
	g. Punch list.

	3. Procurement Activities: Include procurement process activities for the following long lead-time items and major items, requiring a cycle of more than 60 days, as separate activities in schedule. Procurement cycle activities include, but are not lim...
	5. Startup and Testing Time: Include no fewer than 15 days for startup and testing.
	6. Substantial Completion: Indicate completion in advance of date established for Substantial Completion, and allow time for Architect's administrative procedures necessary for certification of Substantial Completion.
	7. Punch List and Final Completion: Include not more than 30 days for completion of punch list items and Final Completion.

	D. Constraints: Include constraints and work restrictions indicated in the Contract Documents and as follows in schedule, and show how the sequence of the Work is affected.
	1. Phasing: Arrange list of activities on schedule by phase.
	2. Products Ordered in Advance: Include a separate activity for each product. Include delivery date indicated in Section 011000 "Summary." Delivery dates indicated stipulate the earliest possible delivery date.
	3. Work Restrictions: Show the effect of the following items on the schedule:
	a. Coordination with existing construction.
	b. Limitations of continued occupancies.
	c. Uninterruptible services.
	d. Partial occupancy before Substantial Completion.
	e. Use-of-premises restrictions.
	f. Seasonal variations.
	g. Environmental control.

	4. Work Stages: Indicate important stages of construction for each major portion of the Work, including, but not limited to, the following:
	a. Subcontract awards.
	b. Submittals.
	c. Purchases.
	d. Mockups.
	e. Fabrication.
	f. Sample testing.
	g. Deliveries.
	h. Installation.
	i. Tests and inspections.
	j. Adjusting.
	k. Curing.

	5. Construction Areas: Identify each major area of construction for each major portion of the Work. Indicate where each construction activity within a major area must be sequenced or integrated with other construction activities to provide for the fol...
	a. Structural completion.
	b. Temporary enclosure and space conditioning.
	c. Permanent space enclosure.
	d. Completion of electrical installation.
	e. Substantial Completion.


	E. Milestones: Include milestones indicated in the Contract Documents in schedule, including, but not limited to, the Notice to Proceed, Substantial Completion, and Final Completion.
	F. Upcoming Work Summary: Prepare summary report indicating activities scheduled to occur or commence prior to submittal of next schedule update. Summarize the following issues:
	1. Unresolved issues.
	2. Unanswered Requests for Information.
	3. Rejected or unreturned submittals.
	4. Notations on returned submittals.
	5. Pending modifications affecting the Work and the Contract Time.

	G. Contractor's Construction Schedule Updating: At monthly intervals, update schedule to reflect actual construction progress and activities. Issue schedule one week before each regularly scheduled progress meeting.
	1. Revise schedule immediately after each meeting or other activity where revisions have been recognized or made. Issue updated schedule concurrently with the report of each such meeting.
	2. Include a report with updated schedule that indicates every change, including, but not limited to, changes in logic, durations, actual starts and finishes, and activity durations.
	3. As the Work progresses, indicate Final Completion percentage for each activity.

	H. Distribution: Distribute copies of approved schedule to Architect Owner, separate contractors, testing and inspecting agencies, and other parties identified by Contractor with a need-to-know schedule responsibility.
	1. Post copies in Project meeting rooms and temporary field offices.
	2. When revisions are made, distribute updated schedules to the same parties and post in the same locations. Delete parties from distribution when they have completed their assigned portion of the Work and are no longer involved in performance of cons...


	1.7 REPORTS
	A. Site Condition Reports: Immediately on discovery of a difference between site conditions and the Contract Documents, prepare and submit a detailed report. Submit with a Request for Information. Include a detailed description of the differing condit...
	B. Unusual Event Reports: When an event of an unusual and significant nature occurs at Project site, whether or not related directly to the Work, prepare and submit a special report. List chain of events, persons participating, responses by Contractor...
	1. Submit unusual event reports directly to Owner within one day(s) of an occurrence. Distribute copies of report to parties affected by the occurrence.



	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION (Not Used)

	013233 FL - Photographic Documentation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for the following:
	1. Preconstruction photographs.
	2. Concealed Work photographs.
	3. Periodic construction photographs.
	4. Final Completion construction photographs.

	B. Related Requirements:
	1. Section 017700 "Closeout Procedures" for submitting photographic documentation as Project Record Documents at Project closeout.
	2. Section 024119 "Selective Demolition" for photographic documentation before selective demolition operations commence.


	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Key Plan: Submit key plan of Project site and building with notation of vantage points marked for location and direction of each photograph. Indicate elevation or story of construction. Include same information as corresponding photographic documen...
	C. Digital Photographs: Submit image files within 7 days of taking photographs.
	1. Submit photos on CD-ROM or thumb-drive by uploading to web-based Project management software site. Include copy of key plan indicating each photograph's location and direction.
	2. Identification: Provide the following information with each image description in file metadata tag:
	a. Name of Project.
	b. Name of Contractor.
	c. Date photograph was taken.
	d. Description of location, vantage point, and direction.
	e. Unique sequential identifier keyed to accompanying key plan.



	1.4 FORMATS AND MEDIA
	A. Digital Photographs: Provide color images in JPG or PDF format, produced by a digital camera with minimum sensor size of 12 megapixels, and at an image resolution of not less than 3200 by 2400 pixels. Use flash in low light levels or backlit condit...
	B. Digital Images: Submit digital media as originally recorded in the digital camera, without alteration, manipulation, editing, or modifications using image-editing software.
	C. Metadata: Record accurate date and time from camera.
	D. File Names: Name media files with date and sequential numbering suffix.

	1.5 CONSTRUCTION PHOTOGRAPHS
	A. General: Take photographs with maximum depth of field and in focus.
	1. Maintain key plan with each set of construction photographs that identifies each photographic location.

	B. Preconstruction Photographs: Before commencement of the Work, take photographs of Project site and surrounding properties, including existing items to remain during construction, from different vantage points.
	1. Take 20 photographs to show existing conditions adjacent to property before starting the Work.
	2. Take 20 photographs of existing buildings either on or adjoining property, to accurately record physical conditions at start of construction.
	3. Take additional photographs as required to record settlement or cracking of adjacent structures, pavements, and improvements.

	C. Concealed Work Photographs: Before proceeding with installing work that will conceal other work, take photographs sufficient in number, with annotated descriptions, to record nature and location of concealed Work, including, but not limited to, the...
	1. Underground utilities.
	2. Underslab services.
	3. Piping.
	4. Electrical conduit.
	5. Waterproofing and weather-resistant barriers.

	D. Periodic Construction Photographs: Take 50 photographs weekly. Select vantage points to show status of construction and progress since last photographs were taken.
	E. Time-Lapse Sequence Construction Photographs: Take 20 photographs as indicated, to show status of construction and progress since last photographs were taken.
	1. Frequency: Take photographs weekly, on the same day each week.
	2. Vantage Points: Following suggestions by Architect and Contractor, photographer shall select vantage points. During each of the following construction phases, take not less than two of the required shots from same vantage point each time, to create...
	a. Commencement of the Work, through completion of work.
	b. Exterior building enclosure.
	c. Interior Work, through date of Substantial Completion.


	F. Final Completion Construction Photographs: Take 50 photographs after date of Substantial Completion for submission as Project Record Documents.
	G. Additional Photographs: Architect may request photographs in addition to periodic photographs specified. Additional photographs will be paid for by Change Order and are not included in the Contract Sum.
	1. Three days' notice will be given, where feasible.
	2. In emergency situations, take additional photographs within 24 hours of request.



	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION (Not Used)

	013300 FL - Submittal Procedures
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Submittal schedule requirements.
	2. Administrative and procedural requirements for submittals.

	B. Related Requirements:
	1. Section 013200 "Construction Progress Documentation" for submitting schedules and reports, including Contractor's construction schedule.
	2. Section 013233 "Photographic Documentation" for submitting preconstruction photographs, periodic construction photographs, and Final Completion construction photographs.
	3. Section 014000 "Quality Requirements" for submitting test and inspection reports, and schedule of tests and inspections.
	4. Section 017700 "Closeout Procedures" for submitting closeout submittals and maintenance material submittals.
	5. Section 017839 "Project Record Documents" for submitting record Drawings, record Specifications, and record Product Data.


	1.2 DEFINITIONS
	A. Action Submittals: Written and graphic information and physical samples that require Architect's responsive action. Action submittals are those submittals indicated in individual Specification Sections as "action submittals."
	B. Informational Submittals: Written and graphic information and physical samples that do not require Architect's responsive action. Submittals may be rejected for not complying with requirements. Informational submittals are those submittals indicate...

	1.3 SUBMITTAL SCHEDULE
	A. Submittal Schedule: Submit, as an action submittal, a list of submittals, arranged in chronological order by dates required by construction schedule. Include time required for review, ordering, manufacturing, fabrication, and delivery when establis...
	1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and Contractor's construction schedule.
	2. Final Submittal Schedule: Submit concurrently with the first complete submittal of Contractor's construction schedule.
	a. Submit revised submittal schedule as required to reflect changes in current status and timing for submittals.

	3. Format: Arrange the following information in a tabular format:
	a. Scheduled date for first submittal.
	b. Specification Section number and title.
	c. Submittal Category: Action; informational.
	d. Name of subcontractor.
	e. Description of the Work covered.
	f. Scheduled date for Architect's final release or approval.



	1.4 SUBMITTAL FORMATS
	A. Submittal Information: Include the following information in each submittal:
	1. Project name.
	2. Date.
	3. Name of Architect.
	4. Name of Contractor.
	5. Name of firm or entity that prepared submittal.
	6. Names of subcontractor, manufacturer, and supplier.
	7. Unique submittal number, including revision identifier. Include Specification Section number with sequential alphanumeric identifier and alphanumeric suffix for resubmittals.
	8. Category and type of submittal.
	9. Submittal purpose and description.
	10. Number and title of Specification Section, with paragraph number and generic name for each of multiple items.
	11. Drawing number and detail references, as appropriate.
	12. Indication of full or partial submittal.
	13. Location(s) where product is to be installed, as appropriate.
	14. Other necessary identification.
	15. Remarks.
	16. Signature of transmitter.

	B. Options: Identify options requiring selection by Architect.
	C. Deviations and Additional Information: On each submittal, clearly indicate deviations from requirements in the Contract Documents, including minor variations and limitations; include relevant additional information and revisions, other than those r...
	D. Paper Submittals:
	1. Place a permanent label or title block on each submittal item for identification; include name of firm or entity that prepared submittal.
	2. Provide a space approximately 6 by 8 inches on label or beside title block to record Contractor's review and approval markings and action taken by Architect.
	3. Action Submittals: Submit three paper copies of each submittal unless otherwise indicated. Architect will return two copies.
	4. Informational Submittals: Submit two paper copies of each submittal unless otherwise indicated. Architect will not return copies.
	5. Additional Copies: Unless additional copies are required for final submittal, and unless Architect observes noncompliance with provisions in the Contract Documents, initial submittal may serve as final submittal.
	6. Transmittal for Submittals: Assemble each submittal individually and appropriately for transmittal and handling. Transmit each submittal using AIA Document G810 transmittal form.

	E. Electronic Submittals: Prepare submittals as PDF package, incorporating complete information into each PDF file. Name PDF file with submittal number and specification section.
	F. Submittals Utilizing Web-Based Project Software: Prepare submittals as PDF files or other format indicated by Project management software.

	1.5 SUBMITTAL PROCEDURES
	A. Prepare and submit submittals required by individual Specification Sections. Types of submittals are indicated in individual Specification Sections.
	1. Email: Prepare submittals as PDF package and transmit to Architect by sending via email. Include PDF transmittal form. Include information in email subject line as requested by Architect.
	a. Architect will return annotated file. Annotate and retain one copy of file as a digital Project Record Document file.

	2. Web-Based Project Management Software: Prepare submittals in PDF form, and upload to web-based Project management software website. Enter required data in web-based software site to fully identify submittal.
	3. Paper: Prepare submittals in paper form and deliver to Architect.

	B. Coordination: Coordinate preparation and processing of submittals with performance of construction activities.
	1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, and related activities that require sequential activity.
	2. Submit all submittal items required for each Specification Section concurrently unless partial submittals for portions of the Work are indicated on approved submittal schedule.
	3. Submit action submittals and informational submittals required by the same Specification Section as separate packages under separate transmittals.
	4. Coordinate transmittal of submittals for related parts of the Work specified in different Sections, so processing will not be delayed because of need to review submittals concurrently for coordination.
	a. Architect reserves the right to withhold action on a submittal requiring coordination with other submittals until related submittals are received.


	C. Processing Time: Allow time for submittal review, including time for resubmittals, as follows. Time for review shall commence on Architect's receipt of submittal. No extension of the Contract Time will be authorized because of failure to transmit s...
	1. Initial Review: Allow 15 days for initial review of each submittal. Allow additional time if coordination with subsequent submittals is required. Architect will advise Contractor when a submittal being processed must be delayed for coordination.
	2. Intermediate Review: If intermediate submittal is necessary, process it in same manner as initial submittal.
	3. Resubmittal Review: Allow 15 days for review of each resubmittal.
	4. Sequential Review: Where sequential review of submittals by Architect's consultants, Owner, or other parties is indicated, allow 21 days for initial review of each submittal.

	D. Resubmittals: Make resubmittals in same form and number of copies as initial submittal.
	1. Note date and content of previous submittal.
	2. Note date and content of revision in label or title block, and clearly indicate extent of revision.
	3. Resubmit submittals until they are marked with approval notation from Architect's action stamp.

	E. Distribution: Furnish copies of final submittals to manufacturers, subcontractors, suppliers, fabricators, installers, authorities having jurisdiction, and others as necessary for performance of construction activities. Show distribution on transmi...
	F. Use for Construction: Retain complete copies of submittals on Project site. Use only final action submittals that are marked with reviewed notation from Architect's action stamp.

	1.6 SUBMITTAL REQUIREMENTS
	A. Product Data: Collect information into a single submittal for each element of construction and type of product or equipment.
	1. If information must be specially prepared for submittal because standard published data are unsuitable for use, submit as Shop Drawings, not as Product Data.
	2. Mark each copy of each submittal to show which products and options are applicable.
	3. Include the following information, as applicable:
	a. Manufacturer's catalog cuts.
	b. Manufacturer's product specifications.
	c. Standard color charts.
	d. Statement of compliance with specified referenced standards.
	e. Testing by recognized testing agency.
	f. Application of testing agency labels and seals.
	g. Notation of coordination requirements.
	h. Availability and delivery time information.

	4. For equipment, include the following in addition to the above, as applicable:
	a. Wiring diagrams that show factory-installed wiring.
	b. Printed performance curves.
	c. Operational range diagrams.
	d. Clearances required to other construction, if not indicated on accompanying Shop Drawings.

	5. Submit Product Data before Shop Drawings, and before or concurrently with Samples.

	B. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base Shop Drawings on reproductions of the Contract Documents or standard printed data unless submittal based on Architect's digital data drawing files is otherw...
	1. Preparation: Fully illustrate requirements in the Contract Documents. Include the following information, as applicable:
	a. Identification of products.
	b. Schedules.
	c. Compliance with specified standards.
	d. Notation of coordination requirements.
	e. Notation of dimensions established by field measurement.
	f. Relationship and attachment to adjoining construction clearly indicated.
	g. Seal and signature of professional engineer if specified.

	2. Paper Sheet Size: Except for templates, patterns, and similar full-size Drawings, submit Shop Drawings on sheets at least 8-1/2 by 11 inches, but no larger than 30 by 42 inches.
	a. Three opaque copies of each submittal. Architect will retain one copy; remainder will be returned.


	C. Samples: Submit Samples for review of type, color, pattern, and texture for a check of these characteristics with other materials.
	1. Transmit Samples that contain multiple, related components, such as accessories together in one submittal package.
	2. Identification: Permanently attach label on unexposed side of Samples that includes the following:
	a. Project name and submittal number.
	b. Generic description of Sample.
	c. Product name and name of manufacturer.
	d. Sample source.
	e. Number and title of applicable Specification Section.
	f. Specification paragraph number and generic name of each item.

	3. Email Transmittal: Provide PDF transmittal. Include digital image file illustrating Sample characteristics and identification information for record.
	4. Web-Based Project Management Software: Prepare submittals in PDF form, and upload to web-based Project software website. Enter required data in web-based software site to fully identify submittal.
	5. Paper Transmittal: Include paper transmittal, including complete submittal information indicated.
	6. Disposition: Maintain sets of approved Samples at Project site, available for quality-control comparisons throughout the course of construction activity. Sample sets may be used to determine final acceptance of construction associated with each set.
	a. Samples that may be incorporated into the Work are indicated in individual Specification Sections. Such Samples must be in an undamaged condition at time of use.
	b. Samples not incorporated into the Work, or otherwise designated as Owner's property, are the property of Contractor.

	7. Samples for Initial Selection: Submit manufacturer's color charts consisting of units or sections of units, showing the full range of colors, textures, and patterns available.
	a. Number of Samples: Submit one full set(s) of available choices where color, pattern, texture, or similar characteristics are required to be selected from manufacturer's product line. Architect will return submittal with options selected.


	D. Product Schedule: As required in individual Specification Sections, prepare a written summary indicating types of products required for the Work and their intended location. Include the following information in tabular form:
	1. Type of product. Include unique identifier for each product indicated in the Contract Documents or assigned by Contractor if none is indicated.
	2. Manufacturer and product name, and model number if applicable.
	3. Number and name of room or space.
	4. Location within room or space.

	E. Qualification Data: Prepare written information that demonstrates capabilities and experience of firm or person. Include lists of completed projects with project names and addresses, contact information of architects and owners, and other informati...
	F. Design Data: Prepare and submit written and graphic information indicating compliance with indicated performance and design criteria in individual Specification Sections. Include list of assumptions and summary of loads. Include load diagrams if ap...
	G. Certificates:
	1. Certificates and Certifications Submittals: Submit a statement that includes signature of entity responsible for preparing certification. Certificates and certifications shall be signed by an officer or other individual authorized to sign documents...
	2. Installer Certificates: Submit written statements on manufacturer's letterhead, certifying that Installer complies with requirements in the Contract Documents and, where required, is authorized by manufacturer for this specific Project.
	3. Manufacturer Certificates: Submit written statements on manufacturer's letterhead, certifying that manufacturer complies with requirements in the Contract Documents. Include evidence of manufacturing experience where required.
	4. Material Certificates: Submit written statements on manufacturer's letterhead, certifying that material complies with requirements in the Contract Documents.
	5. Product Certificates: Submit written statements on manufacturer's letterhead, certifying that product complies with requirements in the Contract Documents.
	6. Welding Certificates: Prepare written certification that welding procedures and personnel comply with requirements in the Contract Documents. Submit record of AWS B2.1/B2.1M on AWS forms. Include names of firms and personnel certified.

	H. Test and Research Reports:
	1. Compatibility Test Reports: Submit reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting results of compatibility tests performed before installation of product. Include written recommendation...
	2. Field Test Reports: Submit written reports indicating and interpreting results of field tests performed either during installation of product or after product is installed in its final location, for compliance with requirements in the Contract Docu...
	3. Material Test Reports: Submit reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting test results of material for compliance with requirements in the Contract Documents.
	4. Preconstruction Test Reports: Submit reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting results of tests performed before installation of product, for compliance with performance requiremen...
	5. Product Test Reports: Submit written reports indicating that current product produced by manufacturer complies with requirements in the Contract Documents. Base reports on evaluation of tests performed by manufacturer and witnessed by a qualified t...
	6. Research Reports: Submit written evidence, from a model code organization acceptable to authorities having jurisdiction, that product complies with building code in effect for Project. Include the following information:
	a. Name of evaluation organization.
	b. Date of evaluation.
	c. Time period when report is in effect.
	d. Product and manufacturers' names.
	e. Description of product.
	f. Test procedures and results.
	g. Limitations of use.



	1.7 DELEGATED DESIGN SERVICES
	A. Performance and Design Criteria: Where professional design services or certifications by a design professional are specifically required of Contractor by the Contract Documents, provide products and systems complying with specific performance and d...
	1. If criteria indicated are insufficient to perform services or certification required, submit a written request for additional information to Architect.

	B. Delegated Design Services Certification: In addition to Shop Drawings, Product Data, and other required submittals, submit digitally signed PDF file and three paper copies of certificate, signed and sealed by the responsible design professional, fo...
	1. Indicate that products and systems comply with performance and design criteria in the Contract Documents. Include list of codes, loads, and other factors used in performing these services.


	1.8 CONTRACTOR'S REVIEW
	A. Action Submittals and Informational Submittals: Review each submittal and check for coordination with other Work of the Contract and for compliance with the Contract Documents. Note corrections and field dimensions. Mark with approval stamp before ...
	B. Contractor's Approval: Indicate Contractor's approval for each submittal with a uniform approval stamp. Include name of reviewer, date of Contractor's approval, and statement certifying that submittal has been reviewed, checked, and approved for co...
	1. Architect will not review submittals received from Contractor that do not have Contractor's review and approval.


	1.9 ARCHITECT'S REVIEW
	A. Action Submittals: Architect will review each submittal, indicate corrections or revisions required, and return.
	1. PDF Submittals: Architect will indicate, via markup on each submittal, the appropriate action

	B. Informational Submittals: Architect will review each submittal and will not return it, or will return it if it does not comply with requirements. Architect will forward each submittal to appropriate party.
	C. Partial submittals prepared for a portion of the Work will be reviewed when use of partial submittals has received prior approval from Architect.
	D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned for resubmittal without review.
	E. Architect will return without review submittals received from sources other than Contractor.
	F. Submittals not required by the Contract Documents will be returned by Architect without action.


	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION (Not Used)

	013516 FL - Alteration Project Procedures
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes special procedures for alteration work.

	1.2 DEFINITIONS
	A. Alteration Work: This term includes remodeling, renovation, repair, and maintenance work performed within existing spaces or on existing surfaces as part of the Project.
	B. Consolidate: To strengthen loose or deteriorated materials in place.
	C. Design Reference Sample: A sample that represents the Architect's prebid selection of work to be matched; it may be existing work or work specially produced for the Project.
	D. Dismantle: To remove by disassembling or detaching an item from a surface, using gentle methods and equipment to prevent damage to the item and surfaces; disposing of items unless indicated to be salvaged or reinstalled.
	E. Match: To blend with adjacent construction and manifest no apparent difference in material type, species, cut, form, detail, color, grain, texture, or finish; as approved by Architect.
	F. Refinish: To remove existing finishes to base material and apply new finish to match original, or as otherwise indicated.
	G. Repair: To correct damage and defects, retaining existing materials, features, and finishes. This includes patching, piecing-in, splicing, consolidating, or otherwise reinforcing or upgrading materials.
	H. Replace: To remove, duplicate, and reinstall entire item with new material. The original item is the pattern for creating duplicates unless otherwise indicated.
	I. Replicate: To reproduce in exact detail, materials, and finish unless otherwise indicated.
	J. Reproduce: To fabricate a new item, accurate in detail to the original, and from either the same or a similar material as the original, unless otherwise indicated.
	K. Retain: To keep an element or detail secure and intact.
	L. Strip: To remove existing finish down to base material unless otherwise indicated.

	1.3 COORDINATION
	A. Alteration Work Subschedule: A construction schedule coordinating the sequencing and scheduling of alteration work for entire Project, including each activity to be performed, and based on Contractor's Construction Schedule. Secure time commitments...
	1. Schedule construction operations in sequence required to obtain best Work results.
	2. Coordinate sequence of alteration work activities to accommodate the following:
	a. Owner's continuing occupancy of existing building.
	b. Other known work in progress.
	c. Tests and inspections.

	3. Detail sequence of alteration work, with start and end dates.
	4. Utility Services: Indicate how long utility services will be interrupted. Coordinate shutoff, capping, and continuation of utility services.
	5. Use of elevator and stairs.
	6. Equipment Data: List gross loaded weight, axle-load distribution, and wheel-base dimension data for mobile and heavy equipment proposed for use in existing structure. Do not use such equipment without certification from Contractor's professional en...

	B. Pedestrian and Vehicular Circulation: Coordinate alteration work with circulation patterns within Project building(s) and site. Some work is near circulation patterns. Circulation patterns cannot be closed off entirely and in places can be only tem...

	1.4 MATERIALS OWNERSHIP
	A. Historic items, relics, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, antiques, and other items of interest or value to Owner that may be encountered or uncovered during the W...

	1.5 QUALITY ASSURANCE
	A. Specialist Qualifications: An experienced firm regularly engaged in specialty work similar in nature, materials, design, and extent to alteration work as specified in each Section and that has completed a minimum of five recent projects with a reco...
	1. Field Supervisor Qualifications: Full-time supervisors experienced in specialty work similar in nature, material, design, and extent to that indicated for this Project. Supervisors shall be on-site when specialty work begins and during its progress...

	B. Alteration Work Program: Prepare a written plan for alteration work for whole Project, including each phase or process and protection of surrounding materials during operations. Show compliance with indicated methods and procedures specified in thi...
	1. Dust and Noise Control: Include locations of proposed temporary dust- and noise-control partitions and means of egress from occupied areas coordinated with continuing on-site operations and other known work in progress.
	2. Debris Hauling: Include plans clearly marked to show debris hauling routes, turning radii, and locations and details of temporary protective barriers.

	C. Fire-Prevention Plan: Prepare a written plan for preventing fires during the Work, including placement of fire extinguishers, fire blankets, rag buckets, and other fire-control devices during each phase or process. Coordinate plan with Owner's fire...
	D. Safety and Health Standard: Comply with ANSI/ASSP A10.6.

	1.6 STORAGE AND HANDLING OF SALVAGED MATERIALS
	A. Salvaged Materials:
	1. Clean loose dirt and debris from salvaged items unless more extensive cleaning is indicated.
	2. Pack or crate items after cleaning; cushion against damage during handling. Label contents of containers.
	3. Store items in a secure area until delivery to Owner.
	4. Transport items to Owner's storage area on-site.
	5. Protect items from damage during transport and storage.

	B. Salvaged Materials for Reinstallation:
	1. Repair and clean items for reuse as indicated.
	2. Pack or crate items after cleaning and repairing; cushion against damage during handling. Label contents of containers.
	3. Protect items from damage during transport and storage.
	4. Reinstall items in locations indicated. Comply with installation requirements for new materials and equipment unless otherwise indicated. Provide connections, supports, and miscellaneous materials to make items functional for use indicated.

	C. Existing Materials to Remain: Protect construction indicated to remain against damage and soiling from construction work. Where permitted by Architect, items may be dismantled and taken to a suitable, protected storage location during construction ...
	D. Storage: Catalog and store items within a weathertight enclosure where they are protected from moisture, weather, condensation, and freezing temperatures.
	1. Identify each item for reinstallation with a nonpermanent mark to document its original location. Indicate original locations on plans, elevations, sections, or photographs by annotating the identifying marks.
	2. Secure stored materials to protect from theft.
	3. Control humidity so that it does not exceed 85 percent. Maintain temperatures 5 deg F or more above the dew point.

	E. Storage Space:
	1. Owner will arrange for limited on-site location(s) for free storage of salvaged material. This storage space does not include security and climate control for stored material.
	2. Arrange for off-site locations for storage and protection of salvaged material that cannot be stored and protected on-site.



	PART 2 -  PRODUCTS - (Not Used)
	PART 3 -  EXECUTION
	3.1 PROTECTION
	A. Protect persons, motor vehicles, surrounding surfaces of building, building site, plants, and surrounding buildings from harm resulting from alteration work.
	1. Use only proven protection methods, appropriate to each area and surface being protected.
	2. Provide temporary barricades, barriers, and directional signage to exclude the public from areas where alteration work is being performed.
	3. Erect temporary barriers to form and maintain fire-egress routes.
	4. Erect temporary protective covers over walkways and at points of pedestrian and vehicular entrance and exit that must remain in service during alteration work.
	5. Contain dust and debris generated by alteration work, and prevent it from reaching the public or adjacent surfaces.
	6. Provide shoring, bracing, and supports as necessary. Do not overload structural elements.
	7. Protect floors and other surfaces along hauling routes from damage, wear, and staining.

	B. Temporary Protection of Materials to Remain:
	1. Protect existing materials with temporary protections and construction. Do not remove existing materials unless otherwise indicated.
	2. Do not attach temporary protection to existing surfaces except as indicated as part of the alteration work program.

	C. Comply with each product manufacturer's written instructions for protections and precautions. Protect against adverse effects of products and procedures on people and adjacent materials, components, and vegetation.
	D. Utility and Communications Services:
	1. Notify Owner, Architect, authorities having jurisdiction, and entities owning or controlling wires, conduits, pipes, and other services affected by alteration work before commencing operations.
	2. Disconnect and cap pipes and services as required by authorities having jurisdiction, as required for alteration work.
	3. Maintain existing services unless otherwise indicated; keep in service, and protect against damage during operations. Provide temporary services during interruptions to existing utilities.

	E. Existing Drains: Prior to the start of work in an area, test drainage system to ensure that it is functioning properly. Notify Architect immediately of inadequate drainage or blockage. Do not begin work in an area until the drainage system is funct...
	1. Prevent solids such as adhesive or mortar residue or other debris from entering the drainage system. Clean out drains and drain lines that become sluggish or blocked by sand or other materials resulting from alteration work.
	2. Protect drains from pollutants. Block drains or filter out sediments, allowing only clean water to pass.


	3.2 PROTECTION FROM FIRE
	A. General: Follow fire-prevention plan and the following:
	1. Comply with NFPA 241 requirements unless otherwise indicated.
	2. Remove and keep area free of combustibles, including rubbish, paper, waste, and chemicals, unless necessary for the immediate work.
	a. If combustible material cannot be removed, provide fire blankets to cover such materials.


	B. Heat-Generating Equipment and Combustible Materials: Comply with the following procedures while performing work with heat-generating equipment or combustible materials, including welding, torch-cutting, soldering, brazing, removing paint with heat,...
	1. Obtain Owner's approval for operations involving use of open-flame or welding or other high-heat equipment. Notify Owner at least 72 hours before each occurrence, indicating location of such work.
	2. As far as practicable, restrict heat-generating equipment to shop areas or outside the building.
	3. Do not perform work with heat-generating equipment in or near rooms or in areas where flammable liquids or explosive vapors are present or thought to be present. Use a combustible gas indicator test to ensure that the area is safe.
	4. Use fireproof baffles to prevent flames, sparks, hot gases, or other high-temperature material from reaching surrounding combustible material.
	5. Prevent the spread of sparks and particles of hot metal through open windows, doors, holes, and cracks in floors, walls, ceilings, roofs, and other openings.
	6. Fire Watch: Before working with heat-generating equipment or combustible materials, station personnel to serve as a fire watch at each location where such work is performed. Fire-watch personnel shall have the authority to enforce fire safety. Stat...
	a. Train each fire watch in the proper operation of fire-control equipment and alarms.
	b. Prohibit fire-watch personnel from other work that would be a distraction from fire-watch duties.
	c. Cease work with heat-generating equipment whenever fire-watch personnel are not present.
	d. Have fire-watch personnel perform final fire-safety inspection each day beginning no sooner than 30 minutes after conclusion of work in each area to detect hidden or smoldering fires and to ensure that proper fire prevention is maintained.


	C. Fire-Control Devices: Provide and maintain fire extinguishers, fire blankets, and rag buckets for disposal of rags with combustible liquids. Maintain each as suitable for the type of fire risk in each work area. Ensure that nearby personnel and the...
	D. Sprinklers: Where sprinkler protection exists and is functional, maintain it without interruption while operations are being performed. If operations are performed close to sprinklers, shield them temporarily with guards.
	1. Remove temporary guards at the end of work shifts, whenever operations are paused, and when nearby work is complete.


	3.3 PROTECTION DURING APPLICATION OF CHEMICALS
	A. Protect motor vehicles, surrounding surfaces of building, building site, plants, and surrounding buildings from harm or spillage resulting from applications of chemicals and adhesives.
	B. Cover adjacent surfaces with protective materials that are proven to resist chemicals selected for Project unless chemicals being used will not damage adjacent surfaces as indicated in alteration work program. Use covering materials and masking age...
	C. Do not apply chemicals during winds of sufficient force to spread them to unprotected surfaces.
	D. Neutralize alkaline and acid wastes and legally dispose of off Owner's property.
	E. Collect and dispose of runoff from chemical operations by legal means and in a manner that prevents soil contamination, soil erosion, undermining of paving and foundations, damage to landscaping, or water penetration into building interior.

	3.4 GENERAL ALTERATION WORK
	A. Have specialty work performed only by qualified specialists.
	B. Ensure that supervisory personnel are present when work begins and during its progress.
	C. Record existing work before each procedure (preconstruction), and record progress during the work. Use digital preconstruction documentation photographs. Comply with requirements in Section 013233 "Photographic Documentation."
	D. Perform surveys of Project site as the Work progresses to detect hazards resulting from alterations.
	E. Notify Architect of visible changes in the integrity of material or components whether from environmental causes including biological attack, UV degradation, freezing, or thawing or from structural defects including cracks, movement, or distortion.
	1. Do not proceed with the work in question until directed by Architect.




	014000 FL - Quality Requirements
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for quality assurance and quality control.
	B. Testing and inspection services are required to verify compliance with requirements specified or indicated. These services do not relieve Contractor of responsibility for compliance with the Contract Document requirements.
	1. Specific quality-assurance and quality-control requirements for individual work results are specified in their respective Specification Sections. Requirements in individual Sections may also cover production of standard products.
	2. Specified tests, inspections, and related actions do not limit Contractor's other quality-assurance and quality-control procedures that facilitate compliance with the Contract Document requirements.
	3. Requirements for Contractor to provide quality-assurance and quality-control services required by Architect, Owner, or authorities having jurisdiction are not limited by provisions of this Section.


	1.3 DEFINITIONS
	A. Experienced: When used with an entity or individual, "experienced," unless otherwise further described, means having successfully completed a minimum of five previous projects similar in nature, size, and extent to this Project; being familiar with...
	B. Field Quality-Control Tests and Inspections: Tests and inspections that are performed on-site for installation of the Work and for completed Work.
	C. Installer/Applicator/Erector: Contractor or another entity engaged by Contractor as an employee, subcontractor, or sub-subcontractor, to perform a particular construction operation, including installation, erection, application, assembly, and simil...
	1. Use of trade-specific terminology in referring to a Work result does not require that certain construction activities specified apply exclusively to specific trade(s).

	D. Mockups: Physical assemblies of portions of the Work constructed to establish the standard by which the Work will be judged. Mockups are not Samples.
	1. Mockups are used for one or more of the following:
	a. Verify selections made under Sample submittals.
	b. Demonstrate aesthetic effects.
	c. Demonstrate the qualities of products and workmanship.
	d. Demonstrate successful installation of interfaces between components and systems.
	e. Perform preconstruction testing to determine system performance.

	2. Product Mockups: Mockups that may include multiple products, materials, or systems specified in a single Section.
	3. In-Place Mockups: Mockups constructed on-site in their actual final location as part of permanent construction.

	E. Preconstruction Testing: Tests and inspections performed specifically for Project before products and materials are incorporated into the Work, to verify performance or compliance with specified criteria. Unless otherwise indicated, copies of repor...
	F. Product Tests: Tests and inspections that are performed by a nationally recognized testing laboratory (NRTL) according to 29 CFR 1910.7, by a testing agency accredited according to NIST's National Voluntary Laboratory Accreditation Program (NVLAP),...
	G. Source Quality-Control Tests and Inspections: Tests and inspections that are performed at the source (e.g., plant, mill, factory, or shop).
	H. Testing Agency: An entity engaged to perform specific tests, inspections, or both. The term "testing laboratory" has the same meaning as the term "testing agency."
	I. Quality-Assurance Services: Activities, actions, and procedures performed before and during execution of the Work, to guard against defects and deficiencies and substantiate that proposed construction will comply with requirements.
	J. Quality-Control Services: Tests, inspections, procedures, and related actions during and after execution of the Work, to evaluate that actual products incorporated into the Work and completed construction comply with requirements. Contractor's qual...

	1.4 DELEGATED DESIGN SERVICES
	A. Performance and Design Criteria: Where professional design services or certifications by a design professional are specifically required of Contractor by the Contract Documents, provide products and systems complying with specific performance and d...
	1. If criteria indicated are not sufficient to perform services or certification required, submit a written request for additional information to Architect.

	B. Delegated Design Services Statement: Submit a statement signed and sealed by the responsible design professional, for each product and system specifically assigned to Contractor to be designed or certified by a design professional, indicating that ...

	1.5 CONFLICTING REQUIREMENTS
	A. Conflicting Standards and Other Requirements: If compliance with two or more standards or requirements is specified and the standards or requirements establish different or conflicting requirements for minimum quantities or quality levels, inform t...
	B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified is the minimum provided or performed. The actual installation may comply exactly with the minimum quantity or quality specified, or it may exceed the minimum withi...

	1.6 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Contractor's Quality-Control Plan: For quality-assurance and quality-control activities and responsibilities.
	C. Qualification Data: For Contractor's quality-control personnel.
	D. Contractor's Statement of Responsibility: When required by authorities having jurisdiction, submit copy of written statement of responsibility submitted to authorities having jurisdiction before starting work on the following systems:
	1. Seismic-force-resisting system, designated seismic system, or component listed in the Statement of Special Inspections.
	2. Primary wind-force-resisting system or a wind-resisting component listed in the Statement of Special Inspections.

	E. Testing Agency Qualifications: For testing agencies specified in "Quality Assurance" Article to demonstrate their capabilities and experience. Include proof of qualifications in the form of a recent report on the inspection of the testing agency by...
	F. Schedule of Tests and Inspections: Prepare in tabular form and include the following:
	1. Specification Section number and title.
	2. Entity responsible for performing tests and inspections.
	3. Description of test and inspection.
	4. Identification of applicable standards.
	5. Identification of test and inspection methods.
	6. Number of tests and inspections required.
	7. Time schedule or time span for tests and inspections.
	8. Requirements for obtaining samples.
	9. Unique characteristics of each quality-control service.

	G. Reports: Prepare and submit certified written reports and documents as specified.
	H. Permits, Licenses, and Certificates: For Owner's record, submit copies of permits, licenses, certifications, inspection reports, releases, jurisdictional settlements, notices, receipts for fee payments, judgments, correspondence, records, and simil...

	1.7 CONTRACTOR'S QUALITY-CONTROL PLAN
	A. Quality-Control Plan, General: Submit quality-control plan within 10 days of Notice to Proceed, and not less than five days prior to preconstruction conference. Submit in format acceptable to Architect. Identify personnel, procedures, controls, ins...
	B. Quality-Control Personnel Qualifications: Engage qualified personnel trained and experienced in managing and executing quality-assurance and quality-control procedures similar in nature and extent to those required for Project.
	1. Project quality-control manager may also serve as Project superintendent.

	C. Submittal Procedure: Describe procedures for ensuring compliance with requirements through review and management of submittal process. Indicate qualifications of personnel responsible for submittal review.
	D. Testing and Inspection: In quality-control plan, include a comprehensive schedule of Work requiring testing or inspection, including the following:
	1. Contractor-performed tests and inspections, including subcontractor-performed tests and inspections. Include required tests and inspections and Contractor-elected tests and inspections. Distinguish source quality-control tests and inspections from ...
	2. Special inspections required by authorities having jurisdiction and indicated on the Statement of Special Inspections.
	3. Owner-performed tests and inspections indicated in the Contract Documents.

	E. Continuous Inspection of Workmanship: Describe process for continuous inspection during construction to identify and correct deficiencies in workmanship in addition to testing and inspection specified. Indicate types of corrective actions to be req...
	F. Monitoring and Documentation: Maintain testing and inspection reports, including log of approved and rejected results. Include Work Architect has indicated as nonconforming or defective. Indicate corrective actions taken to bring nonconforming Work...

	1.8 REPORTS AND DOCUMENTS
	A. Test and Inspection Reports: Prepare and submit certified written reports specified in other Sections. Include the following:
	1. Date of issue.
	2. Project title and number.
	3. Name, address, telephone number, and email address of testing agency.
	4. Dates and locations of samples and tests or inspections.
	5. Names of individuals making tests and inspections.
	6. Description of the Work and test and inspection method.
	7. Identification of product and Specification Section.
	8. Complete test or inspection data.
	9. Test and inspection results and an interpretation of test results.
	10. Record of temperature and weather conditions at time of sample-taking and testing and inspection.
	11. Comments or professional opinion on whether tested or inspected Work complies with the Contract Document requirements.
	12. Name and signature of laboratory inspector.
	13. Recommendations on retesting and reinspecting.

	B. Manufacturer's Technical Representative's Field Reports: Prepare written information documenting manufacturer's technical representative's tests and inspections specified in other Sections. Include the following:
	1. Name, address, telephone number, and email address of technical representative making report.
	2. Statement on condition of substrates and their acceptability for installation of product.
	3. Statement that products at Project site comply with requirements.
	4. Summary of installation procedures being followed, whether they comply with requirements and, if not, what corrective action was taken.
	5. Results of operational and other tests and a statement of whether observed performance complies with requirements.
	6. Statement of whether conditions, products, and installation will affect warranty.
	7. Other required items indicated in individual Specification Sections.

	C. Factory-Authorized Service Representative's Reports: Prepare written information documenting manufacturer's factory-authorized service representative's tests and inspections specified in other Sections. Include the following:
	1. Name, address, telephone number, and email address of factory-authorized service representative making report.
	2. Statement that equipment complies with requirements.
	3. Results of operational and other tests and a statement of whether observed performance complies with requirements.
	4. Statement of whether conditions, products, and installation will affect warranty.
	5. Other required items indicated in individual Specification Sections.


	1.9 QUALITY ASSURANCE
	A. Qualifications paragraphs in this article establish the minimum qualification levels required; individual Specification Sections specify additional requirements.
	B. Manufacturer Qualifications: A firm experienced in manufacturing products or systems similar to those indicated for this Project and with a record of successful in-service performance, as well as sufficient production capacity to produce required u...
	C. Fabricator Qualifications: A firm experienced in producing products similar to those indicated for this Project and with a record of successful in-service performance, as well as sufficient production capacity to produce required units.
	D. Installer Qualifications: A firm or individual experienced in installing, erecting, applying, or assembling work similar in material, design, and extent to that indicated for this Project, whose work has resulted in construction with a record of su...
	E. Specialists: Certain Specification Sections require that specific construction activities be performed by entities who are recognized experts in those operations. Specialists will satisfy qualification requirements indicated and engage in the activ...
	1. Requirements of authorities having jurisdiction supersede requirements for specialists.

	F. Testing and Inspecting Agency Qualifications: An NRTL, an NVLAP, or an independent agency with the experience and capability to conduct testing and inspection indicated, as documented in accordance with ASTM E329, and with additional qualifications...
	G. Manufacturer's Technical Representative Qualifications: An authorized representative of manufacturer who is trained and approved by manufacturer to observe and inspect installation of manufacturer's products that are similar in material, design, an...
	H. Factory-Authorized Service Representative Qualifications: An authorized representative of manufacturer who is trained and approved by manufacturer to inspect, demonstrate, repair, and perform service on installations of manufacturer's products that...
	I. Mockups: Before installing portions of the Work requiring mockups, build mockups for each form of construction and finish required to comply with the following requirements, using materials indicated for the completed Work:
	1. Build mockups of size indicated.
	2. Build mockups in location indicated or, if not indicated, as directed by Architect.
	3. Notify Architect seven days in advance of dates and times when mockups will be constructed.
	4. Employ supervisory personnel who will oversee mockup construction. Employ workers who will be employed to perform same tasks during the construction at Project.
	5. Demonstrate the proposed range of aesthetic effects and workmanship.
	6. Obtain Architect's approval of mockups before starting corresponding Work, fabrication, or construction.
	a. Allow seven days for initial review and each re-review of each mockup.

	7. Promptly correct unsatisfactory conditions noted by Architect's preliminary review, to the satisfaction of the Architect, before completion of final mockup.
	8. Approval of mockups by the Architect does not constitute approval of deviations from the Contract Documents contained in mockups unless Architect specifically approves such deviations in writing.
	9. Maintain mockups during construction in an undisturbed condition as a standard for judging the completed Work.
	10. Demolish and remove mockups when directed unless otherwise indicated.


	1.10 QUALITY CONTROL
	A. Owner Responsibilities: Where quality-control services are indicated as Owner's responsibility, Owner will engage a qualified testing agency to perform these services.
	1. Owner will furnish Contractor with names, addresses, and telephone numbers of testing agencies engaged and a description of types of testing and inspection they are engaged to perform.
	2. Costs for retesting and reinspecting construction that replaces or is necessitated by Work that failed to comply with the Contract Documents will be charged to Contractor, and the Contract Sum will be adjusted by Change Order.

	B. Contractor Responsibilities: Tests and inspections not explicitly assigned to Owner are Contractor's responsibility. Perform additional quality-control activities, whether specified or not, to verify and document that the Work complies with require...
	1. Unless otherwise indicated, provide quality-control services specified and those required by authorities having jurisdiction. Perform quality-control services required of Contractor by authorities having jurisdiction, whether specified or not.
	2. Engage a qualified testing agency to perform quality-control services.
	a. Contractor will not employ same entity engaged by Owner, unless agreed to in writing by Owner.

	3. Notify testing agencies at least 24 hours in advance of time when Work that requires testing or inspection will be performed.
	4. Where quality-control services are indicated as Contractor's responsibility, submit a certified written report, in duplicate, of each quality-control service.
	5. Testing and inspection requested by Contractor and not required by the Contract Documents are Contractor's responsibility.
	6. Submit additional copies of each written report directly to authorities having jurisdiction, when they so direct.

	C. Retesting/Reinspecting: Regardless of whether original tests or inspections were Contractor's responsibility, provide quality-control services, including retesting and reinspecting, for construction that replaced Work that failed to comply with the...
	D. Testing Agency Responsibilities: Cooperate with Architect and Contractor in performance of duties. Provide qualified personnel to perform required tests and inspections.
	1. Notify Architect and Contractor promptly of irregularities or deficiencies observed in the Work during performance of its services.
	2. Determine the locations from which test samples will be taken and in which in-situ tests are conducted.
	3. Conduct and interpret tests and inspections, and state in each report whether tested and inspected Work complies with or deviates from requirements.
	4. Submit a certified written report, in duplicate, of each test, inspection, and similar quality-control service through Contractor.
	5. Do not release, revoke, alter, or increase the Contract Document requirements or approve or accept any portion of the Work.
	6. Do not perform duties of Contractor.

	E. Manufacturer's Field Services: Where indicated, engage a factory-authorized service representative to inspect field-assembled components and equipment installation, including service connections. Report results in writing as specified in Section 01...
	F. Manufacturer's Technical Services: Where indicated, engage a manufacturer's technical representative to observe and inspect the Work. Manufacturer's technical representative's services include participation in preinstallation conferences, examinati...
	G. Contractor's Associated Requirements and Services: Cooperate with agencies and representatives performing required tests, inspections, and similar quality-control services, and provide reasonable auxiliary services as requested. Notify agency suffi...
	1. Access to the Work.
	2. Incidental labor and facilities necessary to facilitate tests and inspections.
	3. Adequate quantities of representative samples of materials that require testing and inspection. Assist agency in obtaining samples.
	4. Facilities for storage and field curing of test samples.
	5. Preliminary design mix proposed for use for material mixes that require control by testing agency.
	6. Security and protection for samples and for testing and inspection equipment at Project site.

	H. Coordination: Coordinate sequence of activities to accommodate required quality-assurance and quality-control services with a minimum of delay and to avoid necessity of removing and replacing construction to accommodate testing and inspection.
	1. Schedule times for tests, inspections, obtaining samples, and similar activities.

	I. Schedule of Tests and Inspections: Prepare a schedule of tests, inspections, and similar quality-control services required by the Contract Documents as a component of Contractor's quality-control plan. Coordinate and submit concurrently with Contra...
	1. Schedule Contents: Include tests, inspections, and quality-control services, including Contractor- and Owner-retained services, commissioning activities, and other Project-required services paid for by other entities.
	2. Distribution: Distribute schedule to Owner, Architect, testing agencies, and each party involved in performance of portions of the Work where tests and inspections are required.


	1.11 SPECIAL TESTS AND INSPECTIONS
	A. Special Tests and Inspections: Owner will engage a qualified testing agency to conduct special tests and inspections required by authorities having jurisdiction as the responsibility of Owner.


	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION
	3.1 TEST AND INSPECTION LOG
	A. Test and Inspection Log: Prepare a record of tests and inspections. Include the following:
	1. Date test or inspection was conducted.
	2. Description of the Work tested or inspected.
	3. Date test or inspection results were transmitted to Architect.
	4. Identification of testing agency or special inspector conducting test or inspection.

	B. Maintain log at Project site. Post changes and revisions as they occur. Provide access to test and inspection log for Architect's authorities' having jurisdiction reference during normal working hours.
	1. Submit log at Project closeout as part of Project Record Documents.


	3.2 REPAIR AND PROTECTION
	A. General: On completion of testing, inspection, sample-taking, and similar services, repair damaged construction and restore substrates and finishes.
	1. Provide materials and comply with installation requirements specified in other Specification Sections or matching existing substrates and finishes. Restore patched areas and extend restoration into adjoining areas with durable seams that are as inv...

	B. Protect construction exposed by or for quality-control service activities.
	C. Repair and protection are Contractor's responsibility, regardless of the assignment of responsibility for quality-control services.



	015000 FL - Temporary Facilities and Controls
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes requirements for temporary utilities, support facilities, and security and protection facilities.
	B. Related Requirements:
	1. Section 011000 "Summary" for work restrictions and limitations on utility interruptions.


	1.3 USE CHARGES
	A. Installation, removal, and use charges for temporary facilities shall be included in the Contract Sum unless otherwise indicated. Allow other entities engaged in the Project to use temporary services and facilities without cost, including, but not ...
	B. Sewer Service:  Pay sewer-service use charges for sewer usage by all entities for construction operations.
	C. Water Service:  Owner will pay water-service use charges for water used by all entities for construction operations.
	D. Electric Power Service:  Owner will pay electric-power-service use charges for electricity used by all entities for construction operations.
	E. Water from Existing System: Water from Owner's existing water system is available for use without metering and without payment of use charges. Provide connections and extensions of services as required for construction operations.
	F. Electric Power Service from Existing System: Electric power from Owner's existing system is available for use without metering and without payment of use charges. Provide connections and extensions of services as required for construction operations.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Site Utilization Plan: Show temporary facilities, temporary utility lines and connections, staging areas, construction site entrances, vehicle circulation, and parking areas for construction personnel.
	C. Implementation and Termination Schedule: Within 15 days of date established for commencement of the Work, submit schedule indicating implementation and termination dates of each temporary utility.
	D. Project Identification and Temporary Signs: Show fabrication and installation details, including plans, elevations, details, layouts, typestyles, graphic elements, and message content.
	E. Fire-Safety Program: Show compliance with requirements of NFPA 241 and authorities having jurisdiction. Indicate Contractor personnel responsible for management of fire-prevention program.
	F. Moisture- and Mold-Protection Plan: Describe procedures and controls for protecting materials and construction from water absorption and damage and mold. Describe delivery, handling, storage, installation, and protection provisions for materials su...
	1. Indicate procedures for discarding water-damaged materials, protocols for mitigating water intrusion into completed Work, and requirements for replacing water-damaged Work.
	2. Indicate sequencing of work that requires water, such as sprayed fire-resistive materials, plastering, and terrazzo grinding, and describe plans for dealing with water from these operations. Show procedures for verifying that wet construction has d...
	3. Indicate methods to be used to avoid trapping water in finished work.

	G. Dust-Control Plan: Submit coordination drawing and narrative that indicates the dust-control measures proposed for use, proposed locations, and proposed time frame for their operation. Include the following:
	1. Locations of dust-control partitions at each phase of work.
	2. Waste-handling procedures.
	3. Other dust-control measures.

	H. Noise and Vibration Control Plan: Identify construction activities that may impact the occupancy and use of existing spaces within the building or adjacent existing buildings, whether occupied by others, or occupied by the Owner. Include the follow...
	1. Methods used to meet the goals and requirements of the Owner.
	2. Concrete cutting method(s) to be used.
	3. Location of construction devices on the site.
	4. Show compliance with the use and maintenance of quieted construction devices for the duration of the Project.
	5. Indicate activities that may disturb building occupants and that are planned to be performed during non-standard working hours as coordinated with the Owner.
	6. Indicate locations of sensitive areas or other areas requiring special attention as identified by Owner. Indicate means for complying with Owner's requirements.


	1.5 QUALITY ASSURANCE
	A. Electric Service: Comply with NECA, NEMA, and UL standards and regulations for temporary electric service. Install service to comply with NFPA 70.
	B. Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect each temporary utility before use. Obtain required certifications and permits.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Portable Chain-Link Fencing: Minimum 2-inch, 0.148-inch-thick, galvanized-steel, chain-link fabric fencing; minimum 6 feet high with galvanized-steel pipe posts; minimum 2-3/8-inch-OD line posts and 2-7/8-inch-OD corner and pull posts, with 1-5/8-i...
	B. Polyethylene Sheet: Reinforced, fire-resistive sheet, 10-mil minimum thickness, with flame-spread rating of 15 or less in accordance with ASTM E84 and passing NFPA 701 Test Method 2.
	C. Dust-Control Adhesive-Surface Walk-Off Mats: Provide mats, minimum 36 by 60 inches.

	2.2 TEMPORARY FACILITIES
	A. Field Offices: Prefabricated or mobile units with serviceable finishes, temperature controls, and foundations adequate for normal loading.

	2.3 EQUIPMENT
	A. Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required by locations and classes of fire exposures.
	1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating units is prohibited.



	PART 3 -  EXECUTION
	3.1 TEMPORARY FACILITIES, GENERAL
	A. Conservation: Coordinate construction and use of temporary facilities with consideration given to conservation of energy, water, and materials. Coordinate use of temporary utilities to minimize waste.
	1. Salvage materials and equipment involved in performance of, but not actually incorporated into, the Work. See other Sections for disposition of salvaged materials that are designated as Owner's property.


	3.2 INSTALLATION, GENERAL
	A. Locate facilities where they will serve Project adequately and result in minimum interference with performance of the Work. Relocate and modify facilities as required by progress of the Work.
	1. Locate facilities to limit site disturbance as specified in Section 011000 "Summary."

	B. Provide each facility ready for use when needed to avoid delay. Do not remove until facilities are no longer needed or are replaced by authorized use of completed permanent facilities.
	C. Isolation of Work Areas in Occupied Facilities: Prevent dust, fumes, and odors from entering occupied areas.
	1. Maintain dust partitions during the Work. Use vacuum collection attachments on dust-producing equipment. Isolate limited work within occupied areas using portable dust-containment devices.
	2. Perform daily construction cleanup and final cleanup using approved, HEPA-filter-equipped vacuum equipment.


	3.3 TEMPORARY UTILITY INSTALLATION
	A. General: Install temporary service or connect to existing service.
	1. Arrange with utility company, Owner, and existing users for time when service can be interrupted, if necessary, to make connections for temporary services.

	B. Water Service: Connect to Owner's existing water service facilities. Clean and maintain water service facilities in a condition acceptable to Owner. At Substantial Completion, restore these facilities to condition existing before initial use.
	C. Sanitary Facilities: Provide temporary toilets, wash facilities, safety shower and eyewash facilities, and drinking water for use of construction personnel. Comply with requirements of authorities having jurisdiction for type, number, location, ope...
	1. Use of Permanent Toilets: Use of Owner's existing or new toilet facilities is not permitted.

	D. Temporary Heating and Cooling: Provide temporary heating and cooling required by construction activities for curing or drying of completed installations or for protecting installed construction from adverse effects of low temperatures or high humid...
	E. Electric Power Service: Connect to Owner's existing electric power service. Maintain equipment in a condition acceptable to Owner.
	F. Lighting: Provide temporary lighting with local switching that provides adequate illumination for construction operations, observations, inspections, and traffic conditions.
	1. Install and operate temporary lighting that fulfills security and protection requirements without operating entire system.

	G. Project Computer: Provide a desktop computer in the primary field office adequate to access Project electronic documents and maintain electronic communications.

	3.4 SUPPORT FACILITIES INSTALLATION
	A. Parking:  Use off-site parking areas for construction personnel.
	B. Dewatering Facilities and Drains: Comply with requirements of authorities having jurisdiction. Maintain Project site, excavations, and construction free of water.
	1. Dispose of rainwater in a lawful manner that will not result in flooding Project or adjoining properties or endanger permanent Work or temporary facilities.
	2. Remove snow and ice as required to minimize accumulations.

	C. Project Signs: Provide Project signs. Unauthorized signs are not permitted.
	1. Identification Signs: Provide Project identification signs.
	2. Temporary Signs: Provide other signs as indicated and as required to inform public and individuals seeking entrance to Project.
	a. Provide temporary, directional signs for construction personnel and visitors.

	3. Maintain and touch up signs, so they are legible at all times.

	D. Waste Disposal Facilities: Comply with requirements specified in Section 017419 "Construction Waste Management and Disposal."
	E. Waste Disposal Facilities: Provide waste-collection containers in sizes adequate to handle waste from construction operations. Comply with requirements of authorities having jurisdiction. Comply with progress cleaning requirements in Section 017300...
	F. Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel.
	G. Temporary Elevator Use:  Use of elevators is not permitted.
	H. Existing Stair Usage: Use of Owner's existing stairs will not be permitted.

	3.5 SECURITY AND PROTECTION FACILITIES INSTALLATION
	A. Protection of Existing Facilities: Protect existing vegetation, equipment, structures, utilities, and other improvements at Project site and on adjacent properties, except those indicated to be removed or altered. Repair damage to existing facilities.
	1. Where access to adjacent properties is required in order to affect protection of existing facilities, obtain written permission from adjacent property owner to access property for that purpose.

	B. Environmental Protection: Provide protection, operate temporary facilities, and conduct construction as required to comply with environmental regulations and that minimize possible air, waterway, and subsoil contamination or pollution or other unde...
	C. Stormwater Control: Comply with requirements of authorities having jurisdiction. Provide barriers in and around excavations and subgrade construction to prevent flooding by runoff of stormwater from heavy rains.
	D. Site Enclosure Fence:  Before construction operations begin, furnish and install site enclosure fence in a manner that will prevent people from easily entering site except by entrance gates.
	1. Extent of Fence:  As required to enclose entire Project site or portion determined sufficient to accommodate construction operations.
	2. Maintain security by limiting number of keys and restricting distribution to authorized personnel. Furnish one set of keys to Owner.

	E. Security Enclosure and Lockup: Install temporary enclosure around partially completed areas of construction. Provide lockable entrances to prevent unauthorized entrance, vandalism, theft, and similar violations of security. Lock entrances at end of...
	F. Barricades, Warning Signs, and Lights: Comply with requirements of authorities having jurisdiction for erecting structurally adequate barricades, including warning signs and lighting.
	G. Temporary Egress: Provide temporary egress from existing occupied facilities as required by authorities having jurisdiction. Provide signage directing occupants to temporary egress.
	H. Temporary Enclosures: Provide temporary enclosures for protection of construction, in progress and completed, from exposure, foul weather, other construction operations, and similar activities. Provide temporary weathertight enclosure for building ...
	I. Temporary Partitions: Provide floor-to-ceiling dustproof partitions to limit dust and dirt migration and to separate areas occupied by Owner from fumes and noise.
	1.  Construct dustproof partitions with two layers of 6-mil polyethylene sheet on each side. Cover floor with two layers of 6-mil polyethylene sheet, extending sheets 18 inches up the sidewalls. Overlap and tape full length of joints. Cover floor with...
	3. Seal joints and perimeter.
	4. Provide walk-off mats at each entrance through temporary partition.

	J. Temporary Fire Protection: Install and maintain temporary fire-protection facilities of types needed to protect against reasonably predictable and controllable fire losses. Comply with NFPA 241; manage fire-prevention program.
	1. Prohibit smoking in construction areas. Comply with additional limits on smoking specified in other Sections.
	2. Supervise welding operations, combustion-type temporary heating units, and similar sources of fire ignition in accordance with requirements of authorities having jurisdiction.
	3. Develop and supervise an overall fire-prevention and -protection program for personnel at Project site. Review needs with local fire department and establish procedures to be followed. Instruct personnel in methods and procedures. Post warnings and...


	3.6 MOISTURE AND MOLD CONTROL
	A. Moisture and Mold Protection: Protect stored materials and installed Work in accordance with Moisture and Mold Protection Plan.
	B. Exposed Construction Period: Before installation of weather barriers, when materials are subject to wetting and exposure and to airborne mold spores, protect as follows:
	1. Protect porous materials from water damage.
	2. Protect stored and installed material from flowing or standing water.
	3. Keep porous and organic materials from coming into prolonged contact with concrete.
	4. Remove standing water from decks.
	5. Keep deck openings covered or dammed.

