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Auburn Solar and CHP Microgrid BGS Project No. 3920 

This project consists of the installation of a new 24-kW Micro-Combined Heat and Power (mCHP) System and two 
17.3 (AC) kW Solar Tracking Photovoltaic Arrays. The Contractor shall connect the mCHP to the building’s 
heating hot water systems. The Contractor shall connect the mCHP to the building’s gas service. The contractor 
shall connect the mCHP and solar trackers to the building’s electrical system. The Contractor shall furnish and 
install all items in accordance with Plans and Specifications. Alternate bid items include new fencing with gated 
access to the facility and the expansion of the mechanical room’s concrete pad for the new mCHP equipment. 

The contract shall designate the Substantial Completion Date for the 24-kW Combined Heat and Power 
Unit on or before 31 January 2027. The complete Project Substantial Completion Date on or before 30 
June 2027, and the Contract Final Completion Date on or before 31 October 2027. 

1. Bids shall be hand delivered and submitted in sealed envelopes plainly marked "Bid for Auburn
Solar and CHP Microgrid Project" and addressed to:

The envelope shall contain a completed Contractor Bid Form (section 00 41 13), provided in the Bid 
Documents, and include bid security when required.  The bids shall be received no later than 2:00 pm 
on 29 October 2026. Bid submissions will be opened and read aloud at the address shown above at 
the time and date noted above. 

Any bid submitted 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.  The Owner reserves the 
right to accept or reject any or all bids as may best serve the interest of the Owner. 

2. Questions and comments on the bid opening process shall be addressed to:

Wendy Michaud (Wendy.M.Buehler@maine.gov.) 
Directorate of Facilities Engineering 
194 Winthrop Street 
Bldg. 7, Camp Keyes 
Augusta, Maine, 04330 

3. 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 2:00
p.m. on 22 October 2026.

Annabelle Collins (annabelle.m.collins.nfg@army.mil)
Department of Defense, Veterans & Emergency Management 

Wendy Michaud 
Directorate of Facilities Engineering 
194 Winthrop Street, 
Bldg. 7, Camp Keyes, 
Augusta, Maine, 04330 

mailto:annabelle.m.collins.nfg@army.mil
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4. ☒  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. 

 
 

5. ☒  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. 

 
 
6. Filed Sub-bids are not required on this project. 
 
 
7. ☒  Pre-qualified General Contractors are not utilized on this project. 

 
 

8. ☒  An on-site pre-bid conference ( ☒ mandatory) 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. 
 

8 October 2026 @ 10am 
64 Mount Apatite Park 
Auburn, Maine 04210 

 
 
9. 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. Bidder Requirements
1.1 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. 

1.2 Contractors and Subcontractors bidding on projects that utilize Filed Sub-bids shall follow the 
requirements outlined in these Bid Documents for such projects.  See Section 00 22 13 for 
additional information. 

1.3 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. 

1.4 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. 

1.5 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. 

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

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

1.8 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. 

1.9 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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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. 

2.3 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.  

3.3 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. 

3.4 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 less 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 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. 

3.7 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. 

3.8 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. 

3.9 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. 

3.10 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. 

3.11 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. 

3.12 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. 

3.13 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.



revised 03 June 2026 00 41 13 
Contractor Bid Form 

 Page 1 of 3 00 41 13
  

 Auburn Solar and CHP Microgrid Project BGS Project No. 3920 
 

Bid Form submitted by: paper documents only to address below 
 
Bid Administrator:   

Wendy Michaud Wendy.M.Buehler@maine.gov 
Directorate of Facilities Engineering 
194 Winthrop Street 
Bldg. 7, Camp Keyes 
Augusta, Maine, 04330 

 
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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1. The Bidder, having carefully examined the Auburn Solar and CHP Microgrid Project Manual  
dated 10 September 2026, prepared by ICDS (Consultant), 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: 
 
 
 $ _______________________ .00 

Note: Base Bid includes Allowances and Unit Price Quantities as applicable (see below). 
 

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

No. Description  
1 "not used" $0.00 
2 "not used" $0.00 
3 "not used" $0.00 
4 "not used" $0.00 
5 "not used" $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. 
 

No. Description  
1 New security fence including staff & delivery gates.       
2 Extend concrete pad in mechanical room.        
3 insert title of Alternate or "not used" $0.00 
4 insert title of Alternate or "not used" $0.00 
5 insert title of Alternate or "not used" $0.00 
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4. Unit Prices  are not included   on this project. 
No Unit Prices 
Any dollar amount line below that is left blank by the Bidder shall be read as a bid of $0.00. Note: 
ADD and DEDUCT unit prices cannot differ by more than 20%. 

 
No. Description Unit Quantity* Unit Price 

ADD 
Unit Price 
DEDUCT 

1 "not used"        $0.00 $0.00 
2 "not used"        $0.00 $0.00 
3 "not used"        $0.00 $0.00 
4 "not used"        $0.00 $0.00 
5 "not used"        $0.00 $0.00 

 
* Unit price quantities are included in the Base Bid amount above. If installed quantities differ, then 
cost will be adjusted by Change Order according to the ADD and DEDUCT unit prices as provided 
above. Quantities shall be verified by the Consultant.  
 

5. 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. 
 
 

6. 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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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. 
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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. 
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AdvantageME CT#       
 
 

State of Maine 
C O N S T R U C T I O N  C O N T R A C T  

 
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: 
 
ARTICLE 1   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 $0.00 
Alternate Bid number and name or "no Alternates" $0.00 
Alternate Bid number and name or "no Alternates" $0.00 
Alternate Bid number and name or "no Alternates" $0.00 
Alternate Bid number and name or "no Alternates" $0.00 
Alternate Bid number and name or "no Alternates" $0.00 
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. 
1.2.1 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. 
 
ARTICLE 2   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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2.3 The Work of this Contract shall be completed on or before the Contract Final Completion 
Date of      . 
 
2.4 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 
3.1 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 
7.1 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. 
 
ARTICLE 8   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.:       
 
The Contract is effective as of the date executed by the approval authority. 
 
OWNER  CONTRACTOR  

 
  
Signature Date Signature Date 
name and title  name and title 
   
name of contracting entity  name of contractor company 
address  address 
             
            
  
telephone  telephone 
email address  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 Signature Date 
insert name John Kenney, P.E. 
Project Manager/ Contract Administrator Director, Planning Design and Construction 

Division (PDCD) 
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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. 
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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. 
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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. 
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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. 
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Project name C. C. D. Number: 1
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

CCD Item

Description of Work

Reason or Necessity of 
Work

Method of Compensation Select from drop down box… Projected Total Cost $0

Supporting 
Documentation is attached Projected Calendar Days* 0

* 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

Type brief justification for change here.

State of Maine

location / school / campus

Type name of CCD item here

Construction Change Directive
C O N S T R U C T I O N   C O N T R A C T

Type brief description here of work scope here.

00 63 46 BGS Construction Change Directive_23SC21-307  00 63 46









00 65 16 
Certificate of Substantial Completion 

 
 

Attachment A 
 

Certificate of Substantial Completion 
 
 

Contractor:         Project:       
 
Description of Work Being Accepted:          
 
 
This Certificate of Substantial Completion is for all/portion of the Contract.  
 
We, the DFE Project Manager and General Contractor, certify that:  
 
• This facility, or the integral parts of this facility noted above, has/have been 

substantially completed according to the Contract Documents and all modifications 
to the same, as of      (date). The Contractor and 
manufacturer’s warranties shall be effective as of the date of substantial 
completion. 
 

• All remaining work is as noted on the attached punch list. 
 

• Contractor is responsible for correcting any deficiencies discovered during 
Commissioning (If Applicable) that are deemed by the Commissioning Agent to be 
a result of failure to adhere to plans and specifications (to include change orders). 
 

• The Owner is responsible for correcting any deficiencies discovered during 
Commissioning (If Applicable) that are deemed by the Commissioning Agent to be 
outside the scope of work of the contract or not the responsibility of the Contractor. 
 

• The contractor shall complete all work and submittals as required by the Contract 
Documents.  

 
 
 
 
Printed Name (DFE Project Manager)        SIGNATURE                                  DATE 
 
 
 
Printed Name (General Contractor)        SIGNATURE                                  DATE 
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Affidavit of Payment of Debts and Claims 

 

STATE OF MAINE 
 

AFFIDAVIT CONCERNING PAYMENT OF CLAIMS 
 
 
PROJECT NO.        
 
PROJECT TITLE:        
 
LOCATION:         
 
CONTRACTOR:         
 
 
 
Personally appeared before me  , to me personally known, and states that all 
Subcontractors and major suppliers of materials have been paid all sums due them for work 
performed or materials furnished in the performance of the contract, and that any legitimate 
claims against the contract have been satisfied. 
 
 
REMARKS: 
 
 
 
 
 
 

Signature   

     Title    

Subscribed and sworn to before me this      day of_____________ 
 
 
 
 
 

 
NOTARY PUBLIC/WSTICE OF THE PEACE 

My Commission expires in 20___ 
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Affidavit of Release of Liens 

 
STATE OF MAINE 

 
AFFIDAVIT CONCERNING PAYMENT OF LIENS 

 
 
PROJECT NO.  _____________________________________. 
 
PROJECT TITLE:  _____________________________________. 
 
LOCATION:____________________________________________.  
 
CONTRACTOR: _______________________________________. 
 
 
Personally appeared before me  , to me personally known, and states that all liens 
and claims against the State of Maine, its premises and property are hereby waived and further 
he represents than no other person or party has any right to a lien on account of any work 
performed or material furnished to him. 
 
 
 
REMARKS: 
 
 
 
 
 
 

Signature    

 Title    

Subscribed and sworn to before me this      day of       
 
 
 

 
NOTARY PUBLIC/WSTICE OF THE PEACE 

My Commission expires in 20____ 
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1. Definitions 
 

1.1 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. 

 
1.2 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. 

 
1.3 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.  

 
1.4 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. 
 

1.5 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. 

 
1.6 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. 

 
1.7 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. 
 

1.8 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. 

 
1.9 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. 

 
1.10 Bureau:  The State of Maine Bureau of General Services, or BGS, in the Department of 

Administrative and Financial Services. 
 

1.11 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 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. 

 
1.13 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. 
 

1.14 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. 

 
1.15 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. 

 
1.16 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. 
 
1.17 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. 

 
1.18 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. 

 
1.19 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. 

 
1.20 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). 

 
1.21 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. 

 
1.22 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. 

 
1.23 Contract Price:  The dollar amount of the construction contract, also called Contract Sum. 
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1.24 Contract Time:  The designated duration of time to execute the Work of the contract, with a specific 

date for completion.  
 
1.25 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. 

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

Consultant is responsible for the design of the Project. 
 
1.27 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. 

 
1.28 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. 
 
1.29 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.  

 
1.30 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. 

 
1.31 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. 
 
1.32 Owner’s Representative:  The individual or entity contracted by the Owner to be an advisor and 

information conduit regarding the Project. 
 

1.33 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. 
 

1.34 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. 

 
1.35 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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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. 
 

1.36 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. 

 
1.37 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. 

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

 
1.39 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. 

 
1.40 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. 

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

Proposal. 
 

1.42 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. 

 
1.43 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. 

 
1.44 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.) 

 
1.45 Sample:  A physical example provided by the Contractor which illustrates materials, equipment or 

workmanship and establishes standards by which the Work will be judged. 
 
1.46 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. 

 
1.47 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. 

 
1.48 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. 

 
1.49 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. 

 
1.50 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. 

 
1.51 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. 

 
1.52 Superintendent:  The representative of the Contractor on the job site, authorized by the Contractor to 

receive and fulfill instructions from the Consultant. 
 
1.53 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 
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 requirement on all 
corresponding components. 
 

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 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. 
 

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 
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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. 

 

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 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 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 Documents. 
 

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 permits and licenses. 
 

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 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. 
 

5.7 The Contractor shall comply with local, state and federal regulations regarding construction 
safety and all other aspects of the Work. 
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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 by the Owner, are exempt from Maine State 
sales and use taxes.  Tangible personal property is defined in 36 M.R.S. §1752 (17). 
 

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 category of labor employed on 
the project. 
 

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.  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. 
 

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 number, employee identification 
number, or employee address or phone number, for example. 
 

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 or independent contractor is directly 
contracted and by whom that subcontractor or independent contractor is insured for workers' 
compensation purposes. 
 

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. 
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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 are due for insurance, workers 
compensation coverage, federal and state unemployment compensation, and Social Security 
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. 
 

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 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. 

 
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 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. 
 

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, 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. 
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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 could be brought.  The Contractor shall 
ensure that all Subcontractors they engage or employ will procure and maintain similar insurance 
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. 
 

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:  

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

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, 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 ..............................................$2,000,000 
Products and completed operations aggregate ...........$1,000,000 
Each occurrence limit .................................................$1,000,000 
Personal injury aggregate ...........................................$1,000,000 
 

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 acceptable limit is:  

Any one accident or loss ............................................$500,000 
 

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 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. 
 

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:  

General aggregate limit ..............................................$2,000,000 
Each occurrence limit .................................................$1,000,000 
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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 
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, 
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supplemental sketches, Change Order Proposals, Change Orders, Shop Drawings, testing reports, 
et cetera, for access by the Owner and Consultant. 

 

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 party to complete the work of the 
allowance. 

 

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 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. 
 

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 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. 
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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 
and required maintenance.  The Drawing or written Specification shall not be construed to 
exclude other manufacturers products of comparable design, quality, and efficiency. 
 

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 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. 
 

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 described above, or other 
considerations.  The Consultant should briefly state the rationale for the decision.  The decision 
shall be considered final. 
 

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 and the execution of their work.  The 
Contractor shall coordinate and properly connect the Work of all contractors. 
 

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 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. 
 

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. 
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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 Owner. 
 

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 shall pay or satisfy any judgment that 
may arise against the Owner, and pay all other costs incurred. 

 

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 standing with a record of 
satisfactory work. 
 

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 the Owner. 
 

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 Consultant fails to certify a portion of 
the Requisition for Payment for a cause not the fault of the Subcontractor. 
 

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. 
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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 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 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. 
 

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 in writing to the Contractor.  The Consultant 
and Owner are not responsible for the acts or omissions of the superintendent or assistant 
superintendents. 
 

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 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 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. 
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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 schedule in this regard.  Work 
concealed or buried prior to the Consultant's approval may need to be uncovered at the 
Contractor’s expense. 
 

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 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. 
 

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 to the Work. 

 

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 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. 
 

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 performance by both parties. 
 

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 of the former Consultant. 

 

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 shall not cause the use of premises to be 
impeded for the Contractor or Owner. 
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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 Contractor. 
 

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 a final acceptance of any work or materials. 

 

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 from damage or loss. 
 

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 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. 
 

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 boxed and barriers erected to prevent 
damage to tree branches or roots. 
 

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 ultimate responsibility lies with the Contractor. 
 

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 
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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. 
 

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 the Owner for compensation for expenses due to 
such emergency work. 
 

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 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. 
 

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 cleaning at the completion of the project. 

 

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 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. 
 

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 Contract Time shall be as defined in the 
Construction Change Directive unless subsequently negotiated with some other terms. 
 

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. 
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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 shall make payments based on the 
Consultant’s certificate. 
 

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 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. 
 

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 related to the Change Order. 
 

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 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. 
 

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 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. 
 

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 or otherwise under the contract.  The 
Consultant shall promptly respond to the Contractor's notice with direction that avoids any 



revised 27 April 2021 00 72 13 
General Conditions 

00 72 13 General Conditions_23SC21-307 Page 16 of 22 00 72 13 

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. 
 

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 
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Contractor.  At that time the Owner may take possession of the premises and of all materials, 
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 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 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. 
 

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 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. 
 

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 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 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. 
 

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 



revised 27 April 2021 00 72 13 
General Conditions 

00 72 13 General Conditions_23SC21-307 Page 18 of 22 00 72 13 

which drawings shall be furnished and fourteen calendar days has passed after said date for such 
drawings. 
 

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 provide evidence that supports the 
correctness of the form.  The approved Schedule of Values shall be used as a basis for payments. 
 

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 labor, including payments to 
Subcontractors. 
 

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 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. 
 

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 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. 
 

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 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. 
 

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 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. 
 

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 
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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 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). 

 
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 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. 
 

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 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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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 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. 
 

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 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. 
 

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 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 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. 
 

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 of the Work in a dated Certificate of 
Substantial Completion, to be signed by Owner, Consultant, and Contractor. 
 

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. 
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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 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. 
 

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 Consultant if the Contractor fails to make 
notification of project delays. 
 

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 recover alleged damages on work the 
Consultant determines has followed the expected rate of progress. 
 

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 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. 
 

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 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 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, 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. 
 



revised 27 April 2021 00 72 13 
General Conditions 

00 72 13 General Conditions_23SC21-307 Page 22 of 22 00 72 13 

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 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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1. GENERAL. Work performed under this contract is incident to the implementation of a 
Federal program with the State. Accordingly, this State contract shall be governed by and 
construed according to below listed Federal law(s) as they may affect the rights, remedies, 
and obligations of the United States. Federal agencies are permitted to require changes, 
remedies, changed conditions, access to records retention, suspension of work, and other 
clauses required by the Office of Procurement Policy. 
 
a. Administrative, contractual or legal remedies in instances where Contractors violate or 

breach contract terms and provide for such sanctions and penalties as may be appropriate. 
 

b. Termination for cause and for convenience by the grantee (State of Maine) including the 
manner by which it will be affected and the basis for settlement [All contracts in excess of 
$10,000]. 
 

c. Notice of awarding agency requirements and regulations pertaining to reporting. 
 

d. Notice of awarding agency requirements and regulations pertaining to patent rights with 
respect to any discovery or invention which arises or is developed in the course of or 
under this contract. 
 

e. Awarding agency requirements pertaining to copyrights and rights in data. 
 

f. Access by the grantee, the subgrantee, the Comptroller General of the United States, or 
any of their duly authorized representatives to any books, documents, papers, and records 
of the Contractor which are directly pertinent to this contract for the purpose of making 
audit, examination, excerpts, and transcriptions. 
 

g. Retention of all required records for three years after grantees or subgrantees make final 
payments and all other pending matters are closed. 

 
2. EQUAL OPPORTUNITY. Contractors 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]. [All contracts in excess of $10,000 by grantees and their contractor or 
subgrantees]. 
 

3. COPELAND "ANTIKICKBACK" ACT. Contractors shall comply with the provisions of 
the Copeland "Antikickback" Act [18 U.S.C. 874] as supplemented in Department of Labor 
Regulations [29 CFR Part 3]. [All contracts for construction or repair.] 
 

4. DAVIS-BACON ACT. The Contractor shall comply with the Davis-Bacon Act (40 U.S.C. 
276a to a-7) as supplemented by U.S. Department of Labor Regulations (29 CFR Part 5). All 
rulings and interpretations of the Davis-Bacon Acts contained in 29 CFR Part 5 are 
incorporated by reference in this contract. This provision applies to all contracts excess of $2,000 
when required by Federal program grant legislation. The applicable Davis-Bacon Wage Rate 
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[when applicable] is included in Section 00 73 46, Wage Rates. When not applicable, a State of 
Maine Wage determination may be substituted in Section 00 73 46, Wage Rates. In cases where 
the Davis-Bacon wage determination is applicable, the State Wage Rate will not be used. 
 

5. CONTRACT WORK HOURS. The Contractor shall comply with sections 103 and 107 of 
the Contract Work Hours and Safety Standards Act [40 U.S.C. 327-330] as supplemented by 
Department of Labor Regulations [29 CFR Part 5]. [Construction contracts in excess of 
$2,000, and in excess of $2,500 dollars for other contracts which involve the employment of 
mechanics or laborers.] 
 

6. ENVIRONMENTAL PROTECTION. 
 
a. CLEAN AIR ACT. The Contractor shall comply with all applicable standards, orders, or 

requirements issued under Sections 114 and 306 of the Clean Air Act [42 U.S.C 
18579(h)]. [Contracts, subcontracts, and subgrants of amounts in excess of $100,000.] 
 

b. CLEAN WATER ACT. 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. [Contracts, subcontracts, and subgrants 
of amounts in excess of $100,000.] 
 

c. RELATED ENVIRONMENTAL LAWS. 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); the National Environmental Policy Act (NEPA); and 
any applicable Federal, Contractor or Local environmental regulation. 
 

d. VIOLATING FACILITIES. The Contractor shall insure that no facility used in his/her 
performance under this contract is listed on the Environmental Protection Agency (EPA) 
list of violating facilities pursuant to 40 CFR Part 15 without the concurrence of state. 
The Contractor Vendor shall notify State of the receipt of any communication from EPA 
indicating that a facility to be or being used in his/her performance under this contract is 
under consideration for listing on the EPA list of violating facilities. 

 
7. ENERGY POLICY AND CONSERVATION ACT. The Contractor shall comply with 

mandatory standards and policies relating to energy efficiency which are contained in the 
State energy conservation plan issued in compliance with the Energy Policy and 
Conservation Act [Pub Law 94-163]. 
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8. 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 ground of race, religion, color, national origin, sex and 
handicap. Accordingly, and to the extent applicable, the Contractor/Vendor covenants and 
agrees to the comply with the following: 
 
a. Title VII or the Civil Rights Act of 1964 (42 U.S.C, Art 2000d et seq.), and DOD 

Regulations (32 CFR Part 300) issued thereunder; 
 

b. Executive Order 11246 and Department of Labor regulations issued thereunder (41 CFR 
Part 60); 
 

c. Section 504 of the Rehabilitation Act of 1973 (29 U.S.C. Art 794) and DOD Regulations 
issued thereunder (32 CFR Part 56); and, 
 

d. The Age Discrimination Act of 1975 (42 U.S.C. Art 61601 et seq.) and regulations issued 
thereunder (45 CFR Part 90). 
 

9. LOBBYING. 
 
a. The Contractor will not expend any funds appropriated by Congress to pay any person 

for influencing or attempting to influence an officer or employee of any agency, or a 
Member of Congress in connection with any of the following covered federal actions; 
the awarding of any Federal contract; the making of any federal grant; the making of any 
federal loan; the entering into any cooperative agreement; and, the extension , 
continuation , renewal, amendment, or modification of any Federal contract, grant loan, 
or cooperative agreement. 
 

b. The Interim Final Rule, New Restrictions on Lobbying, issued by the Office of 
Management and Budget and the Department of Defense (32 CFR Part 28) to implement 
the provisions of section 319 of Public Law 101-121 (31 U.S.C., Art 1352) is 
incorporated by reference. 

 
10. DRUG FREE WORKPLACE. 

 
a. 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. 
 

b. The Final Rule, Government-wide Requirements for Drug-Free Workplace (Grants), 
issued by the Office of Management and budget and the Department of Defense (32 CFR 
Part 28, Subpart f) to implement the provisions of the Drug Free Workplace Act of 1988 
is incorporated by reference and the Contractor Vendor covenants and agrees to comply 
with all the provisions thereof, including any amendments to the Final Rule that may 
hereafter be issued. 
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11. TOBACCO-FREE WORKPLACE POLICY 
 
a. The Tobacco-Free Workplace Policy is clearly stated below: 
 

The use of tobacco products is prohibited within the boundaries of all federal and state 
workplaces, including all buildings, facilities, indoor and outdoor spaces and the 
surrounding grounds owned, managed, or inhabited by the Department of Defense, 
Veterans and Emergency Management. This policy applies to parking lots, walkways, 
vehicles, aircraft, and to privately owned vehicles that are parked or operated on our 
property. For illustrative purposes of this policy, tobacco is defined as any type of 
tobacco product to include, but not limited to cigarettes, cigars, cigarillos, electronic 
cigarettes, pipes, bide, hookahs, smokeless, spit tobacco or snuff. 

 
12. USE OF UNITED STATES FLAG VESSELS. 

 
a. To use privately-owned United States flag commercial vessels to ship at least 50 percent 

of the gross tonnage (computed separately for dry bulk carriers, dry cargo liners, and 
tankers) of any equipment, materials, or commodities that are both (1) procured, 
contracted for, or otherwise obtained with funds made available by State under this 
contract, and (2) transported by ocean vessel, to the extent such vessels are available at 
fair and reasonable rates; 
 

b. To furnish within 20 working days following the date of loading for shipments 
originating within the United States or within 30 working days following the date of 
loading for shipments originating outside the United States, a legible copy of a rated, "on-
board" commercial ocean bill-of-lading in English for each shipment of cargo described 
in paragraph (a) above to both State and to the division of National Cargo, Office of 
Market Development, U.S. Maritime Administration, Washington, D.C. 20590; and, 
 

c. Subject to existing contracts, to insert the substance of the provisions of this section in all 
contracts issued pursuant to this to contract, and to cause such provisions to be inserted in 
all subcontracts issued pursuant to this contract, where the contract or subcontract is for 
$100,000 or more and where there is a possibility of ocean transportation of procured 
equipment or materials. 

 
13. DEBARMENT AND SUSPENSION. 

 
a. 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 under Executive Order 12549, 
"Debarment and Suspension". 
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b. The Final Rule, Government wide Debarment and Suspension (No procurement), issued 
by the office of management and budget and the Department of Defense (32 CFR Part 
25) to implement the provisions of executive order 12549, "Debarment and Suspension" 
is incorporated by reference and the contractor/vendor covenants and agrees to comply 
with all the provisions thereof, including any amendments to the final rule that may 
hereafter be issued. 

 
14. THE INFRASTRUCTURE INVESTMENT AND JOBS ACT ("IIJA") 

 
Pub. L. No. 117-58, which includes the Build America, Buy America Act ("the Act"). 
Pub. L. No. 117-58, §§ 70901-52. The Act strengthens Made in America Laws and will 
bolster America's industrial base, protect national security, and support high paying 
jobs. The Act requires that the head of each Federal agency shall ensure that "none of the 
funds made available for a Federal financial assistance program for infrastructure may be 
obligated for a project unless all of the iron, steel, manufactured products, and 
construction materials used in the project are produced in the United States." 

 
 
 
 
 
 

END OF SECTION 
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00 73 16 
Supplementary Conditions 
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1. Insurance Requirements 
 
1.1 Property Insurance 

 
a) This Project is within a building not insured by the State of Maine Risk Management 

Division. Article 15.6 b of the General Conditions (00 72 13) is amended by deletion 
and replaced with 1.1 b below. 

 
b) Renovations within and Additions to Existing Buildings Not Insured by State of Maine 

Risk Management Division 
 

The Contractor shall procure and maintain Builder's Risk insurance naming the Owner, 
Contractor and all Subcontractors as insureds as their interests may appear. The covered cause of 
loss form shall be Risks of Direct Physical Loss, endorsed to include flood, earthquake, testing 
and ensuing loss and shall include coverage for materials in transit and materials stored off site. 
Coverage shall be on a replacement cost and a completed value basis. Unless specifically 
authorized by the Owner, the limit of insurance shall not be less than the contract amount and 
coverage shall apply during the entire contract period until the Certificate of Substantial 
Completion is accepted by the Owner. 
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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) 
 



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

2026 Fair Minimum Wage Rates -- Building 2 Androscoggin County (other than 1 or 2 family homes) 

Occupational Title Minimum Wage Minimum Benefit Total 
Brickmasons and Blockmasons $33.00 $11.13 $44.13 
Bulldozer Operator $30.62 $5.38 $36.00 
Carpenter $30.01 $19.69 $49.70 
Cement Masons and Concrete Finisher $24.42 $2.52 $26.94 
Construction and Maintenance Painters $22.47 $1.84 $24.31 
Construction Laborer $18.66 $11.38 $30.04 
Conveyor Operators and Tenders $30.17 $13.77 $43.94 
Crane and Tower Operators $40.43 $8.63 $49.06 
Crushing Grinding and Polishing Machine Operators $26.15 $3.24 $29.39 
Earth Drillers - Except Oil and Gas $22.81 $7.62 $30.43 
Electrical Power - Line Installer and Repairers $57.50 $34.35 $91.85 
Electricians $38.74 $21.14 $59.88 
Elevator Installers and Repairers $74.17 $38.44 $112.61 
Excavator Operator $34.12 $6.49 $40.61 
Fence Erectors $30.90 $2.18 $33.08 
Flaggers $21.39 $0.86 $22.25 
Floor Layers - Except Carpet/Wood/Hard Tiles $29.00 $8.65 $37.65 
Glaziers $39.32 $19.22 $58.54 
Hazardous Materials Removal Workers $23.00 $1.37 $24.37 
Heating and Air Conditioning and Refrigeration Mechanics and Installers $36.59 $7.12 $43.71 
Heavy and Tractor - Trailer Truck Drivers $29.13 $3.98 $33.11 
Highway Maintenance Workers $23.30 $1.14 $24.44 
Industrial Machinery Mechanics $29.97 $6.74 $36.71 
Industrial Truck and Tractor Operators $24.61 $4.21 $28.82 
Insulation Worker - Mechanical $25.00 $4.60 $29.60 
Light Truck or Delivery Services Drivers $26.79 $5.14 $31.93 
Loading Machine and Dragline Operators $29.71 $4.79 $34.50 
Millwrights $35.99 $10.52 $46.51 
Mobile Heavy Equipment Mechanics - Except Engines $30.67 $5.10 $35.77 
Operating Engineers and Other Equipment Operators $39.74 $3.67 $43.41 
Paving Surfacing and Tamping Equipment Operators $30.74 $10.67 $41.41 
Pile-Driver Operators $37.15 $3.12 $40.27 
Pipe/Steam/Sprinkler Fitter $43.76 $25.44 $69.20 
Pipelayers $28.75 $3.64 $32.39 
Plumbers $40.00 $24.71 $64.71 
Radio Cellular and Tower Equipment Installers $34.72 $5.63 $40.35 
Reinforcing Iron and Rebar Workers $32.94 $20.82 $53.76 
Riggers $27.16 $21.25 $48.41 
Roofers $24.86 $2.03 $26.89 
Sheet Metal Workers $30.22 $6.70 $36.92 
Structural Iron and Steel Workers $32.94 $25.00 $57.94 
Tapers $30.09 $2.12 $32.21 
Telecommunications Equipment Installers and Repairers - Except Line Installers $37.09 $10.21 $47.30 
Telecommunications Line Installers and Repairers $28.49 $5.29 $33.78 
Tile and Marble Setters $28.91 $5.46 $34.37 

Welders are classified as the trade to which welding is incidental (e.g. welding structural steel is Structural Iron and Steel Worker) 

Apprentices – The minimum wage rates for registered apprentices are the rates recognized in the sponsorship 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 

Supersedes 02-03-2025 
Effective 01-10-2026 
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SECTION 01 00 00 

ADMINISTRATIVE PROCEDURES 

  

PART 1   GENERAL   

1.01  CONTRACT REQUIREMENTS   

A. Scope of Work:   

1. Use scope defined in the Notice to Contractors (Section 00 11 13) minus any bidding 
requirements. 

B. Contract Method   

1. Basis of award of this Contract will be in accordance with Section 1 Instructions to 
Bidder, Paragraph 2.  

2. Contract type:  State of Maine – Section 2-E, Contract for Minor Public 
Improvements.  

3. The project will be constructed under a single lump sum contract.  

C. Work Sequence   

1. Work of the Contract and related provisions are as described in the Contract 
Documents.  

D. Contractor Use of Premises   

1.Work of this Contract includes coordinating the work with the daily operations of the 
Owner.   

2. Limited use of premises for Work and construction operations only, to allow for Owner 
occupancy, work by other Contractors, and public access.  

3. Limit access to Owner's site, hours of operations are 7:00 A.M. - 4:00 P.M (coordinate 
with unit).  No work to be performed on weekends, state or federal holidays.  

 a.  Exceptions to the weekend, state or federal holiday restriction are allowed if 
the project site has no unit presence and access to the site is controlled entirely by 
the contractor.  Local municipal codes regarding construction and noise will be 
adhered to.  Also, not all state holidays are federal holidays and allowances may 
be made if unit personnel are available on the site to allow site access to the 
contractor. 
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4.  Contractor will ensure that project site is left in a state that will not interfere with unit 
drill weekends, annual training or any other unit events.  Owner will provide 
contractor with dates when these events are scheduled at the preconstruction meeting. 

5. In the event of an unforeseen unit mission requirement that prohibits access to the 
construction site, the Owner shall extend the contractor’s construction completion 
times accordingly with no penalty to the contractor. 

6.  Coordinate use of premises under direction of Owner. 

7.  The Contractor shall be responsible for his/her security in Construction Area until 
substantial completion.  The contractor shall coordinate security of Building with 
Owner.  This includes access to the facility and the organization parking area where 
applicable. 

E. Owner Occupancy  

1. Owner will occupy surrounding areas during entire period of construction  to conduct 
Owner's normal operations.  The Contractor shall cooperate with Owner to minimize 
conflict to the Owner's operations.    

     F.   Owner-furnished Products:    Not Used  

     G.  Schedule of Allowances:     Not Used 

  H.   Additive Alternate:    

      

  ABI#1 New Security Fence  

ABI#2 Extend Concrete Pad  

     I.  Unit Prices:         Not Used       

J. Applications for Payment:  

1. Submit one (1) electronic copy of each application under procedures of Section 00 72 
13 (General Conditions), item 32 (Payments to the Contractor), on "Requisition for 
Payment", Form B.G.S. 00 62 76, Application for Payment revised with included 
Base Contract Work and Change Order Work forms. 

2. All Applications for Payment shall be emailed to the Owner at the following email 
address:  Invoices.DFE@maine.gov.  The DFE Project Manager will be cc’d on this 
email. 

3. Owner shall provide the contractor with the administrative information required to 
complete the application for payment such as CT#; BGS #, signories and their 
respective titles.  Owner shall also inform the contractor of any revisions to these 
documents. 

mailto:Invoices.DFE@maine.gov
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4. The contractor shall provide both the Application for Payment and Continuation 
Sheets in excel format.   The contractor shall provide all supporting documentation 
IAW all provisions of item 32 in section – 00 72 13, General Conditions. 

5. The contractor shall ensure that all applicable change orders are reflected in the 
Application for Payment. 

6. Applications for Payment that contain requests for payment for materials suitably 
stored away from the site shall include all documentation required IAW item 32.6, 
Section 00 72 13 General Conditions that is part of this contract. 

7. Applications for Payment that are incomplete, not in the proper format, or contain 
errors will be returned to the contractor for correction. 

8. Updated project schedule shall be supplied with each Application for Payment. 

9. The proper Application for Payment form may be found at 
https://www.maine.gov/dafs/bgs/forms. 

K. Coordination:   

1. Work of this Contract includes coordination of the entire Work of the Project.   

2. Coordinate work with all utilities.  Interruption of services shall be coordinated with 
the Owner to minimize the disruption of operations within the facility.  Interruption of 
utilities will be coordinated with and approved by the Owner 72 hours in advance .   

3. Notify an appropriate official at the facility at least three days in advance of the need 
to move furnishings, equipment, materials, etc. from areas to be affected by the 
construction.   

4. Control on-site activities to minimize the disruption of the occupants.  

5. Coordinate the work of equipment and material suppliers and subcontractors.   

6. Plan for the timely delivery of materials and supplies to the job site and for their 
temporary storage on site.   

7. Maintain the project site in a neat condition.  

8. Assist the Owner as required in the review of construction.  

9. Maintain up to date progress records and as-built drawings.  

10. Contractor is responsible for obtaining all required permits from the City of Auburn 
which requires one.  Provide Owner with copies of all required permits.   

L. CONFLICTS   

https://www.maine.gov/dafs/bgs/forms
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1. Contractor shall notify Owner in writing of any real or apparent conflicts in the 
Contract Documents and, except in cases of emergency, await Owner's determination 
before proceeding.   

2. The Owner’s Project Manager shall resolve conflicts that arise during construction.  

3. If two or more solutions are indicated in the Contract Documents, the Contractor shall 
assume the cost of the more expensive solution unless otherwise directed by the 
Owner.   

4. The only entity who shall modify schedule, scope or funding for this project is the 
DFE Project Manager. 

M. Field Engineering  

1. The Contractor shall be responsible for all field engineering as required.    

N. Field Testing and Inspections:   

1.  The Contractor shall carry all costs for material testing and inspections required by the 
Contract Documents. The Contractor shall hire only Consultant approved and Owner 
approved independent testing agencies to perform all testing and inspections.   All 
testing and inspections shall be scheduled and paid for by the contractor. 

 O.  Reference Standards  

1. For products specified by association or trade standards, comply with requirements of 
the standard, except when more rigid requirements are specified or are required by 
applicable codes.   

2. The date of the standard is that in effect as of the Bid date, or date of Owner-
Contractor Agreement when there are no bids, except when a specific date is given. 

3. Obtain copies of standards when required by Contract Documents.  Maintain copy at 
job site during progress of the specific work.    

1.02  SCHEDULING AND PHASING OF WORK  

A. Substantial Completion: The Combined Heat and Power (CHP) Unit will be 
Substantially Completed by 31 January 2027. Remaining scope of work stated in the 
Contract must be Substantially Completed by 30 June 2027 so that the Owner can have 
full use of interior space.    

1. Except as otherwise specified, Substantial Completion is hereby defined to mean a 
stage of completion sufficient for the Owner to have full beneficial use and 
occupancy of the structure involved, less only minor corrections and repairs that can 
be performed without undue annoyance to building occupants which shall be 
documented on the "punch list" as specified hereinafter.  Beneficial use and 
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occupancy mean removal of all debris, interior and exterior scaffolding, surplus 
equipment and material and cleaning as required under the Contract completed.   

2. Normal building operations will continue throughout the length of the Project.  

3. Within ten (10) working days following issuance of a Letter to Proceed, and 
notwithstanding any delay in execution of a formal Contract Agreement, the 
Contractor shall prepare a proposed Phasing and Progress Schedule.  The final 
Schedule shall be as mutually agreed to by the Owner and Contractor, and within the 
following guidelines:   

a. The Owner's business operations must continue throughout the entire construction 
period. 

b.  Work within the building interior must comply with the Owner's requirements for 
continued use and occupancy.  

c.  Applicable egress codes must be complied with during the construction period.  
Building entrances and exit paths must be always kept open.  

B. Final Completion of all Work of this Contract shall be by 31 October 2027.   

1.  Except as otherwise specified, Final Completion is when the Work of the Contract 
has been completed in accordance with the terms and conditions of the contract 
documents with no “punch list” items open and is ready for final payment.   

C. Expiration date of this Contract is 31 December 2027.    

1. Except as otherwise specified, Expiration Date is hereby defined to mean the date 
when all engagements of the parties have ended, except to those which arise from the 
nonfulfillment of obligations created during its existence, such as warranties.    

1.03  REGULATORY REQUIREMENTS   

 A.  Conform to all Local, State and Federal codes.  

1.04  PROJECT MEETINGS  

A.  Requirements:  

1.  Contractor shall, upon acceptance of a Contract and before commencing Work, contact 
the Owner and request a pre-construction conference as required in Section 00 72 13 
(General Conditions), Item 1 (Preconstruction Conference).   

B.  Pre-construction Conference   

1. The OWNER will administer pre-construction conference for execution of Owner-
Contractor Agreement and exchange of preliminary submittals.   
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C.  Progress Meetings 

1.  The Contractor shall schedule and administer Project meetings throughout progress of 
the Work, called meetings, and pre-installation conferences.  

2.  The Contractor shall make physical arrangements for meetings, prepare agenda with 
copies for participants, preside at meetings, record minutes, and distribute copies 
within two days to Owner, participants, and those affected by decisions made at 
meetings.   

a.  Attendance: Job superintendent, major Subcontractors and suppliers, Owner and 
those appropriate to agenda topics for each meeting.   

b. Suggested Agenda: Review of Work progress, status of progress schedule and 
adjustments thereto, delivery schedules, submittals, maintenance of quality 
standards, pending changes and substitutions, and other items affecting progress 
of Work.  

1.05  SUBMITTALS  

A. Procedures   

1. In all submittals always refer to project number 23SC21-307-D.   

2. Refer to schedule of Contractor Deliverables provided by Owner/Designer.   

3. Transmit each item under OWNER-accepted form.  Identify Project, Contractor, 
Subcontractor, major supplier; identify pertinent drawing sheet and detail number, 
and Specification Section number, as appropriate.  Identify deviations from Contract 
Documents.  Provide space for Contractor and OWNER review stamps.   

4. Submit initial Progress Schedules and Contract Schedule of Values in duplicate 
within 10 days after date of Owner - Contractor Agreement.  After review by 
DESIGNER revise and resubmit as required.  Submit revised schedules with each 
Application for Payment, reflecting changes since previous submittal.   

5. Submittals can be delivered electronically to both the Designer and Owner. If 
submitting by e-mail, submit to the Designer for approval, and the Owner for review 
at the address below:   

 Designer:  info@icdsllc.com   

 Owner:  Annabelle.M.Collins.nfg@army.mil   

6. Comply with progress schedule for submittals related to Work progress.  Coordinate 
submittal of related items.   

7. Submittal Sheets:  



   

Revised DFE – 08.12.2025   Page 7 of 23        01 00 00 

a. Transmit each item under “Transmittal of Shop Drawings, Equipment Data,  
Material Samples, or Manufacturer’s Certificates of Compliance” in a format            
acceptable to the Owner.  

b. Identify Project, Contractor, Subcontractor, major supplier.  

c. Identify drawing sheet and detail number, and Specification Section number,  as 
appropriate.  

d. Identify deviations from Contract Documents.  

e. Identify products submitted comply with the Build America, Buy America Act.  

7. Designer submittal actions shall be taken with such reasonable promptness as to cause 
no delay in the Work or in the activities of the Owner, Contractor, or separate 
contractors, while allowing time in the Designer’s professional judgement to permit 
adequate review.  

8.  After DESIGNER review of submittal, revise and resubmit as required identifying 
changes made since previous submittal.   

9. Distribute copies of reviewed submittals to concerned persons.  Instruct recipients to 
promptly report any inability to comply with provisions.   

B. Quality Assurance 

1.   Substitutions, in accordance with Section 01 00 00, para. 1.08 (E).   

C. Construction Progress Schedule   

1. Within ten (10) working days following issuance of a Notice to Proceed, the 
Contractor shall provide an Initial Construction Progress Schedule to the Owner   

2. Show submittal dates required for Shop Drawings, Product Data, and Samples, and 
product delivery dates, including those furnished by Owner and those under 
Allowances as applicable.   

D. Schedule Of Values   

1. Submit typed schedule on Form 00 62 76.01 Continuation Sheet revised 02 Feb 2026.  
This form is found within the Application for Payment (00 62 76) referenced in 1.01 
J. Applications for Payment of this specification section. 

2. Include in each line item a directly proportional amount of Contractor's overhead and 
profit.   

3. Revise schedule to list change orders, for each application for payment.     
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E. Shop Drawings       

1. Shop drawings will be submitted to Owner, in accordance with para. 1.05 of this 
Section.   

F. Product Data   

1. Mark each copy to identify applicable products, models, options, and other data; 
supplement manufacturers' standard data to provide information unique to the Work.   

2. Submit the number of copies, which Contractor requires, plus two copies, which will 
be retained by OWNER.   

3. Provide data certifying that each product complies with the provisions contained 
in the THE INFRASTRUCTURE INVESTMENT AND JOBS ACT (“IIJA”), see 
Special Conditions 00 73 00, Section 14.   

G. Manufacturer’s Instructions  

1. Submit two copies each of Manufacturer's Instructions.   

H. Samples        Not Used   

I. Field Samples       Not Used  

J. Background Check Requirements: 

1. Anyone allowed into the facility by the contracted vendor's personnel is a 
representative of the contractor and is required to have a prior approved background 
check before gaining access to the facility. 

2. All Contractors/vendors must be in possession of a valid (not suspended, revoked, or 
expired) official government issued photo credential (i.e. driver‘s license, state issued 
identification card, green card, etc.) and be screened through National Crime 
Information Center.  Contractor badges shall be issued only in special cases (flight 
line access, etc...)  

3. The Contractor shall supply a list of personnel who may be either involved in the 
work effort or be present at the facility to the Owner. The list shall be supplied to 
Owner within two weeks after the award of the contract or two weeks prior to the 
beginning of the contract work, whichever comes first. Owner will provide 
contractor with an excel spreadsheet to fill in with required employee information. 
Contractor shall provide these lists to the Owner only through approved, secured 
means and methods (DoDSAFE). 

4. The required employee information shall include Company name, last name, first 
name, middle initial, suffix, maiden name(s), date of birth, sex M/F, Driver License   
Number and State, Social Security Number, and Address with street, city and state; 
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copy of green card (if applicable) for each person. DO NOT send this information 
directly to the Owner in an email.  Send this information to the Owner encrypted 
through the DoDSAFE link which will be provided by the Owner.  

5. Results from the NCIC background check are controlled under the Privacy Act of 
1974 and not permitted to be given to anyone not acting in a Security Force 
capacity.  No details of the background check will be revealed other than a pass/fail 
or suspended/revoked.   

6. The Department retains the right to screen and restrict from the facility, personnel 
employed by or who represent the contractor, who do not receive a 
satisfactory/passing background check.   

7. The Department will provide to the Contractor the names of those personnel that are 
acceptable for access to facilities and those who are not acceptable for unescorted  
access.  

1.06  QUALITY CONTROL   

A. Quality Control, General 

  1. Maintain quality control over suppliers, manufacturers, products, services, site 
conditions, and workmanship, to produce work of specified quality.  

B. Workmanship   

1. Comply with industry standards except when more restrictive tolerances or specified 
requirements indicate more rigid standards or more precise workmanship.   

2. Perform work by qualified people to produce workmanship of specified quality.   

3. Secure products in place with positive anchorage devices designed and sized to 
withstand stresses, vibration, and racking.  

C. Manufacturers' Instructions  

 1. Comply with instructions in full detail, including each step in sequence.  Should 
instructions conflict with Contract Documents, request clarification from Owner 
before proceeding.   

D. Manufacturers' Certificates   

1. When required by individual Specifications Section, submit manufacturer's 
certificate, in duplicate, those products that meet or exceed specified requirements. 

E. Mockups: 
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1.  Before installation, build mockups for each required construction form and finish 
using materials for the completed work. Mockup requirements include: 

a.  Provide individual mockups as required by specific Specification Sections to evaluate 
and set the quality standard for that work. 

b. Using the same supervisory personnel and workers for mockup construction as will be 
used for the Project. 

1.07  CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS   

A. Electricity   

1. The Contractor shall be allowed to connect to existing electrical panel in building, for 
temporary power.  The Contractor will not disrupt power at building.  The Owner will 
only pay for cost of electricity.   

2. The Contractor shall provide all temporary electrical panels.  

3. The Contractor shall be responsible to fix any damages, caused by modifications for 
temporary services.   

B. Lighting           

1. The Contractor shall provide source of lighting.    

C. Temporary Heat   

1. The Contractor shall prove temporary heat and equipment in interior spaces:  

a. The Contractor shall not use electrical heating units if the Owner is supplying  
electrical power to the Contractor.  

b.  The Contractor shall be completely responsible for providing all equipment and  
labor required to comply with this section.  

c. The Contractor shall utilize the services of a qualified Heating subcontractor for 
providing Temporary Heat. These services shall be paid for by the Contractor.   

d. At no time shall any part of the building served by the boiler be allowed to be  
without heat if called upon by the building control system.    

2. Temporary heating system work shall be performed under the direct supervision of 
individuals properly licensed to perform the necessary work.    

3. All temporary work shall be provided in conformity with all applicable codes, State 
laws, and requirements of the utility company.   
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4. The Contractor shall pay the costs of all fuel required for temporary heating until 
Substantial Completion, unless specified otherwise.  

5. Utilizing the Permanent Heat Distribution System for Temporary Heat:   

a. The Contractor may, with the approval of the Owner, elect to utilize the 
permanent heat distribution system for temporary heat.   

b. If the permanent heat distribution system cannot be utilized or if work requires a 
shutdown of the existing system the Contractor shall make arrangements, 
acceptable to the Owner, to comply with this requirement at no additional cost to 
the Owner.  

c. The Contractor shall furnish and pay the costs of any materials and equipment 
which are not part of the permanent heating system and which may be required to 
operate the permanent heat distribution system on a temporary basis.   

6. Unit heaters, if used, shall be of the smokeless type and be installed and operated in 
such a way that finished work will not be damaged. "Salamanders" shall not be used.   

7. Providing temporary heating service and equipment for exterior work:   

a. Installation of weather protection and heating devices shall comply with all safety 
regulations including provisions for adequate ventilation and fire protection 
devices.   

b. Unit heaters, if used, shall be of the smokeless type and be installed and operated 
in such a way that finished work will not be damaged. "Salamanders" shall not be 
used.   

D. Snow Removal: 

1. The Contractor is responsible for the removal of all snow that would impede the work 
of the contract, access to the work area as well as storage and delivery of materials.  
The Owner may require the removal of snow for the entire facility based upon the 
size and scope of the project.  To be determined at the pre-bidding conference. 

E. Water    

1. The Contractor shall be allowed to hook to existing water in building, for temporary 
water supply.  The Contractor will pay for cost of water usage for dust control and 
compaction [large amounts of water].   

F. Sanitary Facilities   

1. The Contractor shall provide their Sanitary Facilities. This requirement may be 
waived depending upon the size and scope of the project. To be determined at pre-
bidding conference.  
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G. Barriers   

1. Provide as required to prevent public entry to construction areas, to provide for 
Owner's use of site, and to protect existing facilities and adjacent properties from 
damage from construction operations.  

H. The Contractor will provide:  

1. Office Trailer: Contractor shall coordinate with Owner for space within the facility to 
conduct his/her daily business.   This requirement may be waived dependent upon the 
size and scope of the project (determined at pre-bidding conference).  

2. Storage Sheds for Tools, Materials, and Equipment: Weather tight, with adequate 
space for organized storage and access, and lighting for inspection of stored materials.   

3. His/her own on-site telephone, if so required for the conduct of his/her business.   

4. Protected storage, if necessary.   

5. Temporary barricades to separate the Contract Site areas from the Owner's area or 
public area.  

I. Protection And Restoration   

1. The Contractor shall be responsible for all damages to furnishings, equipment, 
supplies, existing construction, including finished surfaces, caused by Work of 
Contract.  

2. The Contractor shall be fully responsible for maintaining weather-tight integrity of 
the roofing system and wall systems, including permanent and temporary flashings, 
during the entire construction period.   

3. The Contractor's responsibilities shall include the cost to repair damage to the 
existing building's structure, finishes and contents associated with the Contractor's 
failure to maintain the watertight integrity of the roofing system and wall system, 
whether permanent or temporary, at no additional cost to the Owner.   

4. The Contractor shall protect paved areas and lawns around the building from damage 
associated with the construction.  Costs to repair major damage to paved areas and 
lawns will be deducted from Contractor's final payment to cover Owner's expenses to 
repair damage.  The Owner will determine if damages to lawns are minor or major.   

J. Security   

1.  Provide security programs and facilities to protect Work, existing facilities, and 
Owner's operations from unauthorized entry, vandalism, and theft.  Coordinate with 
Owner's security program.   
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K. Water Control See Attachment A, Section 01 35 43 Environmental Protection.   

L. Cleaning during Construction   

1. Throughout the construction period the Contractor shall be responsible for 
maintaining building and site areas affected by the Work in a standard of cleanliness.   

a. Retain stored items in an orderly arrangement allowing maximum access, not 
impeding traffic or drainage, and providing protection of materials.  

b. Completely remove all scrap, debris, waste material and other items not required 
for construction from the site at least once a week.   

c. Provide adequate storage for all items awaiting removal from the job site, 
observing requirements for fire protection and protection of the ecology.   

d. Conduct daily inspection, more often if necessary, to verify that requirements for 
cleanliness are being satisfied.  

e.  Provide required personnel, equipment and materials needed to maintain the 
specified standard of cleanliness. 

f.  Use only those cleaning materials and equipment that are compatible with the 
surface being cleaned, as recommended by the manufacturer of the material.   

2. Foreign Object Debris (FOD- Bangor East Training Site Only):  Construction site is 
adjacent to an active military and commercial flight line.  At no time will trash or 
debris be left loose on the site.  All trash and debris shall be contained to not allow it 
to blow onto the flight line.  

M. Removal  

1. Materials to be removed, including all components and accessories, become property 
of the Contractor and shall be promptly removed from the Contract Site and legally 
disposed of at Contractor's expense.   

2. Remove all debris, rubbish, surplus materials and equipment immediately from the 
Project Site and legally dispose of at Contractor's expense.   

3. Remove temporary materials, equipment, services, and construction prior to 
Substantial Completion inspection.  

4. Clean and repair damage caused by installation or use of temporary facilities.  Restore 
existing facilities used during construction to be specified, or to original, condition.  

5. Do not assume that local landfill facilities will accept construction debris, even if paid 
for.  
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6. All materials removed form the job site will be accounted for on the Waste 
Management Tracking Form found at the end of Section 01 35 43 Environmental 
Protection.  IAW AR 420-1 23.11.e and ARNG Environmental Check, Section 7, 
Solid Waste, dated 3 March 2023 requires all military construction, renovation and 
demolition projects shall include performance requirements for a 50 percent 
minimum diversion of construction and demolition (C&D) waste by weight, from 
landfill disposal. 

1.08  MATERIAL AND EQUIPMENT   

A. Products  

1. Products include material, equipment, and systems. 

2. Comply with Specifications and referenced standards as minimum requirements. 

3. Components required to be supplied in quantity within a Specification section shall be 
the same and shall be interchangeable.   

4. Do not use materials and equipment removed from existing structure, except as 
specifically required, or allowed, by Contract Documents.  

5. Materials and equipment must comply with the provisions contained in the 
THEINFRASTRUCTURE INVESTMENT AND JOBS ACT (“IIJA”), see Special 
Conditions 00 73 00, Section 14. Provide certification document at project 
completion.  

6. Purchased products must meet the Federal sustainability procurement requirements 
and the State sustainable procurement preferences. See Special Conditions 00 73 00, 
Section 17 for specific requirements.   

7. ACBM (ASBESTOS CONTAINING BUILDING MAT'LS) NOT ALLOWED, 
materials containing asbestos in any manner or quantity are not allowed on this 
Project.   If such materials are installed they shall be removed and replaced at no 
additional cost to the Owner.    

B. Transportation and Handling  

1. Transport products by methods to avoid product damage; deliver in undamaged 
condition in manufacturer's unopened containers or packaging, dry.   

2. Provide equipment and personnel to handle products by methods to prevent soiling or 
damage.   

3. Promptly inspect shipments to assure that products comply with requirements, 
quantities are correct, and products are undamaged.   

C. Storage and Protection   
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1. For exterior storage of fabricated products, place on sloped supports above ground. 
Cover products subject to deterioration with impervious sheet covering; provide 
ventilation to avoid condensation.  

2. Arrange storage to provide access for inspection.  Periodically inspect to assure 
products are undamaged and are maintained under required conditions.  

3. Products Specified by Reference Standards or by Description Only: Any product 
meeting those standards.  

4. Products Specified by Naming One or More Manufacturers with a Provision for 
Substitutions: Submit a request for substitution for any manufacturer not specifically 
named.  

D. Products List   

1. Within 15 days after date of Owner-Contractor Agreement, submit complete list of 
major products proposed for use, with name of manufacturer, trade name, and model 
number of each product.   

E. Substitutions   

1. Substitutions shall be submitted a minimum of 72 hours prior to bid date, any 
substitutions not submitted 72 hours prior to bid date shall not be permitted.   

2. Do not assume that "or Equal" or terms of similar meaning indicate automatic 
approval of substitute products.   

3. Document each request with complete data substantiating compliance of proposed 
substitution with Contract Documents.  

4. Request constitutes a representation that the Contractor:   

a. Has investigated proposed product and determined that it meets or exceeds, in all 
respects, specified product.  

b. Will provide the same warranty for substitution as for specified product.  

c. Waives claims for additional costs, which may subsequently become apparent.   

5.  The OWNER will determine acceptability of proposed substitution and will notify 
the Contractor of acceptance or rejection in writing within a reasonable time. 

1.09 CONTRACT CLOSEOUT  

 A.  Closeout Procedures  
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1. When Contractor considers Work has reached final completion, submit written 
certification that Contract Documents have been reviewed, Work has been inspected, 
and that Work is complete in accordance with Contract Documents and ready for 
OWNER's inspection.  

2. When the Owner considers the Work of this contract has reached Substantial 
Completion, the Contractor and Owner shall sign a Certificate of Substantial 
Completion (Section 00 65 16). Substantial Completion is the stage in the progress 
of the Work when the Work or designated portion thereof is sufficiently complete in 
accordance with the Contract Documents so that the Owner can occupy or utilize the 
Work for its intended use. This Certificate of Substantial Completion will be 
prepared by the Architect/Engineer as stated in Specification 00 72 13, Section 37.4. 
When the Certificate of Substantial Completion has been signed by the Owner and 
the Contractor, the completed Certificate of Substantial Completion shall set the date 
for Substantial Completion of the work or a designated portion of the work.  

3. When the Contractor considers the Work of this contract has reached final 
completion, the Contractor shall submit written certification that Contract Documents 
have been reviewed, Work has been inspected, and that Work is complete in 
accordance with Contract Documents and ready for OWNER's inspection. This 
written notification shall be submitted to the Owner 7 calendar days prior to the 
proposed inspection date. Per Specification 00 72 13, Section 36.4, the Contractor 
shall not call for final inspection of any portion of the Work that is not complete and 
permanently installed. The Contractor may be found liable for the expenses of 
individuals called to final inspection meetings prematurely.   

4. Contractor must provide certificate of compliance that materials and equipment 
comply with the provision of the INFRASTRUCTURE INVESTMENT AND JOBS 
ACT (“IIJA”). See 00 73 00 Special Conditions Section 14 for additional 
requirements.   

5. Contractor must provide certificate of compliance that purchased products comply 
with the Sustainable Procurement requirements. See 00 73 00 Special Conditions 
Section 17 for specific requirements.   

6. In addition to submittals required by the conditions of the Contract, provide release of 
all liens, claims and submit final requisition.   

7. The Contractor’s failures to comply with Closeout Procedures, if the Closeout 
Documentation Requirements are not completed by the Substantial Completion Date. 
The Owner reserves the right to recover the costs to complete the Closeout 
Documentation Requirements from the Schedule of Values item Closeout 
Documentation Line Item. The Owner reserves the right to hire an Architect/Engineer 
to complete the required Contract Closeout Documentation.   

8. Liquidated Damages: The minimum liquidated damages for this project shall be 
applied as described under Section 00 72 13 General Conditions, paragraph 37.5 and 
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based on the Substantial Completion Date. The work to be performed under this 
contract shall be Substantially Completed on or before Liquidated Damages: The 
minimum liquidated damages for this project shall be applied as described under 
Section 00 72 13 General Conditions, paragraph 37.5 and based on the Substantial 
Completion Date. The work to be performed under this contract shall be Substantially 
Completed on or before SAME as 1.02.A ABOVE.   

9. Under this contract amount per under Section 00 72 13 General Conditions, paragraph 
37.5, $750 dollars per day shall be charged as liquidated damages for work required 
beyond the Substantial Completion date. 

B. Facility Cost Data:  

1. At the pre-construction meeting the owner will provide the contractor with a specific list 
of items (facilities) that the contractor shall report on all costs associated with the 
construction or installation of that item (facility). 

2. The Contractor shall provide a preliminary cost (Appendix A this specification section) 
for these items at substantial completion and will provide the Owner a final cost figure 
for these items as part of close-out.       

C. Project Record Documents  

1. Store documents separate from those used for construction.  

2. Keep documents current; do not permanently conceal any work until Owner has 
inspected and required information has been recorded.  

3. At Contract closeout, submit documents with transmittal letter containing date, 
Project title, Contractor's name and address, list of documents, and signature of 
Contractor.   

PART 2   PRODUCTS         Not Used   

PART 3   EXECUTION 

3.01  FINAL CLEANING   

A. Execute final cleaning before final project assessment.   

B. Clean interior and exterior glass, surfaces exposed to view; remove temporary labels, 
stains and foreign substances, polish transparent and glossy surfaces, vacuum carpeted 
and soft surfaces.   

C. Clean equipment and fixtures to sanitary condition with cleaning materials appropriate to 
surface and material being cleaned.  

D. Replace filters of operating equipment.  
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E. Clean debris from roofs, gutters, downspouts, and drainage systems.  

F. Clean site; sweep paved areas, rake clean landscaped surfaces.   

G. Remove waste and surplus materials, rubbish, and construction facilities from site.   

3.02  STARTING OF SYSTEMS   

A. Coordinate schedule for start-up of various equipment and systems.   

B. Notify Architect/Engineer seven days before start-up of each item.   

C. Verify each piece of equipment or system has been checked for proper lubrication, drive 
rotation, belt tension, control sequence, and for conditions that may cause damage.  

D. Verify tests, meter readings, and specified electrical characteristics agree with those 
required by equipment or system manufacturer.  

E. Verify wiring and support components for equipment are complete and tested.   

F. Execute start-up under supervision of applicable manufacturer's representative in 
accordance with manufacturers' instructions.   

G. When specified in individual specification Sections, require manufacturer to provide 
authorized representative to be present at site to inspect, check, and approve equipment or 
system installation before start-up, and to supervise placing equipment or system in 
operation.   

H. Submit a written report in accordance with Division 23 that equipment or system has 
been properly installed and is functioning correctly.   

3.03  DEMONSTRATION AND INSTRUCTIONS  

A. Demonstrate operation and maintenance of products to Owner's personnel two weeks 
before date of Substantial Completion.  

B. Use operation and maintenance manuals as basis for instruction. Review contents of 
manual with Owner's personnel in detail to explain all aspects of operation and 
maintenance.  

C. Demonstrate start-up, operation, control, adjustment, trouble-shooting, servicing, 
maintenance, and shutdown of each item of equipment at equipment location.  

D. Prepare and insert additional data in operations and maintenance manuals when need for 
additional data becomes apparent during instruction. 

E. Required instruction time for each item of equipment and system is specified in 
individual sections.   
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3.04  TESTING, ADJUSTING AND BALANCING  

A. Contractor will appoint and employ services of independent firm, acceptable to the 
Owner,  to perform testing, adjusting, and balancing. Contractor shall pay for services.   

B. Independent firm will perform services as specified in Division 23.   

C. Reports will be submitted by independent firm to Architect/Engineer indicating 
observations and results of tests and indicating compliance or non-compliance with 
requirements of Contract Documents.  