	C. Partially Enclosed Construction Period: After installation of weather barriers but before full enclosure and conditioning of building, when installed materials are still subject to infiltration of moisture and ambient mold spores, protect as follows:
	1. Do not load or install drywall or other porous materials or components, or items with high organic content, into partially enclosed building.
	2. Keep interior spaces reasonably clean and protected from water damage.
	3. Periodically collect and remove waste containing cellulose or other organic matter.
	4. Discard or replace water-damaged material.
	5. Do not install material that is wet.
	6. Discard and replace stored or installed material that begins to grow mold.
	7. Perform work in a sequence that allows wet materials adequate time to dry before enclosing the material in gypsum board or other interior finishes.


	3.7 OPERATION, TERMINATION, AND REMOVAL
	A. Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste and abuse, limit availability of temporary facilities to essential and intended uses.
	B. Maintenance: Maintain facilities in good operating condition until removal.
	1. Maintain operation of temporary enclosures, heating, cooling, humidity control, ventilation, and similar facilities on a 24-hour basis where required to achieve indicated results and to avoid possibility of damage.

	C. Temporary Facility Changeover: Do not change over from using temporary security and protection facilities to permanent facilities until Substantial Completion.
	D. Termination and Removal: Remove each temporary facility when need for its service has ended, when it has been replaced by authorized use of a permanent facility, or no later than Substantial Completion. Complete or, if necessary, restore permanent ...
	1. Materials and facilities that constitute temporary facilities are property of Contractor. Owner reserves right to take possession of Project identification signs.
	2. At Substantial Completion, repair, renovate, and clean permanent facilities used during construction period. Comply with final cleaning requirements specified in Section 017700 "Closeout Procedures."




	016000 FL - Product Requirements
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for selection of products for use in Project; product delivery, storage, and handling; manufacturers' standard warranties on products; special warranties; and comparable products.
	B. Related Requirements:
	1. Section 01770 "Closeout Procedures" for submitting warranties.


	1.3 DEFINITIONS
	A. Products: Items obtained for incorporating into the Work, whether purchased for Project or taken from previously purchased stock. The term "product" includes the terms "material," "equipment," "system," and terms of similar intent.
	1. Named Products: Items identified by manufacturer's product name, including make or model number or other designation shown or listed in manufacturer's published product literature that is current as of date of the Contract Documents.
	2. New Products: Items that have not previously been incorporated into another project or facility. Salvaged items or items reused from other projects are not considered new products. Items that are manufactured or fabricated to include recycled conte...
	3. Comparable Product: Product by named manufacturer that is demonstrated and approved through the comparable product submittal process described in Part 2 "Comparable Products" Article, to have the indicated qualities related to type, function, dimen...

	B. Basis-of-Design Product Specification: A specification in which a single manufacturer's product is named and accompanied by the words "basis-of-design product," including make or model number or other designation. Published attributes and character...
	1. Evaluation of Comparable Products: In addition to the basis-of-design product description, product attributes and characteristics may be listed to establish the significant qualities related to type, function, in-service performance and physical pr...

	C. Subject to Compliance with Requirements: Where the phrase "Subject to compliance with requirements" introduces a product selection procedure in an individual Specification Section, provide products qualified under the specified product procedure. I...
	D. Comparable Product Request Submittal: An action submittal requesting consideration of a comparable product, including the following information:
	1. Identification of basis-of-design product or fabrication or installation method to be replaced, including Specification Section number and title and Drawing numbers and titles.
	2. Data indicating compliance with the requirements specified in Part 2 "Comparable Products" Article.

	E. Basis-of-Design Product Specification Submittal: An action submittal complying with requirements in Section 013300 "Submittal Procedures."

	1.4 QUALITY ASSURANCE
	A. Compatibility of Options: If Contractor is given option of selecting between two or more products for use on Project, select product compatible with products previously selected, even if previously selected products were also options.
	B. Identification of Products: Except for required labels and operating data, do not attach or imprint manufacturer or product names or trademarks on exposed surfaces of products or equipment that will be exposed to view in occupied spaces or on the e...
	1. Labels: Locate required product labels and stamps on a concealed surface, or, where required for observation following installation, on a visually accessible surface that is not conspicuous.


	1.5 COORDINATION
	A. Modify or adjust affected work as necessary to integrate work of approved comparable products and approved substitutions.

	1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING
	A. Deliver, store, and handle products, using means and methods that will prevent damage, deterioration, and loss, including theft and vandalism. Comply with manufacturer's written instructions.
	B. Delivery and Handling:
	1. Schedule delivery to minimize long-term storage at Project site and to prevent overcrowding of construction spaces.
	2. Coordinate delivery with installation time to ensure minimum holding time for items that are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other losses.
	3. Deliver products to Project site in an undamaged condition in manufacturer's original sealed container or other packaging system, complete with labels and instructions for handling, storing, unpacking, protecting, and installing.
	4. Inspect products on delivery to determine compliance with the Contract Documents and that products are undamaged and properly protected.

	C. Storage:
	1. Provide a secure location and enclosure at Project site for storage of materials and equipment.
	2. Store products to allow for inspection and measurement of quantity or counting of units.
	3. Store materials in a manner that will not endanger Project structure.
	4. Store products that are subject to damage by the elements under cover in a weathertight enclosure above ground, with ventilation adequate to prevent condensation and with adequate protection from wind.
	5. Protect foam plastic from exposure to sunlight, except to extent necessary for period of installation and concealment.
	6. Comply with product manufacturer's written instructions for temperature, humidity, ventilation, and weather-protection requirements for storage.
	7. Protect stored products from damage and liquids from freezing.


	1.7 PRODUCT WARRANTIES
	A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other warranties required by the Contract Documents. Manufacturer's disclaimers and limitations on product warranties do not relieve Contractor of obligations ...
	1. Manufacturer's Warranty: Written standard warranty form furnished by individual manufacturer for a particular product and issued in the name of the Owner or endorsed by manufacturer to Owner.
	2. Special Warranty: Written warranty required by the Contract Documents to provide specific rights for Owner and issued in the name of the Owner or endorsed by manufacturer to Owner.

	B. Special Warranties: Prepare a written document that contains appropriate terms and identification, ready for execution.
	1. Manufacturer's Standard Form: Modified to include Project-specific information and properly executed.
	2. Specified Form: When specified forms are included in the Project Manual, prepare a written document, using indicated form properly executed.
	3. See other Sections for specific content requirements and particular requirements for submitting special warranties.

	C. Submittal Time: Comply with requirements in Section 017700 "Closeout Procedures."


	PART 2 -  PRODUCTS
	2.1 PRODUCT SELECTION PROCEDURES
	A. General Product Requirements: Provide products that comply with the Contract Documents, are undamaged and, unless otherwise indicated, are new at time of installation.
	1. Provide products complete with accessories, trim, finish, fasteners, and other items needed for a complete installation and indicated use and effect.
	2. Standard Products: If available, and unless custom products or nonstandard options are specified, provide standard products of types that have been produced and used successfully in similar situations on other projects.
	3. Owner reserves the right to limit selection to products with warranties meeting requirements of the Contract Documents.
	4. Where products are accompanied by the term "as selected," Architect will make selection.
	5. Descriptive, performance, and reference standard requirements in the Specifications establish salient characteristics of products.
	6. Or Equal: For products specified by name and accompanied by the term "or equal," "or approved equal," or "or approved," comply with requirements in "Comparable Products" Article to obtain approval for use of an unnamed product.
	a. Submit additional documentation required by Architect in order to establish equivalency of proposed products. Unless otherwise indicated, evaluation of "or equal" product status is by the Architect, whose determination is final.


	B. Product Selection Procedures:
	1. Sole Product: Where Specifications name a single manufacturer and product, provide the named product that complies with requirements. Comparable products or substitutions for Contractor's convenience will not be considered.
	a. Sole product may be indicated by the phrase "Subject to compliance with requirements, provide the following."

	2. Sole Manufacturer/Source: Where Specifications name a single manufacturer or source, provide a product by the named manufacturer or source that complies with requirements. Comparable products or substitutions for Contractor's convenience will not b...
	a. Sole manufacturer/source may be indicated by the phrase "Subject to compliance with requirements, provide products by the following."

	3. Limited List of Products: Where Specifications include a list of names of both manufacturers and products, provide one of the products listed that complies with requirements. Comparable products or substitutions for Contractor's convenience will no...
	a. Limited list of products may be indicated by the phrase "Subject to compliance with requirements, provide one of the following."

	4. Non-Limited List of Products: Where Specifications include a list of names of both available manufacturers and products, provide one of the products listed or an unnamed product that complies with requirements.
	a. Non-limited list of products is indicated by the phrase "Subject to compliance with requirements, available products that may be incorporated in the Work include, but are not limited to, the following."
	b. Provision of an unnamed product is not considered a substitution, if the product complies with requirements.

	5. Limited List of Manufacturers: Where Specifications include a list of manufacturers' names, provide a product by one of the manufacturers listed that complies with requirements. Comparable products or substitutions for Contractor's convenience will...
	a. Limited list of manufacturers is indicated by the phrase "Subject to compliance with requirements, provide products by one of the following."

	6. Non-Limited List of Manufacturers: Where Specifications include a list of available manufacturers, provide a product by one of the manufacturers listed or a product by an unnamed manufacturer that complies with requirements.
	a. Non-limited list of manufacturers is indicated by the phrase "Subject to compliance with requirements, available manufacturers whose products may be incorporated in the Work include, but are not limited to, the following."
	b. Provision of products of an unnamed manufacturer is not considered a substitution, if the product complies with requirements.

	7. Basis-of-Design Product: Where Specifications name a product, or refer to a product indicated on Drawings, and include a list of manufacturers, provide the specified or indicated product or a comparable product by one of the other named manufacture...

	C. Visual Matching Specification: Where Specifications require the phrase "match Architect's sample," provide a product that complies with requirements and matches Architect's sample. Architect's decision will be final on whether a proposed product ma...
	D. Visual Selection Specification: Where Specifications include the phrase "as selected by Architect from manufacturer's full range" or a similar phrase, select a product that complies with requirements. Architect will select color, gloss, pattern, de...

	2.2 COMPARABLE PRODUCTS
	A. Conditions for Consideration of Comparable Products: Architect will consider Contractor's request for comparable product when the following conditions are satisfied. If the following conditions are not satisfied, Architect may return requests witho...
	1. Evidence that proposed product does not require revisions to the Contract Documents, is consistent with the Contract Documents, will produce the indicated results, and is compatible with other portions of the Work.
	2. Detailed comparison of significant qualities of proposed product with those of the named basis-of-design product. Significant product qualities include attributes, such as type, function, in-service performance and physical properties, weight, dime...
	3. Evidence that proposed product provides specified warranty.
	4. List of similar installations for completed projects, with project names and addresses and names and addresses of architects and owners, if requested.
	5. Samples, if requested.

	B. Architect's Action on Comparable Products Submittal: If necessary, Architect will request additional information or documentation for evaluation, as specified in Section 013300 "Submittal Procedures."
	1. Form of Approval of Submittal: As specified in Section 013300 "Submittal Procedures."
	2. Use product specified if Architect does not issue a decision on use of a comparable product request within time allocated.

	C. Submittal Requirements, Two-Step Process: Approval by the Architect of Contractor's request for use of comparable product is not intended to satisfy other submittal requirements. Comply with specified submittal requirements.
	D. Submittal Requirements, Single-Step Process: When acceptable to Architect, incorporate specified submittal requirements of individual Specification Section in combined submittal for comparable products. Approval by the Architect of Contractor's req...


	PART 3 -  EXECUTION (Not Used)

	017300 FL - Execution
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes general administrative and procedural requirements governing execution of the Work, including, but not limited to, the following:
	1. Construction layout.
	2. Field engineering and surveying.
	3. Installation of the Work.
	4. Cutting and patching.
	5. Progress cleaning.
	6. Protection of installed construction.
	7. Correction of the Work.

	B. Related Requirements:
	1. Section 024119 "Selective Demolition" for demolition and removal of selected portions of the building.


	1.2 DEFINITIONS
	A. Cutting: Removal of in-place construction necessary to permit installation or performance of subsequent work.
	B. Patching: Fitting and repair work required to restore construction to original conditions after installation of subsequent work.

	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Utilities and Mechanical and Electrical Systems: List services and systems that cutting and patching procedures will disturb or affect. List services and systems that will be relocated and those that will be temporarily out of service. Indicate len...
	1. Include description of provisions for temporary services and systems during interruption of permanent services and systems.


	1.4 QUALITY ASSURANCE
	A. Cutting and Patching: Comply with requirements for and limitations on cutting and patching of construction elements.
	1. Structural Elements: When cutting and patching structural elements, or when encountering the need for cutting and patching of elements whose structural function is not known, notify Architect of locations and details of cutting and await directions...
	2. Operational Elements: Do not cut and patch operating elements and related components in a manner that results in reducing their capacity to perform as intended or that results in increased maintenance or decreased operational life or safety.
	a. Water, moisture, or vapor barriers.
	b. Membranes and flashings.
	c. Exterior curtain-wall construction.
	d. Sprayed fire-resistive material.
	e. Equipment supports.
	f. Piping, ductwork, vessels, and equipment.

	4. Visual Elements: Do not cut and patch construction in a manner that results in visual evidence of cutting and patching. Do not cut and patch exposed construction in a manner that would, in Architect's opinion, reduce the building's aesthetic qualit...

	B. Manufacturer's Installation Instructions: Obtain and maintain on-site manufacturer's written recommendations and instructions for installation of specified products and equipment.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Comply with requirements specified in other Sections.
	1. For projects requiring compliance with sustainable design and construction practices and procedures, use products for patching that comply with sustainable design requirements.

	B. In-Place Materials: Use materials for patching identical to in-place materials. For exposed surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent possible.
	1. If identical materials are unavailable or cannot be used, use materials that, when installed, will provide a match acceptable to Architect for the visual and functional performance of in-place materials. Use materials that are not considered hazard...

	C. Cleaning Agents: Use cleaning materials and agents recommended by manufacturer or fabricator of the surface to be cleaned. Do not use cleaning agents that are potentially hazardous to health or property or that might damage finished surfaces.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Existing Conditions: The existence and location of underground and other utilities and construction indicated as existing are not guaranteed. Before beginning sitework, investigate and verify the existence and location of underground utilities, mec...
	1. Before construction, verify the location and invert elevation at points of connection of sanitary sewer, storm sewer, gas service piping, and water-service piping; underground electrical services; and other utilities.
	2. Furnish location data for work related to Project that must be performed by public utilities serving Project site.

	B. Examination and Acceptance of Conditions: Before proceeding with each component of the Work, examine substrates, areas, and conditions, with Installer or Applicator present where indicated, for compliance with requirements for installation toleranc...
	1. Examine roughing-in for mechanical and electrical systems to verify actual locations of connections before equipment and fixture installation.
	2. Examine walls, floors, and roofs for suitable conditions where products and systems are to be installed.
	3. Verify compatibility with and suitability of substrates, including compatibility with existing finishes or primers.

	C. Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding with the Work indicates acceptance of surfaces and conditions.

	3.2 PREPARATION
	A. Field Measurements: Take field measurements as required to fit the Work properly. Recheck measurements before installing each product. Where portions of the Work are indicated to fit to other construction, verify dimensions of other construction by...
	B. Space Requirements: Verify space requirements and dimensions of items shown diagrammatically on Drawings.
	C. Review of Contract Documents and Field Conditions: Immediately on discovery of the need for clarification of the Contract Documents, submit a request for information to Architect in accordance with requirements in Section 013100 "Project Management...

	3.3 CONSTRUCTION LAYOUT
	A. Verification: Before proceeding to lay out the Work, verify layout information shown on Drawings, in relation to the property survey and existing benchmarks and existing conditions. If discrepancies are discovered, notify Architect promptly.
	B. Site Improvements: Locate and lay out site improvements, including pavements, grading, fill and topsoil placement, utility slopes, and rim and invert elevations.

	3.4 INSTALLATION
	A. Locate the Work and components of the Work accurately, in correct alignment and elevation, as indicated.
	B. Comply with manufacturer's written instructions and recommendations for installing products in applications indicated.
	C. Install products at the time and under conditions that will ensure satisfactory results as judged by Architect. Maintain conditions required for product performance until Substantial Completion.
	D. Conduct construction operations, so no part of the Work is subjected to damaging operations or loading in excess of that expected during normal conditions of occupancy of type expected for Project.
	E. Sequence the Work and allow adequate clearances to accommodate movement of construction items on-site and placement in permanent locations.
	F. Tools and Equipment: Select tools or equipment that minimize production of excessive noise levels.
	G. Templates: Obtain and distribute to the parties involved templates for Work specified to be factory prepared and field installed. Check Shop Drawings of other portions of the Work to confirm that adequate provisions are made for locating and instal...
	H. Attachment: Provide blocking and attachment plates and anchors and fasteners of adequate size and number to securely anchor each component in place, accurately located and aligned with other portions of the Work. Where size and type of attachments ...
	1. Mounting Heights: Where mounting heights are not indicated, mount components at heights directed by Architect.
	2. Allow for building movement, including thermal expansion and contraction.
	3. Coordinate installation of anchorages. Furnish setting drawings, templates, and directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and items with integral anchors, that are to be embedded in concrete or masonry...

	I. Joints: Make joints of uniform width. Where joint locations in exposed Work are not indicated, arrange joints for the best visual effect, as judged by Architect. Fit exposed connections together to form hairline joints.

	3.5 CUTTING AND PATCHING
	A. General: Employ skilled workers to perform cutting and patching. Proceed with cutting and patching at the earliest feasible time, and complete without delay.
	1. Cut in-place construction to provide for installation of other components or performance of other construction, and subsequently patch as required to restore surfaces to their original condition.

	B. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged during installation or cutting and patching operations, by methods and with materials so as not to void existing warranties.
	C. Temporary Support: Provide temporary support of Work to be cut.
	D. Protection: Protect in-place construction during cutting and patching to prevent damage. Provide protection from adverse weather conditions for portions of Project that might be exposed during cutting and patching operations.
	E. Adjacent Occupied Areas: Where interference with use of adjoining areas or interruption of free passage to adjoining areas is unavoidable, coordinate cutting and patching in accordance with requirements in Section 011000 "Summary."
	F. Existing Utility Services and Mechanical/Electrical Systems: Where existing services/systems are required to be removed, relocated, or abandoned, bypass such services/systems before cutting to minimize interruption to occupied areas.
	G. Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar operations, including excavation, using methods least likely to damage elements retained or adjoining construction. If possible, review proposed proce...
	1. In general, use hand or small power tools designed for sawing and grinding, not hammering and chopping. Cut holes and slots neatly to minimum size required, and with minimum disturbance of adjacent surfaces. Temporarily cover openings when not in use.
	2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces.
	3. Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a diamond-core drill.
	4. Excavating and Backfilling: Comply with requirements in applicable Sections where required by cutting and patching operations.
	5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be removed. Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other foreign matter after cutting.
	6. Proceed with patching after construction operations requiring cutting are complete.

	H. Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations following performance of other Work. Patch with durable seams that are as invisible as practicable, as judged by Architect. Provide materials and co...
	1. Inspection: Where feasible, test and inspect patched areas after completion to demonstrate physical integrity of installation.
	2. Exposed Finishes: Restore exposed finishes of patched areas and extend finish restoration into retained adjoining construction in a manner that will eliminate evidence of patching and refinishing.
	a. Clean piping, conduit, and similar features before applying paint or other finishing materials.
	b. Restore damaged pipe covering to its original condition.

	3. Floors and Walls: Where walls or partitions that are removed extend one finished area into another, patch and repair floor and wall surfaces in the new space. Provide an even surface of uniform finish, color, texture, and appearance. Remove in-plac...
	a. Where patching occurs in a painted surface, prepare substrate and apply primer and intermediate paint coats appropriate for substrate over the patch, and apply final paint coat over entire unbroken surface containing the patch, corner to corner of ...

	4. Ceilings: Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane surface of uniform appearance.
	5. Exterior Building Enclosure: Patch components in a manner that restores enclosure to a weathertight condition and ensures thermal and moisture integrity of building enclosure.

	I. Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint, mortar, oils, putty, and similar materials from adjacent finished surfaces.

	3.6 PROGRESS CLEANING
	A. Clean Project site and work areas daily, including common areas. Enforce requirements strictly. Dispose of materials lawfully.
	1. Comply with requirements in NFPA 241 for removal of combustible waste materials and debris.
	2. Do not hold waste materials more than seven days during normal weather or three days if the temperature is expected to rise above 80 deg F.
	3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark containers appropriately and dispose of legally, according to regulations.
	a. Use containers intended for holding waste materials of type to be stored.


	B. Site: Maintain Project site free of waste materials and debris.
	C. Work Areas: Clean areas where Work is in progress to the level of cleanliness necessary for proper execution of the Work.
	1. Remove liquid spills promptly.
	2. Where dust would impair proper execution of the Work, broom-clean or vacuum the entire work area, as appropriate.

	D. Installed Work: Keep installed work clean. Clean installed surfaces according to written instructions of manufacturer or fabricator of product installed, using only cleaning materials specifically recommended. If specific cleaning materials are not...
	E. Concealed Spaces: Remove debris from concealed spaces before enclosing the space.
	F. Exposed Surfaces: Clean exposed surfaces and protect as necessary to ensure freedom from damage and deterioration at time of Substantial Completion.
	G. Waste Disposal: Do not bury or burn waste materials on-site. Do not wash waste materials down sewers or into waterways. Comply with waste disposal requirements in Section 017419 "Construction Waste Management and Disposal."
	H. During handling and installation, clean and protect construction in progress and adjoining materials already in place. Apply protective covering where required to ensure protection from damage or deterioration at Substantial Completion.
	I. Clean and provide maintenance on completed construction as frequently as necessary through the remainder of the construction period. Adjust and lubricate operable components to ensure operability without damaging effects.
	J. Limiting Exposures: Supervise construction operations to ensure that no part of the construction, completed or in progress, is subject to harmful, dangerous, damaging, or otherwise deleterious exposure during the construction period.

	3.7 PROTECTION OF INSTALLED CONSTRUCTION
	A. Provide final protection and maintain conditions that ensure installed Work is without damage or deterioration at time of Substantial Completion.
	B. Protection of Existing Items: Provide protection and ensure that existing items to remain undisturbed by construction are maintained in condition that existed at commencement of the Work.

	3.8 CORRECTION OF THE WORK
	A. Repair or remove and replace damaged, defective, or nonconforming Work. Restore damaged substrates and finishes.
	1. Repairing includes replacing defective parts, refinishing damaged surfaces, touching up with matching materials, and properly adjusting operating equipment.

	B. Repair Work previously completed and subsequently damaged during construction period. Repair to like-new condition.
	C. Restore permanent facilities used during construction to their specified condition.
	D. Remove and replace damaged surfaces that are exposed to view if surfaces cannot be repaired without visible evidence of repair.
	E. Repair components that do not operate properly. Remove and replace operating components that cannot be repaired.
	F. Remove and replace chipped, scratched, and broken glass or reflective surfaces.



	017419 FL - Construction Waste Management and Disposal
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for the following:
	1. Disposing of nonhazardous demolition and construction waste.


	1.3 DEFINITIONS
	A. Construction Waste: Building, structure, and site improvement materials and other solid waste resulting from construction, remodeling, renovation, or repair operations. Construction waste includes packaging.
	B. Demolition Waste: Building, structure, and site improvement materials resulting from demolition operations.
	C. Disposal: Removal of demolition or construction waste and subsequent salvage, sale, recycling, or deposit in landfill, incinerator acceptable to authorities having jurisdiction, or designated spoil areas on Owner’s property.
	D. Recycle: Recovery of demolition or construction waste for subsequent processing in preparation for reuse.
	E. Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in another facility.
	F. Salvage and Reuse: Recovery of demolition or construction waste and subsequent incorporation into the Work.

	1.4 MATERIALS OWNERSHIP
	A. Unless otherwise indicated, demolition and construction waste becomes property of Contractor.
	B. Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, and other items of interest or value to Owner that may be uncovered during demolition remain th...
	1. Carefully salvage in a manner to prevent damage and promptly return to Owner.


	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Landfill and Incinerator Disposal Records: Indicate receipt and acceptance of waste by landfills and incinerator facilities licensed to accept them. Include manifests, weight tickets, receipts, and invoices.


	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION
	3.1 DISPOSAL OF WASTE
	A. General: Except for items or materials to be salvaged or recycled, remove waste materials from Project site and legally dispose of them in a landfill or incinerator acceptable to authorities having jurisdiction.
	1. Except as otherwise specified, do not allow waste materials that are to be disposed of accumulate on-site.
	2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.

	B. Burning: Do not burn waste materials.



	017700 FL - Closeout Procedures
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for Contract closeout, including, but not limited to, the following:
	1. Substantial Completion procedures.
	2. Final completion procedures.
	3. Warranties.
	4. Final cleaning.

	B. Related Requirements:
	1. Section 013233 "Photographic Documentation" for submitting Final Completion construction photographic documentation.
	2. Section 017839 "Project Record Documents" for submitting Record Drawings, Record Specifications, and Record Product Data.


	1.3 DEFINITIONS
	A. List of Incomplete Items: Contractor-prepared list of items to be completed or corrected, prepared for the Architect's use prior to Architect's inspection, to determine if the Work is substantially complete.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of cleaning agent.
	C. Contractor's List of Incomplete Items: Initial submittal at Substantial Completion.
	D. Certified List of Incomplete Items: Final submittal at Final Completion.

	1.5 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Certificates of Release: From authorities having jurisdiction.
	C. Certificate of Insurance: For continuing coverage.
	D. Field Report: For pest-control inspection.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Schedule of Maintenance Material Items: For maintenance material submittal items required by other Sections.

	1.7 SUBSTANTIAL COMPLETION PROCEDURES
	A. Contractor's List of Incomplete Items: Prepare and submit a list of items to be completed and corrected (Contractor's "punch list"), indicating the value of each item on the list and reasons why the Work is incomplete.
	B. Submittals Prior to Substantial Completion: Complete the following a minimum of 10 days prior to requesting inspection for determining date of Substantial Completion. List items below that are incomplete at time of request.
	1. Certificates of Release: Obtain and submit releases from authorities having jurisdiction, permitting Owner unrestricted use of the Work and access to services and utilities. Include occupancy permits, operating certificates, and similar releases.
	2. Submit closeout submittals specified in other Division 01 Sections, including Project Record Documents, operation and maintenance manuals, damage or settlement surveys, property surveys, and similar final record information.
	3. Submit closeout submittals specified in individual Sections, including specific warranties, workmanship bonds, maintenance service agreements, final certifications, and similar documents.
	4. Submit maintenance material submittals specified in individual Sections, including tools, spare parts, extra materials, and similar items, and deliver to location designated by Architect. Label with manufacturer's name and model number.

	C. Procedures Prior to Substantial Completion: Complete the following a minimum of 10 days prior to requesting inspection for determining date of Substantial Completion. List items below that are incomplete at time of request.
	1. Terminate and remove temporary facilities from Project site, along with mockups, construction tools, and similar elements.
	2. Complete final cleaning requirements.
	3. Touch up paint and otherwise repair and restore marred exposed finishes to eliminate visual defects.

	D. Inspection: Submit a written request for inspection to determine Substantial Completion a minimum of 10 days prior to date the Work will be completed and ready for final inspection and tests. On receipt of request, Architect will either proceed wit...
	1. Request reinspection when the Work identified in previous inspections as incomplete is completed or corrected.
	2. Results of completed inspection will form the basis of requirements for Final Completion.


	1.8 FINAL COMPLETION PROCEDURES
	A. Submittals Prior to Final Completion: Before requesting final inspection for determining Final Completion, complete the following:
	1. Submit a final Application for Payment.
	2. Certified List of Incomplete Items: Submit certified copy of Architect's Substantial Completion inspection list of items to be completed or corrected (punch list), endorsed and dated by Architect. Certified copy of the list shall state that each it...
	3. Certificate of Insurance: Submit evidence of final, continuing insurance coverage complying with insurance requirements.
	4. Submit Final Completion photographic documentation.

	B. Inspection: Submit a written request for final inspection to determine acceptance a minimum of 10 days prior to date the Work will be completed and ready for final inspection and tests. On receipt of request, Architect will either proceed with insp...
	1. Request reinspection when the Work identified in previous inspections as incomplete is completed or corrected.


	1.9 SUBMITTAL OF PROJECT WARRANTIES
	A. Time of Submittal: Submit written warranties on request of Architect for designated portions of the Work where warranties are indicated to commence on dates other than date of Substantial Completion, or when delay in submittal of warranties might l...
	B. Organize warranty documents into an orderly sequence based on the table of contents of Project Manual.
	C. Warranty Electronic File: Provide warranties and bonds in PDF format. Assemble complete warranty and bond submittal package into a single electronic PDF file with bookmarks enabling navigation to each item. Provide bookmarked table of contents at b...
	1. Submit on digital media acceptable to Architect.

	D. Warranties in Paper Form:
	1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders, thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch paper.
	2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty. Mark tab to identify the product or installation. Provide a typed description of the product or installation, including the name of the product and the name, address...
	3. Identify each binder on the front and spine with the typed or printed title "WARRANTIES," Project name, and name of Contractor.



	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION
	3.1 FINAL CLEANING
	A. General: Perform final cleaning. Conduct cleaning and waste-removal operations to comply with local laws and ordinances and Federal and local environmental and antipollution regulations.
	B. Construction Waste Disposal: Comply with waste-disposal requirements in Section 017419 "Construction Waste Management and Disposal."

	3.2 REPAIR OF THE WORK
	A. Complete repair and restoration operations required by Section 017300 "Execution" before requesting inspection for determination of Substantial Completion.



	017839 FL - Project Record Documents
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes administrative and procedural requirements for Project Record Documents, including the following:
	1. Record Drawings.
	2. Record specifications.
	3. Record Product Data.
	4. Miscellaneous record submittals.

	B. Related Requirements:
	1. Section 017700 "Closeout Procedures" for general closeout procedures.


	1.3 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Record Drawings: Comply with the following:
	1. Number of Copies: Submit one set(s) of marked-up record prints.

	C. Record Specifications: Submit annotated PDF electronic files and one paper copy of Project's Specifications, including addenda and Contract modifications.
	D. Record Product Data: Submit annotated PDF electronic files and directories and one paper copy of each submittal.
	E. Miscellaneous Record Submittals: See other Specification Sections for miscellaneous record-keeping requirements and submittals in connection with various construction activities. Submit annotated PDF electronic files and directories and one paper c...

	1.4 RECORD DRAWINGS
	A. Record Prints: Maintain one set of marked-up paper copies of the Contract Drawings and Shop Drawings, incorporating new and revised drawings as modifications are issued.
	1. Preparation: Mark record prints to show the actual installation, where installation varies from that shown originally. Require individual or entity who obtained record data, whether individual or entity is Installer, subcontractor, or similar entit...
	a. Give particular attention to information on concealed elements that would be difficult to identify or measure and record later.
	b. Accurately record information in an acceptable drawing technique.
	c. Record data as soon as possible after obtaining it.
	d. Record and check the markup before enclosing concealed installations.
	e. Cross-reference record prints to corresponding photographic documentation.

	2. Content: Types of items requiring marking include, but are not limited to, the following:
	a. Dimensional changes to Drawings.
	b. Revisions to details shown on Drawings.
	c. Depths of foundations.
	d. Locations and depths of underground utilities.
	e. Revisions to routing of piping and conduits.
	f. Revisions to electrical circuitry.
	g. Actual equipment locations.
	h. Duct size and routing.
	i. Locations of concealed internal utilities.
	j. Changes made by Change Order or Construction Change Directive.
	k. Changes made following Architect's written orders.
	l. Details not on the original Contract Drawings.
	m. Field records for variable and concealed conditions.
	n. Record information on the Work that is shown only schematically.

	3. Mark the Contract Drawings and Shop Drawings completely and accurately. Use personnel proficient at recording graphic information in production of marked-up record prints.
	4. Mark record prints with erasable, red-colored pencil. Use other colors to distinguish between changes for different categories of the Work at same location.
	5. Mark important additional information that was either shown schematically or omitted from original Drawings.
	6. Note Construction Change Directive numbers, alternate numbers, Change Order numbers, and similar identification, where applicable.

	B. Record Digital Data Files: Immediately before inspection for Certificate of Substantial Completion, review marked-up record prints with Architect. When authorized, prepare a full set of corrected digital data files of the Contract Drawings, as foll...
	1. Format: Annotated PDF electronic file with comment function enabled.
	2. Incorporate changes and additional information previously marked on record prints. Delete, redraw, and add details and notations where applicable.
	3. Refer instances of uncertainty to Architect for resolution.
	4. Architect will furnish Contractor with one set of digital data files of the Contract Drawings for use in recording information.
	a. See Section 013100 "Project Management and Coordination" for requirements related to use of Architect's digital data files.


	C. Format: Identify and date each Record Drawing; include the designation "PROJECT RECORD DRAWING" in a prominent location.
	1. Record Prints: Organize record prints into manageable sets. Bind each set with durable paper cover sheets. Include identification on cover sheets.
	2. Format: Annotated PDF electronic file with comment function enabled.
	3. Record Digital Data Files: Organize digital data information into separate electronic files that correspond to each sheet of the Contract Drawings. Name each file with the sheet identification. Include identification in each digital data file.
	4. Identification: As follows:
	a. Project name.
	b. Date.
	c. Designation "PROJECT RECORD DRAWINGS."
	d. Name of Architect.
	e. Name of Contractor.



	1.5 RECORD SPECIFICATIONS
	A. Preparation: Mark Specifications to indicate the actual product installation, where installation varies from that indicated in Specifications, addenda, and Contract modifications.
	1. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.
	2. Mark copy with the proprietary name and model number of products, materials, and equipment furnished, including substitutions and product options selected.
	3. Record the name of manufacturer, supplier, Installer, and other information necessary to provide a record of selections made.
	4. Note related Change Orders and Record Drawings where applicable.

	B. Format: Submit record specifications as scanned PDF electronic file(s) of marked-up paper copy of Specifications.

	1.6 RECORD PRODUCT DATA
	A. Recording: Maintain one copy of each submittal during the construction period for Project Record Document purposes. Post changes and revisions to Project Record Documents as they occur; do not wait until end of Project.
	B. Preparation: Mark Product Data to indicate the actual product installation where installation varies substantially from that indicated in Product Data submittal.
	1. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.
	2. Include significant changes in the product delivered to Project site and changes in manufacturer's written instructions for installation.
	3. Note related Change Orders and Record Drawings where applicable.

	C. Format: Submit Record Product Data as scanned PDF electronic file(s) of marked-up paper copy of Product Data.
	1. Include Record Product Data directory organized by Specification Section number and title, electronically linked to each item of Record Product Data.


	1.7 MISCELLANEOUS RECORD SUBMITTALS
	A. Assemble miscellaneous records required by other Specification Sections for miscellaneous record keeping and submittal in connection with actual performance of the Work. Bind or file miscellaneous records and identify each, ready for continued use ...
	B. Format: Submit miscellaneous record submittals as scanned PDF electronic file(s) of marked-up miscellaneous record submittals.
	1. Include miscellaneous record submittals directory organized by Specification Section number and title, electronically linked to each item of miscellaneous record submittals.


	1.8 MAINTENANCE OF RECORD DOCUMENTS
	A. Maintenance of Record Documents: Store Record Documents in the field office apart from the Contract Documents used for construction. Do not use Project Record Documents for construction purposes. Maintain Record Documents in good order and in a cle...


	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION (Not Used)

	024119 FL - Selective Demolition
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. The Work of this Section Includes:
	1. Demolition and removal of selected portions of exterior or interior of building or structure and site elements.
	2. Removal and salvage of existing items for delivery to Owner and removal of existing items for reinstallation.

	B. Related Requirements:
	1. Section 011000 "Summary" for restrictions on use of the premises, Owner-occupancy requirements, and phasing requirements.
	2. Section 017300 "Execution" for cutting and patching procedures.


	1.2 DEFINITIONS
	A. Remove: Detach items from existing construction and legally dispose of off-site unless indicated to be removed and salvaged or removed and reinstalled.
	B. Remove and Salvage: Detach items from existing construction, in a manner to prevent damage, and deliver to Owner as indicated.
	C. Remove and Reinstall: Detach items from existing construction, in a manner to prevent damage; prepare for reuse; and reinstall where indicated.
	D. Existing to Remain: Existing items of construction that are not to be removed.

	1.3 MATERIALS OWNERSHIP
	A. Unless otherwise indicated, demolition waste becomes property of Contractor.
	B. Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, and other items of interest or value to Owner that may be uncovered during demolition remain th...
	1. Carefully salvage in a manner to prevent damage and promptly return to Owner.


	1.4 COORDINATION
	A. Arrange selective demolition schedule so as not to interfere with Owner's operations.

	1.5 PREINSTALLATION MEETINGS
	A. Predemolition Conference: Conduct conference at Project site.
	1. Inspect and discuss condition of construction to be selectively demolished.
	2. Review structural load limitations of existing structure.
	3. Review and finalize selective demolition schedule and verify availability of demolition personnel, equipment, and facilities needed to make progress and avoid delays.
	4. Review requirements of work performed by other trades that rely on substrates exposed by selective demolition operations.
	5. Review areas where existing construction is to remain and requires protection.
	6. Review and finalize protection requirements.
	7. Review procedures for noise control and dust control.
	8. Review storage, protection, and accounting for items to be removed for salvage or reinstallation.


	1.6 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Proposed Protection Measures: Submit report, including Drawings, that indicates the measures proposed for protecting individuals and property, for environmental protection , for dust control and , for noise control. Indicate proposed locations and ...
	C. Schedule of Selective Demolition Activities: Indicate the following:
	1. Detailed sequence of selective demolition and removal work, with starting and ending dates for each activity. Ensure Owner's on-site operations are uninterrupted.
	2. Temporary interruption of utility services. Indicate how long utility services will be interrupted.
	3. Coordination for shutoff, capping, and continuation of utility services.
	4. Use of elevator and stairs.
	5. Coordination of Owner's continuing occupancy of portions of existing building and of Owner's partial occupancy of completed Work.


	1.7 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Inventory: Submit a list of items that have been removed and salvaged.

	1.8 FIELD CONDITIONS
	A. Owner will occupy portions of building immediately adjacent to selective demolition area. Conduct selective demolition so Owner's operations will not be disrupted.
	B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as far as practical.
	C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding with selective demolition.
	D. Hazardous Materials:
	1. It is not expected that hazardous materials will be encountered in the Work.
	a. If materials suspected of containing hazardous materials are encountered, do not disturb; immediately notify Architect and Owner. Hazardous materials will be removed by Owner under a separate contract.


	E. On-site sale of removed items or materials is not permitted.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Regulatory Requirements: Comply with governing EPA notification regulations before beginning selective demolition. Comply with hauling and disposal regulations of authorities having jurisdiction.
	B. Standards: Comply with ANSI/ASSP A10.6 and NFPA 241.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify that utilities have been disconnected and capped before starting selective demolition operations.
	B. Review Project Record Documents of existing construction or other existing condition provided by Owner. Owner does not guarantee that existing conditions are same as those indicated in Project Record Documents.
	C. Survey of Existing Conditions: Record existing conditions by use of preconstruction photographs.
	1. Inventory and record the condition of items to be removed for salvage or reinstallation. Photograph or video conditions that might be misconstrued as damage caused by removal.
	2. Photograph or video existing conditions of adjoining construction including finish surfaces, that might be misconstrued as damage caused by selective demolition operations or removal of items for salvage or reinstallation.


	3.2 PREPARATION
	A. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as required to preserve stability and prevent movement, settlement, or collapse of construction and finishes to remain, and to prevent unexpected or uncontro...
	1. Strengthen or add new supports when required during progress of selective demolition.

	B. Temporary Protection: Provide temporary barricades and other protection required to prevent injury to people and damage to adjacent buildings and facilities to remain.
	1. Provide protection to ensure safe passage of people around selective demolition area and to and from occupied portions of building.
	2. Provide temporary weather protection, during interval between selective demolition of existing construction on exterior surfaces and new construction, to prevent water leakage and damage to structure and interior areas.
	3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are exposed during selective demolition operations.
	4. Cover and protect furniture, furnishings, and equipment that have not been removed.
	5. Comply with requirements for temporary enclosures, dust control, heating, and cooling specified in Section 015000 "Temporary Facilities and Controls."

	C. Existing Items to Remain: Protect construction indicated to remain against damage and soiling during selective demolition. When permitted by Architect, items may be removed to a suitable, protected storage location and cleaned and reinstalled in th...

	3.3 UTILITY SERVICES AND BUILDING SYSTEMS
	A. Existing Services/Systems to Remain: Maintain utilities and building systems and equipment to remain and protect against damage during selective demolition operations.
	1. Maintain fire-protection facilities in service during selective demolition operations.

	B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, disconnect, and seal or cap off utilities and building systems serving areas to be selectively demolished.
	1. Arrange to shut off utilities with utility companies.
	2. If disconnection of utilities and building systems will affect adjacent occupied parts of the building, provide temporary services/systems that bypass area of selective demolition and that maintain continuity of services/systems to those parts of t...
	3. Demolish and remove existing building systems, equipment, and components indicated on Drawings to be removed.
	a. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.
	b. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.
	c. Equipment to Be Removed: Disconnect and cap services and remove equipment and components.

	4. Abandon existing building systems, equipment, and components indicated on Drawings to be abandoned in place.
	a. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible piping material and leave in place.
	b. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material and leave in place.

	5. Remove and reinstall/salvage existing building systems, equipment, and components indicated on drawings to be removed and reinstalled or removed and salvaged:
	a. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and store equipment and components; when appropriate, reinstall, reconnect, and make equipment operational.
	b. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and components and deliver to Owner.



	3.4 SALVAGE/REINSTALL
	A. Removed and Salvaged Items:
	1. Clean salvaged items.
	2. Pack or crate items after cleaning. Identify contents of containers with label indicating elements, date of removal, quantity, and location where removed.
	3. Store items in a secure area until delivery to Owner.
	4. Transport items to Owner's storage area on-site designated by Owner.
	5. Protect items from damage during transport and storage.

	B. Removed and Reinstalled Items:
	1. Clean and repair items to functional condition adequate for intended reuse.
	2. Pack or crate items after cleaning and repairing. Identify contents of containers.
	3. Protect items from damage during transport and storage.
	4. Reinstall items in locations indicated. Comply with installation requirements for new materials and equipment. Provide connections, supports, and miscellaneous materials necessary to make item functional for use indicated.


	3.5 SELECTIVE DEMOLITION, GENERAL
	A. General: Demolish and remove existing construction only to extent required by new construction and as indicated. Use methods required to complete the Work within limitations of governing regulations and as follows:
	1. Neatly cut openings and holes plumb, square, and true to dimensions required. Use cutting methods least likely to damage construction to remain or adjoining construction. Use hand tools or small power tools designed for sawing or grinding, not hamm...
	2. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring existing finished surfaces.
	3. Do not use cutting torches until work area is cleared of flammable materials. At concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden space before starting flame-cutting operations. Maintain portable fire-suppr...
	4. Maintain fire watch during and for at least four (4) hours after flame-cutting operations.
	5. Maintain adequate ventilation when using cutting torches.
	6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and promptly dispose of off-site.
	7. Remove structural framing members and lower to ground by method suitable to avoid free fall and to prevent ground impact or dust generation.
	8. Locate selective demolition equipment and remove debris and materials so as not to impose excessive loads on supporting walls, floors, or framing.

	B. Site Access and Temporary Controls: Conduct selective demolition and debris-removal operations to ensure minimum interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities.
	1. Do not close or obstruct streets, walks, walkways, or other adjacent occupied or used facilities without permission from Owner and authorities having jurisdiction. Provide alternate routes around closed or obstructed trafficways if required by auth...
	2. Use water mist and other suitable methods to limit spread of dust and dirt. Comply with governing environmental-protection regulations. Do not use water when it may damage adjacent construction or create hazardous or objectionable conditions, such ...


	3.6 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS
	A. Concrete:
	1. Demolish in small sections. Using power-driven saw, cut concrete to a depth of at least 3/4 inch at junctures with construction to remain. Dislodge concrete from reinforcement at perimeter of areas being demolished, cut reinforcement, and then remo...
	2. Demolish in sections. Cut concrete full depth at junctures with construction to remain and at regular intervals using power-driven saw, and then remove concrete between saw cuts.

	B. Masonry: Demolish in small sections. Cut masonry at junctures with construction to remain, using power-driven saw, and then remove masonry between saw cuts.
	C. Concrete Slabs-on-Grade: Saw-cut perimeter of area to be demolished, and then break up and remove.

	3.7 DISPOSAL OF DEMOLISHED MATERIALS
	A. Remove demolition waste materials from Project site and dispose of them in an EPA-approved construction and demolition waste landfill acceptable to authorities having jurisdiction.
	1. Do not allow demolished materials to accumulate on-site.
	2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.
	3. Remove debris from elevated portions of building by chute, hoist, or other device that will convey debris to grade level in a controlled descent.
	4. Comply with requirements specified in Section 017419 "Construction Waste Management and Disposal."

	B. Burning: Do not burn demolished materials.

	3.8 CLEANING
	A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective demolition operations. Return adjacent areas to condition existing before selective demolition operations began.



	061000 FL - Rough Carpentry
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Wood products.
	2. Dimension lumber framing.
	3. Miscellaneous lumber.
	4. Plywood backing panels.

	B. Related Requirements:
	1. Section 061600 "Sheathing" for sheathing, subflooring, and underlayment.


	1.2 DEFINITIONS
	A. Boards or Strips: Lumber of less than 2 inches nominal size in least dimension.
	B. Dimension Lumber: Lumber of 2 inches nominal size or greater but less than 5 inches nominal size in least dimension.
	C. Exposed Framing: Framing not concealed by other construction.
	D. Lumber grading agencies, and abbreviations used to reference them, include the following:
	1. NeLMA: Northeastern Lumber Manufacturers' Association.
	2. NLGA: National Lumber Grades Authority.
	3. SPIB: The Southern Pine Inspection Bureau.
	4. WCLIB: West Coast Lumber Inspection Bureau.
	5. WWPA: Western Wood Products Association.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of process and factory-fabricated product. Indicate component materials and dimensions and include construction and application details.
	1. Include data for wood-preservative treatment from chemical treatment manufacturer and certification by treating plant that treated materials comply with requirements. Indicate type of preservative used and net amount of preservative retained.
	2. Include data for fire-retardant treatment from chemical treatment manufacturer and certification by treating plant that treated materials comply with requirements. Include physical properties of treated materials based on testing by a qualified ind...
	3. For fire-retardant treatments, include physical properties of treated lumber both before and after exposure to elevated temperatures, based on testing by a qualified independent testing agency in accordance with ASTM D5664.
	4. For products receiving a waterborne treatment, include statement that moisture content of treated materials was reduced to levels specified before shipment to Project site.


	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Stack wood products flat with spacers beneath and between each bundle to provide air circulation. Protect wood products from weather by covering with waterproof sheeting, securely anchored. Provide for air circulation around stacks and under coveri...


	PART 2 -  PRODUCTS
	2.1 WOOD PRODUCTS
	A. Lumber: Comply with DOC PS 20 and applicable rules of grading agencies indicated. If no grading agency is indicated, comply with the applicable rules of any rules-writing agency certified by the ALSC Board of Review. Grade lumber by an agency certi...
	1. Factory mark each piece of lumber with grade stamp of grading agency.
	2. Where nominal sizes are indicated, provide actual sizes required by DOC PS 20 for moisture content specified. Where actual sizes are indicated, they are minimum dressed sizes for dry wood products.
	3. Dress lumber, S4S, unless otherwise indicated.

	B. Maximum Moisture Content:
	1. Boards:  15 percent.
	2. Dimension Lumber:  15 percent unless otherwise indicated.


	2.2 MISCELLANEOUS LUMBER
	A. Provide miscellaneous lumber indicated and lumber for support or attachment of other construction, including the following:
	1. Blocking.
	2. Nailers.
	3. Rooftop equipment bases and support curbs.
	4. Cants.
	5. Furring.
	6. Grounds.
	7. Utility shelving.

	B. Dimension Lumber Items:  Construction or No. 2 grade lumber of any of the following species:
	1. Hem-fir (north); NLGA.
	2. Mixed southern pine or southern pine; SPIB.
	3. Spruce-pine-fir; NLGA.
	4. Hem-fir; WCLIB or WWPA.
	5. Spruce-pine-fir (south); NeLMA, WCLIB, or WWPA.
	6. Western woods; WCLIB or WWPA.
	7. Northern species; NLGA.
	8. Eastern softwoods; NeLMA.

	C. Concealed Boards:  15 percent maximum moisture content and any of the following species and grades:
	1. Mixed southern pine or southern pine; No. 2 grade; SPIB.
	2. Hem-fir or hem-fir (north); Construction or No. 2 Common grade; NLGA, WCLIB, or WWPA.
	3. Spruce-pine-fir (south) or spruce-pine-fir; Construction or No. 2 Common grade; NeLMA, NLGA, WCLIB, or WWPA.

	D. Roofing Nailers: Structural- or No. 2-grade lumber or better; kiln-dried Douglas fir, southern pine, or wood having similar decay-resistant properties.
	E. For blocking not used for attachment of other construction, Utility, Stud, or No. 3 grade lumber of any species may be used provided that it is cut and selected to eliminate defects that will interfere with its attachment and purpose.
	F. For furring strips for installing plywood or hardboard paneling, select boards with no knots capable of producing bent-over nails and damage to paneling.

	2.3 PLYWOOD BACKING PANELS
	A. Equipment Backing Panels: Plywood, DOC PS 1, Exterior, A-C, in thickness indicated or, if not indicated, not less than 1/2-inch nominal thickness.

	2.4 FASTENERS
	A. General: Fasteners are to be of size and type indicated and comply with requirements specified in this article for material and manufacture. Provide nails or screws, in sufficient length, to penetrate not less than 1-1/2 inches into wood substrate.
	1. Where rough carpentry is exposed to weather, in ground contact, pressure-preservative treated, or in area of high relative humidity, provide fasteners with hot-dip zinc coating complying with ASTM A153/A153M or ASTM F2329 of Type 304 stainless steel.

	B. Nails, Brads, and Staples: ASTM F1667.
	C. Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities having jurisdiction, based on ICC-ES AC70.

	2.5 METAL FRAMING ANCHORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. MiTek Industries, Inc.
	2. Simpson Strong-Tie Co., Inc.
	3. Tamlyn.

	B. Flat straps, with holes for fasteners, for blocking anchorage.
	1. Width:  1-1/4 inches.
	2. Thickness:  0.050 inch.

	C. Materials: Unless otherwise indicated, fabricate from the following materials:
	1. Galvanized-Steel Sheet: Hot-dip, zinc-coated steel sheet complying with ASTM A653/A653M, G60 coating designation.
	a. Use for interior locations unless otherwise indicated.



	2.6 MISCELLANEOUS MATERIALS
	A. Sill-Sealer Gaskets:
	1. Glass-fiber-resilient insulation, fabricated in strip form, for use as a sill sealer; 1-inch nominal thickness, compressible to 1/32 inch; selected from manufacturer's standard widths to suit width of sill members indicated.
	2. Closed-cell neoprene foam, 1/4 inch thick, selected from manufacturer's standard widths to suit width of sill members indicated.
	3. Self-adhering sheet consisting of 64 mils of rubberized asphalt laminated on one side to a 4-mil-thick, polyethylene-film reinforcement, and with release liner on adhesive side.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional Wood Frame Construction," unless otherwise indicated.
	B. Set work to required levels and lines, with members plumb, true to line, cut, and fitted. Fit rough carpentry accurately to other construction. Locate furring, nailers, blocking, grounds, and similar supports to comply with requirements for attachi...
	C. Install metal framing anchors to comply with manufacturer's written instructions. Install fasteners through each fastener hole.
	D. Provide blocking and framing as indicated and as required to support facing materials, fixtures, specialty items, and trim.
	1. Provide metal clips for fastening gypsum board or lath at corners and intersections where framing or blocking does not provide a surface for fastening edges of panels. Space clips not more than 16 inches o.c.

	E. Sort and select lumber so that natural characteristics do not interfere with installation or with fastening other materials to lumber. Do not use materials with defects that interfere with function of member or pieces that are too small to use with...
	F. Securely attach rough carpentry work to substrate by anchoring and fastening.

	3.2 INSTALLATION OF WOOD BLOCKING AND NAILERS
	A. Install where indicated and where required for attaching other work. Form to shapes indicated and cut as required for true line and level of attached work. Coordinate locations with other work involved.
	B. Attach wood blocking to substrates to support applied loading. Recess bolts and nuts flush with surfaces unless otherwise indicated.
	C. Attach wood roofing nailers securely to substrate to resist the designed outward and upward wind loads indicated on Drawings and in accordance with ANSI/SPRI ED-1, Tables A6 and A7.

	3.3 INSTALLATION OF WOOD FURRING
	A. Install level and plumb with closure strips at edges and openings. Shim with wood as required for tolerance of finish work.
	B. Furring to Receive Plywood or Hardboard Paneling: Install 1-by-3-inch nominal-size furring horizontally at 24 inches o.c.
	C. Furring to Receive Gypsum Board or Plaster Lath: Install 1-by-2-inch nominal-size furring vertically at 16 inches o.c.



	061600 FL - Sheathing
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Wall sheathing.
	2. Attic sheathing.

	B. Related Requirements:
	1. Section 061000 "Rough Carpentry" for plywood backing panels.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data:
	1. Wall sheathing.
	2. Attic sheathing.

	C. Product Data Submittals: For each type of process and factory-fabricated product. Indicate component materials and dimensions and include construction and application details.

	1.3 DELIVERY, STORAGE, AND HANDLING
	A. Stack panels flat with spacers beneath and between each bundle to provide air circulation. Protect sheathing from weather by covering with waterproof sheeting, securely anchored. Provide for air circulation around stacks and under coverings.


	PART 2 -  PRODUCTS
	2.1 WOOD PANEL PRODUCTS
	A. Thickness: As needed to comply with requirements specified, but not less than thickness indicated.
	B. Factory mark panels to indicate compliance with applicable standard.

	2.2 WALL SHEATHING
	A. Plywood Sheathing, Walls:  DOC PS 1, Exterior sheathing.
	1. Span Rating: Not less than 16/0.
	2. Nominal Thickness: Not less than 1/2 inch.


	2.3 ATTIC SHEATHING
	A. Plywood Sheathing:  DOC PS 1, Exterior sheathing.
	1. Span Rating: Not less than 16/0.
	2. Nominal Thickness: Not less than 1/2 inch.


	2.4 FASTENERS
	A. General: Provide fasteners of size and type indicated that comply with requirements specified in this article for material and manufacture.
	B. Nails, Brads, and Staples: ASTM F1667.
	C. Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities having jurisdiction, based on ICC-ES AC70.
	D. Screws for Fastening Sheathing to Wood Framing: ASTM C1002.
	E. Screws for Fastening Wood Structural Panels to Cold-Formed Metal Framing: ASTM C954, except with wafer heads and reamer wings, length as recommended by screw manufacturer for material being fastened.
	F. Screws for Fastening Gypsum Sheathing to Cold-Formed Metal Framing: Steel drill screws, in length recommended by sheathing manufacturer for thickness of sheathing to be attached.
	1. For steel framing less than 0.0329 inch thick, use screws that comply with ASTM C1002.



	PART 3 -  EXECUTION
	3.1 INSTALLATION, GENERAL
	A. Do not use materials with defects that impair quality of sheathing or pieces that are too small to use with minimum number of joints or optimum joint arrangement. Arrange joints so that pieces do not span between fewer than three support members.
	B. Cut panels at penetrations, edges, and other obstructions of work; fit tightly against abutting construction unless otherwise indicated.
	C. Securely attach to substrate by fastening as indicated, complying with the following:
	1. Table 2304.10.1, "Fastening Schedule," in the ICC's International Building Code.
	2. ICC-ES evaluation report for fastener.

	D. Use common wire nails unless otherwise indicated. Select fasteners of size that will not fully penetrate members where opposite side will be exposed to view or will receive finish materials. Make tight connections. Install fasteners without splitti...
	E. Coordinate wall sheathing installation with flashing and joint-sealant installation so these materials are installed in sequence and manner that prevent exterior moisture from passing through completed assembly.
	F. Do not bridge building expansion joints; cut and space edges of panels to match spacing of structural support elements.
	G. Coordinate sheathing installation with installation of materials installed over sheathing so sheathing is not exposed to precipitation or left exposed at end of the workday when rain is forecast.



	072100 FL - Thermal Insulation
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Mineral-wool blanket insulation.
	2. Loose-fill insulation.
	3. Poly vapor barrier and vapor barrier tape.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.

	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Installer's Certification: Listing type, manufacturer, and R-value of insulation installed in each element of the building thermal envelope.
	1. For blown-in or sprayed fiberglass and cellulosic-fiber loose-fill insulation, indicate initial installed thickness, settled thickness, settled R-value, installed density, coverage area, and number of bags installed.
	2. Sign, date, and post the certification in a conspicuous location on Project site.

	C. Product Test Reports: For each product, for tests performed by a qualified testing agency.
	D. Research Reports: For foam-plastic insulation, from ICC-ES.

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Protect insulation materials from physical damage and from deterioration due to moisture, soiling, and other sources. Store inside and in a dry location. Comply with manufacturer's written instructions for handling, storing, and protecting during i...


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Surface-Burning Characteristics: Maximum flame-spread and smoke-developed indexes less than Class A, 25 and 450 when tested in accordance with ASTM E84.
	B. Thermal-Resistance Value (R-Value):  R-value as indicated on Drawings in accordance with ASTM C518.

	2.2 MINERAL-WOOL BLANKET INSULATION
	A. Mineral-Wool Blanket Insulation, Unfaced: ASTM C665, Type I (blankets without membrane facing); consisting of fibers; complying with ASTM E136 for combustion characteristics.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Johns Manville; a Berkshire Hathaway company.
	b. Owens Corning.
	c. ROCKWOOL.



	2.3 LOOSE-FILL INSULATION
	A. Mineral-Fiber Loose-Fill Insulation: ASTM C764, Type I for pneumatic application.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Knauf Insulation.
	b. Owens Corning.



	2.4 POLYETHYLENE VAPOR BARRIER
	A. 10 mil clear vapor barrier.
	B. Vapor Barrier Tape:  9 mil – 4 inches wide, waterproof.

	2.5 ACCESSORIES
	A. Insulation for Miscellaneous Voids:
	1. Glass-Fiber Insulation: ASTM C764, Type II, loose fill; with maximum flame-spread and smoke-developed indexes of 5, per ASTM E84.

	B. Miscellaneous Application Accessories:
	1. Crack Sealer: Closed-cell insulating foam in aerosol dispenser recommended in writing by insulation manufacturer for filling gaps in board insulation.
	2. Eave Ventilation Troughs: Preformed, rigid fiberboard or plastic sheets designed and sized to fit between roof framing members and to provide ventilation between insulated attic spaces and vented eaves.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean substrates of substances that are harmful to insulation, including removing projections capable of puncturing insulation or vapor retarders, or those that interfere with insulation attachment.

	3.2 INSTALLATION, GENERAL
	A. Comply with insulation manufacturer's written instructions applicable to products, applications and applicable codes.
	B. Install insulation that is undamaged, dry, and unsoiled and that has not been left exposed to ice, rain, or snow at any time.
	C. Install insulation with manufacturer's R-value label exposed after insulation is installed.
	D. Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions and fill voids with insulation. Remove projections that interfere with placement.
	E. Provide sizes to fit applications and selected from manufacturer's standard thicknesses, widths, and lengths. Apply single layer of insulation units unless multiple layers are otherwise shown or required to make up total thickness or to achieve R-v...

	3.3 INSTALLATION OF INSULATION IN FRAMED CONSTRUCTION
	A. Blanket Insulation: Install in cavities formed by framing members in accordance with the following requirements:
	1. Use insulation widths and lengths that fill the cavities formed by framing members. If more than one length is required to fill the cavities, provide lengths that will produce a snug fit between ends.
	2. Place insulation in cavities formed by framing members to produce a friction fit between edges of insulation and adjoining framing members.
	3. Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated for or protected from contact with insulation.
	4. Attics: Install eave ventilation troughs between roof framing members in insulated attic spaces at vented eaves.

	B. Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where required to prevent gaps in insulation using the following materials:
	1. Glass-Fiber Insulation: Compact to approximately 40 percent of normal maximum volume equaling a density of approximately 2.5 lb/cu. ft..

	C. Loose-Fill Insulation: Apply in accordance with ASTM C1015 and manufacturer's written instructions.
	1. Level horizontal applications to uniform thickness as indicated, lightly settle to uniform density, but do not compact excessively.


	3.4 PROTECTION
	A. Protect installed insulation from damage due to harmful weather exposures, physical abuse, and other causes.
	B. Provide temporary coverings or enclosures where insulation is subject to abuse and cannot be concealed and protected by permanent construction immediately after installation.

	3.5 INSTALLATION OF VAPOR BARRIER
	A. Install with all edges fastened and sealed to abutting construction.  Seal all seams, mechanical equipment and duct penetrations, mechanical and sprinkler piping penetrations, and electrical conduit, wiring, and device penetrations with vapor barri...



	079200 FL - Joint Sealants
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Silicone joint sealants.
	2. Latex joint sealants.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data:
	1. Silicone joint sealants.
	2. Latex joint sealants.