3.05  PROTECTING INSTALLED CONSTRUCTION   

A. Protect installed Work and provide special protection where specified in individual 
specification sections.   

B. Provide temporary and removable protection for installed products. Control activity in 
immediate work area to prevent damage.  

C. Provide protective coverings at walls, projections, jambs, sills, and soffits of openings.  

D. Protect finished floors, stairs, and other surfaces from traffic, dirt, wear, damage, or 
movement of heavy objects, by protecting with durable sheet materials.   

E. Prohibit traffic or storage upon waterproofed or roofed surfaces. When traffic or activity 
is necessary, obtain recommendations for protection from waterproofing or roofing 
material manufacturer.   

F. Prohibit traffic from landscaped areas. 

3.06  PROJECT RECORD DOCUMENTS 

A. Maintain on site one set of the following record documents; record actual revisions to the 
Work:   

1. Drawings.  

2. Specifications.  

3. Addenda.   

4. Change Orders and other modifications to the Contract.  

5. Reviewed Shop Drawings, Product Data, and Samples.   

6. Manufacturer's instruction for assembly, installation, and adjusting.   

B. Ensure entries are complete and accurate, enabling future reference by Owner.   
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C. Store record documents separate from documents used for construction.   

D. Record information concurrent with construction progress, not less than weekly.  

E. Specifications: Legibly mark and record at each product section description of actual 
products installed, including the following:   

1. Manufacturer's name and product model and number.   

2. Product substitutions or alternates used.   

3. Changes made by Addenda and modifications.   

F. As builds (Red-Lines): Legibly mark each item to record actual construction including:   

1. Measured depths of foundations in relation to finish main floor datum.   

2. Measured horizontal and vertical locations of underground utilities and 
appurtenances, referenced to permanent surface improvements.  

3. Measured locations of internal utilities and appurtenances concealed in construction,  
referenced to visible and accessible features of the Work.   

4. Field changes of dimension and detail.   

5. Details not on original Contract drawings.   

G. Submit documents to Consultant for approval.   Consultant must approve prior to 
payment of final Application for Payment.  

3.07  OPERATION AND MAINTENANCE DATA   

A. Submit data bound in 8-1/2 x 11-inch (A4) text pages, three D side ring binders with 
durable plastic covers.  Provide the Owner with two (2) copies of these binders. 

B. Prepare binder cover with printed title "OPERATION AND MAINTENANCE 
INSTRUCTIONS", title of project, and subject matter of binder when multiple binders 
are required.   

C. Internally subdivide binder contents with permanent page dividers, logically organized as 
described below; with tab titling clearly printed under reinforced laminated plastic tabs.   

D. Drawings: Provide with reinforced punched binder tab. Bind in with text; fold larger 
drawings to size of text pages.   

E. Contents: Prepare Table of Contents for each volume, with each product or system 
description identified, typed on white paper, in three parts as follows:   
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1. Part 1: Directory, listing names, addresses, and telephone numbers of 
Architect/Engineer, Contractor, Subcontractors, and major equipment suppliers.  

2. Part 2: Operation and Maintenance Instructions, arranged by system and subdivided 
by specification section. For each category, identify names, addresses, and telephone 
numbers of Subcontractors and suppliers. Identify the following:   

a. List of equipment.  

b. Operating instructions.  

c.   Maintenance instructions for equipment and systems.  

 d. Maintenance instructions for special finishes, including recommended cleaning 
methods and materials, and special precautions identifying detrimental agents.  

e.  Copies of warranties with effective dates included.  This includes warranties 
provided by subcontractors. 

f.  Copies of any licenses for software and effective dates required for this project. 

3. Part 3: Project Documents and Certificates, including the following:  

a. Shop drawings  

b.  Air and water balance reports.  

c. Certificates. 

4. Contractor shall provide the O&M Manual to the Owner in digital form. All sections 
of the electronic form of the O&M Manual shall be searchable, excluding drawings 
and warranties. Every effort should be made to have the “Technical Data” section 
searchable as well, with the understanding this may not be possible in some 
instances. 

5. Do not provide the O&M manuals on CD or flash drives. 

3.08  SPARE PARTS AND MAINTENANCE PRODUCTS  

A. Furnish spare parts, maintenance, and extra products in quantities specified in individual 
specification sections.  

B. Deliver to Project site and place in location as directed by Owner; obtain receipt before 
final payment. 
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3.9  PRODUCT WARRANTIES (Inserted in O&M Manuals where indicated in that section.  

A. Obtain warranties responsible subcontractors, suppliers, and manufacturers, within ten 
days after completion of applicable item of work.   

B. Execute and assemble transferable warranty documents and bonds from subcontractors, 
suppliers, and manufacturers.   

C. Submit before final Application for Payment.   

D. Time of Submittals:   

1. For equipment or component parts of equipment put into service during construction 
with Owner's permission, submit documents within ten days after acceptance.   

2. Make other submittals within ten days after Date of Substantial Completion, before 
final Application for Payment.   

3. For items of Work for which acceptance is delayed beyond Date of Substantial 
Completion, submit within ten days after acceptance, listing date of acceptance as 
beginning of warranty or bond period.   

 

 

 

END OF SECTION 
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Appendix A Facility Cost Data 

             

Facility 
No. 

CAT 
Code     

Description Unit of 
Measure   

QTY Cost 

00016 84210 Water 
Distribution 
Lines, 
Potable 

LF -78 $8,765.76 

      

      

      

      

      

      

      

      

      

      

      

      

 

Columns Facility No; CAT Code; Description and Unit of Measure provided by Owner.  
Contractor provides figures for QTY and Cost.  Cost is defined as all funds used to either 
remove or install the item to include all administrative costs associated with that facility. 
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PART 1 - GENERAL 
 
1.01 DEFINITIONS OF CONTAMINANTS: 
 

A.  Sediment:  Soil and other debris that has been eroded and transported by runoff water. 
 

B. Solid Waste:  Rubbish, debris, garbage, and other discarded solid materials resulting from 
industrial, commercial, and agricultural operations, and from community activities. 

 
C. Rubbish:  A variety of combustible and noncombustible wastes such as paper, boxes, glass, 

crockery, metal, lumber, cans and bones. 
 

D. Debris:  Includes combustible and noncombustible wastes such as ashes, waste materials that result 
from construction or maintenance and repair work, leaves, and tree trimmings. 

 
E. Chemical Wastes:  Includes salts, acids, alkalies, herbicides, pesticides, organic chemicals, and all 

hazardous and universal wastes. 
 
F. Sanitary Wastes:  See Section 01 00 00, para. 1.07. E.1. 
 
G. Sewage:  Wastes characterized as domestic sanitary sewage. 
 
H. Garbage:  Refuse and scraps resulting from preparation, cooking, dispensing, and consumption of 

food. 
 
I. Oily Waste:  Includes petroleum products and bituminous materials. 

 
1.02 ENVIRONMENTAL PROTECTION REQUIREMENTS: 
 

A. General: 
 

1. Provide and maintain during the life of the contract, environmental protection as defined herein.  
Provide environmental protective measures as required to control pollution that develops 
during normal construction practice.  Provide also environmental protection measures required 
to correct conditions that develop during the construction of permanent or temporary 
environmental features associated with the project.  Comply with all federal, state, and local 
regulations pertaining to water, air, and noise pollution. 
 

PART 2 - PRODUCTS:          NOT USED 
 
PART 3 - EXECUTION 
 
3.01 PROTECTION OF NATURAL RESOURCES:   
 

A. General: 
 

1. The natural resources within the project boundaries and outside the limits of permanent work 
performed under this contract shall be preserved in their existing condition or restored to an 
equivalent or improved condition upon completion of the work.  Confine construction activities 
to areas defined by the work schedule, drawings, and specifications. 
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B. Land Resources: 
 
1. Except in areas indicated to be cleared, do not remove, cut, deface, injure, or destroy trees or 

shrubs without special approval of the Owner.  Do not fasten or attach ropes, cables, or guys to 
any existing nearby trees for anchorages unless specifically authorized.  Where such special 
emergency use is authorized, the Contractor shall be responsible for any resultant damage. 

 
C. Protection: 

 
1. Protect existing trees which are to remain and which may be injured, bruised, defaced, or 

otherwise damaged by construction operators.  Remove displaced rocks from uncleared areas.  
Protect monuments, markers and works of art. 

 
D. Repair and Restoration: 

 
1. Repair or restore to their original condition all trees or other landscape features scarred or 

damaged by the equipment operations.  Obtain approval of the repair or restoration from the 
Owner prior to its initiation. 

 
E. Temporary Construction: 

 
1. Obliterate all signs of temporary construction facilities such as haul roads, work areas, 

structures, foundations of temporary structures, stockpiles of excess or waste materials, and all 
other vestiges of construction.  Temporary roads, parking areas, and similar temporary use 
areas shall be graded in conformance with surrounding areas, tilled, and seeded. Include topsoil 
or nutriment during the seeding operation as necessary to establish a suitable stand of grass. 

 
F. Water Resources: 

 
1. Perform all work in such a manner that any adverse environmental impact on water resources 

is reduced to a level acceptable to the Owner. 
 

G. Oil Substances: 
 

1. Take special measures to prevent oily or hazardous substances from entering the ground, 
drainage areas or local bodies of water.  Surround all temporary fuel oil, petroleum, or liquid 
chemical storage tanks with a temporary berm of sufficient size and strength to contain the 
contents of the tanks in the event of content leakage or spillage. 

 
H. Fish and Wildlife Resources: 

 
1. During the performance of the work take such steps as required to prevent interference or 

disturbance to fish and wildlife.  Do not alter water flows or otherwise significantly disturb 
native habitat adjacent to the project area which are critical to fish and wildlife except as may 
be indicated or specified. 

 
I. Historical and Archaeological Resources: 

 
1. Carefully preserve and report immediately to the Owner all items having any apparent 

historical or archaeological interest which are discovered in the course of any construction 
activities. 
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3.02 EROSION AND SEDIMENT CONTROL MEASURES: 
 

A. Burn-off: 
    
1. Burn-off of ground cover is not permitted. 

 
B. Protection of Erodible Soils: 

 
1. All earthwork brought to final grade shall be immediately finished as indicated or specified. 

Protect immediately side slopes and backslopes upon completion of rough grading.  Plan and 
conduct all earthwork in such a manner as to minimize the duration of exposure of unprotected 
soils. 

 
C. Temporary Protection to Erodible Soils: 

 
1. Utilize the following methods to prevent erosion and control sedimentation. 

 
D. Mechanical Retardation and Control of Runoff:  

 
1. Mechanically retard and control the rate of runoff from the construction site.  This includes 

construction of diversion ditches, benches, and berms, to retard and divert runoff to protected 
drainage courses. 

 
E. Vegetation and Mulch: 

 
1. Provide temporary protection on all side and back slopes as soon as rough grading is completed 

or sufficient soil is exposed to require protection to prevent erosion.  Such protection shall be 
by accelerated growth of permanent vegetation, temporary vegetation, mulching, or netting.  
Stabilize slopes by hydroseeding, anchoring mulch in place, covering with anchored netting, 
sodding, or such contamination of these and other methods necessary for effective erosion 
control. 

 
3.03 CONTROL AND DISPOSAL OF SOLID, CHEMICAL AND SANITARY WASTES:  
 

A. General: 
 
1. Handle and dispose of wastes in accordance with this specification section.  If directions 

conflict with another included specification, the other specification shall take precedence. 
 

2. Track the disposal of all solid and chemical wastes including earthwork operations using the 
Waste Disposal Tracking Sheet listed below. 
 

3. The preparation, cooking, and disposing of food is strictly prohibited on the project site. 
 

4. Conduct handling and disposal of wastes to prevent contamination of the site and other areas.  
On completion, leave areas clean and natural looking.  Obliterate signs of temporary 
construction and activities incidental to construction of permanent work in place. 
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B. Solid Wastes: 
 
1. Pick up solid wastes and place in containers which are emptied on a regular schedule at the 

Contractor’s expense. 
 

2. Solid wastes shall be recycled whenever practicable. 
 
3. The Contractor shall be responsible for contacting disposal facilities to determine 

what types of solid waste they will accept.  The Contractor shall dispose of solid 
wastes only at facilities allowed to accept such material per Federal, State, and local 
regulations.  

 
C. Sewage, Odor, and Pest Control: 

 
1. Dispose of sewage through connection to the installation sanitary sewage system.  Where such 

a system is not available, use chemical toilets or comparable effective units and periodically 
empty wastes into the installation sanitary sewerage system. Include provisions for pest control 
and elimination of odors. 

 
D. Chemical Wastes: 

 
1. Store chemical waste in corrosion resistant containers labeled to identify type of waste and date 

filled. Remove containers from the project site, and dispose of chemical waste in accordance 
with Federal, State, and local regulations. For oil and hazardous material spills which may be 
large enough to violate Federal, State, or local regulations, notify the MEARNG Environmental 
Specialist immediately - Telephone (207) 592-0379. 

 
E. Petroleum Products: 

 
1. Conduct fueling and lubricating of equipment and motor vehicles in a manner that affords the 

maximum protection against spills and evaporation.  Dispose of lubricants to be discarded and 
excess oil in accordance with approved procedures meeting federal, state and local regulations. 

 
3.04 DUST CONTROL: 
 

A.  General: 
 
1. Keep dust down at all times, including nonworking hours, weekends, and holidays. Sprinkle or 

treat with dust suppressors, the soil at the site, haul roads, and other areas disturbed by 
operations. Petroleum products will not be used as suppressors. No dry power brooming is 
permitted.  Instead use vacuuming, wet mopping, wet sweeping, or wet power brooming.  Air 
blowing is permitted only for cleaning of non-particulate debris, such as steel reinforcing bars.  
No unnecessary shaking of bags is permitted where bagged cement, concrete mortar and plaster 
is used. 

 
3.05 NOISE:   
 

A.  General: 
1. When available, make the maximum use "low-noise-emission products" as certified by EPA. 

No blasting or use of explosives is permitted without written permission of the Contracting 
Officer and then only during designated times. 
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WASTE DISPOSAL TRACKING SHEET 
 
Project Name:  Project No.:  

 
Date Material Amount Units Cost Disposition 

      
      
      
      
      
      
      
      
      
      
      

 
Instructions: 
 
Date – The date the material was shipped off site or removed from the project. 
 
Material – Type/description of material (scrap metal, construction & demo debris, wood, leaves, tree trimmings, chemical wastes, etc.) 
 
Amount – How much material was removed. 
 
Units – Units of weight measurement are preferred.  However, if not available another unit (ex: cu yd) may be used as long as there is a detailed description of 

the material. 
 
Cost – Total cost to dispose of material (or total amount received from recycling)  
 
Disposition – Where the material was sent, i.e. metal recycling facility, landfill, saved for reuse by owner, sold to X contractor, etc. 

 
END OF SECTION 
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SECTION 23 05 00 - MECHANICAL GENERAL PROVISIONS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Piping materials and installation instructions common to most piping systems.
2. Transition fittings.
3. Dielectric fittings.
4. Sleeves.
5. Escutcheons.
6. Grout.
7. Mechanical demolition.
8. Equipment installation requirements common to equipment sections.
9. Painting and finishing.
10. Supports and anchorages.

1.3 DEFINITIONS

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe  and  duct  shafts,  unheated  spaces  immediately  below  roof,  spaces  above  ceilings, 
unexcavated spaces, crawlspaces, and tunnels.

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms.

C. Exposed,  Exterior  Installations:   Exposed  to  view  outdoors  or  subject  to  outdoor  ambient 
temperatures and weather conditions.  Examples include rooftop locations and courtyards.

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and in duct shafts and trenches.

E. The following are industry abbreviations for plastic materials:

1. ABS:  Acrylonitrile-butadiene-styrene plastic.
2. CPVC:  Chlorinated polyvinyl chloride plastic.
3. PE:  Polyethylene plastic.
4. PVC:  Polyvinyl chloride plastic.

F. The following are industry abbreviations for rubber materials:
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1. EPDM:  Ethylene-propylene-diene terpolymer rubber.
2. NBR:  Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS

A. Product Data:  For the following:

1. Transition fittings.
2. Dielectric fittings.
3. Mechanical sleeve seals.
4. Escutcheons.

B. Welding certificates.

1.5 QUALITY ASSURANCE

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural 
Welding Code--Steel."

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure  
Vessel Code:  Section IX, "Welding and Brazing Qualifications."

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify  that  each  welder  has  passed  AWS  qualification  tests  for  welding  processes 

involved and that certification is current.

C. Electrical  Characteristics  for  Mechanical  Equipment:   Equipment  of  higher  electrical 
characteristics may be furnished provided such proposed equipment is approved in writing and 
connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If 
minimum  energy  ratings  or  efficiencies  are  specified,  equipment  shall  comply  with 
requirements.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture.

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending.

1.7 COORDINATION

A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for mechanical installations.

B. Coordinate  installation  of  required  supporting  devices  and  set  sleeves  in  poured-in-place 
concrete and other structural components as they are constructed.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In  other  Part 2  articles  where  subparagraph  titles  below  introduce  lists,  the  following 
requirements apply for product selection:

1. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  the 
manufacturers specified.

2.2 PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining 
methods.

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.3 JOINING MATERIALS

A. Refer to individual Division  23 piping Sections for special joining materials not listed below.

B. 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 (3.2-mm) maximum thickness 
unless thickness or specific material is 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.

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and 
full-face or ring type, unless otherwise indicated.

C. Flange Bolts, Washers and Nuts:  ASME B18.2.1, carbon steel for all interior applications.  Use 
cadmium plated or stainless steel for exterior and trenched bolt sets.

D. Plastic, Pipe-Flange Gasket, Bolts, Washers and Nuts:  Type and material recommended by 
piping system manufacturer, unless otherwise indicated.

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813.

F. Brazing Filler  Metals:   AWS A5.8,  BCuP Series,  copper-phosphorus alloys for general-duty 
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, 
unless otherwise indicated.

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded.
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H. Solvent Cements for Joining Plastic Piping:

1. CPVC Piping:  ASTM F 493.
2. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656.

2.4 TRANSITION FITTINGS

A. Plastic-to-Metal  Transition  Fittings:   CPVC and PVC one-piece  fitting  with  manufacturer's 
Schedule 80  equivalent  dimensions;  one  end  with  threaded  brass  insert,  and  one  solvent-
cement-joint end.

1. Manufacturers:

a. Eslon Thermoplastics.

B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 
dimensions; one end with threaded brass insert, and one solvent-cement-joint end.

1. Manufacturers:

a. Thompson Plastics, Inc.

C. Plastic-to-Metal Transition Unions:  MSS SP-107,  CPVC and PVC four-part union.  Include 
brass end, solvent-cement-joint end, rubber O-ring, and union nut.

1. Manufacturers:

a. NIBCO, INC.
b. NIBCO, Inc.; Chemtrol Div.

2.5 DIELECTRIC FITTINGS

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials.

B. Insulating Material:  Suitable for system fluid, pressure, and temperature.

C. Dielectric  Unions:   Factory-fabricated,  union  assembly,  for  250-psig (1725-kPa) minimum 
working pressure at 180 deg F (82 deg C).

1. Manufacturers:

a. Capitol Manufacturing Co.
b. Central Plastics Company.
c. Eclipse, Inc.
d. Epco Sales, Inc.
e. Hart Industries, International, Inc.
f. Watts Industries, Inc.; Water Products Div.
g. Zurn Industries, Inc.; Wilkins Div.
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D. Dielectric  Flanges:   Factory-fabricated,  companion-flange  assembly,  for  150-  or  300-psig 
(1035- or 2070-kPa) minimum working pressure as required to suit system pressures.

1. Manufacturers:

a. Capitol Manufacturing Co.
b. Central Plastics Company.
c. Epco Sales, Inc.
d. Watts Industries, Inc.; Water Products Div.

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-
face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers.

1. Manufacturers:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Central Plastics Company.
d. Pipeline Seal and Insulator, Inc.

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- 
or 2070-kPa) minimum working pressure where required to suit system pressures.

F. Dielectric Couplings:  Galvanized-steel coupling with inert and non-corrosive, thermoplastic 
lining;  threaded  ends;  and  300-psig (2070-kPa) minimum  working  pressure  at  225  deg F 
(107 deg C).

1. Manufacturers:

a. Calpico, Inc.
b. Lochinvar Corp.

G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 
plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at  225 
deg F (107 deg C).

1. Manufacturers:

a. Perfection Corp.
b. Precision Plumbing Products, Inc.
c. Sioux Chief Manufacturing Co., Inc.
d. Victaulic Co. of America.

2.6 MECHANICAL SLEEVE SEALS

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve.

1. Manufacturers:
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a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type 
and number required for pipe material and size of pipe.

3. Pressure Plates:  Stainless steel.  Include two for each sealing element.
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 

sealing elements.  Include one for each sealing element.

2.7 SLEEVES

A. Galvanized-Steel Sheet:   0.0239-inch (0.6-mm) minimum thickness;  round tube closed with 
welded longitudinal joint.

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

C. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing.

1. Underdeck Clamp:  Clamping ring with set screws.

D. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms.

E. PVC Pipe:  ASTM D 1785, Schedule 40.

F. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange 
for attaching to wooden forms.

2.8 ESCUTCHEONS

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely 
fit  around pipe,  tube,  and insulation of  insulated piping and an OD that  completely covers 
opening.

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated 
finish.

C. One-Piece, Cast-Brass Type:  With set screw.

1. Finish:  Polished chrome-plated and rough brass.

D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw.

1. Finish:  Polished chrome-plated and rough brass.

E. One-Piece, Stamped-Steel Type:  With set screw or spring clips and chrome-plated finish.
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F. Split-Plate, Stamped-Steel Type:  With concealed hinge, set screw or spring clips, and chrome-
plated finish.

G. One-Piece, Floor-Plate Type:  Cast-iron floor plate.

H. Split-Casting, Floor-Plate Type:  Cast brass with concealed hinge and set screw.

2.9 GROUT

A. Description:   ASTM C 1107,  Grade B,  non-shrink  and  non-metallic,  dry  hydraulic-cement 
grout.

1. Characteristics:   Post-hardening,  volume-adjusting,  non-staining,  non-corrosive,  non-
gaseous, and recommended for interior and exterior applications.

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
3. Packaging:  Premixed and factory packaged.

PART 3 - EXECUTION

3.1 MECHANICAL DEMOLITION

A. Refer to Division 1 Sections "Cutting and Patching" and "Selective Demolition" for general 
demolition requirements and procedures.

B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated 
to be removed.

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or  
plug remaining piping with same or compatible piping material.

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or  
compatible piping material.

3. Ducts  to  Be Removed:   Remove portion of  ducts  indicated to  be removed and plug 
remaining ducts with same or compatible ductwork material.

4. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible ductwork 
material.

5. Equipment to Be Removed:  Disconnect and cap services and remove equipment.
6. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, 

clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment 
operational.

7. Equipment  to  Be Removed and Salvaged:   Disconnect  and cap services  and remove 
equipment and deliver to Owner.

C. If  pipe,  insulation,  or  equipment  to  remain  is  damaged  in  appearance  or  is  unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal capacity and 
quality.
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3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install  piping  according  to  the  following  requirements  and  Division 13  and  15  Sections 
specifying piping systems.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Coordination Drawings.

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas.

D. 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.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

I. Install fittings for changes in direction and branch connections.

J. Install piping and supports to allow application of insulation.

K. Select  system  components  with  pressure  rating  equal  to  or  greater  than  system  operating 
pressure.

L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:

1. New Piping:

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type.
b. Insulated Piping:  One-piece, stamped-steel type with spring clips.
c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-

brass type with polished chrome-plated finish.
d. Bare  Piping  at  Wall  and  Floor  Penetrations  in  Finished  Spaces:   One-piece, 

stamped-steel type.
e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel 

type or split-plate, stamped-steel type with concealed hinge and set screw.
f. Bare  Piping  in  Unfinished  Service  Spaces:   One-piece,  cast-brass  type  with 

polished  chrome-plated  finish  or  One-piece,  stamped-steel  type  with  concealed 
hinge and set screw or spring clips.

g. Bare  Piping  in  Equipment  Rooms:   One-piece,  cast-brass  type  with  polished 
chrome-plated finish.

h. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate 
type.
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2. Existing Piping:  Use the following:

a. Chrome-Plated Piping:  Split-casting, cast-brass type with chrome-plated finish.
b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge and spring 

clips.
c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting, cast-

brass type with chrome-plated finish.
d. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass 

type with chrome-plated finish.
e. Bare  Piping  in  Unfinished  Service  Spaces:   Split-casting,  cast-brass  type  with 

polished chrome-plated finish.
f. Bare Piping in Equipment Rooms:  Split-casting, cast-brass type.
g. Bare Piping at Floor Penetrations in Equipment Rooms:  Split-casting, floor-plate 

type.

M. Sleeves are required for core-drilled holes and for holes formed by removable PE sleeves.

N. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs.

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 (50 mm) above finished floor level.   Extend cast-iron 
sleeve  fittings  below floor  slab  as  required  to  secure  clamping  ring  if  ring  is 
specified.

2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
3. Install sleeves that are large enough to provide  1/4-inch (6.4-mm) annular clear space 

between sleeve and pipe or pipe insulation.  Use the following sleeve materials:

a. Steel Pipe Sleeves:  For pipes smaller than NPS 6 (DN 150).
b. Steel Sheet Sleeves:  For pipes NPS 6 (DN 150) and larger, penetrating gypsum-

board partitions.
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing. 

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to 
extend sleeve to 2 inches (50 mm) above finished floor level.

1) Seal spaces outside of sleeve fittings with grout.

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or 
pipe insulation,  using joint  sealants  appropriate  for size,  depth,  and location of  joint. 
Refer to Division 7 Section "Joint Sealants" for materials and installation.

O. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe 
and sleeve for installing mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter.
2. Install cast-iron "wall pipes" for sleeves 6 inches (150 mm) and larger in diameter.
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3. Mechanical  Sleeve  Seal  Installation:   Select  type  and  number  of  sealing  elements 
required  for  pipe  material  and  size.   Position  pipe  in  center  of  sleeve.   Assemble 
mechanical sleeve seals and install in annular space between pipe and sleeve.  Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal.

P. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 
pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) 
annular clear space between pipe and sleeve for installing mechanical sleeve seals.

1. Mechanical  Sleeve  Seal  Installation:   Select  type  and  number  of  sealing  elements 
required  for  pipe  material  and  size.   Position  pipe  in  center  of  sleeve.   Assemble 
mechanical sleeve seals and install in annular space between pipe and sleeve.  Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal.

Q. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors 
at pipe penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 7 Section 
"Through-Penetration Firestop Systems" for materials.

R. Verify final equipment locations for roughing-in.

S. Refer  to  equipment  specifications  in  other  Sections  of  these  Specifications  for  roughing-in 
requirements.

3.3 PIPING JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 13 and 15 Sections 
specifying piping systems.

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. Remove  scale,  slag,  dirt,  and  debris  from  inside  and  outside  of  pipe  and  fittings  before 
assembly.

D. 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.

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

F. 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.
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G. Welded  Joints:   Construct  joints  according  to  AWS D10.12,  using  qualified  processes  and 
welding operators according to Part 1 "Quality Assurance" Article.

H. Flanged  Joints:   Select  appropriate  gasket  material,  size,  type,  and  thickness  for  service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

I. Plastic Piping Solvent-Cement 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. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix.
3. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket 

fittings  according to  ASTM D 2672.   Join  other-than-schedule-number  PVC pipe and 
socket fittings according to ASTM D 2855.

4. PVC Nonpressure Piping:  Join according to ASTM D 2855.

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139.

K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212.

3.4 PIPING CONNECTIONS

A. Make connections according to the following, unless otherwise indicated:

1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final 
connection to each piece of equipment.

2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at 
final connection to each piece of equipment.

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of  
dissimilar metals.

4. Wet Piping Systems:  Install  dielectric coupling and nipple fittings to connect piping 
materials of dissimilar metals.

3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated.

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated.

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations.

D. Install equipment to allow right of way for piping installed at required slope.
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3.6 PAINTING

A. Painting of mechanical systems, equipment, and components is specified in Division 9 Section 
"Painting (Professional Line Products)."

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish.

3.7 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 
written instructions and according to seismic codes at Project.

1. Construct concrete bases of dimensions indicated, but not less than  4 inches (100 mm) 
larger in both directions than supported unit.

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base, and anchor into structural concrete floor.

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 
drawings,  templates,  diagrams, instructions,  and directions furnished with items to be 
embedded.

5. Install anchor bolts to elevations required for proper attachment to supported equipment.
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
7. Use  3000-psi (20.7-MPa),  28-day compressive-strength concrete and reinforcement as 

specified in Division 3 Section "Cast-in-Place Concrete."

3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES

A. Refer to Division 5 Section "Metal Fabrications" for structural steel.

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor mechanical materials and equipment.

C. Field Welding:  Comply with AWS D1.1.

3.9 ERECTION OF WOOD SUPPORTS AND ANCHORAGES

A. Cut,  fit,  and place wood grounds,  nailers,  blocking,  and anchorages to support,  and anchor 
mechanical materials and equipment.

B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or 
will receive finish materials.  Tighten connections between members.  Install fasteners without 
splitting wood members.

C. Attach to substrates as required to support applied loads.
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3.10 GROUTING

A. Mix  and  install  grout  for  mechanical  equipment  base  bearing  surfaces,  pump  and  other 
equipment base plates, and anchors.

B. Clean surfaces that will come into contact with grout.

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placement of grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases and provide smooth bearing surface for equipment.

G. Place grout around anchors.

H. Cure placed grout.

END OF SECTION 23 05 00
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SECTION 23 05 01 - BASIC MECHANICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Piping materials and installation instructions common to most piping systems.
2. Transition fittings.
3. Dielectric fittings.
4. Mechanical sleeve seals.
5. Sleeves.
6. Escutcheons.
7. Grout.
8. Mechanical demolition.
9. Equipment installation requirements common to equipment sections.
10. Painting and finishing.
11. Concrete bases.
12. Supports and anchorages.

1.3 DEFINITIONS

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe  and  duct  shafts,  unheated  spaces  immediately  below  roof,  spaces  above  ceilings, 
unexcavated spaces, crawlspaces, and tunnels.

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms.

C. Exposed,  Exterior  Installations:   Exposed  to  view  outdoors  or  subject  to  outdoor  ambient 
temperatures and weather conditions.  Examples include rooftop locations.

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and in duct shafts.

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and  physical  contact  by  building  occupants  but  subject  to  outdoor  ambient  temperatures.  
Examples include installations within unheated shelters.

F. The following are industry abbreviations for plastic materials:
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1. ABS:  Acrylonitrile-butadiene-styrene plastic.
2. CPVC:  Chlorinated polyvinyl chloride plastic.
3. PE:  Polyethylene plastic.
4. PVC:  Polyvinyl chloride plastic.

G. The following are industry abbreviations for rubber materials:

1. EPDM:  Ethylene-propylene-diene terpolymer rubber.
2. NBR:  Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS

A. Product Data:  For the following:

1. Transition fittings.
2. Dielectric fittings.
3. Mechanical sleeve seals.
4. Escutcheons.

B. Welding certificates.

1.5 QUALITY ASSURANCE

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural 
Welding Code--Steel."

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure  
Vessel Code:  Section IX, "Welding and Brazing Qualifications."

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify  that  each  welder  has  passed  AWS  qualification  tests  for  welding  processes 

involved and that certification is current.

C. Electrical  Characteristics  for  Mechanical  Equipment:   Equipment  of  higher  electrical 
characteristics may be furnished provided such proposed equipment is approved in writing and 
connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If 
minimum  energy  ratings  or  efficiencies  are  specified,  equipment  shall  comply  with 
requirements.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture.

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending.
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1.7 COORDINATION

A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for mechanical installations.

B. Coordinate  installation  of  required  supporting  devices  and  set  sleeves  in  poured-in-place 
concrete and other structural components as they are constructed.

C. Coordinate requirements for access panels and doors for mechanical items requiring access that 
are concealed behind finished surfaces.  Access panels and doors are specified in Division 8 
Section "Access Doors and Frames."

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In  other  Part 2  articles  where  subparagraph  titles  below  introduce  lists,  the  following 
requirements apply for product selection:

1. Available  Manufacturers:   Subject  to  compliance  with  requirements,  manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the manufacturers specified.

2. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  the 
manufacturers specified.

2.2 PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining 
methods.

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.3 JOINING MATERIALS

A. Refer to individual Division 23 piping Sections for special joining materials not listed below.

B. 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 (3.2-mm) maximum thickness 
unless thickness or specific material is 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.

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and 
full-face or ring type, unless otherwise indicated.
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C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

D. Plastic,  Pipe-Flange  Gasket,  Bolts,  and  Nuts:   Type  and  material  recommended  by  piping 
system manufacturer, unless otherwise indicated.

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813.

F. Brazing Filler  Metals:   AWS A5.8,  BCuP Series,  copper-phosphorus alloys for general-duty 
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, 
unless otherwise indicated.

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded.

H. Solvent Cements for Joining Plastic Piping:

1. ABS Piping:  ASTM D 2235.
2. CPVC Piping:  ASTM F 493.
3. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656.
4. PVC to ABS Piping Transition:  ASTM D 3138.

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer.

2.4 TRANSITION FITTINGS

A. AWWA Transition Couplings:  Same size as, and with pressure rating at least equal to and with 
ends compatible with, piping to be joined.

1. Available Manufacturers:

a. Cascade Waterworks Mfg. Co.
b. Dresser Industries, Inc.; DMD Div.
c. Ford Meter Box Company, Incorporated (The); Pipe Products Div.
d. JCM Industries.
e. Smith-Blair, Inc.
f. Viking Johnson.

2. Underground Piping NPS 1-1/2 (DN 40) and Smaller:  Manufactured fitting or coupling.
3. Underground  Piping  NPS 2 (DN 50) and  Larger:   AWWA C219,  metal  sleeve-type 

coupling.
4. Aboveground Pressure Piping:  Pipe fitting.

B. Plastic-to-Metal Transition Fittings:  CPVC and/or PVC one-piece fitting with manufacturer's 
Schedule 80  equivalent  dimensions;  one  end  with  threaded  brass  insert,  and  one  solvent-
cement-joint end.

1. Manufacturers:

a. Eslon Thermoplastics or equal
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C. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and/or PVC four-part union.  Include 
brass end, solvent-cement-joint end, rubber O-ring, and union nut.

1. Manufacturers:

a. NIBCO INC.
b. NIBCO, Inc.; Chemtrol Div.
c. Or equal

2.5 DIELECTRIC FITTINGS

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials.

B. Insulating Material:  Suitable for system fluid, pressure, and temperature.

C. Dielectric  Unions:   Factory-fabricated,  union  assembly,  for  250-psig (1725-kPa) minimum 
working pressure at 180 deg F (82 deg C).

1. Manufacturers:

a. Capitol Manufacturing Co.
b. Central Plastics Company.
c. Eclipse, Inc.
d. Epco Sales, Inc.
e. Hart Industries, International, Inc.
f. Watts Industries, Inc.; Water Products Div.
g. Zurn Industries, Inc.; Wilkins Div.

D. Dielectric  Flanges:   Factory-fabricated,  companion-flange  assembly,  for  150-  or  300-psig 
(1035- or 2070-kPa) minimum working pressure as required to suit system pressures.

1. Manufacturers:

a. Capitol Manufacturing Co.
b. Central Plastics Company.
c. Epco Sales, Inc.
d. Watts Industries, Inc.; Water Products Div.

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-
face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers.

1. Manufacturers:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Central Plastics Company.
d. Pipeline Seal and Insulator, Inc.
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2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- 
or 2070-kPa) minimum working pressure where required to suit system pressures.

F. Dielectric  Couplings:   Galvanized-steel  coupling with inert  and noncorrosive,  thermoplastic 
lining;  threaded  ends;  and  300-psig (2070-kPa) minimum  working  pressure  at  225  deg F 
(107 deg C).

1. Manufacturers:

a. Calpico, Inc.
b. Lochinvar Corp.
c. Or equal

G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 
plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at  225 
deg F (107 deg C).

1. Manufacturers:

a. Perfection Corp.
b. Precision Plumbing Products, Inc.
c. Sioux Chief Manufacturing Co., Inc.
d. Victaulic Co. of America.
e. Or equal

2.6 MECHANICAL SLEEVE SEALS

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve.

1. Manufacturers:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.
e. Or equal

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type 
and number required for pipe material and size of pipe.

3. Pressure Plates:  Stainless steel.  Include two for each sealing element.
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 

sealing elements.  Include one for each sealing element.

2.7 SLEEVES

A. Galvanized-Steel Sheet:   0.0239-inch (0.6-mm) minimum thickness;  round tube closed with 
welded longitudinal joint.

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.
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C. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing.

1. Underdeck Clamp:  Clamping ring with set screws.

2.8 ESCUTCHEONS

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely 
fit  around pipe,  tube,  and insulation of  insulated piping and an OD that  completely covers 
opening.

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated 
finish.

C. One-Piece, Cast-Brass Type:  With set screw.

1. Finish:  Polished chrome-plated and rough brass.

D. One-Piece, Stamped-Steel Type:  With set screw or spring clips and chrome-plated finish.

2.9 GROUT

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.

1. Characteristics:   Post-hardening,  volume-adjusting,  nonstaining,  noncorrosive, 
nongaseous, and recommended for interior and exterior applications.

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
3. Packaging:  Premixed and factory packaged.

PART 3 - EXECUTION

3.1 MECHANICAL DEMOLITION

A. Refer to Division 1 Sections "Cutting and Patching" and "Selective Demolition" for general 
demolition requirements and procedures.

B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated 
to be removed.

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or  
plug remaining piping with same or compatible piping material.

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or  
compatible piping material.

3. Ducts  to  Be Removed:   Remove portion of  ducts  indicated to  be removed and plug 
remaining ducts with same or compatible ductwork material.

4. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible ductwork 
material.

5. Equipment to Be Removed:  Disconnect and cap services and remove equipment.

BASIC MECHANICAL MATERIALS AND METHODS 23 05 01 - 7



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

6. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, 
clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment 
operational.

7. Equipment  to  Be Removed and Salvaged:   Disconnect  and cap services  and remove 
equipment and deliver to Owner.

C. If  pipe,  insulation,  or  equipment  to  remain  is  damaged  in  appearance  or  is  unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal capacity and 
quality.

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install  piping  according  to  the  following  requirements  and  Division 23  Sections  specifying 
piping systems.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Coordination Drawings.

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas.

D. 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.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

I. Install fittings for changes in direction and branch connections.

J. Install piping to allow application of insulation.

K. Select  system  components  with  pressure  rating  equal  to  or  greater  than  system  operating 
pressure.

L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:

1. New Piping:

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type.
b. Chrome-Plated Piping:  One-piece,  cast-brass type with polished chrome-plated 

finish.
c. Insulated Piping:  One-piece, stamped-steel type with spring clips.
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d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-
brass type with polished chrome-plated finish.

e. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type with 
[concealed]  [exposed-rivet]  [concealed  or  exposed-rivet]  hinge  and  [set  screw] 
[spring clips] [set screw or spring clips].

f. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type with set screw 
or spring clips

M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs.

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 (50 mm) above finished floor level.   Extend cast-iron 
sleeve  fittings  below floor  slab  as  required  to  secure  clamping  ring  if  ring  is 
specified.

2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
3. Install sleeves that are large enough to provide  1/4-inch (6.4-mm) annular clear space 

between sleeve and pipe or pipe insulation.  Use the following sleeve materials:

a. Steel Pipe Sleeves:  For pipes smaller than NPS 6 (DN 150).
b. Steel Sheet Sleeves:  For pipes NPS 6 (DN 150) and larger, penetrating gypsum-

board partitions.
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing. 

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to 
extend sleeve to 2 inches (50 mm) above finished floor level.  Refer to Division 7 
Section "Sheet Metal Flashing and Trim" for flashing.

1) Seal space outside of sleeve fittings with grout.

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or 
pipe insulation,  using joint  sealants  appropriate  for size,  depth,  and location of  joint. 
Refer to Division 7 Section "Joint Sealants" for materials and installation.

N. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe 
and sleeve for installing mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter.
2. Mechanical  Sleeve  Seal  Installation:   Select  type  and  number  of  sealing  elements 

required  for  pipe  material  and  size.   Position  pipe  in  center  of  sleeve.   Assemble 
mechanical sleeve seals and install in annular space between pipe and sleeve.  Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal.

O. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors 
at pipe penetrations.  Seal pipe penetrations with firestop materials.

P. Verify final equipment locations for roughing-in.
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Q. Refer  to  equipment  specifications  in  other  Sections  of  these  Specifications  for  roughing-in 
requirements.

3.3 PIPING JOINT CONSTRUCTION

A. Join  pipe  and  fittings  according  to  the  following  requirements  and  Division 23  Sections 
specifying piping systems.

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

C. Remove  scale,  slag,  dirt,  and  debris  from  inside  and  outside  of  pipe  and  fittings  before 
assembly.

D. 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.

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

F. 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.

G. Welded  Joints:   Construct  joints  according  to  AWS D10.12,  using  qualified  processes  and 
welding operators according to Part 1 "Quality Assurance" Article.

H. Flanged  Joints:   Select  appropriate  gasket  material,  size,  type,  and  thickness  for  service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

I. Plastic Piping Solvent-Cement 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. ABS Piping:  Join according to ASTM D 2235 and ASTM D 2661 Appendixes.
3. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix.
4. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket 

fittings  according to  ASTM D 2672.   Join  other-than-schedule-number  PVC pipe and 
socket fittings according to ASTM D 2855.

5. PVC Nonpressure Piping:  Join according to ASTM D 2855.
6. PVC  to  ABS  Nonpressure  Transition  Fittings:   Join  according  to  ASTM D 3138 

Appendix.

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139.
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K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212.

L. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or  
paper towels.  Join according to ASTM D 2657.

1. Plain-End Pipe and Fittings:  Use butt fusion.
2. Plain-End Pipe and Socket Fittings:  Use socket fusion.

M. Fiberglass Bonded Joints:  Prepare pipe ends and fittings, apply adhesive, and join according to 
pipe manufacturer's written instructions.

3.4 PIPING CONNECTIONS

A. Make connections according to the following, unless otherwise indicated:

1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final 
connection to each piece of equipment.

2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at 
final connection to each piece of equipment.

3. Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials 
of dissimilar metals.

3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated.

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated.

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations.

D. Install equipment to allow right of way for piping installed at required slope.

3.6 PAINTING

A. Painting of mechanical systems, equipment, and components is specified in Division 9 Section

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish.

3.7 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 
written instructions and according to seismic codes at Project.
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1. Construct concrete bases of dimensions indicated, but not less than  4 inches (100 mm) 
larger in both directions than supported unit.

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base, and anchor into structural concrete floor.

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 
drawings,  templates,  diagrams, instructions,  and directions furnished with items to be 
embedded.

5. Install anchor bolts to elevations required for proper attachment to supported equipment.
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
7. 28-day  compressive-strength  concrete  and  reinforcement  as  specified  in  Division 3 

Section "Cast-in-Place Concrete”

3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES

A. Refer to Division 5 Section for structural steel.

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor mechanical materials and equipment.

C. Field Welding:  Comply with AWS D1.1.

3.9 ERECTION OF WOOD SUPPORTS AND ANCHORAGES

A. Cut,  fit,  and place wood grounds,  nailers,  blocking,  and anchorages to support,  and anchor 
mechanical materials and equipment.

B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or 
will receive finish materials.  Tighten connections between members.  Install fasteners without 
splitting wood members.

C. Attach to substrates as required to support applied loads.

3.10 GROUTING

A. Mix  and  install  grout  for  mechanical  equipment  base  bearing  surfaces,  pump  and  other 
equipment base plates, and anchors.

B. Clean surfaces that will come into contact with grout.

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placement of grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases and provide smooth bearing surface for equipment.
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G. Place grout around anchors.

H. Cure placed grout.

END OF SECTION 23 05 01
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SECTION 23 05 19 - METERS AND GAGES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following meters and gages for mechanical systems:

1. Thermometers.
2. Gages.

1.3 DEFINITIONS

A. CR:  Chlorosulfonated polyethylene synthetic rubber.

B. EPDM:  Ethylene-propylene-diene terpolymer rubber.

1.4 SUBMITTALS

A. Product Data:  For each type of product indicated; include performance curves.

B. Product Certificates:  For each type of thermometer and gage, signed by product manufacturer.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified.

2.2 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS

A. Manufacturers:

1. Palmer - Wahl Instruments Inc.
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2. Trerice, H. O. Co.
3. Weiss Instruments, Inc.
4. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.

B. Case:  Die-cast aluminum or brass, 9 inches (229 mm) long.

C. Tube:  Red or blue reading, organic-liquid filled, with magnifying lens.

D. Tube  Background:   Satin-faced,  non-reflective  aluminum  with  permanently  etched  scale 
markings.

E. Window:  Glass.

F. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with 
locking device.

G. Stem:  Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit  
installation.

H. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of  
1.5 percent of range.

2.3 DUCT-TYPE, LIQUID-IN-GLASS THERMOMETERS

A. Manufacturers:

1. Miljoco Corp.
2. Palmer - Wahl Instruments Inc.
3. Trerice, H. O. Co.
4. Weiss Instruments, Inc.

B. Case:  Metal or plastic, 7 inches (178 mm) long.

C. Tube:  Red or blue reading, mercury or organic filled, with magnifying lens.

D. Tube  Background:   Satin-faced,  nonreflective  aluminum  with  permanently  etched  scale 
markings.

E. Window:  Glass or plastic.

F. Connector:  Rigid, angle type.

G. Stem:  Metal, for installation in mounting bracket and of length to suit installation.

H. Mounting Bracket:  Flanged fitting for attachment to duct and made to hold thermometer stem.

I. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of  
1.5 percent of range.
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2.4 REMOTE-MOUNTING, VAPOR-ACTUATED DIAL THERMOMETERS

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
3. Marsh Bellofram.
4. Miljoco Corp.
5. Palmer - Wahl Instruments Inc.
6. REO TEMP Instrument Corporation.
7. Tel-Tru Manufacturing Company.
8. Trerice, H. O. Co.
9. Weiss Instruments, Inc.
10. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
11. Winters Instruments.

B. Case:  Dry type, drawn steel, 6-inch (152-mm) diameter with holes for panel mounting.

C. Element:  Bourdon tube or other type of pressure element.

D. Movement:  Mechanical, connecting element and pointer.

E. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings.

F. Pointer:  Red metal.

G. Window:  Glass.

H. Ring:  Stainless steel.

I. Connector:  Bottom or Back union type.

J. Thermal  System:   Liquid-filled  bulb  in  copper-plated  steel,  aluminum,  or  brass  stem  for 
thermowell installation and of length to suit installation.

K. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of  
1.5 percent of range.

2.5 THERMOWELLS

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
3. Ernst Gage Co.
4. Marsh Bellofram.
5. Miljoco Corp.
6. NANMAC Corporation.
7. Noshok, Inc.
8. Palmer - Wahl Instruments Inc.
9. REO TEMP Instrument Corporation.
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10. Tel-Tru Manufacturing Company.
11. Trerice, H. O. Co.
12. Weiss Instruments, Inc.
13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
14. WIKA Instrument Corporation.
15. Winters Instruments.

B. Manufacturers:  Same as manufacturer of thermometer being used.

C. Description:  Pressure-tight, socket-type metal fitting made for insertion into piping and of type, 
diameter, and length required to hold thermometer.

2.6 PRESSURE GAGES

A. Manufacturers:

1. AMETEK, Inc.; U.S. Gauge Div.
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
3. Ernst Gage Co.
4. Eugene Ernst Products Co.
5. KOBOLD Instruments, Inc.
6. Marsh Bellofram.
7. Miljoco Corp.
8. Noshok, Inc.
9. Palmer - Wahl Instruments Inc.
10. REO TEMP Instrument Corporation.
11. Trerice, H. O. Co.
12. Weiss Instruments, Inc.
13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
14. WIKA Instrument Corporation.
15. Winters Instruments.

B. Direct-Mounting,  Dial-Type  Pressure  Gages:   Indicating-dial  type  complying  with 
ASME B40.100.

1. Case:  Dry type, drawn steel, 6-inch (152-mm) diameter.
2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated.
3. Pressure Connection:  Brass, NPS 1/4 (DN 8), bottom-outlet type unless back-outlet type 

is indicated.
4. Movement:  Mechanical, with link to pressure element and connection to pointer.
5. Dial:  Satin-faced, non-reflective aluminum with permanently etched scale markings.
6. Pointer:  Red metal.
7. Window:  Glass.
8. Ring:  Stainless steel.
9. Accuracy:  Grade A, plus or minus 1 percent of middle half of scale.
10. Range for Fluids under Pressure:  Two times operating pressure.

C. Remote-Mounting, Dial-Type Pressure Gages:  ASME B40.100, indicating-dial type.

1. Case:  Dry type, drawn steel, 6-inch (152-mm) diameter with holes for panel mounting.
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2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated.
3. Pressure Connection:  Brass, NPS 1/4 (DN 8), bottom-outlet type unless back-outlet type 

is indicated.
4. Movement:  Mechanical, with link to pressure element and connection to pointer.
5. Dial:  Satin-faced, non-reflective aluminum with permanently etched scale markings.
6. Pointer:  Red metal.
7. Window:  Glass.
8. Ring:  Stainless steel.
9. Accuracy:  Grade A, plus or minus 1 percent of middle half scale.
10. Range for Fluids under Pressure:  Two times operating pressure.

D. Pressure-Gage Fittings:

1. Valves:  NPS 1/4 (DN 8) brass or stainless steel needle type.
2. Syphons:  NPS 1/4 (DN 8) coil of brass tubing with threaded ends.
3. Snubbers:  ASME B40.5, NPS 1/4 (DN 8) brass bushing with corrosion-resistant, porous-

metal disc of material suitable for system fluid and working pressure.

PART 3 - EXECUTION

3.1 THERMOMETER APPLICATIONS

A. Install liquid-in-glass thermometers in the following locations:

1. Inlet and outlet of each hydronic zone.
2. Inlet and outlet of each hydronic boiler.
3. Inlet and outlet of each hydronic coil in ducts, air-handling units and built-up central  

systems.
4. Outside-air, return-air, and mixed-air ducts.

B. Install remote-mounting, vapor-actuated dial thermometers in the following locations:
1. All locations where direct readings from a height of 5’-6” above the finished floor would 

be obstructed or difficult.

C. Install  liquid-filled-case-type,  -actuated  dial  thermometers  at  suction  and  discharge  of  each 
pump.

D. Provide the following temperature ranges for thermometers:

1. Domestic Hot Water:  30 to 180 deg F, with 2-degree scale divisions (Minus 1 to plus 82 
deg C, with 1-degree scale divisions).

2. Domestic Cold Water:  0 to 100 deg F, with 2-degree scale divisions (Minus 18 to plus 38 
deg C, with 1-degree scale divisions).

3. Heating Hot Water:  30 to 240 deg F, with 2-degree scale divisions (Minus 1 to plus 115 
deg C, with 1-degree scale divisions).

4. Condenser Water:  30 to 240 deg F, with 2-degree scale divisions (Minus 1 to plus 115 
deg C, with 1-degree scale divisions).

5. Chilled Water:  0 to 100 deg F, with 2-degree scale divisions (Minus 18 to plus 38 deg C, 
with 1-degree scale divisions).
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6. Steam and Condensate:  30 to 300 deg F, with 5-degree scale divisions (Minus 1 to plus 
150 deg C, with 2-degree scale divisions).

7. Air Ducts:  30 to 240 deg F, with 2-degree scale divisions (Minus 1 to plus 115 deg C, 
with 1-degree scale divisions).

3.2 GAGE APPLICATIONS

A. Install dry-case-type pressure gages for discharge and inlet of each pressure-reducing valve.

B. Install  dry-case-type  pressure  gages  at  chilled-  and  condenser-water  inlets  and  outlets  of 
chillers.

C. Install dry-case-type pressure gages at suction and discharge of each pump.

D. Install dry-case-type pressure gages at inlets and discharges of plate frame heat exchangers.

3.3 INSTALLATIONS

A. Install direct-mounting thermometers and adjust vertical and tilted positions.

B. Install  remote-mounting  dial  thermometers  on  panel,  with  tubing  connecting  panel  and 
thermometer bulb supported to prevent kinks.  Use minimum tubing length.

C. Install thermowells with socket extending  to center of pipe and in vertical position in piping 
tees where thermometers are indicated.

D. Duct  Thermometer  Support  Flanges:   Install  in  wall  of  duct  where  duct  thermometers  are 
indicated.  Attach to duct with screws.

E. Install direct-mounting pressure gages in piping tees with pressure gage located on pipe at most 
readable position.

F. Install remote-mounting pressure gages on panel.

G. Install  needle-valve  and snubber  fitting  in  piping  for  each pressure  gage  for  fluids  (except 
steam).

H. Install needle-valve and syphon fitting in piping for each pressure gage for steam.

I. Install permanent indicators on walls or brackets in accessible and readable positions.

J. Install connection fittings for attachment to portable indicators in accessible locations.

3.4 CONNECTIONS

A. Install meters and gages adjacent to machines and equipment to allow service and maintenance 
for meters, gages, machines, and equipment.
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3.5 ADJUSTING

A. Calibrate meters according to manufacturer's written instructions, after installation.

B. Adjust faces of meters and gages to proper angle for best visibility.

END OF SECTION 23 05 19
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SECTION 23 05 23 - VALVES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following general-duty valves:

1. Bronze angle valves.
2. Cast-iron angle valves.
3. Copper-alloy ball valves.
4. Ferrous-alloy ball valves.
5. Ferrous-alloy butterfly valves.
6. High-pressure butterfly valves.
7. Bronze check valves.
8. Gray-iron swing check valves.
9. Ferrous-alloy wafer check valves.
10. Bronze gate valves.
11. Cast-iron gate valves.
12. Bronze globe valves.
13. Cast-iron globe valves.
14. Cast-iron plug valves.
15. Resilient-seated, cast-iron, eccentric plug valves.
16. Chainwheel actuators.

B. Related Sections include the following:
1. Division 23 Section "Mechanical Identification" for valve tags and charts.
2. Division 23 Section "Building Automation" for control valves and actuators.
3. Division 23 piping Sections for specialty valves applicable to those Sections only.

1.3 DEFINITIONS

A. The following are standard abbreviations for valves:

1. CWP:  Cold working pressure.
2. EPDM:  Ethylene-propylene-diene terpolymer rubber.
3. NBR:  Acrylonitrile-butadiene rubber.
4. PTFE:  Polytetrafluoroethylene plastic.
5. SWP:  Steam working pressure.
6. TFE:  Tetrafluoroethylene plastic.
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1.4 SUBMITTALS

A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials;  
valve  design;  pressure  and  temperature  classifications;  end  connections;  arrangement; 
dimensions; and required clearances.  Include list indicating valve and its application.  Include 
rated  capacities;  shipping,  installed,  and  operating  weights;  furnished  specialties;  and 
accessories.

1.5 QUALITY ASSURANCE

A. ASME Compliance:   ASME B31.1  for  power  piping valves  and ASME B31.9  for  building 
services piping valves.

1. Exceptions:  Domestic hot- and cold-water piping valves unless referenced.

B. ASME Compliance for Ferrous Valves:  ASME B16.10 and ASME B16.34 for dimension and 
design criteria.

C. NSF Compliance:  NSF 61 for valve materials for potable-water service.

1.6 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. Set angle, gate, and globe valves closed to prevent rattling.
4. Set ball and plug valves open to minimize exposure of functional surfaces.
5. Set butterfly valves closed or slightly open.
6. 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.

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 MANUFACTURERS

A. In  other  Part 2  articles  where  subparagraph  titles  below  introduce  lists,  the  following 
requirements apply for product selection:
1. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  the 

manufacturers specified.
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2.2 VALVES, GENERAL

A. Refer to Part 3 "Valve Applications" Article for applications of valves.

B. Bronze Valves:  NPS 2 (DN 50) and smaller with threaded ends, unless otherwise indicated.

C. Ferrous Valves:  NPS 2-1/2 (DN 65) and larger with flanged ends, unless otherwise indicated.

D. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 
pressures and temperatures.

E. Valve Sizes:  Same as upstream pipe, unless otherwise indicated.

F. Valve Actuators:

1. Chainwheel:  For attachment to valves, of size and mounting height, as indicated in the 
"Valve Installation" Article in Part 3.

2. Gear Drive:  For quarter-turn valves NPS 6 (DN 150) and larger.
3. Handwheel:  For valves other than quarter-turn types.
4. Lever Handle:  For quarter-turn valves NPS 4 (DN 100) and smaller, except plug valves.
5. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for every 5 

plug valves, for each size square plug head.

G. Extended Valve Stems:  On all valves in insulated piping systems.

H. Valve  Flanges:   ASME B16.1  for  cast-iron  valves,  ASME B16.5  for  steel  valves,  and 
ASME B16.24 for bronze valves.

I. Valve Grooved Ends:  AWWA C606.

1. Solder Joint:  With sockets according to ASME B16.18.

a. Caution:  Use solder with melting point below 840 deg F (454 deg C) for angle, 
check, gate, and globe valves; below 421 deg F (216 deg C) for ball valves.

2. Threaded:  With threads according to ASME B1.20.1.

J. Valve Bypass and Drain Connections:  MSS SP-45.

2.3 BRONZE ANGLE VALVES

A. Available Manufacturers:

B. Manufacturers:

1. Type 1, Bronze Angle Valves with Metal Disc:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Stockham Div.
c. Hammond Valve.
d. Milwaukee Valve Company.
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e. NIBCO INC.
f. Red-White Valve Corp.

2. Type 2, Bronze Angle Valves with Nonmetallic Disc:

a. American Valve, Inc.
b. Cincinnati Valve Co.
c. Crane Co.; Crane Valve Group; Crane Valves.
d. Crane Co.; Crane Valve Group; Jenkins Valves.
e. Crane Co.; Crane Valve Group; Stockham Div.
f. Grinnell Corporation.
g. Hammond Valve.
h. NIBCO INC.
i. Powell, Wm. Co.

3. Type 3, Bronze Angle Valves with Metal Disc and Renewable Seat:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Milwaukee Valve Company.
g. NIBCO INC.

C. Bronze Angle Valves, General:  MSS SP-80, with ferrous-alloy handwheel.

D. Type 1, Class 125, Bronze Angle Valves:  Bronze body with bronze disc and union-ring bonnet.

E. Type 1, Class 150, Bronze Angle Valves:  Bronze body with bronze disc.

F. Type 1, Class 200, Bronze Angle Valves:  Bronze body with bronze disc.

G. Type 2, Class 125, Bronze Angle Valves:  Bronze body with Reinforced TFE disc and union-
ring bonnet.

H. Type 2, Class 150, Bronze Angle Valves:  Bronze body with Reinforced TFE disc.

I. Type 2, Class 200, Bronze Angle Valves:  Bronze body with Reinforced TFE disc.

J. Type 3,  Class 125,  Bronze  Angle  Valves:   Bronze  body  with  bronze  disc  and  renewable 
seat. Include union-ring bonnet.

K. Type 3, Class 150, Bronze Angle Valves:  Bronze body with bronze disc and renewable seat.

L. Type 3, Class 200, Bronze Angle Valves:  Bronze body with bronze disc and renewable seat.

2.4 CAST-IRON ANGLE VALVES

A. Manufacturers:
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1. Type II, Cast-Iron Angle Valves with Metal Seats:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Div.
d. NIBCO INC.

B. Cast-Iron Angle Valves, General:  MSS SP-85, Type II.

C. Class 125, Cast-Iron Angle Valves:  Bronze mounted with gray-iron body and bronze seats.

2.5 COPPER-ALLOY BALL VALVES

A. Manufacturers:

1. One-Piece, Copper-Alloy Ball Valves:

a. American Valve, Inc.
b. Conbraco Industries, Inc.; Apollo Div.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. DynaQuip Controls.
f. Grinnell Corporation.
g. Jamesbury, Inc.
h. Kitz Corporation of America.
i. Legend Valve & Fitting, Inc.
j. NIBCO INC.
k. Watts Industries, Inc.; Water Products Div.

2. Two-Piece, Copper-Alloy Ball Valves:

a. Conbraco Industries, Inc.; Apollo Div.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. DynaQuip Controls.
f. Flow-Tek, Inc.
g. Grinnell Corporation.
h. Hammond Valve.
i. Honeywell Braukmann.
j. Jamesbury, Inc.
k. Jomar International, LTD.
l. Kitz Corporation of America.
m. Legend Valve & Fitting, Inc.
n. Milwaukee Valve Company.
o. Nexus Valve Specialties.
p. NIBCO INC.
q. R & M Energy Systems (Borger, TX).
r. Red-White Valve Corp.
s. Richards Industries; Marwin Ball Valves.

VALVES 23 05 23 - 5



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

t. Watts Industries, Inc.; Water Products Div.

B. Copper-Alloy Ball Valves, General:  MSS SP-110.

C. One-Piece, Copper-Alloy Ball Valves:  Bronze body with regular-port, chrome-plated bronze 
ball; TFE seats; and 400-psig (2760-kPa) minimum CWP rating and blowout-proof stem.

D. Two-Piece, Copper-Alloy Ball Valves:  Bronze body with full-port, chrome-plated bronze ball;  
Reinforced TFE seats; and 600-psig (4140-kPa) minimum CWP rating and blowout-proof stem.

2.6 FERROUS-ALLOY BALL VALVES

A. Manufacturers:

1. American Valve, Inc.
2. Conbraco Industries, Inc.; Apollo Div.
3. Cooper Cameron Corp.; Cooper Cameron Valves Div.
4. Crane Co.; Crane Valve Group; Stockham Div.
5. Hammond Valve.
6. Jamesbury, Inc.
7. Kitz Corporation of America.
8. KTM Products, Inc.
9. McCANNA, Incorporated.
10. Milwaukee Valve Company.
11. NIBCO INC.
12. PBM, Inc.
13. Richards Industries; Marwin Ball Valves.
14. Worcester Controls.

B. Ferrous-Alloy Ball Valves, General:  MSS SP-72, with flanged ends.

C. Ferrous-Alloy Ball Valves:  Class 150, full or regular port.

2.7 FERROUS-ALLOY BUTTERFLY VALVES

A. Available Manufacturers:

B. Manufacturers:

1. Flangeless, Ferrous-Alloy Butterfly Valves:

a. American Valve, Inc.
b. Bray International, Inc.
c. Cooper Cameron Corp.; Cooper Cameron Valves Div.
d. Crane Co.; Crane Valve Group; Center Line.
e. Crane Co.; Crane Valve Group; Stockham Div.
f. Dover Corp.; Dover Resources Company; Norriseal Div.
g. General Signal; DeZurik Unit.
h. Grinnell Corporation.
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i. Hammond Valve.
j. Kitz Corporation of America.
k. Metraflex Co.
l. Milwaukee Valve Company.
m. Mueller Steam Specialty.
n. NIBCO INC.
o. Red-White Valve Corp.
p. Techno Corp.
q. Tyco International, Ltd.; Tyco Valves & Controls.
r. Watts Industries, Inc.; Water Products Div.

2. Single-Flange, Ferrous-Alloy Butterfly Valves:

a. American Valve, Inc.
b. Bray International, Inc.
c. Cooper Cameron Corp.; Cooper Cameron Valves Div.
d. Crane Co.; Crane Valve Group; Center Line.
e. Crane Co.; Crane Valve Group; Jenkins Valves.
f. Crane Co.; Crane Valve Group; Stockham Div.
g. Dover Corp.; Dover Resources Company; Norriseal Div.
h. General Signal; DeZurik Unit.
i. Grinnell Corporation.
j. Hammond Valve.
k. Kitz Corporation of America.
l. Metraflex Co.
m. Milwaukee Valve Company.
n. Mueller Steam Specialty.
o. NIBCO INC.
p. Red-White Valve Corp.
q. Techno Corp.
r. Tyco International, Ltd.; Tyco Valves & Controls.
s. Watts Industries, Inc.; Water Products Div.

3. Grooved-End, Ductile-Iron Butterfly Valves:

a. Central Sprinkler Co.; Central Grooved Piping Products.
b. Grinnell Corporation.
c. Hammond Valve.
d. McWane, Inc.; Kennedy Valve Div.
e. Milwaukee Valve Company.
f. Mueller Steam Specialty.
g. NIBCO INC.
h. Victaulic Co. of America.

C. Ferrous-Alloy Butterfly Valves, General:  MSS SP-67, Type I, for tight shutoff, with disc and 
lining suitable for potable water, unless otherwise indicated.

D. Flangeless,  150-psig (1035-kPa) CWP Rating,  Ferrous-Alloy Butterfly  Valves:   Wafer  type 
with one-piece stem.
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E. Flangeless,  175-psig (1207-kPa) CWP Rating,  Ferrous-Alloy Butterfly  Valves:   Wafer  type 
with one-piece stem.

F. Flangeless,  200-psig (1380-kPa) CWP Rating,  Ferrous-Alloy Butterfly  Valves:   Wafer  type 
with one-piece stem.

G. Single-Flange,  150-psig (1035-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer-lug 
type with one-piece stem.

H. Single-Flange,  175-psig (1207-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer-lug 
type with one-piece stem.

I. Single-Flange,  200-psig (1380-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves:  Wafer-lug 
type with one-piece stem.

J. Grooved-End, 175-psig (1207-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves:  Ductile-iron 
or steel body with grooved or shouldered ends.

2.8 BRONZE CHECK VALVES

A. Manufacturers:

1. Type 3, Bronze, Swing Check Valves with Metal Disc:

a. American Valve, Inc.
b. Cincinnati Valve Co.
c. Crane Co.; Crane Valve Group; Crane Valves.
d. Crane Co.; Crane Valve Group; Jenkins Valves.
e. Crane Co.; Crane Valve Group; Stockham Div.
f. Grinnell Corporation.
g. Hammond Valve.
h. Kitz Corporation of America.
i. Legend Valve & Fitting, Inc.
j. Milwaukee Valve Company.
k. NIBCO INC.
l. Powell, Wm. Co.
m. Red-White Valve Corp.
n. Walworth Co.
o. Watts Industries, Inc.; Water Products Div.

2. Type 4, Bronze, Swing Check Valves with Nonmetallic Disc:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Hammond Valve.
g. McWane, Inc.; Kennedy Valve Div.
h. Milwaukee Valve Company.
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i. NIBCO INC.
j. Red-White Valve Corp.
k. Walworth Co.
l. Watts Industries, Inc.; Water Products Div.

B. Bronze Check Valves, General:  MSS SP-80.

C. Type 3, Class 125, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat.

D. Type 3, Class 150, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat.

E. Type 3, Class 200, Bronze, Swing Check Valves:  Bronze body with bronze disc and seat.

F. Type 4,  Class 125,  Bronze,  Swing Check Valves:   Bronze  body with  nonmetallic  disc  and 
bronze seat.

G. Type 4,  Class 150,  Bronze,  Swing Check Valves:   Bronze  body with  nonmetallic  disc  and 
bronze seat.

H. Type 4,  Class 200,  Bronze,  Swing Check Valves:   Bronze  body with  nonmetallic  disc  and 
bronze seat.

2.9 GRAY-IRON SWING CHECK VALVES

A. Manufacturers:

1. Type I, Gray-Iron Swing Check Valves with Metal Seats:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Flomatic Valves.
f. Grinnell Corporation.
g. Hammond Valve.
h. Kitz Corporation of America.
i. Legend Valve & Fitting, Inc.
j. Milwaukee Valve Company.
k. Mueller Co.
l. NIBCO INC.
m. Powell, Wm. Co.
n. Red-White Valve Corp.
o. Walworth Co.
p. Watts Industries, Inc.; Water Products Div.

2. Type II, Gray-Iron Swing Check Valves with Composition to Metal Seats:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Stockham Div.
c. Mueller Co.
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d. Watts Industries, Inc.; Water Products Div.

3. Grooved-End, Ductile-Iron Swing Check Valves:

a. Grinnell Corporation.
b. Mueller Co.
c. Victaulic Co. of America.

B. Gray-Iron Swing Check Valves, General:  MSS SP-71.

C. Type I, Class 125, gray-iron, swing check valves with metal seats.

D. Type II, Class 125, gray-iron, swing check valves with composition to metal seats.

E. 175-psig (1207-kPa) CWP Rating, Grooved-End, Swing Check Valves:  Ductile-iron body with 
grooved or shouldered ends.

2.10 FERROUS-ALLOY WAFER CHECK VALVES

A. Manufacturers:

1. Dual-Plate, Ferrous-Alloy, Wafer Check Valves:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Stockham Div.
c. Flomatic Valves.
d. Gestra, Inc.
e. Grinnell Corporation.
f. Gulf Valve Co.
g. Metraflex Co.
h. Mueller Steam Specialty.
i. NIBCO INC.
j. Red-White Valve Corp.
k. SSI Equipment, Inc.
l. Techno Corp.
m. Val-Matic Valve & Mfg. Corp.
n. Valve and Primer Corp.
o. Watts Industries, Inc.; Water Products Div.

B. Dual-Plate, Class 125 or 150, Ferrous-Alloy, Wafer Check Valves:  Flangeless body.

2.11 BRONZE GATE VALVES

A. Manufacturers:

1. Type 1, Bronze, Non-rising Stem Gate Valves:

a. American Valve, Inc.
b. Cincinnati Valve Co.
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c. Crane Co.; Crane Valve Group; Crane Valves.
d. Crane Co.; Crane Valve Group; Jenkins Valves.
e. Crane Co.; Crane Valve Group; Stockham Div.
f. Grinnell Corporation.
g. Hammond Valve.
h. Kitz Corporation of America.
i. Legend Valve & Fitting, Inc.
j. Milwaukee Valve Company.
k. NIBCO INC.
l. Powell, Wm. Co.
m. Red-White Valve Corp.
n. Walworth Co.
o. Watts Industries, Inc.; Water Products Div.

2. Type 2, Bronze, Rising-Stem, Solid-Wedge Gate Valves:

a. American Valve, Inc.
b. Cincinnati Valve Co.
c. Crane Co.; Crane Valve Group; Crane Valves.
d. Crane Co.; Crane Valve Group; Jenkins Valves.
e. Crane Co.; Crane Valve Group; Stockham Div.
f. Grinnell Corporation.
g. Hammond Valve.
h. Kitz Corporation of America.
i. Milwaukee Valve Company.
j. NIBCO INC.
k. Powell, Wm. Co.
l. Red-White Valve Corp.
m. Walworth Co.

3. Type 3, Bronze, Rising-Stem, Split-Wedge Gate Valves:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Grinnell Corporation.
d. NIBCO INC.

B. Bronze Gate Valves, General:  MSS SP-80, with ferrous-alloy handwheel.

C. Type 1, Class 125, Bronze Gate Valves:  Bronze body with non-rising stem and bronze solid 
wedge and union-ring bonnet.

D. Type 1, Class 150, Bronze Gate Valves:  Bronze body with non-rising stem and bronze solid 
wedge.

E. Type 1, Class 200, Bronze Gate Valves:  Bronze body with non-rising stem and bronze solid 
wedge.

F. Type 2, Class 125, Bronze Gate Valves:  Bronze body with rising stem and bronze solid wedge.

G. Type 2, Class 150, Bronze Gate Valves:  Bronze body with rising stem and bronze solid wedge.
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H. Type 2, Class 200, Bronze Gate Valves:  Bronze body with rising stem and bronze solid wedge.

I. Type 3, Class 125, Bronze Gate Valves:  Bronze body with rising stem and bronze split wedge 
and union-ring bonnet.

J. Type 3, Class 150, Bronze Gate Valves:  Bronze body with rising stem and bronze split wedge.

K. Type 3, Class 200, Bronze Gate Valves:  Bronze body with rising stem and bronze split wedge.

2.12 CAST-IRON GATE VALVES

A. Manufacturers:

1. Type I, Cast-Iron, Rising Stem Gate Valves:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Hammond Valve.
g. Kitz Corporation of America.
h. Legend Valve & Fitting, Inc.
i. Milwaukee Valve Company.
j. NIBCO INC.
k. Red-White Valve Corp.
l. Walworth Co.
m. Watts Industries, Inc.; Water Products Div.

B. Cast-Iron Gate Valves, General:  MSS SP-70, Type I.

C. Class 125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves:  Cast-iron body with bronze trim, 
rising stem, and solid-wedge disc.

D. Class 125, OS&Y, All-Iron, Cast-Iron Gate Valves:  Cast-iron body with cast-iron trim, rising 
stem, and solid-wedge disc.

2.13 BRONZE GLOBE VALVES

A. Manufacturers:

1. Type 1, Bronze Globe Valves with Metal Disc:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Hammond Valve.

VALVES 23 05 23 - 12



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

g. Kitz Corporation of America.
h. Legend Valve & Fitting, Inc.
i. Milwaukee Valve Company.
j. NIBCO INC.
k. Red-White Valve Corp.
l. Walworth Co.

2. Type 2, Bronze Globe Valves with Nonmetallic Disc:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Hammond Valve.
g. Kitz Corporation of America.
h. McWane, Inc.; Kennedy Valve Div.
i. Milwaukee Valve Company.
j. NIBCO INC.
k. Powell, Wm. Co.
l. Red-White Valve Corp.
m. Walworth Co.

3. Type 3, Bronze Globe Valves with Renewable Seat and Metal Disc:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Hammond Valve.
g. Milwaukee Valve Company.
h. NIBCO INC.
i. Walworth Co.

B. Bronze Globe Valves, General:  MSS SP-80, with ferrous-alloy handwheel.

C. Type 1, Class 125, Bronze Globe Valves:  Bronze body with bronze disc and union-ring bonnet.

D. Type 1, Class 150, Bronze Globe Valves:  Bronze body with bronze disc.

E. Type 1, Class 200, Bronze Globe Valves:  Bronze body with bronze disc.

F. Type 2, Class 125, Bronze Globe Valves:  Bronze body with PTFE or TFE disc and union-ring 
bonnet.

G. Type 2, Class 150, Bronze Globe Valves:  Bronze body with PTFE or TFE disc.

H. Type 2, Class 200, Bronze Globe Valves:  Bronze body with PTFE or TFE disc.
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I. Type 3, Class 125, Bronze Globe Valves:  Bronze body with bronze disc and renewable seat. 
Include union-ring bonnet.

J. Type 3, Class 150, Bronze Globe Valves:  Bronze body with bronze disc and renewable seat.]

K. Type 3, Class 200, Bronze Globe Valves:  Bronze body with bronze disc and renewable seat.

2.14 CAST-IRON GLOBE VALVES

A. Manufacturers:

1. Type I, Cast-Iron Globe Valves with Metal Seats:

a. Cincinnati Valve Co.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Grinnell Corporation.
f. Kitz Corporation of America.
g. Milwaukee Valve Company.
h. NIBCO INC.
i. Red-White Valve Corp.
j. Walworth Co.

B. Cast-Iron Globe Valves, General:  MSS SP-85.

C. Type I, Class 125, Cast-Iron Globe Valves:  Gray-iron body with bronze seats.

2.15 CHAINWHEEL ACTUATORS

A. Manufacturers:

1. Babbitt Steam Specialty Co.
2. Roto Hammer Industries, Inc.

B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain.

1. Sprocket  Rim with Chain Guides:   Ductile  iron,  of  type and size required for  valve. 
Include zinc coating.

2. Brackets:  Type, number, size, and fasteners required to mount actuator on valve.
3. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine piping system for compliance with requirements for installation tolerances and other 
conditions affecting performance.
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1. Proceed with installation only after unsatisfactory conditions have been corrected.

B. 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.

C. Operate valves in positions from fully open to fully closed.  Examine guides and seats made 
accessible by such operations.

D. Examine threads on valve and mating pipe for form and cleanliness.

E. 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.

F. Do not attempt to repair defective valves; replace with new valves.

3.2 VALVE APPLICATIONS

A. Refer to piping Sections for specific valve applications.  If valve applications are not indicated, 
use the following:

1. Shutoff Service:  Ball, butterfly, or gate valves.
2. Throttling Service:  Angle, butterfly, or globe valves.
3. Pump Discharge:  Spring-loaded, silent operating, dual-disc type wafer check valves.

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 
with higher SWP class or CWP ratings may be substituted.

C. Grooved end valves are to be used only in piping systems with the express written approval of  
the Engineer.

D. Chilled-Water Piping:  Use the following types of valves:

1. Angle Valves, NPS 2 (DN 50) and Smaller:  Type 2, Class 150, bronze.
2. Angle Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, cast iron.
3. Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 600-psig (4140-kPa) CWP rating, 

copper alloy.
4. Ball Valves, NPS 2-1/2 (DN 65) and Larger:  Class  [150] [300], ferrous alloy.
5. Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Flangeless or Single-flange, 150-psig 

(1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
6. Grooved-End, Ductile-Iron Butterfly Valves,  NPS 2-1/2 (DN 65) and Larger:  175-psig 

(1207-kPa) CWP rating.
7. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 150, bronze.
8. Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, gray iron.
9. Grooved-End, Ductile-Iron, Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  175-

psig (1207-kPa) CWP rating.
10. Wafer  Check  Valves,  NPS 2-1/2 (DN 65) and  Larger:   Dual-plate,  wafer  or  lug, 

Class 125 ferrous alloy.
11. Gate Valves, NPS 2 (DN 50) and Smaller:  Type 2 or 3, Class 150, bronze.
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12. Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, OS&Y, bronze-mounted 
cast iron.

13. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 1 or Type3, Class 150, bronze.
14. Globe Valves,  NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, bronze-mounted cast 

iron.

E. Condenser Water Piping:  Use the following types of valves:

1. Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 600-psig (4140-kPa) CWP rating, 
copper alloy.

2. Ball Valves, NPS 2-1/2 (DN 65) and Larger:  Class 150, ferrous alloy.
3. Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Flangeless or Single-flange, 150-psig 

(1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
4. Grooved-End, Ductile-Iron Butterfly Valves,  NPS 2-1/2 (DN 65) and Larger:  175-psig 

(1207-kPa) CWP rating.
5. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 150, bronze.
6. Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, gray iron.
7. Grooved-End, Ductile-Iron, Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  175-

psig (1207-kPa) CWP rating.
8. Wafer  Check  Valves,  NPS 2-1/2 (DN 65) and  Larger:   Dual-plate,  wafer,  Class 125, 

ferrous alloy.
9. Gate Valves, NPS 2 (DN 50) and Smaller:  Type 2 or 3, Class 150, bronze.
10. Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, OS&Y, bronze-mounted 

cast iron.
11. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 1 or Type 3, Class 150, bronze.
12. Globe Valves,  NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, bronze-mounted cast 

iron.

F. Domestic Water Piping:  Use the following types of valves:

1. Angle Valves, NPS 2 (DN 50) and Smaller:  Type 2, Class 150, bronze.
2. Angle Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, cast iron.
3. Ball Valves, NPS 2 (DN 50) and Smaller:  One-piece, 400-psig (4140-kPa) CWP rating, 

copper alloy.
4. Ball Valves, NPS 2-1/2 (DN 65) and Larger:  Class 150, ferrous alloy.
5. Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Flangeless or Single-flange, [150-psig 

(1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
6. Grooved-End, Ductile-Iron Butterfly Valves,  NPS 2-1/2 (DN 65) and Larger:  175-psig 

(1207-kPa) CWP rating.
7. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 4, Class 150, bronze.
8. Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class  [125] [250], gray 

iron.
9. Gate Valves, NPS 2 (DN 50) and Smaller:  Type  1, Class 125, bronze.
10. Gate  Valves,  NPS 2-1/2 (DN 65) and  Larger:   Type I,  Class  125,  OS&Y,  bronze-

mounted cast iron.
11. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 2, Class  125, bronze.
12. Globe Valves,  NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, bronze-mounted cast 

iron.

G. Heating Water Piping:  Use the following types of valves:
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1. Angle Valves, NPS 2 (DN 50) and Smaller:  Type 2 or 3, Class 150, bronze.
2. Angle Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, cast iron.
3. Ball Valves, NPS 2 (DN 50) and Smaller:  Two-piece, 600-psig (4140-kPa) CWP rating, 

copper alloy.
4. Ball Valves, NPS 2-1/2 (DN 65) and Larger:  Class 150, ferrous alloy.
5. Butterfly Valves, NPS 2-1/2 (DN 65) and Larger:  Flangeless or Single-flange, 150-psig 

(1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
6. Grooved-End, Ductile-Iron Butterfly Valves,  NPS 2-1/2 (DN 65) and Larger:  175-psig 

(1207-kPa) CWP rating.
7. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 125, bronze.
8. Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, gray iron.
9. Grooved-End, Ductile-Iron, Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  175-

psig (1207-kPa).
10. Wafer  Check  Valves,  NPS 2-1/2 (DN 65) and  Larger:   Dual-plate,  wafer,  Class 125, 

ferrous alloy.
11. Gate Valves, NPS 2 (DN 50) and Smaller:  Type 2 or 3, Class 125, bronze.
12. Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, OS&Y, bronze-mounted 

cast iron.
13. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 1 or Type 3, Class 125, bronze.
14. Globe Valves,  NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, bronze-mounted cast 

iron.

H. Low-Pressure Steam Piping:  Use the following types of valves:

1. Angle Valves, NPS 2 (DN 50) and Smaller:  Type 2, Class 200, bronze.
2. Angle Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, cast iron.
3. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 200, bronze.
4. Gate Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 200, bronze.
5. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 200, bronze.

I. Steam Condensate Piping:  Use the following types of valves:

1. Swing Check Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 200, bronze.
2. Swing Check Valves, NPS 2-1/2 (DN 65) and Larger:  Type II, Class 125, gray iron.
3. Gate Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class 200, bronze.
4. Gate Valves, NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, OS&Y, bronze-mounted 

cast iron.
5. Globe Valves, NPS 2 (DN 50) and Smaller:  Type 3, Class  200, bronze.
6. Globe Valves,  NPS 2-1/2 (DN 65) and Larger:  Type I, Class 125, bronze-mounted cast 

iron.

J. Select valves, except wafer and flangeless types, with the following end connections:

1. For Copper Tubing, NPS 2 (DN 50) and Smaller:  Solder-joint or threaded ends, except 
provide valves with threaded ends for condenser water, heating hot water, steam, and 
steam condensate services.

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged or threaded ends.
3. For Copper Tubing, NPS 4 (DN 100) and Larger:  Flanged ends.
4. For Steel Piping, NPS 2 (DN 50) and Smaller:  Threaded ends.
5. For Steel Piping, NPS 2-1/2 (DN 65) and Larger:  Flanged ends.
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6. For Grooved-End, Steel Piping:  Valve ends may be grooved.  Do not use for steam or 
steam condensate piping.

3.3 VALVE INSTALLATION

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

B. Install  valves with unions or flanges at  each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown.

C. Locate valves for easy access and provide separate support where necessary.

D. Install valves in horizontal piping with stem at or above center of pipe.

E. Install valves in position to allow full stem movement.

F. Install chainwheel operators on valves  NPS 6 (DN 100) and larger and more than  96 inches 
(2400 mm) above floor.  Extend chains to 60 inches (1520 mm) above finished floor elevation.

G. Install check valves for proper direction of flow and as follows:

1. Swing Check Valves:  In horizontal position with hinge pin level.
2. Dual-Plate Check Valves:  In horizontal or vertical position, between flanges.

3.4 JOINT CONSTRUCTION

A. Refer to Division 23 Section "Basic Mechanical Materials and Methods" for basic piping joint 
construction.

B. Grooved Joints:   Assemble joints with keyed coupling housing, gasket,  lubricant,  and bolts 
according to coupling and fitting manufacturer's written instructions.

C. Soldered  Joints:   Use  ASTM B 813,  water-flushable,  lead-free  flux;  ASTM B 32,  lead-free-
alloy solder; and ASTM B 828 procedure, unless otherwise indicated.

3.5 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.

END OF SECTION 23 05 23
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SECTION 23 05 29 - HANGERS AND SUPPORTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following hangers and supports for mechanical system piping and 
equipment:

1. Steel pipe hangers and supports.
2. Trapeze pipe hangers.
3. Metal framing systems.
4. Thermal-hanger shield inserts.
5. Fastener systems.
6. Pipe stands.
7. Equipment supports.

B. Related Sections include the following:
1. Division 23 Section "Mechanical Vibration and Seismic Controls" for vibration isolation 

devices.
2. Division 23 Section "Pipe Expansion Fittings and Loops" for pipe guides and anchors.

1.3 DEFINITIONS

A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc.

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and 
Supports."

1.4 PERFORMANCE REQUIREMENTS

A. Design  supports  for  multiple  pipes,  including  pipe  stands,  capable  of  supporting  combined 
weight of supported systems, system contents, and test water.

B. Design  equipment  supports  capable  of  supporting  combined  operating  weight  of  supported 
equipment and connected systems and components.

C. Design seismic-restraint hangers and supports for piping and equipment.
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1.5 SUBMITTALS

A. Product Data:  For the following:

1. Steel pipe hangers and supports.
2. Thermal-hanger shield inserts.
3. Powder-actuated fastener systems.

B. Shop Drawings: Signed and sealed by a qualified professional engineer.  Show fabrication and 
installation details and include calculations for the following:

1. Trapeze pipe hangers.  Include Product Data for components.
2. Metal framing systems.  Include Product Data for components.
3. Pipe stands.  Include Product Data for components.
4. Duct and Equipment supports.

C. Welding certificates.

1.6 QUALITY ASSURANCE

A. Welding:  Qualify procedures and personnel according to the following:
1. AWS D1.4, "Structural Welding Code--Reinforcing Steel."
2. ASME Boiler and Pressure Vessel Code:  Section IX.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified.

2.2 STEEL PIPE HANGERS AND SUPPORTS

A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer to Part 3 
"Hanger and Support Applications" Article for where to use specific hanger and support types.

B. Manufacturers:
1. B-Line Systems, Inc.; a division of Cooper Industries.
2. AAA Technology & Specialties Co., Inc.
3. Bergen-Power Pipe Supports.
4. Carpenter & Paterson, Inc.
5. Empire Industries, Inc.
6. ERICO/Michigan Hanger Co.
7. Globe Pipe Hanger Products, Inc.
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8. Grinnell Corp.
9. GS Metals Corp.
10. National Pipe Hanger Corporation.
11. PHD Manufacturing, Inc.
12. PHS Industries, Inc.
13. Piping Technology & Products, Inc.
14. Tolco Inc.

C. Galvanized, Metallic Coatings:  Pre-galvanized or hot dipped.

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.

E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for support of 
bearing surface of piping.

2.3 TRAPEZE PIPE HANGERS

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 
structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts.

2.4 METAL FRAMING SYSTEMS

A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels 
and other components.

B. Manufacturers:

1. B-Line Systems, Inc.; a division of Cooper Industries.
2. Power-Strut Div.; Tyco International, Ltd.
3. ERICO/Michigan Hanger Co.; ERISTRUT Div.
4. GS Metals Corp.
5. Thomas & Betts Corporation.
6. Tolco Inc.
7. Unistrut Corp.; Tyco International, Ltd.

C. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated.

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.

2.5 THERMAL-HANGER SHIELD INSERTS

A. Description:  100-psig- (690-kPa-) minimum, compressive-strength insulation insert encased in 
sheet metal shield.

B. Manufacturers:

1. Carpenter & Paterson, Inc.
2. ERICO/Michigan Hanger Co.
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3. PHS Industries, Inc.
4. Pipe Shields, Inc.
5. Rilco Manufacturing Company, Inc.
6. Value Engineered Products, Inc.

C. Insulation-Insert  Material  for  Cold  Piping:   Water-repellent  treated,  ASTM C 533,  Type I 
calcium silicate or ASTM C 552, Type II cellular glass with vapor barrier.

D. Insulation-Insert  Material  for  Hot  Piping:   Water-repellent  treated,  ASTM C 533,  Type I 
calcium silicate.

E. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.

F. For Clevis Hangers:  Insert and shield shall cover lower 180 degrees of pipe.

G. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below 
ambient air temperature.

2.6 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.

1. Manufacturers:

a. Hilti, Inc.
b. ITW Ramset/Red Head.
c. Masterset Fastening Systems, Inc.
d. MKT Fastening, LLC.
e. Powers Fasteners.

B. Mechanical-Expansion  Anchors:   Insert-wedge-type  zinc-coated steel,  for  use  in  hardened 
portland cement concrete with pull-out, tension, and shear capacities appropriate for supported 
loads and building materials where used.

1. Manufacturers:

a. B-Line Systems, Inc.; a division of Cooper Industries.
b. Empire Industries, Inc.
c. Hilti, Inc.
d. ITW Ramset/Red Head.
e. MKT Fastening, LLC.
f. Powers Fasteners.

2.7 PIPE STAND FABRICATION

A. Pipe Stands, General:  Shop or field-fabricated assemblies made of manufactured corrosion-
resistant components to support roof-mounted piping.
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B. Compact Pipe Stand:  One-piece plastic unit with integral-rod-roller, pipe clamps, or V-shaped 
cradle to support pipe, for roof installation without membrane penetration.

1. Manufacturers:
a. MIRO Industries
b. ERICO/Michigan Hanger Co..

C. Low-Type, Single-Pipe Stand:  One-piece stainless-steel base unit with plastic roller, for roof 
installation without membrane penetration.

1. Manufacturers:

a. MIRO Industries.

D. High-Type, Single-Pipe Stand:  Assembly of base, vertical and horizontal members, and pipe 
support, for roof installation without membrane penetration.

1. Manufacturers:
a. MIRO Industries.
b. ERICO/Michigan Hanger Co.
c. Portable Pipe Hangers.

2. Base:  Stainless steel.
3. Vertical  Members:   Two or  more cadmium-plated-steel  or  stainless-steel,  continuous-

thread rods.
4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or stainless-

steel, roller-type pipe support.

E. High-Type, Multiple-Pipe Stand:  Assembly of bases, vertical and horizontal members, and pipe 
supports, for roof installation without membrane penetration.

1. Manufacturers:

a. Portable Pipe Hangers.

2. Bases:  One or more plastic.
3. Vertical Members:  Two or more protective-coated-steel channels.
4. Horizontal Member:  Protective-coated-steel channel.
5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers.

F. Curb-Mounting-Type Pipe Stands:  Shop- or field-fabricated pipe support made from structural-
steel shape, continuous-thread rods, and rollers for mounting on permanent stationary roof curb.
1.

2.8 EQUIPMENT SUPPORTS

A. Description:  Welded, shop- or field-fabricated equipment support made from structural-steel 
shapes.
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2.9 MISCELLANEOUS MATERIALS

A. Structural Steel:  ASTM A 36/A 36M, 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:  Non-staining, non-corrosive, and non-gaseous.
2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT APPLICATIONS

A. Specific hanger and support requirements are specified 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 padded hangers for piping that is subject to scratching.

F. 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 (DN 15 to DN 750).

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of 120 to 450 deg F (49 to 232 
deg C) pipes, NPS 4 to NPS 16 (DN 100 to DN 400), requiring up to 4 inches (100 mm) 
of insulation.

3. Carbon- or Alloy-Steel,  Double-Bolt  Pipe Clamps (MSS Type 3):   For suspension of 
pipes,  NPS 3/4 to NPS 24 (DN 20 to DN 600), requiring clamp flexibility and up to  4 
inches (100 mm) of insulation.

4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes,  NPS 1/2 to 
NPS 24 (DN 15 to DN 600), if little or no insulation is required.

5. Pipe Hangers (MSS Type 5):   For suspension of pipes,  NPS 1/2 to NPS 4 (DN 15 to 
DN 100), to allow off-center closure for hanger installation before pipe erection.

6. U-Bolts (MSS Type 24):  For support  of heavy pipes,  NPS 1/2 to NPS 30 (DN 15 to 
DN 750).

7. Clips  (MSS  Type 26):   For  support  of  insulated  pipes  not  subject  to  expansion  or 
contraction.

8. Pipe Saddle Supports (MSS Type 36):  For support of pipes, NPS 4 to NPS 36 (DN 100 
to DN 900), with steel pipe base stanchion support and cast-iron floor flange.
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9. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes, NPS 4 to NPS 36 (DN 100 
to DN 900), with steel pipe base stanchion support and cast-iron floor flange and with U-
bolt to retain pipe.

10. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes, 
NPS 2-1/2 to NPS 36 (DN 65 to DN 900), if vertical adjustment is required, with steel 
pipe base stanchion support and cast-iron floor flange.

11. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30 (DN 25 to 
DN 750), from 2 rods if longitudinal movement caused by expansion and contraction 
might occur.

12. Adjustable  Roller  Hangers  (MSS  Type 43):   For  suspension  of  pipes,  NPS 2-1/2  to 
NPS 20 (DN 65 to DN 500), from single rod if horizontal movement caused by expansion 
and contraction might occur.

13. Complete Pipe Rolls (MSS Type 44):  For support of pipes, NPS 2 to NPS 42 (DN 50 to 
DN 1050), if longitudinal movement caused by expansion and contraction might occur 
but vertical adjustment is not necessary.

14. Pipe  Roll  and  Plate  Units  (MSS Type 45):   For  support  of  pipes,  NPS 2  to  NPS 24 
(DN 50 to DN 600), if small horizontal movement caused by expansion and contraction 
might occur and vertical adjustment is not necessary.

15. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes,  NPS 2 to 
NPS 30 (DN 50 to DN 750), if vertical and lateral adjustment during installation might be 
required in addition to expansion and contraction.

G. 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 20 (DN 20 to DN 500).

2. Carbon-  or  Alloy-Steel  Riser  Clamps  (MSS  Type 42):   For  support  of  pipe  risers, 
NPS 3/4 to NPS 20 (DN 20 to DN 500), if longer ends are required for riser clamps.

H. 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 (150 mm) for heavy 
loads.

2. Steel  Clevises  (MSS  Type 14):   For  120  to  450  deg F (49  to  232  deg C) 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 (49 to 232 deg C) piping 

installations.

I. 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.
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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. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large.
6. C-Clamps (MSS Type 23):  For structural shapes.
7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge.
8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads.
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions.
11. Malleable  Beam  Clamps  with  Extension  Pieces  (MSS  Type 30):   For  attaching  to 

structural steel.
12. 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 (340 kg).
b. Medium (MSS Type 32):  1500 lb (680 kg).
c. Heavy (MSS Type 33):  3000 lb (1360 kg).

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.
15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited.

J. 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.

K. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement.
2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 

1-1/4 inches (32 mm).
3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41 roll hanger with 

springs.
4. Spring  Sway  Braces  (MSS  Type 50):   To  retard  sway,  shock,  vibration,  or  thermal 

expansion in piping systems.
5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability 

factor to 25 percent to absorb expansion and contraction of piping system from hanger.
6. Variable-Spring  Base  Supports  (MSS  Type 52):   Preset  to  indicated  load  and  limit 

variability factor to 25 percent to absorb expansion and contraction of piping system from 
base support.
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7. Variable-Spring Trapeze Hangers (MSS Type 53):   Preset  to indicated load and limit 
variability factor to 25 percent to absorb expansion and contraction of piping system from 
trapeze support.

8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress 
from one support to another support, critical terminal, or connected equipment.  Include 
auxiliary  stops  for  erection,  hydrostatic  test,  and  load-adjustment  capability.   These 
supports include the following types:

a. Horizontal (MSS Type 54):  Mounted horizontally.
b. Vertical (MSS Type 55):  Mounted vertically.
c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member.

L. Comply  with  MSS SP-69  for  trapeze  pipe  hanger  selections  and  applications  that  are  not 
specified in piping system Sections.

M. Comply with MFMA-102 for metal  framing system selections and applications that are not 
specified in piping system Sections.

N. Use  powder-actuated  fasteners  or  mechanical-expansion  anchors instead  of  building 
attachments where required in concrete construction.

3.2 HANGER AND SUPPORT INSTALLATION

A. Steel 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  building 
structure.

B. 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 above for individual 
pipe hangers.

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported. 
Weld steel according to AWS D1.1.

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 (100 mm) 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.
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F. Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounting Type:  Assemble components and mount on 
smooth roof surface.  Do not penetrate roof membrane.

2. Curb-Mounting-Type Pipe Stands:  Assemble components or fabricate pipe stand and 
mount  on  permanent,  stationary  roof  curb.   Refer  to  Division 7  Section  "Roof 
Accessories" for curbs.

G. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and 
other accessories.

H. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.

I. 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.

J. Install lateral bracing with pipe hangers and supports to prevent swaying.

K. 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 (DN 65) 
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.

L. Load Distribution:  Install hangers and supports so piping live and dead loads and stresses from 
movement will not be transmitted to connected equipment.

M. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum 
pipe deflections allowed by ASME B31.1 (for power piping) and ASME B31.9 (for building 
services piping) are not exceeded.

N. Insulated Piping:  Comply with the following:

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 according to ASME B31.1 for power piping and 
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 (DN 100) 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.
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a. Option:   Thermal-hanger  shield  inserts  may  be  used.   Include  steel  weight-
distribution plate for pipe NPS 4 (DN 100) 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 (DN 8 to DN 90):  12 inches (305 mm) long and 0.048 inch 
(1.22 mm) thick.

b. NPS 4 (DN 100):  12 inches (305 mm) long and 0.06 inch (1.52 mm) thick.
c. NPS 5 and NPS 6 (DN 125 and DN 150):  18 inches (457 mm) long and 0.06 inch 

(1.52 mm) thick.
d. NPS 8 to NPS 14 (DN 200 to DN 350):  24 inches (610 mm) long and 0.075 inch 

(1.91 mm) thick.

5. Pipes NPS 8 (DN 200) and Larger:  Include wood inserts.
6. Insert Material:  Length at least as long as protective shield.
7. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.

3.3 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 smooth bearing surface.

C. Provide lateral bracing, to prevent swaying, for equipment supports.

3.4 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 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 contours 

of welded surfaces match adjacent contours.

3.5 ADJUSTING

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe.
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B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm).

3.6 PAINTING

A. Touch Up:  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 (0.05 
mm).

B. Touch Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas 
of shop paint on miscellaneous metal are specified in Division 9 painting Sections.

C. Galvanized  Surfaces:   Clean  welds,  bolted  connections,  and  abraded  areas  and  apply 
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 23 05 29
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SECTION 23 05 48 - MECHANICAL VIBRATION AND SEISMIC CONTROLS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Restrained spring isolators.
2. Spring hangers with vertical-limit stops. 
3. Spring hangers
4. Thrust limits.
5. Pipe riser resilient supports.
6. Resilient pipe guides.
7. Restrained vibration isolation roof-curb rails.

1.3 DEFINITIONS

A. Av:  Effective peak velocity related acceleration coefficient.

1.4 SUBMITTALS

A. Product Data:  Include load deflection curves for each vibration isolation device.

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Include the following:

1. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic 
restraints and for designing vibration isolation bases.

2. Riser Supports:  Include riser diagrams and calculations showing anticipated expansion 
and contraction at each support point, initial and final loads on building structure, spring 
deflection changes, and seismic loads.  Include certification that riser system has been 
examined for excessive stress and that none will exist.

3. Vibration  Isolation  Base  Details:   Detail  fabrication,  including  anchorages  and 
attachments to structure and to supported equipment.  Include auxiliary motor slides and 
rails, base weights, equipment static loads, power transmission, component misalignment, 
and cantilever loads.

C. Welding certificates.

1. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 
and describe mounting and anchorage provisions.
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2. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements.

1.5 QUALITY ASSURANCE

A. Welding:   Qualify  procedures  and  personnel  according  to  AWS D1.1,  "Structural  Welding 
Code--Steel."

1.6 COORDINATION

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into base

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In  other  Part 2  articles  where  subparagraph  titles  below  introduce  lists,  the  following 
requirements apply for product selection:

1. Available  Manufacturers:   Subject  to  compliance  with  requirements,  manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the manufacturers specified.

2.2 VIBRATION ISOLATORS

A. Available Manufacturers:

B. Manufacturers:

1. Mason Industries, Inc.
2. Vibration Eliminator Co., Inc.

C. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic restraint.

1. Housing:  Steel with resilient vertical-limit stops to prevent spring extension due to wind 
loads  or  if  weight  is  removed;  factory-drilled  baseplate  bonded  to  1/4-inch- thick, 
elastomeric  isolator  pad  attached  to  baseplate  underside;  and  adjustable  equipment 
mounting and leveling bolt that acts as blocking during installation.

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 the rated vertical stiffness.
5. Overload  Capacity:   Support  200  percent  of  rated  load,  fully  compressed,  without 

deformation or failure.
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D. Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with spring and insert 
in compression.

1. 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.

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 the rated vertical stiffness.
5. Overload  Capacity:   Support  200  percent  of  rated  load,  fully  compressed,  without 

deformation or failure.
6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced 

cup to support spring and bushing projecting through bottom of frame.

E. Spring  Hangers  with  Vertical-Limit  Stop:   Combination  coil-spring  and  elastomeric-insert 
hanger with spring and insert in compression and with a vertical-limit stop.

1. 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.

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 the rated vertical stiffness.
5. Overload  Capacity:   Support  200  percent  of  rated  load,  fully  compressed,  without 

deformation or failure.
6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.
7. Adjustable  Vertical  Stop:   Steel  washer  with  neoprene  washer  "up-stop"  on  lower 

threaded rod.

F. Pipe Riser Resilient Support:  All-directional, acoustical pipe anchor consisting of 2 steel tubes 
separated by a minimum of 1/2-inch- thick, 60-durometer neoprene.  Include steel and neoprene 
vertical-limit stops arranged to prevent vertical travel in both directions.  Design support for a 
maximum load on the isolation material of 500 psig  and for equal resistance in all directions.

G. Resilient Pipe Guides:  Telescopic arrangement of 2 steel tubes separated by a minimum of 1/2-
inch-  thick, 60-durometer neoprene.  Factory set guide height with a shear pin to allow vertical 
motion due to pipe expansion and contraction.  Shear pin shall be removable and reinsertable to 
allow for selection of pipe movement.  Guides shall  be capable of motion to meet location  
requirements.

2.3 RESTRAINED VIBRATION ISOLATION ROOF-CURB RAILS

A. Available Manufacturers:

B. Manufacturers:
1. Isolation Technology, Inc.
2. Kinetics Noise Control, Inc.
3. Mason Industries, Inc.
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4. Vibration Eliminator Co., Inc.

C. Description:  Factory-assembled, fully enclosed, insulated, air- and watertight curb rail designed 
to resiliently support equipment and to withstand 125-mph wind impinging laterally against side 
of equipment.

D. Lower Support Assembly:  Sheet-metal "Z" section containing adjustable and removable steel 
springs that support upper floating frame.  Upper frame shall provide continuous support for 
equipment and shall be captive to resiliently resist wind and seismic forces.  Lower support 
assembly shall have a means for attaching to building structure and a wood nailer for attaching 
roof materials, and shall be insulated with a minimum of 2 inches  of rigid, glass-fiber insulation 
on inside of assembly.

E. Spring Isolators:  Adjustable, restrained spring isolators shall be mounted on 1/4-inch-  thick, 
elastomeric  vibration isolation  pads  and shall  have  access  ports,  for  level  adjustment,  with 
removable waterproof covers at all isolator locations.  Isolators shall be located so they are 
accessible for adjustment at any time during the life of the installation without interfering with 
the integrity of the roof.

1. Restrained  Spring  Isolators:   Freestanding,  steel,  open-spring  isolators  with  seismic 
restraint.

a. Housing:   Steel  with  resilient  vertical-limit  stops  and  adjustable  equipment 
mounting and leveling bolt.

b. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 
spring at rated load.

c. Minimum Additional Travel:  50 percent of the required deflection at rated load.
d. Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
e. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure..

F. Water Seal:  Galvanized sheet metal with EPDM seals at corners, attached to upper support 
frame, extending down past wood nailer of lower support assembly, and counterflashed over 
roof materials.

2.4 FACTORY FINISHES

A. Finish:   Manufacturer's  standard  paint  applied  to  factory-assembled  and  -tested  equipment 
before shipping.

1. Powder coating on springs and housings.
2. All  hardware  shall  be  electrogalvanized.   Hot-dip  galvanize  metal  components  for 

exterior use.
3. Baked enamel for metal components on isolators for interior use.
4. Color-code or otherwise mark vibration isolation and seismic-control devices to indicate 

capacity range.

PART 3 - EXECUTION
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3.1 EXAMINATION

A. Examine areas and equipment  to receive vibration isolation and seismic-control  devices for 
compliance  with  requirements,  installation  tolerances,  and  other  conditions  affecting 
performance.

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 EQUIPMENT BASES

A. Concrete  Bases:   Anchor  equipment  to  concrete  base  according  to  supported  equipment 
manufacturer's written instructions for seismic codes at Project site.

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch centers around the full perimeter of the base.

2. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base and anchor into structural concrete floor.

3. Place  and  secure  anchorage  devices.   Use  Setting  Drawings,  templates,  diagrams, 
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported equipment.
5. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

3.3 ADJUSTING

A. Adjust isolators after piping systems have been filled and equipment is at operating weight.

B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height. 
After equipment installation is complete, adjust limit stops so they are out of contact during 
normal operation.

C. Attach thrust  limits at  centerline of thrust  and adjust  to a maximum of  1/4-inch movement 
during start and stop.

D. Adjust active height of spring isolators.

E. Torque anchor bolts according to equipment manufacturer's written recommendations to resist 
seismic forces.

3.4 CLEANING

A. After completing equipment installation, inspect vibration isolation and seismic-control devices. 
Remove paint splatters and other spots, dirt, and debris.

END OF SECTION 23 05 48
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SECTION 23 05 53 - MECHANICAL IDENTIFICATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following mechanical identification materials and their installation:

1. Equipment nameplates.
2. Equipment markers.
3. Equipment signs.
4. Access panel and door markers.
5. Pipe markers.
6. Duct markers.
7. Valve tags.
8. Valve schedules.

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Samples:   For  color,  letter  style,  and graphic representation required for each identification 
material and device.

C. Valve numbering scheme.

D. Valve Schedules:  For each piping system.  Furnish extra copies (in addition to mounted copies) 
to include in maintenance manuals.

1.4 QUALITY ASSURANCE

A. ASME Compliance:   Comply  with  ASME A13.1,  "Scheme for  the  Identification  of  Piping 
Systems,"  for  letter  size,  length  of  color  field,  colors,  and viewing angles  of  identification 
devices for piping.

1.5 COORDINATION

A. Coordinate  installation  of  identifying  devices  with  completion  of  covering  and  painting  of 
surfaces where devices are to be applied.
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B. Coordinate installation of identifying devices with location of access panels and doors.

C. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT IDENTIFICATION DEVICES

A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on 
equipment.

1. Data:

a. Manufacturer, product name, model number, and serial number.
b. Capacity, operating and power characteristics, and essential data.
c. Labels of tested compliances.

2. Location:  Accessible and visible.
3. Fasteners:  As required to mount on equipment.

B. Equipment Markers:  Engraved, color-coded laminated plastic.  Include contact-type, permanent 
adhesive.

1. Terminology:  Match schedules as closely as possible.
2. Data:

a. Name and plan number.
b. Equipment service.
c. Design capacity.
d. Other design parameters such as pressure drop, entering and leaving conditions, 

and speed.

3. Size:  2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 
by 6 inches (115 by 150 mm) for equipment.

C. Equipment  Signs:   ASTM D 709,  Type I,  cellulose,  paper-base,  phenolic-resin-laminate 
engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine subcore, 
unless  otherwise  indicated.   Fabricate  in  sizes  required  for  message.   Provide  holes  for 
mechanical fastening.

1. Data:  Instructions for operation of equipment and for safety procedures.
2. Engraving:   Manufacturer's  standard  letter  style,  of  sizes  and  with  terms  to  match 

equipment identification.
3. Thickness:  1/8 inch (3.2 mm), unless otherwise indicated.
4. Fasteners:  Self-tapping, stainless steel screws or contact-type, permanent adhesive.

D. Access Panel and Door Markers:  1/16-inch- (1.6-mm-) thick, engraved laminated plastic, with 
abbreviated terms and numbers  corresponding to  identification.   Provide  1/8-inch (3.2-mm) 
center hole for attachment.
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1. Fasteners:  Self-tapping, stainless steel screws or contact-type, permanent adhesive.

2.2 PIPING IDENTIFICATION DEVICES

A. Manufactured Pipe Markers, General:  Preprinted, color-coded, with lettering indicating service, 
and showing direction of flow.

1. Colors:  Comply with ASME A13.1, unless otherwise indicated.
2. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each 

application length.
3. Pipes with OD, Including Insulation,  Less Than  6 Inches (150 mm):  Full-band pipe 

markers extending 360 degrees around pipe at each location.
4. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Either full-band or 

strip-type pipe markers at least three times letter height and of length required for label.
5. Arrows:  Integral with piping system service lettering to accommodate both directions; or 

as separate unit on each pipe marker to indicate direction of flow.

B. Pre-tensioned Pipe Markers:  Pre-coiled semi-rigid plastic formed to cover full circumference of 
pipe and to attach to pipe without adhesive.

C. Shaped Pipe Markers:  Preformed semi-rigid plastic formed to partially cover circumference of 
pipe and to  attach to  pipe with mechanical  fasteners  that  do not  penetrate  insulation vapor 
barrier.

D. Self-Adhesive  Pipe  Markers:   Plastic  with  pressure-sensitive,  permanent-type,  self-adhesive 
back.

E. Plastic Tape:  Continuously printed, vinyl tape at least  3 mils (0.08 mm) thick with pressure-
sensitive, permanent-type, self-adhesive back.

1. Width for Markers on Pipes with OD, Including Insulation, Less Than  6 Inches (150 
mm):  3/4 inch (19 mm) minimum.

2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches (150 mm) or Larger: 
1-1/2 inches (38 mm) minimum.

2.3 DUCT IDENTIFICATION DEVICES

A. Duct Markers:   Engraved,  color-coded laminated plastic.   Include direction and quantity of 
airflow and duct service (such as supply, return, and exhaust).  Include contact-type, permanent 
adhesive.

2.4 VALVE TAGS

A. Valve  Tags:   Stamped  or  engraved  with  1/4-inch (6.4-mm) letters  for  piping  system 
abbreviation and  1/2-inch (13-mm) numbers, with numbering scheme based on and matching 
existing facility standards.  Provide 5/32-inch (4-mm) hole for fastener.

1. Material:  0.032-inch- (0.8-mm-) thick brass.
2. Valve-Tag Fasteners:  Brass S-hook.
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2.5 VALVE SCHEDULES

A. Valve  Schedules:   For  each  piping  system,  on  standard-size  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-Schedule  Frames:   Glazed  display  frame for  removable  mounting  on  masonry 
walls for each page of valve schedule.  Include mounting screws.

2. Frame:  Finished hardwood or Extruded aluminum.
3. Glazing:  ASTM C 1036, Type I, Class 1, Glazing Quality B, 2.5-mm, single-thickness 

glass.

PART 3 - EXECUTION

3.1 APPLICATIONS, GENERAL

A. Products specified are for applications referenced in other Division 15 Sections.  If more than 
single-type material, device, or label is specified for listed applications, selection is Installer's 
option.

3.2 EQUIPMENT IDENTIFICATION

A. Install  and  permanently  fasten  equipment  nameplates  on  each  major  item  of  mechanical 
equipment that does not have nameplate or has nameplate that is damaged or located where not 
easily visible.  Locate nameplates where accessible and visible.  Include nameplates for the 
following general categories of equipment:

1. Boilers, including electric boilers and packaged humidifiers.
2. Pumps, compressors, chillers, condensers, and similar motor-driven units.
3. Heat exchangers, coils, reheat coils evaporators, cooling towers, heat recovery units, and 

similar equipment.
4. Fans, blowers, primary balancing dampers, and mixing boxes.
5. Packaged HVAC central-station and zone-type units.
6. Other  equipment,  including  variable  speed  motor  drives,  packaged  water  softening 

systems, and all other project system equipment.

B. Install equipment markers with permanent adhesive on or near each major item of mechanical  
equipment.  Data required for markers may be included on signs, and markers may be omitted if  
both are indicated.

1. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less 
than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 
mm),  and  proportionately  larger  lettering  for  greater  viewing  distances.   Include 
secondary lettering two-thirds to three-fourths the size of principal lettering.

2. Data:   Distinguish  among  multiple  units,  indicate  operational  requirements,  indicate 
safety and emergency precautions, warn of hazards and improper operations, and identify 
units.
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3. Locate markers where accessible and visible.  Include markers for the following general 
categories of equipment:

a. Main control and operating valves, including safety devices and hazardous units 
such as gas outlets.

b. Fire department shut-off valves, hose valves and hose stations.
c. Meters, gages, thermometers, and similar units.
d. Boilers, including boilers, and packaged humidifiers.
e. Pumps, compressors, chillers, condensers, and similar motor-driven units.
f. Heat  exchangers,  reheat  coils,  coils,  evaporators,  cooling towers,  heat  recovery 

units, and similar equipment.
g. Fans, blowers, primary balancing dampers, and mixing boxes.
h. Packaged HVAC central-station and zone-type units.
i. Tanks and pressure vessels.
j. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.

C. Install  equipment  signs  with  screws or  permanent  adhesive  on or  near  each major  item of 
mechanical equipment.  Locate signs where accessible and visible.

1. Identify mechanical  equipment  with  equipment  markers  in  the  facility  color  standard 
currently in place.  Where there is no applicable existing standards, the following colors  
shall be used:

a. Green:  For cooling equipment and components.
b. Yellow:  For heating equipment and components.
c. Green  and  Yellow:   For  combination  cooling  and  heating  equipment  and 

components.

2. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less 
than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 
mm),  and  proportionately  larger  lettering  for  greater  viewing  distances.   Include 
secondary lettering two-thirds to three-fourths the size of principal lettering.

3. Data:   Distinguish  among  multiple  units,  indicate  operational  requirements,  indicate 
safety and emergency precautions, warn of hazards and improper operations, and identify 
units.

4. Include signs for the following general categories of equipment:

a. Main control and operating valves, including safety devices and hazardous units 
such as relief valve outlets.

b. Boilers, including boilers, and packaged humidifiers.
c. Pumps, compressors, chillers, condensers, and similar motor-driven units.
d. Heat  exchangers,  reheat  coils,  coils,  evaporators,  cooling towers,  heat  recovery 

units, and similar equipment.
e. Fans, blowers, primary balancing dampers, and mixing boxes.
f. HVAC central-station and zone-type units.
g. DOAS air handling systems
h. Tanks and pressure vessels.
i. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.

D. Install access panel markers with screws on equipment access panels.
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3.3 PIPING IDENTIFICATION

A. Install manufactured pipe markers indicating service on each piping system.  Install with flow 
indication arrows showing direction of flow.

1. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm):  Pre-tensioned pipe 
markers.  Use size to ensure a tight fit.

2. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Self-adhesive pipe 
markers.  Use color-coded, self-adhesive plastic tape, at least 1-1/2 inches (38 mm) wide, 
lapped  at  least  3  inches (75  mm) at  both  ends  of  pipe  marker,  and  covering  full 
circumference of pipe.

B. Locate  pipe markers  and color  bands where piping is  exposed in  finished spaces;  machine 
rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior non-
concealed 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 through walls, floors, ceilings, and non-accessible 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 (15 m) along each run.  Reduce intervals to 25 

feet (7.6 m) in areas of congested piping and equipment.
7. On piping above removable acoustical ceilings.  Omit intermediately spaced markers.

3.4 DUCT IDENTIFICATION

A. Install duct markers with permanent adhesive on air ducts in the following color codes:

1. Green:  For cold-air supply ducts.
2. Yellow:  For hot-air supply ducts.
3. Blue:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust.
5. Letter Size:  Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less 

than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 
mm),  and  proportionately  larger  lettering  for  greater  viewing  distances.   Include 
secondary lettering two-thirds to three-fourths the size of principal lettering.

B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals 
of  25 feet (7.5 m) in each space where ducts are exposed or concealed by removable ceiling 
system.
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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;  plumbing  fixture  supply  stops;  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:

1. Valve-Tag Size and Shape:

a. Cold Water:  1-1/2 inches (38 mm) round.
b. Hot Water:  1-1/2 inches (38 mm) round.
c. Fire Protection:  1-1/2 inches (38 mm) round.
d. Steam:  1-1/2 inches (38 mm) round.

2. Valve-Tag Color:

a. Cold Water:  Natural.
b. Hot Water:  Natural.
c. Fire Protection:  Natural.
d. Steam:  Natural.

3.6 VALVE-SCHEDULE INSTALLATION

A. Mount valve schedule on wall in accessible location in each major equipment room.

3.7 WARNING-TAG INSTALLATION

A. Write  required  message  on,  and  attach  warning  tags  to,  equipment  and  other  items  where 
required.

3.8 ADJUSTING

A. Relocate mechanical identification materials and devices that have become visually blocked by 
other work.

3.9 CLEANING

A. Clean faces of mechanical identification devices and glass frames of valve schedules.

END OF SECTION 23 05 53
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This  Section  includes  testing,  adjusting,  and  balancing  HVAC  systems  to  produce  design 
objectives, including the following:

1. Balancing  airflow  and  water  flow  within  distribution  systems,  including  submains, 
branches, and terminals, to indicated quantities according to specified tolerances.

2. Adjusting total HVAC systems to provide indicated quantities.
3. Measuring electrical performance of HVAC equipment.
4. Setting quantitative performance of HVAC equipment.
5. Verifying that automatic control devices are functioning properly.
6. Measuring sound and vibration.
7. Reporting results of the activities and procedures specified in this Section.

B. Related Sections include the following:

1. Testing  and  adjusting  requirements  unique  to  particular  systems  and  equipment  are 
included in the Sections that specify those systems and equipment.

2. Field quality-control testing to verify that workmanship quality for system and equipment 
installation is specified in system and equipment Sections.

1.3 DEFINITIONS

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce  
fan speed or adjust a damper.

B. Balance:  To proportion flows within the distribution system, including submains, branches, and 
terminals, according to design quantities.

C. Draft:  A current of air, when referring to localized effect caused by one or more factors of high 
air velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn 
from a person's skin than is normally dissipated.

D. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable  
results.

E. Report Forms:  Test data sheets for recording test data in logical order.
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F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a  
closed system, static head is equal on both sides of the pump.

G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side.

H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system.

I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of a 
fan  when  installed  under  conditions  different  from  those  presented  when  the  fan  was 
performance tested.

J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the 
distribution system.

K. Test:  A procedure to determine quantitative performance of a system or equipment.

L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and reporting 
the testing, adjusting, and balancing procedures.

M. AABC:  Associated Air Balance Council.

N. AMCA:  Air Movement and Control Association.

O. CTI:  Cooling Tower Institute.

P. NEBB:  National Environmental Balancing Bureau.

Q. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association.

1.4 SUBMITTALS

A. Quality-Assurance Submittals:  Within 30 days from the Contractor's Notice to Proceed, submit 
2 copies of evidence that the testing, adjusting, and balancing Agent and this Project's testing, 
adjusting,  and  balancing  team  members  meet  the  qualifications  specified  in  the  "Quality 
Assurance" Article below.

B. Contract  Documents  Examination Report:   Within  45 days from the Contractor's  Notice  to 
Proceed, submit 2 copies of the Contract Documents review report as specified in Part  3 of this 
Section.

C. Strategies  and  Procedures  Plan:   Within  60  days  from the  Contractor's  Notice  to  Proceed, 
submit 2 copies of the testing, adjusting, and balancing strategies and step-by-step procedures as 
specified in Part 3 "Preparation" Article below.  Include a complete set of report forms intended 
for use on this Project.

D. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as  
specified in this Section, on approved forms certified by the testing, adjusting, and balancing 
Agent.

E. Sample Report Forms:  Submit 2 sets of sample testing, adjusting, and balancing report forms.
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F. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below.

1.5 QUALITY ASSURANCE

A. Agent  Qualifications:   Engage  a  testing,  adjusting,  and  balancing  agent  certified  by  either 
AABC or NEBB.

B. Testing,  Adjusting,  and Balancing Conference:   Meet  with the  Owner's  and the  Architect's  
representatives on approval of the testing, adjusting, and balancing strategies and procedures 
plan to  develop a mutual  understanding of  the  details.   Ensure  the  participation of  testing,  
adjusting,  and  balancing  team  members,  equipment  manufacturers'  authorized  service 
representatives, HVAC controls Installer, and other support personnel.  Provide 7 days' advance 
notice of scheduled meeting time and location.

1. Agenda Items:  Include at least the following:

a. Submittal distribution requirements.
b. Contract Documents examination report.
c. Testing, adjusting, and balancing plan.
d. Work schedule and Project site access requirements.
e. Coordination and cooperation of trades and subcontractors.
f. Coordination of documentation and communication flow.

C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and 
balancing field data reports.  This certification includes the following:

1. Review field data reports to validate accuracy of data and to prepare certified testing, 
adjusting, and balancing reports.

2. Certify  that  the  testing,  adjusting,  and  balancing  team  complied  with  the  approved 
testing, adjusting, and balancing plan and the procedures specified and referenced in this 
Specification.

D. Testing,  Adjusting,  and  Balancing  Reports:   Use  standard  forms  from  AABC's  "National 
Standards for Testing, Adjusting, and Balancing."or from NEBB's "Procedural Standards for 
Testing, Adjusting, and Balancing of Environmental Systems."

E. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards 
for  Testing,  Adjusting,  and  Balancing  of  Environmental  Systems,"  Section II,  "Required 
Instrumentation for NEBB Certification."

F. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if 
required by the instrument manufacturer.

1.6 PROJECT CONDITIONS

A. Full Owner Occupancy:  The Owner will occupy the site and existing building during the entire 
testing, adjusting, and balancing period.  Cooperate with the Owner during testing, adjusting, 
and balancing operations to minimize conflicts with the Owner's operations.
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1.7 COORDINATION

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, 
HVAC controls installers, and other mechanics to operate HVAC systems and equipment to 
support and assist testing, adjusting, and balancing activities.

B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times.

C. Perform testing,  adjusting,  and  balancing after  leakage and pressure  tests  on air  and water 
distribution systems have been satisfactorily completed.

1.8 WARRANTY

A. General Warranty:  The national project performance guarantee specified in this Article shall 
not  deprive  the  Owner  of  other  rights  the  Owner  may  have  under  other  provisions  of  the 
Contract Documents and shall be in addition to, and run concurrent with, other warranties made 
by the Contractor under requirements of the Contract Documents.

B. Special  Guarantee:   Provide  a  guarantee  on  NEBB forms stating that  NEBB will  assist  in 
completing the requirements of the Contract Documents if the testing, adjusting, and balancing 
Agent  fails  to  comply  with  the  Contract  Documents.   Guarantee  includes  the  following 
provisions:

1. The  certified  Agent  has  tested  and  balanced  systems  according  to  the  Contract 
Documents.

2. Systems are balanced to optimum performance capabilities within design and installation 
limits.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine Contract Documents to become familiar with project requirements and to discover 
conditions in systems' designs that may preclude proper testing, adjusting, and balancing of 
systems and equipment.

1. Contract Documents are defined in the General and Supplementary Conditions of the 
Contract.

2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-
control devices, balancing valves and fittings, and manual volume dampers, are required 
by  the  Contract  Documents.   Verify  that  quantities  and  locations  of  these  balancing 
devices are accessible and appropriate for effective balancing and for efficient system and 
equipment operation.

B. Examine approved submittal data of HVAC systems and equipment.
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C. Examine  project  record  documents  described  in  Division 1  Section  "Project  Record 
Documents."

D. Examine  Architect's  and  Engineer's  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.  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.  Calculate 
system effect factors to reduce the performance ratings of HVAC equipment when installed 
under conditions different from those presented when the equipment was performance tested at 
the  factory.   To  calculate  system  effects  for  air  systems,  use  tables  and  charts  found  in  
AMCA 201, "Fans and Systems," Sections 7 through 10; or in SMACNA's "HVAC Systems--
Duct  Design,"  Sections 5  and  6.   Compare  this  data  with  the  design  data  and  installed 
conditions.

F. Examine system and equipment installations to verify that they are complete and that testing,  
cleaning, adjusting, and commissioning specified in individual Specification Sections have been 
performed.

G. Examine system and equipment test reports.

H. Examine HVAC system and equipment installations to verify that indicated balancing devices,  
such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and 
fittings, and manual volume dampers, are properly installed, and their locations are accessible 
and appropriate for effective balancing and for efficient system and equipment operation.

I. Examine  systems  for  functional  deficiencies  that  cannot  be  corrected  by  adjusting  and 
balancing.

J. Examine  air-handling  equipment  to  ensure  clean  filters  have  been  installed,  bearings  are 
greased,  belts  are  aligned  and  tight,  and  equipment  with  functioning  controls  is  ready  for 
operation.