	C. Samples for Initial Selection: Manufacturer's standard color charts consisting of strips of cured sealants showing the full range of colors available for each product exposed to view.
	D. Joint-Sealant Schedule: Include the following information:
	1. Joint-sealant application, joint location, and designation.
	2. Joint-sealant manufacturer and product name.
	3. Joint-sealant formulation.
	4. Joint-sealant color.


	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	1. Joint-sealant location and designation.
	2. Manufacturer and product name.
	3. Type of substrate material.

	B. Sample warranties.

	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Manufacturers' special warranties.
	C. Installer's special warranties.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Authorized representative who is trained and approved by manufacturer.

	1.6 MOCKUPS
	A. Install sealant in mockups of assemblies specified in other Sections that are indicated to receive joint sealants specified in this Section. Use materials and installation methods specified in this Section.

	1.7 FIELD CONDITIONS
	A. Do not proceed with installation of joint sealants under the following conditions:
	1. When ambient and substrate temperature conditions are outside limits permitted by joint-sealant manufacturer or are below 40 deg F.
	2. When joint substrates are wet.
	3. Where joint widths are less than those allowed by joint-sealant manufacturer for applications indicated.
	4. Where contaminants capable of interfering with adhesion have not yet been removed from joint substrates.


	1.8 WARRANTY
	A. Special Installer's Warranty: Installer agrees to repair or replace joint sealants that do not comply with performance and other requirements specified in this Section within specified warranty period.
	1. Warranty Period:  Two years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 SOURCE LIMITATIONS
	A. Obtain joint sealants from single manufacturer for each sealant type.

	2.2 JOINT SEALANTS, GENERAL
	A. Compatibility: Provide joint sealants, backings, and other related materials that are compatible with one another and with joint substrates under conditions of service and application, as demonstrated by joint-sealant manufacturer, based on testing...
	B. Colors of Exposed Joint Sealants:  As selected by Architect from manufacturer's full range.

	2.3 SILICONE JOINT SEALANTS
	A. Silicone, S, NS, 50, NT: Single-component, nonsag, plus 50 percent and minus 50 percent movement capability, nontraffic-use, neutral-curing silicone joint sealant; ASTM C920, Type S, Grade NS, Class 50, Use NT.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adfast.
	b. GE Construction Sealants; Momentive Performance Materials Inc.
	c. Pecora Corporation.
	d. Sika Corporation - Building Components.
	e. The Dow Chemical Company.



	2.4 LATEX JOINT SEALANTS
	A. Acrylic Latex: Acrylic latex or siliconized acrylic latex, ASTM C834, Type OP, Grade NF.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Adfast.
	b. Everkem Diversified Products, Inc.
	c. Franklin International.
	d. PPG Paints; PPG Industries, Inc.
	e. Pecora Corporation.
	f. Sherwin-Williams Company (The).
	g. Tremco Incorporated.



	2.5 JOINT-SEALANT BACKING
	A. Sealant Backing Material, General: Nonstaining; compatible with joint substrates, sealants, primers, and other joint fillers; and approved for applications indicated by sealant manufacturer based on field experience and laboratory testing.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adfast.
	b. Alcot Plastics Ltd.
	c. Construction Foam Products; a division of Nomaco, Inc.
	d. Master Builders Solutions, brand of MBCC Group, a Sika company.


	B. Cylindrical Sealant Backings: ASTM C1330, Type C (closed-cell material with a surface skin), and of size and density to control sealant depth and otherwise contribute to producing optimum sealant performance.
	C. Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant manufacturer for preventing sealant from adhering to rigid, inflexible joint-filler materials or joint surfaces at back of joint. Provide self-adhesive tape where app...

	2.6 MISCELLANEOUS MATERIALS
	A. Primer: Material recommended by joint-sealant manufacturer where required for adhesion of sealant to joint substrates indicated, as determined from preconstruction joint-sealant-substrate tests and field tests.
	B. Cleaners for Nonporous Surfaces: Chemical cleaners acceptable to manufacturers of sealants and sealant backing materials, free of oily residues or other substances capable of staining or harming joint substrates and adjacent nonporous surfaces in a...
	C. Masking Tape: Nonstaining, nonabsorbent material compatible with joint sealants and surfaces adjacent to joints.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine joints indicated to receive joint sealants, with Installer present, for compliance with requirements for joint configuration, installation tolerances, and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to comply with joint-sealant manufacturer's written instructions and the following requirements:
	1. Remove all foreign material from joint substrates that could interfere with adhesion of joint sealant, including dust, paints (except for permanent, protective coatings tested and approved for sealant adhesion and compatibility by sealant manufactu...
	2. Clean porous joint substrate surfaces by brushing, grinding, mechanical abrading, or a combination of these methods to produce a clean, sound substrate capable of developing optimum bond with joint sealants. Remove loose particles remaining after c...
	a. Concrete.
	b. Masonry.

	3. Remove laitance and form-release agents from concrete.
	4. Clean nonporous joint substrate surfaces with chemical cleaners or other means that do not stain, harm substrates, or leave residues capable of interfering with adhesion of joint sealants. Nonporous joint substrates include the following:
	a. Metal.
	b. Wood.


	B. Joint Priming: Prime joint substrates where recommended by joint-sealant manufacturer or as indicated by preconstruction joint-sealant-substrate tests or prior experience. Apply primer to comply with joint-sealant manufacturer's written instruction...
	C. Masking Tape: Use masking tape where required to prevent contact of sealant or primer with adjoining surfaces that otherwise would be permanently stained or damaged by such contact or by cleaning methods required to remove sealant smears. Remove ta...

	3.3 INSTALLATION OF JOINT SEALANTS
	A. General: Comply with joint-sealant manufacturer's written installation instructions for products and applications indicated, unless more stringent requirements apply.
	B. Sealant Installation Standard: Comply with recommendations in ASTM C1193 for use of joint sealants as applicable to materials, applications, and conditions indicated.
	C. Install sealant backings of type indicated to support sealants during application and at position required to produce cross-sectional shapes and depths of installed sealants relative to joint widths that allow optimum sealant movement capability.
	1. Do not leave gaps between ends of sealant backings.
	2. Do not stretch, twist, puncture, or tear sealant backings.
	3. Remove absorbent sealant backings that have become wet before sealant application, and replace them with dry materials.

	D. Install sealants using proven techniques that comply with the following and at the same time backings are installed:
	1. Place sealants so they directly contact and fully wet joint substrates.
	2. Completely fill recesses in each joint configuration.
	3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow optimum sealant movement capability.

	E. Tooling of Nonsag Sealants: Immediately after sealant application and before skinning or curing begins, tool sealants in accordance with requirements specified in subparagraphs below to form smooth, uniform beads of configuration indicated; to elim...
	1. Remove excess sealant from surfaces adjacent to joints.
	2. Use tooling agents that are approved in writing by sealant manufacturer and that do not discolor sealants or adjacent surfaces.
	3. Provide concave joint profile in accordance with Figure 8A in ASTM C1193 unless otherwise indicated.


	3.4 CLEANING
	A. Clean off excess sealant or sealant smears adjacent to joints as the Work progresses by methods and with cleaning materials approved in writing by manufacturers of joint sealants and of products in which joints occur.

	3.5 PROTECTION
	A. Protect joint sealants during and after curing period from contact with contaminating substances and from damage resulting from construction operations or other causes so sealants are without deterioration or damage at time of Substantial Completio...



	230513 FL - Common Motor Requirements for HVAC Equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small and medium, squirrel-cage induction motors for use on alternating-current power systems up to 600 V and installed at equipment manufacturer's f...

	1.3 COORDINATION
	A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following:
	1. Motor controllers.
	2. Torque, speed, and horsepower requirements of the load.
	3. Ratings and characteristics of supply circuit and required control sequence.
	4. Ambient and environmental conditions of installation location.



	PART 2 -  PRODUCTS
	2.1 GENERAL MOTOR REQUIREMENTS
	A. Comply with NEMA MG 1 unless otherwise indicated.
	B. Comply with IEEE 841 for severe-duty motors.

	2.2 MOTOR CHARACTERISTICS
	A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above sea level.
	B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering...

	2.3 POLYPHASE MOTORS
	A. Description: NEMA MG 1, Design B, medium induction motor.
	B. Efficiency: Premium efficient, as defined in NEMA MG 1.
	C. Service Factor: 1.15.
	D. Multispeed Motors: Variable torque.
	1. For motors with 2:1 speed ratio, consequent pole, single winding.
	2. For motors with other than 2:1 speed ratio, separate winding for each speed.

	E. Rotor: Random-wound, squirrel cage.
	F. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
	G. Temperature Rise: Match insulation rating.
	H. Insulation:  Class F.
	I. Code Letter Designation:
	1. Motors 15 HP and Larger: NEMA starting Code F or Code G.
	2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic.

	J. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes smaller than 324T.

	2.4 ADDITIONAL REQUIREMENTS FOR POLYPHASE MOTORS
	A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection requirements for controller with required motor leads. Provide terminals in motor terminal box, suited to control method.
	B. Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and features coordinated with and approved by controller manufacturer.
	1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width-modulated inverters.
	2. Premium-Efficient Motors: Class B temperature rise; Class F insulation.
	3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.
	4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected motors.

	C. Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.

	2.5 SINGLE-PHASE MOTORS
	A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor application:
	1. Permanent-split capacitor.
	2. Split phase.
	3. Capacitor start, inductor run.
	4. Capacitor start, capacitor run.

	B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.
	C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading.
	D. Motors 1/20 HP and Smaller: Shaded-pole type.
	E. Thermal Protection: Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation. Thermal-protection device shall automatically reset when...


	PART 3 -  EXECUTION (Not Applicable)

	230517 FL - Sleeves and Sleeve Seals for HVAC Piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves.
	2. Sleeve-seal systems.
	3. Grout.

	B. Related Requirements:
	1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Advance Products & Systems, Inc.
	2. CALPICO, Inc.
	3. GPT; an EnPro Industries company.

	B. Cast-Iron Pipe Sleeves: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop collar unless otherwise indicated.
	C. Galvanized Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.

	2.2 SLEEVE-SEAL SYSTEMS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Advance Products & Systems, Inc.
	2. CALPICO, Inc.
	3. GPT; an EnPro Industries company.
	4. Metraflex Company (The).
	5. Proco Products, Inc.

	B. Description:
	1. Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.
	2. Designed to form a hydrostatic seal of 20-psig.
	3. Sealing Elements:  EPDM-rubber or Nitrile (Buna N) interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size.
	4. Pressure Plates:  Carbon steel or stainless steel.
	5. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, ASTM B 633 or stainless steel of length required to secure pressure plates to sealing elements.


	2.3 GROUT
	A. Description: Nonshrink, recommended for interior and exterior sealing openings in nonfire-rated walls or floors.
	B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch annular clear space between piping and concrete slabs and walls.
	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	1. Cut sleeves to length for mounting flush with both surfaces.
	a. Exception: Extend sleeves installed in floors of mechanical equipment areas or other wet areas 2 inches above finished floor level.

	2. Using grout, seal space outside of sleeves in slabs and walls without sleeve-seal system.

	D. Install sleeves for pipes passing through interior partitions.
	1. Extend sleeves installed in concealed interior partitions a minimum of 1-inch beyond finished wall surface.
	3. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and pipe or pipe insulation.
	4. Seal annular space between sleeve and piping or piping insulation; use sealants appropriate for size, depth, and location of joint.  Comply with requirements for sealants specified in Section 079200 "Joint Sealants."

	E. Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke-Barrier Penetrations: Maintain indicated fire or smoke rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with fire- and smo...

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal-system components, and install in annula...

	3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:
	1. Exterior Concrete Walls Above Grade:
	a. Piping Smaller Than NPS 6:  Cast-iron sleeves with sleeve-seal system.
	1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.


	2. Exterior Concrete Walls Below Grade:
	a. Piping Smaller Than NPS 6:  Cast-iron pipe sleeves with sleeve-seal system.
	1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.


	3. Concrete Slabs-on-Grade:
	a. Piping Smaller Than NPS 6:  Cast-iron pipe sleeves with sleeve-seal system.
	1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.


	4. Concrete Slabs Above Grade:
	a. Piping Smaller Than NPS 6:  Galvanized steel pipe sleeves.

	5. Interior Partitions:
	a. Piping Smaller Than NPS 6:  Galvanized steel pipe sleeves.





	230518 FL - Escutcheons for HVAC Piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Escutcheons.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. BrassCraft Manufacturing Co.; a Masco company.
	2. Dearborn Brass.
	3. Jones Stephens Corp.
	4. Keeney Manufacturing Company (The).
	5. Mid-America Fittings, Inc.
	6. ProFlo; a Ferguson Enterprises, Inc. brand.


	2.2 ESCUTCHEONS
	A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.
	B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished, chrome-plated finish and spring-clip fasteners.
	C. One-Piece, Stamped-Steel Type: With polished, chrome-plated finish and spring-clip fasteners.
	D. Split-Casting Brass Type:  With polished, chrome-plated finish and with concealed hinge and setscrew.
	E. Split-Plate, Stamped-Steel Type: With polished, chrome-plated finish; concealed and exposed-rivet hinge; and spring-clip fasteners.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	1. Escutcheons for New Piping:
	a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep pattern.
	b. Chrome-Plated Piping: One-piece cast brass with polished, chrome-plated finish.
	c. Insulated Piping: One-piece stamped steel or split-plate, stamped steel with concealed hinge with polished, chrome-plated finish.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece stamped steel or split-plate, stamped steel with concealed hinge with polished, chrome-plated finish.
	e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece cast brass or split-casting brass type with polished, chrome-plated finish.
	f. Bare Piping in Unfinished Service Spaces: One-piece stamped steel or split-plate, stamped steel with exposed-rivet hinge with polished, chrome-plated finish.



	3.2 FIELD QUALITY CONTROL
	A. Using new materials, replace broken and damaged escutcheons.



	230523.12 fl - ball valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Bronze ball valves.
	2. Iron ball valves.


	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. SWP: Steam working pressure.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of valve.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, and weld ends.
	3. Set ball valves open to minimize exposure of functional surfaces.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If outdoor storage is necessary, store valves off the ground in watertight enclosures.



	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	1. ASME B1.20.1 for threads for threaded-end valves.
	3. ASME B16.18 for solder-joint connections.
	4. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	5. ASME B31.1 for power piping valves.
	6. ASME B31.9 for building services piping valves.

	C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	D. Refer to HVAC valve schedule articles for applications of valves.
	E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	F. Valve Sizes: Same as upstream piping unless otherwise indicated.
	G. Valve Actuator Types:
	1. Handlever: For quarter-turn valves smaller than NPS 4.

	H. Valves in Insulated Piping:
	1. Include 2-inch stem extensions.
	2. Extended operating handle of nonthermal-conductive material, and protective sleeves that allow operation of valves without breaking the vapor seals or disturbing insulation.
	3. Memory stops that are fully adjustable after insulation is applied.

	I. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE BALL VALVES
	A. Bronze Ball Valves, Two-Piece with Full Port and Bronze or Brass Trim:
	1. Description:
	a. Standard: MSS SP-110.
	b. SWP Rating: 150 psig.
	c. CWP Rating: 600 psig.
	d. Body Design: Two piece.
	e. Body Material: Bronze.
	f. Ends: Threaded.
	g. Seats: PTFE or TFE.
	h. Stem: Bronze.
	i. Ball: Chrome-plated brass.
	j. Port: Full.



	2.3 IRON BALL VALVES
	A. Iron Ball Valves, Class 125:
	1. Description:
	a. Standard: MSS SP-72.
	b. CWP Rating: 200 psig.
	c. Body Design: Split body.
	d. Body Material: ASTM A 126, gray iron.
	e. Ends: Flanged.
	f. Seats: PTFE.
	g. Stem: Stainless steel.
	h. Ball: Stainless steel.
	i. Port: Full.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and schedules.

	3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	B. Select valves with the following end connections:
	1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-joint valve-end option is indicated in valve schedules below.
	2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end option is indicated in valve schedules below.
	3. For Steel Piping, NPS 2 and Smaller: Threaded ends.
	4. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end option is indicated in valve schedules below.


	3.4 HYDRONIC-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller:  Bronze ball valves, two piece with bronze trim, and full port.
	1. Valves may be provided with solder-joint ends instead of threaded ends.

	B. Pipe NPS 2-1/2 and Larger:
	1. Iron ball valves, Class 125.
	a. Iron Valves, NPS 2-1/2 to NPS 4: May be provided with threaded ends instead of flanged ends.





	230523.14 fl - check valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Bronze swing check valves.
	2. Iron swing check valves.
	3. Iron, center-guided check valves.


	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. EPDM: Ethylene propylene copolymer rubber.
	C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of valve.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, grooves, and weld ends.
	3. Block check valves in either closed or open position.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher than ambient dew point temperature. If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	1. ASME B1.20.1 for threads for threaded-end valves.
	2. ASME B16.1 for flanges on iron valves.
	3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	4. ASME B16.18 for solder joint.
	5. ASME B31.9 for building services piping valves.

	C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	D. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	E. Valve Sizes: Same as upstream piping unless otherwise indicated.
	F. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE SWING CHECK VALVES
	A. Bronze Swing Check Valves with Bronze Disc, Class 125:
	1. Description:
	a. Standard: MSS SP-80, Type 3.
	b. CWP Rating: 200 psig.
	c. Body Design: Horizontal flow.
	d. Body Material: ASTM B 62, bronze.
	e. Ends: Threaded.
	f. Disc: Bronze.



	2.3 IRON SWING CHECK VALVES
	A. Iron Swing Check Valves with Metal Seats, Class 125:
	1. Description:
	a. Standard: MSS SP-71, Type I.
	b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
	c. Body Design: Clear or full waterway.
	d. Body Material: ASTM A 126, gray iron with bolted bonnet.
	e. Ends: Flanged.
	f. Trim: Bronze.
	g. Gasket: Asbestos free.



	2.4 IRON, CENTER-GUIDED CHECK VALVES
	A. Iron, Compact-Wafer, Center-Guided Check Valves with Metal Seat, Class 125:
	1. Description:
	a. Standard: MSS SP-125.
	b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
	c. Body Material: ASTM A 126, gray iron.
	d. Style: Compact wafer.
	e. Seat: Bronze.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects ...
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install check valves for proper direction of flow and as follows:
	1. Swing Check Valves: In horizontal position with hinge pin level.
	2. Center-Guided Check Valves: In horizontal or vertical position, between flanges.

	F. Install valve tags. Comply with requirements for valve tags and schedules in Section 230553 "Identification for HVAC Piping and Equipment."

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	1. Horizontal Pump-Discharge Check Valves:
	a. NPS 2 and Smaller: Bronze swing check valves with bronze disc.
	b. NPS 2-1/2 and Larger: Iron swing check valves with lever and weight or with spring or iron, center-guided, metal seat check valves.

	2. Vertical Pump-Discharge Check Valves:
	a. Center-guided check valves.


	B. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:
	1. For Copper Tubing, NPS 2 and Smaller: Threaded ends.
	2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end option is indicated in valve schedules.
	3. For Copper Tubing, NPS 5 and Larger: Flanged ends.
	4. For Steel Piping, NPS 2 and Smaller: Threaded ends.
	5. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end option is indicated in valve schedules.
	6. For Steel Piping, NPS 5 and Larger: Flanged ends.


	3.5 HYDRONIC-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller:
	1. Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
	2. Bronze swing check valves with bronze disc, Class 125.

	B. Pipe NPS 2-1/2 and Larger:
	1. NPS 2-1/2 to NPS 4: Iron valves may be provided with threaded ends instead of flanged ends.
	2. Iron swing check valves with metal seats, Class 125.
	3. Iron, compact-wafer, center-guided check valves with metal seat, Class 125.




	230523.15 fl - gate valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Iron gate valves.


	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. NRS: Nonrising stem.
	C. OS&Y: Outside screw and yoke.
	D. RS: Rising stem.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of valve.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, and weld ends.
	3. Set gate valves closed to prevent rattling.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	1. ASME B1.20.1 for threads for threaded-end valves.
	2. ASME B16.1 for flanges on iron valves.
	3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	4. ASME B31.1 for power piping valves.
	5. ASME B31.9 for building services piping valves.

	C. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	D. Valve Sizes: Same as upstream piping unless otherwise indicated.
	E. RS Valves in Insulated Piping: With 2-inch stem extensions.

	2.2 IRON GATE VALVES
	A. Iron Gate Valves, OS&Y, Class 125:
	1. Description:
	a. Standard: MSS SP-70, Type I.
	b. NPS 2-1/2 to NPS 12, CWP Rating: 200 psig.
	c. Body Material: ASTM A 126, gray iron with bolted bonnet.
	d. Ends: Flanged.
	e. Trim: Bronze.
	f. Disc: Solid wedge.
	g. Packing and Gasket: Asbestos free.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects ...
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install chainwheels on operators for gate valves NPS 4 and larger and more than 96 inches above floor. Extend chains to 60 inches above finished floor.
	F. Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and schedules.

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	1. Shutoff Service: Gate valves.

	B. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:
	1. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends, except where threaded valve-end option is indicated in valve schedules below.
	2. For Copper Tubing, NPS 5 and Larger: Flanged ends.
	3. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends, except where threaded valve-end option is indicated in valve schedules below.
	4. For Steel Piping, NPS 5 and Larger: Flanged ends.


	3.5 HYDRONIC-WATER VALVE SCHEDULE
	A. Pipe NPS 2-1/2 and Larger: Iron gate valves, OS&Y, Class 125.



	230529 FL - Hangers and Supports for HVAC Piping and Equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal pipe hangers and supports.
	2. Trapeze pipe hangers.
	3. Metal framing systems.
	4. Thermal-hanger shield inserts.
	5. Fastener systems.
	6. Equipment supports.

	B. Related Sections:
	1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze hangers for pipe and equipment supports.
	2. Section 230548.13 "Vibration Controls for HVAC" for vibration isolation devices.
	3. Section 233113 "Metal Ducts" for duct hangers and supports.


	1.3 DEFINITIONS
	A. MSS: Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design: Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.
	1. Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, system contents, and test water.
	2. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.


	1.5 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product indicated.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	C. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following; include Product Data for components:
	1. Trapeze pipe hangers.
	2. Metal framing systems.
	3. Equipment supports.

	D. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
	1. Detail fabrication and assembly of trapeze hangers.
	2. Design Calculations: Calculate requirements for designing trapeze hangers.


	1.6 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Welding certificates.

	1.7 QUALITY ASSURANCE
	A. Structural Steel Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
	2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.
	3. Nonmetallic Coatings: Plastic coating, jacket, or liner.
	4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to support bearing surface of piping.
	5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

	B. Copper Pipe Hangers:
	1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated components.
	2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.


	2.2 TRAPEZE PIPE HANGERS
	A. Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-bolts.

	2.3 METAL FRAMING SYSTEMS
	A. MFMA Manufacturer Metal Framing Systems:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allied Tube & Conduit.
	b. B-line, an Eaton business.
	c. Flex-Strut Inc.
	d. GS Metals Corp.
	e. Thomas & Betts Corporation; A Member of the ABB Group.
	f. Unistrut; Part of Atkore International.
	g. Wesanco, Inc.

	2. Description: Shop- or field-fabricated pipe-support assembly for supporting multiple parallel pipes.
	4. Channels: Continuous slotted steel channel with inturned lips.
	5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel slot and, when tightened, prevent slipping along channel.
	6. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.
	7. Metallic Coating:  Hot-dipped galvanized.


	2.4 THERMAL-HANGER SHIELD INSERTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Carpenter & Paterson, Inc.
	2. Clement Support Services.
	3. ERICO International Corporation.
	4. National Pipe Hanger Corporation.
	5. PHS Industries, Inc.
	6. Pipe Shields Inc.
	7. Piping Technology & Products, Inc.
	8. Rilco Manufacturing Co., Inc.
	9. Value Engineered Products, Inc.

	B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength and vapor barrier.
	C. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass with 100-psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength.
	D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
	E. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
	F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.5 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	B. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.6 EQUIPMENT SUPPORTS
	A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.

	2.7 MISCELLANEOUS MATERIALS
	A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.
	1. Properties: Nonstaining, noncorrosive, and nongaseous.
	2. Design Mix: 5000-psi, 28-day compressive strength.



	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.
	1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or install intermediate supports for smaller diameter pipes as specified for individual pipe hangers.
	2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being supported. Weld steel according to AWS D1.1/D1.1M.

	C. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support together on field-assembled metal framing systems.
	D. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
	E. Fastener System Installation:
	1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less than 4 inches thick in concrete after concrete is placed and completely cured. Use operators that are licensed by powder-actuated tool manufacturer. Install fa...
	2. Install mechanical-expansion anchors in concrete after concrete is placed and completely cured. Install fasteners according to manufacturer's written instructions.

	F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	G. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
	H. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	I. Install lateral bracing with pipe hangers and supports to prevent swaying.
	J. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping. Install co...
	K. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	M. Insulated Piping:
	1. Attach clamps and spacers to piping.
	a. Piping Operating above Ambient Air Temperature: Clamp may project through insulation.
	b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield insert with clamp sized to match OD of insert.
	c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping.

	2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is indicated. Fill interior voids with insulation that matches adjoining insulation.
	a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

	3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields shall span an arc of 180 degrees.
	a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

	4. Shield Dimensions for Pipe: Not less than the following:
	a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
	b. NPS 4: 12 inches long and 0.06 inch thick.
	c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.

	5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.


	3.2 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.3 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:
	1. Use materials and methods that minimize distortion and develop strength and corrosion resistance of base metals.
	2. Obtain fusion without undercut or overlap.
	3. Remove welding flux immediately.
	4. Finish welds at exposed connections so no roughness shows after finishing and so contours of welded surfaces match adjacent contours.


	3.4 ADJUSTING
	A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

	3.5 PAINTING
	A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports as specified in Division 09 painting sections.
	B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.

	3.6 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing systems and attachments for general service applications.
	F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
	G. Use padded hangers for piping that is subject to scratching.
	H. Use thermal-hanger shield inserts for insulated piping and tubing.
	I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or insulated, stationary pipes NPS 1/2 to NPS 30.
	2. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to NPS 24 if little or no insulation is required.
	3. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of noninsulated, stationary pipes NPS 3/4 to NPS 8.

	J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to NPS 24.
	2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

	K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.
	2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
	3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
	4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of building attachments.
	5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

	L. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend pipe hangers from concrete ceiling.
	2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist construction, to attach to top flange of structural shape.
	3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams, channels, or angles.
	4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.
	5. C-Clamps (MSS Type 23): For structural shapes.
	6. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to flange edge.
	7. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.
	8. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-beams for heavy loads.
	9. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to structural steel.
	10. Welded-Steel Brackets: For support of pipes from below or for suspending from above by using clip and rod. Use one of the following for indicated loads:
	a. Light (MSS Type 31): 750 lb.
	b. Medium (MSS Type 32): 1500 lb.
	c. Heavy (MSS Type 33): 3000 lb.

	11. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
	12. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear horizontal movement where headroom is limited.

	M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with insulation that matches adjoining insulation.
	2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer to prevent crushing insulation.
	3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

	N. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
	O. Comply with MFMA-103 for metal framing system selections and applications that are not specified in piping system Sections.
	P. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.



	230548.13 fl - vibration controls for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Elastomeric isolation pads.
	2. Elastomeric isolation mounts.
	3. Open spring isolators.
	4. Housed-restrained-spring isolators.
	5. Pipe-riser resilient supports.
	6. Resilient pipe guides.
	7. Spring hangers.

	B. Related Requirements:
	1. Section 220548.13 "Vibration Controls for Plumbing" for devices for plumbing equipment and systems.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	1. Include rated load, rated deflection, and overload capacity for each vibration isolation device.
	2. Illustrate and indicate style, material, strength, fastening provision, and finish for each type and size of vibration isolation device type required.

	C. Shop Drawings:
	1. Detail fabrication and assembly of equipment bases. Detail fabrication including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.
	2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.


	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings: Show coordination of vibration isolation device installation for HVAC piping and equipment with other systems and equipment in the vicinity, including other supports and restraints, if any.
	C. Qualification Data: For testing agency.
	D. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."


	PART 2 -  PRODUCTS
	2.1 ELASTOMERIC ISOLATION PADS
	A. Elastomeric Isolation Pads:
	B. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ace Mountings co., Inc.
	2. Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform loading over pad area.
	3. Size: Factory or field cut to match requirements of supported equipment.
	4. Pad Material: Oil and water resistant with elastomeric properties.
	5. Surface Pattern:  Smooth pattern.
	6. Infused nonwoven cotton or synthetic fibers.
	7. Load-bearing metal plates adhered to pads.


	2.2 ELASTOMERIC ISOLATION MOUNTS
	A. Double-Deflection, Elastomeric Isolation Mounts:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Ace Mountings Co., Inc.
	b. California Dynamics Corporation.
	c. Isolation Technology, Inc.
	d. Kinetics Noise Control, Inc.
	e. Mason Industries, Inc.
	f. Vibration Eliminator Co., Inc.
	g. Vibration Isolation.
	h. Vibration Mountings & Controls, Inc.

	2. Mounting Plates:
	a. Top Plate: Encapsulated steel load transfer top plates, factory drilled and threaded.
	b. Baseplate: Encapsulated steel bottom plates with holes provided for anchoring to support structure.

	3. Elastomeric Material:  Molded, oil-resistant rubber, neoprene, or other elastomeric material.


	2.3 OPEN-SPRING ISOLATORS
	A. Freestanding, Laterally Stable, Open-Spring Isolators:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Ace Mountings Co., Inc.
	b. California Dynamics Corporation.
	c. Isolation Technology, Inc.
	d. Kinetics Noise Control, Inc.
	e. Mason Industries, Inc.
	f. Vibration Eliminator Co., Inc.
	g. Vibration Isolation.
	h. Vibration Mountings & Controls, Inc.

	2. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.
	4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
	5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.
	6. Baseplates: Factory-drilled steel plate for bolting to structure with an elastomeric isolator pad attached to the underside. Baseplates shall limit floor load to 500 psig.
	7. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap screw to fasten and level equipment.


	2.4 HOUSED-RESTRAINED-SPRING ISOLATORS
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Ace Mountings Co., Inc.
	b. California Dynamics Corporation.
	c. Isolation Technology, Inc.
	d. Kinetics Noise Control, Inc.
	e. Mason Industries, Inc.
	f. Vibration Eliminator Co., Inc.
	g. Vibration Isolation.
	h. Vibration Mountings & Controls, Inc.

	B. Freestanding, Steel, Open-Spring Isolators with Vertical-Limit Stop Restraint in Two-Part Telescoping Housing:
	1. Two-Part Telescoping Housing: A steel top and bottom frame separated by an elastomeric material and enclosing the spring isolators. Housings are equipped with adjustable snubbers to limit vertical movement.
	a. Drilled base housing for bolting to structure with an elastomeric isolator pad attached to the underside. Bases shall limit floor load to 500 psig.
	b. Threaded top housing with adjustment bolt and cap screw to fasten and level equipment.

	2. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.
	3. Minimum Additional Travel: 50 percent of the required deflection at rated load.
	4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
	5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.


	2.5 PIPE-RISER RESILIENT SUPPORT
	A. Description: All-directional, acoustical pipe anchor consisting of two steel tubes separated by a minimum 1/2-inch-thick neoprene.
	1. Vertical-Limit Stops: Steel and neoprene vertical-limit stops arranged to prevent vertical travel in both directions.
	2. Maximum Load Per Support: 500 psig on isolation material providing equal isolation in all directions.


	2.6 RESILIENT PIPE GUIDES
	A. Description: Telescopic arrangement of two steel tubes or post and sleeve arrangement separated by a minimum 1/2-inch-thick neoprene.
	1. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and reinsertable to allow for selection of pipe movement. Guides shall be capable of motion to meet location requirements.


	2.7 SPRING HANGERS
	A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in Compression:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Ace Mountings Co., Inc.
	b. California Dynamics Corporation.
	c. Isolation Technology, Inc.
	d. Kinetics Noise Control, Inc.
	e. Mason Industries, Inc.
	f. Vibration Eliminator Co., Inc.
	g. Vibration Isolation.
	h. Vibration Mountings & Controls, Inc.

	2. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing isolation efficiency.
	3. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.
	4. Minimum Additional Travel: 50 percent of the required deflection at rated load.
	5. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
	6. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.
	7. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced cup to support spring and bushing projecting through bottom of frame.
	8. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower threaded rod.
	9. Self-centering hanger rod cap to ensure concentricity between hanger rod and support spring coil.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and equipment to receive vibration isolation control devices for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 VIBRATION CONTROL DEVICE INSTALLATION
	A. Installation of vibration isolators must not cause any change of position of equipment, piping, or ductwork resulting in stresses or misalignment.



	230553 FL - Identification for HVAC Piping and Equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Equipment labels.
	2. Warning signs and labels.
	3. Pipe labels.
	4. Valve tags.
	5. Warning tags.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	C. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed content for each label.
	D. Valve numbering scheme.
	E. Valve Schedules: For each piping system to include in maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Brimar Industries, Inc.
	c. Carlton Industries, LP.
	d. Champion America.
	e. Craftmark Pipe Markers.
	f. emedco.
	g. Kolbi Pipe Marker Co.
	h. LEM Products Inc.
	i. Marking Services, Inc.
	j. Seton Identification Products.

	2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	4. Background Color:  Black.
	5. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
	6. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	7. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds t...
	8. Fasteners: Stainless-steel rivets or self-tapping screws.
	9. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

	B. Label Content: Include equipment's Drawing designation or unique equipment number.
	C. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper. Tabulate equipment identification number, and identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specific...

	2.2 WARNING SIGNS AND LABELS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Brady Corporation.
	2. Brimar Industries, Inc.
	3. Carlton Industries, LP.
	4. Champion America.
	5. Craftmark Pipe Markers.
	6. emedco.
	7. LEM Products Inc.
	8. Marking Sevices Inc.
	9. National Marker Company.
	10. Seton Identification Products.
	11. Stranco, Inc.

	B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	C. Letter Color:  White.
	D. Background Color:  Red.
	E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
	F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds t...
	H. Fasteners: Stainless-steel rivets or self-tapping screws.
	I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
	J. Label Content: Include caution and warning information plus emergency notification instructions.

	2.3 PIPE LABELS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
	2. Brady Corporation.
	3. Brimar Industries, Inc.
	4. Carlton Industries, LP.
	5. Champion America.
	6. Craftmark Pipe Markers.
	7. emedco.
	8. Kolbi Pipe Marker Co.
	9. LEM Products Inc.
	10. Marking Sevices Inc.
	11. Seton Identification Products.

	B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction according to ASME A13.1.
	C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe and to attach to pipe without fasteners or adhesive.
	D. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	E. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction.
	1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate both directions or as separate unit on each pipe label to indicate flow direction.
	2. Lettering Size:  Size letters according to ASME A13.1 for piping.


	2.4 VALVE TAGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
	2. Brady Corporation.
	3. Brimar Industries, Inc.
	4. Carlton Industries, LP.
	5. Champion America.
	6. Craftmark Pipe Markers.
	7. emedco.
	8. Kolbi Pipe Marker Co.
	9. LEM Products Inc.
	10. Marking Sevices Inc.
	11. Seton Identification Products.

	B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Fasteners: Brass wire-link chain or beaded chain or S-hook.

	C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating), ...
	1. Valve-tag schedule shall be included in operation and maintenance data.


	2.5 WARNING TAGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Brady Corporation.
	2. Brimar Industries, Inc.
	3. Carlton Industries, LP.
	4. Champion America.
	5. Craftmark Pipe Markers.
	6. emedco.
	7. Kolbi Pipe Marker Co.
	8. LEM Products Inc.
	9. Marking Sevices Inc.
	10. Seton Identification Products.

	B. Description: Preprinted or partially preprinted accident-prevention tags of plasticized card stock with matte finish suitable for writing.
	1. Size:  Approximately 4 by 7 inches.
	2. Fasteners:  Brass grommet and wire.
	3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or "DO NOT OPERATE."
	4. Color: Safety-yellow background with black lettering.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.

	3.3 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.4 PIPE LABEL INSTALLATION
	A. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	1. Near each valve and control device.
	2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where flow pattern is not obvious, mark each pipe at branch.
	3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible enclosures.
	4. At access doors, manholes, and similar access points that permit view of concealed piping.
	5. Near major equipment items and other points of origination and termination.
	6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in areas of congested piping and equipment.
	7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.

	B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including pipes where flow is allowed in both directions.
	C. Pipe Label Color Schedule:
	1. Refrigerant Piping:  White letters on a safety-blue background.


	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves, valves within factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose connections, and HVAC terminal devices and similar roug...
	B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:
	1. Valve-Tag Size and Shape:  1-1/2 inches, round.
	2. Valve-Tag Colors:
	a. Toxic and Corrosive Fluids: Black letters on a safety-orange background.
	b. Flammable Fluids: Black letters on a safety-yellow background.
	c. Combustible Fluids: White letters on a safety-brown background.
	d. Potable and Other Water: White letters on a safety-green background.
	e. Defined by User: White letters on a safety-purple background, black letters on a safety-white background, white letters on a safety-gray background, and white letters on a safety-black background



	3.6 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.



	230593 fl - testing, adjusting, and balancing for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Balancing Air Systems:
	a. Variable-volume air systems.

	2. Testing, Adjusting, and Balancing Equipment:
	a. Hydronic pumps.
	b. Heat pumps.
	c. Air handling units.
	d. VAV boxes.

	3. Testing, adjusting, and balancing existing systems and equipment.
	4. Control system verification.


	1.3 DEFINITIONS
	A. AABC: Associated Air Balance Council.
	B. BAS: Building automation systems.
	C. NEBB: National Environmental Balancing Bureau.
	D. TAB: Testing, adjusting, and balancing.
	E. TABB: Testing, Adjusting, and Balancing Bureau.
	F. TAB Specialist: An independent entity meeting qualifications to perform TAB work.
	G. TDH: Total dynamic head.

	1.4 PREINSTALLATION MEETINGS
	A. TAB Conference: If requested by the Owner, conduct a TAB conference at Project site after approval of the TAB strategies and procedures plan to develop a mutual understanding of the details. Provide a minimum of 14 days' advance notice of scheduled...
	1. Minimum Agenda Items:
	a. The Contract Documents examination report.
	b. The TAB plan.
	c. Needs for coordination and cooperation of trades and subcontractors.
	d. Proposed procedures for documentation and communication flow.



	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Qualification Data: Within 60 days of Contractor's Notice to Proceed, submit documentation that the TAB specialist and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	C. Contract Documents Examination Report: Within 90 days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	D. Strategies and Procedures Plan: Within 90 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	E. System Readiness Checklists: Within 90 days of Contractor's Notice to Proceed, submit system readiness checklists as specified in "Preparation" Article.
	F. Examination Report: Submit a summary report of the examination review required in "Examination" Article.
	G. Certified TAB reports.
	H. Sample report forms.
	I. Instrument calibration reports, to include the following:
	1. Instrument type and make.
	2. Serial number.
	3. Application.
	4. Dates of use.
	5. Dates of calibration.


	1.6 QUALITY ASSURANCE
	A. TAB Specialists Qualifications: Engage a TAB firm certified within the past 10 years by either AABC, NEBB, or TABB or a firm that has 10 years' experience with testing and balancing of mechanical systems.
	B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in ASHRAE 111, Section 4, "Instrumentation."
	C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing."


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems designs that may preclude proper TAB of systems and equipment.
	B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that locations of these balancing devices are applicable for ...
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine equipment performance data including fan and pump curves.
	1. Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance. To calculate system effects for air systems, use tables and charts fou...

	F. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	G. Examine test reports specified in individual system and equipment Sections.
	H. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, filters are clean, and equipment with functioning controls is ready for operation.
	I. Examine terminal units and verify that they are accessible and their controls are connected and functioning.
	J. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	K. Examine operating safety interlocks and controls on HVAC equipment.
	L. Report deficiencies discovered before and during performance of TAB procedures. Observe and record system reactions to changes in conditions. Record default set points if different from indicated values.

	3.2 PREPARATION
	A. Prepare a TAB plan that includes the following:
	1. Equipment and systems to be tested.
	2. Strategies and step-by-step procedures for balancing the systems.
	3. Instrumentation to be used.
	4. Sample forms with specific identification for all equipment.

	B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness for TAB work. Include, at a minimum, the following:
	1. Airside:
	a. Duct systems are complete with terminals installed.
	b. Volume and fire dampers are open and functional.
	c. Clean filters are installed.
	d. Fans are operating, free of vibration, and rotating in correct direction.
	e. Automatic temperature-control systems are operational.
	f. Ceilings are installed.
	g. Windows and doors are installed.
	h. Suitable access to balancing devices and equipment is provided.



	3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Total System Balance", ASHRAE 111, NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental S...
	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	1. After testing and balancing, patch probe holes in ducts with same material and thickness as used to construct ducts.
	2. After testing and balancing, install test ports and duct access doors that comply with requirements in Section 233300 "Air Duct Accessories."
	3. Install and join new insulation that matches removed materials. Restore insulation, coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation," and Section 230719 "HVAC Piping Insulation."

	C. Mark equipment and balancing devices, including damper-control positions, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound (IP) units.

	3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and recommended testing procedures. Cross-check the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems' "as-built" duct layouts.
	C. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
	D. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers through the supply-fan discharge and mixing dampers.
	E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	F. Verify that motor starters are equipped with properly sized thermal protection.
	G. Check dampers for proper position to achieve desired airflow path.
	H. Check for airflow blockages.
	I. Check condensate drains for proper connections and functioning.
	J. Check for proper sealing of air-handling-unit components.
	K. Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."

	3.5 PROCEDURES FOR VARIABLE-VOLUME AIR SYSTEMS
	A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.
	1. Measure total airflow.
	a. Set outside-air, return-air, and relief-air dampers for proper position that simulates minimum outdoor-air conditions.
	b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, perform multiple Pitot-tube traverses to obtain total airflow.
	c. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil traverse may be acceptable.
	d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at terminals and calculate the total airflow.

	2. Measure fan static pressures as follows:
	a. Measure static pressure directly at the fan outlet or through the flexible connection.
	b. Measure static pressure directly at the fan inlet or through the flexible connection.
	c. Measure static pressure across each component that makes up the air-handling system.
	d. Report artificial loading of filters at the time static pressures are measured.

	3. Review Record Documents to determine variations in design static pressures versus actual static pressures. Calculate actual system-effect factors. Recommend adjustments to accommodate actual conditions.
	4. Obtain approval from Owner for adjustment of fan speed higher or lower than indicated speed. Comply with requirements in HVAC Sections for air-handling units for adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit per...
	5. Do not make fan-speed adjustments that result in motor overload. Consult equipment manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor amperage to ensure that no overload occurs. Measure amperage in full-cooling, fu...

	B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows.
	1. Measure airflow of submain and branch ducts.
	2. Adjust submain and branch duct volume dampers for specified airflow.
	3. Re-measure each submain and branch duct after all have been adjusted.

	C. Adjust air inlets and outlets for each space to indicated airflows.
	1. Set airflow patterns of adjustable outlets for proper distribution without drafts.
	2. Measure inlets and outlets airflow.
	3. Adjust each inlet and outlet for specified airflow.
	4. Re-measure each inlet and outlet after they have been adjusted.

	D. Verify final system conditions.
	1. Re-measure and confirm that minimum outdoor, return, and relief airflows are within design. Readjust to design if necessary.
	2. Re-measure and confirm that total airflow is within design.
	3. Re-measure all final fan operating data, rpms, volts, amps, and static profile.
	4. Mark all final settings.
	5. Test system in economizer mode. Verify proper operation and adjust if necessary.
	6. Measure and record all operating data.
	7. Record final fan-performance data.


	3.6 PROCEDURES FOR MOTORS
	A. Motors 1/2 HP and Larger: Test at final balanced conditions and record the following data:
	1. Manufacturer's name, model number, and serial number.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Phase and hertz.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter size and thermal-protection-element rating.
	8. Service factor and frame size.

	B. Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to prove proper operation.

	3.7 PROCEDURES FOR HYDRONIC PUMPS
	A. Verify proper rotation of pump motors.
	B. Measure differential pressure.
	C. Record motor operating data.

	3.8 PROCEDURES FOR HEAT PUMPS
	A. Measure, adjust, and record the following data for each heat pump:
	1. Nameplate data
	2. Hydronic flow.
	3. Entering- and leaving-water temperature at full load.
	4. Water pressure drop.
	5. Voltage and amperage input of each phase at full load.
	6. Calculated kilowatt at full load.
	7. Fuse or circuit-breaker rating for overload protection.

	B. Measure, adjust, and record the following data for each refrigerant coil:
	1. Temperature of entering and leaving water.
	2. GPM.


	3.9 PROCEDURES FOR TEMPERATURE MEASUREMENTS
	A. During TAB, report the need for adjustment in temperature regulation within the automatic temperature-control system.
	B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive eight-hour days, in each separately controlled zone, to prove correctness of final temperature settings.  Measure when the building or zone is in occupied...
	C. Measure outside-air, wet- and dry-bulb temperatures.

	3.10 CONTROLS VERIFICATION
	A. In conjunction with system balancing, perform the following:
	1. Verify temperature control system is operating within the design limitations.
	2. Confirm that the sequences of operation are in compliance with Contract Documents.
	3. Verify that controllers are calibrated and function as intended.
	4. Verify that controller set points are as indicated.
	5. Verify the operation of lockout or interlock systems.
	6. Verify the operation of damper actuators.
	7. Verify that controlled devices are properly installed and connected to correct controller.
	8. Verify that controlled devices travel freely and are in position indicated by controller: open, closed, or modulating.
	9. Verify location and installation of sensors to ensure that they sense only intended temperature, humidity, or pressure.

	B. Reporting: Include a summary of verifications performed, remaining deficiencies, and variations from indicated conditions.

	3.11 TOLERANCES
	A. Set HVAC system's airflow rates and water flow rates within the following tolerances:
	1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent.
	2. Air Outlets and Inlets:  Plus or minus 10 percent.
	3. Heating-Water Flow Rate:  Plus or minus 10 percent.
	4. Cooling-Water Flow Rate:  Plus or minus 10 percent.

	B. Maintaining pressure relationships as designed shall have priority over the tolerances specified above.

	3.12 PROGRESS REPORTING
	A. Initial Construction-Phase Report: Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems balancing devices. Recommend changes and additions to systems balancing ...
	B. Status Reports: Prepare biweekly progress reports to describe completed procedures, procedures in progress, and scheduled procedures. Include a list of deficiencies and problems found in systems being tested and balanced. Prepare a separate report ...

	3.13 FINAL REPORT
	A. General: Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified testing and balancing engineer.
	2. Include a list of instruments used for procedures, along with proof of calibration.
	3. Certify validity and accuracy of field data.

	B. Final Report Contents: In addition to certified field-report data, include the following:
	1. Pump curves.
	2. Fan curves.
	3. Manufacturers' test data.
	4. Field test reports prepared by system and equipment installers.
	5. Other information relative to equipment performance; do not include Shop Drawings and Product Data.

	C. General Report Data: In addition to form titles and entries, include the following data:
	1. Title page.
	2. Name and address of the TAB specialist.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of TAB supervisor who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report. Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer's name, type, size, and fittings.
	14. Notes to explain why certain final data in the body of reports vary from indicated values.
	15. Test conditions for fans and pump performance forms including the following:
	a. Settings for outdoor-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Fan drive settings including settings and percentage of maximum pitch diameter.
	e. Settings for supply-air, static-pressure controller.
	f. Other system operating conditions that affect performance.


	D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present each system with single-line diagram and include the following:
	1. Quantities of outdoor, supply, return, and exhaust airflows.
	2. Duct, outlet, and inlet sizes.
	3. Terminal units.
	4. Position of balancing devices.

	E. Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
	1. Unit Data:
	a. Unit identification.
	b. Location.
	c. Make and type.
	d. Model number and unit size.
	e. Manufacturer's serial number.
	f. Unit arrangement and class.
	g. Discharge arrangement.
	h. Sheave make, size in inches, and bore.
	i. Center-to-center dimensions of sheave and amount of adjustments in inches.
	j. Number, make, and size of belts.
	k. Number, type, and size of filters.

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in inches, and bore.
	f. Center-to-center dimensions of sheave and amount of adjustments in inches.

	3. Test Data (Indicated and Actual Values):
	a. Total airflow rate in cfm.
	b. Total system static pressure in inches wg.
	c. Fan rpm.
	d. Discharge static pressure in inches wg.
	e. Filter static-pressure differential in inches wg.
	f. Preheat-coil static-pressure differential in inches wg.
	g. Cooling-coil static-pressure differential in inches wg.
	h. Heating-coil static-pressure differential in inches wg.
	i. Outdoor airflow in cfm.
	j. Return airflow in cfm.
	k. Outdoor-air damper position.
	l. Return-air damper position.


	F. Apparatus-Coil Test Reports:
	1. Coil Data:
	a. System identification.
	b. Location.
	c. Coil type.
	d. Number of rows.
	e. Fin spacing in fins per inch o.c.
	f. Make and model number.
	g. Face area in sq. ft.
	h. Circuiting arrangement.

	2. Test Data (Indicated and Actual Values):
	a. Airflow rate in cfm.
	b. Average face velocity in fpm.
	c. Air pressure drop in inches wg.
	d. Outdoor-air, wet- and dry-bulb temperatures in deg F.
	e. Return-air, wet- and dry-bulb temperatures in deg F.
	f. Entering-air, wet- and dry-bulb temperatures in deg F.
	g. Leaving-air, wet- and dry-bulb temperatures in deg F.
	h. Refrigerant expansion valve and refrigerant types.
	i. Refrigerant suction pressure in psig.
	j. Refrigerant suction temperature in deg F.


	G. Fan Test Reports: For supply, return, transfer, and exhaust fans, include the following:
	1. Fan Data:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and size.
	e. Manufacturer's serial number.
	f. Arrangement and class.
	g. Sheave make, size in inches, and bore.
	h. Center-to-center dimensions of sheave and amount of adjustments in inches.

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in inches, and bore.
	f. Center-to-center dimensions of sheave, and amount of adjustments in inches.
	g. Number, make, and size of belts.

	3. Test Data (Indicated and Actual Values):
	a. Total airflow rate in cfm.
	b. Total system static pressure in inches wg.
	c. Fan rpm.
	d. Discharge static pressure in inches wg.
	e. Suction static pressure in inches wg.


	H. Round and Rectangular Duct Traverse Reports: Include a diagram with a grid representing the duct cross-section and record the following:
	1. Report Data:
	a. System and air-handling-unit number.
	b. Location and zone.
	c. Traverse air temperature in deg F.
	d. Duct static pressure in inches wg.
	e. Duct size in inches.
	f. Duct area in sq. ft.
	g. Indicated airflow rate in cfm.
	h. Indicated velocity in fpm.
	i. Actual airflow rate in cfm.
	j. Actual average velocity in fpm.
	k. Barometric pressure in psig.


	I. Air-Terminal-Device Reports:
	1. Unit Data:
	a. System and air-handling unit identification.
	b. Location and zone.
	c. Apparatus used for test.
	d. Area served.
	e. Make.
	f. Number from system diagram.
	g. Type and model number.
	h. Size.

	2. Test Data (Indicated and Actual Values):
	a. Airflow rate in cfm.
	b. Preliminary airflow rate as needed in cfm.
	c. Final airflow rate in cfm.
	d. Space temperature in deg F.


	J. System-Coil Reports:  Electric unit heaters and cabinet unit heaters.
	1. Unit Data:
	a. System unit identification.
	b. Location and zone.
	c. Room or riser served.
	d. Coil make and size.
	e. Connected volts, phase, and hertz.
	f. Rated amperage.

	2. Test Data (Indicated and Actual Values):
	a. Airflow rate in cfm.
	b. Heat input in Btu/h.
	c. Entering-air temperature in deg F.
	d. Leaving-air temperature in deg F.
	e. Motor voltage.
	f. Motor amperage.


	K. Instrument Calibration Reports:
	1. Report Data:
	a. Instrument type and make.
	b. Serial number.
	c. Application.
	d. Dates of use.
	e. Dates of calibration.



	3.14 VERIFICATION OF TAB REPORT
	A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of Owner.
	B. Owner shall randomly select measurements, documented in the final report, to be rechecked. Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-hour...
	C. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.
	E. If TAB work fails, proceed as follows:
	1. TAB specialists shall recheck all measurements and make adjustments. Revise the final report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
	2. If the second final inspection also fails, Owner may contract the services of another TAB specialist to complete TAB work according to the Contract Documents and deduct the cost of the services from the original TAB specialist's final payment.
	3. If the second verification also fails, Owner may contact AABC Headquarters regarding the AABC National Performance Guaranty.

	F. Prepare test and inspection reports.



	230713 fl - duct insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:
	1. Indoor supply and outdoor air.

	B. Related Sections:
	1. Section 230719 "HVAC Piping Insulation."


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied if any).  On data submittal sheets where more than one product is described, clearly annot...
	C. Insulation Schedule:  Identify type of material, thickness, vapor barrier provision, and where required, field-applied jacket to be provided for each system application.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Qualification Data: For qualified Installer.
	C. Material Test Reports: From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requ...
	D. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materi...
	1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed index of 50 or less.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with duct Installer for duct insulation application. Before preparing ductwork Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and ...

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing. Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Ap...
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. CertainTeed Corporation; SoftTouch Duct Wrap.
	b. Johns Manville; a Berkshire Hathaway company; Microlite.
	c. Knauf Insulation; Friendly Feel Duct Wrap with ECOSE Technology.
	d. Manson Insulation Inc.; Allen Wrap.
	e. Owens Corning; SOFTR All-Service Duct Wrap.


	G. Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide insulation with factory-applied FSK jacket. Factory-applied jacket requ...
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. CertainTeed Corporation; Commercial Board.
	b. Johns Manville; a Berkshire Hathaway company; 800 Series Spin-Glas.
	c. Knauf Insulation; Insulation Board with ECOSE Technology.
	d. Manson Insulation Inc.; AK Board.
	e. Owens Corning; Fiberglas 700 Series.



	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA, Inc.; Aeroseal.
	b. Armacell LLC; Armaflex 520 Adhesive.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-75.
	d. K-Flex USA; R-373 Contact Adhesive.


	C. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	D. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-127.
	b. Eagle Bridges - Marathon Industries; CP-127.Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand; H. B. Fuller Construction Products; 85-60/85-70.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. Fiberglass adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."

	E. FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-82.
	b. Eagle Bridges - Marathon Industries.
	c. Foster Brand; H. B. Fuller Construction Products; 85-50.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. Adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."


	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. VOC Content:  300 g/L or less.
	2. Low-Emitting Materials: Mastic coatings shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Source...

	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Foster Brand; H. B. Fuller Construction Products; 38-80/30-90.

	2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry film thickness.
	3. Service Temperature Range: Minus 20 to plus 180 deg F.
	4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color: White.

	C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-10.
	b. Eagle Bridges - Marathon Industries.
	c. Foster Brand; H. B. Fuller Construction Products; 46-50.
	d. Knauf Insulation; EXPERT Mastics.
	e. Mon-Eco Industries, Inc.; 55-50.
	f. Vimasco Corporation; WC-1/WC-5.

	2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
	3. Service Temperature Range: Minus 20 to plus 180 deg F.
	4. Solids Content: 60 percent by volume and 66 percent by weight.
	5. Color: White.


	2.4 LAGGING ADHESIVES
	A. Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products.
	b. Foster Brand; H. B. Fuller Construction Products; 85-50.
	c. Vimasco Corporation; 713 and 714.

	2. Adhesives shall have a VOC content of 50 g/L or less.
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."
	4. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over duct insulation.
	5. Service Temperature Range: 0 to plus 180 deg F.
	6. Color: White.


	2.5 SEALANTS
	A. FSK Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-76.
	b. Eagle Bridges - Marathon Industries; CP-76.Eagle Bridges - Marathon Industries; 405.
	c. Foster Brand; H.B. Fuller Construction Products; 95-44.
	d. Mon-Eco Industries, Inc.; 44-05.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range: Minus 40 to plus 250 deg F.
	5. Color: Aluminum.
	6. Sealant shall have a VOC content of 420 g/L or less.
	7. Sealant shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."

	B. PVC Jacket Flashing Sealants
	1. Materials are compatible with insulation materials, jackets, and substrates.
	2. Fire- and water-resistant, flexible, elastomeric sealant.
	3. Service Temperature Range: Minus 40 to plus 250 deg F.
	4. Color: White.


	2.6 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:
	1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.


	2.7 FIELD-APPLIED JACKETS
	A. Field-applied jackets comply with ASTM C921, Type I, unless otherwise indicated.
	B. Self-Adhesive Outdoor Jacket (Asphaltic): 60-mil-thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a crosslaminated polyethylene f...

	2.8 TAPES
	A. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	b. Compac Corporation; 110 and 111.
	c. Ideal Tape Co., Inc.; and American Biltrite company; 491 AWF FSK.
	d. Knauf Insulation; EXPERT Tapes - FSK Tape.
	e. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

	2. Width: 3 inches.
	3. Thickness: 6.5 mils.
	4. Adhesion: 90 ounces force/inch in width.
	5. Elongation: 2 percent.
	6. Tensile Strength: 40 lbf/inch in width.
	7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.


	2.9 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ITW Insulation systems; Illinois Tool Works, Inc.; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 inch thick, 1/2 inch wide with wing seal or closed seal.
	4. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands. Spring size determined by manufacturer for application.

	B. Insulation Pins and Hangers:
	1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth of insulation indicated.
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	1) AGM Industries, Inc.; CWP-1.


	2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel w...
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	1) AGM Industries, Inc.; CHP-1.
	4) Nelson Stud Welding; CHP.


	3. Self-Sticking Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.

	b. Baseplate:  Galanized carbon-steel sheet, 0.030 inch thick by 2 inches square.

	4. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	1) AGM Industries, Inc.; CWP-1.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.


	C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed, stainless steel.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.

	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.  Replace insulation materials that get wet during storage or in the installation process before being properly covered and sealed in accordance with Contract Documents.
	G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure. Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.

	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c.
	3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive self-sealing lap. Staple laps with outward clinching staples along edge at 2 inches o.c.
	a. For below ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to duct flanges and fittings.

	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.

	3.4 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Install cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct. Space 3 inches maximum from insulation end joints, and 16 inches o.c.
	b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each way, and 3 inches maximum from insulation joints. Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.
	e. Impale insulation over pins and attach speed washers.
	f. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface. Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from one edge and one end of insulation segme...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface. Co...

	5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface. Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
	6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.

	B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct. Space 3 inches maximum from insulation end joints, and 16 inches o.c.
	b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each way, and 3 inches maximum from insulation joints. Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.
	e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface. Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from one edge and one end of insulation segme...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface. Co...

	5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface. Groove and score insulation to fit as closely as possible to outside and inside radius of elbows. Install insulation on round and flat-ov...
	6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- wide strips of same material used to insulate duct. Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.


	3.5 FIELD-APPLIED JACKET INSTALLATION
	A. Where FSK jackets are indicated, install as follows:
	1. Draw jacket material smooth and tight.
	2. Install lap or joint strips with same material as jacket.
	3. Secure jacket to insulation with manufacturer’s recommended adhesive.
	4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at end joints.
	5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-barrier mastic.

	B. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant recommended by insulation manufacturer.  Secure jack...

	3.6 FINISHES
	A. Insulation with ASJ, Glass-Cloth, or other Paintable Jacket Material:  Paint jacket with paint system identified below and as specified in Division 09 painting Sections.
	1. Flat Acrylic Finish: Two finish coats over a primer that is compatible jacket material and finish coat paint.  Add fungicidal agent to render fabric mildew proof.
	a. Finish Coat Material: Interior, flat, latex-emulsion size.


	B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer’s recommended protective coating.
	C. Color: Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum or stainless-steel jackets.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation. Extent of inspection shall be limited to one location for each duct system defined in the "Duct Insu...

	C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.8 DUCT INSULATION SCHEDULE, GENERAL
	A. Plenums and Ducts Requiring Insulation:
	1. Indoor, supply and outdoor air.

	B. Items Not Insulated:
	1. Factory-insulated flexible ducts.
	2. Factory-insulated plenums and casings.
	3. Flexible connectors.
	4. Vibration-control devices.
	5. Factory-insulated access panels and doors.


	3.9 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Rectangular, supply-air duct insulation shall be one of the following:
	1. Mineral-Fiber Blanket:  2 inches thick and 0.75-lb/cu. ft. nominal density.
	2. Mineral-Fiber Board:  1-1/2 inches thick and 2-lb/cu. ft. nominal density.

	B. Rectangular, outdoor-air duct insulation shall be the following:
	1. Mineral-Fiber Board:  2 inches thick and 2-lb/cu. ft. nominal density.




	230719 fl - hvac piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	1. Condensate drain piping, indoors.
	2. Refrigerant suction and hot-gas piping indoors and outdoors.