K. Examine plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that  
pipe penetrations and other holes are sealed.

L. Examine strainers for clean screens and proper perforations.

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.

N. Examine open-piping-system pumps to ensure absence of entrained air in the suction piping.

O. Examine equipment for installation and for properly operating safety interlocks and controls.

P. Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices operate by the intended controller.
2. Dampers and valves are in the position indicated by the controller.
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3. Integrity of valves and dampers for free and full  operation and for tightness of fully 
closed and fully open positions

4. Automatic  modulating  and  shutoff  valves,  including  2-way  valves  are  properly 
connected.

5. Temperature and humidity sensors are located to avoid adverse effects of sunlight, drafts, 
and cold walls.

6. Sensors are located to sense only the intended conditions.
7. Sequence of operation for control modes is according to the Contract Documents.
8. Controller set points are set at design values.  Observe and record system reactions to 

changes in conditions.  Record default set points if different from design values.
9. Interlocked systems are operating.
10. Changeover from heating to cooling mode occurs according to design values.

Q. Report  deficiencies  discovered  before  and  during  performance  of  testing,  adjusting,  and 
balancing procedures.

3.2 PREPARATION

A. Prepare  a  testing,  adjusting,  and  balancing  plan  that  includes  strategies  and  step-by-step 
procedures.

B. Complete system readiness checks and prepare system readiness reports.  Verify the following:

1. Permanent electrical power wiring is complete.
2. Hydronic systems are filled, clean, and free of air.
3. Automatic temperature-control systems are operational.
4. Equipment and duct access doors are securely closed.
5. Balance, smoke, and fire dampers are open.
6. Isolating and balancing valves are open and control valves are operational.
7. Ceilings  are  installed  in  critical  areas  where  air-pattern  adjustments  are  required and 

access to balancing devices is provided.
8. Windows and doors can be closed so design conditions for system operations can be met.

3.3 GENERAL TESTING AND BALANCING PROCEDURES

A. Perform testing and balancing procedures on each system according to the procedures contained 
in AABC national standards and this Section, or Perform testing and balancing procedures on 
each  system  according  to  the  procedures  contained  in  NEBB's  "Procedural  Standards  for 
Testing, Adjusting, and Balancing of Environmental Systems" and this Section.

B. Cut  insulation,  ducts,  pipes,  and  equipment  cabinets  for  installation  of  test  probes  to  the 
minimum extent necessary to allow adequate performance of procedures.  After testing and 
balancing, close probe holes and patch insulation with new materials identical to those removed. 
Restore vapor barrier and finish according to the insulation Specifications for this Project.

C. Mark  equipment  settings  with  paint  or  other  suitable,  permanent  identification  material,  
including  damper-control  positions,  valve  indicators,  fan-speed-control  levers,  and  similar 
controls and devices, to show final settings.
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3.4 FUNDAMENTAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports with pertinent design data and number in sequence starting at pump to end 
of system.  Check the sum of branch-circuit flows against approved pump flow rate.  Correct  
variations that exceed plus or minus 5 percent.

B. Prepare schematic diagrams of systems' "as-built" piping layouts.

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 
general preparation procedures specified above:

1. Open all manual valves for maximum flow.
2. Check expansion tank liquid level.
3. Check makeup-water-station pressure gage for adequate pressure for highest vent.
4. Check flow-control valves for specified sequence of operation and set at design flow.
5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type, unless several terminal 
valves are kept open.

6. Set system controls so automatic valves are wide open to heat exchangers.
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded.
8. Check air vents for a forceful liquid flow exiting from vents when manually operated.

3.5 HYDRONIC SYSTEMS' BALANCING PROCEDURES

A. Determine  water  flow  at  pumps.   Use  the  following  procedures,  except  for  positive-
displacement pumps:

1. Verify impeller size by operating the pump with the discharge valve closed.  Verify with 
the pump manufacturer that this will not damage pump.  Read pressure differential across 
the pump.  Convert pressure to head and correct for differences in gage heights.  Note the 
point on the manufacturer's pump curve at zero flow and confirm that the pump has the 
intended impeller size.

2. Check system resistance.   With  all  valves  open,  read pressure  differential  across  the 
pump and mark the pump manufacturer's head-capacity curve.  Adjust pump discharge 
valve until design water flow is achieved.

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 
system based on the pump manufacturer's performance data.  Compare calculated brake 
horsepower with nameplate data on the pump motor.  Report conditions where actual 
amperage exceeds motor nameplate amperage.

4. Report flow rates that are not within plus or minus 5 percent of design.

B. Set calibrated balancing valves, if installed, at calculated presettings.

C. Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 
relationship may be used as a flow-indicating device.
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D. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 
percent greater than design flow.

E. Adjust balancing stations to within specified tolerances of design flow rate as follows:

1. Determine the balancing station with the highest percentage over design flow.
2. Adjust each station in turn, beginning with the station with the highest percentage over  

design flow and proceeding to the station with the lowest percentage over design flow.
3. Record settings and mark balancing devices.

F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 
heads, and systems' pressures and temperatures, including outdoor-air temperature.

G. Measure the differential-pressure control valve settings existing at the conclusions of balancing.

3.6 VARIABLE-FLOW HYDRONIC SYSTEMS' ADDITIONAL PROCEDURES

A. Balance systems with automatic 2-control valves by setting systems at maximum flow through 
heat-exchange terminals and proceed as specified above for hydronic systems.

3.7 MOTORS

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:

1. Manufacturer, model, and serial numbers.
2. Motor horsepower rating.
3. Motor rpm.
4. Efficiency rating if high-efficiency motor.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter thermal-protection-element rating.

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from  minimum  to  maximum.   Test  the  manual  bypass  for  the  controller  to  prove  proper 
operation.  Record observations, including controller manufacturer, model and serial numbers, 
and nameplate data.

3.8 BOILERS & ENGINE HEAT RECOVERY MODULES

A. Measure entering- and leaving-water temperatures and water flow.

3.9 PROCEDURES FOR HEAT EXCHANGERS

A. Measure water flow through all circuits.

B. Adjust water flow to within specified tolerances.

C. Measure inlet and outlet water temperatures.
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D. Record settings.

3.10 TEMPERATURE TESTING

A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation 
within the automatic temperature-control system.

3.11 TEMPERATURE-CONTROL VERIFICATION

A. Verify that controllers are calibrated and commissioned.

B. Check  transmitter  and  controller  locations  and  note  conditions  that  would  adversely  affect 
control functions.

C. Record controller settings and note variances between set points and actual measurements.

D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers).

E. Verify free travel and proper operation of control devices such as damper and valve operators.

F. Verify sequence of  operation of  control  devices.   Note  device positions  and correlate  with 
airflow and water-flow measurements.  Note the speed of response to input changes.

G. Confirm interaction of electrically operated switch transducers.

H. Confirm interaction of interlock and lockout systems.

I. Record voltages of power supply and controller output.  Determine if the system operates on a 
grounded or non-grounded power supply.

J. Note operation of electric actuators using spring return for proper fail-safe operations.

3.12 TOLERANCES

A. Set HVAC system airflow and water flow rates within the following tolerances:
1. Heating-Water Flow Rate:  0 to minus 10 percent.

3.13 FINAL REPORT

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-
ring binder, tabulated and divided into sections by tested and balanced systems.

B. Include a certification sheet in front of binder signed and sealed by the certified testing and 
balancing engineer.

1. Include a list of the instruments used for procedures, along with proof of calibration.

C. Final Report Contents:  In addition to the certified field report data, include the following:
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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, but do not include approved Shop 

Drawings and Product Data.

D. General Report Data:  In addition to the form titles and entries, include the following data in the 
final report, as applicable:

1. Title page.
2. Name and address of testing, adjusting, and balancing Agent.
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 testing, adjusting, and balancing Agent who certifies the report.
10. Summary of contents, including the following:

a. Design versus final performance.
b. Notable characteristics of systems.
c. Description  of  system  operation  sequence  if  it  varies  from  the  Contract 

Documents.

11. Nomenclature sheets for each item of equipment.
12. Data for terminal units, including manufacturer, type size, and fittings.
13. Notes to explain why certain final data in the body of reports vary from design values.
14. Test conditions for pump performance forms

E. System Diagrams:  Include schematic layouts of hydronic distribution systems.  Present with 
single-line diagrams and include the following:
1. Water flow rates.
2. Pipe and valve sizes and locations.
3. Balancing stations.

F. Boiler Test Reports:  For boilers, include the following:

1. Unit Data:  Include the following:

a. Unit identification.
b. Location.
c. Service.
d. Make and type.
e. Model and serial numbers.
f. Voltage at each connection.
g. Amperage for each phase.

2. Test Data:  Include design and actual values for the following:
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a. Operating pressure in psig.
b. Operating temperature in deg F.
c. Entering-water temperature in deg F.
d. Leaving-water temperature in deg F.
e. Number of safety valves and sizes in NPS.
f. Safety valve settings in psig.
g. High-limit setting in psig.
h. Operating-control setting.
i. High-fire set point.
j. Low-fire set point.
k. Voltage at each connection.
l. Amperage for each phase.
m. Draft fan voltage at each connection.
n. Draft fan amperage for each phase.
o. Manifold pressure in psig.

G. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and 
include the following:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.
d. Make and size.
e. Model number and serial number.
f. Water flow rate in gpm (L/s).
g. Water pressure differential in feet of head or psig (kPa).
h. Required net positive suction head in feet of head or psig (kPa).
i. Pump rpm.
j. Impeller diameter in inches (mm).
k. Motor make and frame size.
l. Motor horsepower and rpm.
m. Voltage at each connection.
n. Amperage for each phase.
o. Full-load amperage and service factor.
p. Seal type.

2. Test Data (Indicated and Actual Values):

a. Static head in feet of head or psig (kPa).
b. Pump shutoff pressure in feet of head or psig (kPa).
c. Actual impeller size in inches (mm).
d. Full-open flow rate in gpm (L/s).
e. Full-open pressure in feet of head or psig (kPa).
f. Final discharge pressure in feet of head or psig (kPa).
g. Final suction pressure in feet of head or psig (kPa).
h. Final total pressure in feet of head or psig (kPa).
i. Final water flow rate in gpm (L/s).
j. Voltage at each connection.
k. Amperage for each phase.
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H. 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 ADDITIONAL TESTS

A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and 
balancing to verify that balanced conditions are being maintained throughout and to correct 
unusual conditions.

B. Seasonal Periods:  If initial testing, adjusting, and balancing procedures were not performed 
during near-peak summer and winter conditions, perform additional inspections, testing, and 
adjusting during near-peak summer and winter conditions.

END OF SECTION 23 05 93
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SECTION 23 07 19 - PIPE INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes preformed, rigid and flexible pipe insulation; insulating cements; field-
applied jackets; accessories and attachments; and sealing compounds.

B. Related Sections include the following:

1. Division 7  Section  "Firestopping"  for  firestopping  materials  and  requirements  for 
penetrations through fire and smoke barriers.

2. Division 23 Section "Hangers and Supports" for pipe insulation shields and protection 
saddles.

1.3 SUBMITTALS

A. Product  Data:   Identify thermal  conductivity,  thickness,  and jackets  (both  factory and field 
applied, if any), for each type of product indicated.

B. Shop Drawings:  Show fabrication and installation details for the following:

1. Application of protective shields, saddles, and inserts at pipe hangers for each type of 
insulation and hanger.

2. Attachment and covering of heat trace inside insulation.
3. Insulation application at pipe expansion joints for each type of insulation.
4. Insulation application at elbows, fittings, flanges, valves, and specialties for each type of 

insulation.
5. Removable insulation at piping specialties and equipment connections.
6. Application of field-applied jackets.

C. Samples:  For each type of insulation and jacket.  Identify each Sample, describing product and 
intended use.  Submit Samples in the following sizes:

1. Preformed Pipe Insulation Materials:  12 inches (300 mm) long by NPS 2 (DN50).
2. Sheet Form Insulation Materials:  12 inches (300 mm) square.
3. Jacket Materials:  12 inches (300 mm) long by NPS 2 (DN50).
4. Manufacturer's Color Charts:  Show the full range of colors available for each type of 

field-applied finish material indicated.
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D. 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.

E. Installer  Certificates:   Signed  by  the  Contractor  certifying  that  installers  comply  with 
requirements.

1.4 QUALITY ASSURANCE

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the U.S. Department of Labor, Bureau of 
Apprenticeship and Training.

B. Fire-Test-Response  Characteristics:   As  determined  by  testing  materials  identical  to  those 
specified  in  this  Section  according  to  ASTM E 84,  by  a  testing  and  inspecting  agency 
acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and 
sealer  and  cement  material  containers  with  appropriate  markings  of  applicable  testing  and 
inspecting agency.

1. Insulation Installed Indoors:  Flame-spread rating of 25 or less, and smoke-developed 
rating of 50 or less.

2. Insulation Installed Outdoors:  Flame-spread rating of 75 or less, and smoke-developed 
rating of 150 or less.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Packaging:  Ship insulation materials in containers marked by manufacturer with appropriate 
ASTM specification designation, type and grade, and maximum use temperature.

1.6 COORDINATION

A. Coordinate  size  and  location  of  supports,  hangers,  and  insulation  shields  specified  in 
Division 15 Section "Hangers and Supports."

B. Coordinate clearance requirements with piping Installer for insulation application.

C. Coordinate installation and testing of steam or electric heat tracing.

1.7 SCHEDULING

A. Schedule insulation application after testing piping systems and, where required, after installing 
and testing heat-trace tape.  Insulation application may begin on segments of piping that have 
satisfactory test results.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Mineral-Fiber Insulation:

a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
c. Owens-Corning Fiberglas Corp.
d. Schuller International, Inc.

2. Cellular-Glass Insulation:

a. Pittsburgh-Corning Corp.

3. Flexible Elastomeric Thermal Insulation:

a. Armstrong World Industries, Inc.
b. Rubatex Corp.

2.2 INSULATION MATERIALS

A. Mineral-Fiber Insulation:  Glass fibers bonded with a thermosetting resin complying with the 
following:

1. Preformed Pipe Insulation:  Comply with ASTM C 547, Type 1, with factory-applied, all-
purpose, vapor-retarder jacket.

2. Blanket Insulation:  Comply with ASTM C 553, Type II, without facing.
3. Fire-Resistant  Adhesive:   Comply  with  MIL-A-3316C  in  the  following  classes  and 

grades:

a. Class 1, Grade A for bonding glass cloth and tape to unfaced glass-fiber insulation, 
for sealing edges of glass-fiber insulation, and for bonding lagging cloth to unfaced 
glass-fiber insulation.

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces.

4. Vapor-Retarder  Mastics:   Fire-  and  water-resistant,  vapor-retarder  mastic  for  indoor 
applications.  Comply with MIL-C-19565C, Type II.

5. Mineral-Fiber Insulating Cements:  Comply with ASTM C 195.
6. Mineral-Fiber,  Hydraulic-Setting  Insulating  and  Finishing  Cement:   Comply  with 

ASTM C 449/C 449M.

B. Cellular-Glass Insulation:  Inorganic, foamed or cellulated glass, annealed, rigid, hermetically 
sealed cells, incombustible.

1. Preformed Pipe Insulation, without Jacket:  Comply with ASTM C 552, Type II, Class 1.
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2. Preformed Pipe Insulation, with Jacket:  Comply with ASTM C 552, Type II, Class 2.

C. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials. 
Comply with ASTM C 534, Type I for tubular materials and Type II for sheet materials.

1. Adhesive:  As recommended by insulation material manufacturer.
2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer.

D. Prefabricated Thermal Insulating Fitting Covers:  Comply with ASTM C 450 for dimensions 
used in preforming insulation to cover valves, elbows, tees, and flanges.

2.3 FIELD-APPLIED JACKETS

A. General:  ASTM C 921, Type 1, unless otherwise indicated.

B. Foil  and  Paper  Jacket:   Laminated,  glass-fiber-reinforced,  flame-retardant  kraft  paper  and 
aluminum foil.

C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils (0.5 mm) thick; roll stock ready 
for shop or field cutting and forming.

1. Adhesive:  As recommended by insulation material manufacturer.
2. PVC Jacket Color:  White

D. Heavy PVC Fitting Covers:  Factory-fabricated fitting covers manufactured from 30-mil- (0.75-
mm-) thick, high-impact, ultraviolet-resistant PVC.

1. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, 
end  caps,  soil-pipe  hubs,  traps,  mechanical  joints,  and  P-trap  and  supply  covers  for 
lavatories for the disabled.

2. Adhesive:  As recommended by insulation material manufacturer.

E. Standard PVC Fitting Covers:   Factory-fabricated fitting covers manufactured from  20-mil- 
(0.5-mm-) thick, high-impact, ultraviolet-resistant PVC.

1. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, 
end  caps,  soil-pipe  hubs,  traps,  mechanical  joints,  and  P-trap  and  supply  covers  for 
lavatories for the disabled.

2. Adhesive:  As recommended by insulation material manufacturer.

F. Aluminum Jacket:   Factory  cut  and  rolled  to  indicated  sizes.   Comply  with  ASTM B 209 
(ASTM B 209M), 3003 alloy, H-14 temper.

1. Finish and Thickness:  Stucco-embossed finish, 0.016 inch (0.40 mm) thick.
2. Moisture Barrier:  1-mil- (0.025-mm-) thick, heat-bonded polyethylene and kraft paper.
3. Elbows:  Preformed, 45- and 90-degree, short- and long-radius elbows; same material, 

finish, and thickness as jacket.
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2.4 ACCESSORIES AND ATTACHMENTS

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape. 
Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m).

1. Tape Width:  4 inches (100 mm).

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:

1. Galvanized Steel:  0.005 inch (0.13 mm) thick.
2. Aluminum:  0.007 inch (0.18 mm) thick.

C. Wire:  0.080-inch  soft-annealed, galvanized steel.

2.5 VAPOR RETARDERS

A. Mastics:  Materials recommended by insulation material manufacturer that are compatible with 
insulation materials, jackets, and substrates.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation and other 
conditions affecting performance of insulation application.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Preparation:   Clean and dry pipe and fitting surfaces.   Remove materials  that  will 
adversely affect insulation application.

3.3 GENERAL APPLICATION REQUIREMENTS

A. Apply insulation materials,  accessories,  and finishes according to the manufacturer's written 
instructions; with smooth, straight, and even surfaces; free of voids throughout the length of  
piping, including fittings, valves, and specialties.

B. Refer  to  schedules  at  the  end of  this  Section for  materials,  forms,  jackets,  and thicknesses 
required for each piping system.

C. Use  accessories  compatible  with  insulation  materials  and  suitable  for  the  service.   Use 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or  
dry state.
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D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.

E. Apply 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. Seal  joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor 
retarder.

H. Keep insulation materials dry during application and finishing.

I. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by the insulation material manufacturer.

J. Apply insulation with the least number of joints practical.

K. Apply  insulation  over  fittings,  valves,  and  specialties,  with  continuous  thermal  and  vapor-
retarder  integrity,  unless  otherwise  indicated.   Refer  to  special  instructions  for  applying 
insulation over fittings, valves, and specialties.

L. Hangers and Anchors:   Where vapor retarder is indicated,  seal  penetrations in insulation at  
hangers, supports, anchors, and other projections with vapor-retarder mastic.

1. Apply insulation continuously through hangers and around anchor attachments.
2. For  insulation  application  where  vapor  retarders  are  indicated,  extend  insulation  on 

anchor legs at  least  12 inches (300 mm) from point  of  attachment to pipe and taper 
insulation ends.   Seal tapered ends with a compound recommended by the insulation 
material manufacturer to maintain vapor retarder.

3. Install insert materials and apply insulation to tightly join the insert.  Seal insulation to 
insulation inserts  with adhesive or  sealing compound recommended by the insulation 
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and 
shield.

M. Insulation Terminations:  For insulation application where vapor retarders are indicated, taper 
insulation ends.  Seal tapered ends with a compound recommended by the insulation material 
manufacturer to maintain vapor retarder.

N. Apply adhesives and mastics at the manufacturer's recommended coverage rate.

O. Apply insulation with integral jackets as follows:

1. Pull jacket tight and smooth.
2. Circumferential Joints:  Cover with  3-inch- (75-mm-) wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples along both 
edges of strip and spaced 4 inches (100 mm) o.c.

3. Longitudinal  Seams:   Overlap  jacket  seams  at  least  1-1/2  inches (40 mm).   Apply 
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 4 inches (100 
mm) o.c.
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a. Exception:  Do not staple longitudinal laps on insulation having a vapor retarder.

4. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and 
joints and at ends adjacent to flanges, unions, valves, and fittings.

5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with 
vapor-retarder mastic.

P. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof 
flashing.

1. Seal penetrations with vapor-retarder mastic.
2. Apply insulation for exterior applications tightly joined to interior insulation ends.
3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches (50 mm) 

below top of roof flashing.
4. Seal metal jacket to roof flashing with vapor-retarder mastic.

Q. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation 
flush with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic.

R. Interior  Wall  and  Partition  Penetrations:   Apply  insulation  continuously  through  walls  and 
floors.

S. Fire-Rated Wall and Partition Penetrations:  Apply insulation continuously through penetrations 
of fire-rated walls and partitions.

1. Firestopping  and  fire-resistive  joint  sealers  are  specified  in  Division 7  Section 
"Firestopping."

T. Floor Penetrations:  Apply insulation continuously through floor assembly.

1. For insulation with vapor retarders, seal insulation with vapor-retarder mastic where floor 
supports penetrate vapor retarder.

3.4 MINERAL-FIBER INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:

1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without 
deforming insulation materials.

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic.  Apply vapor retarder to ends of insulation at intervals of 15 to 20 feet 
(4.5 to 6 m) to form a vapor retarder between pipe insulation segments.

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 
inches (150 mm) o.c.

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 
tabs but secure tabs with additional adhesive as recommended by the insulation material 
manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:
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1. Apply preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation.
4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping 

seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

C. Apply insulation to fittings and elbows as follows:

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written instructions.

2. When premolded insulation elbows and fittings are not available, apply mitered sections 
of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to adjoining pipe 
insulation.  Secure insulation materials with wire, tape, or bands.

3. Cover fittings with standard PVC fitting covers.

D. Apply insulation to valves and specialties as follows:

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written instructions.

2. When  premolded  insulation  sections  are  not  available,  apply  glass-fiber  blanket 
insulation to valve body.  Arrange insulation to permit access to packing and to allow 
valve operation without disturbing insulation.  For check valves, arrange insulation for 
access to stainer basket without disturbing insulation.

3. Apply insulation to flanges as specified for flange insulation application.
4. Use  preformed standard  PVC fitting covers  for  valve  sizes  where  available.   Secure 

fitting covers with manufacturer's attachments and accessories.  Seal seams with tape and 
vapor-retarder mastic.

5. For larger sizes where PVC fitting covers are not available, seal insulation with canvas  
jacket and sealing compound recommended by the insulation material manufacturer.

3.5 CELLULAR-GLASS INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:

1. Secure  each layer  of  insulation to  pipe  with  wire,  tape,  or  bands  without  deforming 
insulation materials.

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic.

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 
inches (150 mm) o.c.

4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal 
tabs but secure tabs with additional adhesive as recommended by the insulation material 
manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:

1. Apply preformed pipe insulation to outer diameter of pipe flange.
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2. Make width of insulation segment the same as overall width of the flange and bolts, plus 
twice the thickness of the pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of 
adjacent straight pipe segments with cut sections of cellular-glass block insulation of the 
same thickness as pipe insulation.

4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping 
seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

C. Apply insulation to fittings and elbows as follows:

1. Apply premolded insulation sections of the same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written instructions.

2. When  premolded  sections  of  insulation  are  not  available,  apply  mitered  sections  of 
cellular-glass insulation.  Secure insulation materials with wire, tape, or bands.

3. Cover fittings with standard PVC fitting covers.

D. Apply insulation to valves and specialties as follows:

1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to 
valve body.  Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation.  For check valves, arrange insulation for access to stainer 
basket without disturbing insulation.

2. Apply insulation to flanges as specified for flange insulation application.
3. Use  preformed standard  PVC fitting covers  for  valve  sizes  where  available.   Secure 

fitting covers with manufacturer's attachments and accessories.  Seal seams with tape and 
vapor-retarder mastic.

4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas  
jacket and sealing compound recommended by the insulation material manufacturer.

3.6 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:

1. Follow manufacturer's written instructions for applying insulation.
2. Seal  longitudinal  seams  and  end  joints  with  manufacturer's  recommended  adhesive. 

Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

B. Apply insulation to flanges as follows:

1. Apply pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus 

twice the thickness of the 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 the same thickness 
as pipe insulation.

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive. 
Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

C. Apply insulation to fittings and elbows as follows:
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1. Apply mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive. 

Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

D. Apply insulation to valves and specialties as follows:

1. Apply preformed valve covers manufactured of the same material as pipe insulation and 
attached according to the manufacturer's written instructions.

2. Apply cut segments of pipe and sheet insulation to valve body.  Arrange insulation to 
permit access to packing and to allow valve operation without disturbing insulation.  For 
check  valves,  fabricate  removable  sections  of  insulation  arranged  to  allow access  to 
stainer basket.

3. Apply insulation to flanges as specified for flange insulation application.
4. Secure  insulation  to  valves  and  specialties  and  seal  seams  with  manufacturer's 

recommended adhesive.  Cement to avoid openings in insulation that will allow passage 
of air to the pipe surface.

3.7 FIELD-APPLIED JACKET APPLICATION

A. Apply  glass-cloth  jacket,  where  indicated,  directly  over  bare  insulation  or  insulation  with 
factory-applied jackets.

1. Apply jacket  smooth and tight  to surface with  2-inch (50-mm) overlap at  seams and 
joints.

2. Embed  glass  cloth  between  two  0.062-inch- (1.6-mm-) thick  coats  of  jacket 
manufacturer's recommended adhesive.

3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation.

B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated.

1. Draw jacket material smooth and tight.
2. Apply lap or joint strips with the same material as jacket.
3. Secure jacket to insulation with manufacturer's recommended adhesive.
4. Apply jackets with 1-1/2-inch (40-mm) laps at longitudinal seams and 3-inch- (75-mm-) 

wide joint strips at end joints.
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 

with vapor-retarder mastic.

C. Apply PVC jacket where indicated, with 1-inch (25-mm) overlap at longitudinal seams and end 
joints.  Seal with manufacturer's recommended adhesive.

D. Apply metal jacket where indicated, with 2-inch (50-mm) 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 (300 mm) o.c. and at end joints.

3.8 FINISHES
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A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of the 
insulation manufacturer's recommended protective coating.

B. Color:   Final  color  as  selected  by  Architect.   Vary  first  and  second  coats  to  allow visual 
inspection of the completed Work.

3.9 PIPING SYSTEM APPLICATIONS

A. Insulation materials and thicknesses are specified in schedules at the end of this Section.

B. Items Not  Insulated:   Unless  otherwise  indicated,  do  not  apply  insulation  to  the  following 
systems, materials, and equipment:

1. Flexible connectors.
2. Vibration-control devices.
3. Fire-suppression piping.
4. Drainage piping located in crawl spaces, unless otherwise indicated.
5. Below-grade piping, unless otherwise indicated.
6. Chrome-plated pipes and fittings, unless potential for personnel injury.
7. Air chambers, unions, strainers, check valves, plug valves, and flow regulators.

3.10 FIELD QUALITY CONTROL

A. Inspection:  Owner will engage a qualified inspection agency to perform the following field 
quality-control  inspections,  after  installing  insulation  materials,  jackets,  and  finishes,  to 
determine compliance with requirements:

B. Inspection:  Engage a qualified inspection agency to perform the following field quality-control 
inspections, after installing insulation materials, jackets, and finishes, to determine compliance 
with requirements:

C. Inspection:  Perform the following field quality-control inspections, after installing insulation 
materials, jackets, and finishes, to determine compliance with requirements:

1. Inspect fittings and valves randomly selected by Engineer
2. Remove fitting covers from 20 elbows or 1 percent of elbows, whichever is less, for 

various pipe sizes.
3. Remove fitting covers  from 20 valves  or  1  percent  of  valves,  whichever  is  less,  for 

various pipe sizes.

D. Insulation applications will be considered defective if sample inspection reveals noncompliance 
with requirements.  Remove defective Work and replace with new materials according to these 
Specifications.

E. Reinstall  insulation and covers on fittings and valves uncovered for inspection according to 
these Specifications.
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3.11 INSULATION APPLICATION SCHEDULE, GENERAL

A. Refer to insulation application schedules for required insulation materials, vapor retarders, and 
field-applied jackets.

B. Application  schedules  identify  piping  system  and  indicate  pipe  size  ranges  and  material, 
thickness, and jacket requirements.

3.12 INTERIOR INSULATION APPLICATION SCHEDULE

A. Service:  Condensate drain piping.

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C).
2. Insulation Material:  Flexible elastomeric
3. Insulation Thickness:  ½”
4. Field-Applied Jacket:  None.
5. Vapor Retarder Required:  Yes.
6. Finish:  None.

B. Service:  Chilled-water supply and return.

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C).
2. Insulation Material:  Mineral fiber
3. Insulation Thickness:  Apply the following insulation thicknesses:

a. SEE CHART

4. Field-Applied Jacket:  Standard PVC Jacket and Fitting Covers
5. Vapor Retarder Required:  Yes
6. Finish:  None

C. Service:  Heating hot-water supply and return.

1. Operating Temperature:  100 to 200 deg F (38 to 93 deg C).
2. Insulation Material:  Mineral fiber
3. Insulation Thickness:  Apply the following insulation thicknesses:

a. SEE CHART

4. Field-Applied Jacket:  Standard PVC Jacket and Fitting Covers
5. Vapor Retarder Required:  No
6. Finish:  None.

3.13 EXTERIOR INSULATION APPLICATION SCHEDULE

A. This  application  schedule  is  for  aboveground  insulation  outside  the  building.   Loose-fill 
insulation, for belowground piping, is specified in Division 2 piping distribution Sections.

B. Service:  Refrigerant suction.
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1. Operating Temperature:  35 to 50 deg F (2 to 10 deg C).
2. Insulation Material:  Flexible elastomeric
3. Insulation Thickness:  Apply the following insulation thicknesses:

a. SEE CHART

4. Field-Applied Jacket:  Metal Jacket
5. Vapor Retarder Required:  Yes
6. Finish:  None.

C. Service:  Chilled-water supply and return.

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C).
2. Insulation Material:  Mineral fiber
3. Insulation Thickness:  Apply the following insulation thicknesses:

a. SEE CHART

4. Field-Applied Jacket:  Metal Jacket
5. Vapor Retarder Required:  Yes
6. Finish:  None

THICKNESS CHART*

END OF SECTION 23 07 19
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 SECTION 23 09 00 – INSTRUMENTATION & CONTROL REQUIREMENTS FOR HVAC 

 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 1 Specification Sections, apply to this 

Section. 

B. MEMORANDUM OF USE POLICY FOR MEARNG Components, dated 10 August 

2016 

 

1.2 RELATED SECTIONS 

 

A. Section 230800 – Commissioning of HVAC 

B. Section 231000 – Integrated Automation Network Server. 

C. Section 260533 – Raceways and Boxes 

 

1.3 SUMMARY 

 

A. The intent of this specification is to provide an open source Building Automation Control 

System (BACS) based on the NiagaraN4 (must use latest approved NGB version) and a 

network of freely programmable interoperable open protocol BACnet digital 

controllers. The Interoperable BACnet controllers shall be fully programmable via the 

embedded Niagara Workbench tool requiring only a web browser to complete the 

programming process.  Controllers that are not programmable or configurable directly 

within Niagara N4 are unacceptable.  The Controls Contractor shall be directly 

hired by the General Contractor and shall report directly to General Contractor.  

All information, submittals and RFIs from the Controls Contractor shall be submitted 

directly through the General Contractor. 

 

B. Products requiring a licensed, non-embedded, off site programming site programming tool 

are not acceptable with the exception of variable refrigerant volume system controls. 

Open source as referred to herein shall mean that the Niagara N4 Network Area 

Controller and the Interoperable Digital BACnet Controller (IDC) products are available 

from multiple Contractor and vendor sources, affording the owner freedom of choice 

and competitive bidding for the initial installation of the BACS and future system 

expansions and modifications not limited by Contractor, vendor or networking protocol. 

No territorially restricted OEM brands, single vendor or “branch only” products are 

acceptable. All products must be available for purchase by any qualified Contractor that 

the owner chooses to do the installation and any further expansion or modifications. No 

non-Niagara programming is acceptable. Note: All BACnet devices shall meet the 
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BACnet/SC standard for Secured Communications, if available. This is the new 

standard, requiring all TCI/IP devices to include IPv6 addressing per the FERC IPv6 

Policy. 

 

C. All Java Application Control Engines (JACE) and Controllers shall be fully programmable or 

configurable from within any vendor’s version of the Niagara N4 Platform. Controllers 

that require a separate programming tool are not acceptable. 

 

D. Contractor must be an authorized and approved representative of the product which they 

propose to install. 

 

E. The successful bidder shall demonstrate to the owner via a product website 

dealer/Contractor locator, that there are multiple Contractors and vendors in the project 

geographic area to choose from. No exceptions to this requirement will be allowed. 

 

F. Furnish all labor, materials, equipment, and service necessary for a complete and 

operating Building Automation Control System (BACS), utilizing Direct Digital 

Controls as shown on the drawings and as described herein. Drawings are diagrammatic 

only. 

 

G. All labor, material, equipment and software not specifically referred to herein or on the 

plans, that is required to meet the functional intent of this specification, shall be 

provided without additional cost to the Owner. 

 

H. The Owner shall be the named license holder of all software associated with any and all 

incremental work on the project(s). 

 

1.4 SYSTEM DESCRIPTION 

 

A. The entire Building Automation Control System shall be comprised of a network of 

interoperable, stand-alone digital controllers communicating via BACnet™ 

communication protocols to a Network Area Controller (JACE) through a Network 

Router. Temperature Control System products shall be by approved manufacturers. 

Equivalent BACnet™ products must be approved in writing by the consulting Engineer 

and be submitted for approval ten (10) days after receipt of Letter of Intent. 

 

B. The Building Automation Control Systems (BACS) consisting of thermostats, control 

valves, dampers and operators, indicating devices, interface equipment and other 

apparatus and accessories required to operate mechanical systems, and perform 

functions specified. 

 

C. The Building Automation Control System shall be comprised of Network Area 

Controllers or Java Application Control Engines (JACE) within each facility. The 

JACE shall connect to the Owner’s local or wide area network, depending on 

configuration.  The controllers must be located adjacent to the equipment they monitor 

or control and must be sized for the task assigned to them. The system must utilize 
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distributed processing architecture and one controller must be provided for each major 

piece of equipment or system controlled or monitored.  Access to the system, either 

locally in each building, or remotely from a central site or sites, shall be accomplished 

through standard Web browsers, via the local area network.  Each JACE shall 

communicate to Open Protocol controllers and other open protocol systems/devices 

provided under “Related Sections”.   

             

 

D. The BACS Installation shall be integrated into the existing Niagara N4 Supervisor 

located at Camp Chamberlain in Augusta, Maine. The Niagara Supervisor provides the 

communication between the JACE and web browsers. 

 

E. The BACS as provided in this Division shall be based on a hierarchical architecture 

incorporating the Niagara N4 Framework™.  Systems not developed on the Niagara N4 

Framework™ platform are unacceptable. 

 

F. JACE controllers shall be provided with a Network Router, a static Uninterruptable 

Power Supply (UPS) and surge protection devices.  UPS shall meet the requirements of 

Section 263353 “Static Uninterruptible Power Supply”.  Further, all control panels shall 

be provided with a UPS with capacity to operate at full load for a minimum of 2 hours. 

 

G. The BACS must monitor and control equipment as called for by the equipment 

“Sequence of Operation” and points list. 

 

H. The BACS shall provide full graphic software capable of complete system operation for 

up to 34 simultaneous Thin-Client workstations. 

 

I. The BACS shall provide full graphic operator interface to include the following 

graphics as a minimum: 

 

1. Home page to include a minimum of up to ten critical points, i.e. Outside Air 

Temperature, Outside Air Relative Humidity, Enthalpy, KWH, KW, BTU, 

therms, gallons, etc., as selected by the owner. 

2. Graphic floor plans accurately depicting rooms, walls, hallways, and showing 

accurate locations of space sensors and major mechanical equipment. 

3. Detail graphics for each mechanical system to include, but not be limited to; RTUs 

(rooftop􀀃units), ERUs (energy recovery units), CHP’s (combined heat & power 

modules), Heat pumps and VRV’s (variable refrigerant volume), AHUs (air 

handling units), Exhaust Fans, Freeze Protection, Domestic Water Heating 

Systems, Energy Monitoring, etc. and associated controls. 

4. The BACS shall provide data link access to electronically formatted information 

for  the following:  

a. Corresponding system drawings, shop drawings, technical literature, and 

sequences of operations directly from each system graphic 

b. Project control as-built documentation; to include all BACS drawings and 

diagrams converted to Adobe Acrobat.pdf filers. 
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c. Temperature Control System (TCS) Bill of Material for each system, i.e. 

AHU, RTU, FCU, Boiler etc. 

d. Technical literature specification data sheets for all components listed in the 

BACS Bill of Material. 

5. The BACS shall provide automated alarming software capable of sending 

messages to email compatible cellular telephones and pagers via the owner’s e-

mail service. The email alarm paging system shall be able to segregate users, time 

schedules, and equipment, and be capable of being programmed by the owner.  

Currently, these features may not be currently active due to communications 

restrictions, but must be provided for possible future use. 

 

6. The Contractor must provide the appropriate quantity of legal copies of all 

software and utilities used during system commissioning and installation.  The 

Owner must be named the license holder for all software associated with any and 

all incremental work in the project. 

 

7. System Performance: 

a. Software requirements are Niagara 4.6/N4 as previously specified in this 

document. 

b. Peripheral device performance requirements are specified/detailed in the 

sequence of operations, and/or drawings for this project; per each individual 

piece of equipment of system. 

 

1.5 SUBMITTALS 

 

A. One digital copy of shop drawings of the components and devices for the entire 

control system must be submitted and must consist of a complete list of equipment 

and materials, including manufacturers catalog data sheets and installation 

instructions for all controllers, valves, dampers, sensors, routers, etc. Shop drawings 

shall also contain complete wiring and schematic diagrams, software descriptions, 

calculations, and any other details required to demonstrate that the system has been 

coordinated and will properly function as a system. Terminal identification for all 

control wiring shall be shown on the shop drawings. A complete written Sequence of 

Operation shall also be included with the submittal package.  Division 26 

Contractors supplying products and systems, as part of their packages must provide 

catalog data sheets, wiring diagrams, and point lists to the Division 23 Contractor for 

proper coordination of work. 

 

B. Submittal shall also include a trunk cable schematic diagram depicting operator 

workstations, control panel locations and a description of the communication type, 

media, and protocol. This shall include coordination of electrical branch circuit 

quantity and location for HVAC control and operator workstations as well as 

coordination of required network communications for HVAC control and operator 

workstations.  Though the Division 23 and 26 Contractors shall provide these 

diagrams for their portions of work, the Systems Integrator shall be responsible for 

integrating those diagrams into the overall trunk cable schematic diagrams for the 
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entire Wide Area Network (WAN) and/or Local Area Network (LAN) utilized by the 

BACS.  Submittal shall also include a complete point list of all points to be 

connected to the BACS. Division 23 and 26 Contractors shall provide necessary 

point lists, protocol documentation, and factory support information for systems 

provided in their respective divisions but integrated into the BACS. 

1. The network infrastructure shall conform to the published guidelines for wire 

type, length, number of nodes per channel, termination, and other relevant 

wiring and infrastructure criteria as published. The number of nodes per 

channel shall be no more than 80% of the defined segment (logical or 

physical) limit in order to provide future system expansion with minimal 

infrastructure modifications. 

 

 

C. Submittal shall also include a complete point list of all points to be 

connected/integrated to the BACS. Division 23 and 26 Contractors shall provide 

necessary point lists, protocol documentation, and factory support information for 

systems provided in their respective divisions but integrated into the BACS. 

 

D. Submittal shall also include an example of each of the equipment, tables, energy 

graphs, etc. graphics developed for the Graphic User Interface including a flowchart 

(site map) indicating how the graphics are to be linked to one another for system 

navigation. An equipment list coordinated with available points per item of 

equipment shall be submitted and confirmed by both the AE and the owner that the 

equipment complies with the design intent. 

 

E. Provide certificate of compliance that materials and equipment comply with the 

provisions of the Buy American Act.  See 007300 "Special Conditions," Par. 14, for 

additional requirements. 

 

F. Upon completion of the work, provide a complete set of ‘as-built’ drawings that 

will reside in the file structure of the Niagara 4.6/N4 Supervisor.  Eight 11”x17” 

bound paper copies of the ‘as-built’ drawings must be provided.  Division 23 and 26 

Contractors shall provide as-builts for their portions of work. The Division 23 

Contractor shall be responsible for as-builts pertaining to overall BACS architecture 

and network diagrams. 

 

1.6 SPECIFICATION NOMENCLATURE 

 

A. Acronyms used in this specification are as follows: 

 

1. Direct Digital Control System (DDC) 

2. Building Automation Control System (BACS) 

3. Graphical User Interface (GUI) 

4. Interoperable BACnet Controller (IBC) 

5. Interoperable Digital Controller (IDC) 

6. Local Area Network (LAN) 
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7. Network Area Controller (NAC) or Java Application Control Engine (JACE)  

8. Object Oriented Technology (OOT) 

9. Product Interoperability Compliance Statement (PICS) 

10. Power Measurement Interface (PMI) 

11. Portable Operator’s Terminal (POT) 

12. Temperature Control System (TCS) 

 13. Wide Area Network (WAN) 

14. Web Browser Interface (WBI) 

 

1.7 DIVISION OF WORK 

 

A. The Division 23 Contractors shall be responsible for all controllers (IDC and IBC), 

control devices, control panels, controller programming, controller programming 

software, controller input/output and power wiring and controller network wiring. 

 

 

B. The Division 23 Contractor shall be responsible for the Network Area Controller(s) 

(JACE), software and programming of the JACE, graphical user interface software 

(GUI), development of all graphical screens, Web browser pages, setup of schedules, 

logs and alarms, network management and connection of the JACE to the local or wide 

area network and Niagara Supervisor. 

 

1.8 RELATED WORK SPECIFIED ELSEWHERE 

 

A. Division 26, Electrical: 

 

1. Providing motor starters and disconnect switches (unless otherwise noted). 

2. Power wiring and conduit (unless otherwise noted). 

3. Provision, installation and wiring of smoke detectors (unless otherwise noted). 

4. Other equipment and wiring as specified in Division 26. 

 

1.9 AGENCY AND CODE APPROVALS 

 

A. All products of the BACS shall be provided with the following agency approvals. 

Verification that the approvals exist for all submitted products shall be provided with 

the submittal package. Systems or products not currently offering the following 

approvals are not acceptable. 

 

1. UL-916; Energy Management Systems 

2. C-UL listed to Canadian Standards Association C22.2 No. 205-M1983 “signal 

Equipment” 

3. CE 

4. FCC, Part 15, Subpart J, Class A Computing Devices 

 

1.10 SOFTWARE LICENSE AGREEMENT 
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A. The Owner shall agree to the manufacturer's standard software and firmware 

licensing agreement as a condition of this contract. Such license shall grant use of all 

programs and application software to Owner as defined by the manufacturer's license 

agreement, but shall protect manufacturer's rights to disclosure of trade secrets 

contained within such software. 

 

B. The Owner shall be the named license holder of all software associated with any and 

all incremental work on the project(s). Any and all required IDs and passwords for 

access to any component or software program shall be provided to the owner. 

 

C. The Owner, or his appointed agent, shall receive ownership of all job specific 

software configuration documentation, data files, and application-level software 

developed for the project.  This shall include all custom, job specific software code 

and documentation for all configuration and programming that is generated for a 

given project and /or configured for use within Niagara 4.6/N4 Framework (Niagara) 

based controllers and/or servers and any related LAN / WAN / Intranet and all 

connected routers and devices. 

 

 

1.11 DELIVERY, STORAGE AND HANDLING 

 

A. Provide factory-shipping cartons for each piece of equipment and control device. 

Maintain cartons through shipping, storage, and handling as required to prevent 

equipment damage. Store equipment and materials inside and protected from 

weather. 

 

1.12  QUALITY ASSURANCE 

 

A. Proven Experience: Provide a list of no less than ten similar projects which utilize a 

Niagara AX/N4 Platform.  These projects must be on-line and functional such that 

the Owner's Representative would observe a direct digital control system in full 

operation. The Contractor must be a direct, wholly owned branch of a national 

control's manufacturer, or a representative not a wholesale distributor. 

 

B. Quality of Compliance: Control systems shall be installed by trained control 

mechanics regularly employed in installation and calibration of BACS equipment by 

the manufacturer of the proposed equipment to be installed. 

 

C. Contractor Requirements 

1. Longevity: The BACS Contractor shall have a minimum of ten years’ experience 

installing and servicing computerized building systems utilizing a Niagara AX/N4 

Platform. All subcontractors utilized by the BACS Contractor shall have a minimum 

of five-year experience within their appropriate trades. 

2. Past Projects: The BACS Contractor shall have completed a minimum of five 

projects which utilized the Niagara AX/N4 Platform within the last three years that 

are at least equal in dollar value and scope to this project. A list of similar projects, 
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dollar volume, scope, contact name and contact number shall be provided by the 

BACS Contractor if asked for by the Owner. 

3. Personnel, Coverage and Response Capabilities: The BACS Contractor shall have 

a minimum of ten full time electronic service personnel and one factory trained DDC 

control technician within a 150 mile radius of the project location. One full time 

electronic service personnel and one DDC control technicians must work within a 

150-mile radius of the project location. 

4. The BACS Contractor shall have an established 24-hour emergency service 

organization. A dedicated telephone number shall be provided to the Owner for 

requesting emergency service.  The BACS Contractor shall guarantee that 

within a maximum of four hours, the electronic service technicians shall be on 

site. 

5. The Potential Low Bidder will submit with a qualification statement demonstrating 

how the above Contractor requirements shall be achieved.  

6. Contractor and subcontractors performing work shall be required to submit 

fingerprinting and be subject to formal background checks sufficient to satisfy 

current Department of Defense security clearances for Contractor's or subcontractors 

performing work in secure areas. 

 

1.13 JOB CONDITIONS 

 

A. Cooperation with Other Trades: Coordinate the Work of this section with that of 

other sections to ensure that the Work will be carried out in an orderly fashion. It 

shall be this Contractor's responsibility to check the Contract Documents for possible 

conflicts between his Work and that of other crafts in equipment location, pipe, duct 

and conduit runs, electrical outlets and fixtures, air diffusers, and structural and 

architectural features. 

 

PART 2 – PRODUCTS 

 

2.1 GENERAL 

 

A. The Building Automation Control System (BACS) shall be comprised of a network of 

interoperable, stand-alone digital controllers, a computer system, graphical user interface 

software, printers, network devices, valves, dampers, sensors, and other devices as 

specified herein. 

B. The installed system shall provide secure password access to all features, functions and 

data contained in the overall BACS. 

 

2.2 ACCEPTABLE MANUFACTURERS 

 

A. Basis-of-Design: Honeywell / Tridium Niagara N4. Subject to compliance with 

requirements, provide the product named. System must operate on an open licensed 

JACE, no appliance may be used. All instances of Niagara N4 must operate with the 

Brand ID set to “none”, and compatibility modes set for “all”. All instances of Niagara 

N4 must be capable of being programmed within any vendor’s version of the Niagara 
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N4 Workbench. All Unitary Controllers must be Programmable or Configurable 

directly within any vendor’s version of the Niagara 4.6/N4 workbench, no additionally 

required software is acceptable. 

 

1.   Honeywell WEBS 

2.   Siemens Talon 

 

2.3 OPEN, INTEROPERABLE, INTEGRATED ARCHITECTURES 

 

A. The intent of this specification is to provide a peer-to-peer networked, stand-alone, 

distributed control system with the capability to integrate ANSI/ASHRAE Standard 

135-2001 BACnet™ technology, MODBUS™, OPC, and other open and non-

proprietary communication protocols into one open, interoperable system. 

B.  The supplied computer software shall employ object-oriented technology (OOT) for 

representation of all data and control devices within the system. In addition, adherence 

to industry standards including ANSI /ASHRAE™ Standard 135-2001 and BACnet to 

assure interoperability between all system components is required. For each BACnet 

device, the device supplier must provide a PICS document showing the installed 

device’s BACnet compatibility. Minimum compliance is Level 3; with the ability to 

support data read and write functionality. Physical connection of Open Protocol 

devices must be via Ethernet, and/or RS-485 and/or RS-232.C. 

C.  All components and controllers supplied under this Division shall be true “peer-to-

peer” communicating devices. Components or controllers requiring “polling” by a host 

to pass data shall not be acceptable. 

D. The supplied system must incorporate the ability to access all data using standard Web 

browsers without requiring proprietary operator interface and configuration programs. 

Systems requiring proprietary database and user interface programs shall not be 

acceptable. 

E.  A hierarchical topology is required to assure reasonable system response times and to 

manage the flow and sharing of data without unduly burdening the customer’s internal 

Intranet network. Systems employing a “flat” single tiered architecture shall not be 

acceptable. 

1.  Maximum acceptable response time from any alarm occurrence (at the 

point of origin) to the point of annunciation shall not exceed 30 seconds for 

local network connected user interfaces. 

 

 

2.10 NETWORKS 

 

A. The Local Area Network (LAN) shall be a 100 Megabit/sec Ethernet network 

supporting BACnet, Java, XML, HTTP, and SOAP for maximum flexibility for 

integration of building data with enterprise information systems and providing 

support for multiple Network Area Controllers (JACEs), user workstations and, if 

specified, a local server. 

 

B. Local area network minimum physical and media access requirements: 
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11. Ethernet; IEEE standard 802.3 
12. Cable; 100 Base-T, UTP-8 wire, category 5 
13. Minimum throughput; 100 Mbps. 

 

2.11 NETWORK ACCESS 

 

A. Remote Access. 

 

1. For Local Area Network installations, provide access to the LAN from a remote 

location, via the Internet.  The Owner shall provide a connection to the Internet 

to enable this access via high speed cable modem, asynchronous digital 

subscriber line (ADSL) modem, ISDN line, T1 Line or via the Owner’s 

Intranet to a corporate server providing access to an Internet Service Provider 

(ISP). Owner agrees to pay monthly access charges for connection and ISP. 

 

2.14 NETWORK AREA CONTROLLER (JACE) 

 

A. The Contractor shall supply one or more Network Area Controllers (JACE) as part 

of this contract. Number of area controllers required is dependent on the type and 

quantity of devices provided under Divisions 23 and 26. It is the responsibility of 

the Contractor to coordinate with the Division 23 and 26 Contractors to determine 

the quantity and type of devices. 

 

B. The Network Area Controller (JACE) shall provide the interface between the LAN 

or WAN and the field control devices, and provide global supervisory control 

functions over the control devices connected to the JACE.  It shall be capable of 

executing application control programs to provide: 

 

1. Calendar functions 

2. Scheduling 

3. Trending 
4. Alarm monitoring and routing 
5. Time synchronization 
6. Integration of BACnet controller data 

7. Network Management functions for BACnet based devices 

8. The Network Area Controller shall provide the following hardware features as a 

minimum: 

a. One Ethernet Port – 10/100 Mbps 

b. One RS-232 port 
c. One RS-485 port if BACnet controllers are used. 
d. Battery Backup 
e. Flash memory for long term data backup (If battery backup or flash 

memory is not supplied, the controller must contain a hard disk with at 

least 1 gigabyte storage capacity) 
f. The JACE must be capable of operation over a temperature range of 32 to 

122°F 
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g. The JACE must be capable of withstanding storage temperatures of between 

0 and 158°F 

h. The JACE must be capable of operation over a humidity range of 5 

to 95% RH, non- condensing 

9. The JACE shall provide multiple user access to the system and support for 

ODBC or SQL.  A database resident on the JACE shall be an ODBC-

compliant database or must provide an ODBC data access mechanism to read 

and write data stored within it. 

10. The JACE shall support standard Web browser access via the Intranet/Internet. 

It shall support a minimum of 34 simultaneous users. 

11. Event Alarm Notification and actions 

a. The JACE shall provide alarm recognition, storage; routing, 

management, and analysis to supplement distributed capabilities of 

equipment or application specific controllers. 

b. The JACE shall be able to route any alarm condition to any defined user 

location whether connected to a local network, or remote via dial-up 

telephone connection or wide-area network. 

c. Alarm generation shall be selectable for annunciation type and 

acknowledgement requirements including, but not limited to: 

1) In alarm 
2) Return to normal 
3) Fault condition 

4) Provide for the creation of a minimum of eight alarm classes for 

the purpose of routing types and/or classes of alarms, i.e.: 

security, HVAC, Fire, etc. 
5) Provide timed (schedule) routing of alarms by class, object, group, or 

node. 
6) Provide alarm generation from binary object “runtime” and/or 

event counts for equipment maintenance. The user shall be able to 

reset runtime or event count values with appropriate password 

control. 

12. Controller and network failures shall be treated as alarms and annunciated. 

13. Alarms shall be annunciated in any of the following manners as defined by the 

user: 

a. Screen message text 

b. Email of the complete alarm message to multiple recipients via the 

owner’s e-mail service. Provide the ability to route and email alarms 

based on: 

1) Day of week 

2) Time of day 

3) Recipient 

4) Pagers via paging services that initiate a page on receipt of email 

message via the owner’s e-mail service 

5) Graphic with flashing alarm object(s) 

6) Printed message, routed directly to a dedicated alarm printer 

14. The following shall be recorded by the JACE for each alarm (at a minimum): 

a. Time and date 
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b. Location (building, floor, zone, office number, etc.) 
c. Equipment (air handler #, access way, etc.) 
d. Acknowledge time, date, and user who issued acknowledgement. 
e. Number of occurrences since last acknowledgement. 

15. Alarm actions may be initiated by user defined programmable objects created for 

that purpose. 

16. Defined users shall be given proper access to acknowledge any alarm, or 

specific types or classes of alarms defined by the user. 

17. A log of all alarms shall be maintained by the JACE and/or a server (if 

configured in the system) and shall be available for review by the user. 

18. Provide a “query” feature to allow review of specific alarms by user defined 

parameters. 

19. A separate log for system alerts (controller failures, network failures, etc.) shall 

be provided and available for review by the user. 

20. An Error Log to record invalid property changes or commands shall be 

provided and available for review by the user. 

 

2.15 DATA COLLECTION AND STORAGE 

 

A. The JACE shall have the ability to collect data for any property of any object and store 

this data for future use. 

 

B. The data collection shall be performed by log objects, resident in the JACE that shall 

have, at a minimum, the following configurable properties: 

 

1. Designating the log as interval or deviation. 

2. For interval logs, the object shall be configured for time of day, day of 

week and the sample collection interval. 

3. For deviation logs, the object shall be configured for the deviation of a 

variable to a fixed value. This value, when reached, will initiate logging of 

the object. 

4. For all logs, provide the ability to set the maximum number of data stores for 

the log and to set whether the log will stop collecting when full, or rollover 

the data on a first-in, first-out basis. 

5. Each log shall have the ability to have its data cleared on a time-based event or 

by a user-defined event or action. 

6. All log data shall be stored in a relational database in the JACE and the data 

shall be accessed from a server (if the system is so configured) or a standard 

Web browser. 

7. All log data, when accessed from a server, shall be capable of being 

manipulated using standard SQL statements. 

 
8. All log data shall be available to the user in the following data formats: 

 

a. HTML 
b. XML 
c. Plain Text 
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d. Comma or tab separated values 

e. PDF 

 

9. Systems that do not provide log data in HTML and XML formats at a 

minimum shall not be acceptable. 

10. The JACE shall have the ability to archive its log data either locally (to 

itself), or remotely to a server or other JACE on the network. Provide the 

ability to configure the following archiving properties, at a minimum: 

 

a. Archive on time of day 

b. Archive on user-defined number of data stores in the log (buffer size) 
c. Archive when log has reached its user-defined capacity of data stores 
d. Provide ability to clear logs once archived 

 

2.16 AUDIT LOG 

 

A. Provide and maintain an Audit Log that tracks all activities performed on the JACE. 

Provide the ability to specify a buffer size for the log and the ability to archive log 

based on time or when the log has reached its user-defined buffer size. Provide the 

ability to archive the log locally (to the JACE), to another JACE on the network, or to 

a server. For each log entry, provide the following data: 

 

1. Time and date 

2. User ID 

3. Change or activity: i.e., Change set point, add or delete objects, commands, etc. 

 

2.17 DATABASE BACKUP AND STORAGE 

 

A. The JACE shall have the ability to automatically backup its database. The database 

shall be backed up based on a user-defined time interval. 

 

B. Copies of the current database and, at the most recently saved database shall be stored 

in the JACE. The age of the most recently saved database is dependent on the user-

defined database save interval. 

 

C. The JACE database shall be stored, at a minimum, in XML format to allow for user 

viewing and editing, if desired. Other formats are acceptable as well, as long as 

XML format is supported. 

 

2.18 ADVANCED UNITARY CONTROLLER 

 

A. The controller platform shall be designed specifically to control HVAC – 

ventilation, filtration, heating, cooling, humidification, and distribution.  Equipment 

includes but is not limited to: constant volume air handlers, VAV air handlers, 

packaged RTU, heat pumps, unit vents, fan coils, natural convection units, and 

radiant panels.  The controller platform shall provide options and advanced system 
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functions, programmable and configurable using Niagara AX Framework™, that 

allow standard and customizable control solutions. 

 

B. Minimum Requirements: 

 

1. The controller shall be capable of either integrating with other devices or stand-

alone operation. 

2. The controller shall have an FTT transformer-coupled communications port 

interface for common mode-noise rejection and DC isolation. 

3. The controller shall have an internal time clock with the ability to 

automatically revert from a master time clock on failure. 

a. Operating Range: 24 hour, 365 day, multi-year calendar including day of 

week and configuration for automatic day-light savings time adjustment to 

occur on configured start and stop dates. 

b. Accuracy: ±1 minute per month at 77° F (25° C). 

c. Power Failure Backup: 24 hours at 32° to 122° F (0° to 50° C). 

 

1) The controller shall have Significant Event Notification, Periodic 

Update capability, and Failure Detect when network inputs fail to 

be detected within their configurable time frame. 
2) The controller shall have an internal DC power supply to power 

external sensors. 
3) The controller shall have a visual indication (LED) of the status of the 

devise: 

 

a) Controller operating normally. 

b) Controller in process of download. 

c) Controller in manual mode under control of software tool. 
d) Controller lost its configuration. 
e) No power to controller, low voltage, or controller damage. 
f) Processor and/or controller are not operating. 

 

4) The minimum controller Environmental ratings 

 

a) Operating Temperature Ambient Rating: -40° to 150° F (-40° to 

65.5° C). 
b) Storage Temperature Ambient Rating: -40° to 150° F (-40° to 

65.5° C). 
c) Relative Humidity: 5% to 95% non-condensing. 

 

5) The controller shall have the additional approval 

requirements, listings, and approvals: 

 

a) UL/cUL (E87741) listed under UL916 (Standard for 

Open Energy Management Equipment) with 

plenum rating. 
b) CSA (LR95329-3) Listed 
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c) Meets FCC Part 15, Subpart B, Class B (radiated emissions) 

requirements. 

d) Meets Canadian standard C108.8 (radiated emissions). 

e) Conforms to the following requirements per European 

Consortium standards: 

f) EN 61000-6-1; 2001 (EU Immunity) 

g) EN 61000-6-3; 2001 (EU Emissions) 

 

6) The controller housing shall be UL plenum rated mounting to either 

a panel or DIN rail (standard EN50022; 7.5mm x 35mm). 

7) The controller shall have sufficient on-board inputs and outputs 

to support the application. 

 

a) Analog outputs (AO) shall be capable of being configured to 

support 0-10 V, 2-10 V or 4-20 mA devices. 
b) Triac outputs shall be capable of switching 30 Volts at 500 mA. 
c) Input and Output wiring terminal strips shall be removable 

from the controller without disconnecting wiring. Input and 

Output wiring terminals shall be designated with color coded 

labels. 

d) Universal inputs shall be capable of being configured as 

binary inputs, resistive inputs, voltage inputs (0-10 VDC), 

or current inputs (4-20 mA). 

 

8) The controller shall provide for “user defined” Network Variables 

(NV) for customized configurations and naming using Niagara AX 

Framework™. 

 

a) The controller shall support 62 Network Variables with a 

byte count of 31 per variable. 

b) The controller shall support 1,922 separate data values. 

 

9) The controller shall provide “continuous” automated loop tuning 

with an Adaptive Integral Algorithm Control Loop. 

10) The controller platform shall have standard HVAC application 

programs that are modifiable to support both the traditional and 

specialized “sequence of operations” as outlined in the contract 

documents. 

 

a) Discharge air control and low limit 

b) Pressure-dependent dual duct without flow mixing. 

c) Variable air volume with return flow tracking. 
d) Economizer with differential enthalpy. 
e) Minimum air flow coordinated with CO2. 
f) Unit ventilator cycle (1, 2, 3) 2-pipe. 

g) Unit ventilator cycle (1, 2, 3) 2-pipe with face/bypass. 
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2.19 GRAPHICAL USER INTERFACE SOFTWARE 

 

A. Operating System: 

 

1. The Workstation with GUI shall run on the current approved Maine Army 

National Guard Microsoft O/S product. 

2. The GUI shall employ browser-like functionality for ease of navigation. It shall 

include a tree view (similar to Windows Explorer) for quick viewing of, and 

access to, the hierarchical structure of the database. In addition, menu-pull 

downs, and toolbars shall employ buttons, commands and navigation to permit 

the operator to perform tasks with a minimal knowledge of the HVAC Control 

System and basic computing skills. These shall include, but are not limited to, 

hypertext buttons to drawings or files designated by the Owner, 

forward/backward buttons, home button, and a context sensitive locator line 

(similar to a URL line), that displays the location and the selected object 

identification. 