	B. Related Sections:
	1. Section 230713 "Duct Insulation."


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).  On data submittal sheets where more than one product is described, clearly annota...
	C. Insulation Schedule:  Identify type of material, thickness, vapor barrier provision, and where required, field-applied jacket to be provided for each system application.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Qualification Data: For qualified Installer.
	C. Material Test Reports: From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requ...
	D. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction. Factory label insulation an...
	1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed index of 50 or less.
	2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed index of 150 or less.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application. Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes an...

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems. Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule" and "Outdoor, Aboveground Piping Insulation Schedule" Articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM C 534, Type I for tubular materials.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA, Inc.; Aerocel.



	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aeroflex USA, Inc.; Aerocel.

	2. Adhesives shall have a VOC content of 50 g/L or less.
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."

	C. PVC Jacket Adhesive: Compatible with PVC jacket.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Dow Corning Corporation; 739, Dow Silicone.
	c. P.I.C. Plastics, Inc.; Welding Adhesive.
	d. Speedline Corporation; Polyco VP Adhesive.

	2. Adhesive shall have a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."


	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. VOC Content:  300 g/L or less.
	2. Low-Emitting Materials: Mastic coatings shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Source...

	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Foster Brand; Specialty Construction Brands, Inc. a business of H. B. Fuller company; 30-80/30-90.
	b. Vimasco Corporation; 749.

	2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry film thickness.
	3. Service Temperature Range: Minus 20 to plus 180 deg F.
	4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color: White.

	C. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.
	1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-10.
	b. Eagle Bridges - Marathon Industries.
	c. Foster Brand; H. B. Fuller Construction Products; 46-50.
	d. Knauf Insulation; EXPERT Mastics.
	e. Mon-Eco Industries, Inc.; 55-50.
	f. Vimasco Corporation; WC-1/WC-5.

	2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
	4. Solids Content: 60 percent by volume and 66 percent by weight.
	5. Color: White.


	2.4 LAGGING ADHESIVES
	A. Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products; CP-50 AHV2.
	c. Vimasco Corporation; 713 and 714.

	2. Adhesives shall have a VOC content of 50 g/L or less.
	3. Adhesive shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."
	4. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over pipe insulation.
	5. Service Temperature Range: 0 to plus 180 deg F.
	6. Color: White.


	2.5 SEALANTS
	A. ASJ Flashing Sealants and PVC Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range: Minus 40 to plus 250 deg F.
	5. Color: White.
	6. Sealant shall have a VOC content of 420 g/L or less.
	7. Sealant shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."


	2.6 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. Thickness is indicated in field-applied jacket schedules.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Johns Manville; a Berkshire Hathaway company; Zeston.
	c. Proto Corporation; LoSmoke.
	d. Speedline Corporation; SmokeSafe.

	2. Adhesive: As recommended by jacket material manufacturer.
	3. Color:  White.
	4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
	a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories.


	C. Metal Jacket:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand; H. B. Fuller Construction Products:  Metal Jacketing Systems.
	c. RPR Products, Inc.; Insul-Mate.

	2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, Temper H-14.
	a. Factory cut and rolled to size.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Indoor Applications:  1-mil-thick, heat-bonded polyethylene and Kraft paper.
	d. Moisture Barrier for Outdoor Applications:  3-mil-thick, heat-bonded polyethylene and Kraft paper.
	e. Factory-Fabricated Fitting Covers:
	1) Same material, finish, and thickness as jacket.
	2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
	3) Tee covers.
	4) Flange and union covers.
	5) End caps.
	6) Beveled collars.
	7) Valve covers.
	8) Field fabricate fitting covers only if factory-fabricated fitting covers are not available.



	D. Self-Adhesive Outdoor Jacket: 60-mil-thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a cross-laminated polyethylene film covered...
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Polyguard Products, Inc.; Alumaguard 60.



	2.7 TAPES
	A. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Campac Corporation.
	c. Venture Tape; 1506 CW NS.

	2. Width: 2 inches.
	3. Thickness: 6 mils.
	4. Adhesion: 64 ounces force/inch in width.
	5. Elongation: 500 percent.
	6. Tensile Strength: 18 lbf/inch in width.


	2.8 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	b. RPR Products, Inc.; Insul-Mate Strapping Seals, and Springs.

	2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 inch thick, 1/2 inch wide with wing seal or closed seal.
	3. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands. Spring size determined by manufacturer for application.

	B. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	C. Wire:  0.080-inch nickel-copper alloy or 0.062-inch soft-annealed, galvanized steel.
	D. Manufacturers:  subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. C & F Wire.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.
	3. Proceed with installation only after unsatisfactory conditions have been corrected.


	3.2 PREPARATION
	A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.
	B. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure. Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.
	4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c.
	3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. Staple laps with outward clinching staples along edge at 2 inches o.c.
	a. For below-ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to pipe flanges and fittings.

	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:
	1. Vibration-control devices.
	2. Testing agency labels and stamps.
	3. Nameplates and data plates.
	4. Manholes.
	5. Handholes.
	6. Cleanouts.


	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation above roof surface and seal with joint sealant. For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor i...
	3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of roof flashing.
	4. Seal jacket to roof flashing with flashing sealant.

	B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.
	1. Seal penetrations with flashing sealant.
	2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal with joint sealant. For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor ...
	3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 2 inches.
	4. Seal jacket to wall flashing with flashing sealant.

	C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
	D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation continuously through penetrations of fire-rated walls and partitions.
	1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping and fire-resistive joint sealers.

	E. Insulation Installation at Floor Penetrations:
	1. Pipe: Install insulation continuously through floor penetrations.
	2. Seal penetrations through fire-rated assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."


	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated.
	2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same material and density as adjacent pipe insulation. Each piece shall be butted tightly against adjoining piece and bonded with adhesive. Fill joints, seams, vo...
	3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt each section closely to the next and hold in place with tie wi...
	4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or on...
	5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or...
	6. Insulate flanges and unions using a section of oversized preformed pipe insulation. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.
	7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient services. Reinforce the mastic with fabric-reinforcing mesh....
	8. For services not specified to receive a field-applied jacket except for flexible elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions. Terminate ends with PVC end caps. Tape PVC covers to ad...
	9. Stencil or label the outside insulation jacket of each union with the word "union." Match size and color of pipe labels.

	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation at these connections by tapering it to and around t...
	D. Install removable insulation covers at locations indicated. Installation shall conform to the following:
	1. Make removable flange and union insulation from sectional pipe insulation of same thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe insulation.
	2. When flange and union covers are made from sectional pipe insulation, extend insulation from flanges or union long at least two times the insulation thickness over adjacent pipe insulation on each side of flange or union. Secure flange cover in pla...
	3. Construct removable valve insulation covers in same manner as for flanges, except divide the two-part section on the vertical center line of valve body.
	4. When covers are made from block insulation, make two halves, each consisting of mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached insulation, to flanges with tie wire. Extend insulation at least 2 inches over...
	5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces with a metal jacket.


	3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
	B. Insulation Installation on Pipe Flanges:
	1. Install pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of same thickness as pipe insulation.
	4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install mitered sections of pipe insulation.
	2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed valve covers manufactured of same material as pipe insulation when available.
	2. When preformed valve covers are not available, install cut sections of pipe and sheet insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	3. Install insulation to flanges as specified for flange insulation application.
	4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.


	3.7 FIELD-APPLIED JACKET INSTALLATION
	A. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end joints; for horizontal applications. Seal with manufacturer's recommended adhesive.
	1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.

	B. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof sealant recommended by insulation manufacturer. Secure jacket ...

	3.8 FINISHES
	A. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.

	3.9 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation. Extent of inspection shall be limited to three locations of straight pi...

	C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.10 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range. If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:
	1. Underground piping.
	2. Chrome-plated pipes and fittings unless there is a potential for personnel injury.


	3.11 INDOOR PIPING INSULATION SCHEDULE
	A. Condensate and Equipment Drain Water below 60 Deg F:
	1. All Pipe Sizes: Insulation shall be the following:
	a. Flexible Elastomeric:  3/4 inch thick.


	B. Heat pump condenser water piping:
	1. All Pipe Sizes: Insulation shall be the following:
	a. Flexible Elastomeric:  1 inch thick.

	2. Vapor Barrier:  Required.


	3.12 INDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. Piping, Concealed:
	1. None.

	C. Piping, Exposed in Unoccupied Areas Below 8-Feet Above Finished Floor and All Exposed Piping in Finished Areas:
	1. PVC:  20 mils thick.




	230923 fl - direct digital control (ddc) system for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. DDC system for monitoring and controlling of HVAC systems.
	2. Delivery of selected control devices to equipment and systems manufacturers for factory installation and to HVAC systems installers for field installation.

	B. Related Requirements:
	1. Communications Cabling:
	a. Section 260523 "Control-Voltage Electrical Power Cables" for balanced twisted pair communications cable.
	b. Section 271513 "Communications Copper Horizontal Cabling" for balanced twisted pair communications cable.

	2. Section 260553 "Identification for Electrical Systems" for identification requirements for electrical components.


	1.3 DEFINITIONS
	A. Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set of well-defined rules or processes for solving a problem in a finite number of steps.
	B. Analog: A continuously varying signal value, such as current, flow, pressure, or temperature.
	C. BACnet Specific Definitions:
	1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A communications protocol allowing devices to communicate data over and services over a network.
	2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of BACnet functionality that is needed to perform a particular task. BIBBs are combined to build the BACnet functional requirements for a device.
	3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet messages over IP networks. A BACnet/IP network is a collection of one or more IP subnetworks that share the same BACnet network number.
	4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for compliance with ASHRAE 135, operated under direction of BACnet International.
	5. PICS (Protocol Implementation Conformance Statement): Written document that identifies the particular options specified by BACnet that are implemented in a device.

	D. Binary: Two-state signal where a high signal level represents ON" or "OPEN" condition and a low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used interchangeably with "Binary" to indicate a two-state signal.
	E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing on a network, used for local or global control. Three types of controllers are indicated: Network Controller, Programmable Application Controller, and Ap...
	F. Control System Integrator: An entity that assists in expansion of existing enterprise system and support of additional operator interfaces to I/O being added to existing enterprise system.
	G. COV: Changes of value.
	H. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer and responsible for execution of DDC system Work indicated.
	I. Distributed Control: Processing of system data is decentralized and control decisions are made at subsystem level. System operational programs and information are provided to remote subsystems and status is reported back. On loss of communication, ...
	J. Gateway: Bidirectional protocol translator that connects control systems that use different communication protocols.
	K. HLC: Heavy load conditions.
	L. I/O: System through which information is received and transmitted. I/O refers to analog input (AI), binary input (BI), analog output (AO) and binary output (BO). Analog signals are continuous and represent control influences such as flow, level, mo...
	M. LAN: Local area network.
	N. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control, signaling power-limited circuits.
	O. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular data network and running a native control application or accessing a web interface.
	P. MS/TP: Master-slave/token-passing, IEE 8802-3. Datalink protocol LAN option that uses twisted-pair wire for low-speed communication.
	Q. MTBF: Mean time between failures.
	R. Network Controller: Digital controller, which supports a family of programmable application controllers and application-specific controllers, that communicates on peer-to-peer network for transmission of global data.
	S. Network Repeater: Device that receives data packet from one network and rebroadcasts it to another network. No routing information is added to protocol.
	T. Peer to Peer: Networking architecture that treats all network stations as equal partners.
	U. POT: Portable operator's terminal.
	V. PUE: Performance usage effectiveness.
	W. RAM: Random access memory.
	X. RF: Radio frequency.
	Y. Router: Device connecting two or more networks at network layer.
	Z. Server: Computer used to maintain system configuration, historical and programming database.
	AA. TCP/IP: Transport control protocol/Internet protocol.
	BB. UPS: Uninterruptible power supply.
	CC. USB: Universal Serial Bus.
	DD. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying protocol.
	EE. VAV: Variable air volume.
	FF. WLED: White light emitting diode.

	1.4 PREINSTALLATION MEETINGS
	A. Preinstallation Conference: Conduct conference at Project site.

	1.5 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Multiple Submissions:
	1. If multiple submissions are required to execute work within schedule, first submit a coordinated schedule clearly defining intent of multiple submissions. Include a proposed date of each submission with a detailed description of submittal content t...
	2. Clearly identify each submittal requirement indicated and in which submission the information will be provided.
	3. Include an updated schedule in each subsequent submission with changes highlighted to easily track the changes made to previous submitted schedule.

	C. Product Data: On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.  For each type of product include the following:
	1. Construction details, material descriptions, dimensions of individual components and profiles, and finishes.
	2. Operating characteristics, electrical characteristics, and furnished accessories indicating process operating range, accuracy over range, control signal over range, default control signal with loss of power, calibration data specific to each unique...
	3. Product description with complete technical data, performance curves, and product specification sheets.
	4. Installation, operation and maintenance instructions including factors effecting performance.
	5. Bill of materials of indicating quantity, manufacturer, and extended model number for each unique product.
	7. Each submitted piece of product literature shall clearly cross reference specification and drawings that submittal is to cover.

	D. Software Submittal.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	1. Cross-referenced listing of software to be loaded on each operator workstation, server, gateway, and DDC controller.
	2. Description and technical data of all software provided, and cross-referenced to products in which software will be installed.
	3. Operating system software, operator interface and programming software, color graphic software, DDC controller software, maintenance management software, and third-party software.
	4. Description of operator interface to alphanumeric and graphic programming.
	5. Description of each network communication protocol.
	6. Description of system database, including all data included in database, database capacity and limitations to expand database.
	7. Controlled Systems: Instrumentation list with element name, type of device, manufacturer, model number, and product data. Include written description of sequence of operation including schematic diagram.

	E. Shop Drawings:
	1. General Requirements:
	a. Include cover drawing with Project name, location, Owner, Architect, Contractor and issue date with each Shop Drawings submission.
	b. Include a drawing index sheet listing each drawing number and title that matches information in each title block.

	2. Include plans, elevations, sections, and mounting details where applicable.
	3. Include details of product assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	4. Plan Drawings indicating the following:
	a. Screened backgrounds of walls, structural grid lines, HVAC equipment, ductwork and piping.
	b. Room names and numbers with coordinated placement to avoid interference with control products indicated.
	c. Each desktop workstation, server, gateway, router, DDC controller, control panel instrument connecting to DDC controller, and damper and valve connecting to DDC controller, included in Project.
	d. Exact placement of products in rooms, ducts, and piping to reflect proposed installed condition.
	e. Network communication cable and raceway routing.
	f. Proposed routing of wiring, cabling, conduit, and tubing, coordinated with building services for review before installation.

	5. Schematic drawings for each controlled HVAC system indicating the following:
	a. I/O points labeled with point names shown. Indicate instrument range, normal operating set points, and alarm set points. Indicate fail position of each damper and valve, if included in Project.
	b. I/O listed in table format showing point name, type of device, manufacturer, model number, and cross-reference to product data sheet number.
	c. A graphic showing location of control I/O in proper relationship to HVAC system.
	d. Wiring diagram with each I/O point having a unique identification and indicating labels for all wiring terminals.
	e. Unique identification of each I/O that shall be consistently used between different drawings showing same point.
	f. Elementary wiring diagrams of controls for HVAC equipment motor circuits including interlocks, switches, relays and interface to DDC controllers.
	g. Narrative sequence of operation.

	6. Control panel drawings indicating the following:
	a. Panel dimensions, materials, size, and location of field cable, raceways, and wiring connections.
	b. Interior subpanel layout, drawn to scale and showing all internal components, cabling and wiring raceways, nameplates and allocated spare space.
	c. Front, rear, and side elevations and nameplate legend.
	d. Unique drawing for each panel.

	7. DDC system network riser diagram indicating the following:
	a. Each device connected to network with unique identification for each.
	b. Interconnection of each different network in DDC system.
	c. For each network, indicate communication protocol, speed and physical means of interconnecting network devices, such as copper cable type, or optical fiber cable type. Indicate raceway type and size for each.
	d. Each network port for connection of an operator workstation or other type of operator interface with unique identification for each.

	8. DDC system electrical power riser diagram indicating the following:
	a. Each point of connection to field power with requirements (volts/phase//hertz/amperes/connection type) listed for each.
	b. Each control power supply including, as applicable, transformers, power-line conditioners, transient voltage suppression and high filter noise units, DC power supplies, and UPS units with unique identification for each.
	c. Each product requiring power with requirements (volts/phase//hertz/amperes/connection type) listed for each.
	d. Power wiring type and size, race type, and size for each.

	9. Monitoring and control signal diagrams indicating the following:
	a. Control signal cable and wiring between controllers and I/O.
	b. Point-to-point schematic wiring diagrams for each product.

	10. Color graphics indicating the following:
	a. Itemized list of color graphic displays to be provided.
	b. For each display screen to be provided, a true color copy showing layout of pictures, graphics and data displayed.
	c. Intended operator access between related hierarchical display screens.


	F. System Description:
	1. Full description of DDC system architecture, network configuration, operator interfaces and peripherals, servers, controller types and applications, gateways, routers and other network devices, and power supplies.
	2. Complete listing and description of each report, log and trend for format and timing and events which initiate generation.
	3. System and product operation under each potential failure condition including, but not limited to, the following:
	a. Loss of power.
	b. Loss of network communication signal.
	c. Loss of controller signals to inputs and outpoints.
	d. Operator workstation failure.
	e. Server failure.
	f. Gateway failure.
	g. Network failure
	h. Controller failure.
	i. Instrument failure.
	j. Control damper and valve actuator failure.

	4. Complete bibliography of documentation and media to be delivered to Owner.
	5. Description of testing plans and procedures.
	6. Description of Owner training.


	1.6 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings:
	1. Plan drawings and corresponding product installation details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	a. Product installation location shown in relationship to room, duct, pipe and equipment.
	b. Structural members to which products will be attached.
	c. Wall-mounted instruments located in finished space showing relationship to light switches, fire-alarm devices and other installed devices.
	d. Size and location of wall access panels for products installed behind walls and requiring access.

	2. Reflected ceiling plans and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	a. Ceiling components.
	b. Size and location of access panels for products installed above inaccessible ceiling assemblies and requiring access.
	c. Items penetrating finished ceiling including the following:
	1) Lighting fixtures.
	2) Air outlets and inlets.
	3) Speakers.
	4) Sprinklers.
	5) Access panels.
	6) Motion sensors.
	7) Pressure sensors.
	8) Temperature sensors and other DDC control system instruments.



	C. Qualification Data:
	1. Systems Provider Qualification Data:
	a. Resume of project manager assigned to Project.
	b. Resumes of application engineering staff assigned to Project.
	c. Resumes of installation and programming technicians assigned to Project.
	d. Resumes of service technicians assigned to Project.
	e. Brief description of past project including physical address, floor area, number of floors, building system cooling and heating capacity and building's primary function.
	f. Description of past project DDC system, noting similarities to Project scope and complexity indicated.
	g. Names of staff assigned to past project that will also be assigned to execute work of this Project.
	h. Owner contact information for past project including name, phone number, and e-mail address.
	i. Contractor contact information for past project including name, phone number, and e-mail address.
	j. Architect and Engineer contact information for past project including name, phone number, and e-mail address.

	2. Manufacturer's qualification data.
	3. Testing agency's qualifications data.

	D. Product Certificates:
	1. Data Communications Protocol Certificates: Certifying that each proposed DDC system component complies with ASHRAE 135.

	E. Product Test Reports: For each product that requires testing to be performed by manufacturer.
	F. Source quality-control reports.
	G. Field quality-control reports.
	H. Sample Warranty: For manufacturer's warranty.

	1.7 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For DDC system to include in emergency, operation and maintenance manuals.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	a. Project Record Drawings of as-built versions of submittal Shop Drawings provided in electronic PDF format.
	b. Testing and commissioning reports and checklists of completed final versions of reports, checklists, and trend logs.
	c. As-built versions of submittal Product Data.
	d. Names, addresses, e-mail addresses and 24-hour telephone numbers of Installer and service representatives for DDC system and products.
	e. Operator's manual with procedures for operating control systems including logging on and off, handling alarms, producing point reports, trending data, overriding computer control and changing set points and variables.
	f. Programming manuals with description of programming language and syntax, of statements for algorithms and calculations used, of point database creation and modification, of program creation and modification, and of editor use.
	h. Backup copy of graphic files, programs, and database on electronic media such as DVDs or CDs.
	i. List of recommended spare parts with part numbers and suppliers.
	j. Complete original-issue documentation, installation, and maintenance information for furnished third-party hardware including computer equipment and sensors.
	k. Complete original-issue copies of furnished software, including operating systems, custom programming language, operator workstation software, and graphics software.
	l. Licenses, guarantees, and warranty documents.
	m. Recommended preventive maintenance procedures for system components, including schedule of tasks such as inspection, cleaning, and calibration; time between tasks; and task descriptions.
	n. Owner training materials.



	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Furnish extra materials and parts that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	C. Include product manufacturers' recommended parts lists for proper product operation over four-year period following warranty period. Parts list shall be indicated for each year.
	D. Furnish parts, as indicated by manufacturer's recommended parts list, for product operation during two-year period following warranty period.
	E. Furnish quantity indicated of matching product(s) in Project inventory for each unique size and type of following:
	1. Network Controller:  One.
	2. Programmable Application Controller:  One.
	3. Application-Specific Controller:  One.
	4. Room and Outdoor Carbon Dioxide Sensor and Transmitter: One of each.
	5. Transformer:  One of each size and type.
	6. DC Power Supply:  One of each size and type.


	1.9 QUALITY ASSURANCE
	A. DDC System Manufacturer Qualifications:
	1. Nationally recognized manufacturer of DDC systems and products.
	2. DDC systems with similar requirements to those indicated for a continuous period of 10 years within time of bid.
	3. DDC systems and products that have been successfully tested and in use on at least five past projects.
	4. Having complete published catalog literature, installation, operation and maintenance manuals for all products intended for use.
	5. Having full-time in-house employees for the following:
	a. Product research and development.
	b. Product and application engineering.
	c. Product manufacturing, testing and quality control.
	d. Technical support for DDC system installation training, commissioning and troubleshooting of installations.
	e. Owner operator training.


	B. DDC System Provider Qualifications:
	1. Authorized representative of, and trained by, DDC system manufacturer.
	2. In-place facility located within 50 miles of Project.
	3. Demonstrated past experience with installation of DDC system products being installed for period within five consecutive years before time of bid.
	4. Demonstrated past experience on five projects of similar complexity, scope and value.
	5. Product parts inventory to support on-going DDC system operation for a period of not less than 5 years after Substantial Completion.
	6. DDC system manufacturer's backing to take over execution of Work if necessary to comply with requirements indicated. Include Project-specific written letter, signed by manufacturer's corporate officer, if requested.


	1.10 WARRANTY
	A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace products that fail in materials or workmanship within specified warranty period.
	1. Failures shall be adjusted, repaired, or replaced at no additional cost or reduction in service to Owner.
	2. Include updates or upgrades to software and firmware if necessary to resolve deficiencies.
	a. Install updates only after receiving Owner's written authorization.

	3. Warranty service shall occur during normal business hours and commence within 16 hours of Owner's warranty service request.
	4. Warranty Period:  Three years from date of Substantial Completion.
	a. For Gateway:  Three-year parts and labor warranty for each.




	PART 2 -  PRODUCTS
	2.1 DDC SYSTEM MANUFACTURERS
	A. DDC system must be compatible with the existing Honeywell system.

	2.2 DDC SYSTEM DESCRIPTION
	A. Microprocessor-based monitoring and control including analog/digital conversion and program logic. A control loop or subsystem in which digital and analog information is received and processed by a microprocessor, and digital control signals are ge...
	1. DDC system shall consist of a high-speed, peer-to-peer network of distributed DDC controllers, other network devices, operator interfaces, and software.

	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.3 WEB ACCESS
	A. DDC system shall be Web based.
	1. Web-Based Access to DDC System:
	a. DDC system software shall be based on server thin-client architecture, designed around open standards of Web technology. DDC system server shall be accessed using a Web browser over DDC system network, using Owner's LAN, and remotely over Internet ...
	b. Intent of thin-client architecture is to provide operators complete access to DDC system via a Web browser. No special software other than a Web browser shall be required to access graphics, point displays, and trends; to configure trends, points, ...
	c. Web access shall be password protected.



	2.4 PERFORMANCE REQUIREMENTS
	A. Surface-Burning Characteristics: Products installed in ducts, equipment, and return-air paths shall comply with ASTM E 84; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1. Flame-Spread Index:  25 or less.
	2. Smoke-Developed Index:  50 or less.

	B. DDC System Speed:
	1. Response Time of Connected I/O:
	a. AI point values connected to DDC system shall be updated at least every five seconds for use by DDC controllers. Points used globally shall also comply with this requirement.
	b. BI point values connected to DDC system shall be updated at least every five seconds for use by DDC controllers. Points used globally shall also comply with this requirement.
	c. AO points connected to DDC system shall begin to respond to controller output commands within two seconds. Global commands shall also comply with this requirement.
	d. BO point values connected to DDC system shall respond to controller output commands within two seconds. Global commands shall also comply with this requirement.

	2. Display of Connected I/O:
	a. Analog point COV connected to DDC system shall be updated and displayed at least every 10 seconds for use by operator.
	b. Binary point COV connected to DDC system shall be updated and displayed at least every 10 seconds for use by operator.
	c. Alarms of analog and digital points connected to DDC system shall be displayed within 45 seconds of activation or change of state.
	d. Graphic display refresh shall update within eight seconds.
	e. Point change of values and alarms displayed from workstation to workstation when multiple operators are viewing from multiple workstations shall not exceed graphic refresh rate indicated.


	C. Network Bandwidth: Design each network of DDC system to include at least 30 percent available spare bandwidth with DDC system operating under normal and heavy load conditions indicated. Calculate bandwidth usage, and apply a safety factor to ensure...
	D. DDC System Data Storage:
	1. Include capability to archive not less than 24 consecutive months of historical data for all I/O points connected to system, including alarms, event histories, transaction logs, trends and other information indicated.
	2. Local Storage:
	a. Provide workstation with data storage indicated. Server(s) shall use IT industry standard database platforms and be capable of functions described in "DDC Data Access" Paragraph.


	E. DDC Data Access:
	1. When logged into the system, operator shall be able to also interact with any DDC controller connected to DDC system as required for functional operation of DDC system.
	2. System(s) shall be used for application configuration; for archiving, reporting and trending of data; for operator transaction archiving and reporting; for network information management; for alarm annunciation; and for operator interface tasks and...

	F. Future Expandability:
	1. DDC system size shall be expandable to an ultimate capacity of at least two times total I/O points indicated.
	2. Additional DDC controllers, I/O and associated wiring shall be all that is needed to achieve ultimate capacity. Initial network infrastructure shall be designed and installed to support ultimate capacity.
	3. Operator interfaces installed initially shall not require hardware and software additions and revisions for ultimate capacity.

	G. Input Point Displayed Accuracy: Input point displayed values shall meet following end-to-end overall system accuracy, including errors associated with meter, sensor, transmitter, lead wire or cable, and analog to digital conversion.
	1. Energy:
	a. Thermal: Within 5 percent of reading.
	b. Electric Power: Within 1 percent of reading.
	c. Requirements indicated on Drawings for meters not supplied by utility.

	2. Flow:
	a. Air: Within 5 percent of design flow rate.
	b. Air (Terminal Units): Within 5 percent of design flow rate.

	3. Gas:
	a. Carbon Dioxide: Within 50 ppm.
	b. Carbon Monoxide: Within 5 percent of reading.
	c. Refrigerant: Within 50 ppm.

	4. Moisture (Relative Humidity):
	a. Air: Within 3 percent RH.
	b. Space: Within 3 percent RH.
	c. Outdoor: Within 3 percent RH.

	5. Level: Within 5 percent of reading.
	6. Pressure:
	a. Air, Ducts and Equipment:  0.5 percent of instrument range.
	b. Space: Within 0.25 percent of instrument range.

	7. Speed: Within percent of reading.
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.
	c. Outdoor: Within 1 deg F.
	d. Other Temperatures Not Indicated: Within 1 deg F.


	H. Precision of I/O Reported Values: Values reported in database and displayed shall have following precision:
	1. Current:
	a. Milliamperes: Nearest 1/100th of a milliampere.
	b. Amperes: Nearest 1/10th of an ampere up to 100 A; nearest ampere for 100 A and more.

	2. Energy:
	a. Electric Power:
	1) Rate (Watts): Nearest 1/10th of a watt through 1000 W.
	2) Rate (Kilowatts): Nearest 1/10th of a kilowatt through 1000 kW; nearest kilowatt above 1000 kW.
	3) Usage (Kilowatt-Hours): Nearest kilowatt through 10,000 kW; nearest 10 kW between 10,000 and 100,000 kW; nearest 100 kW for above 100,000 kW.

	b. Thermal, Rate:
	1) Heating: For Btu/h, nearest Btu/h up to 1000 Btu/h; nearest 10 Btu/h between 1000 and 10,000 Btu/h; nearest 100 Btu/h for above 10,000 Btu/h. For Mbh, round to nearest Mbh up to 1000 Mbh; nearest 10 Mbh between 1000 and 10,000 Mbh; nearest 100 Mbh ...
	2) Cooling: For tons, nearest ton up to 1000 tons; nearest 10 tons between 1000 and 10,000 tons; nearest 100 tons above 10,000 tons.

	c. Thermal, Usage:
	1) Heating: For Btu, nearest Btu up to 1000 Btu; nearest 10 Btu between 1000 and 10,000 Btu; nearest 100 Btu for above 10,000 Btu. For Mbtu, round to nearest Mbtu up to 1000 Mbtu; nearest 10 Mbtu between 1000 and 10,000 Mbtu; nearest 100 Mbtu above 10...
	2) Cooling: For ton-hours, nearest ton-hours up to 1000 ton-hours; nearest 10 ton-hours between 1000 and 10,000 ton-hours; nearest 100 tons above 10,000 tons.


	3. Flow:
	a. Air: Nearest 1/10th of a cfm through 100 cfm; nearest cfm between 100 and 1000 cfm; nearest 10 cfm between 1000 and 10,000 cfm; nearest 100 cfm above 10,000 cfm.

	4. Moisture (Relative Humidity):
	a. Relative Humidity (Percentage): Nearest 1 percent.

	5. Pressure:
	a. Air, Ducts and Equipment: Nearest 1/10th in. w.c..
	b. Space: Nearest 1/100th in. w.c..

	6. Temperature:
	a. Air, Ducts and Equipment: Nearest 1/10th of a degree.
	b. Outdoor: Nearest degree.
	c. Space: Nearest 1/10th of a degree.
	d. Heating Hot Water: Nearest degree.

	7. Voltage: Nearest 1/10 volt up to 100 V; nearest volt above 100 V.

	I. Control Stability: Control variables indicated within the following limits:
	1. Flow:
	a. Air, Ducts and Equipment, except Terminal Units: Within 5 percent of design flow rate.
	b. Air, Terminal Units: Within 5 percent of design flow rate.

	2. Moisture (Relative Humidity):
	a. Air: Within 5 percent RH.
	b. Space: Within 5 percent RH.
	c. Outdoor: Within 5 percent RH.

	3. Pressure:
	a. Air, Ducts and Equipment:  0.5 percent of instrument range.
	b. Space: Within 0.25 percent of instrument range.

	4. Temperature, Dry Bulb:
	a. Air: Within 0.5 deg F.
	b. Space: Within 0.5 deg F.


	J. Environmental Conditions for Controllers, Gateways, and Routers:
	1. Products shall operate without performance degradation under ambient environmental temperature, pressure and humidity conditions encountered for installed location.
	a. If product alone cannot comply with requirement, install product in a protective enclosure that is isolated and protected from conditions impacting performance. Enclosure shall be internally insulated, electrically heated, cooled and ventilated as ...

	2. Products shall be protected with enclosures satisfying the following minimum requirements unless more stringent requirements are indicated. Products not available with integral enclosures complying with requirements indicated shall be housed in pro...
	a. Outdoors, Protected:  Type 3.
	b. Outdoors, Unprotected:  Type 4.
	c. Indoors, Heated with Filtered Ventilation:  Type 1 or Type 2.
	d. Indoors, Heated with Non-Filtered Ventilation:  Type 2.
	e. Indoors, Heated and Air Conditioned:  Type 1.
	f. Mechanical Equipment Rooms:
	1) Air-Moving Equipment Rooms:  Type 1.

	g. Localized Areas Exposed to Washdown:  Type 4.
	h. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible Condensation:  Type 2.
	i. Within Duct Systems and Air-Moving Equipment Exposed to Possible Condensation:  Type 4.


	K. Environmental Conditions for Instruments and Actuators:
	1. Instruments and actuators shall operate without performance degradation under the ambient environmental temperature, pressure, humidity, and vibration conditions specified and encountered for installed location.
	a. If instruments and actuators alone cannot comply with requirement, install instruments and actuators in protective enclosures that are isolated and protected from conditions impacting performance. Enclosure shall be internally insulated, electrical...


	L. DDC System Reliability:
	1. Design, install and configure DDC controllers, devices and to yield a MTBF of at least 40,000 hours, based on a confidence level of at least 90 percent. MTBF value shall include any failure for any reason to any part of products indicated.
	2. If required to comply with MTBF indicated, include DDC system and product redundancy to maintain DCC system, and associated systems and equipment that are being controlled, operational and under automatic control.
	3. Critical systems and equipment that require a higher degree of DDC system redundancy than MTBF indicated shall be indicated on Drawings.

	M. Electric Power Quality:
	1. Power-Line Surges:
	a. Protect DDC system products connected to ac power circuits from power-line surges.
	b. Do not use fuses for surge protection.

	2. Power Conditioning:
	a. Protect susceptible DDC system products connected to ac power circuits from irregularities and noise rejection. Characteristics of power-line conditioner shall be as follows:
	1) At 85 percent load, output voltage shall not deviate by more than plus or minus 1 percent of nominal when input voltage fluctuates between minus 20 percent to plus 10 percent of nominal.
	2) During load changes from zero to full load, output voltage shall not deviate by more than plus or minus 3 percent of nominal.
	3) Accomplish full correction of load switching disturbances within five cycles, and 95 percent correction within two cycles of onset of disturbance.
	4) Total harmonic distortion shall not exceed 3-1/2 percent at full load.


	3. Ground Fault: Protect products from ground fault by providing suitable grounding. Products shall not fail due to ground fault condition.

	N. Backup Power Source:
	1. HVAC systems and equipment served by a backup power source shall have associated DDC system products that control such systems and equipment also served from a backup power source.

	O. UPS:
	1. DDC system products powered by UPS units shall include the following:
	a. Desktop workstations.
	b. Printers.
	c. Servers.


	P. Continuity of Operation after Electric Power Interruption:
	1. Equipment and associated factory-installed controls, field-installed controls, electrical equipment, and power supply connected to building normal and backup power systems shall automatically return equipment and associated controls to operating st...


	2.5 SYSTEM ARCHITECTURE
	A. System architecture shall consist of no more than two levels of LANs.
	1. Level one LAN shall connect network controllers and operator workstations.
	2. Level one or Level two LAN shall connect programmable application controllers to other programmable application controllers, and to network controllers.
	3. Level two LAN shall connect application-specific controllers to programmable application controllers and network controllers.
	4. Level two LAN shall connect application-specific controllers to application-specific controllers.

	B. DDC system shall consist of dedicated and separated LANs that are not shared with other building systems and tenant data and communication networks.
	C. System architecture shall be modular and have inherent ability to expand to not less than two times system size indicated with no impact to performance indicated.
	D. System architecture shall perform modifications without having to remove and replace existing network equipment.
	E. Number of LANs and associated communication shall be transparent to operator. All I/O points residing on any LAN shall be capable of global sharing between all system LANs.
	F. System design shall eliminate dependence on any single device for system alarm reporting and control execution. Each controller shall operate independently by performing its' own control, alarm management and historical data collection.
	G. Special Network Architecture Requirements:
	1. Air-Handling Systems: For control applications of an air-handling system that consists of air-handling unit(s) and VAV or CAV terminal units, include a dedicated LAN of application-specific controllers serving VAV or CAV terminal units connected di...


	2.6 DDC SYSTEM OPERATOR INTERFACES
	A. Operator Means of System Access: Operator shall be able to access entire DDC system through any of multiple means, including, but not limited to, the following:
	1. Desktop and portable workstation with hardwired connection through LAN port.
	2. Portable operator terminal with hardwired connection through LAN port.
	3. Portable operator workstation with wireless connection through LAN router.
	4. Mobile device and application with secured wireless connection through LAN router or cellular data service.
	5. Remote connection through web access.

	B. Access to system, regardless of operator means used, shall be transparent to operator.
	C. Network Ports: For hardwired connection of desktop or portable workstation. Network port shall be easily accessible, properly protected, clearly labeled, and installed at the following locations:
	1. Each mechanical equipment room.
	2. Each different roof level with roof-mounted air-handling units or rooftop units.

	D. Mobile Device:
	1. Connect to system through a wireless router connected to LAN and cellular data service.
	2. Able to communicate with any DDC controller connected to DDC system using a dedicated application and secure web access.

	E. Critical Alarm Reporting:
	1. Operator-selected critical alarms shall be sent by DDC system to notify operator of critical alarms that require immediate attention.
	2. DDC system shall send alarm notification to multiple recipients that are assigned for each alarm.
	3. DDC system shall notify recipients by any or all means, including e-mail, text message and prerecorded phone message to mobile and landline phone numbers.

	F. Simultaneous Operator Use: Capable of accommodating up to five simultaneous operators that are accessing DDC system through any one of operator interfaces indicated.

	2.7 NETWORK COMMUNICATION PROTOCOL
	A. Network communication protocol(s) used throughout entire DDC system shall be open to Owner and available to other companies for use in making future modifications to DDC system.
	B. ASHRAE 135 Protocol:
	1. ASHRAE 135 communication protocol shall be sole and native protocol used throughout entire DDC system.
	2. DDC system shall not require use of gateways except to integrate HVAC equipment and other building systems and equipment, not required to use ASHRAE 135 communication protocol.
	3. If used, gateways shall connect to DDC system using ASHRAE 135 communication protocol and Project object properties and read/write services indicated by interoperability schedule.
	4. Operator workstations, controllers and other network devices shall be tested and listed by BACnet Testing Laboratories.

	C. Industry Standard Protocols:
	1. DDC system shall use any one or a combination of the following industry standard protocols for network communication while complying with other DDC system requirements indicated:
	a. ASHRAE 135.

	2. Operator workstations and network controllers shall communicate through ASHRAE 135 protocol.
	3. Portions of DDC system networks using ASHRAE 135 communication protocol shall be an open implementation of network devices complying with ASHRAE 135. Network devices shall be tested and listed by BACnet Testing Laboratories.


	2.8 DESKTOP WORKSTATIONS
	A. Description: A tower or all-in-one computer designed for normal use at a single, semipermanent location.
	B. Performance Requirements:
	1. Performance requirements may dictate equipment exceeding minimum requirements indicated.
	2. Energy Star compliant.

	C. Personal Computer:
	1. Minimum Processor Speed: 5.4 GHz.
	2. RAM:
	a. Capacity: 16 GB.

	3. Hard Drive:
	a. Media:  Rotating disc, nominal rotational speed of 7200 rpm.
	b. Number of Hard Drives:  One.
	c. Capacity: 1 TB.

	4. Network Interface Card: Include card with connection, as applicable.
	a. 10-100-1000 base TX Ethernet with RJ45 connector port.


	D. Keyboard:
	1. 101 enhanced keyboard.
	2. Full upper- and lowercase ASCII keyset, numeric keypad, dedicated cursor control keypad, and 12 programmable function keys.

	E. Pointing Device:
	1. Either a two- or three-button mouse.


	2.9 PORTABLE WORKSTATIONS
	A. Description: A self-contained computer designed to allow for normal use in different locations and conditions.
	B. Performance Requirements:
	1. Performance requirements may dictate equipment exceeding minimum requirements indicated.
	2. Energy Star compliant.
	3. Hardware and software shall support local down-loading to DDC controllers.
	4. Data transfer rate to DDC controller shall be at network speed.

	C. Processor:
	1. Minimum Processor Speed: 4.7 GHz.
	2. RAM:
	a. Capacity: 16 GB.

	3. Hard Drive:
	a. Number of Hard Drives:  One.
	b. Capacity: 500 GB.


	D. Input and Output Ports:
	1. Four USB 3.0 ports.
	2. HDMI port.

	E. Battery:
	1. Battery life of at least three years.
	2. Battery charge time of less than three hours.

	F. Keyboard:
	1. 85-key backlit keyboard.
	2. Full upper- and lowercase ASCII keyset.

	G. Integral Pointing Device: Touchpad with two buttons. Gesture enabled.
	H. Display:
	1. Antiglare screen.
	2. 1920 by 1080 pixel resolution.

	I. Network Interfaces:
	1. Network Interface Card: Include card with connection, as application.
	a. 10-100-1000 base TX Ethernet with RJ45 connector port.


	J. Accessories:
	1. Nylon carrying case.
	2. Wireless optical mouse.
	3. HDMI cable.  Minimum cable length shall be 6 feet.


	2.10 PRINTERS
	A. Color Inkjet Printer:
	1. Inkjet technology with true four-color printing (black, cyan, magenta, and yellow).
	2. Print quality of 1200 by 600 dots per inch with black on inkjet paper and 4800 by 1200 dots per inch color printing on premium photo paper.


	2.11 SYSTEM SOFTWARE
	A. System Software Minimum Requirements:
	1. Real-time multitasking and multiuser 64-bit operating system that allows concurrent multiple operator workstations operating and concurrent execution of multiple real-time programs and custom program development.
	2. Operating system shall be capable of operating DOS and Microsoft Windows applications.
	3. Network communications software shall manage and control multiple network communications to provide exchange of global information and execution of global programs.
	4. Operator interface software shall include day-to-day operator transaction processing, alarm and report handling, operator privilege level and data segregation control, custom programming, and online data modification capability.
	5. Scheduling software shall schedule centrally based time and event, temporary, and exception day programs.

	B. Operator Interface Software:
	1. Minimize operator training through use of English language prorating and English language point identification.
	2. Minimize use of a typewriter-style keyboard through use of a pointing device similar to a mouse.
	3. Operator sign-off shall be a manual operation or, if no keyboard or mouse activity takes place, an automatic sign-off.
	4. Automatic sign-off period shall be programmable from one to 60 minutes in one-minute increments on a per operator basis.
	5. Security Access:
	a. Operator access to DDC system shall be under password control.
	b. An alphanumeric password shall be field assignable to each operator.
	c. Operators shall be able to access DDC system by entry of proper password.
	d. Operator password shall be same regardless of which computer or other interface means is used.
	e. Additions or changes made to passwords shall be updated automatically.
	f. Each operator shall be assigned an access level to restrict access to data and functions the operator is cable of performing.
	g. Software shall have at least five access levels.
	h. Each menu item shall be assigned an access level so that a one-for-one correspondence between operator assigned access level(s) and menu item access level(s) is required to gain access to menu item.
	i. Display menu items to operator with those capable of access highlighted. Menu and operator access level assignments shall be online programmable and under password control.

	6. Operators shall be able to perform commands including, but not limited to, the following:
	a. Start or stop selected equipment.
	b. Adjust set points.
	c. Add, modify, and delete time programming.
	d. Enable and disable process execution.
	e. Lock and unlock alarm reporting for each point.
	f. Enable and disable totalization for each point.
	g. Enable and disable trending for each point.
	h. Override control loop set points.
	i. Enter temporary override schedules.
	j. Define holiday and event schedules.
	k. Change time and date.
	l. Enter and modify analog alarm limits.
	m. Enter and modify analog warning limits.
	n. View limits.
	o. Enable and disable demand limiting.

	7. Reporting:
	a. Generated automatically and manually.
	b. Sent to displays, printers and disk files.
	c. Types of Reporting:
	1) General listing of points.
	2) List points currently in alarm.
	3) List of off-line points.
	4) List points currently in override status.
	5) List of disabled points.
	6) List points currently locked out.
	7) List weekly schedules.
	8) List holiday programming.


	8. Summaries: For specific points, for a logical point group, for an operator selected group(s), or for entire system without restriction due to hardware configuration.

	C. Graphic Interface Software:
	1. Include a full interactive graphical selection means of accessing and displaying system data to operator. Include at least five levels with the penetration path operator assignable (for example, site, building, floor, air-handling unit, and supply ...
	2. Include a hierarchical-linked dynamic graphic operator interface for accessing and displaying system data and commanding and modifying equipment operation. Interface shall use a pointing device with pull-down or penetrating menus, color and animati...
	3. Include at least 10 levels of graphic penetration with the hierarchy operator assignable.
	4. Descriptors for graphics, points, alarms and such shall be modified through operator's workstation under password control.
	5. Graphic displays shall be online user definable and modifiable using the hardware and software provided.
	6. Data to be displayed within a graphic shall be assignable regardless of physical hardware address, communication or point type.
	7. Graphics are to be online programmable and under password control.
	8. Points may be assignable to multiple graphics where necessary to facilitate operator understanding of system operation.
	9. Graphics shall also contain software points.
	10. Penetration within a graphic hierarchy shall display each graphic name as graphics are selected to facilitate operator understanding.
	11. Display operator accessed data on the monitor.
	12. Operator shall select further penetration using pointing device to click on a site, building, floor, area, equipment, and so on. Defined and linked graphic below that selection shall then be displayed.
	13. Dynamic data shall be assignable to graphics.
	14. Use color, rotation, or other highly visible means, to denote status and alarm states. Color shall be variable for each class of points, as chosen by operator.
	15. Points shall be dynamic update rates on a per point basis.
	16. For operators with appropriate privilege, points shall be commanded directly from display using pointing device.

	D. Project-Specific Graphics: Graphics documentation including, but not limited to, the following:
	1. Site plan showing each building, and additional site elements, which are being controlled or monitored by DDC system.
	2. Plan for each building floor and the roof, showing the following:
	a. Room layouts with room identification and name.
	b. Locations and identification of all monitored and controlled HVAC equipment and other equipment being monitored and controlled by DDC system.
	c. Location and identification of each hardware point being controlled or monitored by DDC system.

	3. Control schematic for each of following, including a graphic system schematic representation, similar to that indicated on Drawings, with point identification, set point and dynamic value indication, sequence of operation and controller wiring diag...
	4. Graphic display for each piece of equipment connected to DDC system through a data communications link. Include dynamic indication of all points associated with equipment.
	5. DDC system network riser diagram that shows schematic layout for entire system including all networks and all controllers, operator workstations and other network devices.

	E. Customizing Software:
	1. Software to modify and tailor DDC system to specific and unique requirements of equipment installed, to programs implemented and to staffing and operational practices planned.
	2. Online modification of DDC system configuration, program parameters, and database using menu selection and keyboard entry of data into preformatted display templates.
	3. As a minimum, include the following modification capability:
	a. Operator assignment shall include designation of operator passwords, access levels, point segregation and auto sign-off.
	b. System text addition and change capability shall include English or native language descriptors for points and access levels and action messages for alarms, run time and trouble condition.
	c. Time and schedule change capability shall include time and date set, time and occupancy schedules, exception and holiday schedules and daylight savings time schedules.
	d. Point related change capability shall include the following:
	1) System and point enable and disable.
	2) Assignment of alarm and warning limits.

	e. Application program change capability shall include the following:
	1) Programming changes.


	4. Software shall allow operator to add points, or groups of points, to DDC system and to link them to energy optimization and management programs. Additions and modifications shall be online programmable using operator workstation, downloaded to othe...

	F. Alarm Handling Software:
	1. Include alarm handling software to report all alarm conditions monitored and transmitted through DDC controllers and other network devices.
	2. Include first in, first out handling of alarms according to alarm priority ranking, with most critical alarms first, and with buffer storage in case of simultaneous and multiple alarms.
	3. Alarm handling shall be active at all times to ensure that alarms are processed even if an operator is not currently signed on to DDC system.
	4. Alarms display shall include the following:
	a. Indication of alarm condition such as "Abnormal Off," "Hi Alarm," and "Low Alarm."
	b. "Analog Value" or "Status" group and point identification with native language point descriptor such as "Space Temperature, Building 110, 2nd Floor, Room 212."
	c. Discrete per point alarm action message, such as "Call Maintenance Dept. Ext-5561."
	d. Include extended message capability to allow assignment and printing of extended action messages. Capability shall be operator programmable and assignable on a per point basis.

	5. Alarms shall be directed to appropriate operator workstations, printers, and individual operators by privilege level and assignments.
	6. Include an unacknowledged alarm indicator on display to alert operator that there are unacknowledged alarms in system. Operator shall be able to acknowledge alarms on an individual basis or through a multiple alarm acknowledge key, depending on ala...

	G. Reports and Logs:
	1. Include reporting software package that allows operator to select, modify, or create reports using DDC system I/O point data available.
	2. Each report shall be definable as to data content, format, interval and date.
	3. Report data shall be sampled and stored on DDC controller, within storage limits of DDC controller, and then uploaded to archive on workstation for historical reporting.
	4. Operator shall be able to obtain real-time logs of all I/O points by type or status, such as alarm, point lockout, or normal.
	5. Reports and logs shall be stored on workstation hard drives in a format that is readily accessible by other standard software applications, including spreadsheets and word processing.
	6. Reports and logs shall be readily printed and set to be printed either on operator command or at a specific time each day.

	H. Standard Reports: Standard DDC system reports shall be provided and operator shall be able to customize reports later.
	1. All I/O: With current status and values.
	2. Alarm: All current alarms, except those in alarm lockout.
	3. Disabled I/O: All I/O points that are disabled.
	4. Alarm Lockout I/O: All I/O points in alarm lockout, whether manual or automatic.
	5. Alarm Lockout I/O in Alarm: All I/O in alarm lockout that are currently in alarm.
	6. Logs:
	a. Alarm history.
	b. System messages.
	c. System events.
	d. Trends.


	I. Standard Trends:
	1. Trend all I/O point present values, set points, and other parameters indicated for trending.
	2. Trends shall be associated into groups, and a trend report shall be set up for each group.
	3. Trends shall be stored within DDC controller and uploaded to hard drives automatically on reaching 75 percent of DDC controller buffer limit, or by operator request, or by archiving time schedule.
	4. Preset trend intervals for each I/O point after review with Owner.
	5. Trend intervals shall be operator selectable from 10 seconds up to 60 minutes. Minimum number of consecutive trend values stored at one time shall be 100 per variable.
	6. When drive storage memory is full, most recent data shall overwrite oldest data.
	7. Archived and real-time trend data shall be available for viewing numerically and graphically by operators.

	J. Programming Software:
	1. Include programming software to execute sequences of operation indicated.
	2. Include programming routines in simple and easy to follow logic with detailed text comments describing what the logic does and how it corresponds to sequence of operation.


	2.12 ASHRAE 135 GATEWAYS
	A. Include BACnet communication ports, whenever available as an equipment OEM standard option, for integration via a single communication cable. BACnet-controlled plant equipment includes, but is not limited to, boilers, and variable-speed drives.

	2.13 DDC CONTROLLERS
	A. DDC system shall consist of a combination of network controllers, programmable application controllers and application-specific controllers to satisfy performance requirements indicated.
	B. DDC controllers shall perform monitoring, control, energy optimization and other requirements indicated.
	C. DDC controllers shall use a multitasking, multiuser, real-time digital control microprocessor with a distributed network database and intelligence.
	D. Each DDC controller shall be capable of full and complete operation as a completely independent unit and as a part of a DDC system wide distributed network.
	E. Environment Requirements:
	1. Controller hardware shall be suitable for the anticipated ambient conditions.

	F. Power and Noise Immunity:
	1. Controller shall operate at 90 to 110 percent of nominal voltage rating and shall perform an orderly shutdown below 80 percent of nominal voltage.
	2. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios with up to 5 W of power located within36 inches of enclosure.

	G. DDC Controller Spare Processing Capacity:
	1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will implement requirements indicated with the following spare memory:
	a. Network Controllers:  50 percent.
	b. Programmable Application Controllers: Not less than 60 percent.
	c. Application-Specific Controllers: Not less than 70 percent.


	H. DDC Controller Spare I/O Point Capacity: Include spare I/O point capacity for each controller as follows:
	1. Network Controllers:
	a. 10 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  Two.
	2) AOs:  Two.
	3) BIs:  Three.
	4) BOs:  Three.


	2. Programmable Application Controllers:
	a. 10 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  Three.
	2) AOs:  Three.
	3) BIs:  Three.
	4) BOs:  Three.


	3. Application-Specific Controllers:
	a. 10 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  One.
	2) AOs:  One.
	3) BIs:  One.
	4) BOs:  One.



	I. Maintenance and Support: Include the following features to facilitate maintenance and support:
	1. Mount microprocessor components on circuit cards for ease of removal and replacement.
	2. Means to quickly and easily disconnect controller from network.
	3. Means to quickly and easily access connect to field test equipment.
	4. Visual indication that controller electric power is on, of communication fault or trouble, and that controller is receiving and sending signals to network.

	J. Input and Output Point Interface:
	1. Hardwired input and output points shall connect to network, programmable application and application-specific controllers.
	2. Input and output points shall be protected so shorting of point to itself, to another point, or to ground will not damage controller.
	3. Input and output points shall be protected from voltage up to 24 V of any duration so that contact will not damage controller.
	4. AIs:
	a. AIs shall include monitoring of low-voltage (zero- to 10-V dc), current (4 to 20 mA) and resistance signals from thermistor and RTD sensors.
	b. AIs shall be compatible with, and field configurable to, sensor and transmitters installed.
	c. Controller AIs shall perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 bits or better to comply with accuracy requirements indicated.
	d. Signal conditioning including transient rejection shall be provided for each AI.
	e. Capable of being individually calibrated for zero and span.
	f. Incorporate common-mode noise rejection of at least 50 dB from zero to 100 Hz for differential inputs, and normal-mode noise rejection of at least 20 dB at 60 Hz from a source impedance of 10000 ohms.

	5. AOs:
	a. Controller AOs shall perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 bits or better to comply with accuracy requirements indicated.
	b. Output signals shall have a range of 4 to 20 mA dc or zero- to 10-V dc as required to include proper control of output device.
	c. Capable of being individually calibrated for zero and span.
	d. AOs shall not exhibit a drift of greater than 0.4 percent of range per year.
	e. Network and programmable application controller AOs shall be equipped with individual H-O-A switches and output adjustment potentiometers for use in the hand position.

	6. BIs:
	a. Controller BIs shall accept contact closures and shall ignore transients of less than 5-ms duration.
	b. Isolation and protection against an applied steady-state voltage of up to 180-V ac peak.
	c. BIs shall include a wetting current of at least 12 mA to be compatible with commonly available control devices and shall be protected against effects of contact bounce and noise.
	d. BIs shall sense "dry contact" closure without external power (other than that provided by the controller) being applied.
	e. Pulse accumulation input points shall comply with all requirements of BIs and accept up to 10 pulses per second for pulse accumulation. Buffer shall be provided to totalize pulses. Pulse accumulator shall accept rates of at least 20 pulses per seco...

	7. BOs:
	a. Controller BOs shall include relay contact closures or triac outputs for momentary and maintained operation of output devices.
	1) Relay contact closures shall have a minimum duration of 0.1 second. Relays shall include at least 180 V of isolation. Electromagnetic interference suppression shall be provided on all output lines to limit transients to non-damaging levels. Minimum...
	2) Triac outputs shall include at least 180 V of isolation. Minimum contact rating shall be 1 A at 24-V ac.

	b. BOs shall include for two-state operation or a pulsed low-voltage signal for pulse-width modulation control.
	c. BOs shall be selectable for either normally open or normally closed operation.
	d. Include tristate outputs (two coordinated BOs) for control of three-point floating-type electronic actuators without feedback.
	e. Limit use of three-point floating devices to VAV terminal unit control applications. Control algorithms shall operate actuator to one end of its stroke once every 24 hours for verification of operator tracking.



	2.14 NETWORK CONTROLLERS
	A. General Network Controller Requirements:
	1. Include adequate number of controllers to achieve performance indicated.
	2. System shall consist of one or more independent, standalone, microprocessor-based network controllers to manage global strategies indicated.
	3. Controller shall have enough memory to support its operating system, database, and programming requirements.
	4. Data shall be shared between networked controllers and other network devices.
	5. Operating system of controller shall manage input and output communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	6. Controller shall continually check status of its processor and memory circuits. If an abnormal operation is detected, controller shall assume a predetermined failure mode and generate an alarm notification.
	7. Controllers shall be fully programmable.

	B. Communication:
	1. Network controllers shall communicate with other devices on DDC system Level one network.
	2. Network controller also shall perform routing if connected to a network of programmable application and application-specific controllers.

	C. Operator Interface:
	1. Controller shall be equipped with a service communications port for connection to a portable operator's workstation or mobile device.

	D. Serviceability:
	1. Controller shall be equipped with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Wiring and cable connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Controller shall maintain BIOS and programming information in event of a power loss for at least 96 hours.


	2.15 PROGRAMMABLE APPLICATION CONTROLLERS
	A. General Programmable Application Controller Requirements:
	1. Include adequate number of controllers to achieve performance indicated.
	2. Controller shall have enough memory to support its operating system, database, and programming requirements.
	3. Data shall be shared between networked controllers and other network devices.
	4. Operating system of controller shall manage input and output communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	5. Controller shall continually check status of its processor and memory circuits. If an abnormal operation is detected, controller shall assume a predetermined failure mode and generate an alarm notification.
	6. Controllers shall be fully programmable.

	B. Communication:
	1. Programmable application controllers shall communicate with other devices on network.

	C. Operator Interface:
	1. Controller shall be equipped with a service communications port for connection to a portable operator's workstation or mobile device.

	D. Serviceability:
	1. Controller shall be equipped with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Wiring and cable connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Controller shall maintain BIOS and programming information in event of a power loss for at least 72 hours.


	2.16 APPLICATION-SPECIFIC CONTROLLERS
	A. Description: Microprocessor-based controllers, which through hardware or firmware design are dedicated to control a specific piece of equipment. Controllers are not fully user-programmable but are configurable and customizable for operation of equi...
	1. Capable of standalone operation and shall continue to include control functions without being connected to network.
	2. Data shall be shared between networked controllers and other network devices.

	B. Communication: Application-specific controllers shall communicate with other application-specific controller and devices on network, and to programmable application and network controllers.
	C. Operator Interface: Controller shall be equipped with a service communications port for connection to a portable operator's workstation. Connection shall extend to port on space temperature sensor that is connected to controller.
	D. Serviceability:
	1. Controller shall be equipped with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Wiring and cable connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Controller shall use nonvolatile memory and maintain all BIOS and programming information in event of power loss.


	2.17 CONTROLLER SOFTWARE
	A. General Controller Software Requirements:
	1. Software applications shall reside and operate in controllers. Editing of applications shall occur at operator workstations.
	2. I/O points shall be identified by up to 30-character point name and up to 16-character point descriptor. Same names shall be used at operator workstations.
	3. Control functions shall be executed within controllers using DDC algorithms.
	4. Controllers shall be configured to use stored default values to ensure fail-safe operation. Default values shall be used when there is a failure of a connected input instrument or loss of communication of a global point value.

	B. Security:
	1. Operator access shall be secured using individual security passwords and user names.
	2. Passwords shall restrict operator to points, applications, and system functions as assigned by system manager.
	3. Operator log-on and log-off attempts shall be recorded.
	4. System shall protect itself from unauthorized use by automatically logging off after last keystroke. The delay time shall be operator-definable.

	C. Scheduling: Include capability to schedule each point or group of points in system.
	D. System Coordination:
	1. Include standard application for proper coordination of equipment.
	2. Application shall include operator with a method of grouping together equipment based on function and location.
	3. Group may then be used for scheduling and other applications.

	E. Binary Alarms:
	1. Each binary point shall be set to alarm based on operator-specified state.
	2. Include capability to automatically and manually disable alarming.

	F. Analog Alarms:
	1. Each analog object shall have both high and low alarm limits.
	2. Alarming shall be able to be automatically and manually disabled.

	G. Alarm Reporting:
	1. Operator shall be able to determine action to be taken in event of an alarm.
	2. Alarms shall be routed to appropriate operator workstations based on time and other conditions.
	3. Alarm shall be able to start programs, print, be logged in event log, generate custom messages, and display graphics.

	H. Remote Communication:
	1. System shall have ability to dial out in the event of an alarm.

	I. Maintenance Management: System shall monitor equipment status and generate maintenance messages based on operator-designated run-time, starts, and calendar date limits.
	J. Sequencing: Include application software based on sequences of operation indicated to properly sequence chillers, boilers, and other applicable HVAC equipment.
	K. Control Loops:
	1. Support any of the following control loops, as applicable to control required:
	a. Two-position (on/off, open/close, slow/fast) control.
	b. Proportional control.
	c. Proportional plus integral (PI) control.
	d. Proportional plus integral plus derivative (PID) control.
	1) Include PID algorithms with direct or reverse action and anti-windup.
	2) Algorithm shall calculate a time-varying analog value used to position an output or stage a series of outputs.
	3) Controlled variable, set point, and PID gains shall be operator-selectable.

	e. Adaptive (automatic tuning).


	L. Staggered Start: Application shall prevent all controlled equipment from simultaneously restarting after a power outage. Order which equipment (or groups of equipment) is started, along with the time delay between starts, shall be operator-selectable.
	M. Anti-Short Cycling:
	1. BO points shall be protected from short cycling.
	2. Feature shall allow minimum on-time and off-time to be selected.

	N. On and Off Control with Differential:
	1. Include an algorithm that allows a BO to be cycled based on a controlled variable and set point.
	2. Algorithm shall be direct- or reverse-acting and incorporate an adjustable differential.

	O. Run-Time Totalization:
	1. Include software to totalize run-times for all BI and BO points.
	2. A high run-time alarm shall be assigned, if required, by operator.


	2.18 ENCLOSURES
	A. General Enclosure Requirements:
	1. House each controller and associated control accessories in an enclosure. Enclosure shall serve as central tie-in point for control devices such as switches, transmitters, transducers, power supplies and transformers.
	2. Do not house more than one controller in a single enclosure.
	3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures and include one pair of keys per enclosure.
	4. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall or freestanding support stand as required.
	5. Supply each enclosure with a complete set of as-built schematics and wiring diagrams and product literature located in a pocket on inside of door.

	B. Environmental Requirements:
	1. Evaluate temperature and humidity requirements of each product to be installed within each enclosure.
	2. Where required by application, include temperature-controlled electrical heat to maintain inside of enclosure above minimum operating temperature of product with most stringent requirement.


	2.19 RELAYS
	A. General-Purpose Relays:
	1. Relays shall be heavy duty and rated for at least 10 A at 250-V ac and 60 Hz.
	2. Relays shall be either double pole double throw (DPDT) or three-pole double throw, depending on the control application.
	3. Relays shall have LED indication.

	B. Current Sensing Relay:
	1. Monitors ac current.
	2. Independent adjustable controls for pickup and dropout current.
	3. Energized when supply voltage is present and current is above pickup setting.
	4. De-energizes when monitored current is below dropout current.
	5. Dropout current is adjustable from 50 to 95 percent of pickup current.


	2.20 ELECTRICAL POWER DEVICES
	A. Transformers:
	1. Transformer shall be sized for the total connected load, plus an additional 25 percent of connected load.
	2. Transformer shall be at least 40 VA.
	3. Transformer shall have both primary and secondary fuses.

	B. Power-Line Conditioner:
	1. General Power-Line Conditioner Requirements:
	a. Design to ensure maximum reliability, serviceability and performance.
	b. Overall function of the power-line conditioner is to receive raw, polluted electrical power and purify it for use by electronic equipment. The power-line conditioner shall provide isolated, regulated, transient and noise-free sinusoidal power to lo...

	2. Standards: NRTL listed per UL 1012.


	2.21 UNINTERRUPTABLE POWER SUPPLY (UPS) UNITS FOR WORKSTATIONS
	A. 250 through 1000 VA:
	1. UPS units shall provide continuous, regulated output power without using their batteries during brown-out, surge, and spike conditions.
	2. Load served shall not exceed 75 percent of UPS rated capacity, including power factor of connected loads.
	a. Larger-capacity units shall be provided for systems with larger connected loads.
	b. UPS shall provide five minutes of battery power.

	3. Performance:
	a. Input Voltage: Single phase, 120- or 230-V ac, compatible with field power source.
	b. Load Power Factor Range (Crest Factor): 0.65 to 1.0.
	c. Output Voltage: 101- to 132-V ac, while input voltage varies between 89 and 152-V ac.
	d. On Battery Output Voltage: Sine wave.
	e. Inverter overload capacity shall be minimum 150 percent for 30 seconds.
	f. Recharge time shall be a maximum of six hours to 90 percent capacity after full discharge to cutoff.
	g. Transfer Time: 6 ms.
	h. Surge Voltage Withstand Capacity: IEEE C62.41, Categories A and B; 6 kV/200 and 500 A; 100-kHz ringwave.

	4. UPS shall be automatic during fault or overload conditions.
	5. Unit with integral line-interactive, power condition topology to eliminate all power contaminants.
	6. Include front panel with power switch and visual indication of power, battery, fault and temperature.
	7. Unit shall include an audible alarm of faults and front panel silence feature.
	8. Unit with four NEMA WD 1, NEMA WD 6 Configuration 5-15R receptacles.
	9. Batteries shall be sealed lead-acid type and be maintenance free. Battery replacement shall be front accessible by user without dropping load.
	10. Include tower models installed in ventilated cabinets to the particular installation location.

	B. 1000 through 3000 VA:
	1. UPS units shall provide continuous, regulated output power without using their batteries during brown-out, surge, and spike conditions.
	2. Load served shall not exceed 75 percent of UPS rated capacity, including power factor of connected loads.
	a. Larger-capacity units, or multiple units, shall be provided for systems with larger connected loads.
	b. UPS shall provide five minutes of battery power.

	3. Performance:
	a. Input Voltage: Single phase, 120-V ac, plus 20 to minus 30 percent.
	b. Power Factor: Minimum 0.97 at full load.
	c. Output Voltage: Single phase, 120-V ac, within 3 percent, steady state with rated output current of 10.0 A, 30.0-A peak.
	d. Inverter overload capacity shall be minimum 150 percent for 30 seconds.
	e. Recharge time shall be a maximum of eight hours to 90 percent capacity.

	4. UPS bypass shall be automatic during fault or overload conditions.
	5. UPS shall include dry contacts (digital output points) for low battery condition and battery-on (primary utility power failure).
	6. Batteries shall be sealed lead-acid type and be maintenance free.
	7. Include tower models installed in ventilated cabinets or rack models installed on matching racks, as applicable to the particular installation location and space availability/configuration.


	2.22 CONTROL WIRE AND CABLE
	A. LAN and Communication Cable: Comply with DDC system manufacturer requirements for network being installed.
	1. Cable shall be balanced twisted pair.
	2. Comply with the following requirements and for balanced twisted pair cable described in Section 260523 "Control-Voltage Electrical Power Cables" and Section 271513 "Communications Copper Horizontal Cabling."
	a. Cable shall be plenum rated.
	b. Cable shall have a unique color that is different from other cables used on Project.



	2.23 RACEWAYS
	A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes.
	B. Comply with requirements in Section 270528 "Pathways for Communications Systems" for raceways for balanced twisted pair cables and optical fiber cables.
	C. Provide junction boxes for wall-mounted thermostats and wall-mounted temperature sensors, and provide conduit from junction box to an accessible location above a ceiling.

	2.24 ACCESSORIES
	A. Damper Blade Limit Switches:
	1. Sense positive open and/or closed position of the damper blades.
	2. NEMA 250, Type 13, oil-tight construction.
	3. Arrange for the mounting application.
	4. Additional waterproof enclosure when required by its environment.
	5. Arrange to prevent "over-center" operation.


	2.25 IDENTIFICATION
	A. Control Equipment, Instruments, and Control Devices:
	1. Self-adhesive label bearing unique identification.
	a. Include instruments with unique identification identified by equipment being controlled or monitored, followed by point identification.

	2. Letter size shall be as follows:
	a. Operator Workstations: Minimum of 0.5 inch high.
	b. Printers: Minimum of 0.5 inch high.
	c. DDC Controllers: Minimum of 0.5 inch high.
	d. Repeaters: Minimum of 0.5 inch high.
	e. Enclosures: Minimum of 0.5 inch high.
	f. Electrical Power Devices: Minimum of 0.25 inch high.
	g. UPS units: Minimum of 0.5 inch high.
	h. Accessories: Minimum of 0.25 inch high.
	i. Instruments: Minimum of 0.25 inch high.
	j. Control Damper and Valve Actuators: Minimum of 0.25 inch high.

	3. Legend shall consist of white lettering on black background.
	4. Instruments, control devices and actuators with Project-specific identification tags having unique identification numbers following requirements indicated and provided by original manufacturer do not require additional identification.

	B. Raceway and Boxes:
	1. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	2. Paint cover plates on junction boxes and conduit same color as the tape banding for conduits. After painting, label cover plate "HVAC Controls," using an engraved phenolic tag.

	C. Equipment Warning Labels:
	1. Self-adhesive label with pressure-sensitive adhesive back and peel-off protective jacket.
	2. Lettering size shall be at least 14-point type with white lettering on red background.
	3. Warning label shall read "CAUTION-Equipment operated under remote automatic control and may start or stop at any time without warning. Switch electric power disconnecting means to OFF position before servicing."
	4. Lettering shall be enclosed in a white line border. Edge of label shall extend at least 0.25 inch beyond white border.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	1. Verify compatibility with and suitability of substrates.

	B. Examine roughing-in for products to verify actual locations of connections before installation.
	1. Examine roughing-in for instruments installed in piping to verify actual locations of connections before installation.
	2. Examine roughing-in for instruments installed in duct systems to verify actual locations of connections before installation.

	C. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be installed.
	D. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT
	A. Communication Interface to Equipment with Integral Controls:
	1. DDC system shall have communication interface with equipment having integral controls and having a communication interface for remote monitoring or control.


	3.3 CONTROL DEVICES FOR INSTALLATION BY INSTALLERS
	A. Deliver selected control devices, specified in indicated HVAC instrumentation and control device Sections, to identified equipment and systems manufacturers for factory installation and to identified installers for field installation.
	B. Deliver the following to duct fabricator and Installer for installation in ductwork. Include installation instructions to Installer and supervise installation for compliance with requirements.
	1. DDC control dampers, which are specified in Section 230923.12 "DDC Control Dampers."
	2. Airflow sensors and switches, which are specified in Section 230923.14 "Flow Instruments."
	3. Pressure sensors, which are specified in Section 230923.23 "Pressure Instruments."


	3.4 GENERAL INSTALLATION REQUIREMENTS
	A. Install products to satisfy more stringent of all requirements indicated.
	B. Install products level, plumb, parallel, and perpendicular with building construction.
	C. Support products, piping wiring, and raceways. Brace products to prevent lateral movement and sway or a break in attachment when subjected to a force.
	D. If codes and referenced standards are more stringent than requirements indicated, comply with requirements in codes and referenced standards.
	E. Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation of products. Before proceeding with drilling, punching, and cutting, check for concealed work to avoid damage. Patch, flash, grout, seal, and refin...
	F. Firestop Penetrations Made in Fire-Rated Assemblies: Comply with requirements in Section 078413 "Penetration Firestopping."
	G. Seal penetrations made in acoustically rated assemblies. Comply with requirements in Section 079219 "Acoustical Joint Sealants."
	H. Fastening Hardware:
	1. Stillson wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other parts are prohibited for work of assembling and tightening fasteners.
	2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force or by oversized wrenches.
	3. Lubricate threads of bolts, nuts and screws with graphite and oil before assembly.

	I. If product locations are not indicated, install products in locations that are accessible and that will permit service and maintenance from floor, equipment platforms, or catwalks without removal of permanently installed furniture and equipment.

	3.5 WORKSTATION INSTALLATION
	A. Desktop Workstations Installation:
	1. Install workstation(s) at location(s) directed by Owner.
	2. Install multiple-receptacle power strip with cord for use in connecting multiple workstation components to a single duplex electrical power receptacle.
	3. Install software on workstation(s) and verify software functions properly.
	4. Develop Project-specific graphics, trends, reports, logs and historical database.
	5. Power each workstation through a dedicated UPS unit. Locate UPS adjacent to workstation.

	B. Portable Workstations Installation:
	1. Turn over portable workstations to Owner at Substantial Completion.
	2. Install software on workstation(s) and verify software functions properly.

	C. Color Graphics Application:
	1. Use system schematics indicated as starting point to create graphics.
	2. Develop Project-specific library of symbols for representing system equipment and products.
	3. Incorporate digital images of Project-completed installation into graphics where beneficial to enhance effect.
	4. Submit sketch of graphic layout with description of all text for each graphic for Owner's and Architect's review before creating graphic using graphics software.
	5. Seek Owner input in graphics development once using graphics software.
	6. Final editing shall be done on-site with Owner's and Architect's review and feedback.
	7. Refine graphics as necessary for Owner acceptance.
	8. On receiving Owner acceptance, print a hard copy for inclusion in operation and maintenance manual. Prepare a scanned copy PDF file of each graphic and include with softcopy of DDC system operation and maintenance manual.


	3.6 PRINTER INSTALLATION
	A. Provide the following printer(s) at location(s) directed by Owner:
	1. Color Inkjet: Quantity, one.

	B. Install printer software on workstations and verify that software functions properly.

	3.7 ROUTER INSTALLATION
	A. Install routers if required for DDC system communication interface requirements indicated.
	1. Install router(s) required to suit indicated requirements.

	B. Test router to verify that communication interface functions properly.

	3.8 CONTROLLER INSTALLATION
	A. Install controllers in enclosures to comply with indicated requirements.
	B. Connect controllers to field power supply.
	C. Install controller with latest version of applicable software and configure to execute requirements indicated.
	D. Test and adjust controllers to verify operation of connected I/O to achieve performance indicated requirements while executing sequences of operation.
	E. Installation of Network Controllers:
	1. Quantity and location of network controllers shall be determined by DDC system manufacturer to satisfy requirements indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Top of controller shall be within 84 inches of finished floor.

	F. Installation of Programmable Application Controllers:
	1. Quantity and location of programmable application controllers shall be determined by DDC system manufacturer to satisfy requirements indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Top of controller shall be within 84 inches of finished floor.

	G. Application-Specific Controllers:
	1. Quantity and location of application-specific controllers shall be determined by DDC system manufacturer to satisfy requirements indicated.
	2. For controllers not mounted directly on equipment being controlled, install controllers in a protected location that is easily accessible by operators.


	3.9 INSTALLATION OF WIRELESS ROUTERS FOR OPERATOR INTERFACE
	A. Install wireless routers to achieve optimum performance and best possible coverage.
	B. Mount wireless routers in a protected location that is within 60 inches of floor and easily accessible by operators.

	3.10 ELECTRIC POWER CONNECTIONS
	A. Connect electrical power to DDC system products requiring electrical power connections.
	B. Design of electrical power to products not indicated with electric power is delegated to DDC system provider and installing trade. Work shall comply with NFPA 70 and other requirements indicated.
	C. Comply with requirements in Section 262816 "Enclosed Switches and Circuit Breakers" for electrical power circuit breakers.
	D. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for electrical power conductors and cables.
	E. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes.

	3.11 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements in Section 260553 "Identification for Electrical Systems" for identification products and installation.
	B. Install unique instrument identification on face of each instrument connected to a DDC controller.
	C. Install unique identification on face of each control damper and valve actuator connected to a DDC controller.
	D. Warning Labels and Signs:
	1. Shall be permanently attached to equipment that can be automatically started by DDC control system.
	2. Shall be located in highly visible location near power service entry points.


	3.12 NETWORK INSTALLATION
	A. Install cable in continuous raceway.
	1. Where indicated on Drawings, cable trays may be used for copper cable in lieu of conduit.


	3.13 NETWORK NAMING AND NUMBERING
	A. Coordinate with Owner and provide unique naming and addressing for networks and devices.
	B. ASHRAE 135 Networks:
	1. MAC Address:
	a. Every network device shall have an assigned and documented MAC address unique to its network.
	b. Ethernet Networks: Document MAC address assigned at its creation.
	c. ARCNET or MS/TP networks: Assign from 00 to 64.

	2. Network Numbering:
	a. Assign unique numbers to each new network.
	b. Provide ability for changing network number through device switches or operator interface.
	c. DDC system, with all possible connected LANs, can contain up to 65,534 unique networks.



	3.14 CONTROL WIRE, CABLE AND RACEWAYS INSTALLATION
	A. Comply with NECA 1.
	B. Wire and Cable Installation:
	1. Comply with installation requirements in Section 260523 "Control-Voltage Electrical Power Cables."

	C. Conduit Installation:
	1. Comply with Section "260533 "Raceways and Boxes for Electrical Systems" for control-voltage conductors.


	3.15 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and installations, including connections.
	B. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.


	3.16 DDC SYSTEM I/O CHECKOUT PROCEDURES
	A. Check installed products before continuity tests, leak tests and calibration.
	B. Check instruments for proper location and accessibility.
	C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion depth, or other applicable considerations that will impact performance.
	D. Control Damper Checkout:
	1. Verify that control dampers are installed correctly for flow direction.
	2. Verify that proper blade alignment, either parallel or opposed, has been provided.
	3. Verify that damper frame attachment is properly secured and sealed.
	4. Verify that damper actuator and linkage attachment is secure.
	5. Verify that actuator wiring is complete, enclosed and connected to correct power source.
	6. Verify that damper blade travel is unobstructed.

	E. Instrument Checkout:
	1. Verify that instrument is correctly installed for location, orientation, direction and operating clearances.
	2. Verify that attachment is properly secured and sealed.
	3. Verify that conduit connections are properly secured and sealed.
	4. Verify that wiring is properly labeled with unique identification, correct type and size and is securely attached to proper terminals.
	5. Inspect instrument tag against approved submittal.
	6. For instruments with tubing connections, verify that tubing attachment is secure and isolation valves have been provided.
	7. For flow instruments, verify that recommended upstream and downstream distances have been maintained.
	8. For temperature instruments:
	a. Verify sensing element type and proper material.
	b. Verify length and insertion.



	3.17 DDC SYSTEM I/O ADJUSTMENT, CALIBRATION AND TESTING:
	A. Calibrate each instrument installed that is not factory calibrated and provided with calibration documentation.
	B. Provide a written description of proposed field procedures and equipment for calibrating each type of instrument. Submit procedures before calibration and adjustment.
	C. For each analog instrument, make a three-point test of calibration for both linearity and accuracy.
	D. Equipment and procedures used for calibration shall comply with instrument manufacturer's written instructions.
	E. Provide diagnostic and test equipment for calibration and adjustment.
	F. Field instruments and equipment used to test and calibrate installed instruments shall have accuracy at least twice the instrument accuracy being calibrated. An installed instrument with an accuracy of 1 percent shall be checked by an instrument wi...
	G. Calibrate each instrument according to instrument instruction manual supplied by manufacturer.
	H. If after calibration indicated performance cannot be achieved, replace out-of-tolerance instruments.
	I. Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11, "Field Testing of HVAC Control Components," in the absence of specific requirements, and to supplement requirements indicated.
	J. Analog Signals:
	1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 percent.
	2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.
	3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating span using a precision-resistant source.

	K. Digital Signals:
	1. Check digital signals using a jumper wire.
	2. Check digital signals using an ohmmeter to test for contact making or breaking.

	L. Control Dampers:
	1. Stroke and adjust control dampers following manufacturer's recommended procedure, from 100 percent open to 100 percent closed and back to 100 percent open.
	2. Check and document open and close cycle times for applications with a cycle time less than 30 seconds.
	3. For control dampers equipped with positive position indication, check feedback signal at multiple positions to confirm proper position indication.

	M. Meters: Check sensors at zero, 50, and 100 percent of Project design values.
	N. Sensors: Check sensors at zero, 50, and 100 percent of Project design values.
	O. Switches: Calibrate switches to make or break contact at set points indicated.
	P. Transmitters:
	1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
	2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a precision-resistant source.


	3.18 DDC SYSTEM CONTROLLER CHECKOUT
	A. Verify power supply.
	1. Verify voltage, phase and hertz.
	2. Verify that protection from power surges is installed and functioning.
	3. Verify that ground fault protection is installed.
	4. If applicable, verify if connected to UPS unit.
	5. If applicable, verify if connected to a backup power source.
	6. If applicable, verify that power conditioning units, transient voltage suppression and high-frequency noise filter units are installed.

	B. Verify that wire and cabling is properly secured to terminals and labeled with unique identification.
	C. Verify that spare I/O capacity is provided.

	3.19 DDC CONTROLLER I/O CONTROL LOOP TESTS
	A. Testing:
	1. Test every I/O point connected to DDC controller to verify that safety and operating control set points are as indicated and as required to operate controlled system safely and at optimum performance.
	2. Test every I/O point throughout its full operating range.
	3. Test every control loop to verify operation is stable and accurate.
	4. Adjust control loop proportional, integral and derivative settings to achieve optimum performance while complying with performance requirements indicated. Document testing of each control loop's precision and stability via trend logs.
	5. Test and adjust every control loop for proper operation according to sequence of operation.
	6. Test software and hardware interlocks for proper operation. Correct deficiencies.
	7. Operate each analog point at the following:
	a. Upper quarter of range.
	b. Lower quarter of range.
	c. At midpoint of range.

	8. Exercise each binary point.
	9. For every I/O point in DDC system, read and record each value at operator workstation, at DDC controller and at field instrument simultaneously. Value displayed at operator workstation, at DDC controller and at field instrument shall match.
	10. Prepare and submit a report documenting results for each I/O point in DDC system and include in each I/O point a description of corrective measures and adjustments made to achieve desire results.


	3.20 DDC SYSTEM VALIDATION TESTS
	A. Perform validation tests before requesting final review of system. Before beginning testing, first submit Pretest Checklist and Test Plan.
	B. After approval of Test Plan, execute all tests and procedures indicated in plan.
	C. After testing is complete, submit completed test checklist.
	D. Pretest Checklist: Submit the following list with items checked off once verified:
	1. Detailed explanation for any items that are not completed or verified.
	2. Required mechanical installation work is successfully completed and HVAC equipment is working correctly.
	3. HVAC equipment motors operate below full-load amperage ratings.
	4. Required DDC system components, wiring, and accessories are installed.
	5. Installed DDC system architecture matches approved Drawings.
	6. Control electric power circuits operate at proper voltage and are free from faults.
	7. Required surge protection is installed.
	8. DDC system network communications function properly, including uploading and downloading programming changes.
	9. Each controller's programming is backed up.
	10. Equipment, products, tubing, wiring cable and conduits are properly labeled.
	11. All I/O points are programmed into controllers.
	12. Testing, adjusting and balancing work affecting controls is complete.
	13. Dampers and actuators zero and span adjustments are set properly.
	14. Each control damper and actuator goes to failed position on loss of power.
	15. Meter, sensor and transmitter readings are accurate and calibrated.
	16. Control loops are tuned for smooth and stable operation.
	17. View trend data where applicable.
	18. Each controller works properly in standalone mode.
	19. Safety controls and devices function properly.
	20. Interfaces with fire-alarm system function properly.
	21. Electrical interlocks function properly.
	22. Operator workstations and other interfaces are delivered, all system and database software is installed, and graphic are created.
	23. Record Drawings are completed.

	E. Test Plan:
	1. Prepare and submit a validation test plan including test procedures for performance validation tests.
	2. Test plan shall address all specified functions of DDC system and sequences of operation.
	3. Explain detailed actions and expected results to demonstrate compliance with requirements indicated.
	4. Explain method for simulating necessary conditions of operation used to demonstrate performance.
	5. Include a test checklist to be used to check and initial that each test has been successfully completed.
	6. Submit test plan documentation 20 business days before start of tests.

	F. Validation Test:
	1. Verify operating performance of each I/O point in DDC system.
	a. Verify analog I/O points at operating value.
	b. Make adjustments to out-of-tolerance I/O points.
	1) Identify I/O points for future reference.
	2) Simulate abnormal conditions to demonstrate proper function of safety devices.
	3) Replace instruments and controllers that cannot maintain performance indicated after adjustments.


	2. Simulate conditions to demonstrate proper sequence of control.
	3. Readjust settings to design values and observe ability of DDC system to establish desired conditions.
	4. After 24 Hours following Initial Validation Test:
	a. Re-check I/O points that required corrections during initial test.
	b. Identify I/O points that still require additional correction and make corrections necessary to achieve desired results.

	5. After 24 Hours of Second Validation Test:
	a. Re-check I/O points that required corrections during second test.
	b. Continue validation testing until I/O point is normal on two consecutive tests.

	6. Completely check out, calibrate, and test all connected hardware and software to ensure that DDC system performs according to requirements indicated.
	7. After validation testing is complete, prepare and submit a report indicating all I/O points that required correction and how many validation re-tests it took to pass. Identify adjustments made for each test and indicate instruments that were replaced.


	3.21 FINAL REVIEW
	A. Submit written request to Architect and Owner when DDC system is ready for final review. Written request shall state the following:
	1. DDC system has been thoroughly inspected for compliance with contract documents and found to be in full compliance.
	2. DDC system has been calibrated, adjusted and tested and found to comply with requirements of operational stability, accuracy, speed and other performance requirements indicated.
	3. DDC system monitoring and control of HVAC systems results in operation according to sequences of operation indicated.
	4. DDC system is complete and ready for final review.

	B. Review by Architect and Owner shall be made after receipt of written request. A field report shall be issued to document observations and deficiencies.
	C. Take prompt action to remedy deficiencies indicated in field report and submit a second written request when all deficiencies have been corrected. Repeat process until no deficiencies are reported.
	D. Should more than two reviews be required, DDC system manufacturer and Installer shall compensate entity performing review for total costs, labor and expenses, associated with third and subsequent reviews. Estimated cost of each review shall be subm...
	E. Prepare and submit closeout submittals and begin procedures indicated in "Extended Operation Test" Article when no deficiencies are reported.
	F. A part of DDC system final review shall include a demonstration to parties participating in final review.
	1. Provide staff familiar with DDC system installed to demonstrate operation of DDC system during final review.
	2. Provide testing equipment to demonstrate accuracy and other performance requirements of DDC system that is requested by reviewers during final review.


	3.22 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy ho...

	3.23 MAINTENANCE SERVICE
	A. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' full maintenance by DDC system manufacturer's authorized service representative. Include monthly preventive maintenance, repair or replacement of...

	3.24 SOFTWARE SERVICE AGREEMENT
	A. Technical Support: Beginning at Substantial Completion, service agreement shall include software support for two years.
	B. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within two years from date of Substantial Completion. Upgrading software shall include operating system and n...
	1. Upgrade Notice: At least 30 days to allow Owner to schedule and access system and to upgrade computer equipment if necessary.


	3.25 DEMONSTRATION
	A. Engage a factory-authorized service representative with complete knowledge of Project-specific system installed to train Owner's maintenance personnel to adjust, operate, and maintain DDC system.
	B. Extent of Training:
	1. Base extent of training on scope and complexity of DDC system indicated and training requirements indicated. Provide extent of training required to satisfy requirements indicated even if more than minimum training requirements are indicated.
	2. Inform Owner of anticipated training requirements if more than minimum training requirements are indicated.
	3. Minimum Training Requirements:
	a. Provide not less than five days of training total.
	b. Stagger training over multiple training classes to accommodate Owner's requirements. All training shall occur before end of warranty period.


	C. Training Schedule:
	1. Schedule training with Owner 20 business days before expected Substantial Completion.
	2. Schedule training to provide Owner with at least 15 business days of notice in advance of training.
	3. Training shall occur within normal business hours at a mutually agreed on time. Unless otherwise agreed to, training shall occur Monday through Friday, except on U.S. Federal holidays, with two morning sessions and two afternoon sessions. Each morn...
	4. Provide staggered training schedule as requested by Owner.

	D. Training Attendee List and Sign-in Sheet:
	1. Request from Owner in advance of training a proposed attendee list with name, phone number and e-mail address.
	2. Provide a preprinted sign-in sheet for each training session with proposed attendees listed and no fewer than six blank spaces to add additional attendees.

	E. Training Attendee Headcount:
	1. Plan in advance of training for five attendees.
	2. Make allowance for Owner to add up to two attendees at time of training.
	3. Headcount may vary depending on training content covered in session. Attendee access may be restricted to some training content for purposes of maintaining system security.

	F. Attendee Training Manuals:
	1. Provide each attendee with a color hard copy of all training materials and visual presentations.

	G. Instructor Requirements:
	1. One or multiple qualified instructors, as required, to provide training.
	2. Instructors shall have not less than five years of providing instructional training on not less than five past projects with similar DDC system scope and complexity to DDC system installed.

	H. Training Content for Daily Operators:
	1. Basic operation of system.
	2. Understanding DDC system architecture and configuration.
	3. Understanding each unique product type installed including performance and service requirements for each.
	4. Understanding operation of each system and equipment controlled by DDC system including sequences of operation, each unique control algorithm and each unique optimization routine.
	5. Operating operator workstations, printers and other peripherals.
	6. Logging on and off system.
	7. Accessing graphics, reports and alarms.
	8. Adjusting and changing set points and time schedules.
	9. Recognizing DDC system malfunctions.
	10. Understanding content of operation and maintenance manuals including control drawings.
	11. Understanding physical location and placement of DDC controllers and I/O hardware.
	12. Accessing data from DDC controllers.
	13. Operating portable operator workstations.
	14. Running each specified report and log.
	15. Displaying and demonstrating each data entry to show Project-specific customizing capability. Demonstrating parameter changes.
	16. Stepping through graphics penetration tree, displaying all graphics, demonstrating dynamic updating, and direct access to graphics.
	17. Executing digital and analog commands in graphic mode.
	18. Demonstrating control loop precision and stability via trend logs of I/O for not less than 10 percent of I/O installed.
	19. Demonstrating DDC system performance through trend logs and command tracing.
	20. Demonstrating on-line user guide, and help function and mail facility.




	230923.53 fl - variable-frequency motor controllers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes separately enclosed, preassembled, combination VFCs, rated 600 V and less, for speed control of three-phase, squirrel-cage induction motors.

	1.3 DEFINITIONS
	A. CPT: Control power transformer.
	B. DDC: Direct digital control.
	C. EMI: Electromagnetic interference.
	D. LED: Light-emitting diode.
	E. NC: Normally closed.
	F. NO: Normally open.
	G. OCPD: Overcurrent protective device.
	H. PID: Control action, proportional plus integral plus derivative.
	I. RFI: Radio-frequency interference.
	J. VFC: Variable-frequency motor controller.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Product Data: For each type and rating of VFC indicated.  On data submittal sheets were more than one product is described, clearly annotate which product(s) is to be supplied.
	1.  Include dimensions and finishes for VFCs.
	2. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.

	C. Shop Drawings: For each VFC indicated.
	1. Include mounting and attachment details.
	2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Include diagrams for power, signal, and control wiring.


	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Product Certificates: For each VFC from manufacturer.
	C. Source quality-control reports.
	D. Field quality-control reports.
	E. Sample Warranty: For special warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Operation and Maintenance Data: For VFCs to include in emergency, operation, and maintenance manuals.
	1. In addition to items specified in Section 017822 "Operation and Maintenance Data," include the following:
	a. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit breaker and motor-circuit protector trip settings.
	b. Manufacturer's written instructions for setting field-adjustable overload relays.
	c. Manufacturer's written instructions for testing, adjusting, and reprogramming microprocessor control modules.
	d. Manufacturer's written instructions for setting field-adjustable timers, controls, and status and alarm points.



	1.7 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Cerus Industrial, Inc.
	2. Danfoss Inc.
	3. Eaton.
	4. Rockwell Automation, Inc.
	5. Schneider Electric USA, Inc.
	6. Siemens Industry, Inc.


	2.2 SYSTEM DESCRIPTION
	A. General Requirements for VFCs:
	1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A.

	B. Application:  Variable torque for centrifugal fans.
	C. VFC Description: Variable-frequency motor controller, consisting of power converter that employs pulse-width-modulated inverter, factory built and tested in an enclosure, with integral disconnecting means and overcurrent and overload protection; li...
	1. Units suitable for operation of NEMA MG 1, Design A and Design B motors, as defined by NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors U...
	2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors."
	3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL acceptable to authorities having jurisdiction.

	D. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of connection used between motor and load such as direct or through a power-transmission connection.
	E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout voltage range; maximum voltage equals input voltage.
	F. Unit Operating Requirements:
	1. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F.
	2. Humidity Rating: Less than 95 percent (noncondensing).
	3. Altitude Rating: Not exceeding 3300 feet.
	4. Overload Capability:  1.1 times the base load current for 60 seconds; minimum of 1.8 times the base load current for three seconds.
	5. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz.

	G. Inverter Logic: Microprocessor based, isolated from all power circuits.
	H. Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1 speed range.
	I. Internal Adjustability Capabilities:
	1. Minimum Speed: 5 to 25 percent of maximum rpm.
	2. Maximum Speed: 80 to 100 percent of maximum rpm.
	3. Acceleration:  0.1 to 999.9 seconds.
	4. Deceleration:  0.1 to 999.9 seconds.
	5. Current Limit: 30 to minimum of 150 percent of maximum rating.

	J. Self-Protection and Reliability Features:
	1. Surge Suppression: Factory installed as an integral part of the VFC, complying with UL 1449 SPD, Type 1 or Type 2.
	2. Loss of Input Signal Protection: Selectable response strategy, including speed default to a percent of the most recent speed, a preset speed, or stop; with alarm.
	3. Under- and overvoltage trips.
	4. Inverter overcurrent trips.
	5. Critical frequency rejection, with three selectable, adjustable deadbands.
	6. Instantaneous line-to-line and line-to-ground overcurrent trips.
	7. Loss-of-phase protection.
	8. Reverse-phase protection.
	9. Short-circuit protection.
	10. Motor-overtemperature fault.

	K. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after an interruption and before shutting down for manual reset or fault correction; adjustable delay time between restart attempts.
	L. Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning in either direction and returning motor to set speed in proper direction, without causing damage to drive, motor, or load.

	2.3 CONTROLS AND INDICATION
	A. Status Lights: Door-mounted LED indicators displaying the following conditions:
	1. Power on.
	2. Run.
	3. Overvoltage.
	4. Line fault.
	5. Overcurrent.
	6. External fault.

	B. Indicating Devices: Digital display mounted flush in VFC door and connected to display VFC parameters including, but not limited to:
	1. Output frequency (Hz).
	2. Motor speed (rpm).
	3. Motor status (running, stop, fault).
	4. Motor current (amperes).
	5. Motor torque (percent).
	6. Fault or alarming status (code).
	7. PID feedback signal (percent).
	8. DC-link voltage (V dc).
	9. Set point frequency (Hz).
	10. Motor output voltage (V ac).

	C. Control Signal Interfaces:
	1. Remote Signal Inputs: Capability to accept any of the following speed-setting input signals from the DDC system for HVAC or other control systems:
	a. 0- to 10-V dc.
	b. 4- to 20-mA dc.

	2. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs (120-V ac, 1 A) for remote indication of the following:
	a. Motor running.
	b. Set point speed reached.
	c. Fault and warning indication (overtemperature or overcurrent).
	d. PID high- or low-speed limits reached.



	2.4 ENCLOSURES
	A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.
	1. Dry and Clean Indoor Locations:  Type 1.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance with requirements for installation tolerances, and other conditions affecting performance of the Work.
	B. Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold damaged.
	C. Examine roughing-in for conduit systems to verify actual locations of conduit connections before VFC installation.
	D. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating handles not higher than 79 inches above finished floor, unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-stee...

	3.3 CONTROL WIRING INSTALLATION
	A. Install wiring between VFCs and existing building DDC system. Comply with requirements in Section 230923 "Direct Digital Control (DDC) System for HVAC."
	B. Bundle, train, and support wiring in enclosures.

	3.4 IDENTIFICATION
	A. Identify VFCs, components, and control wiring. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each VFC with engraved nameplate.
	3. Label each enclosure-mounted control and pilot device.


	3.5 FIELD QUALITY CONTROL
	A. Perform tests and inspections with the assistance of a factory-authorized service representative.
	B. Tests and Inspections:
	1. Inspect VFC, wiring, components, connections, and equipment installation. Test and adjust controllers, components, and equipment.
	2. Test continuity of each circuit.
	3. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated voltages. If outside this range for any motor, notify Owner before starting the motor(s).
	4. Test each motor for proper phase rotation.
	5. Perform tests according to the Inspection and Test Procedures for Adjustable Speed Drives stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	6. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	C. VFCs will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports. Include notation of deficiencies detected, remedial action taken, and observations made after remedial action.

	3.6 STARTUP SERVICE
	A.  Perform startup service.
	1. Complete installation and startup checks according to manufacturer's written instructions.


	3.7 ADJUSTING
	A. Program microprocessors for required operational sequences, status indications, alarms, event recording, and display features. Clear events memory after final acceptance testing and prior to Substantial Completion.

	3.8 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs.



	232113 fl - hydronic piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes pipe and fitting materials and joining methods for the following:
	1. Copper tube and fittings.
	2. Steel pipe and fittings.
	3. PVC pipe and fittings.
	4. Joining materials.
	5. Transition fittings.
	6. Dielectric fittings.
	7. Bypass chemical feeder.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.  For each type of the following:
	1. Pipe.
	2. Fittings.
	3. Joining materials.
	4. Bypass chemical feeder.

	C. Piping Schedule:  Identify type of material fittings, and joining method to be used for each piping application and size range.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	1. Suspended ceiling components.
	2. Other building services.
	3. Structural members.

	C. Qualification Data: For Installer.
	D. Welding certificates.
	E. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code: Section IX.
	1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature unless otherwise indicated:
	1. Chilled/Hot Water Piping:  100 psig at 200 deg F.
	2. Condenser-Water Piping:  150 psig at 150 deg F.
	3. Seawater and Condensate-Drain Piping:  180 deg F.
	4. Air-Vent Piping:  200 deg F.
	5. Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system to which it is attached.


	2.2 COPPER TUBE AND FITTINGS
	A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.
	B. DWV Copper Tubing: ASTM B 306, Type DWV.
	C. Wrought-Copper, Solder Joint Pressure Fittings, Unions, and Flanges: ASME B16.22.

	2.3 STEEL PIPE AND FITTINGS
	A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, and wall thickness as indicated in "Piping Applications" Article.
	B. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in “Piping Applications” Article.
	C. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping Applications" Article.
	D. Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised ground face, and bolt holes spot faced as indicated in "Piping Applications" Article.
	E. Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in which they are installed.

	2.4 PVC PIPE AND FITTINGS
	A. PVC Plastic Pipe: ASTM D 1785, with wall thickness as indicated in "Piping Applications" Article.
	1. PVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM D 2466 for Schedule 40 pipe.


	2.5 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless otherwise indicated.
	a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.


	B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813.
	D. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	E. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working temperatures and pressures.

	2.6 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:
	1. Description:
	a. Standard: ASSE 1079.
	b. Pressure Rating:  125 psig minimum at 180 deg F.
	c. End Connections: Solder-joint copper alloy and threaded ferrous.


	C. Dielectric Flanges:
	1. Description:
	a. Standard: ASSE 1079.
	b. Factory-fabricated, bolted, companion-flange assembly.
	c. Pressure Rating:  125 psig minimum at 180 deg F.
	d. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-joint copper alloy and threaded ferrous.


	D. Dielectric-Flange Insulating Kits:
	1. Description:
	a. Nonconducting materials for field assembly of companion flanges.
	b. Pressure Rating:  150 psig.
	c. Gasket: Neoprene or phenolic.
	d. Bolt Sleeves: Phenolic or polyethylene.
	e. Washers: Phenolic with steel backing washers.


	E. Dielectric Nipples:
	1. Description:
	a. Standard: IAPMO PS 66.
	b. Electroplated steel nipple, complying with ASTM F 1545.
	c. Pressure Rating:  300 psig at 225 deg F.
	d. End Connections: Male threaded or grooved.
	e. Lining: Inert and noncorrosive, propylene.



	2.7 BYPASS CHEMICAL FEEDER
	A. Propylene Glycol:  Industrial grade with corrosion inhibitors and environmental-stabilizer additives for mixing with water in systems indicated to contain antifreeze or glycol solutions.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Chilled/Hot Water and Condenser Water Piping: Hot-water heating, radiant-heating piping, aboveground, NPS 2-1/2 and larger, shall be the following:
	1. Schedule 40 steel pipe, cast-iron flanges and flange fittings, and welded and flanged joints.

	B. Makeup-water piping installed aboveground shall be the following:
	1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

	C. Seawater and Condensate-Drain Piping:  Type DWV, drawn-temper copper tubing, wrought-copper fittings, and soldered joints or Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.
	D. Air-Vent Piping:
	1. Inlet: Same as service where installed.
	2. Outlet: Copper tubing with soldered joints.

	E. Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping specified for the service in which safety valve is installed.

	3.2 PIPING INSTALLATIONS
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Select system components with pressure rating equal to or greater than system operating pressure.
	K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	M. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
	N. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
	O. Install branch connections to mains using tee fittings in main pipe, with the branch connected to the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.
	P. Install valves according to the following:
	1. Section 230523.12 "Ball Valves for HVAC Piping."
	2. Section 230523.14 "Check Valves for HVAC Piping."
	3. Section 230523.15 "Gate Valves for HVAC Piping."

	Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	S. Install shutoff valve immediately upstream of each dielectric fitting.
	T. Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC Piping" for installation of expansion loops, expansion joints, anchors, and pipe alignment guides.
	U. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for identifying piping.
	V. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
	W. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
	X. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."

	3.3 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings : Use dielectric flange kits or nipples.

	3.4 HANGERS AND SUPPORTS
	A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for hanger, support, and anchor devices. Comply with the following requirements for maximum spacing of supports.
	B. Install the following pipe attachments:
	1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
	2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
	3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
	4. Spring hangers to support vertical runs.
	5. Provide copper-clad hangers and supports for hangers and supports in direct contact with copper pipe.
	6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from scratching pipe.

	C. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
	1. NPS 3/4: Maximum span, 7 feet.
	2. NPS 1: Maximum span, 7 feet.
	3. NPS 1-1/2: Maximum span, 9 feet.
	4. NPS 2: Maximum span, 10 feet.
	5. NPS 2-1/2: Maximum span, 11 feet.
	6. NPS 3 and Larger: Maximum span, 12 feet.

	D. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.
	2. NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.
	3. NPS 1-1/4Maximum span, 7 feet; minimum rod size, 3/8 inch.
	4. NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
	5. NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
	6. NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.
	7. NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch.

	E. Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written instructions for service conditions. Avoid point loading. Space and install hangers with the fewest practical rigid anchor points.
	F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

	3.5 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged. Do not use pipe sections that have cracked or open welds.

	E. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes and welding operators according to "Quality Assurance" Article.
	F. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.
	G. Plastic Piping Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings according to the following:
	1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.
	2. PVC Nonpressure Piping: Join according to ASTM D 2855.


	3.6 TERMINAL EQUIPMENT CONNECTIONS
	A. Sizes for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install control valves in accessible locations close to connected equipment.
	C. Install bypass piping with globe valve around control valve. If parallel control valves are installed, only one bypass is required.
	D. Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply with requirements in Section 230519 "Meters and Gages for HVAC Piping."

	3.7 CHEMICAL TREATMENT
	A. Install bypass chemical feeders in each hydronic system where indicated.
	1. Install in upright position with top of funnel not more than 48 inches above the floor.
	2. Install feeder in minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve in the main between bypass connections.
	3. Install NPS 3/4 pipe from chemical feeder drain to nearest equipment drain and include a full-size, full-port, ball valve.

	B. Fill system with fresh water and add liquid alkaline compound with emulsifying agents and detergents to remove grease and petroleum products from piping. Circulate solution for a minimum of 24 hours, drain, clean strainer screens, and refill with f...
	C. Add initial chemical treatment and maintain water quality in ranges noted above for the first year of operation.
	D. Fill systems that have antifreeze or glycol solutions with the concentrations indicated on drawings:

	3.8 FIELD QUALITY CONTROL
	A. Prepare hydronic piping according to ASME B31.9 and as follows:
	1. Leave joints, including welds, uninsulated and exposed for examination during test.
	2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure. If temporary restraints are impractical, isolate expansion joints from testing.
	3. Flush hydronic piping systems with clean water; then remove and clean or replace strainer screens.
	4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve. Install blinds in flanged joints to isolate equipment.
	5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to protect against damage by expanding liquid or other source of overpressure during test.

	B. The General Contractor shall engage a testing agent to perform the following tests on hydronic piping:
	1. Use ambient temperature water as a testing medium unless there is risk of damage due to freezing. Another liquid that is safe for workers and compatible with piping may be used.
	2. While filling system, use vents installed at high points of system to release air. Use drains installed at low points for complete draining of test liquid.
	3. Isolate expansion tanks and determine that hydronic system is full of water.
	4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the system's working pressure. Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in system under test. Verify that stre...
	5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.
	6. Prepare written report of testing.

	C. Perform the following before operating the system:
	1. Open manual valves fully.
	2. Inspect pumps for proper rotation.
	3. Set makeup pressure-reducing valves for required system pressure.
	4. Inspect air vents at high points of system and determine if all are installed and operating freely (automatic type), or bleed air completely (manual type).
	5. Set temperature controls so all coils are calling for full flow.
	6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, cooling towers, to specified values.
	7. Verify lubrication of motors and bearings.




	232116 fl - hydronic piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes the following:
	1. Hydronic specialty valves.
	2. Air-control devices.
	3. Strainers.
	4. Connectors.
	5. Packaged glycol make-up unit.

	B. Related Requirements:
	1. Section 230516 "Expansion Fittings and Loops for HVAC Piping" for expansion fittings and loops.
	2. Section 230523.12 "Ball Valves for HVAC Piping" for specification and installation requirements for ball valves common to most piping systems.
	3. Section 230523.14 "Check Valves for HVAC Piping" for specification and installation requirements for check valves common to most piping systems.
	4. Section 230523.15 "Gate Valves for HVAC Piping" for specification and installation requirements for gate valves common to most piping systems.
	5. Section 230923.11 "Control Valves" for automatic control valve and sensor specifications, installation requirements, and locations.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of the following.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.
	1. Hydronic Specialty Valves: Include flow and pressure drop curves based on manufacturer's testing for calibrated-orifice balancing valves and automatic flow-control valves.
	2. Air-control devices.
	3. Strainers.
	4. Connectors.


	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For air-control devices, hydronic specialties, and special-duty valves to include in emergency, operation, and maintenance manuals.

	1.5 MAINTENANCE SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Differential Pressure Meter:  For each type of balancing valve and automatic flow control valve, include flowmeter, probes, hoses, flow charts, and carrying case.

	1.6 QUALITY ASSURANCE
	A. Pipe Welding:  Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code:  Section IX.
	1. Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.



	PART 2 -  PRODUCTS
	2.1 HYDRONIC SPECIALTY VALVES
	A. Bronze, Calibrated-Orifice, Balancing Valves:
	1. Body: Bronze, ball or plug type with calibrated orifice or venturi.
	2. Ball: Brass or stainless steel.
	3. Plug: Resin.
	4. Seat: PTFE.
	5. End Connections: Threaded or socket.
	6. Pressure Gage Connections: Integral seals for portable differential pressure meter.
	7. Handle Style: Lever, with memory stop to retain set position.
	8. CWP Rating: Minimum 125 psig.
	9. Maximum Operating Temperature: 250 deg F.

	B. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves:
	1. Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or venturi.
	2. Ball: Brass or stainless steel.
	3. Stem Seals: EPDM O-rings.
	4. Disc: Glass and carbon-filled PTFE.
	5. Seat: PTFE.
	6. End Connections: Flanged or grooved.
	7. Pressure Gage Connections: Integral seals for portable differential pressure meter.
	8. Handle Style: Lever, with memory stop to retain set position.
	9. CWP Rating: Minimum 125 psig.
	10. Maximum Operating Temperature: 250 deg F.

	C. Diaphragm-Operated, Pressure-Reducing Valves: ASME labeled.
	1. Body: Bronze or brass.
	2. Disc: Glass and carbon-filled PTFE.
	3. Seat: Brass.
	4. Stem Seals: EPDM O-rings.
	5. Diaphragm: EPT.
	6. Low inlet-pressure check valve.
	7. Inlet Strainer: Removable without system shutdown.
	8. Valve Seat and Stem: Noncorrosive.
	9. Valve Size, Capacity, and Operating Pressure: Selected to suit system in which installed, with operating pressure and capacity factory set and field adjustable.

	D. Diaphragm-Operated Safety Valves: ASME labeled.
	1. Body: Bronze or brass.
	2. Disc: Glass and carbon-filled PTFE.
	3. Seat: Brass.
	4. Stem Seals: EPDM O-rings.
	5. Diaphragm: EPT.
	6. Wetted, Internal Work Parts: Brass and rubber.
	7. Inlet Strainer: Removable without system shutdown.
	8. Valve Seat and Stem: Noncorrosive.
	9. Valve Size, Capacity, and Operating Pressure: Comply with ASME Boiler and Pressure Vessel Code: Section IV, and selected to suit system in which installed, with operating pressure and capacity factory set and field adjustable.

	E. Automatic Flow-Control Valves:
	1. Body: Brass or ferrous metal.
	2. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and removable.
	3. Combination Assemblies: Include bronze or brass-alloy ball valve.
	4. Identification Tag: Marked with zone identification, valve number, and flow rate.
	5. Size: Same as pipe in which installed.
	6. Performance: Maintain constant flow, plus or minus 5 percent over system pressure fluctuations.
	7. Minimum CWP Rating:  175 psig.
	8. Maximum Operating Temperature:  250 deg F.

	F. Saltwater Piping Valves:
	1. Basis of Design: Spears lever handle PVC butterfly valve.
	2. PVC butterfly valve, lever handle PVC butterfly valve.
	3. CPVC Type IV cell classification 23447.
	4. Bolt hole pattern shall conform ASME B16.5 Class 150.
	5. Interlocking body and seat design.
	6. Buna-N, EPDM, or FKM Seat and Seals.
	7. Fully isolated solid Type 316L stainless steel stem and hardware.
	8. Reversable high impact polypropylene lever handle with 7-position stops and built-in lockout.
	9. PTFE coated stem.


	2.2 AIR-CONTROL DEVICES
	A. Manual Air Vents:
	1. Body: Bronze.
	2. Internal Parts: Nonferrous.
	3. Operator: Screwdriver or thumbscrew.
	4. Inlet Connection: NPS 1/2.
	5. Discharge Connection: NPS 1/8.
	6. CWP Rating: 150 psig.
	7. Maximum Operating Temperature: 225 deg F.

	B. Automatic Air Vents:
	1. Body: Bronze or cast iron.
	2. Internal Parts: Nonferrous.
	3. Operator: Noncorrosive metal float.
	4. Inlet Connection: NPS 1/2.
	5. Discharge Connection: NPS 1/4.
	6. CWP Rating: 150 psig.
	7. Maximum Operating Temperature: 240 deg F.

	C. Bladder-Type Expansion Tanks:
	1. Tank: Welded steel, rated for 125-psig working pressure and 375 deg F maximum operating temperature. Factory test after taps are fabricated and supports installed and are labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, Divi...
	2. Bladder: Securely sealed into tank to separate air charge from system water to maintain required expansion capacity.
	3. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats.

	D. Tangential-Type Air Separators:
	1. Tank: Welded steel; ASME constructed and labeled for 125-psig minimum working pressure and 375 deg F maximum operating temperature.
	2. Air Collector Tube: Perforated stainless steel, constructed to direct released air into expansion tank.
	3. Tangential Inlet and Outlet Connections: Threaded for NPS 2 and smaller; flanged connections for NPS 2-1/2 and larger.
	4. Blowdown Connection: Threaded.
	5. Size: Match system flow capacity.

	E. In-Line Air Separators:
	1. Tank: One-piece cast iron with an integral weir constructed to decelerate system flow to maximize air separation.
	2. Maximum Working Pressure: Up to 175 psig.
	3. Maximum Operating Temperature: Up to 300 deg F.


	2.3 STRAINERS
	A. Y-Pattern Strainers:
	1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
	2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and larger.
	3. Strainer Screen: Stainless-steel, mesh strainer, or perforated stainless-steel basket.
	4. CWP Rating: 125 psig.

	B. Magnetic Strainers:
	1. Body: 304L stainless steel with bolted cover and bottom drain connection.
	2. End Connections: Flanged, ASME B16.5 Class 150.
	3. Magnets: High power NdFeB
	4. Pocket Sleeves: 304L stainless steel.
	5. CWP Rating: 125 psig.
	6. Provide ASME approved basis of design filter, Grundfoss MagFilter, or approved equivalent.


	2.4 CONNECTORS
	A. Stainless-Steel Bellow, Flexible Connectors:
	1. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective jacket.
	2. End Connections: Threaded or flanged to match equipment connected.
	3. Performance: Capable of 3/4-inch misalignment.
	4. CWP Rating: 150 psig.
	5. Maximum Operating Temperature: 250 deg F.



	PART 3 -  EXECUTION
	3.1 VALVE APPLICATIONS
	A. Install shutoff-duty valves at each branch connection to supply mains and at supply connection to each piece of equipment.
	B. Install calibrated-orifice, balancing valves at each branch connection to return main.
	C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.
	D. Install check valves at each pump discharge and elsewhere as required to control flow direction.
	E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe without valves to the outdoors; pipe drain to nearest floor drain or as indicate...
	F. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure.

	3.2 HYDRONIC SPECIALTIES INSTALLATION
	A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting.
	B. Install automatic air vents at high points of system piping in mechanical equipment rooms only. Install manual vents at heat-transfer coils and elsewhere as required for air venting.
	C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 percent upward slope toward tank.
	D. Install in-line air separators in pump suction. Install drain valve on air separators NPS 2 and larger.
	E. Install tangential air separator in pump suction. Install blowdown piping with gate or full-port ball valve; extend full size to nearest floor drain.
	F. Install expansion tanks on the floor. Vent and purge air from hydronic system, and ensure that tank is properly charged with air to suit system Project requirements.



	232123 fl - hydronic pumps
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Close-coupled, in-line centrifugal pumps.


	1.3 DEFINITIONS
	A. Buna-N: Nitrile rubber.
	B. EPT: Ethylene propylene terpolymer.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of pump. Include certified performance curves and rated capacities, operating characteristics, furnished specialties, final impeller dimensions, and accessories for each type of product indicated. Indicate pump's operati...
	C. Shop Drawings: For each pump.
	1. Show pump layout and connections.
	2. Include setting drawings with templates for installing foundation and anchor bolts and other anchorages.
	3. Include diagrams for power, signal, and control wiring.

	D. Provide equipment cut sheets to General Contractor for inclusion in project coordination drawings.  Include all equipment dimensions, noting manufacturer's clearance requirements, as well as location and sizes of all equipment connections.

	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Warranty:  Sample of special warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For pumps to include in emergency, operation, and maintenance manuals.

	1.7 WARRANTY
	A. Special Warranty:  Manufacturer’s standard form in which manufacturer agrees to repair or replace components of centrifugal pumps that fail in material or workmanship within specified warranty period.
	1. Extended Warranty Period:
	a. For Parts:  Two years.
	b. For Labor:  Two years.




	PART 2 -  PRODUCTS
	2.1 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Armstrong Pumps, Inc.
	2. Bell and Gossett.
	3. Grundfos Pumps Corporation.
	4. TACO Incorporated.

	B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with pump and motor shafts mounted horizontally or vertically.
	C. Capacities and Characteristics: As scheduled on Drawings.
	D. Pump Construction:
	1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, replaceable bronze wear rings, and threaded companion-flange connections.
	2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. For constant-speed pumps, trim impeller to match specified performance.
	3. Pump Shaft:  Steel, with copper-alloy shaft sleeve.
	4. Pump Bearings:  Permanently lubricated ball bearings.

	E. Motor: Variable speed and rigidly mounted to pump casing.
	1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC Equipment."
	a. Enclosure:  Open, dripproof.
	b. Motor Bearings:  Permanently lubricated ball bearings.



	2.2 SELF-PRIMING, CLOSE COUPLED PUMP
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product:
	1. Ampco.

	B. Description: Factory-assembled and -tested, self-priming, centrifugal, overhung-impeller, separately coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base mounting, with pump and motor shafts horizontal.
	C. Capacities and Characteristics:  As scheduled on Drawings.
	D. Pump Construction:
	1. Constructed in NiAl bronze with buna carbon vs. ceramic mechanical seal.

	E. Mounting Frame: Welded-steel frame and cross members, factory fabricated from ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, coupling guard, and motor.
	F. Motor: Variable speed, secured to mounting frame, with adjustable alignment.
	1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC Equipment."
	a. Enclosure:  Open, dripproof.
	b. Motor Bearings:  Permanently lubricated ball bearings.



	2.3 PUMP SPECIALTY FITTINGS
	A. Suction Diffuser:
	1. Angle pattern.
	2. 175-psig pressure rating, cast or ductile-iron body and end cap, pump-inlet fitting.
	3. Bronze startup and bronze or stainless-steel permanent strainers.
	4. Bronze or stainless-steel straightening vanes.
	5. Drain plug.
	6. Factory-fabricated support.

	B. Triple-Duty Valve:  Not allowed.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for piping systems to verify actual locations of piping connections before pump installation.
	C. Examine foundations and inertia bases for suitable conditions where pumps are to be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PUMP INSTALLATION
	A. Comply with HI 1.4 and HI 2.4.
	B. Install pumps to provide access for periodic maintenance including removing motors, impellers, couplings, and accessories.
	C. Independently support pumps and piping so weight of piping is not supported by pumps and weight of pumps is not supported by piping.
	D. Equipment Mounting:
	1. Install base-mounted pumps on cast-in-place concrete equipment bases. Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."
	2. Comply with requirements for vibration isolation devices specified in Section 230548.13 "Vibration Controls for HVAC."

	E. Equipment Mounting: Install in-line pumps with continuous-thread hanger rods and spring hangers with vertical-limit stop of size required to support weight of in-line pumps.
	1. Comply with requirements for hangers and supports specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."


	3.3 ALIGNMENT
	A. Perform alignment service.
	B. Comply with requirements in Hydronics Institute standards for alignment of pump and motor shaft. Add shims to the motor feet and bolt motor to base frame. Do not use grout between motor feet and base frame.
	C. Comply with pump and coupling manufacturers' written instructions.
	D. After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in place. After grout has cured, fully tighten foundation bolts.

	3.4 CONNECTIONS
	A. Where installing piping adjacent to pump, allow space for service and maintenance.
	B. Connect piping to pumps. Install valves that are same size as piping connected to pumps.
	C. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.
	D. Install check, shut-off, and balancing valves with memory stop on discharge side of pumps.
	E. Install suction diffuser, Y-type strainer, and shutoff valve on suction side of pumps.
	F. Install flexible connectors on suction and discharge sides of base-mounted pumps between pump casing and valves.
	G. Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or install single gage with multiple-input selector valves.
	H. Install check valve and gate or ball valve on each condensate pump unit discharge.
	I. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	J. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

	3.5 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.
	1. Complete installation and startup checks according to manufacturer's written instructions.
	2. Check piping connections for tightness.
	3. Clean strainers on suction piping.
	4. Perform the following startup checks for each pump before starting:
	a. Verify bearing lubrication.
	b. Verify that pump is free to rotate by hand and that pump for handling hot liquid is free to rotate with pump hot and cold. If pump is bound or drags, do not operate until cause of trouble is determined and corrected.
	c. Verify that pump is rotating in the correct direction.

	5. Prime pump by opening suction valves and closing drains, and prepare pump for operation.
	6. Start motor.
	7. Open discharge valve slowly.


	3.6 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.  Provide one hour of training for each pump provided.



	232213 fl - steam and condensate heating piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes pipe and fittings for LP steam and condensate piping:
	B. Related Requirements:
	1. Section 232216 "Steam and Condensate Piping Specialties" for strainers, flash tanks, special-duty valves, steam traps, thermostatic air vents and vacuum breakers, and steam and condensate meters.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Product Data: For RTRP and RTRF and adhesive.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	1. Suspended ceiling components.
	2. Other building services.
	3. Structural members.

	C. Qualification Data: For Installer.
	D. Welding certificates.
	E. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:
	B. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	C. Pipe Welding: Qualify procedures and operators according to the following:
	1. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressures and temperatures unless otherwise indicated:
	1. LP Steam Piping: 15 psig.
	2. Condensate Piping: 15 psig at 250 deg F.
	3. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it is attached.
	4. Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it is attached.


	2.2 STEEL PIPE AND FITTINGS
	A. Steel Pipe: ASTM A 53/A 53M, black steel, plain ends, welded and seamless, Grade B, and Schedule as indicated in piping applications articles.
	B. Cast-Iron Threaded Fittings: ASME B16.4; Classes 125, 150, and 300 as indicated in piping applications articles.
	C. Malleable-Iron Threaded Fittings: ASME B16.3; Classes 150 and 300 as indicated in piping applications articles.
	D. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in piping applications articles.
	E. Cast-Iron Threaded Flanges and Flanged Fittings: ASME B16.1, Classes 125 and 250 as indicated in piping applications articles; raised ground face, and bolt holes spot faced.
	F. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.
	G. Wrought-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	1. Material Group: 1.1.
	2. End Connections: Butt welding.
	3. Facings: Raised face.

	H. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type, Grade, and Schedule as pipe in which installed.

	2.3 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless otherwise indicated.
	a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.


	B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	D. Welding Materials: Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.


	PART 3 -  EXECUTION
	3.1 LP STEAM PIPING APPLICATIONS
	A. LP Steam Piping, NPS 2 and Smaller:  Schedule 40, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded joints.
	B. LP Steam Piping, NPS 2-1/2 through NPS 12:  Schedule 40, Type E, Grade B, steel pipe; Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.
	C. Condensate piping above grade, and smaller, shall be the following:
	1. Schedule 80, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded joints.


	3.2 ANCILLARY PIPING APPLICATIONS
	A. Vacuum-Breaker Piping: Outlet, same as service where installed.
	B. Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping specified for the service in which safety valve is installed.