3. Real-Time Displays. The GUI, shall at a minimum, support the following 

graphical features and functions: 

 

a. Graphic screens shall be developed using any drawing package capable of 

generating a GIF, BMP, or JPG file format. Use of proprietary graphic 

file formats shall not be acceptable. In addition to, or in lieu of, a graphic 

background the GUI shall support the use of scanned pictures. 

b. Graphic screens shall have the capability to contain objects for text, 

real-time values, animation, color spectrum objects, logs, graphs, 

HTML or XML document links, schedule objects, hyperlinks to other 

URL’s, and links to other graphic screens. 

c. Graphics shall support layering and each graphic object shall be 

configurable for assignment to a layer. A minimum of six layers 

shall be supported. 

d. Modifying common application objects, such as schedules, calendars, 

and set points shall be accomplished in a graphical manner. 

 

1) Schedule times will be adjusted using a graphical slider, 

without requiring any keyboard entry from the operator. 

2) Holidays shall be set by using a graphical calendar without requiring 

any keyboard entry from the operator. 

3) Commands to start and stop binary objects shall be done by right-

clicking the selected object and selecting the appropriate 

command from the pop-up menu. No text entry shall be required. 

4) Adjustments to analog objects, such as set points, shall be done by 

right-clicking the selected object and using a graphical slider to 

adjust the value. No text entry shall be required. 

 

4. System Configuration. At a minimum, the GUI shall permit the operator to 

perform the following tasks, with proper password access: 
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a. Create, delete, or modify control strategies. 
b. Add or delete objects to the system. 
c. Tune control loops through the adjustment of control loop parameters. 

d. Enable or disable control strategies. 
e. Generate hard copy records or control strategies on a printer. 
f. Select points to be alarmable and define the alarm state. 
g. Select points to be trended over a period of time and initiate the 

recording of values automatically. 

 

5. On-Line Help. Provide a context sensitive on-line help system to assist the 

operator in operation and editing of the system. On-line help shall be available 

for all applications and shall provide the relevant data for the currently displayed 

screen. Additional help information shall be available through the use of 

hypertext. All system documentation and help files shall be in HTML format. 

6. Security. Each operator shall be required to log on to the system with a user 

name and password in order to view, edit, add, or delete data. System security 

shall be selectable for each operator. The system administrator shall have the 

ability to set passwords and security levels for all other operators. Each operator 

password shall be able to restrict the operators’ access for viewing and/or 

changing each system application, full screen editor, and object. Each operator 

shall automatically be logged off the system if no keyboard or mouse activity is 

detected for a specified time. This auto log-off time shall be set per operator 

password. All system security data shall be stored in an encrypted format. 

 

7. System Diagnostics. The system shall automatically monitor the operation of 

all workstations, printers, modems, network connections, building 

management panels, and controllers. The failure of any device shall be 

annunciated to the operator. 

 

8. Alarm Console 

 

a. The system shall be provided with a dedicated alarm window or console. 

This window will notify the operator of an alarm condition and allow the 

operator to view details of the alarm and acknowledge the alarm. The use 

of the Alarm Console may be enabled or disabled by the system 

administrator. 

 

b. When the Alarm Console is enabled, a separate alarm notification window 

will supersede all other windows on the desktop and shall not be capable 

of being minimized or closed by  the operator. This window will notify the 

operator of new alarms and knowledged alarms. Alarm notification 

windows or banners that can be minimized or closed by the operator shall 

not be acceptable. 

 

9. Hypertext links shall be provided to access as-built drawings or related building 

documents designated by the Owner for the buildings being controlled by the 
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Niagara AX platform. Installer shall coordinate with Owner to obtain server 

address locations and hypertext link protocols. Drawings and other documents 

not used for operation of the Niagara AX platform will be accessed using a 

hypertext method. 

 

2.20 WEB BROWSER CLIENTS 

 

A. The system shall be capable of supporting an unlimited number of clients using a 

standard Web browser such as Microsoft Edge™, Internet Explorer™, Safari™, or 

Google Chrome™. Systems requiring additional software (to enable a standard Web 

browser) to be resident on the client machine, or manufacture-specific browsers shall 

not be acceptable. 

 

B. The Web browser software shall run on any operating system and system 

configuration that is supported by the Web browser. Systems that require specific 

machine requirements in terms of processor speed, memory, etc., in order to allow 

the Web browser to function with the BACS, shall not be acceptable. 

 

C. The Web browser shall provide the same view of the system, in terms of graphics, 

schedules, calendars, logs, etc., and provide the same interface methodology as is 

provided by the Graphical User Interface (if used). Systems that require different 

graphic views, different means of graphic generation, or that require different means 

of interacting with objects such as schedules, or logs, shall not be permitted. 

 

D. The Web browser client shall support at a minimum, the following functions: 

 

1. User log-on identification and password shall be required. If an unauthorized 

user attempts access, a blank web page shall be displayed. Security using 

Java authentication and encryption techniques to prevent unauthorized 

access shall be implemented. 

2. Graphical screens developed for the GUI shall be the same screens used for 

the Web browser client. Any animated graphical objects supported by the 

GUI shall be supported by the Web browser interface. 

3. HTML programming shall not be required to display system graphics or 

data on a Web page. HTML editing of the Web page shall be allowed if 

the user desires a specific look or format. 

4. Storage of the graphical screens shall be in the Network Area Controller 

(JACE), without requiring any graphics to be stored on the client machine. 

Systems that require graphics storage on each client are not acceptable. 

5. Real-time values displayed on a Web page shall update automatically without 

requiring a manual 
“refresh” of the Web page. 

6. Users shall have administrator-defined access privileges. Depending on the 

access privileges assigned, the user shall be able to perform the following: 

 

a. Modify common application objects, such as schedules, calendars, and 
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set points in a graphical manner. 

 

1) Schedule times will be adjusted using a graphical slider, 

without requiring any keyboard entry from the operator. 

2) Holidays shall be set by using a graphical calendar, without 

requiring any keyboard entry from the operator. 

 

a) Commands to start and stop binary objects shall be done by 

right-clicking the selected object and selecting the 

appropriate command from the pop- up menu. No text entry 

shall be required.  View logs and charts View and 

acknowledge alarms Setup and execute SQL queries on log 

and archive information. 

  

3) The system shall provide the capability to specify a user’s (as 

determined by the log-on user identification) home page. Provide the 

ability to set a specific homepage for each user. From the home page, 

links to other views, or pages in the system shall be possible, if 

allowed by the system administrator. 

4) Graphic screens on the Web Browser client shall support hypertext 

links to other locations on the Internet or on Intranet sites, by 

specifying the Uniform Resource Locator (URL) for the desired 

link. 

 

2.21 SYSTEM CONFIGURATION TOOL 

 

A. The Workstation Graphical User Interface software (GUI) shall provide the ability 

to perform system programming and graphic display engineering as part of a 

complete software package. Access to the programming functions and features of 

the GUI shall be through password access as assigned by the system 

administrator. 

 

B. A library of control, application, and graphic objects shall be provided to enable the 

creation of all applications and user interface screens. Applications are to be created 

by selecting the desired control objects from the library, dragging or pasting them on 

the screen, and by linking them together using a built in graphical connection tool. 

Completed applications may be stored in the library for future use. GUI screens shall 

be created in the same fashion. Data for the user displays is obtained by graphically 

linking the user display objects to the application objects to provide “real-time” data 

updates. Any real- time data value or object property may be connected to display 

its current value on a user display. Systems requiring separate software tools or 

processes to create applications and user interface displays shall not be acceptable. 

 

 

C. Programming Methods 
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1. Provide the capability to copy objects from the supplied libraries, or from a 

user-defined library to the user’s application. Objects shall be linked by a 

graphical linking scheme by dragging a link from one object to another. 

Object links will support one-to-one, many-to-one, or one-to-many 

relationships. Linked objects shall maintain their connections to other objects 

regardless of where they are positioned on the page and shall show link 

identification for links to objects on other pages for easy identification. Links 

will vary in color depending on the type of link; i.e., internal, external, 

hardware, etc. 

2. Configuration of each object will be done through the object’s property sheet 

using fill-in the blank fields, list boxes, and selection buttons. Use of custom 

programming, scripting language, or a manufacturer-specific procedural 

language for configuration will not be accepted. 

3. The software shall provide the ability to view the logic in a monitor mode. When 

on-line, the monitor mode shall provide the ability to view the logic in real time 

for easy diagnosis of the logic execution. When off-line (debug), the monitor 

mode shall allow the user to set values to inputs and monitor the logic for 

diagnosing execution before it is applied to the system. 

4. All programming shall be done in real-time. Systems requiring the 

uploading, editing, and downloading of database objects shall not be 

allowed. 

5. The system shall support object duplication within a customer’s database. An 

application, once configured, can be copied and pasted for easy re-use and 

duplication. All links, other than to the hardware, shall be maintained during 

duplication. 

 

2.22 LIBRARY 

 

A. A standard library of objects shall be included for development and setup of 

application logic, user interface displays, system services, and communication 

networks. 

 

B. The objects in this library shall be capable of being copied and pasted into the user’s 

database and shall be organized according to their function. In addition, the user shall 

have the capability to group objects created in their application and store the new 

instances of these objects in a user-defined library. 

 

C. In addition to the standard libraries specified here, the supplier of the system shall 

maintain an on-line accessible (over the Internet) library, available to all registered 

users to provide new or updated objects and applications as they are developed. 

 

D. All control objects shall conform to the control objects specified in the BACnet 

specification. 

 

E. The library shall include applications or objects for the following functions, at a 

minimum: 
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1. Scheduling Object. The schedule must conform to the schedule object as defined 

in the BACnet specification, providing 7-day plus holiday & temporary 

scheduling features and a minimum of 10 on/off events per day. Data entry to 

be by graphical sliders to speed creation and selection of on- off events. 

2. Calendar Object.. The calendar must conform to the calendar object as defined 

in the BACnet specification, providing 12-month calendar features to allow for 

holiday or special event data entry. Data entry to be by graphical “point-and-

click” selection. This object must be “linkable” to any or all scheduling objects 

for effective event control. 

3. Duty Cycling Object. Provide a universal duty cycle object to allow repetitive 

on/off time control of equipment as an energy conserving measure. Any number 

of these objects may be created to control equipment at varying intervals 

4. Temperature Override Object. Provide a temperature override object that is 

capable of overriding equipment turned off by other energy saving programs 

(scheduling, duty cycling etc.) to maintain occupant comfort or for equipment 

freeze protection. 

5. Start-Stop Time Optimization Object. Provide a start-stop time optimization 

object to provide the capability of starting equipment just early enough to bring 

space conditions to desired conditions by the scheduled occupancy time. Also, 

allow equipment to be stopped before the scheduled un- occupancy time just far 

enough ahead to take advantage of the building’s “flywheel” effect for energy 

savings. Provide automatic tuning of all start / stop time object properties based 

on the previous day’s performance. 

6. Demand Limiting Object. Provide a comprehensive demand-limiting object that 

is capable of controlling demand for any selected energy utility (electric, oil, and 

gas). The object shall provide the capability of monitoring a demand value and 

predicting (by use of a sliding window prediction algorithm) the demand at the 

end of the user defined interval period (1-60 minutes).  This object shall also 

accommodate a utility meter time sync pulse for fixed interval demand control. 

Upon a prediction that will exceed the user defined demand limit (supply a 

minimum of 6 per day), the demand limiting object shall issue shed commands 

to either turn off user specified loads or modify equipment set points to effect the 

desired energy reduction. If the list of sheddable equipment is not enough to 

reduce the demand to below the set point, a message s h a l l  be displayed on the 

users screen (as an alarm) instructing the user to take manual actions to maintain 

the desired demand. The shed lists are specified by the user and shall be 

selectable to be shed in either a fixed or rotating order to control which 

equipment is shed the most often.  Upon suitable reductions in demand, the 

demand-limiting object shall restore the equipment that was shed in the reverse 

order in which it was shed. Each sheddable object shall have a minimum and 

maximum shed time property to effect both equipment protection and occupant 

comfort. 

7. The library shall include control objects for the following functions. All 

control objects shall conform to the objects as specified in the BACnet 

specification. 
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a. Analog Input Object - Minimum requirement is to comply with the 

BACnet standard for data sharing.  Allow high, low and failure limits to 

be assigned for alarming. Also, provide a time delay filter property to 

prevent nuisance alarms caused by temporary excursions above or below 

the user defined alarm limits. 

 

b. Analog Output Object - Minimum requirement is to comply with the 

BACnet standard for data sharing. 

c. Binary Input Object - Minimum requirement is to comply with the 

BACnet standard for data sharing. The user must be able to specify 

either input condition for alarming. This object must also include the 

capability to record equipment run-time by counting the amount of time 

the hardware input is in an “on” condition. The user must be able to 

specify either input condition as the “on” condition. 

d. Binary Output Object - Minimum requirement is to comply with the 

BACnet standard for data sharing. Properties to enable minimum on and 

off times for equipment protection as well as interstart delay must be 

provided. The BACnet Command Prioritization priority scheme shall be 

incorporated to allow multiple control applications to execute commands 

on this object with the highest priority command being invoked. Provide 

sixteen levels of priority as a minimum. Systems not employing the 

BACnet method of contention resolution shall not be acceptable. 

e. PID Control Loop Object - Minimum requirement is to comply with the 

BACnet standard for data sharing. Each individual property must be 

adjustable as well as to be disabled to allow proportional control only, or 

proportional with integral control, as well as proportional, integral and 

derivative control. 

f. Comparison Object - Allow a minimum of two analog objects to be 

compared to select either the highest, lowest, or equality between the two 

linked inputs. Also, allow limits to be applied to the output value for 

alarm generation. 

g. Math Object - Allow a minimum of four analog objects to be tested for 

the minimum or maximum, or the sum, difference, or average of linked 

objects. Also, allow limits to be applied to the output value for alarm 

generation. 

h. Custom Programming Objects - Provide a blank object template for the 

creation of new custom objects to meet specific user application 

requirements. This object must provide a simple BASIC-like 

programming language that is used to define object behavior. Provide a 

library of functions including math and logic functions, string 

manipulation, and e-mail as a minimum. Also, provide a comprehensive 

on-line debug tool to allow complete testing of the new object. Allow new 

objects to be stored in the library for re-use. 

 

i. Interlock Object - Provide an interlock object that provides a means of 
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coordination of objects within a piece of equipment such as an Air 

Handler or other similar types of equipment. An example is to link the 

return fan to the supply fan such that when the supply fan is started, the 

return fan object is also started automatically without the user having to 

issue separate commands or to link each object to a schedule object. In 

addition, the control loops, damper objects, and alarm monitoring (such as 

return air, supply air, and mixed air temperature objects) will be inhibited 

from alarming during a user-defined period after startup to allow for 

stabilization. When the air handler is stopped, the interlocked return fan 

is also stopped, the outside air damper is closed, and other related objects 

within the air handler unit are inhibited from alarming thereby eliminating 

nuisance alarms during the off period. 

j. Temperature Override Object - Provide an object whose purpose is to 

provide the capability of overriding a binary output to an “On” state in the 

event a user specified high or low limit value is exceeded. This object is 

to be linked to the desired binary output object as well as to an analog 

object for temperature monitoring, to cause the override to be enabled. 

This object will execute a Start command at the Temperature Override 

level of start/stop command priority unless changed by the user. 

k. Global Settings Object - Provide an object or objects whose purpose is 

to provide the capability of globally changing set points during 

seasonal changes such as summer, fall, winter and spring. 

l. Composite Object - Provide a container object that allows a collection of 

objects representing an application to be encapsulated to protect the 

application from tampering, or to more easily represent large 

applications. This object must have the ability to allow the user to select 

the appropriate parameters of the “contained” application that are 

represented on the graphical shell of this container. 

 

8. The object library shall include objects to support the integration of devices 

connected to the Network Area Controller (JACE). At a minimum, provide 

the following as part of the standard library included with the programming 

software: 

 

a. For BACnet devices, provide the following objects at a minimum: 

 
1) Analog In 
2) Analog Out 
3) Analog Value 
4) Binary In 
5) Binary Out 

6) Binary Value 

7) Multi-State In 
8) Multi-State Out 
9) Multi-State Value 
10) Schedule Export 
11) Calendar Export 
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12) Trend Export 
13) Device 

14) For each BACnet object, provide the ability to assign the object a 

BACnet device and object instance number. 
15) For BACnet devices, provide the following support at a minimum 

 
a) Segmentation 
b) Segmented Request 
c) Segmented Response 

d) Application Services 
e) Read Property 
f) Read Property Multiple 
g) Write Property 

h) Who-has 
i) I-have 
j) Who-is 
k) I-am 
l) Media Types 
m) Ethernet 
n) BACnet IP Annex J 

o) MSTP 
p) BACnet Broadcast Management Device (BBMD) function 
q) Routing. 

 

2.23 DDE DEVICE INTEGRATION 

 

A. The Network Area Controller shall support the integration of device data via 

Dynamic Data Exchange (DDE), over the Ethernet Network. The Network Area 

Controller shall act as a DDE client to another software application that functions 

as a DDE server. 

 

B. Provide the required objects in the library, included with the Graphical User Interface 

programming software, to support the integration of these devices into the BACS. 

Objects provided shall include at a minimum: 

 

1. DDE Generic AI Object 

2. DDE Generic AO Object 
3. DDE Generic BO Object 
4. DDE Generic BI Object 

 

2.24 MODBUS SYSTEM INTEGRATION 

 

A. The Network Area Controller shall support the integration of device data from 

Modbus RTU, ASCII, or TCP control system devices. The connection to the 

Modbus system shall be via an RS-232, RS485, or Ethernet IP as required by the 

device. 

 

B. Provide the required objects in the library, included with the Graphical User Interface 
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programming software, to support the integration of the Modbus system data into 

the FPMS. Objects provided shall include at a minimum: 

 

1. Read/Write Modbus AI Registers 
2. Read/Write Modbus AO Registers 
3. Read/Write Modbus BI Registers 
4. Read/Write Modbus BO Registers 

5. All scheduling, alarming, logging and global supervisory control functions, of 

the Modbus system devices, shall be performed by the Network Area 

Controller. 

6. The BACS supplier shall provide a Modbus system communications driver. The 

equipment system vendor that provided the equipment utilizing Modbus shall 

provide documentation of the system’s Modbus interface and shall provide 

factory support at no charge during system commissioning 

 

 

2.25 OPC SYSTEM INTEGRATION 

 

A. The Network Area Controller shall act as an OPC client and shall support the 

integration of device data from OPC servers. The connection to the OPC server shall 

be Ethernet IP as required by the device. The OPC client shall support third party 

OPC servers compatible with the Data Access 1.0 and 2.0 specifications. 

 

B. Provide the required objects in the library, included with the Graphical User Interface 

programming software, to support the integration of the OPC system data into the 

BAS. Objects provided shall include at a minimum: 

 
1. Read/Write OPC AI Object 
2. Read/Write OPC AO Object 
3. Read/Write OPC BI Object 
4. Read/Write OPC BO Object 
5. Read/Write OPC Date/Time Input Object 

6. Read/Write OPC Date/Time Output Object 

7. Read/Write OPC String Input Object 
8. Read/Write OPC String Output Object 
9. All scheduling, alarming, logging and global supervisory control functions, 

of the OPC system devices, shall be performed by the Network Area 

Controller. 

10. The BACS supplier shall provide an OPC client communications driver. The 

equipment system vendor that provided the equipment utilizing OPC shall 

provide documentation of the system’s OPC server interface and shall 

provide factory support at no charge during system commissioning. 

 

2.26 OTHER CONTROL SYSTEM HARDWARE 

 

A. The following constitutes required specifications for all sensors, control valves, 

dampers and actuators, meters, switches, transmitters, and drives typically used in 
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HVAC applications.  Alternate device manufacturers and/or specifications will be 

considered with the approval of the engineer.  Refer to the Control P&ID on the M400 

series drawings for actual devices.  This does not apply to control hardware supplies as 

part of mechanical or plumbing equipment. 

 

B. All wall mounted devices shall have white finish, unless noted otherwise, to 

match electrical wiring devices and cover plates. 

 

C. Space Thermostats: Temperature sensing modules mounted on the wall in occupied 

spaces. Optional set point, indication, and override switches must be provided as 

specified. 

 

1. Sensor shall contain digital display and user function keys along with 

temperature sensor. Sensor shall function as occupant control unit. It shall 

allow occupant to raise and lower set point and activate terminal unit for 

unoccupied override use all within limits as programmed by building operator. 

2. Provide means for occupant to view room set point, and room temperature at 

each controller. Override time may be set and viewed in 0.1 hour increments. 

Override time countdown shall be automatic but may be reset to zero using 

function keys on unit. Display shall be blank in unoccupied mode unless a 

function button is pressed. 

3. Space temperature sensors shall be accurate to plus or minus 0.5 deg. F at 77 deg. 

F. 

4. Blank, wall mounted space temperature sensors with unoccupied override 

button, without set point adjustment or LCD readout shall be utilized as 

required when no occupant interaction is needed or desired and where 

indicated on the drawings. 

 

D. Duct Mount, Pipe Mount, and Outside Air Temperature Sensors: 

 
1. Outside air sensors shall include an integral sun shield. 
2. Temperature sensors shall have an accuracy of plus or minus 1.0 deg. F. over 

operating range. 

3. Duct sensors shall have sensor approximately in center of the duct, and shall 

have selectable lengths of 6, 12, and 18 inches. 

4. Multipoint averaging element sensors shall be provided where specified, and 

shall have a minimum of one foot of sensor length for each square foot of duct 

area (provide multiple sensors if necessary). 
5. Pipe mount sensors shall have copper, or stainless steel separable wells. 
6. Outside Air Sensor (OAS) to be located on north side of building in a location 

that is not exposed to direct sunlight. 

 

E. Current Switches: Solid state, split core, current switch that operates when the current 

level (sensed by the internal current transformer) exceeds the adjustable trip point 

shall be provided where specified. Current switches shall include an integral LED 

for indication of trip condition. 
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1. Sensing range 0.5 – 250 Amps. 
2. Output 0.3 A @ 200 VAC/VDC / 0.15 A @ 300 VAC/VDC 
3. Operating frequency 40 Hz -1 kHz. 

4. Operating Temperature 5-104 deg. F -15 – 40 deg. C), Operating 

Humidity 0-95% non- condensing 
5. Approvals CE, UL. 

 

F. Current Sensors: Solid state, split core linear current sensors shall be provided where 

specified. 

 
1. Linear output of 0-5 VDC, 0-10 VDC, or 4-20 mA. 
2. Scale sensors so that average operating current is between 20-80% full scale. 
3. Accuracy plus or minus 1.0% (5-100% full scale) 

4. Operating frequency 50-600 Hz. 

5. Operating Temperature 5-104 deg. F ( -15 – 40 deg. C), Operating 

Humidity 0-95% non- condensing 

6. Approvals CE, UL. 

 

G. Water Flow Meters: Water flow meters shall be axial turbine style flow meters 

which translate liquid motion into electronic output signals proportional to the flow 

sensed. 

 

1. Flow sensing turbine rotors shall be non-metallic and not impaired by magnetic 

drag. 
2. Flow meters shall be ‘insertion’ type complete with ‘hot-tap’ isolation valves to 

enable sensor 
removal without water supply system shutdown. 

3. Accuracy shall be + 2% of actual reading from 0.4 to 20 feet per second flow 

velocities. 

 

H. Thermal Mass Flow Meters: 

 

1. Sensor shall utilize hybrid analog/digital sensing circuitry to measure thermal 

mass flow rate of natural gas. 

2. Sensor shall be constructed of 316 Stainless Steel. 
3. Accuracy: +/- 2% of reading. Able to be field calibrated. 
4. Sensor shall be factory installed in 1/2” thru 4” pipe with flow straighteners 

factory installed. 
5. 24v input power. 

6. Operating range of -40 to 200 deg F and up to 500 psi. 

7. Outputs available: 

a. Analog 4-20 mA 24 VDC pulse output. 
b. Optional flow display module displays instantaneous rate and totalized flow. 
c. Network Interface: MODBUS with RS-485 connection for BACnet/IP. 

 

I. Fuel Oil Flow Meters: 

 

1. Manufacturers: Subject to compliance with requirements, provide products by 
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one of the manufacturers specified. 

2. AMCO 15. (Basis of design) 

3. Honeywell. 

4. Meter shall utilize an oscillating piston to measure fuel oil flow rate. 

5. Accuracy: +/- 1% of reading. 

6. Resolution of 0.01 gallons. 

7. Calibrated with #2 fuel oil at 70 deg F. 

8. Meter shall have cast iron body with 1/2” threaded connections. 

9. Chamber shall be brass with aluminum piston. 

10. A stainless steel screen shall be provided on the inlet. 

11. Maximum operating range up to 266 deg F and up to 225 psi. 

12. Optional Inductive Pulse output unit: 2-wire, 5-15 VDC for connection to BACS. 

13. Analog flow display module. 

 

J. Low Temperature Limit Switches. Safety low limit shall be manual reset twenty 

foot limited fill type responsive to the coolest section of its length. 

 

1. Low limit set point shall be adjustable between 20 and 60 deg. F. (-5 and 15 deg. 

C.) 

2. Switch enclosure shall be dustproof and moisture-proof. 

3. Switch shall break control circuit on temperature fall. Contact ratings shall be 

10.2 FLA at 120 VAC, and 6.5 FLA at 240 VAC. 
4. Ambient Temperature range -20 to 125 deg. F. (-11 to 52 deg. C.) 

5. Operating Temperature Range 20 to 60 deg. F. (-5 to 15 deg. C. 

 

K. High Temperature Limit Switches. Safety high limit (fire stats) shall be manual reset 

type. 

 

1. High limit set point shall be adjustable between 100 and 240 deg. F. (38 and 116 

deg. C.) 

2. Switch enclosure shall be dustproof and moisture-proof. 

3. Switch shall break control circuit on temperature fall. Contact ratings shall be 10 

FLA at 120 VAC, and 5 FLA at 240 VAC. 

4. Ambient Temperature range -20 to 190 deg. F. (-28 to 88 deg. C.) at case, 

and 350 deg. F (177 deg. C.) at the sensor. 
5. Operating Temperature Range 100 to 240 deg. F. (38 to 116 deg. C. 

 

L. Carbon Dioxide Sensors (General Occupancy Areas) 

 

1. Carbon Dioxide sensors shall be 0-10 Vdc, 2-10 Vdc, or 4-20 mA linear 

analog output type, with corrosion free gold-plated non-dispersive infrared 

sensing, designed for duct or wall mounting. 

2. Sensor shall incorporate internal diagnostics for power, sensor, analog output 

checking, and automatic background calibration algorithm for reduced 

maintenance. Sensor range shall be 0- 2000 PPM with +/- 75 PPM accuracy at 

full scale. 
3. Sensor shall have an LCD display that displays the sensor reading and status. 
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M. Nitrogen Monoxide and Nitrogen Dioxide Sensors (Garage/Work Bay) 

 

1. Nitrogen sensors shall be 0-10 Vdc, 2-10 Vdc, or 4-20 mA linear analog 

output type, with solid- state infrared sensing, designed for wall mounting. 

2. Sensor shall incorporate internal diagnostics for power, sensor, analog output 

checking, and automatic background calibration algorithm for reduced 

maintenance. Sensor range shall be 0-10 PPM with +/- 10% accuracy at full 

scale. 

3. Where specified, sensor shall have an LCD display that displays the sensor reading 

and status. 

 

N. Carbon Monoxide Sensors (Garage/Work Bay) 

 

1. Nitrogen Dioxide sensors shall be 0-10 Vdc, 2-10 Vdc, or 4-20 mA linear 

analog output type, with solid-state or electromechanical infrared sensing, 

designed for wall mounting. 

2. Sensor shall incorporate internal diagnostics for power, sensor, analog output 

checking, and automatic background calibration algorithm for reduced 

maintenance. Sensor range shall be 0- 100 or 0-200 PPM with +/- 5% 

accuracy at full scale. 

3. Where specified, sensor shall have an LCD display that displays the sensor 

reading and status. 

 

O. Refrigerant Sensors (General Occupancy) 

 

1. Basis of Design: Bacharach MGS-250 Series 

2. Refrigerant sensors shall have 0-10 Vdc, 2-10 Vdc, or 4-20 mA linear analog 

output, with non- dispersive infrared sensing, audible alarm, and alphanumeric 

LED display of sensor reading and status designed wall mounting. 

3. 24 VAC/VDC input power supply. 

4. Sensor shall be factory calibrated for detection of R-410A and incorporate 

internal diagnostics for power, sensor, analog output checking, and automatic 

background calibration algorithm for reduced maintenance. Sensor range shall 

be 0-3500 PPM with +/- 75 PPM accuracy at full scale. Adjustable high limit 

alarm from 500-900 ppm. 

5. Sensor shall be capable of output to BACS control system. 

 

P. Differential Pressure Sensors 

 

1. Sensor shall have four field selectable ranges: 0.1, 0.24, 0.5, 1.0 in w.c. for low 

pressure models, and 1.0, 2.5, 5, 10 for high pressure models. 

2. Sensor shall provide zero calibration via pushbutton or digital input. 

3. Sensor shall have field selectable outputs of 0-5 VDC, 0-10 VDC, and 4-20 mA 
4. Where specified, sensor shall have and LCD display that displays measured value. 
5. Sensor overpressure rating shall be 3 PSID proof, and 5 PSID burst. 
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6. Sensor accuracy shall be plus or minus 1% FS selected range. 

 

Q. Humidity Sensors. 

 

1. Humidity transducer shall be accurate to +/- (2%, 3%, 5% choose desired 

accuracy) between 20- 95% RH NIST traceable calibration. 

2. Sensors shall have a field selectable output of 0-10 Vdc, 0-5 Vdc, or 4-20 mA. 

3. Sensors shall provide field calibration option using non-interacting zero and 

span potentiometers, and/or toggle switches that increment or decrement the 

RH value in steps of 0.5% RH. 

4. Accuracy of the sensor shall not be adversely affected by condensation. 

 

R. Enthalpy Sensors. 

 

1. (Option 1 – Changeover type – Select one) Duct mounted enthalpy sensor shall 

include a temperature sensor and a humidity sensor constructed to close an 

electrical contact upon a drop in enthalpy (total heat) to enable economizer 

modes of operation where specified. 

 

2. (Option 2 – Proportional analog signal– Select one) Provide duct mounted 

sensor including solid state temperature and humidity sensors with electronics 

which shall output a 4-20 ma signal input to the controller upon a varying 

enthalpy (total heat) to enable economizer modes of operation when outside air 

enthalpy is suitable for free cooling. 

 

a. Manufacturers: Subject to compliance with requirements, provide products 

by one of the manufacturers specified. 

 
1) Honeywell 
2) Siemens Building Technologies 

 

S. Annular Pitot Tube Flow Meter. Annular pitot tube shall be averaging type differential 

pressure sensors with four total head pressure ports and one static port made of 

austenitic stainless steel. 

 

1. Sensor shall have an accuracy of ±.25% of full flow and a repeatability of 

±.05% of measured value. 

2. Transmitter shall be electronic and shall produce a linear output of 0-10 Vdc, 0-

5 Vdc, or 4 to 20 mA dc corresponding to the required flow span. 

3. The transmitter shall include non-interacting zero and span adjustments. 

 

T. Emergency Shutdown Stations 

 

1. Wall-mounted, ADA compliant, UL listed, emergency button station with 120v 

or 24v SPST contacts. Stainless steel back plate with molded polycarbonate 

housing. Basis of design: Safety Technology International, Inc. Series 2000 
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Stopper Station. 
2. Activation: Push button to activate, turn to reset. 
3. Text: Stations shall be provided with the following custom label, “HVAC 

SYSTEM SHUTDOWN” 

4. Finish: Yellow. 

5. Cover: Top hinged, clear polycarbonate cover mounts over station to 

prevent accidental activation equal to STI Mini Stopper 2. 

6. Indicator light located above station shall illuminate on all emergency 

shutdown stations when one station has been activated to alert occupants. 

 

U. Window Sash Sensors 

 

1. Window switches shall consist of a fixed earth magnet in operable window 

sash with magnetic activating contact housed in window frame equal to GE 

Security 1075. 

2. Switching voltage of 120v or 24 VDC. 

 

V. Standard Automatic Control Dampers. Provide all automatic control dampers not 

specified to be integral with other equipment. 

 

1. Frames shall be 5 inches wide and of no less than 16-gauge galvanized steel. 

Inter-blade linkage shall be within the frame and out of the air stream. 

2. Blades shall not be over 8 inches wide or less than 16-gauge galvanized steel 

triple V type for rigidity. 

3. Bearings shall be acetyl, oilite, nylon or ball-bearing with ½ inch diameter plated 

steel shafts. 
4. Dampers shall be suitable for temperature ranges of -40 to 180F. 

5. All proportional control dampers shall be opposed or parallel blade type as 

hereinafter specified and all two-position dampers shall be parallel blade types. 
6. Dampers shall be sized to meet flow requirements of the application. 
7. Maximum leakage for dampers in excess of sixteen inches square shall be 30 

CFM per square foot at static pressure of 1 inch of WC. Testing and ratings 

to be in accordance with AMCA Standard 500. 

 

W. Low Leakage Automatic Control Dampers. Provide all automatic control dampers 

not specified to be integral with other equipment. 

 

1. Frames shall be 5 inches wide and of no less than 16-gauge galvanized steel. 

Inter-blade linkage shall be within the frame and out of the air stream. 

2. Blades shall not be over 8 inches wide or less than 16-gauge galvanized steel 

triple V type for rigidity. 
3. Bearings shall be acetyl, oilite, nylon or ball-bearing with ½ inch diameter plated 

steel shafts. 
4. Dampers shall be suitable for temperature ranges of -40 to 180F. 

5. All proportional control dampers shall be opposed or parallel blade type as 

hereinafter specified and all two-position dampers shall be parallel blade types. 

6. Dampers shall be sized to meet flow requirements of the application. The sheet 
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metal Contractor shall furnish and install baffles to fit the damper to duct size. 

Baffles shall not exceed 6".  Dampers with dimensions of 24 inches and less 

shall be rated for 3,000 fpm velocity and shall withstand a maximum system 

pressure of 5.0 in. w.c. Dampers with dimensions of 36 inches and less shall be 

rated for 2,500 fpm velocity and shall withstand a maximum system pressure of 

4.0 in. w.c. Dampers with dimensions of 48 inches and less shall be rated for 

2,000 fpm velocity and shall withstand a maximum system pressure of 2.5 in. 

w.c. 
7. Side seals shall be stainless steel of the tight-seal spring type. 
8. Dampers shall be minimum leakage type to conserve energy and the 

temperature control manufacturer shall submit leakage data for all low 

leakage control dampers with the temperature control submittal. 

9. Maximum leakage for low leakage dampers in excess of sixteen inches square 

shall be 8 CFM per square foot at static pressure of 1 inch of WC. 

10. Low leakage damper blade edges shall be fitted with replaceable, snap-on, 

inflatable seals to limit damper leakage. 
11. Testing and ratings shall be in accordance with AMCA Standard 500. 
12. Damper blade width shall be no greater than 8 inches, and dampers over 48 

inches wide by 74 inches high shall be sectionalized. Testing and ratings to be 

in accordance with AMCA Standard 500. 

 

X. Round Motorized Dampers. Round dampers shall be provided where specified and 

shall be factory mounted in a section of round duct a minimum of 12 inches long, but 

no less than one inch longer than the duct diameter. 

1. Duct shall be sleeve type spiral duct crimped on the downstream end, 24 

gage galvanized minimum except duct over 12 inches in diameter shall 

be 22 gage. 

2. Duct shall have an integral galvanized steel actuator mounting plate and a ½ 

inch zinc-coated steel blade shaft extending a minimum of 2 inches beyond 

the actuator mounting plate. 

3. Shaft bearings shall be flanged bronze oilite pressed into the frame. 

4. The blade shall be a minimum 16 gage galvanized steel, and damper frame shall 

be provided with closed-cell neoprene seals with silicone rubber bead. Damper 

shall be designed for a 2500 ft/min approach velocity and a 4 inch minimum 

static pressure. 

5. Damper shall be suitable for operation from 32 to 130F temperatures. 

6. Damper and actuator combination shall be designed for leakage rates less 

than 13 cfm per square foot at one inch w.c. differential and 25 cfm at four 

inches w.c. Actuator shall have an external declutch lever to allow manual 

blade positioning during equipment and power malfunctions. 

 

Y. Control Valves: (Globe Type) Control valves shall be 2-way or 3-way pattern as 

shown constructed for tight shutoff and shall operate satisfactory against system 

pressures and differentials. 

 
1. Two-position valves shall be line size. 
2. Proportional control valves shall be sized for a nominal pressure drop of 5.0 
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psi at rated flow (except as may be noted on the drawings). Manufacturer's 

specified maximum differential pressure shall not be exceeded in order to 

prevent cavitation. 

3. Two-way proportional valves shall have equal percentage flow characteristics. 

Three-way valves shall have equal percentage flow characteristics straight 

through, and linear through the bypass. Rangeability shall be 50:1 or greater. 

4. Provide valve position indicator and a method to operate valves manually during 

system start-up, or actuator power loss or failure on all valves. 

5. Leakage rate shall be no more than ANSI Class III (for heating) or ANSI Class IV 

(for cooling). 

6. Valves 1/2 inch through 3 inches shall be screwed pattern except where solder 

connections are specified for valves 1/2 or 3/4 inches. 
7. Three-way valve bypass ports shall be of Cv to provide constant flow through the 

control loop. 
8. Two-way valves shall close off against the net differential pressure resulting 

from the maximum head pressure of the system pumps less all loop pressure 

losses. Three-way valves shall close off against the difference in head pressure 

between the controlled load and the bypass line. 

9. Valves 2-1/2 inch and larger shall be flanged and ANSI/ASME-rated to 

withstand the pressures and temperatures specified. 

10. Valves shall have stainless-steel stems and spring loaded Teflon packing with 

replaceable discs. 

 

Z. Control Valves: (Characterized Ball Valves) Control valves 1/2 to 3 inches shall be 2-

way or 3-way forged brass screwed pattern constructed for tight shutoff and shall 

operate satisfactory against system pressures and differentials. 

 

1. Two-position valves shall be line size. 

2. Proportional control valves shall be sized for a nominal pressure drop of 5.0 

psi at rated flow (except as may be noted on the drawings). Manufacturer's 

specified maximum differential pressure shall not be exceeded in order to 

prevent cavitation. 

3. Two-way proportional valves shall have equal percentage flow characteristics. 

Three-way valves shall have equal percentage flow characteristics straight 

through and linear flow through the bypass. 

4. Leakage rate shall be ANSI Class IV (no more than 0.01% of Cv). 

5. Fluid temperature range shall be between -22 and +250 degrees F. water or 

glycol solutions up to 50%. Piping and valves shall be properly insulated to 

prevent formation of ice on moving parts. 
6. Valves shall be rated for no less than 360 psig at 250 degrees F. 
7. Provide a method to operate valves manually during system start-up, or 

actuator power loss or failure on all valves. 

8. Two-way valves shall close off against 70 psi minimum, and three-way 

valves shall close off against 40 psi minimum. 

9. Valves shall have stainless-steel or chemically nickel-plated brass stem and 

throttling port. 
10. Actuator shall be available with NEMA 3R (IP54) rated enclosure suitable for 
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outdoor installation. 
11. Valves shall be tagged with Cv rating and model number. 

 

AA. Control Valves: (Characterized Ball Valves) Control valves 4 to 6 inches shall be 2-

way or 3-way cast iron ANSI Class 125 flanged connections as shown constructed for 

tight shutoff and shall operate satisfactory against system pressures and differentials. 

 

1. Two-position valves shall be line size. 

2. Proportional control valves shall be sized for a nominal pressure drop of 5.0 psi 

at rated flow (except as may be noted on the drawings). Manufacturer's 

maximum differential pressure shall not be exceeded in order to prevent 

cavitation. 

3. Two-way water valves shall have equal percentage flow characteristics. Three-

way valves shall have equal percentage flow characteristics straight through 

and linear with 20% reduced flow through the bypass. Rangeability shall be 

100:1 or greater. 

4. A-port leakage rate shall be ANSI Class IV (no more than 0.01% of Cv) or better. 

5. Fluid temperature range shall be between -22 and +250 degrees F. water or 

glycol solutions up to 50%. Piping and valves shall be properly insulated to 

prevent formation of ice on moving parts. 
6. Valves shall be rated for no less than 240 psig at 250 degrees F. 
7. Provide a method to operate valves manually during actuator power loss or failure. 

8. Two-way valves shall close off against 70 psi minimum, and three-way 

valves shall close off against 40 psi minimum. 

9. Valve ball and stem shall be 316 stainless-steel. 

10. Actuator shall be available with NEMA 3R (IP54) rated enclosure suitable for 

outdoor installation. 

11. Valves shall be tagged with Cv rating and model number. 

 

BB. Butterfly Control Valves: Where specified, butterfly control valves 2” to 20" in 

size shall be cast iron body type for 2-way applications and constructed for tight 

shutoff and shall operate satisfactorily against system pressures and differentials. 

Three-way applications shall consist of 2-way valves assembled to a "Tee" fitting 

with common actuators and operating linkage. 

 

1. Valves shall have tapped lugs for standard flange connection, and 

meet ANSI/ASME requirements to withstand the pressures and 

temperatures encountered. 
2. Valve shall have a corrosion, ultra-violet, and wear-resistant coating for outdoor 

applications. 
3. Resilient-seated valves shall use food-grade elastomeric seats. Seat shall also 

function as the flange gaskets. 

4. Valves shall be designed for isolation and the absence of downstream piping at 

rated differential pressure. 

5. All valves shall be line size. 

6. Proportional control valves shall be sized for a nominal pressure drop of 5.0 

psid at rated flow (except as may be noted on the drawings) up to a maximum 
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stroke of 60° disk rotation. Manufacturer's maximum fluid velocity shall not 

be exceeded in order to prevent cavitation. 

7. Valves shall be rated for bubble tight shutoff at no less than 150 psi differential 

pressure for full cut valves, or 50 psi for undercut valves. 

8. Valve disc shall be of corrosion-resistant construction appropriate for the 

controlled media such as nylon-coasted cast iron, aluminum bronze, or 

stainless steel. 

9. Valve stems shall be stainless steel, with inboard top and bottom bearings, 

and an external corrosion resistant top bearing to absorb actuator side 

thrust. 
10. Actuator mounting flange shall conform to ISO 5211 for actuator 

interchangeability. 
11. Actuator shall be available with NEMA 4X (IP65) rated enclosure suitable for 

outdoor installation. 

12. Valves shall be tagged with Cv rating and model number. 

 

CC. Variable Frequency Drives. 

1. Manufacturers: 
a. Cerrus Industrial. 
b. Eaton Corp.: Cutler-Hammer Products. 
c. Emerson Industrial Automation. 

d. General Electric Distribution & Control. 
e. Honeywell Building Controls. 
f. Yaskawa Electric America, Inc. (MagneTek Drives and Systems). 
g. Square D Co. 

 

2. Variable frequency drives shall be UL listed and sized for the power and loads 

applied. Units shall be provided with main power disconnect and manual bypass 

starters allowing motor operation from the drive or across the line. This 

facilitates drive maintenance while the motor continues to operate. 

3. Drives shall include built-in radio frequency interference (RFI) filters and be 

constructed to operate in equipment rooms and shall not be susceptible to 

electromagnetic disturbances typically encountered in such environments. 

Similarly, the drives must not excessively disturb the environment within which 

it is used. 
4. All VFDs over 3 horsepower shall be provided with an AC choke. 
5. VFDs shall be installed in strict conformance to the manufacturer’s installation 

instructions, and 
shall be rated to operate over a temperature range of 14 to 104 F. 

6. VFD automatic operation shall be suitable for an analog input signal 

compatible with the digital controller output. 

7. Each VFD shall be fan cooled and have an integral keypad and alphanumeric 

display unit for user interface. The display shall indicate VFD status (RUN 

motor rotation, READY, STOP, ALARM, and FAULT), and shall indicate the 

VFD current control source (DDC input signal, keypad, or field bus control). In 

addition to the alphanumeric display, the display unit shall have three pilot lights 
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to annunciate when the power is on (green), when the drive is running (green, 

blinks when stopping and ramping down), and when the drive was shut down 

due to a detected fault (red, fault condition presented on the alphanumeric 

display). 

8. Three types of faults shall be monitored, “FAULT” shall shut the motor down, 

“FAULT Auto-reset” shall shut the motor down and try to restart it for a 

programmable number of tries, and “FAULT Trip” shall shut the motor down 

after a FAULT Auto-reset fails to restart the motor. Coded faults shall be 

automatically displayed for the following faults: 

 

a. Over current 
b. Over voltage 
c. Earth ground 
d. Emergency stop 
e. System (component failure) 
f. Under voltage 

g. Phase missing 

h. Heat sink under temperature 
i. Heat sink over temperature 
j. Motor stalled 
k. Motor over temperature 

l. Motor under load 

m. Cooling fan failure 

n. Inverter bridge over temperature 
o. Analog input control under current 
p. Keypad failure 
q. Other product unique monitored conditions 

r. In addition to annunciating faults, at the time of fault occurrence the VFD 

shall capture and make available to the user certain system data for 

subsequent analysis during fault trouble shooting, including duration of 

operation (days, hours, minutes, seconds),output frequency, motor 

current, motor voltage, motor power, motor torque, DC voltage, unit 

temperature, run status, rotation direction, and any warnings. The last 30 

fault occurrences shall be retained as well as the fault data listed in the 

previous sentence of each fault. New faults beyond 30 shall overwrite the 

oldest faults. 

 

9. The display unit keypad shall allow setting operational parameters including 

minimum and maximum frequency, and acceleration and deceleration times. 

The display shall offer user monitoring of frequency, unit temperature, motor 

speed, current, torque, power, voltage, and temperature. 

 

DD. Actuators, General. All automatically controlled devices, unless specified otherwise 

elsewhere, shall be provided with actuators sized to operate their appropriate loads 

with sufficient reserve power to provide smooth modulating action or two-position 

action and tight close-off. Valves shall be provided with actuators suitable for 

floating or analog signal control as required to match the controller output. 
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1. Spring Return Direct Coupled Actuators. Actuators shall have torque ratings of 

44lb-in., 88 lb-in., or 175 lb-in. Actuators shall be modulating 90 seconds 

nominal timing or two-position 45 seconds nominal timing types with strokes 

for 90 degree rotation applications and designed for operation between -40 and 

140 F. 

 

a. Each torque rating group shall have optionally selected control types, 

floating control, 2- position 24 Vac, 2-position line voltage, or analog 

input which is switch selectable as 0- 10Vdc, 10-0 Vdc, 2-10 Vdc, or 10-2 

Vdc. 

b. Actuator spring return direction (open or closed) shall be easily reversed 

in the field, and actuators shall spring return in no greater than 20 

seconds. 

c. Actuators serving air stream dampers shall be powered-open type 

which return to a closed position when power is lost. 

d. Actuators shall be direct connected (no linkages), and shall have 

integral position indication. 

e. Actuators shall have NEMA 2 environmental protection rating, and 

UL approved and plenum rated per UL873. 

f. Minimum design life of modulating actuators shall be for 1,500,000 

repositions and 60,000 spring returns, except 2-position actuators shall 

be for 50,000 spring returns. 

g. Each actuator shall be provided with a manual power-off positioning 

lever for manual positioning during power loss or system malfunctions, 

including a gear-train lock to prevent spring action. 
h. Upon power restoration after gear lock, normal operation shall 

automatically recur. 

 

2. Fast Acting Two Position Fire & Smoke Actuators. Fire/smoke damper 

actuators shall be direct connected (no linkages) two-position spring return 

types with stroke for 90 degree nominal rotation applications and designed for 

60,000 full stroke cycles and normal operation between 0 and 130 F. 

 

a. Actuators control shall be compatible with SPST control switch and with 

torque ratings of 30 lb-in. 

b. Actuator timing shall be 25 seconds maximum in powered instances 

and shall spring- return in 15 seconds. 

c. Actuators shall be UL listed with UL873 plenum rating with die-cast 

aluminum housing with integral junction box and conduit knockouts, 

and designed to operate reliably in smoke control systems requiring 

UL555S ratings up to 350F. 

d. The actuator shall be designed to operate for 30 minutes during a one-

time excursion to 350F. 

e. Actuator shall require no special cycling during long-term holding, and 

shall “hold” with 

no audible noise at a power consumption of approximately half of the 
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driving power. 

f. Actuators shall be 24 volt or 120 volt with models for clockwise 

(add a B suffix) and counter-clockwise (add an A suffix) spring 

return. 

 

EE. Temperature Control Panels: Furnish temperature control panels of code gauge steel 

with locking doors for mounting all devices as shown. Provide engraved phenolic 

nameplates identifying all devices mounted on the face of control panels. A complete 

set of ‘as-built’ control drawings (relating to the controls within that panel) shall be 

furnished within each control panel. 

 

PART 3 - EXECUTION 

 

3.1 EXECUTION 

 

A. All work described in this section shall be performed by system integrators or 

Contractors that have a successful history in the design and installation of integrated 

control systems. The BACS Contractor shall have a minimum of ten years’ 

experience installing, and servicing computerized building systems utilizing the 

Niagara AX Platform. All subcontractors utilized by the BACS Contractor shall have 

a minimum of five years’ experience within their appropriate trades. 

 

B. Install system and materials in accordance with manufacturer’s instructions, and as 

detailed on the project drawing set. 

 

C. Drawings of the BACS network are diagrammatic only and any apparatus not shown, 

but required to make the system operative to the complete satisfaction of the 

Architect shall be furnished and installed without additional cost. 

 

D. Line and low voltage electrical connections to control equipment shown specified 

or shown on the control diagrams shall be furnished and installed by this 

Contractor in accordance with these specifications. 

 

E. Equipment furnished by the HVAC Contractor that is normally wired before 

installation shall be furnished completely wired. Control wiring normally 

performed in the field will be furnished and installed by this Contractor. 

 

3.2 WIRING 

 

A. All electrical control wiring and power wiring to the control panels, JACE, 

computers and network components shall be the responsibility of the 

Contractor. Wiring into the MEARNG network shall be by the Owner. 

 

B. The electrical Contractor (Div. 26) shall furnish all power wiring to electrical starters 

and motors. 
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C. All wiring shall be in accordance with the Project Electrical Specifications 

(Division 26), the National Electrical Code and any applicable local codes. All 

power wiring and BACS wiring shall be installed in either conduit or cable tray as 

specified in the Project Electrical Specifications (Division 26 and 27) and installed 

in a neat and workmanlike manner. No exposed conductors or cabling are 

permitted. 

 

3.3 WARRANTY 

 

A. Equipment, materials and workmanship incorporated into the work shall be 

warranted for a period of one year from the time of beneficial use or substantial 

completion, whichever is earlier. The contractor shall clearly identify the date and 

basis in the O&M manual. 

 

B. Contractor shall provide certification from product manufacturer that the installer is 

licensed to process potential warranty claims on behalf of the manufacturer. If a 

product manufacturer warranty cannot be obtained by the installer, the installer shall 

provide a two-year warranty for equipment, materials and workmanship. 

 

C. Within this period, upon notice by the Owner, any defects in the work provided 

under this section due to faulty materials, methods of installation or workmanship 

shall be promptly (within 48 hours after receipt of notice) repaired or replaced by 

this Contractor at no expense to the Owner. 

 

3.4 WARRANTY ACCESS 

 

A. The Contractor shall meet the following requirements prior to the Owner allowing 

the Contractor to access the BACS IAW 3.4 E. (3) for the purpose of diagnostics 

and troubleshooting, via the Internet, during the warranty period: 

 

1. Obtain Common Access Card (CAC) authorization from DOMs using the 

GKO State Employee System process. 

 

a. The specific employee for the Contractor will need a Federal employee 

sponsor. 

b. CAC authorization is for an individual not a company. Sharing of a CAC 

and the associated CAC PIN is forbidden and will result in termination of 

the CAC authorization. 

 

1) Obtain a State CAC following the normal CAC issuing process at 

the DEERS/RAPIDS station. 

 

a) Finger printing, and 

b) Background check. 

 

2) Complete the Deputy Chief of Staff Information Management 
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(DCSIM) steps necessary to obtain an account on the 

MEARNG network: 

 

a) Information Assurance (IA) Training 

b) Acceptable Use Policy 

c) Computer Equipment 

 

B. The Controls Contractor at their expense shall provide a new laptop computer for this 

project with an operating system meeting the MEARNG/DCSIM specifications.  The 

laptop may remain in the Contractor's possession for the warranty period of the 

project.  The new laptop is the property of the Owner.  At the end of the warranty 

period or when requested by the Owner, the Contractor must return the laptop to the 

Owner.   

 

C. The computer equipment shall be configured to the following DCISM standards: 

1. In accordance with AR25-2: Section 4-5(a)(6), installation of non-Government-

owned computing systems or devices without prior authorization of the 

appointed Designated Approving Authority (DAA) including but not limited to 

USB devices, external media, personal or Contractor-owned laptops, and 

Mobile Computer Devices (MCDs) is prohibited. 

2. In accordance with AR25-2: Section 4-31(e), Contractor-owned and operated 

Information Systems (ISs) will meet all security requirements for Government-

owned hardware and software when operating on the Army Enterprise 

Infrastructure (AEI), managing, storing, or processing Army or DOD data or 

information, or conducting official communications or business. 

3. In accordance with AR25-2: Section 5-8(d), a DAA will be identified for each 

information system operating within or on behalf of the Department of the 

Army (DA), to include outsourced business processes supported by private 

sector IS and outsourced IT (for example, Government owned, Contractor 

Operated (GOCO) and Contractor Owned, Contractor Operated (COCO). 

 

D. DCSIM will configure the laptop with software image to meet Army standards. 

 

1. When all the above has been accomplished the Contractor will be given direct 

access when onsite at a MEARNG location. The CAC and user account 

privileges are granted on a per individual basis only, not a company. Sharing of 

a CAC and the associated CAC PIN is forbidden and will result in termination 

of the CAC authorization. The Contractor will be responsible for complying 

with all DCSIM automated patch updates and will be subject to automated 

compliance scans upon connection to the network. 

 

E. Any computer used for BACS interface purposes is subject to the following 

limitations: 

 

1. The computer that is provided for this use will only be used for accessing the 

system, server, computer or IT device on the MEARNG Domain. 
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2. This computer will operate on approved Virtual Local Area Networks 

(VLANS) designated by the MEARNG Network Manager. 

3. The computer will only connect to the Contractors system by connecting 

directly into the MEARNG infrastructure at a physical MEARNG facility. At 

no time will remote access or the creation of a virtual private network (VPN) 

connection from outside the MEARNG Domain from any computer or 

electronic device be allowed. This includes, but is not limited to: Remote 

Desktop Connections, VPN clients etc… 

4. All Contractor personnel accessing the BACS via the computer shall sign and 

abide by the Memorandum of Use Policy for MEARNG Components. 

 

F. STAND-ALONE WORKSTATION 

 

1. No workstation in the  is anticipated based on size of scope.  Monitoring will 

be through the existing MEARNG network GUI.  

 

3.5 ACCEPTANCE TESTING 

 

A. Upon completion of the installation, this Contractor shall load all system software 

and start-up the system. This Contractor shall perform all necessary calibration, 

testing and de-bugging and perform all required operational checks to insure that the 

system is functioning in full accordance with the plans and specifications. The 

functional testing should include verification that all points are operational, viewable 

on the graphical user inter face and trendable. Once this is complete, the sequence of 

operation testing of all the required HVAC and other equipment as indicated on the 

plans and specifications will be completed.  Once Contractor has determined the 

system is fully functional, they will certify in writing to the owner that the 

system has met the requirements in the plans and specifications and is ready 

for commissioning. 
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B. The Contractor shall perform tests to verify proper performance of components, 

routines, and points. Repeat tests until proper performance results. This testing shall 

include a point-by-point log to validate 100% of the input and output points of the 

DDC system operation. It will also include verification that the graphical user 

interface represents the HVAC equipment and is fully functional. The point by point 

log will be certified by the Contractor and forwarded to the owner for review before 

the building commissioning is schedule. The log will be in excel sheet format. 

Provide a separate tab in the excel spread sheet for each piece of equipment that is 

required to be tested and include the points list, the equipment drawing and BACS 

shop drawing, the sequence of operations, the equipment schedule, and any other 

pertinent information related to the equipment. This log will be used to verify the 

system and determine the system is ready for commissioning see example below: 

 

 

 

 

  

 

C. Controls testing shall also include operation verification of smoke control 

sequence, emergency shutdown sequence and emergency and normal power 

sequence. 

 

D. Upon completion of the performance tests described above, and the written 

certification has been provided by the contractor to the owner, a formal 
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commissioning date will be scheduled. The commissioning agent will require a repeat 

of the tests, a graphical presentation of the point by point validation and functionality of 

the graphical user interface as described in the validation log above in presence of 

Owner's Representative. Properly schedule these tests so testing is complete at a 

time directed by the Owner or the Owner's Representative. This performance test and 

graphical presentation demonstration is not considered training.    The Commissioning 

Agent will observe testing as required to verify systems have been installed and 

operate per the contract documents after the Contractor has certified the system 

meets the contractual requirements have been met and is ready to schedule the 

formal commissioning of the system. 

 

E. System Acceptance: Satisfactory completion is when this Contractor and the Division 

26 Contractor have performed successfully all the required testing to show 

performance compliance with the requirements of the Contract Documents to the 

satisfaction of the Owner and the Owner’s Representative. Final system acceptance 

shall be contingent upon completion and review of all corrected deficiencies. 

 

3.6 OPERATOR INSTRUCTION, TRAINING 

 

A. During system commissioning and at such time acceptable performance of the BACS 

hardware and software has been established this contractor shall provide on-site 

operator instruction to the owner's operating personnel. Operator instruction shall be 

done during normal working hours and shall be performed by a competent 

representative familiar with the system hardware, software and accessories. 

 

B. This contractor shall provide 40 hours of instruction and technical support to the 

owner's designated personnel on the operation of the BACS and describe its intended 

use with respect to the programmed functions specified. Operator orientation of the 

systems shall include, but not be limited to; the overall operation program, equipment 

functions (both individually and as part of the total integrated system), commands, 

systems generation, advisories, and appropriate operator intervention required in 

responding to the System's operation. 

 

C. The training and technical support shall be as follows: 

 

1. Initial Training: Can be scheduled once the BACS acceptance testing has been 

certified by the contractor. This initial (2) hour session will be a classroom 

introduction and demonstration of the BACS at the owner’s facility The manual 

shall be submitted at least two weeks prior to scheduling the training so that the 

owners' personnel can start to familiarize themselves with the system before 

classroom instruction begins. 

2. First Follow-Up Training: A (2) hour session will be scheduled after 

commissioning at the owner’s convivence. This session will deal with more 

advanced topics and answer questions. 

3.  Additional training: May be schedule by the owner in no less than (2) hour 

increments, during the one-year warranty period.  



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT 

FMS #2  AUBURN, ME   

 
INSTRUMENTATION AND CONTROL FOR HVAC 

 

230900 - 44 

 

4. Technical support – The owner may request or will schedule in no less that (2) 

hour increments sessions that may cover topics as requested by the owner such 

as how to add additional points, create and gather data for trends, development 

of export reports, graphic screen generation updates and modifications, 

modification of control routines and equipment sequence of operations, etc.  

5. The contractor will be responsible for maintaining a log for the 40 hours of the 

training and technical support that has been completed. The contractor will 

notify the owner every three months during the warranty period that status of 

the training and/or technical support hours that have been used.  

 

 

3.7 FIELD QUALITY CONTROL 

 

A. Manufacturer’s Field Service: Engage a factory-authorized service representative to 

inspect field-assembled components and equipment installation, including piping and 

electrical connections.  Provide reports in writing for all testing to include: 

 

1. Unit Operational Test.  After electrical circuitry has been energized, start units 

to confirm proper unit operation. Remove malfunctioning units, replace with 

new units, and retest. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning 

controls and equipment, and retest. 

3. Calibration test electronic controllers by disconnecting input sensors and 

stimulating operation with compatible signal generator. 

4. Engage a factory‐authorized service representative to perform startup service. 

Provide the factory/equipment service start up report for each piece of 

equipment.  

 

B. Replace damaged or malfunctioning controls and equipment. 

 

1. Start, test, and adjust control systems. 

2. Demonstrate compliance with requirements, including calibration and testing, 

and control sequences. 

3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of 

operation specified. 

4. Provide report of any equipment/controls that have malfunctioned and have 

been replaced or repaired.  

 

C. Verify DDC as follows: 

 

1. Verify software including automatic restart, control sequences, scheduling, 

reset controls, and occupied/unoccupied cycles. 

2. Verify operation of operator workstation. 

3. Verify local control units including self‐diagnostics. 
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3.8 SYSTEM ACCEPTANCE 

 

A. The system installation shall be complete in all respects and tested for proper 

operation prior to commissioning and acceptance testing for the Owner's authorized 

representative. A letter shall be submitted to the Owner requesting system acceptance 

and commissioning of the system. This letter shall certify all controls are installed 

and the software programs have been completely exercised for proper equipment 

operation. Commissioning and acceptance testing will commence at a mutually 

agreeable time within 30 calendar days of the request. When the system has been 

deemed satisfactory in whole or in part by the Owner's representative, the system 

will be accepted for beneficial use which will start the warranty period. 

 

3.9 COMMISSIONING  

 

A. Commissioning Agent will observe testing as required to verify systems have been 

installed and operate per the contract documents after the Contractor has certified the 

system meets the contractual requirements have been met and is ready to schedule the 

formal commissioning of the system. 

 

3.10 ADDITIONAL GUI REPORTING 

 

A. For specific energy reporting is required per drawing “Building Automation & 

Control System (BACS) Graphical User Interface (Gui) And Notes”.  Examples of the 

reporting are shown below: 
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SECTION 23 11 10 - NATURAL GAS DISTRIBUTION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following for natural gas distribution outside the building:

1. Piping.
2. Valves.
3. Regulators.
4. M&V meters.

1.3 DEFINITIONS

A. Gas Main:  Utility's natural gas piping.

B. Gas Distribution:  Piping from gas main to individual service-meter assemblies.

C. Service-Meter Assembly:  Piping, valves, service regulator, service meter, and specialties.

D. Point of Delivery:  Piping outlet from service-meter assembly.

E. Natural  Gas Piping:   Piping that  conveys natural  gas from point  of  delivery to natural  gas 
utilization devices inside the building.