	3.3 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless otherwise indicated.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping free of sags and bends.
	G. Install fittings for changes in direction and branch connections.
	H. Install piping to allow application of insulation.
	I. Select system components with pressure rating equal to or greater than system operating pressure.
	J. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	K. Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4 threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	L. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of steam flow.
	M. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in direction of condensate flow.
	N. Reduce pipe sizes using eccentric reducer fitting installed with level side down.
	O. Install branch connections to mains using tee fittings in main pipe, with the branch connected to top of main pipe.
	P. Install valves according to Section 230523.11 "Globe Valves for HVAC Piping," Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.13 "Butterfly Valves for HVAC Piping," Section 230523.14 "Check Valves for HVAC Piping," and Section 23052...
	Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	S. Install shutoff valve immediately upstream of each dielectric fitting.
	T. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers NPS 2 and larger. Match size of strainer blowoff co...
	U. Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC Piping" for installation of expansion loops, expansion joints, anchors, and pipe alignment guides.
	V. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for identifying piping.
	W. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and ahead of pressure regulators, and control valves.
	1. On straight runs with no natural drainage points, install drip legs at intervals not exceeding 200 feet.
	2. Size drip legs same size as main. In steam mains NPS 6 and larger, drip leg size can be reduced, but to no less than NPS 4.

	X. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
	Y. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
	Z. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."

	3.4 STEAM AND CONDENSATE PIPING SPECIALTIES INSTALLATION
	A. Comply with requirements in Section 232216 "Steam and Condensate Piping Specialties" for installation requirements for strainers, flash tanks, special-duty valves, steam traps, thermostatic air vents and vacuum breakers, and steam and condensate me...

	3.5 HANGERS AND SUPPORTS
	A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for installation of hangers and supports. Comply with requirements below for maximum spacing.
	B. Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for seismic restraints.
	C. Install the following pipe attachments:
	1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
	2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
	3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
	4. Spring hangers to support vertical runs.

	D. Install hangers for steel steam supply piping with the following maximum spacing:
	1. NPS 3/4: Maximum span, 9 feet.
	2. NPS 1: Maximum span, 9 feet.
	3. NPS 1-1/2: Maximum span, 12 feet.
	4. NPS 2: Maximum span, 13 feet.
	5. NPS 2-1/2: Maximum span, 14 feet.
	6. NPS 3 and Larger: Maximum span, 15 feet.

	E. Install hangers for steel steam condensate piping with the following maximum spacing:
	1. NPS 3/4: Maximum span, 7 feet.
	2. NPS 1: Maximum span, 7 feet.
	3. NPS 1-1/2: Maximum span, 9 feet.
	4. NPS 2: Maximum span, 10 feet.
	5. NPS 2-1/2: Maximum span, 11 feet.
	6. NPS 3 and Larger: Maximum span, 12 feet

	F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
	G. Fiberglass Piping Hanger Spacing: Space hangers according to pipe manufacturer's written instructions for service conditions. Avoid point loading. Space and install hangers with the fewest practical rigid anchor points.

	3.6 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and remove burrs. Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged. Do not use pipe sections that have cracked or open welds.

	D. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes and welding operators according to "Quality Assurance" Article.
	E. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

	3.7 TERMINAL EQUIPMENT CONNECTIONS
	A. Size for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install traps and control valves in accessible locations close to connected equipment.
	C. Install bypass piping with globe valve around control valve. If parallel control valves are installed, only one bypass is required.
	D. Install vacuum breakers downstream from control valve, close to coil inlet connection.
	E. Install a drip leg at coil outlet.

	3.8 FIELD QUALITY CONTROL
	A. Prepare steam and condensate piping according to ASME B31.9, "Building Services Piping," and as follows:
	1. Leave joints, including welds, uninsulated and exposed for examination during test.
	2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure. If temporary restraints are impractical, isolate expansion joints from testing.
	3. Flush system with clean water. Clean strainers.
	4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve. Install blinds in flanged joints to isolate equipment.

	B. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	D. Perform the following tests and inspections:
	1. Use ambient temperature water as a testing medium unless there is risk of damage due to freezing. Another liquid that is safe for workers and compatible with piping may be used.
	2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the working pressure. Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in system under test. Verify that stress due to...
	3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.

	E. Prepare test and inspection reports.



	232216 fl - steam and condensate piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes the following piping specialties for LP steam and condensate piping:
	1. Strainers.
	2. Steam traps.
	3. Thermostatic air vents and vacuum breakers.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Product Data: For each type of the following:
	1. Steam trap.
	2. Air vent and vacuum breaker.


	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Operation and Maintenance Data: For valves, steam traps, air vents, vacuum breakers, and meters to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Pipe Welding: Qualify procedures and operators according to the following:
	1. ASME Compliance: Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressures and temperatures unless otherwise indicated:
	1. LP Steam Piping: 30 psig.
	2. Condensate Piping: 15 psig at 250 deg F.
	3. Makeup-Water Piping:  80 psig at 150 deg F.
	4. Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached.
	5. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it is attached.


	2.2 VALVES
	A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in Section 230523.11 "Globe Valves for HVAC Piping," Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.13 "Butterfly Valves for HVAC Piping," Section 2...
	B. Stop-Check Valves:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. A.Y. McDonald Mfg. Co.
	b. Cincinnati Valve Company.
	c. Crane; Crane Energy Flow Solutions.
	d. Jenkins Valves.

	2. Body and Bonnet: Malleable iron.
	4. Disc: Cylindrical with removable liner and machined seat.
	5. Stem: Brass alloy.
	6. Operator: Outside screw and yoke with cast-iron handwheel.
	7. Packing: Polytetrafluoroethylene-impregnated packing with two-piece packing gland assembly.
	8. Pressure Class: 250.


	2.3 STRAINERS
	A. Y-Pattern Strainers:
	1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.
	2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for strainers NPS 2-1/2 and larger.
	3. Strainer Screen: Stainless-steel, [20] [40] [60]-mesh strainer, or perforated stainless-steel basket.
	4. Tapped blowoff plug.
	5. CWP Rating: 250-psig working steam pressure.


	2.4 STEAM TRAPS
	A. Float and Thermostatic Traps:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Armstrong International, Inc.
	b. Hoffman Specialty.
	c. Spirax Sarco, Inc.

	2. Body and Bolted Cap: ASTM A 126, cast iron.
	4. Float Mechanism: Replaceable, stainless steel.
	5. Head and Seat: Hardened stainless steel.
	6. Trap Type: Balanced pressure.
	7. Thermostatic Bellows: Stainless steel or monel.
	8. Thermostatic air vent capable of withstanding 45 deg F of superheat and resisting water hammer without sustaining damage.
	9. Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless-steel cage, valve, and seat.
	10. Maximum Operating Pressure: 125 psig.

	B. Inverted Bucket Traps:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Armstrong International, Inc.
	b. Hoffman Specialty.
	c. Spirax Sarco, Inc.

	2. Body and Cap: Cast iron.
	4. Head and Seat: Stainless steel.
	5. Valve Retainer, Lever, and Guide Pin Assembly: Stainless steel.
	6. Bucket: Brass or stainless steel.
	7. Strainer: Integral stainless-steel inlet strainer within the trap body.
	8. Air Vent: Stainless-steel thermostatic vent.
	9. Pressure Rating: 250 psig.


	2.5 THERMOSTATIC AIR VENTS AND VACUUM BREAKERS
	A. Thermostatic Air Vents:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Armstrong International, Inc.
	b. Hoffman Specialty.
	c. Spirax Sarco, Inc.

	2. Body: Cast iron, bronze, or stainless steel.
	4. Float, Valve, and Seat: Stainless steel.
	5. Thermostatic Element: Phosphor bronze bellows in a stainless-steel cage.
	6. Pressure Rating:  125 psig.
	7. Maximum Temperature Rating:  350 deg F.

	B. Vacuum Breakers:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Armstrong International, Inc.
	b. Hoffman Specialty.
	c. Spirax Sarco, Inc.

	2. Body: Cast iron, bronze, or stainless steel.
	4. Sealing Ball, Retainer, Spring, and Screen: Stainless steel.
	5. O-Ring Seal: EPR.
	6. Pressure Rating:  125 psig.
	7. Maximum Temperature Rating:  350 deg F.


	2.6 FLEXIBLE CONNECTORS
	A. Stainless-Steel Bellows, Flexible Connectors:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Duraflex, Inc.
	b. Flexicraft Industries.
	c. Hyspan Precision Products, Inc.
	d. Mason Industries, Inc.
	e. Metraflex Company (The).
	f. Twin City Hose, Inc.

	2. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforced, protective jacket.
	3. End Connections: Threaded or flanged to match equipment connected.
	4. Performance: Capable of 3/4-inch misalignment.
	5. CWP Rating: 150 psig.
	6. Maximum Operating Temperature: 250 deg F.



	PART 3 -  EXECUTION
	3.1 VALVE APPLICATIONS
	A. Install shutoff duty valves at branch connections to steam supply mains, at steam supply connections to equipment, and at the outlet of steam traps.

	3.2 PIPING INSTALLATION
	A. Install piping to permit valve servicing.
	B. Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4 threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	C. Install valves according to Section 230523.11 "Globe Valves for HVAC Piping," Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.13 "Butterfly Valves for HVAC Piping," Section 230523.14 "Check Valves for HVAC Piping," and Section 23052...
	D. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	E. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	F. Install shutoff valve immediately upstream of each dielectric fitting.
	G. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers NPS 2 and larger. Match size of strainer blowoff co...
	H. Flash Tank:
	1. Pitch condensate piping down toward flash tank.
	2. If more than one condensate pipe discharges into flash tank, install a check valve in each line.
	3. Install thermostatic air vent at tank top.
	4. Install safety valve at tank top.
	5. Install full-port ball valve, and swing check valve on condensate outlet.
	6. Install inverted bucket or float and thermostatic trap at low-pressure condensate outlet, sized for three times the calculated heat load.
	7. Install pressure gage on low-pressure steam outlet according to Section 230519 "Meters and Gages for HVAC Piping."


	3.3 STEAM-TRAP INSTALLATION
	A. Install steam traps in accessible locations as close as possible to connected equipment.
	B. Install full-port ball valve, strainer, and union upstream from trap; install union, check valve, and full-port ball valve downstream from trap unless otherwise indicated.

	3.4 TERMINAL EQUIPMENT CONNECTIONS
	A. Install traps and control valves in accessible locations close to connected equipment.
	B. Install bypass piping with globe valve around control valve. If parallel control valves are installed, only one bypass is required.
	C. Install vacuum breakers downstream from control valve, close to coil inlet connection.



	233113 fl - metal ducts
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Single-wall rectangular ducts and fittings.
	2. Single-wall round ducts and fittings.
	3. Sheet metal materials.
	4. Sealants and gaskets.
	5. Hangers and supports.

	B. Related Sections:
	2. Section 233300 "Air Duct Accessories" for dampers, duct-mounting access doors and panels, turning vanes, and flexible ducts.


	1.3 PERFORMANCE REQUIREMENTS
	A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance ...
	B. Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.  For each type of the following products:
	1. Sealants and gaskets.


	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings: Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	1. Duct installation in congested spaces, indicating coordination with general construction, building components, and other building services. Indicate proposed changes to duct layout.
	2. Suspended ceiling components.
	3. Structural members to which duct will be attached.
	4. Size and location of initial access modules for acoustical tile.
	5. Penetrations of smoke barriers and fire-rated construction.
	6. Items penetrating finished ceiling including the following:
	a. Luminaires.
	b. Air outlets and inlets.
	c. Speakers.
	d. Sprinklers.
	e. Access panels.
	f. Perimeter moldings.


	C. Delegated-Design Submittal:
	1. Sheet metal thicknesses.

	D. Welding certificates.
	E. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
	B. Welding Qualifications:  Qualify procedures and personnel according to the following:
	1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.

	C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-up."
	D. ASHRAE/IES Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.4.4 - "HVAC System Construction and Insulation."


	PART 2 -  PRODUCTS
	2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materia...
	C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materi...
	D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressu...

	2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ductmate Industries, Inc.
	d. SEMCO LLC.
	e. Sheet Metal Connectors, Inc.
	f. Spiral Manufacturing Co., Inc.
	g. Stamped Fittings Inc.


	B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials inv...
	1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

	C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials in...
	1. Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal seams.

	D. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing re...

	2.3 SHEET METAL MATERIALS
	A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be fre...
	B. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	1. Galvanized Coating Designation:  G90.
	2. Finishes for Surfaces Exposed to View: Mill phosphatized.

	C. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

	D. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.4 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	B. Water-Based Joint and Seam Sealant:
	1. Application Method: Brush on.
	2. Solids Content: Minimum 65 percent.
	3. Shore A Hardness: Minimum 20.
	4. Water resistant.
	5. Mold and mildew resistant.
	6. VOC: Maximum 75 g/L (less water).
	7. Maximum Static-Pressure Class: 10-inch wg, positive and negative.
	8. Service: Indoor or outdoor.
	9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or aluminum sheets.

	C. Flanged Joint Sealant: Comply with ASTM C 920.
	1. General: Single-component, acid-curing, silicone, elastomeric.
	2. Type: S.
	3. Grade: NS.
	4. Class: 25.
	5. Use: O.
	6. Sealant shall have a VOC content of 420 g/L or less.
	7. Sealant shall comply with the testing and product requirements of the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers."

	D. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	E. Round Duct Joint O-Ring Seals:
	1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be rated for10-inch wg static-pressure class, positive or negative.
	2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.
	3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings and fitting spigots.


	2.5 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
	B. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
	C. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
	D. Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.
	E. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	F. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	G. Trapeze and Riser Supports:
	1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.
	2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.



	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system. Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and f...
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install ducts in maximum practical lengths.
	D. Install ducts with fewest possible joints.
	E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct. Overlap openin...
	K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers. Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers.
	L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

	3.2 INSTALLATION OF EXPOSED DUCTWORK
	A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
	B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use two-part tape sealing system.
	C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by welding.
	D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
	E. Repair or replace damaged sections and finished work that does not comply with these requirements.

	3.3 DUCT SEALING
	A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
	B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	1. Where practical, install concrete inserts before placing concrete.
	2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.
	3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more than 4 inches thick.
	4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less than 4 inches thick.

	C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and ...
	D. Hangers Exposed to View: Threaded rod and angle or channel supports.
	E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet.
	F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.5 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Section 233300 "Air Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.6 PAINTING
	A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer. Paint materials and application requirements are spe...

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Duct System Cleanliness Tests:
	1. Visually inspect duct system to ensure that no visible contaminants are present.
	2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems."
	a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media shall not exceed 0.75 mg/100 sq. cm.


	C. Duct system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.8 DUCT CLEANING
	A. Clean new duct system(s) before testing, adjusting, and balancing.
	B. Use service openings for entry and inspection.
	1. Create new openings and install access panels appropriate for duct static-pressure class if required for cleaning access. Provide insulated panels for insulated or lined duct. Patch insulation and liner as recommended by duct liner manufacturer. Co...
	2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.
	3. Remove and reinstall ceiling to gain access during the cleaning process.

	C. Particulate Collection and Odor Control:
	1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 percent collection efficiency for 0.3-micron-size (or larger) particles.
	2. When venting vacuuming system to outdoors, use filter to collect debris removed from HVAC system, and locate exhaust downwind and away from air intakes and other points of entry into building.

	D. Clean the following components by removing surface contaminants and deposits:
	1. Air outlets and inlets (registers, grilles, and diffusers).
	2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
	3. Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
	4. Coils and related components.
	5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and mechanical equipment rooms.
	6. Supply-air ducts, dampers, actuators, and turning vanes.
	7. Dedicated exhaust and ventilation components and makeup air systems.

	E. Mechanical Cleaning Methodology:
	1. Clean metal duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
	2. Use vacuum-collection devices that are operated continuously during cleaning. Connect vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
	3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
	4. Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational. Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
	5. Provide drainage and cleanup for wash-down procedures.
	6. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if fungus is present. Apply antimicrobial agents according to manufacturer's written instructions after removal of surface deposits and debris.


	3.9 START UP
	A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC."

	3.10 DUCT SCHEDULE
	A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
	B. Supply and Outside-Air Ducts:
	1. Ducts Connected to Terminal Units:
	a. Pressure Class: Positive 2-inch wg.
	b. Minimum SMACNA Seal Class:  A.
	c. SMACNA Leakage Class for Rectangular:  24.
	d. SMACNA Leakage Class for Round:  12.

	2. Ducts Connected to Constant-Volume Air-Handling Units:
	a. Pressure Class: Positive 3-inch wg.
	b. Minimum SMACNA Seal Class:  A.
	c. SMACNA Leakage Class for Rectangular:  24.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.

	3. Ducts Connected to Variable-Air-Volume Air-Handling Units:
	a. Pressure Class: Positive 4-inch wg.
	b. Minimum SMACNA Seal Class:  A.
	c. SMACNA Leakage Class for Rectangular:  6.
	d. SMACNA Leakage Class for Round and Flat Oval:  6.


	C. Return Ducts:
	1. Ducts Connected to Terminal Units:
	a. Pressure Class: Positive or negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  A.
	c. SMACNA Leakage Class for Rectangular:  24.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.

	2. Ducts Connected to Air-Handling Units:
	a. Pressure Class: Positive or negative 3-inch wg.
	b. Minimum SMACNA Seal Class:  A.
	c. SMACNA Leakage Class for Rectangular:  24.
	d. SMACNA Leakage Class for Round and Flat Oval:  12.


	D. Exhaust Ducts:
	1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:
	a. Pressure Class: Negative 2-inch wg.
	b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive pressure.
	c. SMACNA Leakage Class for Rectangular:  12.
	d. SMACNA Leakage Class for Round:  6.

	2. Ducts Connected to Air-Handling Units:
	a. Pressure Class: Positive or negative 3-inch wg.
	b. Minimum SMACNA Seal Class:  B if negative pressure, and A if positive pressure.
	c. SMACNA Leakage Class for Rectangular:  12.
	d. SMACNA Leakage Class for Round and Flat Oval:  6.


	E. Intermediate Reinforcement:
	1. Galvanized-Steel Ducts:  Galvanized steel.
	a. Exposed to Airstream: Match duct material.
	b. Not Exposed to Airstream:  Match duct material.


	F. Elbow Configuration:
	1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 4-2, "Rectangular Elbows."
	a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
	b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
	c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane Runners," and Figure 4-4, "Vane Support in Elbows."

	2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "Round Duct Elbows."
	a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-1, "Mitered Elbows." Elbows with less than 90-degree change of direction have proportionately fewer segments.
	1) Radius-to Diameter Ratio: 1.5.

	b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
	c. Round Elbows, 14 Inches and Larger in Diameter:  Standing seam.


	G. Branch Configuration:
	1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 4-6, "Branch Connection."
	a. Rectangular Main to Rectangular Branch: 45-degree entry.
	b. Rectangular Main to Round Branch: Spin in.

	2. Round: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees." Saddle taps are permitted in existing duct.
	a. Velocity 1000 to 1500 fpm or Lower: Conical tap.
	b. Velocity 1500 fpm or Higher: 45-degree lateral.





	233300 fl - air duct accessories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Backdraft dampers.
	2. Manual volume dampers.
	3. Turning vanes.
	4. Duct-mounted access doors.
	5. Flexible connectors.
	6. Duct accessory hardware.

	B. Related Requirements:
	1. Section 233346 "Flexible Ducts" for insulated and non-insulated flexible ducts.
	2. Section 284621.11 "Addressable Fire-Alarm System" for duct-mounted fire and smoke detectors.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.

	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which ceiling-mounted access panels and access doors required for access to duct accessories are shown and coordinated with each other, using input from Installers of the items invo...
	C. Source quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For air duct accessories to include in operation and maintenance manuals.  On data submittal sheets where more than one product is described, clearly annotate which product(s) is to be supplied.


	PART 2 -  PRODUCTS
	2.1 ASSEMBLY DESCRIPTION
	A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, rolle...

	2.2 MATERIALS
	A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	1. Galvanized Coating Designation:  G90.
	2. Exposed-Surface Finish: Mill phosphatized.

	B. Extruded Aluminum:  Comply with ASTM B 221 (ASTM B 221M), Alloy 6063, Temper T6.
	C. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	D. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.3 BACKDRAFT DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Geenheck Fan Corporation.

	B. Description: Gravity balanced.
	C. Maximum Air Velocity:  3000 fpm.
	D. Maximum System Pressure:  3-inch wg.
	E. Frame: Hat-shaped, 0.05-inch-thick, galvanized sheet steel, with welded corners or mechanically attached and mounting flange.
	F. Blades: Multiple single-piece blades, off-center pivoted or end pivoted, maximum 6-inch width, 0.025-inch-thick, roll-formed aluminum with sealed edges.
	G. Blade Action: Parallel.
	H. Blade Seals:  Extruded vinyl, mechanically locked.
	I. Blade Axles:
	1. Material:  Stainless steel.
	2. Diameter:  0.20 inch.

	J. Tie Bars and Brackets:  Aluminum.
	K. Return Spring: Adjustable tension.
	L. Bearings:  Synthetic pivot bushings.
	M. Accessories:
	1. Adjustment device to permit setting for varying differential static pressure.
	2. Counterweights and spring-assist kits for vertical airflow installations.
	3. Electric actuators.
	4. Chain pulls.
	5. Screen Mounting: Front mounted in sleeve.
	a. Sleeve Thickness: 20 gage minimum.
	b. Sleeve Length: 6 inches minimum.

	6. Screen Mounting: Rear mounted.
	7. Screen Material:  Galvanized steel.
	8. Screen Type:  Bird.
	9. 90-degree stops.


	2.4 MANUAL VOLUME DAMPERS
	A. Standard, Steel, Manual Volume Dampers:
	B. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flexmaster U.S.A., Inc.
	d. Ruskin Company.
	2. Standard leakage rating, with linkage outside airstream.
	3. Suitable for horizontal or vertical applications.
	4. Frames:
	a. Frame: Hat-shaped, 0.094-inch-thick, galvanized sheet steel.
	b. Mitered and welded corners.
	c. Flanges for attaching to walls and flangeless frames for installing in ducts.

	5. Blades:
	a. Multiple or single blade.
	b. Parallel- or opposed-blade design.
	c. Stiffen damper blades for stability.
	d. Galvanized-steel, 0.064 inch thick.

	6. Blade Axles:  Galvanized steel.
	7. Bearings:
	a. Molded synthetic.
	b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades and bearings at both ends of operating shaft.

	8. Tie Bars and Brackets: Galvanized steel.

	C. Jackshaft:
	1. Size:  1-inch diameter.
	2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on supports at each mullion and at each end of multiple-damper assemblies.
	3. Length and Number of Mountings: As required to connect linkage of each damper in multiple-damper assembly.

	D. Damper Hardware:
	1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel, and a 3/4-inch hexagon locking nut.
	2. Include center hole to suit damper operating-rod size.
	3. Include elevated platform for insulated duct mounting.


	2.5 TURNING VANES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aero-Dyne Sound Control Co.

	B. Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	1. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated faces and fibrous-glass fill.

	C. General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."
	D. Vane Construction:  Single wall.

	2.6 DUCT-MOUNTED ACCESS DOORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Aire Technologies.

	B. Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels," and 7-3, "Access Doors - Round Duct."
	1. Door:
	a. Double wall, rectangular.
	b. Galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class.
	c. Vision panel.
	d. Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.
	e. Fabricate doors airtight and suitable for duct pressure class.

	2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
	3. Number of Hinges and Locks:
	a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.
	b. Access Doors up to 18 Inches Square:  Two hinges and two sash locks.



	2.7 FLEXIBLE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Materials: Flame-retardant or noncombustible fabrics.
	C. Coatings and Adhesives: Comply with UL 181, Class 1.
	D. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick aluminum sheets. Provide metal compatible with connected ducts.
	E. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.
	1. Minimum Weight: 26 oz./sq. yd..
	2. Tensile Strength: 480 lbf/inch in the warp and 360 lbf/inch in the filling.
	3. Service Temperature: Minus 40 to plus 200 deg F.

	F. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, synthetic rubber resistant to UV rays and ozone.
	1. Minimum Weight: 24 oz./sq. yd.
	2. Tensile Strength: 530 lbf/inch in the warp and 440 lbf/inch in the filling.
	3. Service Temperature: Minus 50 to plus 250 deg F.

	G. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in compression, and with a load stop.  Include rod and angle-iron brackets for attaching to fan discharge and duct.
	1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a maximum of 30 degrees of angular rod misalignment without binding or reducing isolation efficiency.


	2.8 DUCT ACCESSORY HARDWARE
	A. Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to suit duct-insulation thickness.
	B. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and stainless-steel accessories in stainless-steel ducts.
	C. Compliance with ASHRAE/IESNA 90.1-2004 includes Section 6.4.3.3.3 - "Shutoff Damper Controls," restricts the use of backdraft dampers, and requires control dampers for certain applications. Install backdraft dampers at inlet of exhaust fans or exha...
	D. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts.  Where dampers are installed in ducts having duct liner, install dampers with hat channel of same depth as liner, and terminate liner w...
	1. Install steel volume dampers in steel ducts.

	E. Set dampers to fully open position before testing, adjusting, and balancing.
	F. Install test holes at fan inlets and outlets and elsewhere as indicated.
	G. Install fire dampers according to UL listing.
	H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:
	1. At duct coils.
	4. Adjacent to and close enough to fire dampers, to reset or reinstall fusible links. Access doors for access to fire dampers having fusible links shall be pressure relief access doors and shall be outward operation for access doors installed upstream...
	5. At each change in direction and at maximum 50-foot spacing.
	6. Upstream and downstream from turning vanes.
	7. Elsewhere as indicated.

	I. Install access doors with swing against duct static pressure.
	J. Access Door Sizes:
	1. One-Hand or Inspection Access: 8 by 5 inches.
	2. Two-Hand Access: 12 by 12 inches.
	3. Head and Hand Access: 18 by 10 inches.
	4. Head and Shoulders Access: 21 by 14 inches.

	K. Label access doors according to Section 230553 "Identification for HVAC Piping and Equipment" to indicate the purpose of access door.
	L. Install flexible connectors to connect ducts to equipment.
	M. Connect terminal units to supply ducts directly.
	N. Connect diffusers to ducts directly or with maximum 60-inch lengths of flexible duct clamped or strapped in place.
	O. Connect flexible ducts to metal ducts with draw bands and adhesive plus sheet metal screws.
	P. Install duct test holes where required for testing and balancing purposes.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. Operate dampers to verify full range of movement.
	2. Inspect locations of access doors and verify that purpose of access door can be performed.
	3. Operate fire dampers to verify full range of movement and verify that proper heat-response device is installed.
	4. Inspect turning vanes for proper and secure installation.
	5. Operate remote damper operators to verify full range of movement of operator and damper.




	235700 SF - Heat Exchangers for HVAC
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Gasketed-plate heat exchangers.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	C. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Base Details: Detail fabrication, including anchorages and attachments to structure and to supported equipment.


	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Sample Warranty: For manufacturer's warranty.

	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and maintenance data.

	1.5 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace components of heat exchangers that fail in materials or workmanship within specified warranty period.
	1. Warranty Periods: From date of Substantial Completion.
	a. Plate Heat Exchangers:
	1) Flat-Plate Type:  One year.





	PART 2 -  PRODUCTS
	2.1 GASKETED-PLATE HEAT EXCHANGERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Alfa Laval Inc.

	B. Configuration: Freestanding assembly, consisting of frame support, top and bottom carrying and guide bars, fixed and movable end plates, tie rods, individually removable plates, and one-piece gaskets. Floor-mounted heat exchangers must have integra...
	C. Construction: Fabricate and label heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.
	D. Frame:
	1. Capacity to accommodate 100 percent additional plates.
	2. Painted carbon steel with provisions for anchoring to support.

	E. Top and Bottom Carrying and Guide Bars: Painted carbon steel, aluminum, or stainless steel.
	1. Fabricate attachment of heat-exchanger support bars and guide bars with reinforcement strong enough to resist heat-exchanger movement during seismic event when heat-exchanger support bars and guide bars are anchored to building structure.

	F. End-Plate Material: Painted carbon steel.
	G. Tie Rods and Nuts: Stainless steel.
	H. Plate Material:  0.024 inch thick before stamping; 300 psi titanium.
	I. Gasket Materials:  NBR HT.
	J. Piping Connections: Factory fabricated of materials compatible with heat-exchanger shell. Attach tappings to shell before testing and labeling.


	PART 3 -  EXECUTION
	3.1 INSTALLATION OF HEAT EXCHANGER, GENERAL
	A. Equipment Mounting:
	1. Install floor-mounted heat exchangers on equipment bases. Install all heat exchangers level and plumb in accordance with manufacturer's recommendations. Install floor-mounted and wall-hung steam heat exchangers at sufficient height, using sufficien...


	3.2 INSTALLATION OF GASKETED-PLATE HEAT EXCHANGER
	A. Install floor-mounted gasketed-plate heat exchangers on cast-in-place concrete equipment base, and fasten legs to base.
	B. Install metal shroud over installed gasketed-plate heat exchanger in accordance with manufacturer's written instructions.

	3.3 PIPING CONNECTIONS
	A. Comply with requirements for piping specified in Section 232113 "Hydronic Piping" and Section 232116 "Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Maintain manufacturer's recommended clearances for tube removal, service, and maintenance.
	C. Install piping adjacent to heat exchangers to allow space for service and maintenance of heat exchangers. Arrange piping for easy removal of heat exchangers.
	D. Install shutoff valves at heat-exchanger inlet and outlet connections.
	E. Install pressure-relief valves on heat-exchanger shells where a connection has been provided on shell. When no shell pressure-relief valve connection has been provided, install pressure-relief valve on shell outlet piping before any isolation valves.
	F. Install pressure-relief valves on heat-exchanger tube outlet piping before any isolation valves.
	G. Pipe pressure-relief valves, full size of valve connection, to floor drain.
	H. Install vacuum breaker at heat-exchanger steam inlet connection.
	I. Install hose end valve to drain shell.
	J. Install thermometer on each heat-exchanger fluid inlet and outlet piping. Comply with requirements for thermometers specified in Section 230500 "Common Work Results for HVAC."
	K. Install pressure gauges on each heat-exchanger fluid inlet and outlet piping. Comply with requirements for pressure gauges specified in Section 230500 "Common Work Results for HVAC."

	3.4 CLEANING
	A. After completing system installation, including outlet fitting and devices, inspect exposed finish. Remove burrs, dirt, and construction debris, and repair damaged finishes.
	B. Isolate heat exchangers from piping before flushing piping. If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve. Install blind flanges in flanged joints to isolate equipment.
	C. Flush heat-exchanger piping systems with clean water; then remove and clean or replace strainer screens before reopening flow to heat exchangers.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency, Owner: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Testing Agency, Contractor: Engage a qualified testing agency to perform tests and inspections.
	C. Perform tests and inspections.
	D. Tests and Inspections:
	1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no leaks exist.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

	E. Heat exchanger will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.



	237433 SF - Dedicated Outdoor-Air Units
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Dedicated outdoor air-handling units.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each dedicated outdoor-air unit.
	C. Shop Drawings: For each dedicated outdoor-air unit.
	1. Include plans, elevations, sections, and mounting details.
	2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Include diagrams for power, signal, and control wiring.


	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings: Floor/roof plans and other details, or BIM model, drawn to scale, showing the items described in this Section, and coordinated with all building trades.
	C. Sample Warranty: For manufacturer's warranty.
	D. Product Certificates: Submit certification that specified equipment will withstand wind forces identified in "Performance Requirements" Article and in Section 230548 "Vibration and Seismic Controls for HVAC."
	E. Source quality-control reports.
	F. Startup service reports.
	G. Field quality-control reports.

	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and maintenance data.

	1.5 WARRANTY
	A. Warranty: Manufacturer agrees to replace components of dedicated outdoor-air units that fail in materials or workmanship within specified warranty period.
	1. Warranty Period for Dedicated Outdoor-Air-Handling Units:  Three years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by an "NRTL" (nationally recognized testing laboratory), and marked for intended location and application.
	B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of units and components.
	C. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."
	D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6 - "Heating, Ventilating, and Air-Conditioning."

	2.2 CAPACITIES AND CHARACTERISTICS
	A. See construction drawings.

	2.3 DEDICATED OUTDOOR-AIR UNITS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Carrier.
	2. Johnson Controls.
	3. Trane.

	B. Source Limitations: Obtain dedicated outdoor-air units from single manufacturer.
	C. Unit Casing:
	1. General Fabrication Requirements for Casings: Formed and reinforced double-wall insulated panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed.
	2. Configuration: Horizontal unit with top discharge for concrete-base installation.
	3. Double-Wall Configuration:
	a. Outside Casing Wall:  Galvanized steel, minimum 18 gauge thick with manufacturer's standard finish, with pitched roof panels and knockouts with grommet seals for electrical and piping connections and lifting lugs.
	b. Inside Casing Wall:
	1) Inside Casing, All Other Sections:  Galvanized steel,.

	c. Floor Plate: Reinforced metal surface; reinforced to limit deflection when walked on by service personnel. Insulation is provided below metal walking surface.
	d. Roof: Standing seam or membrane; sloped to drain water.
	e. Casing Insulation:
	1) Materials: Polyurethane foam insulation.
	2) Casing Panel R-Value: Minimum R-13.
	3) Insulation Thickness:  2 inches.
	4) Thermal Break: Provide continuity of insulation with no through-casing metal in casing walls, floors, or roofs of air-handling unit.


	4. Airstream Surfaces: Surfaces in contact with airstream shall comply with requirements in ASHRAE 62.1.
	5. Static-Pressure Classifications:
	a. For Unit Sections Upstream of Fans: Minus 3 inches wg.
	b. For Unit Sections Downstream and Including Fans:  4 inches wg.

	6. Panels and Doors:
	a. Panels:
	1) Fabrication: Formed and reinforced double-wall and insulated panels of same materials and thicknesses as casing.
	2) Fasteners: Two or more camlock-type fasteners for panel lift-out operation. Arrangement shall allow panels to be opened against airflow.
	3) Gasket: Neoprene, applied around entire perimeters of panel frames.
	4) Size: Large enough to allow unobstructed access for inspection and maintenance of unit's internal components.

	b. Doors:
	1) Fabrication: Formed and reinforced double-wall and insulated panels of same materials and thicknesses as casing.
	2) Hinges: A minimum of two ball-bearing hinges or stainless steel piano hinge and two wedge-lever latches, operable from inside and outside. Arrange doors to be opened against airflow. Provide safety latch retainers on doors so that doors do not open...
	3) Gasket: Neoprene, applied around entire perimeters of panel frames.
	4) Size: Large enough to allow for unobstructed access for inspection and maintenance of air-handling unit's internal components.

	c. Locations and Applications:
	1) Fan Section:  Doors.
	2) Access Section: Doors.
	3) Filter Section:  Doors large enough to allow periodic removal and installation of filters.
	4) Relief Section: Doors.


	7. Condensate Drain Pans:
	a. Location: Each cooling coil and pre-heat/cool coil.
	b. Construction:
	1) Single-wall, galvanized-steel or noncorrosive polymer sheet.

	c. Size: Large enough to collect condensate from cooling coils, including coil piping connections, coil headers, and return bends.
	d. Drain Connection:
	1) Located on one end of pan, at lowest point of pan.
	2) Terminated with threaded nipple.

	e. Slope: Minimum 0.125-inch/ft. slope in at least two planes to collect condensate from cooling coils (including coil piping connections, coil headers, and return bends) and from humidifiers and to direct water toward drain connection.
	f. Length: Extend drain pan downstream from leaving face for distance to comply with ASHRAE 62.1.
	g. Width: Entire width of water-producing device.
	h. Depth: A minimum of 2 inches deep.
	i. Pan-Top Surface Coating for Galvanized-Steel Drain Pans: Asphaltic waterproofing compound.
	j. Provide units having stacked coils with intermediate drain pan to collect condensate from top coil.


	D. Fans, Drives, And Motors:
	1. Fan and Drive Assemblies: Statically and dynamically balanced and designed for continuous operation at maximum-rated fan speed and motor horsepower.
	2. Supply-Air Fans and Relief-Air Fans: Centrifugal; galvanized or painted steel; mounted on solid-steel shaft.
	a. Shafts: With field-adjustable alignment.
	1) Turned, ground, and polished hot-rolled steel with keyway.

	b. Shaft Bearings:
	1) Heavy-duty, self-aligning, pillow-block type with an L-50 rated life of minimum 100,000 hours in accordance with ABMA 9.

	c. Housings: Formed- and reinforced-steel panels to form curved scroll housings with shaped cutoff and spun-metal inlet bell.
	1) Bracing: Steel angle or channel supports for mounting and supporting fan scroll, wheel, motor, and accessories.

	d. Housings, Plenum Fans: Steel frame and panel; fabricated without fan scroll and volute housing. Provide inlet screens for Type SWSI fans.
	e. Mounting: For internal vibration isolation and seismic control. Factory mount fans with manufacturer's standard vibration isolation mounting devices having a minimum static deflection of 1 inch.
	f. Shaft Lubrication Lines: Extended to a location outside the casing.
	g. Flexible Connector: Factory fabricated with a fabric strip minimum 3-1/2 inches wide, attached to two strips of minimum 2-3/4-inch-wide by 0.028-inch-thick, galvanized-steel sheet.
	1) Flexible Connector Fabric: Glass fabric, double coated with neoprene. Fabrics, coatings, and adhesives shall comply with UL 181, Class 1.


	3. Drive, Direct: Factory-mounted direct drive.
	4. Motors:
	a. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements for motors specified in Section 230500 "Common Work Results for HVAC."
	b. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.
	d. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical devices and connections specified in electrical Sections.
	e. Mount unit-mounted disconnect switches on unit.

	5. Comply with Section 262923 "Variable-Frequency Motor Controllers."
	6. Variable-Frequency Motor Controller: Serving all fans combined in fan array.
	a. Unit Operating Requirements:
	1) Internal Adjustability:
	a) Minimum Speed: 5 to 25 percent of maximum rpm.
	b) Maximum Speed: 80 to 100 percent of maximum rpm.
	c) Acceleration:  0.1 to 999.9 seconds.
	d) Deceleration:  0.1 to 999.9 seconds.
	e) Current Limit: 30 to minimum of 150 percent of maximum rating.

	2) Self-Protection and Reliability Features:
	a) Surge suppression.
	b) Loss of input signal protection.
	c) Under- and overvoltage trips.
	d) Variable-frequency motor controller and motor-overload/overtemperature protection.
	e) Critical frequency rejection.
	f) Loss-of-phase protection.
	g) Reverse-phase protection.
	h) Motor-overtemperature fault.

	3) Bidirectional autospeed search.
	4) Torque boost.
	5) Motor temperature compensation at slow speeds.
	a) Panel-mounted operator station.
	b) Historical logging information and displays.
	c) Digital indicating devices.

	6) Control Signal Interface: Electric.
	7) Proportional Integral Directive (PID) control interface.
	8) DDC system for HVAC Protocols for Network Communications:  ASHRAE 135.

	b. Line Conditioning:
	1) Input line conditioning.
	2) Output filtering.
	3) EMI/RFI filtering.

	c. Bypass Systems:
	1) Bypass Mode:  Field-selectable automatic or manual.
	2) Bypass Controller, Two-Contactor Style: With bypass and output isolating contactors and isolating switch.



	E. Coils:
	1. General Requirements for Coils:
	a. Comply with AHRI 410.
	b. Fabricate coils section to allow removal and replacement of coil for maintenance and to allow in-place access for service and maintenance of coil(s).
	c. Coils are not to act as structural component of unit.

	2. Heating-Water Coils:  Self-draining.
	a. Tube Material:  Copper.
	b. Fin Type: Plate.
	c. Fin Material:  Aluminum or copper.
	d. Headers:
	1) Cast iron with cleaning plugs and drain and air vent tappings.
	2) Seamless copper tube with brazed joints, prime coated.
	3) Fabricated steel, with brazed joints, prime coated.
	4) Provide insulated cover to conceal exposed outside casings of headers.
	5) Frames: Channel frame, minimum 0.052-inch thick galvanized steel.
	6) Coil Working-Pressure Ratings:  200 psig, 325 deg F.

	e. Coating:  Corrosion-resistant coating.


	F. Air Filtration:
	1. See design drawings.

	G. Electrical Power Connections:
	1. Single-Point Power Connection: Factory-installed and -wired switches, motor controllers, transformers, and other necessary electrical devices shall provide a single-point field power connection to unit.
	2. Enclosure: NEMA 250, Type 3R, mounted in unit with hinged access door in unit cabinet having a lock and key or padlock and key.
	3. Wiring: Numbered and color-coded to match wiring diagram.
	4. Wiring Location: Install factory wiring outside an enclosure in a raceway.
	5. Power Interface: Field power interface to be NEMA KS 1, heavy-duty, nonfused disconnect switch.
	6. Factory Wiring: Branch power circuit to each motor and to controls with one of the following disconnecting means:
	a. NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips rated for fuses. Select and size fuses to provide Type 2 protection in accordance with IEC 60947-4-1.
	b. NEMA KS 1, heavy-duty, nonfusible switch.
	c. UL 489, motor-circuit protector (circuit breaker) with field-adjustable, short-circuit trip coordinated with motor locked-rotor amperes.

	7. Factory-Mounted, Overcurrent-Protection Service: For each motor.
	8. Transformer: Factory mounted with primary and secondary fuses and sized with enough capacity to operate electrical load plus spare capacity.
	9. Controls: Factory wire unit-mounted controls where indicated.

	H. Controls:
	1. Comply with requirements in Section 230923 "Direct Digital Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC" for control equipment and sequence of operation.
	2. Control Valves: Comply with requirements in Section 230923.11 "Control Valves."
	3. Control Wiring: Factory wire connection for controls' power supply.
	4. Control Devices: Sensors, transmitters, relays, switches, detectors, operators, actuators, and valves shall be manufacturer's standard items to accomplish indicated control functions.
	5. Status Panel:
	a. Cooling/Off/Heating Controls: Control operational mode.
	b. Damper Position: Indicate position of outdoor-air dampers in terms of percentage of outdoor air.
	c. Status Lights:
	1) Filter dirty.
	2) Fan operating.
	3) Cooling operating.
	4) Heating operating.
	5) Smoke alarm.
	6) General alarm.

	d. Digital Numeric Display:
	1) Outdoor airflow.
	2) Supply airflow.
	3) Outdoor dry-bulb temperature.
	4) Outdoor dew point temperature.
	5) Space temperature.
	6) Supply temperature.
	7) Space relative humidity.
	8) Space carbon dioxide level.


	6. DDC Temperature Control: Standalone control module for link between unit controls and DDC temperature-control system. Control module shall be compatible with control system specified in Section 230923 "Direct Digital Control (DDC) System for HVAC."...
	a. Start/stop interface relay and relay to notify DDC temperature-control system alarm condition.
	b. Hardware interface or additional sensors for the following:
	1) Room temperature.
	2) Discharge-air temperature.
	3) Refrigeration system operation.
	4) Furnace operation.


	7. Interface with DDC System for HVAC: Factory-installed hardware and software to enable the DDC system for HVAC to monitor, control, and display unit status and alarms.
	a. Hardwired Points:
	1) Monitoring: On-off status, common trouble alarm.
	2) Control: On-off operation, space temperature set-point adjustment.

	b. ASHRAE 135 (BACnet) communication interface with the DDC system for HVAC shall enable the DDC system for HVAC operator to remotely control and monitor the unit from an operator workstation. Control features and monitoring points displayed locally a...



	2.4 MATERIALS
	A. Steel:
	1. ASTM A36/A36M for carbon structural steel.
	2. ASTM A568/A568M for steel sheet.

	B. Stainless Steel:
	1. Manufacturer's standard grade for casing.
	2. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to airstream or moisture.

	C. Galvanized Steel: ASTM A653/A653M.
	D. Aluminum: ASTM B209.
	E. Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating.
	F. Corrosion-Resistant Coating: Coat coils and fan guards with a corrosion-resistant coating capable of withstanding a 3,000-hour salt-spray test in accordance with ASTM B117.
	1. Standards:
	a. ASTM B117 for salt spray.
	b. ASTM D2794 for minimum impact resistance of 100 in-lb.
	c. ASTM D3359 for cross-hatch adhesion of 5B.

	2. Thickness:  1 mil.
	3. Gloss: Minimum gloss of 50 gloss units on a single angle 60-degree meter.


	2.5 SOURCE QUALITY CONTROL
	A. AHRI 920: Manufacturer to certify that performance ratings are in accordance with AHRI 920 if AHRI 920 certification program is not in place. Provide AHRI 920 certification if AHRI 920 certification program is in place.
	B. AHRI 260 or AMCA 311 Sound Performance Rating Certification: Test, rate, and label unit fan sound ratings in accordance with AHRI 260 or AMCA 311.
	C. Fan Energy Index (FEI): Test in accordance with AMCA 210 and rate in accordance with AMCA 99, AMCA 207, and AMCA 208.
	D. Fan Operating Limits: Classify fans in accordance with AMCA 99, Section 14.
	E. Water Coils: Factory tested to 300 psig in accordance with AHRI 410 and ASHRAE 33.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

	3.2 INSTALLATION OF DEDICATED OUTDOOR-AIR UNITS
	A. Unit Support: Install unit level on structural curbs. Coordinate roof penetrations and flashing with roof construction. Secure units to structural support with anchor bolts. Coordinate sizes and locations of curbs with actual equipment provided.
	1. Comply with requirements for vibration isolation and seismic-control devices specified in Section 230548 "Vibration and Seismic Controls for HVAC."

	B. Do not operate fan system until filters (temporary or permanent) are in place. Replace temporary filters used during construction and testing with new, clean filters.
	C. Install filter-gauge, static-pressure taps upstream and downstream of filters. Mount filter gauges on outside of filter housing or filter plenum in accessible position. Provide filter gauges on filter banks, installed with separate static-pressure ...
	D. Connect duct to air-handling units with flexible connections. Comply with requirements in Section 233300 "Air Duct Accessories."
	E. Install wall- and duct-mounted sensors furnished by manufacturer for field installation. Install control wiring and make final connections to control devices and unit control panel.
	F. Comply with requirements for gas-fired furnace installation in NFPA 54.
	G. Install separate devices furnished by manufacturer and not factory installed.
	H. Install new filters at completion of equipment installation and before testing, adjusting, and balancing.

	3.3 PIPING CONNECTIONS
	A. Piping installation requirements are specified in other Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to units, allow space for service and maintenance.
	C. Connect piping to units mounted on vibration isolators with flexible connectors.
	D. Hot-Water Piping: Comply with applicable requirements in Section 232113 "Hydronic Piping" and Section 232116 "Hydronic Piping Specialties." Install shutoff valve and union or flange at each coil supply connection. Install balancing valve and union ...
	E. Hydronic Piping Connections:
	1. Comply with requirements in Section 232113 "Hydronic Piping" and Section 232116 "Hydronic Piping Specialties."
	2. Install shutoff valve and union or flange on each supply connection, and install balancing valve and union or flange on each return connection.

	F. Duct Connections:
	1. Comply with requirements in Section 233113 "Metal Ducts."
	2. Drawings indicate the general arrangement of ducts.
	3. Connect ducts to units with flexible duct connectors. Comply with requirements for flexible duct connectors in Section 233300 "Air Duct Accessories."


	3.4 ELECTRICAL CONNECTIONS
	A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems."
	C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with NFPA 70 and NECA 1.
	D. Install nameplate for each electrical connection, indicating electrical equipment designation and circuit number feeding connection.
	1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in Section 260553 "Identification for Electrical Systems."
	2. Nameplate shall be laminated acrylic or melamine plastic signs with a black background and engraved white letters at least 1/2 inch high.


	3.5 CONTROL CONNECTIONS
	A. Install control and electrical power wiring to field-mounted control devices.
	B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power Cables."

	3.6 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.
	1. Complete installation and startup checks in accordance with manufacturer's written instructions.
	2. Inspect units for visible damage to furnace combustion chamber.
	6. Verify that clearances have been provided for servicing.
	7. Verify that controls are connected and operable.
	8. Verify that filters are installed.
	9. Clean coils and inspect for construction debris.
	10. Inspect operation of power vents.
	11. Inspect and adjust vibration isolators and seismic restraints.
	12. Verify bearing lubrication.
	13. Clean fans and inspect fan-wheel rotation for movement in correct direction without vibration and binding.
	14. Start unit.
	15. Inspect and record performance of interlocks and protective devices, including response to smoke detectors by fan controls and fire alarm.
	16. Operate unit for run-in period.
	17. Calibrate controls.
	18. Adjust and inspect high-temperature limits.
	19. Verify operational sequence of controls.
	20. Measure and record the following airflows. Plot fan volumes on fan curve.
	a. Supply-air volume.
	b. Outdoor-air flow.


	B. After startup, change filters, verify bearing lubrication, and adjust belt tension.
	C. Remove and replace components that do not properly operate, and repeat startup procedures as specified above.
	D. Prepare written report of the results of startup services.

	3.7 ADJUSTING
	A. Adjust initial temperature and humidity set points.
	B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.
	C. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy ho...

	3.8 CLEANING
	A. After completing system installation; testing, adjusting, and balancing dedicated outdoor-air unit and air-distribution systems; and completing startup service, clean air-handling units internally to remove foreign material and construction dirt an...

	3.9 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Leak Test: After installation, fill water and steam coils with water, and test coils and connections for leaks.
	2. Charge refrigerant coils with refrigerant and test for leaks.
	3. Fan Operational Test: After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.


	3.10 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain units.



	238146 FL - Water-Source Unitary Heat Pumps
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes unitary heat pumps with refrigerant-to-water heat exchangers, refrigeration circuits, and refrigerant compressor(s).

	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for each water-source unitary heat pump.
	2. Include rated capacities, operating characteristics, furnished specialties, and accessories.

	C. Shop Drawings:
	1. Include plans, elevations, sections, and mounting and attachment details.
	2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Include diagrams for power, signal, and control wiring.


	1.4 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Seismic Qualification Certificates: For water-source unitary heat pumps, accessories, and components, from manufacturer.
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	C. Product Certificates: For each type of water-source unitary heat pump, signed by product manufacturer.
	D. Field quality-control reports.
	E. Sample Warranty: For manufacturer's warranty.

	1.5 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For water-source unitary heat pumps to include in emergency, operation, and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.

	1.7 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace components of water-source unitary heat pumps that fail in materials or workmanship within specified warranty period.
	1. Failures include, but are not limited to, refrigeration components.
	2. Warranty Period:  Four years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. ASHRAE Compliance:
	1. ASHRAE 15.

	B. Comply with NFPA 70.
	C. Comply with safety requirements in UL 484 for assembly of free-delivery, water-source heat pumps.

	2.2 WATER-SOURCE UNITARY HEAT PUMPS LARGER THAN 6 TONS
	A. Description: Packaged water-source unitary heat pump with temperature controls; factory assembled, piped, wired, tested, and rated according to ASHRAE/ARI/ISO-13256-1.
	1. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency and marked for intended location and application.

	B. Cabinet and Chassis: Galvanized-steel casing with the following features:
	1. Access panel for access and maintenance of internal components.
	2. Knockouts for electrical and piping connections.
	3. Cabinet Insulation: Glass-fiber liner, minimum, 3/4 inch thick, complying with UL 181, ASTM C 1071, and ASTM G 21.

	C. Water Circuits:
	1. Refrigerant-to-Water Heat Exchangers:
	a. Coaxial heat exchangers with cupronickel water tube, with enhanced heat-transfer surfaces inside a steel shell; both shell and tube are leak tested to 450 psig on refrigerant side and 400 psig on water side.
	b. Stainless-steel, brazed-plate heat exchanger is leak tested to 450 psig on refrigerant side and 400 psig on water side. Factory mount heat exchanger in unit on resilient rubber vibration isolators.
	c. Hot-water generator, copper water tube with enhanced heat-transfer surfaces inside a steel shell; both shell and tube are leak tested to 450 psig on refrigerant side and 400 psig on water side, pump, circuit breaker, high water temperature and low ...


	D. Refrigerant Circuit Components:
	1. Sealed Refrigerant Circuit: Charge with R-454B refrigerant.
	2. Filter-Dryer: Factory installed to clean and dehydrate the refrigerant circuit.
	3. Charging Connections: Service fittings on suction and liquid for charging and testing on each circuit.
	4. Reversing Valve: Four-way, solenoid-activated valve designed to be fail-safe in heating position with replaceable magnetic coil.
	5. Compressor:
	a. Scroll.
	b. Multi-stage.
	c. Installed on vibration isolators and mounted on a structural steel base plate and full-length channel stiffeners.
	d. Exterior of compressor shall be wrapped with a high-density sound-attenuating blanket and housed in an acoustically treated enclosure.
	e. Factory-Installed Safeties:
	1) Antirecycle timer.
	2) High-pressure cutout.
	3) Low-pressure cutout or loss of charge switch.
	4) Internal thermal-overload protection.
	5) Freezestat to stop compressor if water-loop temperature in refrigerant-to-water heat exchanger falls below 35 deg F.
	6) Water-coil, low-temperature switch.


	6. Refrigerant Piping Materials: ASTM B 743 copper tube with wrought-copper fittings and brazed joints.
	7. Pipe Insulation: Refrigerant minimum 3/8-inch-thick, flexible elastomeric insulation on piping exposed to airflow through the unit. Maximum 25/50 flame-spread/smoke-developed indexes according to ASTM E 84.
	8. Refrigerant Metering Device: Thermal-expansion valve.
	9. Refrigerant Metering Device: Dual-port, thermal-expansion valve to allow specified operation with entering-water temperatures from 25 to 125 deg F.

	E. Controls:
	1. Basic Unit Control Modes and Devices:
	a. Unit shutdown on high or low refrigerant pressures.
	b. Unit shutdown on low water temperature.
	c. Low- and high-voltage protection.
	d. Overcurrent protection for compressor.
	e. Random time delay, three to 10 seconds, start on power-up.
	f. Time delay override for servicing.
	g. Control voltage transformer.
	h. Water-coil freeze protection (selectable for water or antifreeze).
	i. Automatic intelligent reset. Unit shall automatically reset five minutes after trip if the fault has cleared. Should a fault reoccur three times sequentially, lockout requiring manual reset occurs.
	j. Ability to defeat time delays for servicing.
	k. Digital display to indicate high pressure, low pressure, low voltage, and high voltage.
	l. The low-pressure switch shall not be monitored for the first 90 seconds after a compressor start command to prevent nuisance safety trips.
	m. Remote fault-type indication at thermostat.
	n. Selectable 24-V dc or pilot duty dry contact alarm output.
	o. 24-V dc output to cycle a motorized water valve with compressor contactor.
	p. Service test mode for troubleshooting and service.
	q. Unit-performance sentinel warns when heat pump is running inefficiently.
	r. Compressor soft start.

	2. DDC interface requirements as further described in Section 230923 "Direct Digital Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC."
	a. Interface relay for scheduled operation.
	b. Interface relay to provide indication of fault at central workstation.
	c. Provide BAC-net interface for central DDC workstation for the following functions:
	1) Set-point adjustment
	2) Start/stop and operating status of heat-pump unit.
	3) Data inquiry to include supply-air and room-air temperature and humidity, and entering-water temperature.
	4) Occupied and unoccupied schedules.



	F. Electrical Connection: Single electrical connection with fused disconnect.

	2.3 ACCESSORIES
	A. Hose Kits: Tag hose kits to equipment designations.
	1. Minimum Working Pressure: 400 psig.
	2. Operating Temperatures: From 33 to 211 deg F.
	3. Hose Length:  36 inches.
	4. Minimum Hose Diameter: Equal to water-source unitary heat-pump piping connection.
	5. Hose Material: Braided stainless steel with adapters for pipe connections.
	6. Isolation Valves: Two-piece, bronze-body ball valves with stainless-steel ball and stem, standard-port threaded connections, and galvanized-steel lever handle. Valves shall be factory installed on supply and return connections of both load-side and...
	7. Strainer: Y-pattern with blowdown valve in supply connections of both load and source side of heat exchangers.
	8. Balancing Valves: Mount in return connection. Include meter ports to allow flow measurement with differential pressure gage.
	a. Automatic balancing valve, factory set to operate within 10 percent of design flow rate over a pressure range of 2 to 80 psig.
	b. Manual, calibrated-orifice balancing valve with memory stop.
	c. Manual, venturi-type balancing valve with memory stop.

	9. Water-Regulating Valve Assemblies: A direct acting valve regulates discharge pressure during the cooling cycle, and a reverse acting valve regulates the suction pressure during the heating cycle. Valves shall close when heat-pump compressor is not ...
	10. Motorized Water Valve: Stop water flow through the unit when compressor is off. Slow-acting, 24-V dc valve with threaded connections is installed between isolation valves and heat exchanger.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for piping and electric installations for water-source unitary heat pumps to verify actual locations of piping connections and electrical conduits before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Equipment Mounting:
	1. Install water-source, unitary heat pumps on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."
	2. Comply with requirements for vibration-isolation devices specified in Section 230548.13 "Vibration Controls for HVAC."

	B. Suspend water-source, unitary heat pumps from structure with all-thread hanger rods and elastomeric hangers. Hanger rods and attachments to structure are specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment." Vibration ha...
	C. Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to match lighting controls or as required in Section 230923 "Direct Digital Control (DDC) System for HVAC."

	3.3 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties. Specific connection requirements are as follows:
	1. Connect supply and return hydronic piping to heat pump with hose kits.

	B. Install electrical devices furnished by manufacturer but not specified to be factory mounted.
	C. Install piping adjacent to machine to allow space for service and maintenance.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	B. The General Contractor shall engage a testing agent to perform the following field tests and inspections:
	1. After installing water to water heat pumps and after electrical circuitry has been energized, test units for compliance with requirements.
	2. Inspect for and remove shipping bolts, blocks, and tie-down straps.
	3. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.
	4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

	C. Heat pumps will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.5 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.
	1. Complete installation and startup checks according to manufacturer's written instructions.
	2. Inspect for visible damage to unit casing.
	3. Inspect for visible damage to compressor and coils.
	4. Inspect internal insulation.
	5. Verify that labels are clearly visible.
	6. Verify that clearances have been provided for servicing.
	7. Verify that controls are connected and operable.
	8. Adjust vibration isolators.
	9. Start unit according to manufacturer's written instructions.
	10. Complete startup sheets and attach copy with Contractor's startup report.
	11. Inspect and record performance of interlocks and protective devices; verify sequences.
	12. Operate unit for an initial period as recommended or required by manufacturer.
	13. Verify thermostat calibration.
	14. Inspect controls for correct sequencing of heating, refrigeration, and normal and emergency shutdown.


	3.6 ADJUSTING
	A. Adjust initial temperature set points.
	B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.
	C. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy ho...

	3.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain water-source unitary heat pumps.



	260010 FL - Supplemental Requirements for Electrical
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Requirements generally applicable to all electrical Work on the Project, including but not limited to Work specified in Divisions 26, 27, and 28.


	1.2 REFERENCES
	A. Abbreviations and Acronyms for Electrical Terms and Units of Measure:
	1. 8P8C: An 8-position 8-contact modular jack.
	2. A: Ampere, unit of electrical current.
	3. AC or ac: Alternating current.
	4. AFCI: Arc-fault circuit interrupter.
	5. AIC: Ampere interrupting capacity.
	6. AL, Al, or ALUM: Aluminum.
	7. ASD: Adjustable-speed drive.
	8. ATS: Automatic transfer switch.
	9. AWG: American wire gauge; see ASTM B258.
	10. BAS: Building automation system.
	11. BIL: Basic impulse insulation level.
	12. BIM: Building information modeling.
	13. BMS: Building management system.
	14. CAD: Computer-aided design or drafting.
	15. CATV: Community antenna television.
	16. CB: Circuit breaker.
	17. cd: Candela, the SI fundamental unit of luminous intensity.
	18. CO/ALR: Copper-aluminum, revised.
	19. COPS: Critical operations power system.
	20. CU or Cu: Copper.
	21. CU-AL or AL-CU: Copper-aluminum.
	22. dB: Decibel, a unitless logarithmic ratio of two electrical, acoustical, or optical power values.
	23. dB(A-weighted) or dB(A): Decibel acoustical sound pressure level with A-weighting applied in accordance with IEC 61672-1.
	24. dB(adjusted) or dBa: Decibel weighted absolute noise power with respect to 3.16 pW (minus 85 dBm).
	25. dBm: Decibel absolute power with respect to 1 mW.
	26. DC or dc: Direct current.
	27. DCOA: Designated critical operations area.
	28. DDC: Direct digital control (HVAC).
	29. EGC: Equipment grounding conductor.
	30. ELV: Extra-low voltage.
	31. EMF: Electromotive force.
	32. EMI: Electromagnetic interference.
	33. EMP: Electrical maintenance program (operation and maintenance); electromagnetic pulse (transient analysis).
	34. EPS: Emergency power supply.
	35. EPSS: Emergency power supply system.
	36. ESS: Energy storage system.
	37. EV: Electric vehicle.
	38. EVPE: Electric vehicle power export equipment.
	39. EVSE: Electric vehicle supply equipment.
	40. FACU: Fire-alarm control unit.
	41. fc: Footcandle, an internationally recognized unit of illuminance equal to one lumen per square foot or 10.76 lx. The simplified conversion 1 fc = 10 lx in the Specifications is common practice and considered adequate precision for building constr...
	42. FLC: Full-load current.
	43. ft: Foot.
	44. ft-cd: Foot-candle, the antiquated U.S. standard unit of illuminance, equal to one international candle measured at a distance of one foot, that was superseded in 1948 by the unit "footcandle" when the SI unit candela (cd) replaced the internation...
	45. FTP: File transfer protocol.
	46. GEC: Grounding electrode conductor.
	47. GFCI: Ground-fault circuit interrupter.
	48. GFPE: Ground-fault protection of equipment.
	49. GND: Ground.
	50. HACR: Heating, air conditioning, and refrigeration.
	51. HDPE: High-density polyethylene.
	52. HID: High-intensity discharge.
	53. HP or hp: Horsepower.
	54. HVAC: Heating, ventilating, and air conditioning.
	55. Hz: Hertz.
	56. IBT: Intersystem bonding termination.
	57. ICT: Information and communications technology.
	58. inch: Inch. To avoid confusion, the abbreviation "in." is not used.
	59. I/O: Input/output.
	60. IP: Ingress protection rating (enclosures); Internet protocol (communications).
	61. IR: Infrared.
	62. IS: Intrinsically safe.
	63. IT&R: Inspecting, testing, and repair.
	64. ITE: Information technology equipment.
	65. kAIC: Kiloampere interrupting capacity.
	66. kcmil or MCM: One thousand circular mils.
	67. kV: Kilovolt.
	68. kVA: Kilovolt-ampere.
	69. kvar: Kilovolt-ampere reactive.
	70. kW: Kilowatt.
	71. kWh: Kilowatt-hour.
	72. LAN: Local area network.
	73. lb: Pound (weight).
	74. lbf: Pound (force).
	75. LCD: Liquid-crystal display.
	76. LCDI: Leakage-current detector-interrupter.
	77. LED: Light-emitting diode.
	78. Li-ion: Lithium-ion.
	79. lm: Lumen, the SI-derived unit of luminous flux.
	80. LNG: Liquefied natural gas.
	81. LP-Gas: Liquefied petroleum gas.
	82. LRC: Locked-rotor current.
	83. LV: Low voltage.
	84. lx: Lux, the SI-derived unit of illuminance equal to one lumen per square meter.
	85. m: Meter.
	86. MCC: Motor-control center.
	87. MDC: Modular data center.
	88. MG set: Motor-generator set.
	89. MIDI: Musical instrument digital interface.
	90. MLO: Main lugs only.
	91. MPEG-2: Abbreviation for the ISO/IEC Moving Picture Experts Group's standard for generic coding of moving pictures and associated audio information (ISO/IEC 13818) released in 1995 and used for most over-the-air and satellite broadcast digital tel...
	92. MPEG-4: Abbreviation for the ISO/IEC Moving Picture Experts Group's standard framework for coding of audio-visual objects (ISO/IEC 14496) released in 1999, with digital rights management and more advanced compression algorithms than MPEG-2.
	93. MOV: Metal-oxide varistor.
	94. MV: Medium voltage.
	95. MVA: Megavolt-ampere.
	96. mW: Milliwatt.
	97. MW: Megawatt.
	98. MWh: Megawatt-hour.
	99. N.C.: Normally closed.
	100. Ni-Cd: Nickel-cadmium.
	101. Ni-MH: Nickel-metal hydride.
	102. NIU: Network interface unit.
	103. N.O.: Normally open.
	104. NPT: National (American) standard pipe taper.
	105. OCPD: Overcurrent protective device.
	106. ONT: Optical network terminal.
	107. PC: Personal computer.
	108. PCS: Power conversion system.
	109. PCU: Power-conditioning unit.
	110. PF or pf: Power factor.
	111. PHEV: Plug-in hybrid electric vehicle.
	112. PLC: Programmable logic controller.
	113. PLFA: Power-limited fire alarm.
	114. PoE: Power over Ethernet.
	115. POTS: Plain old telephone service. See "public switched telephone network" definition.
	116. PSTN: Public switched telephone network.
	117. PV: Photovoltaic.
	118. PVC: Polyvinyl chloride.
	119. pW: Picowatt.
	120. RFI: (electrical) Radio-frequency interference; (contract) Request for interpretation.
	121. RMS or rms: Root-mean-square.
	122. RPM or rpm: Revolutions per minute.
	123. SCADA: Supervisory control and data acquisition.
	124. SCCR: Short-circuit current rating.
	125. SCR: Silicon-controlled rectifier.
	126. SPD: Surge protective device.
	127. sq.: Square.
	128. SWD: Switching duty.
	129. TCP/IP: Transmission Control Protocol/Internet Protocol.
	130. TEFC: Totally enclosed fan-cooled.
	131. TR: Tamper resistant.
	132. TVSS: Transient voltage surge suppressor.
	133. UL: (standards) UL Standards & Engagement Inc.; (product categories) UL, LLC.
	134. UL CCN: UL Category Control Number.
	135. UPS: Uninterruptible power supply.
	136. USB: Universal serial bus.
	137. UV: Ultraviolet.
	138. V: Volt, unit of electromotive force.
	139. V(ac): Volt, alternating current.
	140. V(dc): Volt, direct current.
	141. VA: Volt-ampere, unit of complex electrical power.
	142. VAR: Volt-ampere reactive, unit of reactive electrical power.
	143. VFC: Variable-frequency controller.
	144. VOM: Volt-ohm-multimeter.
	145. VoIP: Voice over Internet Protocol.
	146. VPN: Virtual private network.
	147. VRLA: Valve regulated lead acid; also called "sealed lead acid (SLA)" or "valve regulated sealed lead acid."
	148. W: Watt, unit of real electrical power.
	149. WAN: Wide area network.
	150. Wh: Watt-hour, unit of electrical energy usage.
	151. WPT: Wireless power transfer.
	152. WPTE: Wireless power transfer equipment.
	153. WR: Weather resistant.

	B. Abbreviations and Acronyms for Electrical Raceway Types:
	1. EMT: Electrical metallic tubing.
	2. EMT-A: Aluminum electrical metallic tubing.
	3. EMT-S: Steel electrical metallic tubing.
	4. EMT-SS: Stainless steel electrical metallic tubing.
	5. ENT: Electrical nonmetallic tubing.
	6. EPEC: Electrical HDPE underground conduit (thin wall).
	7. EPEC-A: Type A electrical HDPE underground conduit.
	8. EPEC-B: Type B electrical HDPE underground conduit.
	9. ERMC: Electrical rigid metal conduit.
	10. ERMC-A: Aluminum electrical rigid metal conduit.
	11. ERMC-S: Steel electrical rigid metal conduit.
	12. ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
	13. ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
	14. ERMC-SS: Stainless steel electrical rigid metal conduit.
	15. FMC: Flexible metal conduit.
	16. FMC-A: Aluminum flexible metal conduit.
	17. FMC-S: Steel flexible metal conduit.
	18. FMT: Steel flexible metallic tubing.
	19. FNMC: Flexible nonmetallic conduit. See "LFNC."
	20. HDPE: HDPE underground conduit (thick wall).
	21. HDPE-40: Schedule 40 HDPE underground conduit.
	22. HDPE-80: Schedule 80 HDPE underground conduit.
	23. IMC: Steel electrical intermediate metal conduit.
	24. LFMC: Liquidtight flexible metal conduit.
	25. LFMC-A: Aluminum liquidtight flexible metal conduit.
	26. LFMC-S: Steel liquidtight flexible metal conduit.
	27. LFMC-SS: Stainless steel liquidtight flexible metal conduit.
	28. LFNC: Liquidtight flexible nonmetallic conduit.
	29. LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit.
	30. LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit.
	31. LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit.
	32. PVC: Rigid PVC conduit.
	33. PVC-40: Schedule 40 rigid PVC conduit.
	34. PVC-80: Schedule 80 rigid PVC Conduit.
	35. PVC-A: Type A rigid PVC concrete-encased conduit.
	36. PVC-EB: Type EB rigid PVC concrete-encased underground conduit.
	37. RGS: See ERMC-S-G.
	38. RMC: See ERMC.
	39. RTRC: Reinforced thermosetting resin conduit.
	40. RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit.
	41. RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting resin conduit.
	42. RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced thermosetting resin conduit.
	43. RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced thermosetting resin conduit.
	44. RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit.

	C. Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor Cable Types:
	1. AC: Armored cable.
	2. CATV: Coaxial general-purpose cable.
	3. CATVP: Coaxial plenum cable.
	4. CATVR: Coaxial riser cable.
	5. CI: Circuit integrity cable.
	6. CL2: Class 2 cable.
	7. CL2P: Class 2 plenum cable.
	8. CL2R: Class 2 riser cable.
	9. CL2X: Class 2 cable, limited use.
	10. CL3: Class 3 cable.
	11. CL3P: Class 3 plenum cable.
	12. CL3R: Class 3 riser cable.
	13. CL3X: Class 3 cable, limited use.
	14. CM: Communications general-purpose cable.
	15. CMG: Communications general-purpose cable.
	16. CMP: Communications plenum cable.
	17. CMR: Communications riser cable.
	18. CMUC: Under-carpet communications wire and cable.
	19. CMX: Communications cable, limited use.
	20. DG: Distributed generation cable.
	21. FC: Flat cable.
	22. FCC: Flat conductor cable.
	23. FPL: Power-limited fire-alarm cable.
	24. FPLP: Power-limited fire-alarm plenum cable.
	25. FPLR: Power-limited fire-alarm riser cable.
	26. IGS: Integrated gas spacer cable.
	27. ITC: Instrumentation tray cable.
	28. ITC-ER: Instrumentation tray cable, exposed run.
	29. MC: Metal-clad cable.
	30. MC-HL: Metal-clad cable, hazardous location.
	31. MI: Mineral-insulated, metal-sheathed cable.
	32. MTW: (machine tool wiring) Moisture-, heat-, and oil-resistant thermoplastic cable.
	33. MV: Medium-voltage cable.
	34. NM: Nonmetallic sheathed cable.
	35. NMC: Nonmetallic sheathed cable with corrosion-resistant nonmetallic jacket.
	36. NMS: Nonmetallic sheathed cable with signaling, data, and communications conductors, plus power or control conductors.
	37. NPLF: Non-power-limited fire-alarm circuit cable.
	38. NPLFP: Non-power-limited fire-alarm circuit cable for environmental air spaces.
	39. NPLFR: Non-power-limited fire-alarm circuit riser cable.
	40. NUCC: Nonmetallic underground HDPE conduit with conductors.
	41. OFC: Conductive optical fiber general-purpose cable.
	42. OFCG: Conductive optical fiber general-purpose cable.
	43. OFCP: Conductive optical fiber plenum cable.
	44. OFCR: Conductive optical fiber riser cable.
	45. OFN: Nonconductive optical fiber general-purpose cable.
	46. OFNG: Nonconductive optical fiber general-purpose cable.
	47. OFNP: Nonconductive optical fiber plenum cable.
	48. OFNR: Nonconductive optical fiber riser cable.
	49. P: Marine shipboard cable.
	50. PLTC: Power-limited tray cable.
	51. PLTC-ER: Power-limited tray cable, exposed run.
	52. PV: Photovoltaic cable.
	53. RHH: (high heat) Thermoset rubber, heat-resistant cable.
	54. RHW: Thermoset rubber, moisture-resistant cable.
	55. SA: Silicone rubber cable.
	56. SE: Service-entrance cable.
	57. SER: Service-entrance cable, round.
	58. SEU: Service-entrance cable, flat.
	59. SIS: Thermoset cable for switchboard and switchgear wiring.
	60. TBS: Thermoplastic cable with outer braid.
	61. TC: Tray cable.
	62. TC-ER: Tray cable, exposed run.
	63. TC-ER-HL: Tray cable, exposed run, hazardous location.
	64. THW: Thermoplastic, heat- and moisture-resistant cable.
	65. THHN: Thermoplastic, heat-resistant cable with nylon jacket outer sheath.
	66. THHW: Thermoplastic, heat- and moisture-resistant cable.
	67. THWN: Thermoplastic, moisture- and heat-resistant cable with nylon jacket outer sheath.
	68. TW: Thermoplastic, moisture-resistant cable.
	69. UF: Underground feeder and branch-circuit cable.
	70. USE: Underground service-entrance cable.
	71. XHH: Cross-linked polyethylene, heat-resistant cable.
	72. XHHW: Cross-linked polyethylene, heat- and moisture-resistant cable.

	D. Definitions:
	1. 8-Position 8-Contact (8P8C) Modular Jack: An unkeyed jack with up to eight contacts commonly used to terminate twisted pair and multiconductor Ethernet cable. Also called a "TIA-1096 miniature 8-position series jack" (8PSJ), or an "IEC 8877 8-pole ...
	a. Be careful when suppliers use "RJ45" generically. Obsolete RJ45 jacks used for analog telephone cables have rejection keys. 8P8C jacks used for digital telephone cables and Ethernet cables do not have rejection keys.

	2. Basic Impulse Insulation Level (BIL): Reference insulation level expressed in impulse crest voltage with a standard wave not longer than 1.5 times 50 microseconds and 1.5 times 40 microseconds.
	3. Cable: In accordance with NIST NBS Circular 37 and IEEE standards, in the United States for the purpose of interstate commerce, the definition of "cable" is (1) a conductor with insulation, or a stranded conductor with or without insulation (single...
	4. Communications Jack: A fixed connecting device designed for insertion of a communications cable plug.
	5. Communications Outlet: One or more communications jacks, or cables and plugs, mounted in a box or ring, with a suitable protective cover.
	6. Conductor: In accordance with NIST NBS Circular 37 and IEEE standards, in the United States for the purpose of interstate commerce, the definition of "conductor" is (1) a wire or combination of wires not insulated from one another, suitable for car...
	7. Conduit: A structure containing one or more duct raceways.
	8. Designated Seismic System: An architectural, electrical, or mechanical system and its components for which the component importance factor is greater than 1.0 when determined in accordance with Section 018123 "Facility Seismic and Wind Criteria."
	9. Direct Buried: Installed underground without encasement in concrete or other protective material.
	10. Duct Bank: An arrangement of conduit providing one or more continuous duct raceways between two points.
	11. Duct Raceway: A single enclosed raceway for conductors or cable.
	12. Electrical Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring system of the premises served.
	13. Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an installation, to prevent personnel from accidentally contacting energized parts or to protect the equipment from physical damage. Types of enclosures and enclos...
	a. Cabinet: An enclosure that is designed for either surface mounting or flush mounting and is provided with a frame, mat, or trim in which a swinging door or doors are or can be hung.
	b. Concrete Box: A box intended for use in poured concrete.
	c. Conduit Body: A means for providing access to the interior of a conduit or tubing system through one or more removable covers at a junction or terminal point. In the United States, conduit bodies are listed in accordance with outlet box requirements.
	d. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or fittings.
	e. Cover Plate: A cover designed for protecting wiring devices installed in flush-mounted device boxes while permitting their safe operation; also called a faceplate or wallplate.
	f. Cutout Box: An enclosure designed for surface mounting that has swinging doors or covers secured directly to and telescoping with the walls of the enclosure.
	g. Device Box: A box with provisions for mounting a wiring device directly to the box.
	h. Extension Ring: A ring intended to extend the sides of an outlet box or device box to increase the box depth, volume, or both.
	i. Floor Box: A box mounted in the floor intended for use with a floor box cover and other components to complete the floor box enclosure.
	j. Floor-Mounted Enclosure: A floor box and floor box cover assembly with means to mount in the floor that is sealed against the entrance of scrub water at the floor level.
	k. Floor Nozzle: An enclosure used on a wiring system, intended primarily as a housing for a receptacle, provided with a means, such as a collar, for surface-mounting on a floor, which may or may not include a stem to support it above the floor level,...
	l. Junction Box: A box with a blank cover that joins different runs of raceway or cable and provides space for connection and branching of the enclosed conductors.
	m. Outlet Box: A box that provides access to a wiring system having pryout openings, knockouts, threaded entries, or hubs in either the sides or the back, or both, for the entrance of conduit, conduit or cable fittings, or cables, with provisions for ...
	n. Pedestal Floor Box Cover: A floor box cover that, when installed as intended, provides a means for typically vertical or near-vertical mounting of receptacle outlets above the floor's finished surface.
	o. Pull Box: A box with a blank cover that joins different runs of raceway and provides access for pulling or replacing the enclosed cables or conductors.
	p. Raised-Floor Box: A floor box intended for use in raised floors.
	q. Recessed Access Floor Box: A floor box with provisions for mounting wiring devices below the floor surface.
	r. Recessed Access Floor Box Cover: A floor box cover with provisions for passage of cords to recessed wiring devices mounted within a recessed floor box.
	s. Ring: A sleeve, which is not necessarily round, used for positioning a recessed wiring device flush with the plaster, concrete, drywall, or other wall surface.
	t. Ring Cover: A box cover, with raised center portion to accommodate a specific wall or ceiling thickness, for mounting wiring devices or luminaires flush with the surface.
	u. Termination Box: An enclosure designed for installation of termination base assemblies consisting of bus bars, terminal strips, or terminal blocks with provision for wire connectors to accommodate incoming or outgoing conductors, or both.

	14. Emergency Systems: Those systems legally required and classed as emergency by municipal, state, federal, or other codes, or by any governmental agency having jurisdiction that are designed to ensure continuity of lighting, electrical power, or bot...
	15. Fault Limited: Providing or being served by a source of electrical power that is limited to not more than 100 W when tested in accordance with UL 62368-1.
	a. The term "fault limited" is intended to encompass most Class 1, 2, and 3 power-limited sources complying with Article 725 of NFPA 70; Class ES1 and ES2 electrical energy sources that are Class PS1 electrical power sources (e.g., USB); and Class ES3...

	16. Jacket: A continuous nonmetallic outer covering for conductors or cables.
	17. Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway designed to hold conductors, receptacles, and switches, assembled in the field or at the factory.
	18. One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the course of an electric circuit or system of circuits and the component devices or parts used therein. Also called "single-line diagram."
	19. Plenum: A compartment or chamber to which one or more air ducts are connected and that forms part of the air distribution system.
	20. Protective Device: A device that senses when an abnormal current flow, abnormal voltage potential, or other abnormal electrical waveform exists and then disconnects the affected portion of the circuit from the system. Common protective devices inc...
	21. Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also called a power jack.
	22. Receptacle Outlet: One or more receptacles mounted in a box with a suitable protective cover.
	23. Sheath: A continuous metallic covering for conductors or cables.
	24. UL Category Control Number (CCN): An alphabetic or alphanumeric code used to identify product categories covered by UL's Listing, Classification, and Recognition Services.
	25. Voltage Class: For specified circuits and equipment, voltage classes are defined as follows:
	a. Control Voltage: Having electromotive force between any two conductors, or between a single conductor and ground, that is supplied from a battery or other Class 2 or Class 3 power-limited source.
	b. Line Voltage: (1) (controls) Designed to operate using the supplied low-voltage power without transformation. (2) (transmission lines, transformers, SPDs) The line-to-line voltage of the supplying power system.
	c. Extra-Low Voltage (ELV): Not having electromotive force between any two conductors, or between a single conductor and ground, exceeding 30 V(ac rms), 42 V(ac peak), or 60 V(dc).
	d. Low Voltage (LV): Having electromotive force between any two conductors, or between a single conductor and ground, that is rated above 30 V but not exceeding 1000 V.
	e. Medium Voltage (MV): Having electromotive force between any two conductors, or between a single conductor and ground, that is rated about 1 kV but not exceeding 69 kV.
	f. High Voltage: (1) (circuits) Having electromotive force between any two conductors, or between a single conductor and ground, that is rated above 69 kV but not exceeding 230 kV. (2) (safety) Having sufficient electromotive force to inflict bodily h...

	26. Wire: In accordance with NIST NBS Circular 37 and IEEE standards, in the United States for the purpose of interstate commerce, the definition of "wire" is a slender rod or filament of drawn metal. A group of small wires used as a single wire is pr...


	1.3 COORDINATION
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions:
	1. Notify Architect or Owner no fewer than 14 days in advance of proposed interruption of electrical service.
	2. Do not proceed with interruption of electrical service without Owner's written permission.
	3. Coordinate interruption with systems impacted by outage including, but not limited to, the following:
	a. Exercising generators.
	b. Emergency lighting.
	c. Elevators.
	d. Fire-alarm systems.
	e. Building occupants.

	4. Arrange to provide temporary emergency and standby electrical power so facility may remain occupied during the outage in accordance with requirements specified in Section 015000 "Temporary Facilities and Controls." Coordinate power requirements wit...

	B. Interruption of Existing Fire-Alarm System: Do not interrupt fire-alarm system to facilities occupied by Owner or others unless permitted under the following conditions:
	1. Notify Architect or Owner no fewer than 14 days in advance of proposed interruption of fire-alarm system.
	2. Do not proceed with interruption of fire-alarm system without Owner's written permission.


	1.4 SEQUENCING
	A. Conduct and submit results of power system studies before submitting product data and Shop Drawings for electrical equipment.

	1.5 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Coordination Drawings for Structural Supports: Show coordination of structural supports for equipment and devices, including restraints and bracing for control of seismic and wind loads, with other systems, equipment, and structural supports in the...
	C. Coordination Drawings for Ceiling Areas: Where indicated on drawings, provide reflected ceiling plan(s), supplemented by sections and other details, drawn to scale, in accordance with Section 013100 "Project Management and Coordination," on which t...
	1. Suspended ceiling components.
	2. Structural members to which equipment and suspension systems will be attached.
	3. Size and location of access panels on ceilings.
	4. Elevation, size, and route of sprinkler piping.
	5. Elevation, size, and route of plumbing piping.
	6. Elevation, size, and route of ductwork.
	7. Elevation, size, and route of cable tray.
	8. Elevation, size, and route of conduit.
	9. Elevation and size of wall-mounted and ceiling-mounted equipment.
	10. Access panels.
	11. Sprinklers.
	12. Air inlets and outlets.
	13. Control modules.
	14. Luminaires.
	15. Communications devices.
	16. Speakers.
	17. Security devices.
	18. Fire-alarm devices.
	19. Indicate clear dimensions for maintenance access in front of equipment.
	20. Indicate dimensions of fully open access doors.

	D. Coordination Drawings for Conduit Routing: Conduit routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	1. Structural members in paths of conduit groups with common supports.
	2. HVAC and plumbing items and architectural features in paths of conduit groups with common supports.


	1.6 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter as dates change, provide schedule for electrical installation Work to Owner and Architect including, but not limited to, milestone dates for the following act...
	1. Submission of specified coordination drawings.
	2. Submission of action submittals specified in Division 26.
	3. Orders placed for major electrical equipment.
	4. Arrival of major electrical equipment on-site.
	5. Utility service outages.
	6. Utility service inspection and activation.
	7. Mockup reviews.
	8. Closing of walls and ceilings containing electrical Work.
	9. System startup, testing, and commissioning activities for major electrical equipment.
	10. System startup, testing, and commissioning activities for emergency lighting.
	11. System startup, testing, and commissioning activities for automation systems (SCADA, BMS, lighting, HVAC, fire alarm, fire pump, etc.).
	12. Pouring of concrete housekeeping pads for electrical equipment and testing of concrete samples.
	13. Requests for special inspections.
	14. Requests for inspections by authorities having jurisdiction.

	C. Welding certificates.
	D. Qualification Statements:
	1. For electrical professional engineer.
	2. For power quality specialist.
	3. For power-limited electrical testing agency and on-site power-limited testing supervisor.


	1.7 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data:
	1. Include the following information:
	a. Manufacturer's operating specifications.
	b. User's guides for software and hardware.
	c. Schedule of maintenance material items recommended to be stored at the Project site.
	d. Detailed instructions covering operation under both normal and abnormal conditions.
	e. Time-current curves for overcurrent protective devices and manufacturer's written instructions for testing and adjusting their settings.
	f. List of load-current and overload-relay heaters with related motor nameplate data.
	g. List of lamp types and photoelectric relays used on the Project, with ANSI and manufacturers' codes.
	h. Manufacturer's instructions for setting field-adjustable components.
	i. Manufacturer's instructions for testing, adjusting, and reprogramming microprocessor controls.
	j. EPSS: Manufacturer's system checklists, maintenance schedule, and maintenance log sheets in accordance with NFPA 110.
	k. Exterior pole inspection and repair procedures.


	C. Software and Firmware Operational Documentation: Provide software and firmware operational documentation, including the following:
	1. Software operating and upgrade manuals.
	2. Names, versions, and website addresses for locations of installed software.
	3. Device address list.
	4. Printout of software application and graphic screens.
	5. Testing and adjusting of panic and emergency power features.
	6. For lighting controls, include the following:
	a. Adjustments of scene preset controls, adjustable fade rates, and fade overrides.
	b. Operation of adjustable zone controls.




	PART 2 -  PRODUCTS
	2.1 SUBSTITUTION LIMITATIONS FOR ELECTRICAL EQUIPMENT
	A. Substitution requests for electrical equipment will be entertained under the following conditions:
	1. Substitution requests may be submitted for consideration prior to the Electrical Preconstruction Conference if accompanied by value analysis data indicating that substitution will comply with the Project performance requirements while significantly...
	2. Substitution requests may be submitted for consideration concurrently with submission of power system study reports when those reports indicate that substitution is necessary for safety of maintenance personnel and facility occupants.
	3. Contractor is responsible for sequencing and scheduling power system studies and electrical equipment procurement. After the Electrical Preconstruction Conference, insufficient lead time for electrical equipment delivery will not be considered a va...



	PART 3 -  EXECUTION
	3.1 INSTALLATION OF ELECTRICAL WORK
	A. Unless more stringent requirements are specified in the Contract Documents or manufacturers' written instructions, comply with NFPA 70 and NECA NEIS 1 for installation of electrical Work on the Project. Consult Architect for resolution of conflicti...



	260519 FL - Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Copper building wire.
	2. Metal-clad cable, Type MC.
	3. Fire alarm wire and cable.
	4. Connectors and splices.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations, definitions, submittals, qualifications, testing agencies, and other Project requirements applicable to Work specified in this Section.
	2. Section 260523 "Control-Voltage Electrical Power Cables" for control systems communications cables and Classes 1, 2, and 3 control cables.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data:
	1. Copper building wire.
	2. Metal-clad cable, Type MC.
	3. Fire alarm wire and cable.
	4. Connectors and splices.

	C. Product Schedule: Indicate type, use, location, and termination locations.

	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 COPPER BUILDING WIRE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Alpha Wire; brand of Belden, Inc.
	2. Belden Inc.
	3. Cerro Wire LLC.
	4. Encore Wire Corporation.
	5. General Cable; Prysmian Group North America.
	6. Okonite Company (The).
	7. Service Wire Co.
	8. Southwire Company, LLC.
	9. WESCO.

	B. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an overall insulation layer or jacket, or both, rated 600 V or less.
	C. Standards:
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable Marking and Application Guide."

	D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for stranded conductors.
	E. Conductor Insulation:
	1. Type RHH and Type RHW-2. Comply with UL 44.
	2. Type TC-ER. Comply with NEMA WC 70/ICEA S-95-658 and UL 1277.
	3. Type THHN and Type THWN-2. Comply with UL 83.
	4. Type THW and Type THW-2. Comply with NEMA WC-70/ICEA S-95-658 and UL 83.
	5. Type XHHW-2. Comply with UL 44.


	2.2 METAL-CLAD CABLE, TYPE MC
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. AFC Cable Systems; Atkore International.
	2. Alpha Wire; brand of Belden, Inc.
	3. Belden Inc.
	4. Cerro Wire LLC.
	5. Encore Wire Corporation.
	6. General Cable; Prysmian Group North America.
	7. Okonite Company (The).
	8. Southwire Company, LLC.
	9. WESCO.

	B. Description: A factory assembly of one or more current-carrying insulated conductors in an overall metallic sheath.
	C. Standards:
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	2. Comply with UL 1569.
	3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable Marking and Application Guide."

	D. Circuits:
	1. Single circuit.
	2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424.

	E. Conductors:  Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for stranded conductors.
	F. Ground Conductor:  Insulated.
	G. Conductor Insulation:
	1. Type TFN/THHN/THWN-2. Comply with UL 83.
	2. Type XHHW-2. Comply with UL 44.

	H. Armor:  Steel, interlocked.

	2.3 FIRE ALARM WIRE AND CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Allied Wire & Cable Inc.
	2. CommScope, Inc.
	3. Comtran Corporation.
	4. Genesis; Resideo Technologies, Inc.
	5. PYROTENAX; brand of nVent Electrical plc.
	6. Prysmian Cables and Systems; Prysmian Group North America.
	7. Radix Wire.
	8. Rockbestos-Suprenant Cable Corp.
	9. Superior Essex Inc.; subsidiary of LS Corp.
	10. West Penn Wire; brand of Belden, Inc.
	11. Cerro Wire LLC.

	B. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760.
	C. Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded insulation, and complying with requirements in UL 2196 for a two-hour rating.
	1. Low-Voltage Circuits: No. 16 AWG, minimum, in pathway.
	2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway.
	3. Multiconductor Armored Cable: NFPA 70, Type MC, copper conductors, Type THHN conductor insulation, copper drain wire, copper armor with red identifier stripe, NTRL listed for fire-alarm and cable tray installation, plenum rated.


	2.4 CONNECTORS AND SPLICES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 3M Electrical Products.
	2. ABB, Electrification Business.
	3. AFC Cable Systems; Atkore International.
	4. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	5. Gardner Bender.
	6. Hubbell Utility Solutions; Hubbell Incorporated.
	7. ILSCO.
	8. Ideal Industries, Inc.
	9. NSi Industries LLC.
	10. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	11. Service Wire Co.
	12. TE Connectivity Ltd.

	B. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type, and class for application and service indicated; listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intende...
	C. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set screws, designed to connect conductors specified in this Section.
	D. Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
	1. Material:  Copper.
	2. Type:  Two hole with standard barrels.
	3. Termination:  Compression.



	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:
	1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	B. Branch Circuits:
	1. Copper:
	a. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and larger.


	C. ASD Output Circuits Cable: Extra-flexible stranded for all sizes.
	D. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, single conductors in raceway Metal-clad cable, Type MC.
	B. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, single conductors in raceway Metal-clad cable, Type MC.

	3.3 INSTALLATION, GENERAL
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points in accordance with Section 260533.13 "Conduits for Electrical Systems" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."
	G. Complete cable tray systems installation according to Section 260536 "Cable Trays for Electrical Systems" prior to installing conductors and cables.

	3.4 INSTALLATION OF FIRE-ALARM WIRE AND CABLE
	A. Comply with NFPA 72.
	B. Wiring Method: Install wiring in metal pathway according to Section 270528.29 "Hangers and Supports for Communications Systems."
	1. Install plenum cable in environmental airspaces, including plenum ceilings.
	2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system must be installed in a dedicated pathway system.
	a. Cables and pathways used for fire-alarm circuits, and equipment control wiring associated with fire-alarm system, may not contain any other wire or cable.

	3. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types MI and CI, is not permitted.
	4. Signaling Line Circuits: Power-limited fire-alarm cables must not be installed in the same cable or pathway as signaling line circuits.

	C. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as recommended by manufacturer. Install conductors parallel with or at right angles to sides and back of the enclosure. Bundle, lace, and train conductors to terminal...
	D. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes; cabinets; or equipment enclosures where circuit connections are made.
	E. Color-Coding: Color-code fire-alarm conductors differently from the normal building power wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-code audible alarm-indicating circuits differently from alarm-...
	F. Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate risers in close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does not prevent receipt or transmission of signals fro...
	G. Wiring to Remote Alarm Transmitting Device: 1 inch conduit between the fire-alarm control panel and the transmitter. Install number of conductors and electrical supervision for connecting wiring as needed to suit monitoring function.

	3.5 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material.
	1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

	C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack.
	D. Comply with requirements in Section 284621.11 “Addressable Fire-Alarm Systems” for connecting, terminating, and identifying wires and cables.

	3.6 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical Systems."
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	3.7 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.

	3.8 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test service entrance and feeder conductors for compliance with requirements.
	a. Inspect exposed sections of conductor and cable for physical damage and correct connection according to the single-line diagram.
	b. Test bolted connections for high resistance using one of the following:
	1) A low-resistance ohmmeter.
	2) Calibrated torque wrench.
	3) Thermographic survey.

	c. Inspect compression-applied connectors for correct cable match and indentation.
	d. Inspect for correct identification.
	e. Inspect cable jacket and condition.
	f. Insulation-resistance test on each conductor for ground and adjacent conductors. Apply a potential of 500 V(dc) for 300 V rated cable and 1000 V(dc) for 600 V rated cable for a one-minute duration.
	g. Continuity test on each conductor and cable.
	h. Uniform resistance of parallel conductors.

	3. Initial Infrared Scanning: After Substantial Completion, but before Final Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove box and equipment covers so splices are accessible to portable scanner. Correct...
	a. Instrument: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.
	b. Record of Infrared Scanning: Prepare a certified report that identifies switches checked and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	4. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each switch 11 months after date of Substantial Completion.

	B. Cables will be considered defective if they do not pass tests and inspections.
	C. Prepare test and inspection reports to record the following:
	1. Procedures used.
	2. Results that comply with requirements.
	3. Results that do not comply with requirements, and corrective action taken to achieve compliance with requirements.




	260523 FL - Control-Voltage Electrical Power Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Category 6 balanced twisted pair cable.
	2. Balanced twisted pair cable hardware.
	3. Twin-axial data highway cable.
	4. RS-485 cable.
	5. Control cable.
	6. Control-circuit conductors.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations, definitions, submittals, qualifications, testing agencies, and other Project requirements applicable to Work specified in this Section.


	1.2 ACTION SUBMITTALS
	A. Submittals must comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual Sections specifying the work.
	B. Product Data: For each type of product.

	1.3 INFORMATIONAL SUBMITTALS
	A. Submittals must comply with the requirements of the Construction Contract Clauses, Section 013300 "Submittal Procedures" and the individual Sections specifying the work.
	B. Source quality-control reports.
	C. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to NFPA 262, by a qualified testing agency. Identify products for installation in plenums with appropriate markings of applicable testing agency.
	1. Flame Travel Distance: 60 inch or less.
	2. Peak Optical Smoke Density: 0.5 or less.
	3. Average Optical Smoke Density: 0.15 or less.

	C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing identical products according to UL 1666.
	D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As determined by testing identical products according to UL 1685.

	2.2 CATEGORY 6 BALANCED TWISTED PAIR CABLE
	A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission characteristics of Category 6 cable at frequencies up to 250 MHz.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 3M.
	2. AMP NETCONNECT; a TE Connectivity Ltd. company.
	3. Belden, Inc.
	4. Berk-Tek Leviton; a Nexans/Leviton alliance.
	5. CommScope, Inc.
	6. General Cable; Prysmian Group North America.
	7. Genesis Cable Products; Honeywell International, Inc.
	8. Hitachi Cable America Inc.
	9. Mohawk; a division of Belden Networking, Inc.
	10. Prysmian Cables and Systems; Prysmian Group North America.
	11. Superior Essex Inc.; subsidiary of LS Corp.
	12. SYSTIMAX Solutions; a CommScope Inc. brand.

	C. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6 cables.
	D. Conductors: 100 ohm, No. 23 AWG solid copper.
	1. Lead Content: Less than 300 parts per million.

	E. Shielding/Screening:  Unshielded twisted pairs (UTP).
	F. Cable Rating:  Plenum.
	G. Jacket:  Blue thermoplastic.

	2.3 BALANCED TWISTED PAIR CABLE HARDWARE
	A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper communications cable.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. 3M.
	2. American Technology Systems Industries, Inc.
	3. AMP NETCONNECT; a TE Connectivity Ltd. company.
	4. Belden, Inc.
	5. Berk-Tek Leviton; a Nexans/Leviton alliance.
	6. CommScope, Inc.
	7. Dynacom Corporation.
	8. General Cable; Prysmian Group North America.
	9. Genesis Cable Products; Honeywell International, Inc.
	10. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	11. KRONE Incorporated.
	12. Leviton Manufacturing Co., Inc.
	13. Mohawk; a division of Belden Networking, Inc.
	14. Molex Premise Networks.
	15. Panduit Corp.
	16. Prysmian Cables and Systems; Prysmian Group North America.
	17. Siemon Co. (The).
	18. Superior Essex Inc.; subsidiary of LS Corp.
	19. SYSTIMAX Solutions; a CommScope Inc. brand.

	C. General Requirements for Balanced Twisted Pair Cable Hardware:
	1. Comply with the performance requirements of Category 6.
	2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or tools.
	3. Cables must be terminated with connecting hardware of same category or higher.

	D. Source Limitations:  Obtain balanced twisted pair cable hardware from single source from single manufacturer.
	E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and permit interconnection between cables.
	1. Number of Terminals per Field:  One for each conductor in assigned cables.

	F. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each jack location for permanent termination of pair groups of installed cables.
	1. Features:
	a. Universal T568A and T568B wiring labels.
	b. Labeling areas adjacent to conductors.
	c. Replaceable connectors.
	d. 48 ports.

	2. Construction: 16-gauge steel and mountable on 19 inch equipment racks.
	3. Number of Jacks per Field: One for each four-pair conductor group of indicated cables, plus spares and blank positions adequate to suit specified expansion criteria.

	G. Patch Cords: Factory-made, four-pair cables in lengths indicated; terminated with an eight-position modular plug at each end.
	1. Patch cords must have bend-relief-compliant boots and color-coded icons to ensure performance. Patch cords must have latch guards to protect against snagging.
	2. Patch cords must have color-coded boots for circuit identification.

	H. Plugs and Plug Assemblies:
	1. Male; eight position; color-coded modular telecommunications connector designed for termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair cable.
	2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and IEC 60603-7.5.
	3. Marked to indicate transmission performance.

	I. Jacks and Jack Assemblies:
	1. Female; eight position; modular; fixed telecommunications connector designed for termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair cable.
	2. Designed to snap-in to a patch panel or faceplate.
	3. Standards:
	a. Category 6, unshielded balanced twisted pair cable must comply with IEC 60603-7-4.

	4. Marked to indicate transmission performance.

	J. Faceplate:
	1. Two, Four, and Six port, as indicated, vertical single-gang faceplates designed to mount to single-gang wall boxes.
	2. Metal Faceplate:  Stainless steel, complying with requirements in Section 262726 "Wiring Devices."
	3. For use with snap-in jacks accommodating any combination of balanced twisted pair, optical fiber, and coaxial work area cords.
	a. Flush mounting jacks, positioning the cord at a 45-degree angle.


	K. Legend:
	1. Machine printed, in the field, using adhesive-tape label.
	2. Snap-in, clear-label covers and machine-printed paper inserts.


	2.4 RS-232 CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Allied Wire & Cable Inc.
	2. Belden Inc.
	3. General Cable; Prysmian Group North America.
	4. Genesis Cable Products; Honeywell International, Inc.
	5. Southwire Company, LLC.

	B. Plenum-Type, TIA 232-F:
	1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.
	2. Lead Content: Less than 300 parts per million.
	3. PE insulation.
	4. Aluminum foil-polyester tape shield with 100 percent shield coverage.
	5. Fluorinated ethylene propylene jacket.
	6. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire.
	7. Flame Resistance: Comply with NFPA 262.


	2.5 RS-485 CABLE
	A. Plenum-Rated Cable: NFPA 70, Type CMP.
	1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. Fluorinated ethylene propylene insulation.
	3. Unshielded.
	4. Fluorinated ethylene propylene jacket.
	5. Flame Resistance: NFPA 262.
	6. Lead Content: Less than 300 parts per million.


	2.6 CONTROL CABLE
	A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP.
	1. Multi-pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance: Comply with NFPA 262.
	6. Lead Content: Less than 300 parts per million.


	2.7 CONTROL-CIRCUIT CONDUCTORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Encore Wire Corporation.
	2. General Cable; Prysmian Group North America.
	3. Service Wire Co.
	4. Southwire Company, LLC.

	B. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	C. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	D. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in raceway.
	E. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical Circuits: Circuit Integrity (CI) cable.
	1. Smoke control signaling and control circuits.


	2.8 FIRE-ALARM WIRE AND CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Allied Wire & Cable Inc.
	2. CommScope, Inc.
	3. Comtran Corporation.
	4. Genesis Cable Products; Honeywell International, Inc.
	5. Prysmian Cables and Systems; Prysmian Group North America.
	6. PYROTENAX; brand of nVent Electrical plc.
	7. Radix Wire.
	8. Rockbestos-Suprenant Cable Corp.
	9. Superior Essex Inc.; subsidiary of LS Corp.
	10. West Penn Wire.

	B. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760.
	1. Lead Content: Less than 300 parts per million.

	C. Signaling Line Circuits: Twisted, shielded pair, not less than No. 18 AWG and size as recommended by system manufacturer.
	D. Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded insulation, and complying with requirements in UL 2196 for a two-hour rating.
	1. Control-Voltage Circuits: No. 16 AWG, minimum, in pathway.
	2. Low-Voltage Circuits: No. 12 AWG, minimum, in pathway.


	2.9 SOURCE QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to evaluate cables.
	B. Factory test twisted pair cables according to TIA-568-C.2.
	C. Cable will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Test cables on receipt at Project site.
	1. Test each pair of twisted pair cable for open and short circuits.


	3.2 INSTALLATION OF RACEWAYS AND BOXES
	A. Comply with requirements in Section 260533.13 “Conduits for Electrical Systems” and Section 260533.16 “Boxes and Covers for Electrical Systems” for raceway selection and installation requirements for boxes, conduits, and wireways as supplemented or...
	1. Outlet boxes for telecommunications wiring must be no smaller than 4-11/16 inch square by 2-1/8 inch deep. Boxes must be provided with extension rings sized to bring edge of ring to within 1/8 inch of the finished wall surface.
	2. Flexible metal conduit must not be used.

	B. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends between pull points.
	C. Install manufactured conduit sweeps and long-radius elbows.
	D. Raceway Installation in Equipment Rooms:
	1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the corner of the room if multiple sheets of plywood are installed around perimeter walls of the room.
	2. Provide cable trays to route cables if conduits cannot be located in these positions.
	3. Secure conduits to backboard if entering the room from overhead.
	4. Provide conduits 48 inches above finished floor.
	5. Provide metal conduits with grounding bushings and connect with grounding conductor to grounding system.


	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Comply with NECA 1.
	B. General Requirements for Cabling:
	1. Comply with TIA-568-C Series of standards.
	2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."
	3. Terminate all conductors; cable must not contain unterminated elements. Make terminations only at indicated outlets, terminals, and cross-connect and patch panels.
	4. Cables may not be spliced and must be continuous from terminal to terminal. Do not splice cable between termination, tap, or junction points.
	5. Cables serving a common system may be grouped in a common raceway. Install network cabling and control wiring and cable in separate raceway from power wiring. Do not group conductors from different systems or different voltages.
	6. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	7. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Install lacing bars and distribution...
	8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard cable if damaged during installation and replace it with new cable.
	9. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use heat lamps for heating.
	10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Monitor cable pull tensions.
	11. Support: Provide independent support as indicated. Do not allow cables to lie on removable ceiling tiles.
	12. Provide and fasten securely in place with hardware specifically designed and installed so as to not damage cables.
	13. Provide strain relief.
	14. Allow extra length for connecting to terminals. Do not bend cables in a radius less than 10 times the cable OD. Use sleeves or grommets to protect cables from vibration at points where they pass around sharp corners and through penetrations.
	15. Ground wire must be copper, and grounding methods must comply with IEEE C2. Demonstrate ground resistance.

	C. Balanced Twisted Pair Cable Installation:
	1. Comply with TIA-568-C.2.
	2. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination to maintain cable geometry.

	D. Installation of Control-Circuit Conductors:
	1. Provide wiring in raceways.
	2. Use insulated spade lugs for wire and cable connection to screw terminals.
	3. Comply with requirements specified in Section 260533.13 “Conduits for Electrical Systems” and Section 260533.16 “Boxes and Covers for Electrical Systems.”

	E. Open-Cable Installation:
	1. Provide cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	2. Provide copper cable in a continuous cable tray or open top pathway a minimum of 8 inch above ceilings by cable supports not more than 30 inch apart.
	3. Cable must not be run through or on structural members or in contact with pipes, ducts, or other potentially damaging items. Do not run cables between structural members and corrugated panels.

	F. Separation from EMI Sources:
	1. Comply with BICSI TDMM and TIA-569-D recommendations for separating unshielded copper voice and data communications cable from potential EMI sources including electrical power lines and equipment.
	2. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment must be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inch.
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 12 inch.
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inch.

	3. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment must be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-1/2 inch.
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 6 inch.
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inch.

	4. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures must be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 3 inch.
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inch.

	5. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inch.
	6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inch.


	3.4 REMOVAL OF CONDUCTORS AND CABLES
	A. Remove abandoned conductors and cables. Abandoned conductors and cables are those installed that are not terminated at equipment and are not identified with a tag for future use.

	3.5 CONTROL-CIRCUIT CONDUCTORS
	A. Minimum Conductor Sizes:
	1. Class 1 remote-control and signal circuits; No 14 AWG.
	2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.
	3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.


	3.6 FIRESTOPPING
	A. Comply with TIA-569-D, Annex A, "Firestopping."
	B. Comply with BICSI TDMM, "Firestopping" Chapter.

	3.7 GROUNDING
	A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter.
	B. For control-voltage wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems."

	3.8 IDENTIFICATION
	A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Identify data and communications system components, wiring, and cabling according to TIA-606-B; label printers must use label stocks, laminating adhesives, and inks complying with UL 969.
	C. Identify each wire on each end and at each terminal with a number-coded identification tag. Each wire must have a unique tag.

	3.9 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	1. Visually inspect cable jacket materials for UL or third-party certification markings. Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling connections to confirm compliance with TIA-568-C.1.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination, but not after cross-connection.
	a. Test instruments must meet or exceed applicable requirements in TIA-568-C.2. Perform tests with a tester that complies with performance requirements in its "Test Instruments (Normative)" Annex, complying with measurement accuracy specified in its "...


	B. Document data for each measurement. Print data for submittals in a summary report that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the computer, save as text files, print, and submit.
	C. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.



	260526 FL - Grounding and Bonding for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Grounding and bonding conductors.
	2. Grounding and bonding clamps.
	3. Grounding and bonding bushings.
	4. Grounding and bonding hubs.
	5. Grounding and bonding connectors.
	6. Intersystem bonding bridge grounding connectors.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" specifies additional requirements applicable to coordinating, scheduling, and sequencing of the Work specified in this Section.
	2. Section 260553 "Identification for Electrical Systems" specifies electrical equipment labels and warning signs installed by this Section.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	1. Product Listing: Include copy of unexpired approval letter, on letterhead of qualified electrical testing agency, certifying product's compliance with specified listing criteria.
	a. If listed manufacturer differs from selling manufacturer, indicate relationship between entities on submittal. Clearly indicate which entity warrants product performance and fitness for purpose.
	b. Listing criteria identified in approval letter must match specified listing criteria. UL label indicating approval of equipment's enclosure is not considered approval of equipment for intended application.
	c. Product identification in approval letter must match product branding and model numbers in submittal. Approval letters for discontinued or superseded products are unacceptable for submitted product.


	C. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Regulatory Requirements: Products or components listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	2.2 GROUNDING AND BONDING CONDUCTORS
	A. Equipment Grounding Conductor:
	1. Standard Features: 600 V, THHN/THWN-2 or THWN-2, copper wire or cable, green color, in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

	B. ASTM - Bare Copper Grounding and Bonding Conductor:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ERICO; brand of nVent Electrical plc.
	b. Harger Lightning & Grounding; business of Harger, Inc.

	2. Standard Features: Complying with one or more of the following:
	a. Soft or Annealed Copper Wire: ASTM B3.
	b. Concentric-Lay Stranded Copper Conductor: ASTM B8.
	c. Tin-Coated Soft or Annealed Copper Wire: ASTM B33.
	d. 19-Wire Combination Unilay-Stranded Copper Conductor: ASTM B787/B787M.



	2.3 GROUNDING AND BONDING CLAMPS
	A. Description: Clamps suitable for attachment of grounding and bonding conductors to grounding electrodes, pipes, tubing, and rebar. Grounding and bonding clamps specified in this article are also suitable for use with communications applications.
	B. UL KDER and KDSH - Hex-Fitting-Type Pipe and Rod Grounding and Bonding Clamp:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. America Fujikura Ltd. (AFL); Fujikura Ltd.
	c. Arlington Industries, Inc.
	d. Cooper B-line; brand of Eaton, Electrical Sector.
	e. Crouse-Hinds; brand of Eaton, Electrical Sector.
	f. ERICO; brand of nVent Electrical plc.
	g. Galvan Industries, Inc.; Electrical Products Division, LLC.
	h. Greaves Corp.; Essex Products Group, Inc.
	i. Harger Lightning & Grounding; business of Harger, Inc.
	j. ILSCO.
	k. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	l. Panduit Corp.
	m. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	n. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
	b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; including UL 467.

	4. Standard Features:
	a. Two pieces with zinc-plated bolts.
	b. Clamp Material:  Die-cast zinc alloy.
	c. Listed for outdoor use.


	C. UL KDER and KDSH - U-Bolt-Type Pipe and Rod Grounding and Bonding Clamp:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. America Fujikura Ltd. (AFL); Fujikura Ltd.
	c. Arlington Industries, Inc.
	d. Cooper B-line; brand of Eaton, Electrical Sector.
	e. Crouse-Hinds; brand of Eaton, Electrical Sector.
	f. ERICO; brand of nVent Electrical plc.
	g. Galvan Industries, Inc.; Electrical Products Division, LLC.
	h. Greaves Corp.; Essex Products Group, Inc.
	i. Harger Lightning & Grounding; business of Harger, Inc.
	j. ILSCO.
	k. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	l. Panduit Corp.
	m. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
	b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; including UL 467.

	4. Standard Features:
	a. Clamp Material:  Aluminum.
	b. Listed for outdoor use.


	D. UL KDER and KDSH - Strap-Type Pipe and Rod Grounding and Bonding Clamp:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	b. Crouse-Hinds; brand of Eaton, Electrical Sector.
	c. ERICO; brand of nVent Electrical plc.
	d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	e. Panduit Corp.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
	b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; including UL 467.

	4. Standard Features:
	a. Clamp Material:  Aluminum.
	b. Listed for outdoor use.



	2.4 GROUNDING AND BONDING BUSHINGS
	A. Description: Bonding bushings connect conduit fittings, tubing fittings, threaded metal conduit, and unthreaded metal conduit to metal boxes and equipment enclosures, and have one or more bonding screws intended to provide electrical continuity bet...
	B. UL KDER - Bonding Bushing:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Arlington Industries, Inc.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

	4. Standard Features: Threaded bushing with insulated throat.

	C. UL KDER - Grounding Bushing:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Arlington Industries, Inc.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

	4. Standard Features: Threaded bushing with insulated throat and mechanical-type wire terminal.


	2.5 GROUNDING AND BONDING HUBS
	A. UL KDER - Grounding and Bonding Hub:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Arlington Industries, Inc.
	c. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Greaves Corp.; Essex Products Group, Inc.
	f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	g. Penn-Union Corp.; subsidiary of Nesco, Inc.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

	4. Standard Features: Insulated, gasketed, watertight hub with mechanical-type wire terminal.


	2.6 GROUNDING AND BONDING CONNECTORS
	A. UL KDER - Crimped Pressure-Type Grounding and Bonding Cable Connector:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	c. allG Fabrication (formerly ALT).

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
	b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; including UL 467.

	4. Standard Features: Crimp-and-compress connectors that bond to conductor when connector is compressed around conductor.
	a. Copper alloy, C and H shaped.




	PART 3 -  EXECUTION
	3.1 SELECTION OF GROUNDING AND BONDING PRODUCTS
	A. Grounding and Bonding Conductors:
	1. Provide solid conductor for 8 AWG and smaller, and stranded conductors for 6 AWG and larger unless otherwise indicated.
	2. Custom-Length Insulated Equipment Bonding Jumpers: 6 AWG, 19-strand, Type THHN.
	3. Bonding Cable: 28 kcmil, 14 strands of 17 AWG conductor, 1/4 inch in diameter.
	4. Bonding Conductor: 4 AWG or 6 AWG, stranded conductor.
	5. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 inch wide and 1/16 inch thick.
	6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper ferrules; 1-5/8 inch wide and 1/16 inch thick.
	7. Underground Grounding Conductors: Install bare tinned-copper conductor, 2/0 AWG minimum.

	B. Grounding and Bonding Connectors:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Connections to Structural Steel: Welded connectors.


	3.2 INSTALLATION OF GROUNDING AND BONDING
	A. Comply with manufacturer's published instructions.
	B. Reference Standards:
	1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
	2. Electrical Maintenance: NFPA 70B.
	3. Electrical Safety: NFPA 70E.
	4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
	5. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
	6. Consult Architect for resolution of conflicting requirements.

	C. Special Techniques:
	1. Grounding and Bonding Connectors: Make connections so possibility of galvanic action or electrolysis is minimized. Select connectors, connection hardware, conductors, and connection methods so metals in direct contact are galvanically compatible.
	a. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make contact points closer in order of galvanic series.
	b. Make connections with clean, bare metal at points of contact.
	c. Make aluminum-to-steel connections with stainless steel separators and mechanical clamps.
	d. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and mechanical clamps.
	e. Coat and seal connections having dissimilar metals with inert material to prevent future penetration of moisture to contact surfaces.
	f. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance except where routed through short lengths of conduit.
	1) Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate adjacent parts.
	2) Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.


	2. Equipment Grounding and Bonding:
	a. Install insulated equipment grounding conductors with feeders and branch circuits.



	3.3 FIELD QUALITY CONTROL FOR GROUNDING AND BONDING
	A. Administrant for Electrical Power Tests and Inspections:
	1. Administer and perform tests and inspections with assistance of factory-authorized service representative.

	B. Field tests and inspections must be witnessed by Architect.
	C. Tests and Inspections:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with calibrated torque wrench in accordance with manufacturer's published instructions.

	D. Nonconforming Work:
	1. Grounding system will be considered defective if it does not pass tests and inspections.
	2. Remove and replace defective components and retest.


	3.4 PROTECTION
	A. After installation, protect grounding and bonding cables and equipment from construction activities. Remove and replace items that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance by Owner.



	260529 FL - Hangers and Supports for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Support systems.
	2. Mounting, anchoring, and attachment components.
	3. Installation of fabricated metal supports.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" specifies additional requirements applicable to coordinating, scheduling, and sequencing of the Work specified in this Section.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for the following:
	a. Slotted support systems, hardware, and accessories.
	b. Clamps.
	c. Hangers.
	d. Sockets.
	e. Eye nuts.
	f. Fasteners.
	g. Anchors.

	2. Include rated capacities and furnished specialties and accessories.

	C. Shop Drawings: For fabrication and installation details for electrical hangers and support systems.
	1. Hangers. Include product data for components.
	2. Slotted support systems.
	3. Equipment supports.



	PART 2 -  PRODUCTS
	2.1 SUPPORT SYSTEMS
	A. Steel Slotted Support Systems:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Allied Tube & Conduit; Atkore International.
	c. Atkore Unistrut.
	d. CADDY; brand of nVent Electrical plc.
	e. Cooper B-line; brand of Eaton, Electrical Sector.
	f. Flex-Strut Inc.
	g. G-Strut.
	h. Gripple Inc.
	i. Haydon Corporation.
	j. MIRO Industries Inc.
	k. Metal Ties Innovation.
	l. Rocket Rack; Robroy Industries.
	m. Wesanco/ZSi-Foster; an Ideal Tridon Group Company.

	2. Standard Features: Preformed steel channels and angles with minimum 13/32 inch diameter holes at a maximum of 8 inch on center in at least one surface.
	a. Referenced Standard: MFMA-4 factory-fabricated components for field assembly.
	b. Material for Channel, Fittings, and Accessories:  Galvanized steel.
	c. Channel Width:  Selected for applicable load criteria.
	d. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.
	e. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.
	f. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4.
	g. Protect finishes on exposed surfaces from damage by applying a strippable, temporary protective covering before shipping.



	2.2 MOUNTING, ANCHORING, AND ATTACHMENT COMPONENTS
	A. Mechanical-Expansion Anchors:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Cooper B-line; brand of Eaton, Electrical Sector.
	b. Empire Industries, Inc.
	c. Hilti, Inc.
	d. ITW Ramset/Red Head; Illinois Tool Works, Inc.
	e. MKT Fastening, LLC.

	2. Standard Features: Insert-wedge-type, stainless steel, for use in hardened portland cement concrete, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.

	B. Clamps for Attachment to Steel Structural Elements:
	1. Standard Features: MSS SP-58 units are suitable for attached structural element.

	C. Through Bolts:
	1. Standard Features: Structural type, hex head, and high strength. Comply with ASTM F3125/F3125M, Grade A325.

	D. Toggle Bolts:
	1. Standard Features:  All steel springhead type.

	E. Hanger Rods:
	1. Standard Features: Threaded steel.



	PART 3 -  EXECUTION
	3.1 SELECTION OF HANGERS AND SUPPORTS
	A. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for EMT, IMC, and ERMC as required by NFPA 70. Minimum rod size must be 1/4 inch in diameter.
	B. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slottedsupport system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
	1. Secure raceways and cables to these supports with two-bolt conduit clamps.

	C. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2 inch and smaller raceways serving branch circuits and communication systems above suspended ceilings, and for fastening raceways to trapeze supports.

	3.2 INSTALLATION OF HANGERS AND SUPPORTS
	A. Comply with manufacturer's published instructions.
	B. Reference Standards for Installation: Unless more stringent installation requirements are specified in the Contract Documents or manufacturer's published instructions, comply with the following:
	1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
	2. Installation of Steel Conduit: NECA NEIS 101.
	3. Installation of Aluminum Conduit: NECA NEIS 102.
	4. Consult Architect for resolution of conflicting requirements.

	C. Special Installation Techniques:
	1. Raceway Support Methods: In addition to methods described in NECA NEIS 1, EMT and ERMC may be supported by openings through structure members, in accordance with NFPA 70.
	2. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits. Minimum static design load used for strength determination must b...
	3. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	a. To Wood: Fasten with lag screws or through bolts.
	b. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	c. To Existing Concrete: Expansion anchor fasteners.
	d. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-69.
	e. To Light Steel: Sheet metal screws.
	f. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate by mean...

	4. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars.

	D. Interfaces with Other Work:
	1. Touchup Finishes:
	a. Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	1) Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

	b. Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal.
	c. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A780.

	2. Installation of Fabricated Metal Supports:
	a. Provide site-fabricated metal supports.
	b. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	c. Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates.





	260533.13 FL - Conduits for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Type EMT duct raceways and elbows.
	2. Type ERMC duct raceways, elbows, couplings, and nipples.
	3. Type FMC duct raceways.
	4. Type LFMC duct raceways.
	5. Fittings for conduit, tubing, and cable.
	6. Joint compounds.
	7. Solvent cements.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" specifies additional coordination, scheduling, sequencing, submittal, and installation requirements applicable to the Work for electrical, communications, and electronic safety and security ...
	2. Section 260529 "Hangers and Supports for Electrical Systems" specifies conduit hangers and supports referenced by this Section.
	3. Section 260553 "Identification for Electrical Systems" specifies electrical equipment labels.


	1.2 REFERENCES
	A. Abbreviations and Acronyms for Electrical Raceway Types:
	1. EMT: Electrical metallic tubing.
	2. EMT-A: Aluminum electrical metallic tubing.
	3. EMT-S: Steel electrical metallic tubing.
	4. EMT-SS: Stainless steel electrical metallic tubing.
	5. ERMC: Electrical rigid metal conduit.
	6. ERMC-A: Aluminum electrical rigid metal conduit.
	7. ERMC-S: Steel electrical rigid metal conduit.
	8. ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
	9. ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
	10. ERMC-SS: Stainless steel electrical rigid metal conduit.
	11. FMC: Flexible metal conduit.
	12. FMC-A: Aluminum flexible metal conduit.
	13. FMC-S: Steel flexible metal conduit.
	14. LFMC: Liquidtight flexible metal conduit.
	15. LFMC-A: Aluminum liquidtight flexible metal conduit.
	16. LFMC-S: Steel liquidtight flexible metal conduit.
	17. LFMC-SS: Stainless steel liquidtight flexible metal conduit.

	B. Definitions:
	1. Conduit: A structure containing one or more duct raceways.
	2. Direct Buried: Installed underground without encasement in concrete or other protective material.
	3. Duct Bank: An arrangement of conduit providing one or more continuous duct raceways between two points.
	4. Duct Raceway: A single enclosed raceway for conductors or cable.


	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	C. Field quality-control reports.

	1.4 QUALIFICATIONS
	A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III certification. Able to manage switching procedures; conduct tests of complex equipment; analyze test and equipment data; plan a job; and lead a team. Has experienc...
	B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV certification. Able to conduct tests of complex metering and relay systems; evaluate tests, test equipment, test results, and power system performance; recommend act...