F. PE:  Polyethylene plastic.

1.4 PERFORMANCE REQUIREMENTS

A. Minimum Working-Pressure Ratings:

1. Piping and Valves:  100 psig minimum, unless otherwise indicated.
2. Regulators:  25 psig minimum, unless otherwise indicated.
3. M&V Meter: 175 psig minimum, unless otherwise indicated.

1.5 SUBMITTALS

A. Product Data:  For the following:

NATURAL GAS DISTRIBUTION 23 11 10 - 1
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1. PE pipe and fittings.
2. Valves.
3. Regulators.  Indicate pressure ratings and capacities.
4. Service meters.   Indicate pressure ratings and capacities.   Include bypass fittings  and 

meter bars, and supports.

B. Shop Drawings:  For natural gas service piping and service meter assembly.  Include plans, 
elevations, sections, details, and attachments to other work.

C. Welding certificates.

D. Field quality-control test reports.

E. Operation and Maintenance Data:  For the following natural gas distribution equipment and 
accessories to include in emergency, operation, and maintenance manuals.

1. Regulators.
2. M&V meters.

1.6 QUALITY ASSURANCE

A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of earthquake 
valves and are based on the specific system indicated.  Refer to Division 1 Section "Product 
Requirements."

B. Welding:   Qualify processes and operators  according to ASME Boiler  and Pressure  Vessel 
Code:  Section IX.

C. Comply  with  requirements  of  utility  supplying  natural  gas  and  with  authorities  having 
jurisdiction for natural gas systems.

D. Comply  with  ANSI Z223.1,  NFPA 54,  AGA IFGC  for  materials,  installation,  testing, 
inspection, and purging.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Handling Flammable Liquids:  Remove and legally dispose of liquids from drips in existing gas 
piping.   Handle  liquids  to  avoid spillage and ignition.   Notify gas  supplier.   Do not  leave  
flammable liquids on premises overnight.

B. Store PE pipes and valves protected from direct sunlight.

1.8 PROJECT CONDITIONS

A. Perform site survey, research public utility records, and verify existing utility locations.  Contact 
utility-locating service for area where Project is located.

B. Interruption of Existing Natural Gas Service:  There is an existing connection with a shut off  
valve.  Existing  service  interruption  should  not  be  required;  however,  if  required,  do  not 
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interrupt natural gas service to facilities occupied by Owner or others unless permitted under the 
following conditions and then only after arranging to provide purging and startup of gas supply 
according to requirements indicated:

1. Notify Owner no fewer than seven days in advance of proposed interruption of natural 
gas service.

2. Do  not  proceed  with  interruption  of  natural  gas  service  without  Owner's  written 
permission.

1.9 COORDINATION

A. Coordinate natural gas distribution with other trades.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection:

1. Available  Manufacturers:   Subject  to  compliance  with  requirements,  manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the manufacturers specified.

2.2 PIPES AND FITTINGS

A. Refer  to  Part 3  "Piping  Applications"  Article  for  applications  of  pipe,  fitting,  and  joining 
materials.

B. Steel Pipe:  ASTM A 53/A 53M, Type E or S, Grade B; Schedule 40, black.

1. Malleable-Iron  Fittings:   ASME B16.3,  Class 150,  standard  pattern,  with  threads 
complying with ASME B1.20.1.

2. Steel  Fittings:   ASME B16.9,  wrought-steel  butt-welding  type;  and  ASME B16.11, 
forged steel.

3. Steel Flanges and Flanged Fittings:  ASME B16.5.
4. Unions:  ASME B16.39, Class 150, black malleable iron; female pattern; brass-to-iron 

seat; ground joint.

2.3 JOINING MATERIALS

A. Components, Tapes, Gaskets, and Bolts and Nuts:  Suitable for natural gas and as recommended 
by piping manufacturer.

2.4 SHUTOFF VALVES
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A. Shutoff Valves, General:  Manual operation, suitable for natural gas service, and with 100-psig 
(690-kPa)  minimum working-pressure rating.

B. Threaded  Valves,  NPS 1 (DN 25) and  Smaller:   Include  listing  by  agency  acceptable  to 
authorities having jurisdiction.

C. Ball Valves:  Bronze body, with chrome-plated brass ball; lever handle; and complying with 
ASME B16.33, MSS SP-110, UL 842. Include locking device.

1. Manufacturers:

a. Conbraco Industries, Inc.
b. Hammond Valve.
c. Maxitrol Company.
d. Milwaukee Valve Company.
e. NIBCO.
f. Stockham.
g. Watts Industries, Inc.

2.5 REGULATORS

A. Line Pressure Regulators:  Comply with ANSI Z21.80.

1. Manufacturers:  Subject to compliance with requirements
a. Maxitrol Company  . 
b. American Meter Company  .
c. Eclipse Combustion, Inc  .
d. Fisher Control Valves and Regulators; Division of Emerson Process Management  .
e. Invensys  .

2. Lock-up style

3. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
4. Springs:  Zinc-plated steel; interchangeable.
5. Diaphragm Plate:  Zinc-plated steel.
6. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the 

valve port.
7. Orifice:  Aluminum; interchangeable.
8. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
9. Single-port,  self-contained regulator  with orifice no larger  than required at  maximum 

pressure inlet, and no pressure sensing piping external to the regulator.
10. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 

150 percent of design discharge pressure at shutoff.
11. Overpressure Protection Device:  Factory mounted on pressure regulator.
12. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not 

connected to vent piping.
13. Maximum Inlet Pressure  10 psig
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2.6 M&V METERS

A. Install Cogen gas meter (gas pulse signal) furnished by the CHP manufacturer that interconnects 
to LM-1 controller as shown on the contract drawings.  LM-1 shall interface with the building 
automation system to display gas consumption.  

PART 3 - EXECUTION

3.1 EARTHWORK

A. Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling.

3.2 PREPARATION

A. Close equipment shutoff valves before turning off gas to premises or piping section.

B. Inspect natural gas piping according to fuel gas code to determine that natural gas utilization 
devices are turned off in piping section affected.

C. Comply with fuel gas code requirements for prevention of accidental ignition.

3.3 PIPING APPLICATIONS

A. Flanges, unions, and transition and special fittings with pressure ratings same as or higher than 
system pressure rating may be used, unless otherwise indicated.

B. Aboveground Piping:

1. NPS 2 (DN 50) and Smaller:  Steel pipe, butt-welding-type fittings, and welded joints. 
Joints for connection to threaded service regulators, service meters, and valves may be 
threaded.

2. NPS 2 (DN 50) and Smaller:  Steel pipe, malleable-iron fittings, and threaded joints.
3. NPS 2-1/2 (DN 65) and Larger:  Steel pipe, butt-welding-type fittings, and welded joints. 

Joints  for  connection  to  service  regulators,  service  meters,  and  valves  with  flanged 
connections may be flanged.  Joints for connection to service regulators, service meters, 
and valves with threaded connections  NPS 2-1/2 to NPS 4 (DN 65 to DN 100) may be 
threaded.

C. Underground Piping:  PE pipe, PE fittings, and heat-fusion joints.

D. Protective Conduit for Underground Piping:  Steel pipe and threaded- or welding-type fittings.

E. Underground-to-Aboveground Piping Connections:  Service-line riser.

F. PE-to-Steel Piping Connections:  Transition fitting.
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3.4 VALVE APPLICATIONS

A. Drawings indicate types of shutoff valves to be used.  If specific types are not indicated, the 
following requirements apply:

1. Connections to Existing Gas Piping:  Use valve and fitting assemblies made for tapping 
gas mains.

2. Underground:  Use PE valves.
3. Aboveground, NPS 2 (DN 50) and Smaller:  Nonlubricated tapered plug valves.
4. Aboveground, NPS 2 (DN 50) and Smaller:  Ball valves.
5. Aboveground, NPS 2-1/2 (DN 65) and Larger:  Nonlubricated plug valves.

3.5 PIPING INSTALLATION

A. Install underground, natural gas distribution piping buried at least  36 inches (900 mm) below 
finished grade.

B. Install underground, PE, natural gas distribution piping according to ASTM D 2774.

C. Install underground, PE, natural gas distribution piping at entrance to and under part of building 
in steel piping protective conduit that is vented to outside.

D. Drips and Sediment Traps:  Install  drips at  points where condensate may collect,  including 
service-meter outlets.  Locate where readily accessible to permit cleaning and emptying.  Do not 
install where condensate would be subject to freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. 
Use nipple a minimum length of 3 pipe diameters, but not less than  3 inches (75 mm) 
long and same size as connected pipe.  Install with space below bottom of drip to remove 
plug or cap.

E. Terminate  service-regulator  horizontal  vents  or  horizontal  vent  piping  with  reducing-elbow 
fittings with large end as outlet.  Install fitting outlet turned down with corrosion-resistant insect 
screen in outlet.

3.6 PIPING JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.

B. Remove  scale,  slag,  dirt,  and  debris  from  inside  and  outside  of  pipe  and  fittings  before 
assembly.

C. Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
2. Cut threads full and clean using sharp dies.
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
4. Apply  appropriate  tape  or  thread  compound  to  external  pipe  threads  unless  dryseal 

threading is specified.
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5. 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:

1. Construct  joints  according  to  AWS D10.12/D10.12M,  using  qualified  processes  and 
welding operators.

2. Bevel plain ends of steel pipe.
3. Patch factory-applied protective coating as recommended by manufacturer at field welds 

and where damage to coating occurs during construction.

E. Flanged Joints:  Install  gasket material,  size, type, and thickness appropriate for natural-gas 
service.  Install gasket concentrically positioned.

3.7 HANGER AND SUPPORT INSTALLATION

A. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers 
and Supports for HVAC Piping and Equipment."

B. Install hangers for horizontal steel piping with the following maximum spacing and minimum 
rod sizes:

1. NPS 1 (DN 25) and Smaller:  Maximum span, 96 inches (2438 mm); minimum rod size, 
3/8 inch (10 mm).

2. NPS 1-1/4 (DN 32):  Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch 
(10 mm).

3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50):   Maximum span,  108 inches (2743 mm); 
minimum rod size, 3/8 inch (10 mm).

4. NPS 2-1/2 to NPS 3-1/2 (DN 65 to DN 90):  Maximum span, 10 feet (3 m); minimum rod 
size, 1/2 inch (13 mm).

5. NPS 4 (DN 100) and Larger:  Maximum span, 10 feet (3 m); minimum rod size, 5/8 inch 
(15.8 mm).

3.8 M&V ASSEMBLY INSTALLATION

A. Refer to mechanical drawings for regulator and M&V meter locations. 

3.9 VALVE INSTALLATION

A. Refer to mechanical drawings for valve locations. 

3.10 CONNECTIONS

A. Drawings indicate general arrangement of piping, fittings, and specialties.
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B. Connect gas distribution piping to natural gas source and extend to service-meter assemblies 
and points  indicated.   Connect  to  building's  natural  gas  piping if  it  is  installed;  otherwise, 
terminate piping with caps, plugs, or flanges, as required for piping material. 

C. Install  unions,  in  piping  NPS 2 (DN 50) and  smaller,  adjacent  to  each  valve  and  at  final 
connection to each piece of equipment having threaded pipe connection.

D. Install aboveground, natural gas distribution piping upstream from equipment shutoff valves, 
electrically continuous, and bonded to grounding electrode according to NFPA 70.

E. Do not use natural gas distribution piping as grounding electrode.

3.11 LABELING AND IDENTIFYING

A. Equipment Nameplates and Signs:  Install engraved plastic-laminate equipment nameplates and 
signs on or near each service regulator, service meter, and earthquake valve.

1. Text:  In addition to identifying unit, distinguish between multiple units, inform operator 
of  operational  requirements,  indicate  safety  and emergency precautions,  and  warn  of 
hazards and improper operations.

B. Refer to “Mechanical Identification" for equipment nameplates and signs.

3.12 PAINTING

A. Paint  exposed  metal  piping,  valves,  service  regulators,  service  meters  and  meter  bars,  
earthquake valves, and piping specialties except units with factory-applied paint or protective 
coating.

B. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and 
by procedures to match original factory finish.

3.13 FIELD QUALITY CONTROL

A. Test, inspect, and purge natural gas distribution according to requirements of fuel gas code and 
utility.

B. Repair leaks and defective valves and specialties and retest system until no leaks exist.

C. Report results in writing.

D. Verify correct pressure settings for service regulators.

END OF SECTION 23 11 10
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SECTION 23 21 13 - HYDRONIC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This  Section  includes  piping,  special-duty  valves,  and  hydronic  specialties  for  hot-water 
heating, chilled-water cooling, and condenser water systems; makeup water for these systems; 
blowdown drain lines; and condensate drain piping.

B. Related Sections include the following:

1. Division 7 Section "Through-Penetration Firestop Systems" for materials and methods 
for sealing pipe penetrations through fire and smoke barriers.

2. Division 7  Section  "Joint  Sealants"  for  materials  and  methods  for  sealing  pipe 
penetrations through exterior walls.

3. Division 23  Section  "Basic  Mechanical  Materials  and  Methods"  for  general  piping 
materials and installation requirements.

4. Division 23 Section "Hangers and Supports" for pipe supports, product descriptions, and 
installation requirements.  Hanger and support spacing is specified in this Section.

5. Division 23  Section  "Valves"  for  general-duty  gate,  globe,  ball,  butterfly,  and  check 
valves.

6. Division 23 Section "Meters and Gages" for thermometers,  flow meters,  and pressure 
gages.

7. Division 23 Section "Mechanical  Identification"  for  labeling and identifying hydronic 
piping.

8. Division 23 Section "HVAC Instrumentation and Control for HVAC" for temperature-
control valves and sensors.

1.3 DEFINITIONS

A. CPVC:  Chlorinated polyvinyl chloride.

B. PVC:  Polyvinyl chloride.

1.4 SUBMITTALS

A. Product Data:  For each type of special-duty valve indicated.  Include flow and pressure drop 
curves based on manufacturer's testing for diverting fittings, calibrated balancing valves, and 
automatic flow-control valves.
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B. Shop Drawings:  Detail fabrication of pipe anchors, hangers, special pipe support assemblies, 
alignment guides, expansion joints and loops, and their attachment to the building structure. 
Detail location of anchors, alignment guides, and expansion joints and loops.

C. Welding Certificates:  Copies of certificates for welding procedures and personnel.

D. Field Test Reports:  Written reports of tests specified in Part 3 of this Section.  Include the 
following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Failed test results and corrective action taken to achieve requirements.

E. Maintenance Data:  For hydronic specialties and special-duty valves to include in maintenance 
manuals specified in Division 1.

F. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site.

1.5 QUALITY ASSURANCE

A. Welding:  Qualify processes and operators according to the ASME Boiler and Pressure Vessel 
Code:  Section IX, "Welding and Brazing Qualifications."

B. ASME Compliance:  Comply with ASME B31.9,  "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 
label.  Fabricate and stamp air separators and expansion tanks to comply with the ASME Boiler 
and Pressure Vessel Code, Section VIII, Division 1.

1.6 COORDINATION

A. Coordinate layout and installation of hydronic piping and suspension system components with 
other  construction,  including  light  fixtures,  HVAC  equipment,  fire-suppression-system 
components, structural components, exhibit cases and partition assemblies.

B. Coordinate pipe sleeve installations for foundation wall penetrations.

C. Coordinate piping installation with roof curbs, equipment supports, and roof penetrations.  Roof 
specialties are specified in Division 7 Sections.

D. Coordinate pipe fitting pressure classes with products specified in related Sections.

E. Coordinate  installation  of  pipe  sleeves  for  penetrations  through  exterior  walls  and  floor 
assemblies.   Coordinate  with  requirements  for  firestopping  specified  in  Division 7  Section 
"Through-Penetration Firestop Systems" for fire and smoke wall and floor assemblies.
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1.7 EXTRA MATERIALS

A. Water Treatment Chemicals:   Furnish sufficient chemicals for initial  system startup and for 
preventive maintenance for one year from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Grooved Mechanical-Joint Fittings and Couplings:

a. Central Sprinkler Company; Central Grooved Piping Products.
b. Grinnell Corporation.
c. Victaulic Company of America.

2. Calibrated Balancing Valves:

a. Armstrong Pumps, Inc.
b. Flow Design, Inc.
c. Gerand Engineering Company.
d. Griswold Controls.
e. ITT Bell & Gossett; ITT Fluid Technology Corp.
f. Taco, Inc.

3. Pressure-Reducing Valves:

a. Amtrol, Inc.
b. Armstrong Pumps, Inc.
c. Conbraco Industries, Inc.
d. ITT Bell & Gossett; ITT Fluid Technology Corp.
e. Spence Engineering Company, Inc.
f. Watts Industries, Inc.; Watts Regulators.

4. Safety Valves:

a. Amtrol, Inc.
b. Armstrong Pumps, Inc.
c. Conbraco Industries, Inc.
d. ITT McDonnell & Miller Div.; ITT Fluid Technology Corp.
e. Kunkle Valve Division.
f. Spence Engineering Company, Inc.

5. Automatic Flow-Control Valves:

a. Flow Design, Inc.
b. Griswold Controls.
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6. Expansion Tanks:

a. Amtrol, Inc.
b. Armstrong Pumps, Inc.
c. ITT Bell & Gossett; ITT Fluid Technology Corp.
d. Taco, Inc.

7. Air Separators and Air Purgers:

a. Amtrol, Inc.
b. Armstrong Pumps, Inc.
c. ITT Bell & Gossett; ITT Fluid Technology Corp.
d. Taco, Inc.

2.2 PIPING MATERIALS

A. General:   Refer  to  Part 3  "Piping Applications"  Article  for  applications  of  pipe  and fitting 
materials.

2.3 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.

B. Wrought-Copper Fittings:  ASME B16.22.

C. Wrought-Copper Unions:  ASME B16.22.

D. Solder Filler Metals:  ASTM B 32, 95-5 tin antimony.

E. Brazing Filler Metals:  AWS A5.8, Classification BAg-1 (silver).

2.4 STEEL PIPE AND FITTINGS

A. Steel Pipe,  NPS 2 (DN 50) and Smaller:  ASTM A 53, Type S (seamless) or Type F (furnace-
butt welded), Grade B, Schedule 40, black steel, plain ends.

B. Steel  Pipe,  NPS 2-1/2  through  NPS 12 (DN 65  through  DN 300):   ASTM A 53,  Type E 
(electric-resistance welded), Grade B, Schedule 40, black steel, plain ends.

1. Steel  Pipe  Nipples:   ASTM A 733,  made  of  ASTM A 53,  Schedule 40,  black  steel; 
seamless for  NPS 2 (DN 50) and smaller and electric-resistance welded for  NPS 2-1/2 
(DN 65) and larger.

C. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250.

D. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300.

E. Malleable-Iron Unions:  ASME B16.39; Class  300.
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F. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Classes 25, 125, and 250; raised 
ground face, and bolt holes spot faced.

G. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.

H. Wrought Cast- and Forged-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.

I. Grooved Mechanical-Joint Fittings:  ASTM A 536, Grade 65-45-12 ductile iron;  ASTM A 47 
(ASTM A 47M), Grade 32510 malleable iron; ASTM A 53, Type F, E, or S, Grade B fabricated 
steel;  or  ASTM A 106,  Grade B steel  fittings  with grooves or  shoulders  designed to accept 
grooved end couplings.

J. Grooved Mechanical-Joint Couplings:  Ductile- or malleable-iron housing and pre-lubricated 
synthetic rubber gasket of central cavity pressure-responsive design; with nuts, bolts, locking 
pin, locking toggle, or lugs to secure grooved pipe and fittings.

K. Flexible  Connectors:   Stainless-steel  bellows with  woven,  flexible,  bronze,  wire-reinforcing 
protective jacket;  150-psig (1035-kPa) minimum working pressure and 250 deg F (121 deg C) 
maximum operating temperature.  Connectors shall have flanged or threaded-end connections to 
match equipment connected and shall be capable of 3/4-inch (20-mm) misalignment.

L. Spherical, Rubber, Flexible Connectors:  Fiber-reinforced rubber body with steel flanges drilled 
to align with Classes 150 and 300 steel flanges; operating temperatures up to  250 deg F (121 
deg C) and pressures up to 150 psig (1035 kPa).

M. Welding Materials:  Comply with Section II, Part C, of the ASME Boiler and Pressure Vessel 
Code for welding materials appropriate for wall thickness and for chemical analysis of pipe 
being welded.

N. Gasket Material:  Thickness, material, and type suitable for fluid to be handled; and design 
temperatures and pressures.

2.5 PLASTIC PIPE AND FITTINGS

A. CPVC Plastic Pipe:  ASTM F 441, Schedule 80, plain ends.

B. PVC Plastic Pipe:  ASTM D 1785, Schedule 80, plain ends.

C. CPVC Plastic Pipe Fittings:  Socket-type pipe fittings, ASTM F 439.

1. CPVC Solvent Cement:  ASTM F 493.

D. PVC Plastic Pipe Fittings:  Socket-type pipe fittings; ASTM D 2467.

1. PVC Solvent Cement:  ASTM D 2564.
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E. Cross-linked polyethylene (PEX) tubing specification:
1. Tubing shall be a single layer, cross-linked polyethylene extrusion. Tubing shall conform 

to the standard thermoplastic pipe dimension ratio (sdr-9) and be manufactured to ASTM 
f876 and f877 standards.   Tubing shall  be listed to NSF/ANSI standards 14 and 61.  
Tubing shall contain a minimum cross-linking value of 65% and no greater than 89%, 
inclusive.

2. Fittings: for system compatibility, use fittings offered by the PEX tubing manufacturer.  
The fitting assembly must comply with ASTM f877 requirements.

2.6 VALVES

A. Gate, globe, check, ball, and butterfly valves are specified in Division 15 Section "Valves."

B. Refer to Part 3 "Valve Applications" Article for applications of each valve.

C. Calibrated Balancing Valves,  NPS 2 (DN 50) and Smaller:  Bronze body, ball type,  125-psig 
(860-kPa) working  pressure,  250  deg F (121  deg C) maximum  operating  temperature,  and 
having threaded ends.  Valves shall have calibrated orifice or venturi, connections for portable 
differential pressure meter with integral seals, and be equipped with a memory stop to retain set 
position.

D. Calibrated Balancing Valves, NPS 2-1/2 (DN 65) and Larger:  Cast-iron or steel body, ball type, 
125-psig (860-kPa) working pressure, 250 deg F (121 deg C) maximum operating temperature, 
and having flanged or grooved connections.  Valves shall have calibrated orifice or venturi,  
connections for portable differential pressure meter with integral seals, and be equipped with a 
memory stop to retain set position.

E. Pressure-Reducing Valves:  Diaphragm-operated, bronze or brass body with low inlet pressure 
check valve, inlet strainer removable without system shutdown, and non-corrosive valve seat 
and stem.  Select valve size, capacity, and operating pressure to suit system.  Valve shall be  
factory set at operating pressure and have capability for field adjustment.

F. Safety  Valves:   Diaphragm-operated,  bronze  or  brass  body  with  brass  and  rubber,  wetted, 
internal working parts; shall suit system pressure and heat capacity and shall comply with the 
ASME Boiler and Pressure Vessel Code, Section IV.

G. Automatic Flow-Control Valves:  Gray-iron body, factory set to maintain constant flow with 
plus or minus 5 percent over system pressure fluctuations,  and equipped with a readout kit 
including flow meter, probes, hoses, flow charts, and carrying case.  Each valve shall have an 
identification tag attached by chain, and be factory marked with the zone identification, valve 
number, and flow rate.  Valve shall be line size and one of the following designs:

1. Gray-iron or brass body, designed for 175 psig (1206 kPa) at 200 deg F (93 deg C) with 
stainless-steel piston and spring.

2. Brass or ferrous-metal body, designed for 300 psig (2068 kPa) at 250 deg F (121 deg C) 
with  corrosion-resistant,  tamperproof,  self-cleaning,  piston-spring  assembly  easily 
removable for inspection or replacement.

3. Combination assemblies, including bronze ball valve and brass alloy control valve, with 
stainless-steel  piston and spring, fitted with pressure and temperature test  valves,  and 
designed for 300 psig (2067 kPa) at 250 deg F (121 deg C).
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H. Plastic Ball Valves:  150-psig (1035-kPa) working pressure, 250 deg F (121 deg C) maximum 
operating  temperature,  full  port  design,  1-  or  2-piece  body  design,  CPVC  body  and  ball, 
polytetrafluoroethylene seats,  EPDM seals,  and tee handle;  with threaded,  socket,  union,  or 
flanged connections.

I. Plastic  Butterfly  Valves:   150-psig (1035-kPa) working  pressure,  250  deg F (121  deg C) 
maximum operating temperature,  PVC wafer  body,  polytetrafluoroethylene seats,  lever  lock 
handle, and wafer style for installation between flanges.

2.7 HYDRONIC SPECIALTIES

A. Manual Air Vent:  Bronze body and nonferrous internal parts;  150-psig (1035-kPa) working 
pressure; 225 deg F (107 deg C) operating temperature; manually operated with screwdriver or 
thumbscrew; with NPS 1/8 (DN 6) discharge connection and NPS 1/2 (DN 15) inlet connection.

B. Automatic Air Vent:  Designed to vent automatically with float  principle; bronze body and 
nonferrous  internal  parts;  150-psig (1035-kPa) working  pressure;  240  deg F (116  deg C) 
operating temperature; with  NPS 1/4 (DN 8) discharge connection and  NPS 1/2 (DN 15) inlet 
connection.

C. Expansion Tanks:  Welded carbon steel, rated for 125-psig (860-kPa) working pressure and 375 
deg F (191 deg C) maximum operating temperature.  Separate air charge from system water to 
maintain design expansion capacity by a flexible diaphragm securely sealed into tank.  Include 
drain fitting and taps for pressure gage and air-charging fitting.  Support vertical tanks with steel 
legs or base; support horizontal tanks with steel saddles.  Factory fabricate and test tank with 
taps and supports installed and labeled according to the ASME Boiler  and Pressure Vessel 
Code, Section VIII, Division 1.

D. Tangential-Type Air Separators:  Welded black steel; ASME constructed and labeled for 125-
psig (860-kPa) minimum working pressure and  375 deg F (191 deg C) maximum operating 
temperature;  perforated stainless-steel  air  collector  tube  designed to  direct  released air  into 
expansion  tank;  tangential  inlet  and  outlet  connections;  threaded  connections  for  NPS 2 
(DN 50) and  smaller;  flanged  connections  for  NPS 2-1/2 (DN 65) and  larger;  threaded 
blowdown connection.  Provide units in sizes for full-system flow capacity.

E. In-Line Air Separators:  One-piece cast iron with an integral weir designed to decelerate system 
flow to maximize air separation at a working pressure up to  175 psig (1206 kPa) and liquid 
temperature up to 300 deg F (149 deg C).

F. Air Purgers:  Cast-iron body with internal baffles that slow the water velocity to separate the air 
from solution and divert it to the vent for quick removal.  Maximum working pressure of 150 
psig (1035 kPa) and temperature of 250 deg F (121 deg C).

G. Bypass Chemical Feeder:  Welded steel construction; 125-psig (860-kPa) working pressure; 5-
gal. (19-L) capacity; with fill funnel and inlet, outlet, and drain valves.

1. Chemicals:   Specially  formulated,  based  on  analysis  of  makeup  water,  to  prevent 
accumulation of scale and corrosion in piping and connected equipment.
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H. Y-Pattern  Strainers:   125-psig (860-kPa) working  pressure;  cast-iron  body  (ASTM A 126, 
Class B),  flanged  ends  for  NPS 2-1/2 (DN 65) and  larger,  threaded  connections  for  NPS 2 
(DN 50) and  smaller,  bolted  cover,  perforated  stainless-steel  basket,  and  bottom  drain 
connection with capped ball valve for strainer blowdown.

I. Basket  Strainers:   125-psig (860-kPa) working  pressure;  high-tensile  cast-iron  body 
(ASTM A 126,  Class B),  flanged-end  connections,  bolted  cover,  perforated  stainless-steel 
basket, and bottom drain connection.

J. Flexible  Connectors:   Stainless-steel  bellows with  woven,  flexible,  bronze,  wire-reinforcing 
protective jacket;  150-psig (1035-kPa) minimum working pressure and 250 deg F (121 deg C) 
maximum operating temperature.  Connectors shall have flanged- or threaded-end connections 
to match equipment connected and shall be capable of 3/4-inch (20-mm) misalignment.

K. Spherical, Rubber, Flexible Connectors:  Fiber-reinforced rubber body with steel flanges drilled 
to align with Classes 150 and 300 steel flanges; operating temperatures up to  250 deg F (121 
deg C) and pressures up to 150 psig (1035 kPa).

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Hot and Chilled Water, NPS 2 (DN 50) and Smaller:  Aboveground, use Type L drawn-temper 
copper tubing with soldered joints or Schedule  40 steel pipe with threaded joints.

B. Hot and Chilled Water,  NPS 2-1/2 (DN 65) and Larger:  Schedule  40 steel pipe with welded 
and flanged joints or grooved mechanical-joint couplings.

C. Condenser Water,  NPS 4 (DN 100) and Smaller:  Aboveground, use  Type L (Type B) drawn-
temper copper tubing with soldered joints 

D. Condenser Water: NPS 2 (DN 50) and Larger  Use schedule  80,  CPVC pipe with solvent-
welded joints.

E. Condensate Drain Lines:  Type m copper tubing with soldered joints. Provide PEX tubing from 
fan coil connection to the copper drain header.

3.2 VALVE APPLICATIONS

A. General-Duty Valve Applications:  Unless otherwise indicated, use the following valve types:

1. Shutoff Duty:  Gate, ball, and butterfly valves.
2. Throttling Duty:  Globe and butterfly valves.

B. Install shutoff duty valves at each branch connection to supply mains, at supply connection to 
each piece of equipment, unless only one piece of equipment is connected in the branch line.  
Install throttling duty valves at each branch connection to return mains, at return connections to  
each piece of equipment, and elsewhere as indicated.

HYDRONIC PIPING 23 21 13 - 8



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

C. Install calibrated balancing valves in the return water line of each heating or cooling element 
and elsewhere as required to facilitate system balancing.

D. Install check valves at each pump discharge and elsewhere as required to control flow direction.

E. Install safety valves on hot-water generators and elsewhere as required by the ASME Boiler and 
Pressure Vessel Code.  Install safety-valve discharge piping, without valves, to floor.  Comply 
with  the  ASME Boiler  and  Pressure  Vessel  Code,  Section VIII,  Division 1,  for  installation 
requirements.

F. Install pressure-reducing valves on hot-water generators and elsewhere as required to regulate 
system pressure.

3.3 PIPING INSTALLATIONS

A. Refer  to  Division 15  Section  "Basic  Mechanical  Materials  and  Methods"  for  basic  piping 
installation requirements.

B. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves.

C. Install  drains,  consisting  of  a  tee  fitting,  NPS 3/4 (DN 20) ball  valve,  and  short  NPS 3/4 
(DN 20) threaded nipple  with  cap,  at  low points  in  piping system mains  and elsewhere  as 
required for system drainage.

D. Install piping at a uniform grade of 0.2 percent upward in direction of flow.

E. Reduce pipe sizes using eccentric reducer fitting installed with level side up.

F. Unless otherwise indicated, install branch connections to mains using tee fittings in main pipe, 
with the takeoff coming out the bottom of the main pipe.  For up-feed risers, install the takeoff  
coming out the top of the main pipe.

G. Install strainers on supply side of each control valve, pressure-reducing valve, solenoid valve, 
in-line pump, and elsewhere as indicated.  Install  NPS 3/4 (DN 20) nipple and ball valve in 
blowdown connection of strainers  NPS 2 (DN 50) and larger.  Match size of strainer blowoff 
connection for strainers smaller than NPS 2 (DN 50).

H. Anchor piping for proper direction of expansion and contraction.

3.4 HANGERS AND SUPPORTS

A. Hanger,  support,  and  anchor  devices  are  specified  in  Division 15  Section  "Hangers  and 
Supports."  Comply with requirements below for maximum spacing of supports.

B. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than  20 feet (6 m) 
long.
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2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet (6 
m) or longer.

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer, 
supported on a trapeze.

4. Spring hangers to support vertical runs.
5. 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 (DN 20):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
2. NPS 1 (DN 25):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
3. NPS 1-1/2 (DN 40):  Maximum span,  9 feet (2.7 m); minimum rod size,  3/8 inch (10 

mm).
4. NPS 2 (DN 50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).
5. NPS 2-1/2 (DN 65):   Maximum span,  11  feet (3.4  m);  minimum rod  size,  3/8  inch 

(10 mm).
6. NPS 3 (DN 80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).
7. NPS 4 (DN 100):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).
8. NPS 6 (DN 150):  Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm).
9. NPS 8 (DN 200):  Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 mm).
10. NPS 10 (DN 250):   Maximum  span,  20  feet (6.1  m);  minimum  rod  size,  3/4  inch 

(19 mm).
11. NPS 12 (DN 300):  Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 mm).

D. Install  hangers  for  drawn-temper  copper  piping  with  the  following  maximum  spacing  and 
minimum rod sizes:

1. NPS 3/4 (DN 20):  Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch (6.4 mm).
2. NPS 1 (DN 25):  Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 mm).
3. NPS 1-1/2 (DN 40):  Maximum span,  8 feet (2.4 m); minimum rod size,  3/8 inch (10 

mm).
4. NPS 2 (DN 50):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).
5. NPS 2-1/2 (DN 65):  Maximum span,  9 feet (2.7 m); minimum rod size,  3/8 inch (10 

mm).
6. NPS 3 (DN 80):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

E. Plastic Piping Hanger Spacing:  Provide continuous 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 (3-m) intervals between floors.

3.5 PIPE JOINT CONSTRUCTION

A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for joint construction 
requirements for soldered and brazed joints in copper tubing; threaded, welded, and flanged 
joints in steel piping; and solvent-welded joints for PVC and CPVC piping.
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3.6 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 in mechanical equipment rooms only at high points of system piping, 
at heat-transfer coils, and elsewhere as required for system air venting.

C. Install dip-tube fittings in boiler outlet.  Install piping to expansion tank with a 2 percent upward 
slope toward tank.  Connect boiler-outlet piping.

D. Install in-line air separators in pump suction lines.  Install piping to compression tank with a 2 
percent upward slope toward tank.  Install drain valve on units NPS 2 (DN 50) and larger.

E. Install  combination  air  separator  and  strainer  in  pump  suction  lines.   Install  piping  to 
compression tank with a 2 percent upward slope toward tank.  Install blowdown piping with 
gate valve; extend to nearest drain.

F. Install bypass chemical feeders in each hydronic system where indicated, in upright position 
with top of funnel not more than 48 inches (1200 mm) above floor.  Install feeder in bypass line, 
off  main,  using  globe  valves  on  each  side  of  feeder  and  in  the  main  between  bypass  
connections.  Pipe drain, with ball valve, to nearest equipment drain.

G. Install expansion tanks above air separator.  Install gage glass and cocks on end of tank.  Install 
tank fitting in tank bottom and charge tank.  Use manual vent for initial fill to establish proper 
water level in tank.

1. Support tank from floor or structure above with sufficient strength to carry weight of 
tank,  piping  connections,  and  fittings,  plus  weight  of  a  full  tank  of  water.   Do  not  
overload building components and structural members.

3.7 TERMINAL EQUIPMENT CONNECTIONS

A. Size for supply and return piping connections shall be same as for equipment connections.

B. Install control valves in accessible locations close to connected equipment.

C. Install bypass piping with globe valve around control valve.  If multiple, parallel control valves 
are installed, only one bypass is required.

D. Install ports for pressure and temperature gages at coil inlet connections.

3.8 CHEMICAL TREATMENT

A. Perform an analysis of supply water to determine the type and quantities of chemical treatment  
needed to keep system free of scale, corrosion, and fouling.

B. Fill system and perform initial chemical treatment.
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3.9 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 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.

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. 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 trapped air. 
Use drains installed at low points for complete draining of liquid.

3. Check expansion tanks to determine that they are not air bound and that system is full of  
water.

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the design 
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 either 90 percent of specified minimum yield strength or 1.7 
times "SE" value in Appendix A of 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.

3.10 ADJUSTING

A. Mark calibrated nameplates of pump discharge valves after hydronic system balancing has been 
completed, to permanently indicate final balanced position.

B. Perform these adjustments before operating the system:

1. Open valves to fully open position.  Close coil bypass valves.
2. Check pump for proper direction of rotation.
3. Set automatic fill valves for required system pressure.
4. Check 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. Check operation of automatic bypass valves.
7. Check and set operating temperatures of boilers, chillers, and cooling towers to design 

requirements.
8. Lubricate motors and bearings.
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3.11 CLEANING

A. Flush hydronic piping systems with clean water.  Remove and clean or replace strainer screens. 
After cleaning and flushing hydronic piping systems, but before balancing, remove disposable 
fine-mesh strainers in pump suction diffusers.

END OF SECTION 23 21 13
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SECTION 23 21 14 - PIPE EXPANSION FITTINGS AND LOOPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following pipe expansion joints and expansion compensation devices 
for mechanical piping systems:

1. Metal-bellows expansion joints.
2. Expansion compensators.
3. Rubber expansion joints.
4. Flexible-hose expansion joints.
5. Packed slip expansion joints.
6. Flexible ball joints.
7. Pipe bends and loops.
8. Alignment guides and anchors.

1.3 DEFINITIONS

A. BR:  Butyl rubber.

B. Buna-N:  Nitrile rubber.

C. CR:  Chlorosulfonated polyethylene synthetic rubber.

D. CSM:  Chlorosulfonyl-polyethylene rubber.

E. EPDM:  Ethylene-propylene-diene terpolymer rubber.

F. NR:  Natural rubber.

G. PTFE:  Polytetrafluoroethylene plastic.

1.4 PERFORMANCE REQUIREMENTS

A. Compatibility:  Products shall be suitable for piping system fluids, materials, working pressures, 
and temperatures.

B. Capability:  Products shall absorb 200 percent of maximum axial movement between anchors.
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1.5 SUBMITTALS

A. Product Data:  For each type of pipe expansion joint and alignment guide indicated.

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.

1. Design Calculations:  Calculate requirements for thermal expansion of piping systems 
and for selecting and designing expansion joints, loops, and bends.

2. Anchor  Details:   Detail  fabrication of  each anchor  indicated.   Show dimensions and 
methods of assembly and attachment to building structure.

3. Alignment Guide Details:  Detail field assembly and attachment to building structure.
4. Schedule:   Indicate  type,  manufacturer's  number,  size,  material,  pressure  rating,  end 

connections, and location for each expansion joint.

C. Product Certificates:  For each type of pipe expansion joint, signed by product manufacturer.

D. Welding certificates.

E. Operation and Maintenance Data:  For pipe expansion joints to include in emergency, operation, 
and maintenance manuals.

1.6 QUALITY ASSURANCE

A. Welding:  Qualify procedures and personnel according to the following:

1. Steel Shapes and Plates:  AWS D1.1, "Structural Welding Code - Steel."
2. Welding to Piping:  ASME Boiler and Pressure Vessel Code:  Section IX.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection:

1. Available  Manufacturers:   Subject  to  compliance  with  requirements,  manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
manufacturers specified.

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified.

2.2 EXPANSION JOINTS

A. Metal-Bellows  Expansion  Joints:   ASTM F 1120,  circular-corrugated-bellows  type  with 
external tie rods.

1. Manufacturers:
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a. Adsco Manufacturing, LLC.
b. Anamet, Inc.
c. Badger Industries.
d. Expansion Joint Systems, Inc.
e. Flex-Hose Co., Inc.
f. Flexicraft Industries.
g. Flex-Pression, Ltd.
h. Flex-Weld, Inc.
i. Hyspan Precision Products, Inc.
j. Metraflex, Inc.
k. Piping Technology & Products, Inc.
l. Proco Products, Inc.
m. Senior Flexonics, Inc.; Pathway Division.
n. Tozen America Corp.
o. Unaflex Inc.
p. WahlcoMetroflex.
q. Or equal

2. Metal-Bellows Expansion Joints for Copper Piping:  Single- or multiple-ply phosphor-
bronze bellows, copper pipe end connections, and brass shrouds.

3. Metal-Bellows Expansion Joints for Steel Piping:  Single- or multiple-ply stainless-steel 
bellows, steel pipe end connections, and carbon-steel shroud.

4. Minimum Pressure Rating:  150 psig (1035 kPa) unless otherwise indicated.
5. End Connections:  Flanged or weld

B. Flexible-Hose  Expansion Joints:   Manufactured assembly with  two flexible-metal-hose legs 
joined by long-radius, 180-degree return bend or center section of flexible hose; with inlet and 
outlet elbow fittings, corrugated-metal inner hoses, and braided outer sheaths.

1. Manufacturers:

a. Flex-Hose Co., Inc.
b. Flexicraft Industries.
c. Flex-Pression, Ltd.
d. Metraflex, Inc.
e. Or equal

2. Flexible-Hose Expansion Joints for Steel Piping:  Carbon-steel fittings with threaded end 
connections for  NPS 2 (DN 50) and smaller and flanged or weld end connections for 
NPS 2-1/2 (DN 65) and larger.

a. NPS 2 (DN 50) and Smaller:  Stainless-steel hoses and single-braid, stainless-steel 
sheaths with  450 psig at 70 deg F (3100 kPa at 21 deg C) and  325 psig at 600 
deg F (2250 kPa at 315 deg C) ratings.

b. NPS 2-1/2 to NPS 6 (DN 65 to DN 150):  Stainless-steel hoses and single-braid, 
stainless-steel sheaths with 200 psig at 70 deg F (1380 kPa at 21 deg C) and 145 
psig at 600 deg F (1000 kPa at 315 deg C) ratings.

c. NPS 8 to NPS 12 (DN 200 to DN 300):   Stainless-steel  hoses and single-braid, 
stainless-steel sheaths with 125 psig at 70 deg F (860 kPa at 21 deg C) and 90 psig 
at 600 deg F (625 kPa at 315 deg C) ratings.
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2.3 ALIGNMENT GUIDES

A. Description:   Steel,  factory  fabricated,  with  bolted  two-section  outer  cylinder  and  base  for 
alignment of piping and two-section guiding spider for bolting to pipe.

1. Manufacturers:

a. Adsco Manufacturing, LLC.
b. Advanced Thermal Systems, Inc.
c. Flex-Hose Co., Inc.
d. Flexicraft Industries.
e. Flex-Weld, Inc.
f. Hyspan Precision Products, Inc.
g. Metraflex, Inc.
h. Piping Technology & Products, Inc.
i. Senior Flexonics, Inc.; Pathway Division.
j. Or equal

2.4 MATERIALS FOR ANCHORS

A. Steel Shapes and Plates:  ASTM A 36/A 36M.

B. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel, hex head.

C. Washers:  ASTM F 844, steel, plain, flat washers.

D. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in hardened 
portland cement concrete, and tension and shear capacities appropriate for application.

1. Stud:  Threaded, zinc-coated carbon steel.
2. Expansion Plug:  Zinc-coated steel.
3. Washer and Nut:  Zinc-coated steel.

E. Chemical Fasteners:  Insert-type-stud bonding system anchor for use with hardened portland 
cement concrete, and tension and shear capacities appropriate for application.

1. Bonding Material:  ASTM C 881, Type IV, Grade 3, 2-component epoxy resin suitable 
for surface temperature of hardened concrete where fastener is to be installed.

2. Stud:   ASTM A 307,  zinc-coated carbon steel  with continuous thread on stud,  unless 
otherwise indicated.

3. Washer and Nut:  Zinc-coated steel.

F. Concrete:  Refer to Division 3 Section "Cast-in-Place Concrete" for formwork, reinforcement, 
and concrete.

G. Grout:   ASTM C 1107,  factory-mixed  and  -packaged,  dry,  hydraulic-cement,  nonshrink, 
nonmetallic grout; suitable for interior and exterior applications.

1. Properties:  Nonstaining, noncorrosive, and nongaseous.
2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
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PART 3 - EXECUTION

3.1 EXPANSION-JOINT INSTALLATION

A. Install expansion joints of sizes matching size of piping in which they are installed.

B. Install alignment guides to allow expansion and to avoid end-loading and torsional stress.

3.2 ALIGNMENT-GUIDE INSTALLATION

A. Install guides on piping adjoining pipe expansion joints.

3.3 ANCHOR INSTALLATION

A. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 
and to prevent transfer of loading and stresses to connected equipment.

B. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and to  
structure.  Comply with ASME B31.9 and AWS D1.1.

C. Construct concrete anchors of poured-in-place concrete of dimensions indicated and include 
embedded fasteners.

D. Install  pipe  anchors  according  to  expansion-joint  manufacturer's  written  instructions  if 
expansion joints or compensators are indicated.

E. Use grout to form flat bearing surfaces for expansion fittings, guides, and anchors installed on 
or in concrete.

END OF SECTION 23 21 14
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SECTION 23 21 23 - HYDRONIC PUMPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Close-coupled, in-line centrifugal pumps.
2. Separately coupled, base-mounted, end-suction centrifugal pumps.

1.3 DEFINITIONS

A. Buna-N:  Nitrile rubber.

B. EPT:  Ethylene propylene terpolymer.

1.4 SUBMITTALS

A. Product  Data:   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.

B. Shop Drawings:  Show pump layout and connections.  Include setting drawings with templates 
for installing foundation and anchor bolts and other anchorages.

1. Wiring Diagrams:  Power, signal, and control wiring.

C. Operation  and  Maintenance  Data:   For  pumps  to  include  in  emergency,  operation,  and 
maintenance manuals.

1.5 QUALITY ASSURANCE

A. Source Limitations:  Obtain hydronic pumps through one source from a single manufacturer.

B. Product Options:  Drawings indicate size, profiles, and dimensional requirements of hydronic 
pumps and are based on the specific system indicated.  Refer to Division 1 Section "Product 
Requirements."
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C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use.

D. UL Compliance:  Comply with UL 778 for motor-operated water pumps.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Manufacturer's Preparation for Shipping:  Clean flanges and exposed machined metal surfaces 
and  treat  with  anticorrosion  compound  after  assembly  and  testing.   Protect  flanges,  pipe 
openings, and nozzles with wooden flange covers or with screwed-in plugs.

B. Store pumps in dry location.

C. Retain protective covers for flanges and protective coatings during storage.

D. Protect bearings and couplings against damage from sand, grit, and other foreign matter.

E. Comply with pump manufacturer's written rigging instructions.

1.7 COORDINATION

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete,  
reinforcement, and formwork requirements are specified in Division 3.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified.

2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS

A. Manufacturers:

1. Armstrong Pumps Inc.
2. Aurora Pump; Division of Pentair Pump Group.
3. Bell & Gossett; Div. of ITT Industries.
4. Burks Pumps; Div. of Crane Pumps & Systems.
5. Demming Div.; Crane Co.
6. Flowserve Corporation; Div. of Ingersoll-Dresser Pumps.
7. PACO Pumps.

HYDRONIC PUMPS 23 21 23 - 2



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

8. Patterson Pump Co.; a Subsidiary of The Gorman-Rupp Co.
9. Peerless Pump; a Member of the Sterling Fluid Systems Group.

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.  Rate pump for 125-psig (860-kPa) minimum working 
pressure and a continuous water temperature of 225 deg F (107 deg C).

C. Pump Construction:

1. Casing:   Radially  split,  cast  iron,  with replaceable  bronze  wear  rings,  threaded  gage 
tappings at inlet and outlet, 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.  Trim impeller to match specified performance.

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve.
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and  Buna-N bellows and gasket.  Include water slinger on shaft between motor 
and seal.

5. Pump Bearings:  Permanently lubricated ball bearings 

D. Motor:  Single speed, with permanently lubricated ball bearings, unless otherwise indicated; and 
rigidly mounted to pump casing.  Comply with requirements in Division 15 Section "Motors."

2.3 CLOSE-COUPLED, END-SUCTION CENTRIFUGAL PUMPS

A. Manufacturers:

1. Armstrong Pumps Inc.
2. Bell & Gossett; Div. of ITT Industries.
3. Taco, Inc.
4. Or equal

B. Description:   Factory-assembled  and  -tested,  centrifugal,  overhung-impeller,  close-coupled, 
end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with pump and 
motor  shafts  mounted  horizontally.   Rate  pump for  125-psig (860-kPa) minimum working 
pressure and a continuous water temperature of 225 deg F (107 deg C).

C. Pump Construction:

1. Casing:  Radially split, cast iron, with replaceable bronze wear rings drain plug at bottom 
and air vent at top of volute, threaded gage tappings at inlet and outlet, and threaded  
companion-flange or flanged connections.

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 
and secured with a locking cap screw.  Trim impeller to match specified performance.

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve.
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and Buna-N bellows and gasket.  Include water slinger on shaft between motor 
and seal.

5. Pump Bearings:  Permanently lubricated ball bearings.
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6. Motor:   Single  speed,  with  permanently  lubricated  ball  bearings,  unless  otherwise 
indicated; rigidly mounted to pump casing with integral pump support. 

2.4 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS

A. Manufacturers:

1. American-Marsh Pumps.
2. Armstrong Pumps Inc.
3. Aurora Pump; Division of Pentair Pump Group.
4. Bell & Gossett; Div. of ITT Industries.
5. Buffalo Pumps, Inc.; an Ampco Pittsburgh Co.
6. Burks Pumps; Div. of Crane Pumps & Systems.
7. Deming Pumps; Div. of Crane Pumps & Systems.
8. Flowserve Corporation; Div. of Ingersoll-Dresser Pumps.
9. MEPCO (Marshall Engineered Products Co.).
10. PACO Pumps.
11. Weinman; Div. of Crane Pumps & Systems.

B. Description:  Factory-assembled and -tested, 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.  Rate pump for 125-psig (860-kPa) minimum working pressure and 
a continuous water temperature of 225 deg F (107 deg C).

C. Pump Construction:

1. Casing:   Radially  split,  cast  iron,  with replaceable  bronze  wear  rings,  threaded  gage 
tappings at inlet and outlet, drain plug at bottom and air vent at top of volute, and flanged 
connections.

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 
and secured with a locking cap screw.  Trim impeller to match specified performance.

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve.
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and Buna-N bellows and gasket.
5. Packing  Seal:   Stuffing  box,  with  a  minimum of  four  rings  of  graphite-impregnated 

braided yarn with bronze lantern ring between center  two graphite  rings,  and bronze 
packing gland.

6. Pump Bearings:   Grease-lubricated  ball  bearings  contained  in  cast-iron  housing  with 
grease fittings.

D. Shaft Coupling:  Molded rubber insert and interlocking spider capable of absorbing vibration. 
Couplings shall be drop-out type to allow disassembly and removal without removing pump 
shaft or motor; EPDM coupling sleeve for variable-speed applications.

E. Coupling  Guard:   Dual  rated;  ANSI B15.1,  Section 8;  OSHA 1910.219  approved;  steel; 
removable; attached to mounting frame.

F. 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.
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G. Motor:  Single speed, with  permanently lubricated ball bearings, unless otherwise indicated; 
secured  to  mounting  frame,  with  adjustable  alignment.   Comply  with  requirements  in 
Division 15 Section "Motors."

2.5 PUMP SPECIALTY FITTINGS

A. Suction Diffuser:  Angle pattern, 175-psig (1204-kPa) pressure rating, cast-iron or ductile-iron 
body  and  end  cap,  pump-inlet  fitting;  with  bronze  startup  and  bronze  or  stainless-steel 
permanent  strainers;  bronze  or  stainless-steel  straightening  vanes;  drain  plug;  and  factory-
fabricated support.

B. Triple-Duty Valve:  Angle or straight pattern, 175-psig (1204-kPa) pressure rating, cast-iron or 
ductile-iron body, pump-discharge fitting; with drain plug and bronze-fitted shutoff, balancing, 
and check valve features.   Brass gage ports  with integral  check valve,  and orifice for flow 
measurement.

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 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. Install  pumps with access for periodic maintenance including removal of motors,  impellers,  
couplings, and accessories.

B. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping.

C. Install continuous-thread hanger rods and elastomeric hangers, spring hangers or spring hangers 
with vertical-limit stops of sufficient size to support pump weight.  Vibration isolation devices 
are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."  Fabricate 
brackets or supports as required.  Hanger and support materials are specified in Division 15 
Section "Hangers and Supports."

D. Suspend vertically mounted, in-line centrifugal pumps independent of piping.  Install pumps 
with  motor  and  pump shafts  vertical.   Use  continuous-thread  hanger  rods  and  elastomeric 
hangers, spring hangers or spring hangers with vertical-limit stops of sufficient size to support 
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pump weight.   Vibration isolation devices are specified in Division 15 Section "Mechanical 
Vibration and Seismic Controls."  Hanger and support materials are specified in Division 15 
Section "Hangers and Supports."

E. Set base-mounted pumps on concrete foundation.  Disconnect coupling before setting.  Do not  
reconnect couplings until alignment procedure is complete.

1. Support pump baseplate on rectangular metal blocks and shims, or on metal wedges with 
small taper, at points near foundation bolts to provide a gap of 3/4 to 1-1/2 inches (19 to 
38 mm) between pump base and foundation for grouting.

2. Adjust metal supports or wedges until pump and driver shafts are level.  Check coupling 
faces and suction and discharge flanges of pump to verify that they are level and plumb.

F. Automatic Condensate Pump Units:  Install units for collecting condensate and extend to open 
drain.

3.3 ALIGNMENT

A. Align pump and motor shafts and piping connections after setting on foundation, grout has been 
set and foundation bolts have been tightened, and piping connections have been made.

B. Comply with pump and coupling manufacturers' written instructions.

C. Adjust pump and motor shafts for angular and offset alignment by methods specified in HI 1.1-
1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and Operation 

D. After alignment is correct, tighten foundation bolts evenly but not too firmly.  Completely fill  
baseplate with non-shrink, nonmetallic grout while metal blocks and shims or wedges are in 
place.  After grout has cured, fully tighten foundation bolts.

3.4 CONNECTIONS

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to machine to allow service and maintenance.

C. Connect piping to pumps.  Install valves that are same size as piping connected to pumps.

D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.

E. Install a check, throttling valve, and shutoff or a triple-duty valve on discharge side of pumps.  
Provide shutoff ball valve in any case.

F. Install suction diffuser and shutoff valve on suction side of pumps.

G. Install  flexible  connectors  on  suction and discharge  sides  of  base-mounted pumps between 
pump casing and valves.
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H. Install  pressure gages on pump suction and discharge,  at  integral  pressure-gage tapping,  or 
install single gage with multiple input selector valve.

I. Install check valve and ball valve on each condensate pump unit discharge.

J. Install electrical connections for power, controls, and devices.

K. Ground equipment according to Division 16 Section "Grounding and Bonding."

L. Connect wiring according to Division 16 Section "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. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust,  operate,  and  maintain  hydronic  pumps.   Refer  to  Division 1  Section  "Closeout 
Procedures."

END OF SECTION 23 21 23
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SECTION 235700 - HEAT EXCHANGERS 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 plate heat exchangers.

1.3 DEFINITIONS

A. TEMA:  Tubular Exchanger Manufacturers Association.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of product.

1. Include  rated  capacities,  operating  characteristics,  and  furnished  specialties  and 
accessories.

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Detail  equipment 
assemblies  and  indicate  dimensions,  weights,  loads,  required  clearances,  method  of  field 
assembly, components, and location and size of each field connection.

1. Design  Calculations:   Calculate  requirements  for  selecting  seismic  restraints  and  for  
designing bases.

2. Base Details:  Detail fabrication including anchorages and attachments to structure and to 
supported equipment.

C. Delegated-Design Submittal:   Details  and design calculations for seismic restraints  for  heat 
exchangers.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings:  Equipment room, drawn to scale, on which the following items are 
shown and coordinated with each other, using input from installers of the items involved:

1. Structural members to which heat exchangers will be attached.
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B. Product  Certificates:   For  each type of  shell-and-tube heat  exchanger.   Documentation that 
shell-and-tube heat exchangers comply with "TEMA Standards."

C. Source quality-control reports.

D. Field quality-control reports.

E. Sample Warranty:  For manufacturer's warranty.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For heat exchangers 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 domestic-water heat exchangers that fail in materials or workmanship 
within specified warranty period.

1. Failures include, but are not limited to, the following:

a. Structural failures including heat exchanger, storage tank, and supports.
b. Faulty operation of controls.
c. Deterioration of metals, metal finishes, and other materials beyond normal use.

2. Warranty Periods:  From date of Substantial Completion.

a. Plate, Domestic-Water Heat Exchangers:

1) Brazed-Plate Type:  One year(s).

PART 2 - PRODUCTS

2.1 BRAZED-PLATE HEAT EXCHANGERS
1. Basis-of-Design  Product  :   Subject  to  compliance  with  requirements,  provide  product 

indicated on drawings (GEA PHE Systems North America Inc) or comparable product by 
one of the following:

2. Alfa Laval Inc.
3. API Heat Transfer Inc.
4. APV; a brand of SPX Corporation.
5. Armstrong Pumps, Inc.
6. ITT Corporation; Bell & Gossett.
7. Mueller, Paul, Company.
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B. Configuration:  Brazed assembly consisting of embossed or pressed stainless-steel plates brazed 
together and two end plates, one with threaded nozzles and one with pattern-embossed plates.

C. Construction:  Fabricate and label heat exchangers to comply with ASME Boiler and Pressure  
Vessel Code, Section VIII, "Pressure Vessels," Division 1.

D. End-Plate Material:  Type 316 stainless steel.

E. Threaded Nozzles:  Type 304 stainless steel.

F. Plate Material:  Type 316 stainless steel.

G. Brazing Material:  Copper

H. Capacities and Characteristics:

1. Refer to mechanical drawings for detailed performance requirements.

2.2 ACCESSORIES

A. Hangers and Supports:

1. Custom, steel bolts / brackets for mounting on floor, wall or structural components.

2.3 SOURCE QUALITY CONTROL

A. Factory Tests:  Test and inspect heat exchangers according to ASME Boiler and Pressure Vessel 
Code, Section VIII, "Pressure Vessels," Division 1.  Affix ASME label.

B. Hydrostatically test  heat  exchangers to  minimum of one and one-half  times pressure  rating 
before shipment.

C. Heat exchangers will be considered defective if they do not pass tests and inspections.

D. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas for compliance with requirements for installation tolerances and for structural  
rigidity, strength, anchors, and other conditions affecting performance of heat exchangers.

B. Examine roughing-in for heat-exchanger piping to verify actual locations of piping connections 
before equipment installation.

HEAT EXCHANGERS FOR HVAC 235700 - 3



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 BRAZED-PLATE HEAT-EXCHANGER INSTALLATION

A. Install brazed-plate heat exchanger on custom-designed wall supports anchored to structure as 
indicated on Drawings.

3.3 CONNECTIONS

A. Comply with requirements for piping specified in other Section 232113 "Hydronic Piping" and 
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 hose end valve to drain shell.

F. Install  thermometers  as  shown  on  the  mechanical  drawings  and  in  accordance  with 
Section 230519 "Meters and Gages."

G. Install  pressure  gages  as  shown  on  the  mechanical  drawings  and  in  accordance  with 
Section 230519 "Meters and Gages."

3.4 FIELD QUALITY CONTROL

A. Perform the following 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.

B. Heat exchanger will be considered defective if it does not pass tests and inspections.

C. Prepare test and inspection reports.

3.5 CLEANING

A. 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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3.6 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain heat exchangers.

END OF SECTION 235700
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SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL

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. Electrical equipment coordination and installation.
2. Sleeves for raceways and cables.
3. Sleeve seals.
4. Grout.
5. Common electrical installation requirements.

1.3 DEFINITIONS

A. EPDM:  Ethylene-propylene-diene terpolymer rubber.

B. NBR:  Acrylonitrile-butadiene rubber.

1.4 SUBMITTALS

A. Product Data:  For sleeve seals.

1.5 COORDINATION

A. Coordinate arrangement, mounting, and support of electrical equipment:

1. To  allow maximum possible  headroom unless  specific  mounting  heights  that  reduce 
headroom are indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations.

3. To allow right of way for piping and conduit installed at required slope.
4. So connecting raceways,  cables,  wireways,  cable trays,  and busways will  be clear of 

obstructions and of the working and access space of other equipment.

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 
masonry walls, and other structural components as they are constructed.
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C. Coordinate location of access panels and doors for electrical  items that  are behind finished 
surfaces or otherwise concealed.  Access doors and panels are specified in Division 08 Section 
"Access Doors and Frames."

D. Coordinate  sleeve  selection  and  application  with  selection  and  application  of  firestopping 
specified in Division 07 Section "Penetration Firestopping."."

PART 2 - PRODUCTS

2.1 SLEEVES FOR RACEWAYS AND CABLES

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends.

B. Sleeves for Rectangular Openings:  Galvanized sheet steel.

1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no 
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).

b. For  sleeve  cross-section  rectangle  perimeter  equal  to,  or  more  than,  50  inches 
(1270 mm) and 1 or  more sides equal  to,  or  more than,  16 inches (400 mm), 
thickness shall be 0.138 inch (3.5 mm).

2.2 SLEEVE SEALS

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable.

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. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements: EPDM interlocking links shaped to fit  surface of cable or conduit. 
Include type and number required for material and size of raceway or cable.

3. Pressure Plates:  Plastic.  Include two for each sealing element.
4. Connecting  Bolts  and  Nuts:   Carbon  steel  with  corrosion-resistant  coating  of  length 

required to  secure  pressure  plates  to  sealing elements.   Include one  for  each sealing 
element.
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2.3 GROUT

A. Nonmetallic,  Shrinkage-Resistant  Grout:   ASTM C 1107,  factory-packaged,  nonmetallic 
aggregate  grout,  noncorrosive,  nonstaining,  mixed  with  water  to  consistency  suitable  for 
application and a 30-minute working time.

PART 3 - EXECUTION

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION

A. Comply with NECA 1.

B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 
for wall-mounting items.

C. Headroom  Maintenance:   If  mounting  heights  or  other  location  criteria  are  not  indicated, 
arrange  and  install  components  and  equipment  to  provide  maximum  possible  headroom 
consistent with these requirements.

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 
of  both  electrical  equipment  and  other  nearby  installations.   Connect  in  such  a  way  as  to 
facilitate future disconnecting with minimum interference with other items in the vicinity.

E. Right of Way:  Give to piping systems installed at a required slope.

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Electrical  penetrations  occur  when  raceways,  cables,  wireways,  cable  trays,  or  busways 
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls.

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall.

E. Cut sleeves to length for mounting flush with both surfaces of walls.

F. Extend sleeves installed in floors 2 inches (50 mm above finished floor level.

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway 
or cable, unless indicated otherwise.

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry
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1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 
surfaces smooth; protect grout while curing.

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway or  cable,  using joint  sealant  appropriate  for  size,  depth,  and location of  joint. 
Comply with requirements in Division 07 Section "Joint Sealants.".

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and  floors  at  raceway  and  cable  penetrations.   Install  sleeves  and  seal  raceway  and  cable 
penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 
"Penetration Firestopping."

K. Roof-Penetration Sleeves:   Seal  penetration of individual  raceways and cables with flexible 
boot-type flashing units applied in coordination with roofing work.

L. Aboveground,  Exterior-Wall  Penetrations:   Seal  penetrations  using  steel  pipe  sleeves  and 
mechanical sleeve seals.  Select sleeve size to allow for  1-inch (25-mm) annular clear space 
between pipe and sleeve for installing mechanical sleeve seals.

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow 
for  1-inch (25-mm) annular clear  space between raceway or cable and sleeve for installing 
mechanical sleeve seals.

3.3 SLEEVE-SEAL INSTALLATION

A. Install to seal exterior wall penetrations.

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable 
material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve 
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against  
pressure plates that cause sealing elements to expand and make watertight seal.

3.4 FIRESTOPPING

A. Apply  firestopping  to  penetrations  of  fire-rated  floor  and  wall  assemblies  for  electrical 
installations to restore original fire-resistance rating of assembly.  Firestopping materials and 
installation requirements are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 260500
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

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. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.

1.3 DEFINITIONS

A. VFC:  Variable frequency controller.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of product.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For testing agency.

B. Field quality-control reports.

PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES

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. Alcan Products Corporation; Alcan Cable Division  .
2. Alpha Wire  .
3. Belden Inc  .
4. Encore Wire Corporation  .
5. General Cable Technologies Corporation  .
6. Southwire Incorporated  .
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B.  Copper Conductors:  Comply with NEMA WC 70.

C. Conductor  Insulation:   Comply  with  NEMA WC 70/ICEA S-95-658  for  Type THW-2  and 
THHN-2-THWN-2.

D. Multiconductor  Cable:   Comply  with  NEMA WC 70/ICEA S-95-658  for  metal-clad  cable, 
Type MC with ground wire.

2.2 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. AFC Cable Systems, Inc  .
2. Hubbell Power Systems, Inc  .
3. O-Z/Gedney  ; a brand of the EGS Electrical Group.
4. 3M  ; Electrical Markets Division.
5. Tyco Electronics  .

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated.

2.3 SYSTEM DESCRIPTION

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 NFPA 70.

PART 3 - EXECUTION

3.1 CONDUCTOR MATERIAL APPLICATIONS

A. Feeders:   Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

B. Branch Circuits:  Copper.  Solid for No. 12 AWG and smaller; stranded for No. 8 AWG and 
larger.

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS

A. Service Entrance:  Type THHN-2-THWN-2, single conductors in raceway.

B. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in raceway.

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-2-THWN-2, 
single conductors in raceway.
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D. Feeders  Concealed  in  Concrete,  below Slabs-on-Grade,  and  Underground:   Type THHN-2-
THWN-2, single conductors in raceway.

E. Exposed  Branch  Circuits,  Including  in  Crawlspaces:   Type THHN-2-THWN-2,  single 
conductors in raceway or Metal-clad cable, Type MC.

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-2-THWN-2, single 
conductors in raceway or Metal-clad cable, Type MC.

G. Branch  Circuits  Concealed  in  Concrete,  below  Slabs-on-Grade,  and  Underground: 
Type THHN-2-THWN-2, single conductors in raceway.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes 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 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  and  that 
possess  equivalent  or  better  mechanical  strength  and  insulation  ratings  than  unspliced 
conductors.

C. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches of slack.
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3.5 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.

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply  
with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling."

3.7 FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original  fire-resistance  rating  of  assembly  according  to  Section 078413  "Penetration 
Firestopping."

3.8 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. After installing conductors and cables and before electrical circuitry has been energized, 
test service entrance and feeder conductors and conductors feeding critical equipment and 
services for compliance with requirements.

2. Perform  each  visual  and  mechanical  inspection  and  electrical  test  stated  in  NETA 
Acceptance Testing Specification.  Certify compliance with test parameters.

B. Test and Inspection Reports:  Prepare a written report 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.

C. Cables will be considered defective if they do not pass tests and inspections.

END OF SECTION 260519

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 260519 - 4



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

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 grounding and bonding systems and equipment.

B. Section includes grounding and bonding systems and equipment,  plus the following special 
applications:

1. Underground distribution grounding.
2. Ground bonding common with lightning protection system.
3. Foundation steel electrodes.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.

1.4 INFORMATIONAL SUBMITTALS

A. As-Built Data:  Plans showing dimensioned as-built locations of grounding features specified in 
"Field Quality Control" Article, including the following:

1. Test wells.
2. Ground rods.
3. Ground rings.
4. Grounding arrangements and connections for separately derived systems.

B. Qualification Data:  For testing agency and testing agency's field supervisor.

C. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation  and  Maintenance  Data:   For  grounding  to  include  in  emergency,  operation,  and 
maintenance manuals.
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1.6 QUALITY ASSURANCE

A. Testing Agency Qualifications:  Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor:  Certified by NETA to supervise on-site testing.

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.

C. Comply with UL 467 for grounding and bonding materials and equipment.

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. Burndy; Part of Hubbell Electrical Systems  .
2. Dossert; AFL Telecommunications LLC  .
3. ERICO International Corporation  .
4. Fushi Copperweld Inc  .
5. Galvan Industries, Inc.; Electrical Products Division, LLC  .
6. Harger Lightning and Grounding  .
7. ILSCO  .
8. O-Z/Gedney; A Brand of the EGS Electrical Group  .
9. Robbins Lightning, Inc  .
10. Siemens Power Transmission & Distribution, Inc  .

2.2 SYSTEM DESCRIPTION

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 UL 467 for grounding and bonding materials and equipment.

2.3 CONDUCTORS

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by 
applicable Code or authorities having jurisdiction.

B. Bare Copper Conductors:

1. Solid Conductors:  ASTM B 3.
2. Stranded Conductors:  ASTM B 8.
3. Tinned Conductors:  ASTM B 33.
4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor,  1/4 inch (6 mm) in 

diameter.
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5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
6. Bonding Jumper:  Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors terminated with copper 

ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

2.4 CONNECTORS

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which  used  and  for  specific  types,  sizes,  and  combinations  of  conductors  and  other  items 
connected.

B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy.

C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions.

D. Bus-Bar Connectors:   Mechanical type,  cast  silicon bronze,  solderless exothermic-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar.

2.5 GROUNDING ELECTRODES

A. Ground Rods:  Copper-clad steel 5/8 inch by 10 feet.

PART 3 - EXECUTION

3.1 APPLICATIONS

A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated.

B. Underground Grounding Conductors:  Install bare copper conductor, No. 2/0 AWG minimum.

1. Bury at least 24 inches (600 mm) below grade.
2. Duct-Bank Grounding Conductor:   Bury  12 inches (300 mm) above duct  bank when 

indicated as part of duct-bank installation.

C. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On 
feeders with isolated ground, identify grounding conductor where visible to normal inspection, 
with alternating bands of green and yellow tape, with at least three bands of green and two 
bands of yellow.

D. Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
2. Underground Connections:   Welded connectors  except  at  test  wells  and as otherwise 

indicated.
3. Connections to Ground Rods at Test Wells:  Bolted connectors.
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4. Connections to Structural Steel:  Welded connectors.

3.2 GROUNDING AT THE SERVICE

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus.  Install a main bonding jumper between the neutral and ground buses.

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS

A. Generator:   Install  grounding electrode(s)  at  the generator  location.   The electrode shall  be 
connected to the equipment grounding conductor and to the frame of the generator.

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS

A. Comply with IEEE C2 grounding requirements.

B. Grounding Manholes and Handholes:  Install a driven ground rod through manhole or handhole 
floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor.  If 
necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-
copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall. 
Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 
mm) below concrete.  Seal floor opening with waterproof, nonshrink grout.

C. Grounding Connections to Manhole Components:  Bond exposed-metal parts such as inserts, 
cable  racks,  pulling  irons,  ladders,  and  cable  shields  within  each  manhole  or  handhole,  to 
ground rod or grounding conductor.  Make connections with No. 4 AWG minimum, stranded, 
hard-drawn copper bonding conductor.  Train conductors level or plumb around corners and 
fasten  to  manhole  walls.   Connect  to  cable  armor  and  cable  shields  according  to  written 
instructions by manufacturer of splicing and termination kits.

D. Pad-Mounted Transformers and Switches:  Install two ground rods and ground ring around the 
pad.   Ground pad-mounted  equipment  and noncurrent-carrying metal  items associated with 
substations by connecting them to underground cable and grounding electrodes.  Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding 
terminals.  Bury ground ring not less than 6 inches (150 mm) from the foundation.

3.5 EQUIPMENT GROUNDING

A. Install insulated equipment grounding conductors with all feeders and branch circuits.

B. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70:

1. Feeders and branch circuits.
2. Lighting circuits.
3. Receptacle circuits.
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4. Single-phase motor and appliance branch circuits.
5. Three-phase motor and appliance branch circuits.
6. Flexible raceway runs.
7. Metal-clad cable runs.

C. Air-Duct  Equipment  Circuits:   Install  insulated  equipment  grounding  conductor  to  duct-
mounted  electrical  devices  operating  at  120 V  and  more,  including  air  cleaners,  heaters, 
dampers, humidifiers, and other duct electrical equipment.  Bond conductor to each unit and to 
air duct and connected metallic piping.

D. Water  Heater,  Heat-Tracing,  and  Antifrost  Heating  Cables:   Install  a  separate  insulated 
equipment grounding conductor to each electric  water heater  and heat-tracing cable.   Bond 
conductor to heater units, piping, connected equipment, and components.

E. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor 
connected to  the  receptacle  grounding terminal.   Isolate  conductor  from raceway and from 
panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the 
applicable derived system or service unless otherwise indicated.

F. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit 
or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway 
fitting  listed  for  the  purpose.   Install  fitting  where  raceway enters  enclosure,  and  install  a 
separate insulated equipment grounding conductor.  Isolate conductor from raceway and from 
panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the 
applicable derived system or service unless otherwise indicated.

G. Poles  Supporting  Outdoor  Lighting  Fixtures:   Install  grounding  electrode  and  a  separate 
insulated equipment  grounding conductor  in  addition to  grounding conductor  installed  with 
branch-circuit conductors.

3.6 INSTALLATION

A. Grounding Conductors:  Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code.  Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage.

B. Ground Bonding Common with Lightning Protection System:  Comply with NFPA 780 and 
UL 96 when interconnecting with lightning protection system.  Bond electrical power system 
ground directly to lightning protection system grounding conductor at closest point to electrical 
service grounding electrode.  Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit.

C. Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade 
unless otherwise indicated.

1. Interconnect  ground  rods  with  grounding  electrode  conductor  below  grade  and  as 
otherwise indicated.  Make connections without exposing steel or damaging coating if 
any.
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2. For grounding electrode system, install at least three rods spaced at least one-rod length 
from each other and located at least the same distance from other grounding electrodes, 
and connect to the service grounding electrode conductor.

D. 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 
any adjacent parts.

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install 
bonding so vibration is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 
is required, use a bolted clamp.

E. Grounding and Bonding for Piping:

1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, 
from building's main service equipment, or grounding bus, to main metal water service 
entrances to building.  Connect grounding conductors to main metal water service pipes; 
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of 
the lug bolts of the flange.  Where a dielectric main water fitting is installed, connect  
grounding conductor on street side of fitting.  Bond metal grounding conductor conduit or 
sleeve to conductor at each end.

2. Water  Meter  Piping:   Use braided-type bonding jumpers  to  electrically  bypass  water 
meters.  Connect to pipe with a bolted connector.

3. Bond  each  aboveground  portion  of  gas  piping  system  downstream  from  equipment 
shutoff valve.

F. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of 
associated fans, blowers, electric heaters, and air cleaners.  Install [tinned ]bonding jumper to 
bond across flexible duct connections to achieve continuity.

G. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner 
column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.

3.7 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's  Field  Service:   Engage  a  factory-authorized  service  representative  to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing.

B. 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  a  calibrated  torque  wrench  according  to  manufacturer's 
written instructions.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 6



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal and at individual 
ground rods.  Make tests at ground rods before any conductors are connected.

a. Measure  ground  resistance  no  fewer  than  two  full  days  after  last  trace  of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

C. Grounding system will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

E. Report measured ground resistances that exceed the following values:

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms.
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5ohms.
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.
4. Power Distribution Units or Panelboards Serving Electronic Equipment:  3 ohm(s).
5. Substations and Pad-Mounted Equipment:  5 ohms.
6. Manhole Grounds:  10 ohms.

F. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect 
promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

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 conduits, tubing, and fittings.
2. Nonmetal conduits, tubing, and fittings.
3. Metal wireways and auxiliary gutters.
4. Surface raceways.
5. Boxes, enclosures, and cabinets.

1.3 DEFINITIONS

A. EMT:  Electrical metallic tubing.

B. ENT:  Electrical nonmetallic tubing.

C. EPDM:  Ethylene-propylene-diene terpolymer rubber.

D. FMC:  Flexible metal conduit.

E. IMC:  Intermediate metal conduit.

F. LFMC:  Liquidtight flexible metal conduit.

G. LFNC:  Liquidtight flexible nonmetallic conduit.

H. RNC:  Rigid nonmetallic conduit.

1.4 ACTION SUBMITTALS

A. Product  Data:   For  surface  raceways,  wireways  and  fittings,  floor  boxes,  hinged-cover 
enclosures, and cabinets.

1.5 INFORMATIONAL SUBMITTALS

A. Seismic  Qualification  Certificates:   For  enclosures,  cabinets,  and  conduit  racks  and  their 
mounting provisions, including those for internal components, from manufacturer.

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.
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a. The term “withstand" means "the cabinet or enclosure will remain in place without 
separation of any parts when subjected to the seismic forces specified.

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.

4. Detailed  description  of  conduit  support  devices  and  interconnections  on  which  the 
certification is based and their installation requirements.

B. Source quality-control reports.

PART 2 - PRODUCTS

2.1 METAL CONDUITS, TUBING, AND FITTINGS

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, Inc  .
2. Allied Tube & Conduit  .
3. Anamet Electrical, Inc  .
4. Electri-Flex Company  .
5. O-Z/Gedney  .
6. Picoma Industries  .
7. Republic Conduit  .
8. Robroy Industries  .
9. Southwire Company  .
10. Thomas & Betts Corporation  .
11. Western Tube and Conduit Corporation  .
12. Wheatland Tube Company  .

B. Listing and Labeling:  Metal conduits, tubing, and fittings shall be listed and labeled as defined 
in NFPA 70, by a qualified testing agency, and marked for intended location and application.

C. GRC:  Comply with ANSI C80.1 and UL 6.

D. ARC:  Comply with ANSI C80.5 and UL 6A.

E. IMC:  Comply with ANSI C80.6 and UL 1242.

F. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit.

1. Comply with NEMA RN 1.
2. Coating Thickness:  0.040 inch (1 mm), minimum.

G. EMT:  Comply with ANSI C80.3 and UL 797.

H. FMC:  Comply with UL 1; zinc-coated steel.
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I. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360.

J. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B.

1. Conduit  Fittings  for  Hazardous  (Classified)  Locations:   Comply  with  UL 886  and 
NFPA 70.

2. Fittings for EMT:

a. Material:  Steel.
b. Type:  compression.

3. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 651, rated 
for  environmental  conditions where installed,  and including flexible external  bonding 
jumper.

4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of  0.040 inch,  with 
overlapping sleeves protecting threaded joints.

K. Joint Compound for IMC, GRC, or ARC:  Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit  assemblies,  and compounded for use to lubricate and 
protect threaded conduit joints from corrosion and to enhance their conductivity.

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS

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, Inc  .
2. Anamet Electrical, Inc  .
3. Arnco Corporation  .
4. CANTEX Inc  .
5. CertainTeed Corporation  .
6. Condux International, Inc  .
7. Electri-Flex Company  .
8. Kraloy  .
9. Lamson & Sessions  ; Carlon Electrical Products.
10. Niedax-Kleinhuis USA, Inc  .
11. RACO; Hubbell  .
12. Thomas & Betts Corporation  .

B. Listing and Labeling:  Nonmetallic conduits, tubing, and fittings shall be listed and labeled as 
defined  in  NFPA 70,  by  a  qualified  testing  agency,  and  marked  for  intended  location  and 
application.

C. ENT:  Comply with NEMA TC 13 and UL 1653.

D. RNC:   Type EPC-40-PVC,  complying  with  NEMA TC 2  and  UL 651  unless  otherwise 
indicated.

E. LFNC:  Comply with UL 1660.
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F. Rigid HDPE:  Comply with UL 651A.

G. Continuous HDPE:  Comply with UL 651B.

H. Coilable HDPE:  Preassembled with conductors or cables, and complying with ASTM D 3485.

I. RTRC:  Comply with UL 1684A and NEMA TC 14.

J. Fittings for ENT and RNC:  Comply with NEMA TC 3; match to conduit or tubing type and 
material.

K. Fittings for LFNC:  Comply with UL 514B.

L. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, 
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

M. Solvent cements and adhesive primers shall comply with the testing and product requirements 
of the California Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS

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. Cooper B-Line, Inc  .
2. Hoffman  .
3. Mono-Systems, Inc  .
4. Square     D  .

B. Description:  Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise 
indicated, and sized according to NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.

C. Fittings and Accessories:  Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required for  
complete system.

D. Wireway Covers:  Hinged type unless otherwise indicated.

E. Finish:  Manufacturer's standard enamel finish.

2.4 NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS

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 Moulded Products, Inc  .
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2. Hoffman  .
3. Lamson & Sessions  ; Carlon Electrical Products.
4. Niedax-Kleinhuis USA, Inc  .

B. Listing and Labeling:  Nonmetallic wireways and auxiliary gutters shall be listed and labeled as 
defined  in  NFPA 70,  by  a  qualified  testing  agency,  and  marked  for  intended  location  and 
application.

C. Description:  Fiberglass polyester, extruded and fabricated to required size and shape, without 
holes or knockouts.  Cover shall be gasketed with oil-resistant gasket material and fastened with 
captive screws treated for corrosion resistance.  Connections shall be flanged and have stainless-
steel screws and oil-resistant gaskets.

D. Description:  PVC, extruded and fabricated to required size and shape, and having snap-on 
cover, mechanically coupled connections, and plastic fasteners.

E. Fittings and Accessories:  Couplings, offsets,  elbows, expansion joints,  adapters,  hold-down 
straps, end caps, and other fittings shall match and mate with wireways as required for complete 
system.

F. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, 
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

G. Solvent cements and adhesive primers shall comply with the testing and product requirements 
of the California Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.5 SURFACE RACEWAYS

A. Listing and Labeling:  Surface raceways and tele-power poles shall be listed and labeled as 
defined  in  NFPA 70,  by  a  qualified  testing  agency,  and  marked  for  intended  location  and 
application.

B. Surface  Metal  Raceways:   Galvanized  steel  with  snap-on  covers  complying  with  UL 5. 
Manufacturer's standard enamel finish in color selected by Owners Representative.

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. Mono-Systems, Inc  .
b. Panduit Corp  .
c. Wiremold / Legrand  .

C. Surface Nonmetallic Raceways:  Two- or three-piece construction, complying with UL 5A, and 
manufactured  of  rigid  PVC with  texture  and color  selected  by  Owner  from manufacturer's 
standardcolors.   Product  shall  comply  with  UL 94 V-0  requirements  for  self-extinguishing 
characteristics.
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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. Hubbell Incorporated  .
b. Mono-Systems, Inc  .
c. Panduit Corp  .
d. Wiremold / Legrand  .

2.6 BOXES, ENCLOSURES, AND CABINETS

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. Adalet  .
2. Cooper Technologies Company  ; Cooper Crouse-Hinds.
3. EGS/Appleton Electric  .
4. Erickson Electrical Equipment Company  .
5. FSR Inc  .
6. Hoffman  .
7. Hubbell Incorporated  .
8. Kraloy  .
9. Milbank Manufacturing Co  .
10. Mono-Systems, Inc  .
11. O-Z/Gedney  .
12. RACO; Hubbell  .
13. Robroy Industries  .
14. Spring City Electrical Manufacturing Company  .
15. Stahlin Non-Metallic Enclosures  .
16. Thomas & Betts Corporation  .
17. Wiremold / Legrand  .

B. General Requirements for Boxes, Enclosures, and Cabinets:  Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations.

C. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.

D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover.

E. Nonmetallic Outlet and Device Boxes:  Comply with NEMA OS 2 and UL 514C.

F. Metal Floor Boxes:

1. Material:  Cast metal..
2. Type:  Semi-adjustable.
3. Shape:  Rectangular.
4. Listing  and  Labeling:   Metal  floor  boxes  shall  be  listed  and  labeled  as  defined  in 

NFPA 70,  by  a  qualified  testing  agency,  and  marked  for  intended  location  and 
application.
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G. Nonmetallic Floor Boxes:  Nonadjustable, rectangular.

1. Listing and Labeling:  Nonmetallic floor boxes shall be listed and labeled as defined in 
NFPA 70,  by  a  qualified  testing  agency,  and  marked  for  intended  location  and 
application.

H. Luminaire Outlet Boxes:  Nonadjustable, designed for attachment of luminaire weighing 50 lb 
(23 kg).  Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) 
shall be listed and marked for the maximum allowable weight.

I. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.

J. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover.

K. Box  extensions  used  to  accommodate  new  building  finishes  shall  be  of  same  material  as 
recessed box.

L. Gangable boxes are allowed.

M. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge 
cover with flush latch unless otherwise indicated.

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures:  Plastic.
3. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel.

N. Cabinets:

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel.

2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application.

2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

A. General Requirements for Handholes and Boxes:

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application.

2. Boxes installed in wet areas shall  be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and 
aggregate,  bound  together  with  polymer  resin,  and  reinforced  with  steel,  fiberglass,  or  a 
combination of the two.
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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. Armorcast Products Company  .
b. Carson Industries LLC  .
c. NewBasis  .
d. Oldcastle Precast, Inc  .
e. Quazite: Hubbell Power System, Inc  .
f. Synertech Moulded Products  .

2. Standard:  Comply with SCTE 77.
3. Configuration:  Designed for flush burial with closed bottom unless otherwise indicated.
4. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location.
5. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
6. Cover Legend:  Molded lettering, "ELECTRIC.
7. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall.
8. Handholes 12 Inches Wide by 24 Inches Long and Larger:  Have inserts for cable racks 

and pulling-in irons installed before concrete is poured.

C. Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with frame 
and covers of  polymer concrete.

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. Armorcast Products Company  .
b. Carson Industries LLC  .
c. NewBasis  .
d. Nordic Fiberglass, Inc  .
e. Oldcastle Precast, Inc  ; Christy Concrete Products.
f. Quazite: Hubbell Power System, Inc  ; Hubbell Power Systems.
g. Synertech Moulded Products  .

2. Standard:  Comply with SCTE 77.
3. Color of Frame and Cover:  Gray.
4. Configuration:  Designed for flush burial with closed bottom unless otherwise indicated.
5. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location.
6. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
7. Cover Legend:  Molded lettering, "ELECTRIC”.
8. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall.
9. Handholes  12 Inches Wide by 24 Inches and Larger:  Have inserts for cable racks and 

pulling-in irons installed before concrete is poured.

2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES
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A. Handhole and Pull-Box Prototype Test:  Test prototypes of handholes and boxes for compliance 
with SCTE 77.  Strength tests shall be for specified tier ratings of products supplied.

1. Tests of materials shall be performed by an independent testing agency.
2. Strength tests of complete boxes and covers shall be by either an independent testing 

agency or manufacturer.  A qualified registered professional engineer shall certify tests 
by manufacturer.

3. Testing machine pressure gages shall  have current  calibration certification complying 
with ISO 9000 and ISO 10012 and traceable to NIST standards.

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

A. Outdoors:  Apply raceway products as specified below unless otherwise indicated:

1. Exposed Conduit:  GRC.
2. Concealed Conduit, Aboveground:  GRC.
3. Underground Conduit:  RNC, Type EPC-40-PVC.
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC.
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R.

B. Indoors:  Apply raceway products as specified below unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage:  EMT.
2. Exposed, Not Subject to Severe Physical Damage:  EMT.
3. Exposed and Subject to Severe Physical Damage:  GRC.  Raceway locations include the 

following:

a. Loading dock.
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.
d. Gymnasiums.

4. Concealed in Ceilings and Interior Walls and Partitions: EMT.
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 
locations.

6. Damp or Wet Locations:  GRC.
7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type nonmetallic in 

institutional and commercial kitchens and damp or wet locations.

C. Minimum Raceway Size:  3/4-inch trade size.

D. Raceway Fittings:  Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless 
otherwise indicated.  Comply with NEMA FB 2.10.
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2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this 
type  of  conduit.   Patch  and  seal  all  joints,  nicks,  and  scrapes  in  PVC coating  after 
installing conduits and fittings.  Use sealant recommended by fitting manufacturer and 
apply in thickness and number of coats recommended by manufacturer.

3. EMT:  Use compression, steel fittings.  Comply with NEMA FB 2.10.
4. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with 

NEMA FB 2.20.

E. Install  nonferrous conduit  or  tubing for  circuits  operating above 60 Hz.   Where  aluminum 
raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.

F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

G. Install surface raceways only where indicated on Drawings.

H. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

3.2 INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter.  Comply with NECA 102 for aluminum conduits. 
Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and 
number of floors.

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes.  Install horizontal raceway runs above water and steam piping.

C. Complete raceway installation before starting conductor installation.

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" 
for hangers and supports.

E. Arrange stub-ups so curved portions of bends are not visible above finished slab.

F. Install  no more than the equivalent of three 90-degree bends in any conduit  run except for  
control  wiring  conduits,  for  which  fewer  bends  are  allowed.   Support  within  12  inches of 
changes in direction.

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines.

H. Support conduit within 12 inches of enclosures to which attached.

I. Raceways Embedded in Slabs:

1. Run  conduit  larger  than  1-inch trade  size,  parallel  or  at  right  angles  to  main 
reinforcement.   Where  at  right  angles  to  reinforcement,  place  conduit  close  to  slab 
support.  Secure raceways to reinforcement at maximum 10-foot intervals.

2. Arrange  raceways  to  cross  building  expansion  joints  at  right  angles  with  expansion 
fittings.
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3. Arrange raceways to keep a minimum of 2 inch of concrete cover in all directions.
4. Do not embed threadless fittings in concrete unless specifically approved by Architect for 

each specific location.
5. Change from ENT to RNC, Type EPC-40-PVC, before rising above floor.

J. Stub-ups to Above Recessed Ceilings:

1. Use EMT, IMC, or RMC for raceways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure.

K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 
listed compound to threads of raceway and fittings before making up joints.  Follow compound 
manufacturer's written instructions.

L. Coat  field-cut  threads  on  PVC-coated  raceway  with  a  corrosion-preventing  conductive 
compound prior to assembly.

M. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 
to protect conductors including conductors smaller than No. 4 AWG.

N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets.   Install  bushings on conduits up to  1-1/4-inch (35mm) trade size and insulated 
throat metal bushings on  1-1/2-inch (41-mm) trade size and larger conduits terminated with 
locknuts.  Install insulated throat metal grounding bushings on service conduits.

O. Install  raceways square  to  the  enclosure  and terminate  at  enclosures with locknuts.   Install  
locknuts hand tight plus 1/4 turn more.

P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

Q. Cut conduit perpendicular to the length.  For conduits 2-inch (53-mm) trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length.

R. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end 
of pull wire.  Cap underground raceways designated as spare above grade alongside raceways in 
use.

S. Surface Raceways:

1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
2. Secure  surface  raceway  with  screws  or  other  anchor-type  devices  at  intervals  not 

exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway 
section.  Support surface raceway according to manufacturer's written instructions.  Tape 
and glue are not acceptable support methods.

T. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a 
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blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install raceway 
sealing fittings according to NFPA 70.

U. Install devices to seal raceway interiors at accessible locations.  Locate seals so no fittings or 
boxes are between the seal and the following changes of environments.  Seal the interior of all  
raceways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces.

2. Where an underground service raceway enters a building or structure.
3. Where otherwise required by NFPA 70.

V. Comply with manufacturer's written instructions for solvent welding RNC and fittings.

W. Expansion-Joint Fittings:

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg  and that has straight-run length that exceeds 25 feet.  Install 
in each run of aboveground RMC and EMT conduit that is located where environmental 
temperature change may exceed 100 deg F  and that has straight-run length that exceeds 
100 feet 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations:

a. Outdoor  Locations  Not  Exposed  to  Direct  Sunlight:   125  deg F (70  deg C) 
temperature change.

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F (86 deg C) temperature 
change.

c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F 
(70 deg C temperature change.

d. Attics:  135 deg F (75 deg C) temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of  length  of  straight  run  per  deg  of  temperature  change  for  PVC  conduits.   Install 
fitting(s) that provide expansion and contraction for at least  0.000078 inch per foot of 
length of straight run per deg F of temperature change for metal conduits.

4. Install  expansion  fittings  at  all  locations  where  conduits  cross  building  or  structure 
expansion joints.

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation.  Install conduit supports to allow for expansion movement.

X. Flexible Conduit  Connections:   Comply with NEMA RV 3.  Use a maximum of  72 inches 
(1830 mm) of flexible conduit equipment subject to vibration, noise transmission, or movement; 
and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.
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Y. 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.

Z. 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.

AA. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel.

BB. Locate boxes so that cover or plate will not span different building finishes.

CC. Support  boxes  of  three  gangs  or  more  from more  than  one  side  by  spanning two framing 
members or mounting on brackets specifically designed for the purpose.

DD. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by  
conduits.

EE. Set metal floor boxes level and flush with finished floor surface.

FF. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

3.3 INSTALLATION OF UNDERGROUND CONDUIT

A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench 
bottom as specified in Section 312000 "Earth Moving" for pipe less than  6 inches in 
nominal diameter.

2. Install backfill as specified in Section 312000 "Earth Moving."
3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end 

of conduit run, leaving conduit at end of run free to move with expansion and contraction 
as temperature changes during this process.  Firmly hand tamp backfill around conduit to 
provide maximum supporting strength.  After placing controlled backfill  to within  12 
inches of  finished  grade,  make  final  conduit  connection  at  end  of  run  and complete 
backfilling with normal compaction as specified in Section 312000 "Earth Moving."

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building 
entrances  through floor  unless otherwise indicated.   Encase elbows for  stub-up ducts 
throughout length of elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 
at building entrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase 
coupling with 3 inches of concrete for a minimum of 12 inches on each side of the 
coupling.

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits 
penetrate building foundations,  extend steel  conduit  horizontally a minimum of 
60 inches from edge of foundation or equipment base.  Install insulated grounding 
bushings on terminations at equipment.
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6. Warning  Planks:   Bury  warning  planks  approximately  12 inches above  direct-buried 
conduits  but  a  minimum of  6 inches below grade.   Align planks  along centerline  of 
conduit.

7. Underground  Warning  Tape:   Comply  with  requirements  in  Section 260553 
"Identification for Electrical Systems."

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting conduits to minimize bends and deflections required for proper entrances.

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of  
other enclosures 1 inch above finished grade.

D. Install handholes with bottom below frost line.

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, 
as required for installation and support of cables and conductors and as indicated.  Select arm 
lengths to be long enough to provide spare space for future cables but short enough to preserve 
adequate working clearances in enclosure.

F. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut 
wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings 
to be used, and seal around penetrations after fittings are installed.

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply  
with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling."

3.6 FIRESTOPPING

A. Install  firestopping  at  penetrations  of  fire-rated  floor  and  wall  assemblies.   Comply  with 
requirements in Section 078413 "Penetration Firestopping."

3.7 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.
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

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. Identification for raceways.
2. Identification of power and control cables.
3. Identification for conductors.
4. Underground-line warning tape.
5. Warning labels and signs.
6. Instruction signs.
7. Equipment identification labels.
8. Miscellaneous identification products.

1.3 ACTION SUBMITTALS

A. Product Data:  For each electrical identification product indicated.

1.4 QUALITY ASSURANCE

A. Comply with ANSI A13.1.

B. Comply with NFPA 70.

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

D. Comply with ANSI Z535.4 for safety signs and labels.

E. Adhesive-attached labeling materials,  including label  stocks,  laminating adhesives,  and inks 
used by label printers, shall comply with UL 969.

1.5 COORDINATION

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, 
standards, and 29 CFR 1910.145.  Use consistent designations throughout Project.
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B. Coordinate  installation  of  identifying  devices  with  completion  of  covering  and  painting  of 
surfaces where devices are to be applied.

C. Coordinate installation of identifying devices with location of access panels and doors.

D. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 POWER AND CONTROL RACEWAY IDENTIFICATION MATERIALS

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 
color field for each raceway size.

B. Colors for Raceways Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.
2. Legend:  Indicate voltage and system or service type.

C. Colors for Raceways Carrying Circuits at More Than 600 V:

1. Black letters on an orange field.
2. Legend:  "DANGER CONCEALED HIGH VOLTAGE WIRING."

D. Vinyl  Labels  for  Raceways  Carrying  Circuits  at  600 V or  Less:   Preprinted,  flexible  label 
laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear 
adhesive tape for securing ends of legend label.

E. Snap-Around Labels  for  Raceways Carrying Circuits  at  600 V or  Less:   Slit,  pretensioned, 
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 
or cable it identifies and to stay in place by gripping action.

F. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at  600 V or Less:   Slit, 
pretensioned, flexible, solid-colored acrylic sleeve,  2 inches long, with diameter sized to suit 
diameter of raceway or cable it identifies and to stay in place by gripping action.

G. Tape and Stencil for Raceways Carrying Circuits More Than 600 V:  4-inchwide black stripes 
on  10-inch centers diagonally over orange background that extends full length of raceway or 
duct and is 12 inches wide.  Stop stripes at legends.

H. Metal Tags:  Brass or aluminum,  2 by 2 by 0.05 inch, with stamped legend, punched for use 
with self-locking cable tie fastener.

I. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie 
for attachment to conductor or cable.

1. Marker  for  Tags:   Permanent,  waterproof,  black  ink  marker  recommended  by  tag 
manufacturer.
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2. Marker  for  Tags:   Machine-printed,  permanent,  waterproof,  black  ink  marker 
recommended by printer manufacturer.

2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 
color field for each cable size.

B. Colors for Cables Carrying Circuits at 600 V and Less:

1. Black letters on an orange field.
2. Legend:  Indicate voltage.

C. Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant 
coating and matching wraparound clear adhesive tape for securing ends of legend label.

D. Self-Adhesive Vinyl Tape:  Colored, heavy duty,  waterproof,  fade resistant;  2 inches wide; 
compounded for outdoor use.

E. Heat-Shrink  Preprinted  Tubes:   Flame-retardant  polyolefin  tube  with  machine-printed 
identification label.  Sized to suit diameter of and shrinks to fit firmly around cable it identifies.  
Full shrink recovery at a maximum of 200 deg F. Comply with UL 224.

2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 
color field for each cable size.

B. Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant 
coating and matching wraparound clear adhesive tape for securing ends of legend label.

C. Self-Adhesive, Self-Laminating Polyester Labels:  Preprinted  thick flexible label with acrylic 
pressure-sensitive  adhesive  that  provides  a  clear,  weather-  and  chemical-resistant,  self-
laminating, protective shield over the legend.  Labels sized to fit the cable diameter such that the 
clear shield overlaps the entire printed legend.

D. Heat-Shrink  Preprinted  Tubes:   Flame-retardant  polyolefin  tube  with  machine-printed 
identification label.  Sized to suit diameter of and shrinks to fit firmly around cable it identifies.  
Full shrink recovery at a maximum of 200 deg F.  Comply with UL 224.

E. Metal Tags:  Brass or aluminum,  2 by 2 by 0.05 inch, with stamped legend, punched for use 
with self-locking cable tie fastener.

F. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie 
for attachment to conductor or cable.
1. Marker  for  Tags:   Machine-printed,  permanent,  waterproof,  black  ink  marker 

recommended by printer manufacturer.
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G. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of cable it identifies and to stay in place by gripping action.

H. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 
inches long, with diameter sized to suit diameter of cable it identifies and to stay in place by 
gripping action.

2.4 CONDUCTOR IDENTIFICATION MATERIALS

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 
to 2 inches wide.

B. Self-Adhesive, Self-Laminating Polyester Labels:  Preprinted thick flexible label with acrylic 
pressure-sensitive  adhesive  that  provides  a  clear,  weather-  and  chemical-resistant,  self-
laminating, protective shield over the legend.  Labels sized to fit the conductor diameter such 
that the clear shield overlaps the entire printed legend.

C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 
diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.

D. Snap-Around, Color-Coding Bands:  Slit,  pretensioned, flexible, solid-colored acrylic sleeve 
with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping 
action.

E. Heat-Shrink  Preprinted  Tubes:   Flame-retardant  polyolefin  tube  with  machine-printed 
identification label.   Sized to suit  diameter of  and shrinks to fit  firmly around conductor it 
identifies.  Full shrink recovery at a maximum of 200 deg F Comply with UL 224.

F. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process.

G. Write-On Tags:  Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie 
for attachment to conductor or cable.

1. Marker  for  Tags:   Permanent,  waterproof,  black  ink  marker  recommended  by  tag 
manufacturer.

2. Labels for Tags:  Self-adhesive label, machine-printed with permanent, waterproof, black 
ink recommended by printer manufacturer, sized for attachment to tag.

2.5 FLOOR MARKING TAPE

A. 2-inch wide, 5-mil pressure-sensitive vinyl tape, with yellow and black stripes and clear vinyl 
overlay.

2.6 UNDERGROUND-LINE WARNING TAPE

A. Tape:
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1. Recommended by manufacturer for the method of installation and suitable to identify and 
locate underground electrical and communications utility lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.
3. Tape  material  and  ink  shall  be  chemically  inert,  and  not  subject  to  degrading  when 

exposed to acids, alkalis, and other destructive substances commonly found in soils.

B. Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.
2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE.
3. Inscriptions  for  Orange-Colored  Tapes:   TELEPHONE  CABLE,  CATV  CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.

C. Tag:  

1. Pigmented polyolefin, bright-colored, continuous-printed on one side with the inscription 
of the utility, compounded for direct-burial service.

2. Thickness:  4 mils (0.1 mm).
3. Weight:  18.5 lb/1000 sq. ft. (9.0 kg/100 sq. m).
4. 3-Inch (75-mm) Tensile  According to ASTM D 882:  30 lbf (133.4 N),  and  2500 psi 

(17.2 MPa).

2.7 WARNING LABELS AND SIGNS

A. Comply with NFPA 70 and 29 CFR 1910.145.

B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, 
configured for  display on front  cover,  door,  or  other  access  to  equipment  unless  otherwise 
indicated.

C. Baked-Enamel Warning Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size 
required for application.

2. 1/4-inch grommets in corners for mounting.
3. Nominal size, 7 by 10 inches.

D. Metal-Backed, Butyrate Warning Signs:

1. Weather-resistant,  nonfading,  preprinted,  cellulose-acetate  butyrate  signs  with  0.0396-
inch galvanized-steel backing; and with colors, legend, and size required for application.

2. 1/4-inch) grommets in corners for mounting.
3. Nominal size, 10 by 14 inches.

E. Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple  Power  Source Warning:   "DANGER -  ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace  Clearance  Warning:   "WARNING -  OSHA REGULATION -  AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."
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2.8 INSTRUCTION SIGNS

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 
sq. inches and 1/8 inch thick for larger sizes.

1. Engraved legend with black letters on white face.
2. Punched or drilled for mechanical fasteners.
3. Framed  with  mitered  acrylic  molding  and  arranged  for  attachment  at  applicable 

equipment.

B. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process. 
Minimum letter height shall be 3/8 inch.

C. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 
transfer or equivalent process.  Minimum letter height shall be 3/8 inch. Overlay shall provide a 
weatherproof and UV-resistant seal for label.

2.9 EQUIPMENT IDENTIFICATION LABELS

A. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process. 
Minimum letter height shall be 3/8 inch.

B. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 
transfer or equivalent process.  Minimum letter height shall be 3/8 inch.Overlay shall provide a 
weatherproof and UV-resistant seal for label.

C. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white 
letters on a dark-gray background.  Minimum letter height shall be 3/8 inch.

D. Engraved,  Laminated Acrylic  or  Melamine Label:   Punched or drilled for  screw mounting. 
White letters on a dark-gray background.  Minimum letter height shall be 3/8 inch.

2.10 CABLE TIES

A. General-Purpose Cable Ties:  Fungus inert, self extinguishing, one piece, self locking, Type 6/6 
nylon.

1. Minimum Width:  3/16 inch.
2. Tensile Strength at 73 deg F, According to ASTM D 638:  12,000 psi.
3. Temperature Range:  Minus 40 to plus 185 deg F.
4. Color:  Black except where used for color-coding.

B. UV-Stabilized Cable Ties:  Fungus inert, designed for continuous exposure to exterior sunlight, 
self extinguishing, one piece, self locking, Type 6/6 nylon.

1. Minimum Width:  3/16 inch.
2. Tensile Strength at 73 deg F, According to ASTM D 638:  12,000 psi.
3. Temperature Range:  Minus 40 to plus 185 deg F.
4. Color:  Black.
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C. Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking.

1. Minimum Width:  3/16 inch.
2. Tensile Strength at 73 deg F, According to ASTM D 638:  7000 psi.
3. UL 94 Flame Rating:  94V-0.
4. Temperature Range:  Minus 50 to plus 284 deg.
5. Color:  Black.

2.11 MISCELLANEOUS IDENTIFICATION PRODUCTS

A. Paint:   Comply  with  requirements  in  painting  Sections  for  paint  materials  and  application 
requirements.   Select  paint  system applicable  for  surface  material  and location (exterior  or 
interior).

B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Verify identity of each item before installing identification products.

B. Location:  Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment.

C. Apply identification devices to surfaces that require finish after completing finish work.

D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and 
methods recommended by manufacturer of identification device.

E. Attach  signs  and  plastic  labels  that  are  not  self-adhesive  type  with  mechanical  fasteners 
appropriate to the location and substrate.

F. Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or  
cable at a location with high visibility and accessibility.

G. Cable Ties:  For attaching tags.  Use general-purpose type, except as listed below:

1. Outdoors:  UV-stabilized nylon.
2. In Spaces Handling Environmental Air:  Plenum rated.

H. Underground-Line  Warning  Tape:   During  backfilling  of  trenches  install  continuous 
underground-line warning tape directly above line at 6 to 8 inches below finished grade.  Use 
multiple  tapes  where  width  of  multiple  lines  installed  in  a  common  trench  or  concrete 
envelope exceeds 16 inches overall.

I. Painted Identification:  Comply with requirements in painting Sections for surface preparation 
and paint application.
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3.2 IDENTIFICATION SCHEDULE

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits More Than 30 A, and 120 V to ground:  Identify with self-adhesive vinyl label.  Install 
labels at 10-foot maximum intervals.

B. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and 
pull box of the following systems with self-adhesive vinyl labels with the wiring system legend 
and system voltage.  System legends shall be as follows:

1. Emergency Power.
2. Power.
3. UPS.

C. Power-Circuit  Conductor  Identification,  600 V or  Less:   For  conductors  in  vaults,  pull  and 
junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors 
listed below for ungrounded feeder and branch-circuit conductors.

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 
authorities having jurisdiction permit.

b. Colors for 208/120-V Circuits:

1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.

c. Colors for 480/277-V Circuits:

1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.

d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a 
minimum distance of 6 inches (150 mm) from terminal points and in boxes where 
splices or taps are made.  Apply last two turns of tape with no tension to prevent 
possible unwinding.  Locate bands to avoid obscuring factory cable markings.

D. Install  instructional  sign including the  color-code for  grounded and ungrounded conductors 
using adhesive-film-type labels.

E. Control-Circuit Conductor Identification:  For conductors and cables in pull and junction boxes,  
manholes,  and  handholes,  use  self-adhesive  vinyl  labels  with  the  conductor  or  cable 
designation, origin, and destination.

F. Control-Circuit  Conductor  Termination  Identification:   For  identification  at  terminations 
provide self-adhesive vinyl labels with the conductor designation.

G. Conductors to Be Extended in the Future:  Attach write-on tags or marker tape to conductors  
and list source.
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H. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, 
and signal connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points.  Identify by system and circuit designation.

2. Use system of marker tape designations that is uniform and consistent with system used 
by manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the 
Operation and Maintenance Manual.

I. Locations  of  Underground  Lines:   Identify  with  underground-line  warning  tape  for  power, 
lighting, communication, and control wiring and optical fiber cable.

1. Limit use of underground-line warning tape to direct-buried cables.
2. Install  underground-line  warning  tape  for  both  direct-buried  cables  and  cables  in 

raceway.

J. Workspace Indication:  Install floor marking tape to show working clearances in the direction of 
access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 
otherwise indicated.   Do not  install  at  flush-mounted panelboards and similar  equipment in 
finished spaces.

K. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-
adhesive warning labels.

1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.
3. Apply to exterior of door, cover, or other access.
4. 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.

L. Operating  Instruction  Signs:   Install  instruction  signs  to  facilitate  proper  operation  and 
maintenance of electrical systems and items to which they connect.  Install instruction signs 
with approved legend where instructions are needed for system or equipment operation.

M. Emergency Operating Instruction Signs:  Install instruction signs with white legend on a red 
background with minimum 3/8-inch high letters for emergency instructions at equipment used 
for power transfer.

N. Equipment Identification Labels:  On each unit of equipment, install unique designation label 
that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. 
Apply labels to disconnect switches and protection equipment, central or master units, control  
panels, control stations, terminal cabinets, and racks of each system.  Systems include power, 
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is 
provided with its own identification.

1. Labeling Instructions:
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a. Indoor  Equipment:  Engraved,  laminated  acrylic  or  melamine  label.   Unless 
otherwise indicated, provide a single line of text with  1/2-inch high letters on  1-
1/2-inch high label; where two lines of text are required, use labels 2 inches high.

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
c. Elevated Components:  Increase sizes of labels and letters to those appropriate for 

viewing from the floor.
d. Unless  provided  with  self-adhesive  means  of  attachment,  fasten  labels  with 

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 
the enclosure.

2. Equipment to Be Labeled:

a. Panelboards:   Typewritten  directory  of  circuits  in  the  location  provided  by 
panelboard manufacturer.  Panelboard identification shall be engraved, laminated 
acrylic or melamine label.

b. Enclosures and electrical cabinets.
c. Switchgear.
d. Switchboards.
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. Power-generating units.
p. Monitoring and control equipment.

END OF SECTION 260553
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS

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. This Section includes the following types of dry-type transformers rated 600 V and less, with 
capacities up to 1000 kVA:

1. Distribution transformers.

1.3 ACTION SUBMITTALS

A. Product  Data:   Include  rated  nameplate  data,  capacities,  weights,  dimensions,  minimum 
clearances,  installed  devices  and  features,  and  performance  for  each  type  and  size  of 
transformer indicated.

B. 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. Wiring Diagrams:  Power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For testing agency.

B. Source quality-control test reports.

C. Field quality-control test reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For transformers to include in emergency, operation, and 
maintenance manuals.
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1.6 QUALITY ASSURANCE

A. Source  Limitations:   Obtain  each  transformer  type  through  one  source  from  a  single 
manufacturer.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use.

C. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."

1.7 DELIVERY, STORAGE, AND HANDLING

A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions 
within the enclosure of each ventilated-type unit, throughout periods during which equipment is 
not energized and when transformer is not in a space that is continuously under normal control 
of temperature and humidity.

1.8 COORDINATION

A. Coordinate size and location of concrete bases with actual transformer provided.  Cast anchor-
bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified with 
concrete.

B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer 
provided.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available  Manufacturers:   Subject  to  compliance with requirements,  manufacturers  offering 
products that may be incorporated into the Work include, but are not limited to, the following:
1. Eaton Electrical Inc.; Cutler-Hammer Products  .
2. Federal Pacific Transformer Company; Division of Electro-Mechanical Corp  .
3. Siemens Energy & Automation, Inc  .
4. Square     D; Schneider Electric  .
5. Maddox.>

2.2 GENERAL TRANSFORMER REQUIREMENTS

A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service.

B. Cores:  Grain-oriented, non-aging silicon steel.

C. Coils:  Continuous windings without splices except for taps.
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1. Internal Coil Connections:  Brazed or pressure type.
2. Coil Material:  Copper Basis of Design; consideration of aluminum is possible based 

upon equipment lead times.  

2.3 DISTRIBUTION TRANSFORMERS

A. Comply with NEMA ST 20, and list and label as complying with UL 1561.

B. Cores:  One leg per phase.

C. Enclosure:  [Ventilated] [Totally enclosed, nonventilated], NEMA 250, Type 2.

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

D. Enclosure:  [Ventilated] [Totally enclosed, nonventilated], NEMA 250, [Type 3R] [Type 4X, 
stainless steel].

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

E. Transformer Enclosure Finish:  Comply with NEMA 250.

1. Finish Color:  [Gray] [ANSI 49 gray] [ANSI 61 gray].

F. Taps for Transformers Smaller Than 3 kVA:  None

G. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below 
normal full capacity.

H. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and two 2.5 percent 
taps below normal full capacity.

I. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 
80 deg C rise above 40 deg C ambient temperature.

J. Energy Efficiency for Transformers Rated 15 kVA and Larger:

1. Complying with NEMA TP 1, Class 1 efficiency levels.
2. Tested according to NEMA TP 2.

K. K-Factor  Rating:   Transformers  indicated  to  be  K-factor  rated  shall  comply  with  UL 1561 
requirements  for  nonsinusoidal  load  current-handling  capability  to  the  degree  defined  by 
designated K-factor.

1. Unit  shall  not  overheat  when  carrying  full-load  current  with  harmonic  distortion 
corresponding to designated K-factor.

2. Indicate value of K-factor on transformer nameplate.

L. Electrostatic  Shielding:   Each winding shall  have  an independent,  single,  full-width  copper 
electrostatic shield arranged to minimize interwinding capacitance.
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1. Arrange coil leads and terminal strips to minimize capacitive coupling between input and 
output terminals.

2. Include special terminal for grounding the shield.
3. Shield Effectiveness:

a. Capacitance  between  Primary  and  Secondary  Windings:   Not  to  exceed  33 
picofarads over a frequency range of 20 Hz to 1 MHz.

b. Common-Mode Noise Attenuation:  Minimum of minus 120 dBA at 0.5 to 1.5 
kHz; minimum of minus 65 dBA at 1.5 to 100 kHz.

c. Normal-Mode Noise Attenuation:  Minimum of minus 52 dBA at 1.5 to 10 kHz.

M. Wall Brackets:  Manufacturer's standard brackets.

N. Low-Sound-Level Requirements:  Minimum of 3 dBA less than NEMA ST 20 standard sound 
levels when factory tested according to IEEE C57.12.91.

2.4 IDENTIFICATION DEVICES

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each distribution transformer, 
mounted  with  corrosion-resistant  screws.   Nameplates  and  label  products  are  specified  in 
Section 260553 "Identification for Electrical Systems."

2.5 SOURCE QUALITY CONTROL

A. Test and inspect transformers according to IEEE C57.12.91.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for 
each transformer.

B. Verify  that  field  measurements  are  as  needed  to  maintain  working  clearances  required  by 
NFPA 70 and manufacturer's written instructions.

C. Examine  walls,  floors,  roofs,  and  concrete  bases  for  suitable  mounting  conditions  where 
transformers will be installed.

D. Verify that ground connections are in place and requirements in Section 260526 "Grounding 
and Bonding for Electrical Systems" have been met.  Maximum ground resistance shall be 5 
ohms at location of transformer.

E. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION
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A. Install  wall-mounting  transformers  level  and  plumb  with  wall  brackets  fabricated  by 
transformer manufacturer.

B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's 
written instructions and requirements in Section 260529 "Hangers and Supports for Electrical 
Systems."

3.3 CONNECTIONS

A. Ground  equipment  according  to  Section 260526  "Grounding  and  Bonding  for  Electrical 
Systems."

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables."

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test,  and adjust  components,  assemblies,  and equipment installations,  including connections. 
Report results in writing.

B. Perform tests and inspections and prepare test reports.

1. Manufacturer's  Field  Service:   Engage  a  factory-authorized  service  representative  to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing.

C. Tests and Inspections:

1. Perform  each  visual  and  mechanical  inspection  and  electrical  test  stated  in  NETA 
Acceptance Testing Specification.  Certify compliance with test parameters.

D. Remove and replace units that do not pass tests or inspections and retest as specified above.

E. Infrared Scanning:   Two months  after  Substantial  Completion,  perform an infrared scan of 
transformer connections.

1. Use an infrared-scanning device designed to measure temperature or detect significant 
deviations from normal values.  Provide documentation of device calibration.

2. Perform  1  follow-up  infrared  scans  of  transformers  at  11  months  after  Substantial 
Completion.

3. Prepare  a  certified  report  identifying  transformer  checked  and  describing  results  of 
scanning.  Include notation of deficiencies detected, remedial action taken, and scanning 
observations after remedial action.

F. Test Labeling:  On completion of satisfactory testing of each unit, attach a dated and signed 
"Satisfactory Test" label to tested component.
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3.5 ADJUSTING

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 
period.  Adjust transformer taps to provide optimum voltage conditions at secondary terminals. 
Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower 
than nameplate voltage minus 3 percent at maximum load conditions.  Submit recording and tap 
settings as test results.

B. Output Settings Report:  Prepare a written report recording output voltages and tap settings.

3.6 CLEANING

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning.

END OF SECTION 262200
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SECTION 262413 - SWITCHBOARDS

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. Service and distribution switchboards rated 600 V and less.
2. Transient voltage suppression devices.
3. Disconnecting and overcurrent protective devices.
4. Instrumentation.
5. Control power.
6. Accessory components and features.
7. Identification.
8. Mimic bus.

1.3 REFERENCES

A.General, Publications:  The publications listed below form a part of this Specification to the extent 
referenced. The publications are referred to in the text by the basic designation only.  The 
edition/revision of the referenced publications shall be the latest date as of the date of the Contract 
Documents, unless otherwise specified.

B.ASTM (ASTM):
1. ASTM E 329, "Standard Specification for Agencies Engaged in the Testing and/or Inspection 

of Materials Used in Construction."

C.Federal Specifications (FS):
1. FS W-C-375, "Circuit Breakers, Molded Case, Branch Circuit and Service."

D.Institute of Electrical and Electronics Engineers, Inc. (IEEE):
1. ANSI/IEEE C57.13, "Standard Requirements for Instrument Transformers" (copyrighted by 

IEEE, ANSI approved).

E. InterNational Electrical Testing Association (NETA):
1. NETA ATS, "Acceptance Testing Specifications for Electrical Power Distribution Equipment 

and Systems."

F. International Organization for Standardization (ISO):
1. ISO 9001, "Quality Management Systems - Requirements."
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2. ISO 14001, “Environmental Management Systems – Requirements”

G.National Electrical Contractors Association (NECA):
1. NECA 400, “Standard for Installing and Maintaining Switchboards" (copyrighted by NECA, 

ANSI approved).

H.National Electrical Manufacturers Association (NEMA):
1. NEMA EI 21.1, "Instrument Transformers for Revenue Metering (110 kV BIL and Less).”
2. NEMA KS 1, "Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 

Maximum)" (copyrighted by NEMA, ANSI approved).
3. NEMA PB 2, "Deadfront Distribution Switchboards."
4. NEMA PB 2.1, "General Instructions for Proper Handling, Installation, Operation and 

Maintenance of Deadfront Distribution Switchboards Rated 600 Volts or Less."

I. National Fire Protection Association (NFPA):
1. NFPA 70, "National Electrical Code" (copyrighted by NFPA, ANSI approved) - hereinafter 

referred to as NEC.
2. NFPA 70B, “Electrical Equipment Maintenance.”
3. NFPA 70E, “Standard for Electrical Safety in the Workplace.”

J. Underwriters Laboratories, Inc. (UL):
1. UL 98, "Standard for Enclosed and Dead-Front Switches" (copyrighted by UL, ANSI 

approved).
2. UL 489, "Standard for Molded-Case Circuit Breakers and Circuit Breaker Enclosures."
3. UL 891, "Standard for Dead-Front Switchboards" (copyrighted by UL, ANSI approved).
4. UL 943, "Standard for Ground-Fault Circuit Interrupters" (copyrighted by UL, ANSI 

approved).
5. UL 1283, “Standard for Safety for Electro-Magnetic Interference Filters" (copyrighted by UL, 

ANSI approved).
6. UL 1449, "Standard for Surge Protective Devices."

1.4 SUBMITTALS

A. Product Data:  For each type of switchboard, overcurrent protective device, transient voltage 
suppression  device,  ground-fault  protector,  accessory,  and  component  indicated.   Include 
dimensions  and  manufacturers'  technical  data  on  features,  performance,  electrical 
characteristics, ratings, accessories, and finishes.

B. Shop Drawings:  For each switchboard and related equipment.

1. Include  dimensioned  plans,  elevations,  sections,  and  details,  including  required 
clearances and service space around equipment.  Show tabulations of installed devices, 
equipment features, and ratings.

2. Detail enclosure types for types other than NEMA 250, Type 1.
3. Detail bus configuration, current, and voltage ratings.
4. Detail short-circuit current rating of switchboards and overcurrent protective devices.
5. Include descriptive documentation of optional barriers specified for electrical insulation 

and isolation.
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6. Detail  utility  company's  metering  provisions  with  indication  of  approval  by  utility 
company.

7. Include evidence of NRTL listing for series rating of installed devices.
8. Detail  features,  characteristics,  ratings,  and  factory  settings  of  individual  overcurrent 

protective devices and auxiliary components.
9. Include  time-current  coordination  curves  for  each  type  and  rating  of  overcurrent 

protective device included in switchboards.  
10. Include diagram and details of proposed mimic bus.
11. Include schematic and wiring diagrams for power, signal, and control wiring.

C. Samples:  Representative portion of mimic bus with specified material and finish, for color 
selection.

D. Qualification Data:  For qualified [Installer] [testing agency].

E. Field Quality-Control Reports:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements.

F. Operation and Maintenance Data:  For switchboards and components to include in emergency, 
operation,  and maintenance manuals.   In addition to  items specified in Division 01 Section 
"Operation and Maintenance Data," include the following:

1. Routine maintenance requirements for switchboards and all installed components.
2. Manufacturer's  written  instructions  for  testing  and  adjusting  overcurrent  protective 

devices.
3. Time-current  coordination  curves  for  each  type  and  rating  of  overcurrent  protective 

device  included in  switchboards.   Submit  on  translucent  log-log  graft  paper;  include 
selectable ranges for each type of overcurrent protective device.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:  An employer of workers qualified as defined in NEMA PB 2.1 and 
trained in electrical safety as required by NFPA 70E.

B. Testing Agency Qualifications:  Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site 
testing.

C. Source  Limitations:   Obtain  switchboards,  overcurrent  protective  devices,  components,  and 
accessories from single source from single manufacturer.

D. Product  Selection  for  Restricted  Space:   Drawings  indicate  maximum  dimensions  for 
switchboards including clearances between switchboards and adjacent surfaces and other items. 
Comply with indicated maximum dimensions.
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E. 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.

F. Comply with NEMA PB 2.

G. Comply with NFPA 70.

H. Comply with UL 891.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver switchboards in sections or lengths that can be moved past obstructions in delivery path.

B. Remove loose packing and flammable materials from inside switchboards and connect factory-
installed space heaters to temporary electrical service to prevent condensation.

C. Handle and prepare switchboards for installation according to NEMA PB 2.1.

1.7 PROJECT CONDITIONS

A. Installation Pathway:  Remove and replace access fencing, doors, lift-out panels, and structures 
to provide pathway for moving switchboards into place.

B. Environmental Limitations:

1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet 
work in spaces is complete and dry, work above switchboards is complete, and temporary 
HVAC system is operating and maintaining ambient temperature and humidity conditions 
at occupancy levels during the remainder of the construction period.

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated:

a. Ambient Temperature:  Not exceeding 104 deg F (40 deg C).
b. Altitude:  Not exceeding 6600 feet (2000 m).

C. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 
by  Owner  or  others  unless  permitted  under  the  following  conditions  and  then  only  after 
arranging to provide temporary electric service according to requirements indicated:

1. Notify  Owner  and  Engineer  no  fewer  than  seven  days  in  advance  of  proposed 
interruption of electric service.

2. Indicate  method  of  providing  temporary  electric  service  if  deemed  necessary  by  the 
Owner.

3. Do not proceed with interruption of electric service without Owner's written permission.
4. Comply with NFPA 70E.

1.8 COORDINATION
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A. Coordinate layout and installation of switchboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors 
and panels.

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-
bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified on 
the construction drawings.  

1.9 WARRANTY

A. Special  Warranty:  Manufacturer's  standard form in which manufacturer agrees to repair  or 
replace  transient  voltage  suppression  devices  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 MANUFACTURED UNITS

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:
1. Square D; a brand of Schneider Electric.
2. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
3. Siemens Energy & Automation, Inc.
4. ABB

B. Front- and Rear-Accessible Switchboards:

1. Main Devices: Fixed, individually mounted.
2. Branch Devices: Panel and fixed, individually
3. Sections front and rear aligned.

C. Nominal System Voltage:  208Y/120 V

D. Main-Bus Continuous:  4000 A.

E. Outdoor Enclosures:  Type 3R.

1. Finish:  Factory-applied finish in manufacturer's  standard color;  undersurfaces treated 
with corrosion-resistant undercoating.

2. Enclosure:  [Downward, rearward sloping roof; bolt-on rear covers for each section, with 
provisions for padlocking.
a. Ventilating openings complete with replaceable fiberglass air filters.

3. Power for Space Heaters, Ventilation, Lighting, and Receptacle:  Include a control-power 
transformer within the switchboard.  Supply voltage shall be 120/208-V ac.
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F. Barriers:  Between adjacent switchboard sections.

G. Insulation and isolation for[ main bus of main section and] main and vertical buses of feeder 
sections.

H. Cubical Space Heaters:  Factory-installed electric space heaters of sufficient wattage in each 
vertical section to maintain enclosure temperature above expected dew point.