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Regulatory Requirements: Products or components listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	2.2 TYPE EMT DUCT RACEWAYS AND ELBOWS
	A. UL FJMX - Stainless Steel Electrical Metal Tubing (EMT-SS) and Elbows:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Calconduit; Atkore International.
	b. Rymco USA brand; manufactured and listed by subsidiary Conduit S.A. de C.V.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN FJMX; including UL 797A.

	3. Standard Features:
	a. Material: Stainless steel.
	b. Minimum Trade Size:  Metric designator 16 (trade size 1/2).


	B. UL FJMX - Steel Electrical Metal Tubing (EMT-S) and Elbows:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allied Tube & Conduit; Atkore International.
	b. Calconduit; Atkore International.
	c. Emerson Electric Co., Automation Solutions.
	d. Picoma; Zekelman Industries.
	e. Republic Conduit; Nucor Corporation, Nucor Tubular Products.
	f. Topaz Lighting & Electric.
	g. Western Tube; Zekelman Industries.
	h. Wheatland Tube; Zekelman Industries.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN FJMX; including UL 797.

	3. Standard Features:
	a. Material: Steel.
	b. Exterior Coating:  Zinc.
	c. Interior Coating:  Zinc.
	d. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.



	2.3 TYPE ERMC DUCT RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES
	A. UL DYWV - Stainless Steel Electrical Rigid Metal Conduit (ERMC-SS), Elbows, Couplings, and Nipples:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Allied Tube & Conduit; Atkore International.
	c. Calconduit; Atkore International.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Patriot Aluminum Products, LLC.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DYWV; including UL 6A.

	3. Standard Features:
	a. Material: Stainless steel.
	b. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.


	B. UL DYIX - Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and Nipples:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allied Tube & Conduit; Atkore International.
	b. Calconduit; Atkore International.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	e. Patriot Aluminum Products, LLC.
	f. Republic Conduit; Nucor Corporation, Nucor Tubular Products.
	g. Rymco USA brand; manufactured and listed by subsidiary Conduit S.A. de C.V.
	h. Topaz Lighting & Electric.
	i. Western Tube; Zekelman Industries.
	j. Wheatland Tube; Zekelman Industries.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DYIX; including UL 6.

	3. Standard Features:
	a. Exterior Coating: Zinc.
	b. Interior Coating:  Zinc.
	c. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.



	2.4 TYPE FMC DUCT RACEWAYS
	A. UL DXUZ - Steel Flexible Metal Conduit (FMC-S):
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Anaconda Sealtite; Anamet Electrical, Inc.
	c. Electri-Flex Company.
	d. International Metal Hose Co.
	e. Penn Aluminum Conduit & EMT; Penn Aluminum International LLC; Berkshire Hathaway.
	f. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DXUZ; including UL 1.

	3. Standard Features:
	a. Material: Steel.
	b. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.



	2.5 TYPE LFMC DUCT RACEWAYS
	A. UL DXHR - Steel Liquidtight Flexible Metal Conduit (LFMC-S):
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Anaconda Sealtite; Anamet Electrical, Inc.
	c. Electri-Flex Company.
	d. International Metal Hose Co.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DXHR; including UL 360.

	3. Standard Features:
	a. Material: Steel.
	b. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.


	B. UL DXHR - Stainless Steel Liquidtight Flexible Metal Conduit (LFMC-SS):
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Anaconda Sealtite; Anamet Electrical, Inc.
	c. Electri-Flex Company.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DXHR; including UL 360.

	3. Standard Features:
	a. Material: Stainless steel.
	b. Minimum Trade Size:  Metric designator 16 (trade size 1/2).

	4. Other Available Features Required by the Project:
	a. Colors: As indicated on the Drawings.



	2.6 FITTINGS FOR CONDUIT, TUBING, AND CABLE
	A. UL DWTT - Fittings for Type ERMC Raceways:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. Konkore Fittings; Atkore International.
	e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	f. Penn Aluminum Conduit & EMT; Penn Aluminum International LLC; Berkshire Hathaway.
	g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. Southwire Company, LLC.
	i. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DWTT; including UL 514B.

	3. Standard Features:
	a. Material:  Steel.
	b. Coupling Method:  Threaded fittings.
	c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.


	B. UL FKAV - Fittings for Type EMT Duct Raceways:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Allied Tube & Conduit; Atkore International.
	c. Appleton; Emerson Electric Co., Automation Solutions.
	d. Calconduit; Atkore International.
	e. Crouse-Hinds; brand of Eaton, Electrical Sector.
	f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. Southwire Company, LLC.
	i. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN FKAV; including UL 514B.

	3. Standard Features:
	a. Material:  Steel.
	b. Coupling Method:  Setscrew coupling. Setscrew couplings with only single screw per conduit are unacceptable.
	c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.


	C. UL ILNR - Fittings for Type FMC Duct Raceways:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. American Fittings Corp. (AMFICO).
	b. Liquid Tight Connector Co.
	c. Southwire Company, LLC.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN ILNR; including UL 514B.


	D. UL DXAS - Fittings for Type LFMC Duct Raceways:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Arlington Industries, Inc.
	b. Liquid Tight Connector Co.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN DXAS; including UL 514B.



	2.7 JOINT COMPOUNDS
	A. UL FOIZ - Electrically Conductive Corrosion-Resistant Compound for Threaded Conduit:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN FOIZ; including UL Subject 2419.




	PART 3 -  EXECUTION
	3.1 SELECTION OF CONDUITS FOR ELECTRICAL SYSTEMS
	A. Unless more stringent requirements are specified in the Contract Documents or manufacturer's published instructions, comply with NFPA 70 for selection of duct raceways. Consult Architect for resolution of conflicting requirements.
	B. Outdoors:
	1. Exposed and Subject to Severe Physical Damage:  ERMC.
	2. Exposed and Subject to Physical Damage:  ERMC.
	3. Exposed and Not Subject to Physical Damage:  ERMC.
	4. Concealed Aboveground:  ERMC.

	C. Indoors:
	1. Exposed and Subject to Severe Physical Damage:  ERMC.
	2. Exposed and Subject to Physical Damage:  ERMC.
	3. Exposed and Not Subject to Physical Damage:  ERMC EMT.
	4. Concealed in Ceilings and Interior Walls and Partitions:  ERMC EMT.
	5. Damp or Wet Locations:  ERMC.
	6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC FMC.

	D. Duct Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines.
	1. ERMC: Provide threaded-type fittings unless otherwise indicated.


	3.2 INSTALLATION OF CONDUITS FOR ELECTRICAL SYSTEMS
	A. Comply with manufacturer's published instructions.
	B. Reference Standards for Installation: Unless more stringent installation requirements are specified in the Contract Documents or manufacturer's published instructions, comply with the following:
	1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
	2. Electrical Safety: NFPA 70E.
	3. Commissioning of Active and Passive Fire Protection Features: NFPA 3 and NFPA 4.
	4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
	5. Life Safety and Means of Egress Work: NFPA 101.
	6. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
	7. Type EMT-SS: Article 358 of NFPA 70 and NECA NEIS 101.
	8. Type EMT-S: Article 358 of NFPA 70 and NECA NEIS 101.
	9. Type ERMC-SS: Article 344 of NFPA 70 and NECA NEIS 101.
	10. Type ERMC-S: Article 344 of NFPA 70 and NECA NEIS 101.
	11. Type FMC-S: Article 348 of NFPA 70 and NECA NEIS 101.
	12. Type LFMC: Article 350 of NFPA 70 and NECA NEIS 101.
	13. Expansion Fittings: NEMA FB 2.40.
	14. Consult Architect for resolution of conflicting requirements.

	C. Special Installation Techniques:
	1. General Requirements for Installation of Duct Raceways:
	a. Complete duct raceway installation before starting conductor installation.
	b. Provide stub-ups through floors with coupling threaded inside for plugs, set flush with finished floor. Plug coupling until conduit is extended above floor to final destination or a minimum of 2 ft above finished floor.
	c. Install no more than equivalent of three 90-degree bends in conduit run. Support within 12 inch of changes in direction.
	d. Make bends in duct raceway using large-radius preformed ells except for parallel bends. Field bending must be in accordance with NFPA 70 minimum radii requirements. Provide only equipment specifically designed for material and size involved.
	e. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	f. Support conduit within 12 inch of enclosures to which attached.
	g. Install duct sealing fittings at accessible locations in accordance with NFPA 70 and fill them with listed sealing compound. For concealed duct raceways, install fitting in flush steel box with blank cover plate having finish similar to that of adj...
	h. Install devices to seal duct raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal interior of duct raceways at the following points:
	1) Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2) Conduit extending from interior to exterior of building.
	3) Conduit extending into pressurized duct raceway and equipment.
	4) Conduit extending into pressurized zones that are automatically controlled to maintain different pressure set points.
	5) Where otherwise required by NFPA 70.

	i. Do not install duct raceways or electrical items on "explosion-relief" walls or rotating equipment.
	j. Do not install conduits within 2 inch of the bottom side of a metal deck roof.
	k. Keep duct raceways at least 6 inch away from parallel runs of flues and steam or hot-water pipes. Install horizontal duct raceway runs above water and steam piping.
	l. Cut conduit perpendicular to the length. For conduits metric designator 53 (trade size 2) and larger, use roll cutter or a guide to make cut straight and perpendicular to the length. Ream inside of conduit to remove burrs.
	m. Install pull wires in empty duct raceways. Provide polypropylene or monofilament plastic line with not less than 200 lb tensile strength. Leave at least 12 inch of slack at both ends of pull wire. Cap underground duct raceways designated as spare a...
	n. Install duct raceways square to the enclosure and terminate at enclosures without hubs with locknuts on both sides of enclosure wall. Install locknuts hand tight, plus one-quarter turn more.
	1) Termination fittings with shoulders do not require two locknuts.

	o. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to metric designator 35 (trade size 1-1/4) and insulated throat metal bushings on metric designator 41 (trad...

	2. Types ERMC and IMC:
	a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound that maintains electrical conductivity to threads of duct raceway and fittings before making up joints. Follow compound manufacturer's published ...

	3. Types FMC, LFMC, and LFNC:
	a. Provide a maximum of 36 inch of flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.


	D. Interfaces with Other Work:
	1. Firestop penetrations of fire-rated floor and wall assemblies.
	2. Provide conduit hangers and supports.


	3.3 FIELD QUALITY CONTROL OF CONDUITS FOR ELECTRICAL SYSTEMS
	A. Administrant for Electrical Power Tests and Inspections:
	1. Owner will engage qualified medium-voltage electrical testing and inspecting agency to administer and perform tests and inspections.
	2. Engage qualified medium-voltage electrical testing and inspecting agency to administer and perform tests and inspections.
	3. Engage factory-authorized service representative to administer and perform tests and inspections on components, assemblies, and equipment installations, including connections.
	4. Administer and perform tests and inspections with assistance of factory-authorized service representative.

	B. Field tests and inspections must be witnessed by Architect.
	C. Nonconforming Work:
	1. Conduit will be considered defective if it does not pass tests and inspections.
	2. Remove and replace defective units and retest.


	3.4 CLEANING
	A. Verify that bentonite or other drilling fluids are contained and removed, and site is restored to its original or improved condition.

	3.5 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.




	260533.16 FL - Boxes and Covers for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Metallic outlet boxes, device boxes, rings, and covers.
	2. Nonmetallic outlet boxes, device boxes, rings, and covers.
	3. Junction boxes and pull boxes.
	4. Cover plates for device boxes.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" specifies additional coordination, scheduling, sequencing, submittal, and installation requirements applicable to the Work for electrical, communications, and electronic safety and security ...
	2. Section 260526 "Grounding and Bonding for Electrical Systems" specifies grounding and bonding referenced by this Section.
	3. Section 260553 "Identification for Electrical Systems" specifies electrical equipment labels and warning signs installed by this Section.


	1.2 DEFINITIONS
	A. Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an installation, to prevent personnel from accidentally contacting energized parts or to protect the equipment from physical damage. Types of enclosures and enclosu...
	1. Cabinet: An enclosure that is designed for either surface mounting or flush mounting and is provided with a frame, mat, or trim in which a swinging door or doors are or can be hung.
	2. Concrete Box: A box intended for use in poured concrete.
	3. Conduit Body: A means for providing access to the interior of a conduit or tubing system through one or more removable covers at a junction or terminal point. In the United States, conduit bodies are listed in accordance with outlet box requirements.
	4. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or fittings.
	5. Cover Plate: A cover designed for protecting wiring devices installed in flush-mounted device boxes while permitting their safe operation; also called a faceplate or wallplate.
	6. Cutout Box: An enclosure designed for surface mounting that has swinging doors or covers secured directly to and telescoping with the walls of the enclosure.
	7. Device Box: A box with provisions for mounting a wiring device directly to the box.
	8. Extension Ring: A ring intended to extend the sides of an outlet box or device box to increase the box depth, volume, or both.
	9. Junction Box: A box with a blank cover that joins different runs of raceway or cable and provides space for connection and branching of the enclosed conductors.
	10. Outlet Box: A box that provides access to a wiring system having pryout openings, knockouts, threaded entries, or hubs in either the sides or the back, or both, for the entrance of conduit, conduit or cable fittings, or cables, with provisions for...
	11. Pull Box: A box with a blank cover that joins different runs of raceway and provides access for pulling or replacing the enclosed cables or conductors.
	12. Termination Box: An enclosure designed for installation of termination base assemblies consisting of bus bars, terminal strips, or terminal blocks with provision for wire connectors to accommodate incoming or outgoing conductors, or both.

	B. Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also called a power jack.
	C. Receptacle Outlet: One or more receptacles mounted in a box with a suitable protective cover.

	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.

	1.4 QUALIFICATIONS
	A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III certification. Able to manage switching procedures; conduct tests of complex equipment; analyze test and equipment data; plan a job; and lead a team. Has experienc...
	B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV certification. Able to conduct tests of complex metering and relay systems; evaluate tests, test equipment, test results, and power system performance; recommend act...


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Regulatory Requirements: Products or components listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	2.2 METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS
	A. Source Quality Control:
	B. UL QCIT - Metallic Outlet Boxes and Covers:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Arlington Industries, Inc.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	f. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	g. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. MonoSystems, Inc.
	i. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	j. Pass & Seymour; Legrand North America, LLC.
	k. Patriot Aluminum Products, LLC.
	l. Plasti-Bond; Robroy Industries.
	m. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	n. Spring City Electrical Manufacturing Company.
	o. Topaz Lighting & Electric.
	p. Wiremold; Legrand North America, LLC.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN QCIT; including UL 514A.

	3. Standard Features:
	a. Box having pryout openings, knockouts, threaded entries, or hubs in either the sides or the back, or both, for entrance of conduit, conduit or cable fittings, or cables, with provisions for mounting outlet box cover, but without provisions for moun...
	b. Material:  Sheet steel.
	c. Sheet Metal Depth: Minimum 1.5 inch.
	d. Cast-Metal Depth: Minimum 2.4 inch.


	C. UL QCIT - Metallic Conduit Bodies:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	f. Pass & Seymour; Legrand North America, LLC.
	g. Patriot Aluminum Products, LLC.
	h. Plasti-Bond; Robroy Industries.
	i. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	j. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN QCIT; including UL 514A.

	3. Standard Features: Means for providing access to interior of conduit or tubing system through one or more removable covers at junction or terminal point. In the United States, conduit bodies are listed in accordance with outlet box requirements.

	D. UL QCIT - Metallic Device Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Arlington Industries, Inc.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	f. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	g. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	i. Patriot Aluminum Products, LLC.
	j. Plasti-Bond; Robroy Industries.
	k. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	l. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN QCIT; including UL 514A.

	3. Standard Features:
	a. Box with provisions for mounting wiring device directly to box.
	b. Material:  Sheet steel Cast metal.
	c. Sheet Metal Depth: minimum 1.5 inch.
	d. Cast-Metal Depth: minimum 2.4 inch.


	E. UL QCIT - Metallic Extension Rings:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Cooper B-line; brand of Eaton, Electrical Sector.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	g. Pass & Seymour; Legrand North America, LLC.
	h. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	i. Topaz Lighting & Electric.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN QCIT; including UL 514A.

	3. Standard Features: Ring intended to extend sides of outlet box or device box to increase box depth, volume, or both.


	2.3 JUNCTION BOXES AND PULL BOXES
	A. UL BGUZ - Indoor Sheet Metal Junction and Pull Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adalet.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Cooper B-line; brand of Eaton, Electrical Sector.
	d. FSR Inc.
	e. Hoffman; brand of nVent Electrical plc.
	f. Hubbell Industrial Controls; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	g. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. Milbank Manufacturing Company.
	i. N J Sullivan Company.
	j. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	k. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	l. Spring City Electrical Manufacturing Company.
	m. Square D; Schneider Electric USA.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN BGUZ; including UL 50 and UL 50E.

	3. Standard Features:
	a. Box with a blank cover that serves the purpose of joining different runs of raceway or cable.
	b. Degree of Protection:  Type 1.


	B. UL BGUZ - Indoor Cast-Metal Junction and Pull Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adalet.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN BGUZ; including UL 50 and UL 50E.

	3. Standard Features:
	a. Box with a blank cover that serves the purpose of joining different runs of raceway or cable.
	b. Degree of Protection:  Type 1.


	C. UL BGUZ - Outdoor Sheet Metal Junction and Pull Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adalet.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Cooper B-line; brand of Eaton, Electrical Sector.
	d. FSR Inc.
	e. Hoffman; brand of nVent Electrical plc.
	f. Hubbell Industrial Controls; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	g. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	h. Milbank Manufacturing Company.
	i. N J Sullivan Company.
	j. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	k. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	l. Spring City Electrical Manufacturing Company.
	m. Square D; Schneider Electric USA.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN BGUZ; including UL 50 and UL 50E.

	3. Standard Features:
	a. Box with a blank cover that serves the purpose of joining different runs of raceway or cable.
	b. Degree of Protection: Type 4.


	D. UL BGUZ - Outdoor Cast-Metal Junction and Pull Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Adalet.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Crouse-Hinds; brand of Eaton, Electrical Sector.
	d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN BGUZ; including UL 50 and UL 50E.

	3. Standard Features:
	a. Box with a blank cover that serves the purpose of joining different runs of raceway or cable.
	b. Degree of Protection: Type 4.



	2.4 COVER PLATES FOR DEVICE BOXES
	A. UL QCIT or QCMZ - Metallic Cover Plates for Device Boxes:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. ABB, Electrification Business.
	b. Appleton; Emerson Electric Co., Automation Solutions.
	c. Arrow Hart, Wiring Devices; Eaton, Electrical Sector.
	d. Crouse-Hinds; brand of Eaton, Electrical Sector.
	e. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	f. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	g. Intermatic, Inc.
	h. Leviton Manufacturing Co., Inc.
	i. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group.
	j. Panduit Corp.
	k. Pass & Seymour; Legrand North America, LLC.
	l. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	m. Topaz Lighting & Electric.
	n. Wiremold; Legrand North America, LLC.

	2. Listing Criteria: Investigated, labeled, and marked by qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. UL CCN QCIT or UL CCN QCMZ; including UL 514D.

	3. Standard Features:
	a. Cover plate-Securing Screws: Metal with head color to match cover plate finish.
	b. Damp and Wet Locations: Listed, labeled, and marked for location and use. Provide gaskets and accessories necessary for compliance with listing.
	c. Cover Plate Material:  0.032 inch thick, Type 302/304 non-magnetic stainless steel with brushed finish.




	PART 3 -  EXECUTION
	3.1 SELECTION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS
	A. Unless more stringent requirements are specified in Contract Documents or manufacturers' published instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult Architect for resolution of conflicting requirements.
	B. Degree of Protection:
	1. Outdoors:
	a. Type 4 unless otherwise indicated.
	b. Locations Exposed to Hosedown:  Type 4.
	c. Locations Subject to Potential Flooding: Type 6P.
	d. Locations Aboveground Where Mechanism Must Operate When Ice Covered: Type 3S.

	2. Indoors:
	a. Type 1 unless otherwise indicated.



	3.2 INSTALLATION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS
	A. Comply with manufacturer's published instructions.
	B. Reference Standards for Installation: Unless more stringent installation requirements are specified in Contract Documents or manufacturers' published instructions, comply with the following:
	1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
	2. Electrical Safety: NFPA 70E.
	3. Commissioning of Active and Passive Fire Protection Features: NFPA 3 and NFPA 4.
	4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
	5. Life Safety and Means of Egress Work: NFPA 101.
	6. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 416.
	7. Outlet, Device, Pull, and Junction Boxes: Article 314 of NFPA 70.
	8. Consult Architect for resolution of conflicting requirements.

	C. Special Installation Techniques:
	1. Provide boxes in wiring and raceway systems wherever required for pulling of wires, making connections, and mounting of devices or fixtures.
	2. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	3. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a raintight connection between box and cover plate or supp...
	4. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	5. Locate boxes so that cover or plate will not span different building finishes.
	6. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid.
	7. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for purpose.
	8. Fasten junction and pull boxes to, or support from, building structure. Do not support boxes by conduits.
	9. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth.
	10. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to ensure a continuous ground path.
	11. Boxes and Enclosures in Areas or Walls with Acoustical Requirements:
	a. Seal openings and knockouts in back and sides of boxes and enclosures with acoustically rated putty.
	b. Provide gaskets for cover plates and covers.



	3.3 FIELD QUALITY CONTROL OF BOXES AND COVERS
	A. Administrant for Electrical Power Tests and Inspections:
	1. Owner will engage qualified medium-voltage electrical testing and inspecting agency to administer and perform tests and inspections.
	2. Engage qualified medium-voltage electrical testing and inspecting agency to administer and perform tests and inspections.
	3. Engage factory-authorized service representative to administer and perform tests and inspections on components, assemblies, and equipment installations, including connections.
	4. Administer and perform tests and inspections with assistance of factory-authorized service representative.

	B. Field tests and inspections must be witnessed by Architect.
	C. Tests and Inspections:
	1. Perform manufacturer's recommended tests and inspections.
	2. Perform tests and inspections recommended by standards listed in "Reference Standards for Installation" Paragraph.

	D. Nonconforming Work:
	1. Boxes and covers will be considered defective if they do not pass tests and inspections.
	2. Remove and replace defective units and retest.

	E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection reports.

	3.4 CLEANING
	A. Remove construction dust and debris from boxes before installing cover plates, covers, and hoods.

	3.5 PROTECTION
	A. After installation, protect boxes from construction activities. Remove and replace items that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance by Owner.



	260553 FL - Identification for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Labels.
	2. Bands.
	3. Tapes and stencils.
	4. Tags.
	5. Signs.
	6. Cable ties.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations, definitions, submittals, qualifications, testing agencies, and other Project requirements applicable to Work specified in this Section.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	C. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, mounting provisions, and graphic features of identification products.
	D. Identification Schedule: For each piece of electrical equipment and electrical system components to be index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated on ...


	PART 2 -  PRODUCTS
	2.1 LABELS
	A. Performance Criteria:
	1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.
	2. Listing Criteria: UL CCN PGDQ2 for components; including UL 969.

	B. UL PGDQ2 - Vinyl Wraparound Labels: Preprinted, flexible labels laminated with clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Champion America.
	c. Grafoplast Wire Markers.
	d. HellermannTyton.
	e. LEM Products Inc.
	f. Marking Services Inc.
	g. Panduit Corp.
	h. Seton Identification Products; a Brady Corporation company.
	i. emedco.


	C. UL PGDQ2 - Self-Adhesive Wraparound Labels:  Preprinted, 3 mil thick, vinyl flexible label with acrylic pressure-sensitive adhesive.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. A'n D Cable Products.
	b. Brady Corporation.
	c. Brother International Corporation.
	d. Grafoplast Wire Markers.
	e. Ideal Industries, Inc.
	f. LEM Products Inc.
	g. Marking Services Inc.
	h. Panduit Corp.
	i. Seton Identification Products; a Brady Corporation company.
	j. emedco.

	2. Self-Lamination: Clear; UV-, weather-, and chemical-resistant; self-laminating, with protective shield over legend. Size labels such that clear shield overlaps entire printed legend.
	3. Marker for Labels:
	a. Permanent, waterproof, black ink marker recommended by tag manufacturer.
	b. Machine-printed, permanent, waterproof, black ink recommended by printer manufacturer.


	D. UL PGDQ2 - Self-Adhesive Labels:  Vinyl, thermal, transfer-printed, 3 mil thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. A'n D Cable Products.
	b. Brady Corporation.
	c. Brother International Corporation.
	d. Grafoplast Wire Markers.
	e. HellermannTyton.
	f. Ideal Industries, Inc.
	g. LEM Products Inc.
	h. Marking Services Inc.
	i. Panduit Corp.
	j. Seton Identification Products; a Brady Corporation company.
	k. emedco.

	2. Minimum Nominal Size:
	a. 1-1/2 by 6 inch for raceway and conductors.
	b. 3-1/2 by 5 inch for equipment.
	c. As required by authorities having jurisdiction.



	2.2 BANDS
	A. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 inch long, with diameters sized to suit diameters and that stay in place by gripping action.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. HellermannTyton.
	c. Marking Services Inc.
	d. Panduit Corp.



	2.3 TAPES AND STENCILS
	A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. Champion America.
	d. HellermannTyton.
	e. Ideal Industries, Inc.
	f. Marking Services Inc.
	g. Panduit Corp.


	B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mil thick by 1 to 2 inch wide; compounded for outdoor use.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. Marking Services Inc.
	d. emedco.



	2.4 TAGS
	A. Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch thick, color-coded for phase and voltage level, with factory printed permanent designations; punched for use with self-locking cable tie fastener.
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. Grafoplast Wire Markers.
	d. LEM Products Inc.
	e. Marking Services Inc.
	f. Panduit Corp.
	g. Seton Identification Products; a Brady Corporation company.
	h. emedco.


	B. Write-on Tags:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. LEM Products Inc.
	d. Pipemarker.com; Brimar Industries, Inc.
	e. Seton Identification Products; a Brady Corporation company.

	2. Polyester Tags:  0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment.
	3. Marker for Tags:
	a. Permanent, waterproof, black ink marker recommended by tag manufacturer.
	b. Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.



	2.5 SIGNS
	A. Laminated Acrylic or Melamine Plastic Signs:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. Marking Services Inc.
	d. Seton Identification Products; a Brady Corporation company.
	e. emedco.

	2. Engraved legend.
	3. Thickness:
	a. For signs up to 20 sq. inch, minimum 1/16 inch thick.
	b. For signs larger than 20 sq. inch, 1/8 inch thick.
	c. Engraved legend with black letters on white face.
	d. Punched or drilled for mechanical fasteners with 1/4 inch grommets in corners for mounting.
	e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.



	2.6 CABLE TIES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. HellermannTyton.
	2. Ideal Industries, Inc.
	3. Marking Services Inc.
	4. Panduit Corp.

	B. Performance Criteria:
	1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.
	2. Listing Criteria: UL CCN ZODZ; including UL 1565 or UL 62275.

	C. UL ZODZ - General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	1. Minimum Width: 3/16 inch.
	2. Tensile Strength at 73 deg F in accordance with ASTM D638: 12,000 psi.
	3. Temperature Range: Minus 40 to plus 185 deg F.
	4. Color: Black, except where used for color-coding.

	D. UL ZODZ - Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking.
	1. Minimum Width: 3/16 inch.
	2. Tensile Strength at 73 deg F in accordance with ASTM D638: 7000 psi.
	3. UL 94 Flame Rating: 94V-0.
	4. Temperature Range: Minus 50 to plus 284 deg F.
	5. Color: Black.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.

	3.2 SELECTION OF COLORS AND IDENTIFICATION MARKINGS
	A. Comply with 29 CFR 1910.144 for color identification of hazards, and the following:
	1. Fire-protection and fire-alarm equipment must be finished, painted, or suitably marked safety red.
	2. Ceiling-mounted hangers, supports, cable trays, and raceways must be finished, painted, or suitably marked safety yellow where less than 7.7 ft above finished floor.

	B. Pipe and Conduit Labeling: Comply with ASME A13.1.
	C. Color-Coding for Phase- and Voltage-Level Identification, 1000 V or Less: Use colors listed below for ungrounded service feeder and branch-circuit conductors.
	1. Color must be factory applied.
	2. Colors for 208Y/120 V Circuits:
	a. Phase A: Black.
	b. Phase B: Red.
	c. Phase C: Blue.

	3. Colors for 480Y/277 V Circuits:
	a. Phase A: Brown.
	b. Phase B: Orange.
	c. Phase C: Yellow.

	4. Color for Neutral (Grounded Conductor):  White.
	5. Color for Equipment Ground:  Bare copper or green.

	D. Color-Coding Raceways, Cable Trays, Junction Boxes, and Conductors for Intrinsically-Safe Circuits: Light blue. When used to identify intrinsically-safe circuits, Article 504 of NFPA 70 requires that the color light blue not be used for any other p...
	E. Color-Coding Instructional Signs: Self-adhesive labels, including color code for grounded and ungrounded conductors.
	F. Accessible Fittings for Raceways: Identify cover of junction and pull box of the following systems with wiring system legend and system voltage. System legends must be as follows:
	1. "EMERGENCY POWER."
	2. "POWER."
	3. "UPS."

	G. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations of high visibility. Identify by system and circuit designation.
	H. Cover Plates: Label individual cover plates with self-adhesive labels. Place label at top of cover plate. Label cover plate with the following information, in the order listed:
	1. Panelboard designation.
	2. Colon or dash.
	3. Branch circuit number.

	I. Equipment Identification Labels:
	1. Black letters on white field.
	2. Indoor Equipment:  Self-adhesive label.
	3. Outdoor Equipment:  Laminated acrylic or melamine sign.
	4. Equipment to Be Labeled:
	a. Racks, Frames, and Enclosures: Identify front and rear of each with self-adhesive labels.
	b. Panelboards: Typewritten directory of circuits in location provided by panelboard manufacturer. Panelboard identification must be in form of laminated acrylic or melamine label.
	c. Enclosures and electrical cabinets.
	d. Access doors and panels for concealed electrical items.
	e. Emergency system boxes and enclosures.
	f. Motor-control centers.
	g. Enclosed switches.
	h. Enclosed circuit breakers.
	i. Enclosed controllers.
	j. Variable-speed controllers.
	k. Push-button stations.
	l. Power-transfer equipment.
	m. Contactors.
	n. Remote-controlled switches, dimmer modules, and control devices.
	o. Battery racks.
	p. Monitoring and control equipment.


	J. Cable Ties: General purpose, for attaching tags, except as listed below:
	1. Outdoors: UV-stabilized nylon.
	2. In Spaces Handling Environmental Air: Plenum rated.


	3.3 SELECTION OF SIGNS AND HAZARD MARKINGS
	A. Comply with 29 CFR 1910.145 for danger, caution, warning, and safety instruction signs.
	B. Signs, labels, and tags required for personnel safety must comply with the following standards:
	1. Safety Colors: NEMA Z535.1.
	2. Facility Safety Signs: NEMA Z535.2.
	3. Safety Symbols: NEMA Z535.3.
	4. Product Safety Signs and Labels: NEMA Z535.4.
	5. Safety Tags and Barricade Tapes for Temporary Hazards: NEMA Z535.5.

	C. Electrical Hazard Warnings:
	1. Arc-Flash Hazard Warning: Self-adhesive labels. Comply with NFPA 70E requirements for arc-flash hazard warning labels.
	2. Raceways and Cables Carrying Circuits at More Than 1000 V:
	a. Black letters on orange field.
	b. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING."

	3. Multiple Power Sources Warning Legend: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	4. OSHA Workspace Clearance Warning Legend: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 3 FEET MINIMUM."

	D. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive labels.
	1. Apply to exterior of door, cover, or other access.
	2. For equipment with multiple power or control sources, apply to door or cover of equipment, including, but not limited to, the following:
	a. Power-transfer switches.
	b. Controls with external control power connections.


	E. Operating Instruction Signs:  Self-adhesive labels.
	F. Emergency Operating Instruction Signs:  Self-adhesive labels with white legend on red background with minimum 3/8 inch high letters for emergency instructions at equipment used for power transfer.

	3.4 SELECTION OF IDENTIFICATION PRODUCTS FOR COMMUNICATIONS, CONTROL, AUXILIARY, AND LIFE SAFETY SYSTEMS
	A. Comply with Section 270528 "Pathways for Communications Systems" and Section 271100 "Communications Equipment Room Fittings."

	3.5 INSTALLATION
	A. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	B. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes typical for electrical equipment environments specified in Section 260011 "Facility Performance Requirements for Electrical."
	C. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain paint system applicable for surface material and location (exterior or interior).
	D. Fasteners for Labels and Signs: Self-tapping, stainless steel screws or stainless steel machine screws with nuts and flat and lock washers.
	E. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance ...
	F. Install identifying devices before installing acoustical ceilings and similar concealment.
	G. Verify identity of item before installing identification products.
	H. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.
	I. Apply identification devices to surfaces that require finish after completing finish work.
	J. Install signs with approved legend to facilitate proper identification, operation, and maintenance of electrical systems and connected items.
	K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from floor.
	L. Vinyl Wraparound Labels:
	1. Secure tight to surface of raceway or cable at location with high visibility and accessibility.
	2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive appropriate to location and substrate.

	M. Snap-Around Labels: Secure tight to surface at location with high visibility and accessibility.
	N. Self-Adhesive Wraparound Labels: Secure tight to surface at location with high visibility and accessibility.
	O. Snap-Around Color-Coding Bands: Secure tight to surface at location with high visibility and accessibility.
	P. Heat-Shrink, Preprinted Tubes: Secure tight to surface at location with high visibility and accessibility.
	Q. Marker Tapes: Secure tight to surface at location with high visibility and accessibility.
	R. Self-Adhesive Vinyl Tape: Secure tight to surface at location with high visibility and accessibility.
	1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for minimum distance of 6 inch where splices or taps are made. Apply last two turns of tape with no tension to prevent possible unwinding.

	S. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and paint application.
	T. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's instructions.
	U. Nonmetallic Preprinted Tags:
	1. Place in location with high visibility and accessibility.
	2. Secure using general-purpose cable ties.

	V. Write-on Tags:
	1. Place in location with high visibility and accessibility.
	2. Secure using general-purpose cable ties.

	W. Baked-Enamel Signs: Attach signs that are not self-adhesive type with mechanical fasteners appropriate to location and substrate.
	X. Metal-Backed Butyrate Signs: Attach signs that are not self-adhesive type with mechanical fasteners appropriate to location and substrate.
	Y. Laminated Acrylic or Melamine Plastic Signs: Attach signs that are not self-adhesive type with mechanical fasteners appropriate to location and substrate.



	262416 fl - panelboard circuit breakers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Lighting and appliance branch-circuit panelboards.


	1.3 DEFINITIONS
	A. GFCI: Ground-fault circuit interrupter.
	B. MCCB: Molded-case circuit breaker.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Product Data: For each type of panelboard.
	1. Include materials and overcurrent protective devices, accessories, and components indicated.
	2. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.


	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 "Submittal Procedures" and the individual sections specifying the work.
	B. Panelboard Schedules: For installation in panelboards.

	1.6 FIELD CONDITIONS
	A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Government or others unless permitted under the following conditions and then only after arranging to provide temporary electric service accordin...
	1. Notify Government no fewer than seven days in advance of proposed interruption of electric service.
	2. Do not proceed with interruption of electric service without Government’s written permission.
	3. Comply with NFPA 70E.


	1.7 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace circuit breakers that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers: Subject to compliance with requirements, provide products by the following Manufacturer:
	1. Cutler Hammer.

	B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:
	a. Inverse time-current element for low-level overloads.
	b. Instantaneous magnetic trip element for short circuits.

	2. MCCB Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Breaker handle indicates tripped status.
	c. UL listed for reverse connection without restrictive line or load ratings.
	d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	e. Application Listing: Appropriate for application.
	f. Multipole units enclosed in a single housing with a single handle.



	2.2 IDENTIFICATION
	A. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating.
	B. Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with transparent plastic protective cover.
	1. Circuit directory shall identify specific purpose for each circuit with detail sufficient to distinguish it from all other circuits.



	PART 3 -  EXECUTION
	A. Comply with NECA 1.
	B. Install according to NECA 407.
	C. Install overcurrent protective devices and controllers.
	1. Tighten bolted connections and circuit breaker connections using calibrated torque wrench or torque screwdriver per manufacturer's written instructions.

	D. Install filler plates in unused spaces.
	E. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems."
	B. Update directory to indicate installed circuit loads; incorporate Government’s final room designations. Obtain approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard door.

	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.

	3.4 ADJUSTING


	262726 fl - wiring devices
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Straight-blade convenience receptacles.
	2. GFCI receptacles.
	3. Wall plates.


	1.3 DEFINITIONS
	A. Abbreviations of Manufacturers' Names:
	1. Cooper: Cooper Wiring Devices; Division of Cooper Industries, Inc.
	2. Hubbell: Hubbell Incorporated: Wiring Devices-Kellems.
	3. Leviton: Leviton Mfg. Company, Inc.
	4. Pass & Seymour: Pass& Seymour/Legrand.

	B. EMI: Electromagnetic interference.
	C. GFCI: Ground-fault circuit interrupter.
	D. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	E. RFI: Radio-frequency interference.
	F. SPD: Surge protective device.
	G. UTP: Unshielded twisted pair.

	1.4 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product.
	C. Shop Drawings: List of legends and description of materials and process used for pre-marking wall plates.

	1.5 INFORMATIONAL SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.


	PART 2 -  PRODUCTS
	2.1 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.
	C. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
	1. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
	2. Devices shall comply with the requirements in this Section.

	D. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 GENERAL-GRADE DUPLEX STRAIGHT-BLADE RECEPTACLES
	A. Duplex Straight-Blade Receptacle:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Arrow Hart, Wiring Devices; Eaton, Electrical Sector.
	b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
	c. Leviton Manufacturing Co., Inc.
	d. Pass & Seymour; Legrand North America, LLC.

	2. Regulatory Requirements:
	a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	3. General Characteristics:
	a. Reference Standards: UL CCN RTRT and UL 498.

	4. Options:
	a. Configuration:
	1) General-duty, NEMA 5-20R.




	2.3 GFCI RECEPTACLES
	A. General Description:
	2. Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943 Class A, and FS W-C-596.
	3. Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection.

	B. Duplex GFCI Convenience Receptacles:
	1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:
	a. Hubbell Incorporated; Wiring Device-Kellems.
	b. Pass & Seymour/Legrand (Pass & Seymour).



	2.4 WALL PLATES
	A. Single and combination types shall match corresponding wiring devices.
	1. Plate-Securing Screws: Metal with head color to match plate finish.
	2. Material for Finished Spaces:  Satin-finished, Type 302 stainless steel.
	3. Material for Unfinished Spaces:  Galvanized steel.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	1. Protect installed devices and their boxes. Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.
	2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
	3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
	4. Install wiring devices after all wall preparation, including painting, is complete.

	C. Conductors:
	1. Do not strip insulation from conductors until right before they are spliced or terminated on devices.
	2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
	3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
	4. Existing Conductors:
	a. Cut back and pigtail, or replace all damaged conductors.
	b. Straighten conductors that remain and remove corrosion and foreign matter.
	c. Pigtailing existing conductors is permitted, provided the outlet box is large enough.


	D. Device Installation:
	1. Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.
	2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
	3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
	4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
	5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by manufacturer.
	7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
	8. Tighten unused terminal screws on the device.
	9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.

	E. Receptacle Orientation:
	1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted receptacles to the right.

	F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

	3.3 IDENTIFICATION
	A. Comply with Section 260553 "Identification for Electrical Systems."
	B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.

	3.4 FIELD QUALITY CONTROL
	A. Test Instruments: Use instruments that comply with UL 1436.
	B. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.
	C. Perform the following tests and inspections:
	1. Test Instruments: Use instruments that comply with UL 1436.
	2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	D. Tests for Convenience Receptacles:
	1. Line Voltage: Acceptable range is 105 to 132 V.
	2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
	3. Ground Impedance: Values of up to 2 ohms are acceptable.
	4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
	5. Using the test plug, verify that the device and its outlet box are securely mounted.
	6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems. Correct circuit conditions, remove malfunctioning units and r...

	E. Wiring device will be considered defective if it does not pass tests and inspections.



	262813 FL - Fuses
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Nonrenewable cartridge fuses.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" specifies additional requirements applicable to coordinating, scheduling, and sequencing of the Work specified in this Section.
	2. Section 260553 "Identification for Electrical Systems" specifies electrical equipment labels and warning signs referenced by this Section.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data: For each type of product. Include the following for each fuse type indicated:
	1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to accommodate ambient temperatures, provide list of fuses with adjusted ratings.
	a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, local ambient temperature, and adjusted fuse rating.
	b. Provide manufacturer's technical data on which ambient temperature adjustment calculations are based.

	2. Dimensions and manufacturer's technical data on features, performance, electrical characteristics, and ratings.
	3. Current-limitation curves for fuses with current-limiting characteristics.
	4. Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak let-through current) for each type and rating of fuse. Submit in PDF format.
	5. Coordination charts and tables and related data.
	6. Fuse sizes for elevator feeders and elevator disconnect switches.


	1.3 FIELD CONDITIONS
	A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more than 100 deg F, apply manufacturer's ambient temperature adjustment factors to fuse ratings.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Regulatory Requirements: Products or components listed and labeled in accordance with NFPA 70, by a qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	2.2 NONRENEWABLE CARTRIDGE FUSES
	A. Class CC Nonrenewable Cartridge Fuse:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Bussmann, an Eaton business.
	b. Edison; a brand of Bussmann by Eaton.
	c. Littelfuse, Inc.
	d. Mersen USA.
	e. Optifuse; Vortex Technologies; division of Triad Partners, LLC.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-4 (Class CC).

	4. Standard Features:
	a. NEMA FU 1, Class CC, 200 kA(sym) interrupt rating, current limiting, sizes up to 30 A, 600 V(ac), 12 s minimum time-delay at 200 percent, with rejection feature.


	B. Class CD Nonrenewable Cartridge Fuse:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Littelfuse, Inc.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-18 (Class CD).

	4. Standard Features:
	a. UL 248-18, Class CD, 200 kA(sym) interrupt rating, current limiting, sizes 31 to 60 A, 600 V(ac), 12 s minimum time-delay at 200 percent, with rejection feature.


	C. Class RK1 Nonrenewable Cartridge Fuse:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Bussmann, an Eaton business.
	b. Edison; a brand of Bussmann by Eaton.
	c. Littelfuse, Inc.
	d. Mersen USA.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-12 (Class R).

	4. Standard Features:
	a. NEMA FU 1, Class RK1, 200 kA(sym) interrupt rating, current limiting, sizes up to 600 A, 600 V(ac), 8 to 10 s minimum time-delay at 500 percent, with rejection feature.
	1) Select ferrule terminals or knife blade terminals to match equipment where fuse is installed.



	D. Class RK5 Nonrenewable Cartridge Fuse:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Bussmann, an Eaton business.
	b. Edison; a brand of Bussmann by Eaton.
	c. Littelfuse, Inc.
	d. Mersen USA.

	2. Source Limitations: Obtain products from single manufacturer.
	3. Listing Criteria: Investigated, labeled, and marked by a qualified electrical testing laboratory in accordance with guide information and standards specified for the following UL product categories:
	a. Cartridge Fuses, Nonrenewable: UL CCN JDDZ, including UL 248-1 and UL 248-12 (Class R).

	4. Standard Features:
	a. NEMA FU 1, Class RK5, 200 kA(sym) interrupt rating, current limiting, sizes up to 600 A, 600 V(ac), 8 to 10 s minimum time-delay at 500 percent, with rejection feature.
	1) Select ferrule terminals or knife blade terminals to match equipment where fuse is installed.





	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine fuses before installation. Reject fuses that are moisture damaged or physically damaged.
	B. Examine holders to receive fuses for compliance with installation tolerances and other conditions affecting performance, such as rejection features.
	C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and with characteristics appropriate for each piece of equipment.
	D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse ratings.

	3.2 INSTALLATION OF FUSES
	A. Comply with manufacturer's published instructions.
	B. Reference Standards for Installation: Unless more stringent installation requirements are specified in the Contract Documents or manufacturer's published instructions, comply with the following:
	1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 1.
	2. Electrical Maintenance: NFPA 70B.
	3. Electrical Safety: NFPA 70E.
	4. Work in Confined Spaces: NFPA 350.
	5. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
	6. Fuse Applications: NECA NEIS 420.
	7. Work with Fuses in Motor Control Centers: NECA NEIS 402.

	C. Provide open-fuse indicator fuses or fuse covers with open fuse indication.
	D. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse.
	E. Interfaces with Other Work:
	1. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size.




	262816 FL - Enclosed Switches and Circuit Breakers
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Enclosures.

	B. Related Requirements:
	1. Section 260010 "Supplemental Requirements for Electrical" for additional abbreviations, definitions, submittals, qualifications, testing agencies, and other Project requirements applicable to Work specified in this Section.


	1.2 DEFINITIONS
	A. GFEP: Ground-fault circuit-interrupter for equipment protection.
	B. GFLS: Ground-fault circuit-interrupter for life safety.
	C. SPDT: Single pole, double throw.

	1.3 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data:
	1. For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, rat...
	2. Enclosure types and details for types other than UL 50E, Type 1.
	3. Current and voltage ratings.
	4. Short-circuit current ratings (interrupting and withstand, as appropriate).
	5. Include evidence of qualified electrical testing laboratory listing for series rating of installed devices.
	6. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.
	7. Include time-current coordination curves (average melt) for each type and rating of overcurrent protective device; include selectable ranges for each type of overcurrent protective device. Provide in PDF electronic format.

	C. Shop Drawings: For enclosed switches.
	1. Include plans, elevations, sections, details, and attachments to other work.
	2. Include wiring diagrams for power, signal, and control wiring.

	D. Field Quality-Control Submittals:
	1. Field quality-control reports.


	1.4 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Warranty documentation.

	1.5 WARRANTY
	A. Special Installer Extended Warranty: Installer warrants that fabricated and installed enclosed switches and circuit breakers perform in accordance with specified requirements and agrees to repair or replace components or products that fail to perfo...
	1. Extended-Warranty Period:  Two years from date of Substantial Completion; full coverage for labor, materials, and equipment.

	B. Special Manufacturer Extended Warranty: Manufacturer warrants that enclosed switches and circuit breakers perform in accordance with specified requirements and agrees to provide repair or replacement of components or products that fail to perform a...
	1. Extended-Warranty Period:  Three years from date of Substantial Completion; full coverage for labor, materials, and equipment.



	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS
	A. Source Limitations: Obtain products from single manufacturer.
	B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	C. Electrical Components, Devices, and Accessories: Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, and marked for intended location and application.

	2.2 FUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. ABB, Electrification Business.
	2. Eaton.
	3. Siemens Industry, Inc., Energy Management Division.
	4. Square D; Schneider Electric USA.

	B. Type HD, Heavy Duty:
	1. Single throw.
	2. Two and three pole.
	3. 600 V(ac).
	4. 200 A and smaller.
	5. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses.
	6. Lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.

	C. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.
	3. Lugs:  Mechanical type, suitable for number, size, and conductor material.


	2.3 NONFUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. ABB, Electrification Business.
	2. Eaton.
	3. Siemens Industry, Inc., Energy Management Division.
	4. Square D; Schneider Electric USA.

	B. Type HD, Heavy Duty, Six Pole, Single Throw, 600 V(ac), 200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.
	3. Service-Rated Switches: Labeled for use as service equipment.
	4. Lugs:  Mechanical type, suitable for number, size, and conductor material.


	2.4 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, UL 50E, and UL 50, to comply with environmental conditions at installed location.
	B. Enclosure Finish: Enclosure must be finished with gray baked enamel paint, electrodeposited on cleaned, phosphatized steel (UL 50E Type 1), and a brush finish on Type 304 stainless steel (UL 50E Type 4-4X stainless steel).
	C. Conduit Entry: UL 50E Types 4, enclosures may not contain knockouts. UL 50E Types 7 and 9 enclosures must be provided with threaded conduit openings in both endwalls.
	D. Operating Mechanism: Circuit-breaker operating handle must be externally operable with operating mechanism being integral part of box, not cover directly operable through front cover of enclosure (UL 50E Type 1) directly operable through dead front...
	E. Enclosures designated as UL 50E Type 4, 4X stainless steel, 12, or 12K must have dual cover interlock mechanism to prevent unintentional opening of enclosure cover when circuit breaker is ON and to prevent turning circuit breaker ON when enclosure ...
	F. UL 50E Type 7/9 enclosures must be furnished with breather and drain kit to allow their use in outdoor and wet location applications.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.
	1. Commencement of work will indicate Installer's acceptance of areas and conditions as satisfactory.


	3.2 SELECTION OF ENCLOSURES
	A. Indoor, Dry and Clean Locations: UL 50E, Type 1.
	B. Outdoor Locations: UL 50E, Type 4X.
	C. Other Wet or Damp, Indoor Locations: UL 50E, Type 4.

	3.3 INSTALLATION
	A. Comply with manufacturer's published instructions.
	B. Special Techniques:
	1. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.
	2. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	3. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	4. Install fuses in fusible devices.


	3.4 IDENTIFICATION
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each enclosure with engraved metal or laminated-plastic nameplate.


	3.5 FIELD QUALITY CONTROL
	A. Field tests and inspections must be witnessed by Architect.
	B. Tests and Inspections for Switches:
	1. Visual and Mechanical Inspection:
	a. Inspect physical and mechanical condition.
	b. Inspect anchorage, alignment, grounding, and clearances.
	c. Verify that unit is clean.
	d. Verify blade alignment, blade penetration, travel stops, and mechanical operation.
	e. Verify that fuse sizes and types match the Specifications and Drawings.
	f. Verify that each fuse has adequate mechanical support and contact integrity.
	g. Inspect bolted electrical connections for high resistance using one of the following methods:
	1) Use low-resistance ohmmeter.
	a) Compare bolted connection resistance values to values of similar connections. Investigate values that deviate from those of similar bolted connections by more than 50 percent of lowest value.

	2) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method in accordance with manufacturer's published data or NETA ATS Table 100.12.
	a) Bolt-torque levels must be in accordance with manufacturer's published data. In absence of manufacturer's published data, use NETA ATS Table 100.12.


	h. Verify that operation and sequencing of interlocking systems is as described in the Specifications and shown on Drawings.
	i. Verify correct phase barrier installation.
	j. Verify lubrication of moving current-carrying parts and moving and sliding surfaces.

	2. Electrical Tests:
	a. Perform resistance measurements through bolted connections with low-resistance ohmmeter. Compare bolted connection resistance values to values of similar connections. Investigate values that deviate from adjacent poles or similar switches by more t...
	b. Measure contact resistance across each switchblade fuseholder. Drop values may not exceed high level of manufacturer's published data. If manufacturer's published data are not available, investigate values that deviate from adjacent poles or simila...
	c. Perform insulation-resistance tests for one minute on each pole, phase-to-phase and phase-to-ground with switch closed, and across each open pole. Apply voltage in accordance with manufacturer's published data. In absence of manufacturer's publishe...
	d. Measure fuse resistance. Investigate fuse-resistance values that deviate from each other by more than 15 percent.
	e. Perform ground fault test in accordance with NETA ATS Section 7.14 "Ground Fault Protection Systems, Low-Voltage."


	C. Nonconforming Work:
	1. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	2. Remove and replace defective units and retest.

	D. Collect, assemble, and submit test and inspection reports.
	1. Test procedures used.
	2. Include identification of each enclosed switch and circuit breaker tested and describe test results.
	3. List deficiencies detected, remedial action taken, and observations after remedial action.

	E. Manufacturer Services:
	1. Engage factory-authorized service representative to support field tests and inspections.


	3.6 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.

	3.7 PROTECTION
	A. After installation, protect enclosed switches and circuit breakers from construction activities. Remove and replace items that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance by Owner.

	3.8 MAINTENANCE
	A. Infrared Scanning of Enclosed Switches and Breakers: Two months after Substantial Completion, perform infrared scan of joints and connections. Remove covers so joints and connections are accessible to portable scanner. Take visible light photograph...
	1. Instruments and Equipment: Use infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.
	2. Follow-up Infrared Scanning: Perform two follow-up infrared scans of enclosed switches and breakers, one at four months and another at 11 months after Substantial Completion.
	3. Instrument: Use infrared-scanning device designed to measure temperature or to detect significant deviations from normal values. Provide documentation of device calibration.
	4. Report: Prepare certified report that identifies units checked and that describes scanning results. Include notation of deficiencies detected, remedial actions taken, and scanning observations after remedial action.




	263600 FL - Transfer Switches
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Nonautomatic transfer switches.


	1.2 ACTION SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Product Data:
	1. Nonautomatic transfer switches.

	C. Product Data Submittals: For each product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for transfer switches.
	2. Include rated capacities, operating characteristics, electrical characteristics, and accessories.

	D. Shop Drawings:
	1. Include plans, elevations, sections, details showing minimum clearances, conductor entry provisions, gutter space, and installed features and devices.
	2. Include material lists for each switch specified.
	3. Single-Line Diagram: Show connections between transfer switch, power sources, and load; and show interlocking provisions for each combined transfer switch and bypass/isolation switch.
	4. Riser Diagram: Show interconnection wiring between transfer switches, bypass/isolation switches, annunciators, and control panels.


	1.3 CLOSEOUT SUBMITTALS
	A. Submittals shall comply with the requirements of Section 013300 “Submittal Procedures” and the individual sections specifying the work.
	B. Operation and Maintenance Data: For each type of product to include in emergency, operation, and maintenance manuals.
	1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	a. Features and operating sequences, both automatic and manual.
	b. List of all factory settings of relays; provide relay-setting and calibration instructions, including software, where applicable.



	1.4 QUALITY ASSURANCE
	A. Testing Agency Qualifications:
	1. Member company of NETA.
	a. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.



	1.5 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electrical service:
	1. Notify Owner no fewer than two days in advance of proposed interruption of electrical service.
	2. Do not proceed with interruption of electrical service without Owner's written permission.


	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace components of transfer switch or transfer switch components that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Two years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA ICS 1.
	C. Comply with NFPA 110.
	D. Comply with UL 1008 unless requirements of these Specifications are stricter.
	E. Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system transfer, including tungsten filament lamp loads not exceeding 30 percent of switch ampere rating, unless otherwise indicated.
	F. Tested Fault-Current Closing and Short-Circuit Ratings: Adequate for duty imposed by protective devices at installation locations in Project under the fault conditions indicated, based on testing according to UL 1008.
	1. Where transfer switch includes internal fault-current protection, rating of switch and trip unit combination shall exceed indicated fault-current value at installation location.
	2. Short-time withstand capability for 30 cycles.

	G. Repetitive Accuracy of Solid-State Controls: All settings shall be plus or minus 2 percent or better over an operating temperature range of minus 20 to plus 70 deg C.
	H. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge withstand capability requirements when tested according to IEEE C62.62. Components shall meet or exceed voltage-impulse withstand test of NEMA ICS 1.
	I. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-motor-operated mechanism. Switches for emergency or standby purposes shall be mechanically and electrically interlocked in both directions to prevent simulta...
	J. Neutral Terminal: Solid and fully rated unless otherwise indicated.
	K. Oversize Neutral: Ampacity and switch rating of neutral path through units indicated for oversize neutral shall be double the nominal rating of circuit in which switch is installed.
	L. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by color-code or by numbered or lettered wire and cable with printed markers at terminations. Color-coding and wire and cable markers are specified in Section...
	1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring indicated.
	2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom entrance of feeder conductors as indicated.
	3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.
	4. Accessible via front access.

	M. Enclosures: General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508, unless otherwise indicated.

	2.2 NONAUTOMATIC TRANSFER SWITCHES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. ASCO Power Technologies.
	2. Caterpillar, Inc.; Electric Power Division.
	3. Cummins Power Generation.
	4. ESL Power Systems, Inc.
	5. Eaton.
	6. Russelectric, Inc.

	B. Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and "Alternative Source." Switch shall be capable of transferring load in either direction with either or both sources energized.
	C. Manual and Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and "Alternative Source." Manual handle provides quick-make, quick-break manual-switching action. Switch shall be capable of electrically or manually...
	D. Double-Throw Switching Arrangement: Incapable of pauses or intermediate position stops during switching sequence.
	E. Pilot Lights: Indicate source to which load is connected.
	F. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and alternative-source sensing circuits.
	1. Normal Power Supervision: Green light with nameplate engraved "Normal Source Available."
	2. Emergency Power Supervision: Red light with nameplate engraved "Alternative Source Available."

	G. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current between active power sources.
	1. Switch Action: Double throw; mechanically held in both directions.
	2. Contacts: Silver composition or silver alloy for load-current switching.
	3. Conductor Connectors: Suitable for use with conductor material and sizes.
	4. Material:  Tin-plated aluminum.
	5. Main and Neutral Lugs:  Compression type.
	6. Ground Lugs and Bus-Configured Terminators:  Compression type.
	7. Ground bar.
	8. Connectors shall be marked for conductor size and type according to UL 1008.


	2.3 SOURCE QUALITY CONTROL
	A. Factory Tests: Test and inspect components, assembled switches, and associated equipment according to UL 1008. Ensure proper operation. Check transfer time and voltage, frequency, and time-delay settings for compliance with specified requirements. ...
	B. Prepare test and inspection reports.
	1. For each of the tests required by UL 1008, performed on representative devices, for emergency systems. Include results of test for the following conditions:
	a. Contact opening.
	b. Short circuit.
	c. Short-time current capability.
	d. Insulating base and supports damage.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Identify components according to Section 260553 "Identification for Electrical Systems."
	B. Set field-adjustable intervals and delays, relays, and engine exerciser clock.
	C. Comply with NECA 1.

	3.2 CONNECTIONS
	A. Wiring Method: Install cables in raceways and cable trays except within electrical enclosures. Conceal raceway and cables except in unfinished spaces.
	1. Comply with requirements for raceways specified in Section 260533.13 "Conduits for Electrical Systems."

	B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without exceeding manufacturer's limitations on bending radii.
	C. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	D. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	E. Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more than 18 inches in length.

	3.3 FIELD QUALITY CONTROL
	A. Administrant for Tests and Inspections:
	1. Owner will engage qualified testing agency to administer and perform tests and inspections.
	2. Engage qualified testing agency to administer and perform tests and inspections.
	3. Engage factory-authorized service representative to administer and perform tests and inspections on components, assemblies, and equipment installations, including connections.
	4. Administer and perform tests and inspections with assistance of factory-authorized service representative.

	B. Tests and Inspections:
	1. After installing equipment, test for compliance with requirements according to NETA ATS.
	2. Visual and Mechanical Inspection:
	a. Compare equipment nameplate data with Drawings and Specifications.
	b. Inspect physical and mechanical condition.
	c. Inspect anchorage, alignment, grounding, and required clearances.
	d. Verify that the unit is clean.
	e. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding surfaces.
	f. Verify that manual transfer warnings are attached and visible.
	g. Verify tightness of all control connections.
	h. Inspect bolted electrical connections for high resistance using one of the following methods, or both:
	1) Use of low-resistance ohmmeter.
	2) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method according to manufacturer's published data.

	i. Perform manual transfer operation.
	j. Verify positive mechanical interlocking between normal and alternate sources.
	k. Perform visual and mechanical inspection of surge arresters.
	l. Inspect control power transformers.
	1) Inspect for physical damage, cracked insulation, broken leads, tightness of connections, defective wiring, and overall general condition.
	2) Verify that primary and secondary fuse or circuit-breaker ratings match Drawings.
	3) Verify correct functioning of drawout disconnecting contacts, grounding contacts, and interlocks.


	3. Electrical Tests:
	a. Perform insulation-resistance tests on all control wiring with respect to ground.
	b. Perform a contact/pole-resistance test. Compare measured values with manufacturer's acceptable values.
	c. Verify settings and operation of control devices.
	d. Calibrate and set all relays and timers.
	e. Verify phase rotation, phasing, and synchronized operation.
	f. Perform automatic transfer tests.

	4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-resistance tester. Include external annunciation and control circuits. Use test voltages and procedure recommended by manufacturer. Comply with manufacturer's specifie...
	a. Check for electrical continuity of circuits and for short circuits.
	b. Inspect for physical damage, proper installation and connection, and integrity of barriers, covers, and safety features.
	c. Verify that manual transfer warnings are properly placed.
	d. Perform manual transfer operation.

	5. After energizing circuits, perform each electrical test for transfer switches stated in NETA ATS and demonstrate interlocking sequence and operational function for each switch at least three times.
	a. Simulate power failures of normal source to automatic transfer switches and retransfer from emergency source with normal source available.
	b. Simulate loss of phase-to-ground voltage for each phase of normal source.


	C. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation and contact resistances and time delays. Attach a label or tag to each tested component indicating satisfactory completion of tests.
	D. Transfer switches will be considered defective if they do not pass tests and inspections.
	E. Remove and replace malfunctioning units and retest as specified above.
	F. Prepare test and inspection reports.

	3.4 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain transfer switches and related equipment.
	B. Training shall include testing ground-fault protective devices and instructions to determine when the ground-fault system shall be retested. Include instructions on where ground-fault sensors are located and how to avoid negating the ground-fault p...
	C. Coordinate this training with that for generator equipment.