I. Utility Metering Compartment:  Fabricated, barrier compartment and section complying with 
utility  company's  requirements;  hinged  sealed  door;  buses  provisioned  for  mounting  utility 
company's current transformers and potential transformers or potential taps as required by utility 
company.  If separate vertical section is required for utility metering, match and align with basic 
switchboard.  Provide service entrance label and necessary applicable service entrance features.

J. Bus Transition and Incoming Pull Sections:  Matched and aligned with basic switchboard.

K. Removable,  Hinged Rear  Doors  and Compartment  Covers:   Secured by standard bolts,  for 
access to rear interior of switchboard.

L. Buses and Connections:  Three phase, four wire unless otherwise indicated.

1. Phase- and Neutral-Bus Material:  Hard-drawn copper of 98 percent conductivity, silver-
plated, with tin-plated aluminum or copper feeder circuit-breaker line connections.

2. Ground  Bus:   Minimum-size  required  by  UL 891,  hard-drawn  copper  of  98  percent 
conductivity, equipped with compression connectors for feeder and branch-circuit ground 
conductors

3. Main Phase Buses and Equipment Ground Buses:  Uniform capacity for entire length of 
switchboard's main and distribution sections.  Provide for future extensions from both 
ends.

4. Neutral Buses:  100 percent of the ampacity of phase buses unless otherwise indicated,  
equipped with compression connectors for outgoing circuit  neutral  cables.  Brace bus 
extensions for busway feeder neutral bus.

M. Future Devices:  Equip compartments with mounting brackets, supports, bus connections, and 
appurtenances at full rating of circuit-breaker compartment.

N. Bus-Bar Insulation:  Factory-applied, flame-retardant, tape wrapping of individual bus bars or 
flame-retardant, spray-applied insulation.  Minimum insulation temperature rating of 105 deg C.

O. Fungus Proofing:  Permanent fungicidal treatment for overcurrent protective devices and other 
components including instruments and instrument transformers.

2.2 TRANSIENT VOLTAGE SUPPRESSION DEVICES

A. Basis-of-Design Product:  Subject to compliance with requirements, provide same manufacturer 
as Switchboard.

B. Surge  Protection  Device  Description:   IEEE C62.41-compliant,  integrally  mounted,  bolt-on, 
solid-state, parallel-connected, modular (with field-replaceable modules) type, with sine-wave 
tracking suppression and filtering modules, UL 1449, second edition, short-circuit current rating 
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matching or exceeding the switchboard short-circuit rating, and with the following features and 
accessories:

1. Fuses, rated at 200-kA interrupting capacity.
2. Fabrication using bolted compression lugs for internal wiring.
3. Redundant suppression circuits.
4. Redundant replaceable modules.
5. Arrangement with wire connections to phase buses, neutral bus, and ground bus.
6. LED indicator lights for power and protection status.
7. Audible alarm, with silencing switch, to indicate when protection has failed.
8. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, 

for remote monitoring of system operation.  Contacts shall reverse position on failure of 
any surge diversion module or on opening of any current-limiting device.  Coordinate 
with building power monitoring and control system.

9. Four-digit, transient-event counter set to totalize transient surges.

C. Withstand Capabilities:  12,000 IEEE C62.41, Category C3 (10 kA), 8-by-20-mic.sec. surges 
with less than 5 percent change in clamping voltage.

D. Protection modes and UL 1449 SVR for grounded wye circuits with 208Y/120-V, three-phase, 
four-wire circuits shall be as follows:

1. Line to Neutral:  400 V for 208Y/120.
2. Line to Ground 400 V for 208Y/120.
3. Neutral to Ground:  [400 V for 208Y/120

2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

A. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 
meet available fault currents.

1. Thermal-Magnetic  Circuit  Breakers:   Inverse  time-current  element  for  low-level 
overloads,  and  instantaneous  magnetic  trip  element  for  short  circuits.   Adjustable 
magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

2. Adjustable  Instantaneous-Trip  Circuit  Breakers:   Magnetic  trip  element  with  front-
mounted, field-adjustable trip setting.

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time pickup levels.
c. Long- and short-time time adjustments.
d. Ground-fault pickup level, time delay, and I2t response.

4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings 
less than NEMA FU 1, RK-5.

5. Integrally Fused Circuit Breakers:  Thermal-magnetic trip element with integral limiter-
style fuse listed for use with circuit breaker; trip activation on fuse opening or on opening 
of fuse compartment door.
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6. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault 
protection (6-mA trip).

7. Ground-Fault  Equipment  Protection  (GFEP)  Circuit  Breakers:  Class B  ground-fault 
protection (30-mA trip).

8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

material.
c. Application  Listing:   Appropriate  for  application;  Type SWD  for  switching 

fluorescent  lighting  loads;  Type HID for  feeding  fluorescent  and  high-intensity 
discharge (HID) lighting circuits.

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

e. Zone-Selective  Interlocking:   Integral  with electronic  trip  unit;  for  interlocking 
ground-fault protection function.

f. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55 percent 
of rated voltage.

g. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without 
intentional time delay.

h. Auxiliary Contacts:  Two SPDT switches with "a" and "b" contacts; "a" contacts 
mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker 
contacts.

B. Insulated-Case Circuit Breaker (ICCB):  80 percent rated, sealed, insulated-case power circuit 
breaker with interrupting capacity rating to meet available fault current.

1. Fixed circuit-breaker mounting.
2. Two-step, stored-energy closing.
3. Standard-function, microprocessor-based trip units with interchangeable rating plug, trip 

indicators, and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time time adjustments.
c. Ground-fault pickup level, time delay, and I2t response.

4. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking ground-
fault protection function.

5. Remote trip indication and control.
6. Control Voltage:  120-V ac.

2.4 INSTRUMENTATION

A. Instrument Transformers:  IEEE C57.13, NEMA EI 21.1, and the following:
1. Current  Transformers:   IEEE C57.13;  5 A,  60  Hz,  secondary;  window  type;  single 

secondary  winding  and  secondary  shorting  device.   Burden  and  accuracy  shall  be 
consistent with connected metering and relay devices.

2. Control-Power Transformers:   Dry type,  mounted in  separate  compartments  for  units 
larger than 3 kVA.
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B. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for three- or four-
wire systems and with the following features:

1. Switch-selectable  digital  display  of  the  following  values  with  maximum  accuracy 
tolerances as indicated:

a. Phase Currents, Each Phase:  Plus or minus 1 percent.
b. Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent.
c. Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent.
d. Megawatts:  Plus or minus 2 percent.
e. Megavars:  Plus or minus 2 percent.
f. Power Factor:  Plus or minus 2 percent.
g. Frequency:  Plus or minus 0.5 percent.
h. Accumulated Energy,  Megawatt  Hours:   Plus or  minus 2 percent;  accumulated 

values unaffected by power outages up to 72 hours.
i. Megawatt Demand:  Plus or minus 2 percent; demand interval programmable from 

five to 60 minutes.
j. Contact devices to operate remote impulse-totalizing demand meter.

2. Mounting:   Display  and  control  unit  flush  or  semiflush  mounted  in  instrument 
compartment door.

2.5 CONTROL POWER

A. Control Circuits:  120-V ac, supplied through secondary disconnecting devices from control-
power transformer.

B. Control Circuits:  120-V ac, supplied from remote branch circuit.

C. Control Circuits:  <Insert control voltage>-V dc.

2.6 ACCESSORY COMPONENTS AND FEATURES

A. Portable  Test  Set:   For  testing functions  of  solid-state  trip  devices  without  removing from 
switchboard.  Include relay and meter test plugs suitable for testing switchboard meters and 
switchboard class relays.

2.7 IDENTIFICATION

A. Mimic  Bus:   Continuously  integrated  mimic  bus  factory  applied  to  front  of  switchboard. 
Arrange in single-line diagram format, using symbols and letter designations consistent with 
final mimic-bus diagram.

B. Coordinate mimic-bus segments with devices in switchboard sections to which they are applied. 
Produce a concise visual presentation of principal switchboard components and connections.

C. Service Equipment Label:  NRTL labeled for use as service equipment for switchboards with 
one or more service disconnecting and overcurrent protective devices.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1.

B. Examine switchboards before installation.  Reject switchboards that are moisture damaged or 
physically damaged.

C. Examine  elements  and  surfaces  to  receive  switchboards  for  compliance  with  installation 
tolerances and other conditions affecting performance of the Work.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install switchboards and accessories according to [NEMA PB 2.1.

B. Equipment  Mounting:   Install  switchboards  on  concrete  base,  6-inch (152-mm) nominal 
thickness.  Comply with requirements for concrete base specified in Drawing Set.  See drawing 
S-3.00.
1. Place  and  secure  anchorage  devices.   Use  setting  drawings,  templates,  diagrams, 

instructions, and directions furnished with items to be embedded.
2. Install anchor bolts to elevations required for proper attachment to switchboards.

C. Temporary Lifting Provisions:   Remove temporary  lifting eyes,  channels,  and brackets  and 
temporary blocking of moving parts from switchboard units and components.

D. Operating  Instructions:   Frame  and  mount  the  printed  basic  operating  instructions  for 
switchboards,  including  control  and  key  interlocking  sequences  and emergency procedures. 
Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic.  
Mount on front of switchboards.

E. Install filler plates in unused spaces of panel-mounted sections.

F. Install  overcurrent  protective  devices,  transient  voltage  suppression  devices,  and 
instrumentation.

1. Set field-adjustable switches and circuit-breaker trip ranges.

G. Comply with NECA 1.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs  complying  with  requirements  for  identification  specified  in  Division 26  Section 
"Identification for Electrical Systems."
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B. Switchboard Nameplates:  Label each switchboard compartment with a nameplate complying 
with  requirements  for  identification  specified  in  Division 26  Section  "Identification  for 
Electrical Systems."

C. Device  Nameplates:   Label  each  disconnecting  and  overcurrent  protective  device  and  each 
meter and control  device mounted in compartment doors with a  nameplate complying with 
requirements for  identification specified in Division 26 Section "Identification for Electrical 
Systems."

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.

B. Perform tests and inspections.

C. Acceptance Testing Preparation:

1. Test  insulation  resistance  for  each  switchboard  bus,  component,  connecting  supply, 
feeder, and control circuit.

2. Test continuity of each circuit.

D. Tests and Inspections:

1. Perform  each  visual  and  mechanical  inspection  and  electrical  test  stated  in  NETA 
Acceptance Testing Specification.  Certify compliance with test parameters.

2. Correct  malfunctioning  units  on-site,  where  possible,  and  retest  to  demonstrate 
compliance; otherwise, replace with new units and retest.

3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each switchboard.  Remove 
front and rear panels so joints and connections are accessible to portable scanner.

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of 
each switchboard 11 months after date of Substantial Completion.

c. Instruments and Equipment:

1) Use  an  infrared  scanning  device  designed  to  measure  temperature  or  to 
detect significant deviations from normal values.  Provide calibration record 
for device.

4. Test  and  adjust  controls,  remote  monitoring,  and  safeties.   Replace  damaged  and 
malfunctioning controls and equipment.

E. Switchboard will be considered defective if it does not pass tests and inspections.

F. Prepare  test  and  inspection  reports,  including  a  certified  report  that  identifies  switchboards 
included and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action.
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3.5 ADJUSTING

A. Adjust  moving  parts  and  operable  components  to  function  smoothly,  and  lubricate  as 
recommended by manufacturer.

B. Set field-adjustable circuit-breaker trip ranges. 

3.6 PROTECTION

A. Temporary  Heating:   Apply  temporary  heat,  to  maintain  temperature  according  to 
manufacturer's written instructions, until switchboard is ready to be energized and placed into 
service.

END OF SECTION 262413
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SECTION 262416 - PANELBOARDS

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. Distribution panelboards.
2. Lighting and appliance branch-circuit panelboards.
3. Load centers.

1.3 DEFINITIONS

A. SVR:  Suppressed voltage rating.

B. TVSS:  Transient voltage surge suppressor.

1.4 ACTION SUBMITTALS

A. Product  Data:   For  each  type  of  panelboard,  switching  and  overcurrent  protective  device, 
transient voltage suppression device, accessory, and component indicated.  Include dimensions 
and manufacturers'  technical data on features, performance, electrical characteristics, ratings, 
and finishes.

1.5 INFORMATIONAL SUBMITTALS

A. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective 
devices, accessories, and components will withstand seismic forces defined in Section 260548 
"Vibration and Seismic Controls for Electrical Systems." Include the following:

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.

B. Field Quality-Control Reports:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements.
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C. Panelboard  Schedules:   For  installation  in  panelboards  Submit  final  versions  after  load 
balancing.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For panelboards and components to include in emergency, 
operation,  and  maintenance  manuals.   In  addition  to  items  specified  in  Section 017823 
"Operation and Maintenance Data," include the following:

1. Manufacturer's  written  instructions  for  testing  and  adjusting  overcurrent  protective 
devices.

2. Time-current curves, including selectable ranges for each type of overcurrent protective 
device that allows adjustments.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra  materials  that  match products  installed and that  are packaged with protective 
covering for storage and identified with labels describing contents.

1. Keys:  Two spares for each type of panelboard cabinet lock.
2. Circuit Breakers Including GFCI and Ground Fault Equipment Protection (GFEP) Types: 

Two spares for each panelboard.
3. Fuses for Fused Switches:  Equal to 10 percent of quantity installed for each size and 

type, but no fewer than three of each size and type.
4. Fuses for Fused Power-Circuit Devices:  Equal to 10 percent of quantity installed for 

each size and type, but no fewer than three of each size and type.

1.8 QUALITY ASSURANCE

A. Source  Limitations:   Obtain  panelboards,  overcurrent  protective  devices,  components,  and 
accessories from single source from single manufacturer.

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.

C. Comply with NEMA PB 1.

D. Comply with NFPA 70.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Remove loose  packing  and flammable  materials  from inside  panelboards;  install  temporary 
electric heating (250 W per panelboard) to prevent condensation.

B. Handle and prepare panelboards for installation according to NECA 407.
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1.10 PROJECT CONDITIONS

A. Environmental Limitations:

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work 
in  spaces  is  complete  and  dry,  work  above  panelboards  is  complete,  and  temporary 
HVAC system is operating and maintaining ambient temperature and humidity conditions 
at occupancy levels during the remainder of the construction period.

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated:

B. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 
by  Owner  or  others  unless  permitted  under  the  following  conditions  and  then  only  after 
arranging to provide temporary electric service according to requirements indicated:

1. Notify Construction Manager and Owner no fewer than two days in advance of proposed 
interruption of electric service.

2. Do not proceed with interruption of electric service without Owner's written permission.
3. Comply with NFPA 70E.

1.11 COORDINATION

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors 
and panels.

1.12 WARRANTY

A. Special  Warranty:  Manufacturer's  standard form in which manufacturer agrees to repair  or 
replace  transient  voltage  suppression  devices  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 GENERAL REQUIREMENTS FOR PANELBOARDS

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in 
Section 260548 "Vibration and Seismic Controls for Electrical Systems."

B. Enclosures:  Flush- and surface-mounted cabinets.

1. Rated for environmental conditions at installed location.

a. Indoor Dry and Clean Locations:  NEMA 250, Type 1.
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b. Outdoor Locations:  NEMA 250, Type 3R.
c. Kitchen Areas:  NEMA 250, Type 4X .
d. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4.

2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match 
box dimensions; for flush-mounted fronts, overlap box.

3. Hinged Front Cover:   Entire front trim hinged to box and with standard door within 
hinged trim cover.

4. Skirt for Surface-Mounted Panelboards:  Same gage and finish as panelboard front with 
flanges for attachment to panelboard, wall, and ceiling or floor.

5. Gutter Extension and Barrier:  Same gage and finish as panelboard enclosure; integral  
with enclosure body.  Arrange to isolate individual panel sections.

6. Finishes:

a. Panels and Trim:  Steel and galvanized steel, factory finished immediately after 
cleaning and pretreating with manufacturer's standard two-coat,  baked-on finish 
consisting of prime coat and thermosetting topcoat.

b. Back Boxes:  Same finish as panels and trim.

7. Directory  Card:   Inside  panelboard  door,  mounted  in  metal  frame  with  transparent 
protective cover.

C. Incoming Mains Location:  Top and bottom.

D. Phase, Neutral, and Ground Buses:

1. Material:  Hard-drawn copper, 98 percent conductivity.
2. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment grounding 

conductors; bonded to box.
3. Isolated Ground Bus:  Adequate for branch-circuit isolated ground conductors; insulated 

from box.
4. Extra-Capacity Neutral Bus:  Neutral bus rated 200 percent of phase bus and UL listed as  

suitable for nonlinear loads.
5. Split Bus:  Vertical buses divided into individual vertical sections.

E. Conductor Connectors:  Suitable for use with conductor material and sizes.

1. Material:  Hard-drawn copper, 98 percent conductivity.
2. Main and Neutral Lugs:  Mechanical type.
3. Ground Lugs and Bus-Configured Terminators:  Mechanical type.
4. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material.  Locate 

at opposite end of bus from incoming lugs or main device.
5. Subfeed  (Double)  Lugs:  Mechanical  type  suitable  for  use  with  conductor  material. 

Locate at same end of bus as incoming lugs or main device.
6. Gutter-Tap Lugs:  Mechanical type suitable for use with conductor material.  Locate at  

same end of bus as incoming lugs or main device.
7. Extra-Capacity  Neutral  Lugs:   Rated  200  percent  of  phase  lugs  mounted  on  extra-

capacity neutral bus.

F. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards or load 
centers with one or more main service disconnecting and overcurrent protective devices.
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G. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances 
required for future installation of devices.

H. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or 
remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and type 
of allowable upstream and branch devices, listed and labeled for series-connected short-circuit 
rating by an NRTL.

I. Panelboard  Short-Circuit  Current  Rating:   Fully  rated  to  interrupt  symmetrical  short-circuit 
current available at terminals.

2.2 PERFORMANCE REQUIREMENTS

A. Seismic  Performance:   Panelboards  shall  withstand  the  effects  of  earthquake  motions 
determined according to SEI/ASCE 7.

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event."

B. Surge Suppression:  Factory installed as an integral part of indicated panelboards, complying 
with UL 1449 SPD Type 1.

2.3 DISTRIBUTION PANELBOARDS

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. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .

B. Panelboards:  NEMA PB 1, power and feeder distribution type.

C. Doors:  Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches  high, provide two latches, keyed alike.

D. Mains:  Circuit breaker.

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: 
Bolt-on circuit breakers.

F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A: 
Bolt-on  circuit  breakers;  plug-in  circuit  breakers  where  individual  positive-locking  device 
requires mechanical release for removal.

G. Branch Overcurrent Protective Devices:  Fused switches.
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2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .

B. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.

C. Mains:  Circuit breaker.

D. Branch  Overcurrent  Protective  Devices:   Bolt-on  circuit  breakers,  replaceable  without 
disturbing adjacent units.

E. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

F. Column-Type Panelboards:   Narrow gutter  extension,  with cover,  to  overhead junction box 
equipped with ground and neutral terminal buses.

2.5 LOAD CENTERS

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. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .

B. Load Centers:  Comply with UL 67.

C. Mains:  Circuit breaker.

D. Branch Overcurrent Protective Devices:  Plug-in circuit breakers, replaceable without disturbing 
adjacent units.

E. Conductor Connectors:  Mechanical type for main, neutral, and ground lugs and buses.

2.6 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

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. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .
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B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 
meet available fault currents.

1. Thermal-Magnetic  Circuit  Breakers:   Inverse  time-current  element  for  low-level 
overloads,  and  instantaneous  magnetic  trip  element  for  short  circuits.   Adjustable 
magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

2. Adjustable  Instantaneous-Trip  Circuit  Breakers:   Magnetic  trip  element  with  front-
mounted, field-adjustable trip setting.

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time pickup levels.
c. Long- and short-time time adjustments.
d. Ground-fault pickup level, time delay, and I2t response.

4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings 
less than NEMA FU 1, RK-5.

5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault 
protection (6-mA trip).

6. Ground-Fault  Equipment  Protection  (GFEP)  Circuit  Breakers:   Class B  ground-fault 
protection (30-mA trip).

7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-
V, single-pole configuration.

8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Lugs:   Mechanical  style,  suitable  for  number,  size,  trip  ratings,  and  conductor 

materials.
c. Application  Listing:   Appropriate  for  application;  Type SWD  for  switching 

fluorescent  lighting  loads;  Type HID for  feeding  fluorescent  and  high-intensity 
discharge (HID) lighting circuits.

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

e. Communication Capability:  Circuit-breaker-mounted communication module with 
functions  and  features  compatible  with  power  monitoring  and  control  system 
specified in Section 260913 "Electrical Power Monitoring and Control."

f. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55percent 
of rated voltage.

g. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without 
intentional time delay.

h. Auxiliary Contacts:  One SPDT switch with "a" and "b" contacts;  "a" contacts 
mimic  circuit-breaker  contacts  and  "b"  contacts  operate  in  reverse  of  circuit-
breaker contacts.

i. Alarm Switch:  Single-pole, normally open contact that actuates only when circuit 
breaker trips.

j. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key 
shall be removable only when circuit breaker is in off position.

k. Zone-Selective  Interlocking:   Integral  with electronic  trip  unit;  for  interlocking 
ground-fault protection function with other upstream or downstream devices.
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l. Multipole units enclosed in a single housing or factory assembled to operate as a 
single unit.

m. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle 
in on or off position.

n. Handle  Clamp:   Loose  attachment,  for  holding  circuit-breaker  handle  in  on 
position.

C. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.

1. Fuses, and Spare-Fuse Cabinet:  Comply with requirements specified in Section 262813 
"Fuses."

2. Fused Switch Features and Accessories:  Standard ampere ratings and number of poles.
3. Auxiliary Contacts:  One normally open and normally closed contact(s) that operate with 

switch handle operation.

2.7 ACCESSORY COMPONENTS AND FEATURES

A. Accessory  Set:   Include  tools  and  miscellaneous  items  required  for  overcurrent  protective 
device test, inspection, maintenance, and operation.

B. Portable  Test  Set:   For  testing functions  of  solid-state  trip  devices  without  removing from 
panelboard.   Include  relay  and meter  test  plugs  suitable  for  testing  panelboard  meters  and 
switchboard class relays.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Receive, inspect, handle, and store panelboards according to NECA 407.

B. Examine panelboards before installation.  Reject panelboards that are damaged or rusted or have 
been subjected to water saturation.

C. Examine  elements  and  surfaces  to  receive  panelboards  for  compliance  with  installation 
tolerances and other conditions affecting performance of the Work.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install panelboards and accessories according to NECA 407.

B. Equipment  Mounting:   Install  panelboards  on  concrete  bases,  4-inch nominal  thickness. 
Comply with requirements for concrete base specified in Section 033053 "Miscellaneous Cast-
in-Place Concrete."

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch centers around full perimeter of base.
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2. For panelboards, install epoxy-coated anchor bolts that extend through concrete base and 
anchor into structural concrete floor.

3. Place  and  secure  anchorage  devices.   Use  setting  drawings,  templates,  diagrams, 
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to panelboards.
5. Attach panelboard to the vertical finished or structural surface behind the panelboard.

C. Temporary Lifting Provisions:   Remove temporary  lifting eyes,  channels,  and brackets  and 
temporary blocking of moving parts from panelboards.

D. Comply with mounting and anchoring requirements specified in Section 260548 "Vibration and 
Seismic Controls for Electrical Systems."

E. Mount top of trim 90 inches above finished floor unless otherwise indicated.

F. Mount  panelboard  cabinet  plumb  and  rigid  without  distortion  of  box.   Mount  recessed 
panelboards with fronts uniformly flush with wall finish and mating with back box.

G. Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.

H. Install filler plates in unused spaces.

I. Stub  four  1-inch empty  conduits  from  panelboard  into  accessible  ceiling  space  or  space 
designated to be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor 
space or below slab not on grade.

J. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing 
load balancing.

K. Comply with NECA 1.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs complying with Section 260553 "Identification for Electrical Systems."

B. Create  a  directory  to  indicate  installed  circuit  loads after  balancing  panelboard  loads; 
incorporate  Owner's  final  room  designations.   Obtain  approval  before  installing.   Use  a 
computer or typewriter to create directory; handwritten directories are not acceptable.

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems."

D. Device  Nameplates:   Label  each  branch  circuit  device  in  distribution  panelboards  with  a 
nameplate  complying  with  requirements  for  identification  specified  in  Section 260553 
"Identification for Electrical Systems."
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3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's  Field  Service:   Engage  a  factory-authorized  service  representative  to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing.

B. Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 
and control circuit.

2. Test continuity of each circuit.

C. Tests and Inspections:

1. Perform  each  visual  and  mechanical  inspection  and  electrical  test  stated  in  NETA 
Acceptance Testing Specification.  Certify compliance with test parameters.

2. Correct  malfunctioning  units  on-site,  where  possible,  and  retest  to  demonstrate 
compliance; otherwise, replace with new units and retest.

3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 
after Final Acceptance,  perform an infrared scan of each panelboard.   Remove 
front panels so joints and connections are accessible to portable scanner.

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of 
each panelboard 11 months after date of Substantial Completion.

c. Instruments and Equipment:

1) Use  an  infrared  scanning  device  designed  to  measure  temperature  or  to 
detect significant deviations from normal values.  Provide calibration record 
for device.

D. Panelboards will be considered defective if they do not pass tests and inspections.

E. Prepare  test  and  inspection  reports,  including  a  certified  report  that  identifies  panelboards 
included and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action.

3.5 ADJUSTING

A. Adjust  moving  parts  and  operable  component  to  function  smoothly,  and  lubricate  as 
recommended by manufacturer.

B. Load  Balancing:   After  Substantial  Completion,  but  not  more  than  60  days  after  Final 
Acceptance, measure load balancing and make circuit changes.

1. Measure as directed during period of normal system loading.
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2. Perform load-balancing circuit changes outside normal occupancy/working schedule of 
the facility and at time directed.  Avoid disrupting critical 24-hour services such as fax 
machines and on-line data processing, computing, transmitting, and receiving equipment.

3. After circuit changes, recheck loads during normal load period.  Record all load readings 
before and after changes and submit test records.

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is 
not acceptable.  Rebalance and recheck as necessary to meet this minimum requirement.

3.6 PROTECTION

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's 
written instructions.

END OF SECTION 262416

THIS PAGE INTENTIONALLY LEFT BLANK
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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. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Twist-locking receptacles.
3. Isolated-ground receptacles.
4. Hospital-grade receptacles.
5. Tamper-resistant receptacles.
6. Weather-resistant receptacles.
7. Snap switches and wall-box dimmers.
8. Wall-switch and exterior occupancy sensors.
9. Communications outlets.

1.3 DEFINITIONS

A. EMI:  Electromagnetic interference.

B. GFCI:  Ground-fault circuit interrupter.

C. Pigtail:  Short lead used to connect a device to a branch-circuit conductor.

D. RFI:  Radio-frequency interference.

E. TVSS:  Transient voltage surge suppressor.

F. UTP:  Unshielded twisted pair.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Receptacles for Owner-Furnished Equipment:  Match plug configurations.
2. Cord and Plug Sets:  Match equipment requirements.
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1.5 ACTION SUBMITTALS

A. Product Data:  For each type of product.

B. Shop Drawings:  List of legends and description of materials and process used for premarking 
wall plates.

1.6 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

1.7 CLOSEOUT SUBMITTALS

A. 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 MANUFACTURERS

A. Manufacturers  '  Names:   Shortened  versions  (shown  in  parentheses)  of  the  following 
manufacturers' names are used in other Part 2 articles:

1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper)  .
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell)  .
3. Leviton Mfg. Company Inc. (Leviton)  .
4. Pass & Seymour/Legrand (Pass & Seymour)  .

B. Source Limitations:  Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer.

2.2 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.
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2.3 STRAIGHT-BLADE RECEPTACLES

A. Convenience  Receptacles,  125 V,  20 A:   Comply  with  NEMA WD 1,  NEMA WD 6 
Configuration 5-20R, UL 498, and FS W-C-596.

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. Cooper; 5351 (single), CR5362 (duplex)  .
b. Hubbell; HBL5351 (single), HBL5352 (duplex)  .
c. Leviton; 5891 (single), 5352 (duplex)  .
d. Pass & Seymour; 5361 (single), 5362 (duplex)  .

B. Isolated-Ground, Duplex Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

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. Cooper; IG5362RN  .
b. Hubbell; IG5362  .
c. Leviton; 5362-IG  .
d. Pass & Seymour; IG5362  .

2. Description:  Straight blade; equipment grounding contacts shall be connected only to the 
green grounding screw terminal of the device and with inherent electrical isolation from 
mounting strap.  Isolation shall be integral to receptacle construction and not dependent 
on removable parts.

C. Tamper-Resistant  Convenience  Receptacles,  125 V,  20 A:   Comply  with  NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, UL 498 Supplement sd, and FS W-C-596.

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. Cooper; TR8300  .
b. Hubbell; HBL8300SGA  .
c. Leviton; 8300-SGG  .
d. Pass & Seymour; TR63H  .

2.4 GFCI RECEPTACLES

A. General Description:

1. Straight blade, feed-through type.
2. Comply with NEMA WD 1, NEMA WD 6, 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, 125 V, 20 A:
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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. Cooper; VGF20  .
b. Hubbell; GFR5352L  .
c. Pass & Seymour; 2095  .
d. Leviton; 7590  .

C. Tamper-Resistant GFCI Convenience Receptacles, 125 V, 20 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. Hubbell; GFTR20  .
b. Pass & Seymour; 2095TR  .

2.5 TWIST-LOCKING RECEPTACLES

A. Single  Convenience  Receptacles,  125 V,  20 A:   Comply  with  NEMA WD 1,  NEMA WD 6 
Configuration L5-20R, and UL 498.

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. Cooper; CWL520R  .
b. Hubbell; HBL2310  .
c. Leviton; 2310  .
d. Pass & Seymour; L520-R  .

2.6 TOGGLE SWITCHES

A. Comply with NEMA WD 1, UL 20, and FS W-S-896.

B. Switches, 120/277 V, 20 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:

1) Single Pole:  

2) Cooper; AH1221  .
3) Hubbell; HBL1221  .
4) Leviton; 1221-2  .
5) Pass & Seymour; CSB20AC1  .

6) Two Pole:  

7) Cooper; AH1222  .
8) Hubbell; HBL1222  .
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9) Leviton; 1222-2  .
10) Pass & Seymour; CSB20AC2  .

11) Three Way:  

12) Cooper; AH1223  .
13) Hubbell; HBL1223  .
14) Leviton; 1223-2  .
15) Pass & Seymour; CSB20AC3  .

16) Four Way:  

17) Cooper; AH1224  .
18) Hubbell; HBL1224  .
19) Leviton; 1224-2  .
20) Pass & Seymour; CSB20AC4  .

2. Description:  Single pole, with neon-lighted handle, illuminated when switch is "off."

2.7 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: Smooth, high-impact thermoplastic or 0.05-inch-(1.2-mm-) 

thick, anodized aluminum.
3. Material for Unfinished Spaces:  Smooth, high-impact thermoplastic.
4. Material for Damp Locations:  Thermoplastic or Cast aluminum with spring-loaded lift 

cover, and listed and labeled for use in wet and damp locations.

B. Wet-Location,  Weatherproof Cover Plates:   NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum or thermoplastic with lockable cover.

2.8 PREFABRICATED MULTIOUTLET ASSEMBLIES

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. Hubbell Incorporated; Wiring Device-Kellems  .
2. Wiremold/Legrand  .

B. Description:

1. Two-piece surface metal raceway, with factory-wired multioutlet harness.
2. Components shall be products from single manufacturer designed for use as a complete, 

matching assembly of raceways and receptacles.

C. Raceway Material:  Metal, with manufacturer's standard finish.
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D. Multioutlet Harness:

1. Receptacles:   15-A,  125-V,  NEMA WD 6 Configuration 5-15R receptacles  complying 
with NEMA WD 1, UL 498, and FS W-C-596.

2. Receptacle Spacing:  12 inches.
3. Wiring:   No. 12 AWG solid,  Type THHN copper,  two  circuit,  connecting  alternating 

receptacles.

2.9 FINISHES

A. Device Color:

1. Wiring  Devices  Connected  to  Normal  Power  System:   Almond  unless  otherwise 
indicated or required by NFPA 70 or device listing.

2. Wiring Devices Connected to Emergency Power System: Red.
3. Isolated-Ground Receptacles:  As specified above, with orange triangle on face.

B. Wall Plate Color:  For plastic covers, match device color.

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:
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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 (152 mm) 
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 down, and on horizontally mounted 
receptacles to the right.

2. Install  hospital-grade  receptacles  in  patient-care  areas  with  the  ground pin  or  neutral 
blade at the top.

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.

H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and 
furnishings.

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."

WIRING DEVICES 262726 - 7



MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

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. Perform the following tests and inspections:

1. In healthcare facilities, prepare reports that comply with recommendations in NFPA 99.
2. Test Instruments:  Use instruments that comply with UL 1436.
3. Test  Instrument  for  Convenience  Receptacles:   Digital  wiring  analyzer  with  digital  

readout or illuminated digital-display indicators of measurement.

B. 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 replace with new 
ones, and retest as specified above.

C. Test  straight-blade  convenience  outlets  in  patient-care  areas  for  the  retention  force  of  the 
grounding blade according to NFPA 99.  Retention force shall be not less than 4 oz. (115 g).

D. Wiring device will be considered defective if it does not pass tests and inspections.

E. Prepare test and inspection reports.

END OF SECTION 262726
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

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. Fusible switches.
2. Nonfusible switches.
3. Receptacle switches.
4. Shunt trip switches.
5. Molded-case circuit breakers (MCCBs).
6. Molded-case switches.
7. Enclosures.

1.3 DEFINITIONS

A. NC:  Normally closed.

B. NO:  Normally open.

C. SPDT:  Single pole, double throw.

1.4 PERFORMANCE REQUIREMENTS

A. Seismic Performance:  Enclosed switches and circuit  breakers shall  withstand the effects of 
earthquake motions determined according to ASCE/SEI 7

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event."

1.5 ACTION SUBMITTALS

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component 
indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical data 
on features, performance, electrical characteristics, ratings, accessories, and finishes.

1. Enclosure types and details for types other than NEMA 250, Type 1.
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2. Current and voltage ratings.
3. Short-circuit current ratings (interrupting and withstand, as appropriate).
4. Include evidence of NRTL listing for series rating of installed devices.
5. Detail  features,  characteristics,  ratings,  and  factory  settings  of  individual  overcurrent 

protective devices, accessories, and auxiliary components.
6. 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.

B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, 
details, and attachments to other work.

1. Wiring Diagrams:  For power, signal, and control wiring.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:   For enclosed switches and circuit  breakers to include in 
emergency,  operation,  and  maintenance  manuals.   In  addition  to  items  specified  in 
Section 017823 "Operation and Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit 
breakers.

2. 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.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra  materials  that  match products  installed and that  are packaged with protective 
covering for storage and identified with labels describing contents.

1. Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type.

2. Fuse Pullers:  Two for each size and type.

1.8 QUALITY ASSURANCE

A. Source  Limitations:   Obtain  enclosed  switches  and  circuit  breakers,  overcurrent  protective 
devices, components, and accessories, within same product category, from single source 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 as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application.
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D. Comply with NFPA 70.

1.9 PROJECT CONDITIONS

A. Environmental  Limitations:   Rate  equipment  for  continuous  operation  under  the  following 
conditions unless otherwise indicated:

1. Ambient  Temperature:   Not  less  than  minus  22  deg F (minus  30  deg C) and  not 
exceeding 104 deg F (40 deg C).

2. Altitude:  Not exceeding 6600 feet (2010 m).

B. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 
by  Owner  or  others  unless  permitted  under  the  following  conditions  and  then  only  after 
arranging to provide temporary electric service according to requirements indicated:

1. Notify  Construction  Manager  and  Owner  no  fewer  than  seven  days  in  advance  of 
proposed interruption of electric service.

2. Indicate method of providing temporary electric service.
3. Do not proceed with interruption of electric service without Owner's written permission.
4. Comply with NFPA 70E.

1.10 COORDINATION

A. 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.

PART 2 - PRODUCTS

2.1 FUSIBLE SWITCHES

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .

B. Type HD,  Heavy  Duty,  Single  Throw,  240 or  600-V ac,  1200 A and  Smaller:   UL 98 and 
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate fuses, lockable handle 
with capability to accept three padlocks, and interlocked with cover in closed position.

C. Type HD, Heavy Duty,  Double  Throw, 240 or 600-V ac,  1200 A and Smaller:   UL 98 and 
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate fuses, lockable handle 
with capability to accept three padlocks, and interlocked with cover in closed position.
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D. Accessories:

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors.

2. Neutral  Kit:   Internally  mounted;  insulated,  capable  of  being  grounded  and  bonded; 
labeled for copper and aluminum neutral conductors.

3. Isolated  Ground  Kit:   Internally  mounted;  insulated,  capable  of  being  grounded  and 
bonded; labeled for copper and aluminum neutral conductors.

4. Class R  Fuse  Kit:   Provides  rejection  of  other  fuse  types  when  Class R  fuses  are 
specified.

5. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate 
before switch blades open.

6. Hookstick Handle:  Allows use of a hookstick to operate the handle.
7. Lugs:  Mechanical type, suitable for number, size, and conductor material.
8. Service-Rated Switches:  Labeled for use as service equipment.
9. Accessory Control Power Voltage:  Remote mounted and powered; [24-V ac] [120-V ac] 

2.2 NONFUSIBLE SWITCHES

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit  .
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution  .
3. Siemens Energy & Automation, Inc  .
4. Square D; a brand of Schneider Electric  .

B. Type HD,  Heavy  Duty,  Single  Throw,  240  or  600V ac,  1200 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. Type HD, Heavy Duty,  Double  Throw, 240 or 600-V ac,  1200 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.

D. Accessories:

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors.

2. Neutral  Kit:   Internally  mounted;  insulated,  capable  of  being  grounded  and  bonded; 
labeled for copper and aluminum neutral conductors.

3. Isolated  Ground  Kit:   Internally  mounted;  insulated,  capable  of  being  grounded  and 
bonded; labeled for copper and aluminum neutral conductors.

4. Auxiliary Contact Kit:  One NO/NC (Form "C") auxiliary contact(s), arranged to activate 
before switch blades open.

5. Hookstick Handle:  Allows use of a hookstick to operate the handle.
6. Lugs:  Mechanical type, suitable for number, size, and conductor material.
7. Accessory Control Power Voltage:  Remote mounted and powered; [24-V ac] [120-V ac] 

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 4

http://www.specagent.com/LookUp/?uid=123456818234&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803159&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818233&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818232&mf=04&src=wd


MAINE ARMY NATIONAL GUARD AUBURN SOLAR AND CHP MICROGRID PROJECT
FMS #2 AUBURN, ME

2.3 SHUNT TRIP 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. Cooper Bussmann, Inc  .
2. Ferraz Shawmut, Inc  .
3. Littelfuse, Inc  .

B. General  Requirements:   Comply  with ASME A17.1,  UL 50,  and  UL 98,  with  200-kA 
interrupting and short-circuit current rating when fitted with Class J fuses.

C. Switches:  Three-pole, horsepower rated, with integral shunt trip mechanism and Class J fuse 
block; lockable handle with capability to accept three padlocks; interlocked with cover in closed 
position.

D. Control Circuit:  120-V ac; obtained from integral control power transformer, with primary and 
secondary  fuses,  with  a  control  power  source  of  enough  capacity  to  operate  shunt  trip, 
connected pilot, and indicating and control devices.

E. Accessories:

1. Oiltight key switch for key-to-test function.
2. Oiltight green ON pilot light.
3. Isolated neutral lug; 200 percent rating.
4. Mechanically interlocked auxiliary contacts that change state when switch is opened and 

closed.
5. Form C alarm contacts that change state when switch is tripped.
6. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage.
7. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA 72.

2.4 MOLDED-CASE CIRCUIT BREAKERS

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. General  Requirements:   Comply  with  UL 489,  NEMA AB 1,  and  NEMA AB 3,  with 
interrupting capacity to comply with available fault currents.

C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and 
instantaneous magnetic  trip element  for  short  circuits.   Adjustable magnetic  trip  setting for 
circuit-breaker frame sizes 250 A and larger.

D. Adjustable, Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, 
field-adjustable trip setting.
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E. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following 
field-adjustable settings:

1. Instantaneous trip.
2. Long- and short-time pickup levels.
3. Long- and short-time time adjustments.
4. Ground-fault pickup level, time delay, and I2t response.

F. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less 
than NEMA FU 1, RK-5.

G. Integrally Fused Circuit Breakers:  Thermal-magnetic trip element with integral limiter-style 
fuse listed for use with circuit breaker and trip activation on fuse opening or on opening of fuse 
compartment door.

H. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers:  Single- and two-pole configurations 
with Class A ground-fault protection (6-mA trip).

I. Ground-Fault,  Equipment-Protection  (GFEP)  Circuit  Breakers:   With  Class B  ground-fault 
protection (30-mA trip).

J. Features and Accessories:

1. Standard frame sizes, trip ratings, and number of poles.
2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor material.
3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 
circuits.

4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted, self-powered type 
with  mechanical  ground-fault  indicator;  relay  with  adjustable  pickup  and  time-delay 
settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor.

2.5 MOLDED-CASE SWITCHES

A. Manufacturers:   Subject  to  compliance  with  requirements,  provide  products  by  one  of  the 
following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. General Requirements:  MCCB with fixed, high-set instantaneous trip only, and short-circuit  
withstand rating equal to equivalent breaker frame size interrupting rating.

C. Features and Accessories:

1. Standard frame sizes and number of poles.
2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor material.
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3. Ground-Fault  Protection:   Comply with UL 1053;  remote-mounted and powered type 
with  mechanical  ground-fault  indicator;  relay  with  adjustable  pickup  and  time-delay 
settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor.

4. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.
5. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without intentional  

time delay.
6. Auxiliary Contacts:  One SPDT switch with "a" and "b" contacts;  "a" contacts mimic 

switch contacts, "b" contacts operate in reverse of switch contacts.
7. Alarm Switch:  One NO contact that operates only when switch has tripped.
8. Key  Interlock  Kit:   Externally  mounted  to  prohibit  switch  operation;  key  shall  be 

removable only when switch is in off position.
9. Accessory Control Power Voltage:  Integrally mounted, self-powered.

2.6 ENCLOSURES

A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, 
to comply with environmental conditions at installed location.

1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
2. Outdoor Locations:  NEMA 250, Type 3R.
3. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4.
4. Indoor  Locations  Subject  to  Dust,  Falling  Dirt,  and  Dripping  Noncorrosive  Liquids: 

NEMA 250, Type 12.

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.

3.2 INSTALLATION

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated.

B. Comply with mounting and anchoring requirements specified in Section 260548 "Vibration and 
Seismic Controls for Electrical Systems."

C. Temporary Lifting Provisions:   Remove temporary  lifting eyes,  channels,  and brackets  and 
temporary blocking of moving parts from enclosures and components.

D. Install fuses in fusible devices.
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E. Comply with NECA 1.

3.3 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.

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's  Field  Service:   Engage  a  factory-authorized  service  representative  to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing.

B. Acceptance Testing Preparation:

1. Test  insulation  resistance  for  each  enclosed  switch  and  circuit  breaker,  component,  
connecting supply, feeder, and control circuit.

2. Test continuity of each circuit.

C. Tests and Inspections:

1. Perform  each  visual  and  mechanical  inspection  and  electrical  test  stated  in  NETA 
Acceptance Testing Specification.  Certify compliance with test parameters.

2. Correct  malfunctioning  units  on-site,  where  possible,  and  retest  to  demonstrate 
compliance; otherwise, replace with new units and retest.

3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 
after  Final  Acceptance,  perform an  infrared  scan  of  each  enclosed  switch  and 
circuit breaker.  Remove front panels so joints and connections are accessible to 
portable scanner.

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of 
each  enclosed  switch  and  circuit  breaker  11  months  after  date  of  Substantial 
Completion.

c. Instruments and Equipment:  Use an infrared scanning device designed to measure 
temperature  or  to  detect  significant  deviations  from  normal  values.   Provide 
calibration record for device.

4. Test  and  adjust  controls,  remote  monitoring,  and  safeties.   Replace  damaged  and 
malfunctioning controls and equipment.

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and  
inspections.
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E. Prepare test and inspection reports, including a certified report that identifies enclosed switches 
and  circuit  breakers  and  that  describes  scanning  results.   Include  notation  of  deficiencies 
detected, remedial action taken, and observations after remedial action.

3.5 ADJUSTING

A. Adjust  moving  parts  and  operable  components  to  function  smoothly,  and  lubricate  as 
recommended by manufacturer.

END OF SECTION 262816

THIS PAGE INTENTIONALLY LEFT BLANK
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SECTION 26 29 11 - VARIABLE FREQUENCY DRIVES

GENERAL

This specification is for a Yaskawa HV600 Configured Drive without bypass as the basis of design for all 
new drives in this project.  Alternate manufacturers may be submitted but shall meet the following speci-
fications.

1. The HV600 is a high performance PWM (pulse-width-modulated) AC drive. Three-phase input 
line power is converted to a sine-coded, variable frequency output, which provides optimum 
speed control of any conventional squirrel cage induction motor. The use of IGBTs (Insulated 
Gate Bipolar Transistors), with a carrier frequency range of 2 kHz to 12.5 kHz, permits quiet mo-
tor operation.

2. This drive has one control logic board for all horsepower ratings. Printed circuit boards employ 
surface-mount technology, providing both high reliability, and small physical size of the printed 
circuit assemblies. The microprocessor delivers the computing power necessary for complete 
three-phase motor control in building automation systems.

3. Operating Principle: Input three-phase AC line voltage is first rectified to a fixed DC voltage. Us-
ing pulse width modulation (PWM) inverter technology, the DC voltage is processed to produce 
an output waveform in a series of variable-width pulses. Unique firmware algorithms optimize 
motor magnetization through control of voltage, current, and frequency applied to generate a 
nearly sinusoidal output waveform.

STANDARDS

1. UL 508A (Industrial Control Panels)
2. BTL Listed
3. UL, cUL listed

ENVIRONMENTAL & SERVICE CONDITIONS

1. Ambient service temperature: Enclosed Configured UL Type 1: -10°C to 40°C

2. Ambient storage temperature: Enclosed Configured UL Type 1: -20°C to 70°C

3. Humidity: 0% to 95%, non-condensing

4. Altitude: to 1,000 meters (3,300 feet); higher by derating

5. Service factor: 1.0

6. RoHS 2 Compliant

QUALITY ASSURANCE

1. In-circuit testing of all printed circuit boards is conducted to ensure proper manufacturing.

2. Final printed circuit board assemblies are functionally tested via computerized test equipment.

3. All fully assembled controls are computer tested with induction motor loads to assure unit specifi-
cations are met.

4. The average MTBF (Mean Time Between Failure) is 28 years.
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CONSTRUCTION

1. VFD power input stage converts three-phase AC line power into a fixed DC voltage via a solid-
state full-wave diode rectifier with MOV (Metal Oxide Varistor) surge protection. An internal 5% 
split choke built in both positive and negative DC bus reduces harmonics for cleaner power.

2. Intermediate Section of the VFD - DC bus maintains a fixed DC voltage with filtering and short 
circuit protection as a DC supply to the VFD output section. It is interfaced with the VFD diag-
nostic logic circuit to continuously monitor and protect the power components. 

3. Output Section of the VFD - Insulated Gate Bipolar Transistors (IGBTs) convert DC bus voltage 
to a variable frequency and voltage, utilizing a PWM sine-coded output to the motor. Motor noise 
at 60 Hz is less than 2 dB above the motor noise from across-the-line operation when measured at 
a distance of one meter.

POWER AND CONTROL ELECTRONIC HOUSINGS

1. UL Type 1 full enclosure: 208 V, 0.5 thru 100 HP; 240 V, 0.5 thru 100 HP; 480 V, 0.75 thru 250 
HP

2. Microprocessor-based control circuit
3. Non-volatile memory (EEPROM); all programming memory is saved when the VFD is discon-

nected from power.
4. Digital operator keypad and display provide local control and readout capability:

a. Hand/Off/Auto commands
b. Speed Reference command
c. Reset command

5. Easy to remove heat sink cooling fan with programmable on/off control
6. USB mini-B port for quick and easy PC connection

PROTECTION

1. Output current overload rating of 110% for 60 seconds, 140% for 2 seconds, 175% instantaneous
2. Output short circuit protection
3. Current limited stall prevention (overload trip prevention) during acceleration, deceleration, and 

run conditions
4. Optically isolated operator controls
5. Fault display 
6. “Hunting” prevention logic
7. Electronic ground fault protection
8. Electronic motor overload relay protects the motor while in operation
9. Motor current display as well as verification that the motor is running 
10. Proof of flow/loss of flow detection 
11. DC bus charge indication
12. Heatsink overtemperature protection
13. Cooling fan operating hours recorded
14. Input/output phase loss protection
15. Line voltage sensors to monitor for brownout and blackout conditions with adjustable fault levels 

to ensure the proper settings pursuant to each application. 
16. Reverse prohibit selectability
17. Short circuit withstand rating of 100 kA RMS with customer provided branch circuit protection.
18. Multiple emergency override modes (across-the-line or speed selectable via the drive)
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OPERATION

1. Output frequency and speed display can be programmed for other speed-related and control indi-
cations, including RPM, CFM, GPM, PSI, in WC, % of maximum RPM, or custom.

2. Power loss ride-through (2 seconds capable)
3. Time delay on start; peak avoidance for smooth generator switchover
4. VFD accepts either a direct acting or a reverse acting speed command signal.
5. Bi-directional “Speed Search” capability to start into a rotating load. Two types: current detection 

and residual voltage detection
6. DC injection braking, to prevent fan “windmilling”
7. Remote Run/Stop command input
8. Eight programmable HVAC specific application presets
9. Over 100 programmable functions, resettable to factory HVAC presets
10. User parameter initialization to re-establish project specific parameters
11. Ramp-to-stop or coast-to-stop selection
12. Auto restart capability: 0 to 10 attempts with adjustable delay time between attempts
13. One custom selectable Volts/Hertz pattern and multiple preset Volts/Hertz patterns
14. Auto speed reference input signal, adjustable for bias and gain
15. While the VFD is running, operational changes in control and display functions are possible, in-

cluding:
a. Acceleration time (0 to 6000 seconds)
b. Deceleration time (0 to 6000 seconds)
c. Frequency reference command
d. Hand/Off/Auto commands
e. Monitor display
f. Removable digital operator

16. Automatic energy saving, reduced voltage operation

PRODUCT FEATURES

1. Displacement power factor of .98 throughout the motor speed range
2. Internal EMI/RFI filter complies with EN 61800-3
3. Built-In real time clock for time and date stamping events along with timer functions for starting, 

stopping and speed changes without the need for external controls
4. Voltmeter, ammeter, kilowatt meter, elapsed run time meter, and heatsink temperature monitoring 

functions
5. Two internal (PI) controls
6. Drive internal PI closed-loop control with selectable engineering units
7. Independent PI control for use with external device

8. Differential PID feedback feature

9. Sleep function in both closed loop and open loop control
10. Feedback signal low pass filter
11. Feedback signal loss detection and selectable response strategy
12. Feedback signal inverse and square root capability
13. 24 VDC, 150 mA transmitter power supply
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14. Seven programmable multi-function input terminals (24 VDC) providing 60+ programmable fea-
tures, including:

a. Customer Safeties
b. BAS / Damper Interlock
c. Emergency Override – BAS interlock mode, min/max
d. speed setting, 16 preset speeds, and more
e. Preset Speed
f. PI control enable / disable

15. One Dedicated Fault Form C relay (30 VDC/250 VAC, 2 Amp), and 3 programmable Form A re-
lays for: “Motor Run,” “Damper Actuator,” “Auto Transfer,” “Drive Run,” “Hand Mode,” “Auto 
Mode,” “System Fault,” ”Serial Com Run,” and numerous other options.

16. Two programmable 0 to 10 VDC or 4-20 ma analog outputs, proportional to drive monitor func-
tions including output frequency, output current, output power, PI feedback, output voltage and 
others

17. Remote speed reference (speed command) signal:
a. 0 to 10 VDC (20 kΩ) 
b. 4 to 20 mA DC (250 Ω)

18. Nine preset speeds
19. Input and output terminal status indication
20. Diagnostic fault indication
21. VFD efficiency: 96% at half-speed; 98% at full-speed
22. “S-curve” soft start / soft stop capability
23. Run/Fault output contacts
24. Serial communication loss detection and selectable response strategy
25. “Up/Down” floating point control capability
26. Output Frequency 0 to 400 Hz
27. Controlled speed range of 40:1
28. Critical frequency rejection capability: three selectable, adjustable bandwidths
29. 140% starting torque capability, available from 3 Hz to 60 Hz
30. Adjustable carrier frequency, from 2 kHz to 12.5 kHz
31. Analog/Digital Virtual I/O – internally sends an output to an input (no wiring needed)
32. Dynamic noise control for quiet motor operation
33. Programmable security code
34. Cloud service (Yaskawa Drive Cloud) for product registration and parameter storage

35. Store up to four additional parameter sets in keypad

36. Integrated PLC (DriveWorks EZ)
37. Rotational as well as Stationary motor auto-tuning
38. “Kinetic Energy Braking” (KEB) function stops the motor in up to half the time it would take 

without this function.
39. Control Methods Include:
40. V/F Control
41. Enhanced PM Motor control
42. SynRM Motor Control

43. Motor Types:
44. Induction
45. Permanent Magnet
46. Synchronous Reluctance
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47. Temperature controlled fans

48. LCD keypad with Hand/Off/Auto and Copy keypad functions.
49. Motor preheat function
50. Self-regulating lead/lag control for multiple drives (up to 4)

51. Drive/motor alternation control (share motor run time for lead drive/motor)

52. Up to four PID setpoints

53. Draw down level selection for PID setpoint

54. Anti-no-flow control for deadhead protection

55. Pre-charge pump functionality

56. Low city alarm digital input

57. State/de-state control – add/remove drive based on feedback or output frequency

58. Single phase foldback
59. Flash upgradeable firmware
60. Heatsink overtemperature speed fold-back feature
61. “Bumpless” transfer between Hand and Auto modes
62. Emergency override can be used as “smoke purge” function
63. Fan failure detection and selectable drive action
64. Programming and firmware upgrade without three-phase main power DriveWizard Mobile

65. Programming Application

66. LED Status Ring
67. Conformal coating (IEC 60721-3-3, UL TYPE 1: 3C2, 3S2)
68. Complete package is factory assembled.
69. Input disconnect switch with a lockable, through-the-door operating mechanism
70. BACnet, Siemens APOGEE FLN, Metasys N2, and Modbus RTU communication protocols as 

standard, with the ability to configure controller parameters, view controller monitors, control I/
O, clear faults, and view controller status.  EtherNet/IP, Modbus TCP/IP and LonWorks are op-
tionally available.

71. BACnet Health monitors including Net Health, Tokens Received/Transmitted, Messages Re-
ceived/Transmitted, Next/Previous Node Address, Max/Min Master Found, number of Nodes on 
Network, COV, MSTP Loop Time, CRC Errors, MSTP Tokens Lost/Retry, Deadtime Average.

72. Door mounted control keypad with LCD display for “Control Power,” “Drive Ready,” “Drive 
Run,” “Drive Selected,” “Drive Fault,” “Drive Test,” “Motor OL”, ”Safety Open” “BAS Inter-
lock,” “Auto Run”, “Emergency Override,” “Hand Mode,” “Off Mode”, and “Auto Mode.”

73. Damper control circuit with end-of-travel feedback capability including two adjustable wait time 
functions. One is a run delay time, where the drive will operate at a preset speed before the 
damper opens to pressurize the system. The other time function is an interlock wait time, so if the 
damper has not fully opened within the specified time, a fault will be declared. 

74. Selectable energy savings and harmonic reduction mode. 

EXAMINATION
1. Examine areas, surfaces, and substrates to receive VFCs for compliance with requirements, in-

stallation tolerances and other conditions affecting performance.
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2. Examine roughing-in for conduit systems to verify actual locations of conduit connections before
VFC installation.

3. Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
1. See Division 16 Section "Basic Electrical Materials and Methods" for general installation require-

ments.
2. Anchor each VFD assembly to steel-channel sills arranged and sized according to manufacturer's

written instructions.  Attach by bolting.  Level and grout sills flush with mounting surface.
3. Install VFDs per the manufacturer’s requirements to ensure adequate ventilation.

IDENTIFICATION
1. Identify VFDs, components, and control wiring according to Division 16 Section "Electrical

Identification."
2. Operating Instructions:  Frame printed operating instructions for VFCs, including control se-

quences and emergency procedures.  Fabricate frame of finished metal, and cover instructions
with clear acrylic plastic.  Mount on front of VFC units.

CONTROL WIRING INSTALLATION
1. Install wiring between VFDs and remote devices according to Division 16 Section "Conductors

and Cables."
2. Bundle, train, and support wiring in enclosures.
3. Connect hand-off-automatic switch and other automatic-control devices where applicable.

CONNECTIONS
1. Conduit installation requirements are specified in other Division 16 Sections.  Drawings indicate

general arrangement of conduit, fittings, and specialties.
2. Ground equipment according to Division 26 "Grounding and Bonding."

FIELD QUALITY CONTROL
1. Prepare for acceptance tests as follows:

a. Test insulation resistance for each enclosed controller element, bus, component, connect-
ing supply, feeder, and control circuit.

b. Test continuity of each circuit.
c. Perform the following field tests and inspections and prepare test reports:
d. Perform each electrical test and visual and mechanical inspection, except optional tests,

stated in NETA ATS.  Certify compliance with test parameters.
e. Correct malfunctioning units on-site, where possible, and retest to demonstrate compli-

ance; otherwise, replace with new units and retest.

ADJUSTING
1. Set field-adjustable switches and circuit-breaker trip ranges.

DEMONSTRATION
1. Engage a factory-authorized service representative to train Owner's maintenance personnel to ad-

just, operate, and maintain variable frequency controllers.  Refer to Division 1 Section "Closeout
Procedures."
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	1.  Preconstruction Conference
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	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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	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Piping materials and installation instructions common to most piping systems.
	2. Transition fittings.
	3. Dielectric fittings.
	4. Sleeves.
	5. Escutcheons.
	6. Grout.
	7. Mechanical demolition.
	8. Equipment installation requirements common to equipment sections.
	9. Painting and finishing.
	10. Supports and anchorages.


	1.3 DEFINITIONS
	A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions. Examples include rooftop locations and courtyards.
	D. Concealed, Interior Installations: Concealed from view and protected from physical contact by building occupants. Examples include above ceilings and in duct shafts and trenches.
	E. The following are industry abbreviations for plastic materials:
	1. ABS: Acrylonitrile-butadiene-styrene plastic.
	2. CPVC: Chlorinated polyvinyl chloride plastic.
	3. PE: Polyethylene plastic.
	4. PVC: Polyvinyl chloride plastic.

	F. The following are industry abbreviations for rubber materials:
	1. EPDM: Ethylene-propylene-diene terpolymer rubber.
	2. NBR: Acrylonitrile-butadiene rubber.


	1.4 SUBMITTALS
	A. Product Data: For the following:
	1. Transition fittings.
	2. Dielectric fittings.
	3. Mechanical sleeve seals.
	4. Escutcheons.

	B. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Steel Support Welding: Qualify processes and operators according to AWS€D1.1, "Structural Welding Code--Steel."
	B. Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel Code: Section€IX, "Welding and Brazing Qualifications."
	1. Comply with provisions in ASME€B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.

	C. Electrical Characteristics for Mechanical Equipment: Equipment of higher electrical characteristics may be furnished provided such proposed equipment is approved in writing and connecting electrical services, circuit breakers, and conduit sizes are appropriately modified. If minimum energy ratings or efficiencies are specified, equipment shall comply with requirements.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	B. Store plastic pipes protected from direct sunlight. Support to prevent sagging and bending.

	1.7 COORDINATION
	A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction, to allow for mechanical installations.
	B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and other structural components as they are constructed.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers: Subject to compliance with requirements, provide products by the manufacturers specified.


	2.2 PIPE, TUBE, AND FITTINGS
	A. Refer to individual Division€23 piping Sections for pipe, tube, and fitting materials and joining methods.
	B. Pipe Threads: ASME€B1.20.1 for factory-threaded pipe and pipe fittings.

	2.3 JOINING MATERIALS
	A. Refer to individual Division€ 23 piping Sections for special joining materials not listed below.
	B. 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 (3.2-mm) maximum thickness unless thickness or specific material is 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.

	2. AWWA€C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and full-face or ring type, unless otherwise indicated.

	C. Flange Bolts, Washers and Nuts: ASME€B18.2.1, carbon steel for all interior applications. Use cadmium plated or stainless steel for exterior and trenched bolt sets.
	D. Plastic, Pipe-Flange Gasket, Bolts, Washers and Nuts: Type and material recommended by piping system manufacturer, unless otherwise indicated.
	E. Solder Filler Metals: ASTM€B€32, lead-free alloys. Include water-flushable flux according to ASTM€B€813.
	F. Brazing Filler Metals: AWS€A5.8, BCuP€Series, copper-phosphorus alloys for general-duty brazing, unless otherwise indicated; and AWS€A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated.
	G. Welding Filler Metals: Comply with AWS€D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	H. Solvent Cements for Joining Plastic Piping:
	1. CPVC Piping: ASTM€F€493.
	2. PVC Piping: ASTM€D€2564. Include primer according to ASTM€F€656.


	2.4 TRANSITION FITTINGS
	A. Plastic-to-Metal Transition Fittings: CPVC and PVC one-piece fitting with manufacturer's Schedule€80 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	1. Manufacturers:
	a. Eslon Thermoplastics.


	B. Plastic-to-Metal Transition Adaptors: One-piece fitting with manufacturer's SDR€11 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	1. Manufacturers:
	a. Thompson Plastics, Inc.


	C. Plastic-to-Metal Transition Unions: MSS€SP-107, CPVC and PVC four-part union. Include brass end, solvent-cement-joint end, rubber O-ring, and union nut.
	1. Manufacturers:
	a. NIBCO, INC.
	b. NIBCO, Inc.; Chemtrol Div.



	2.5 DIELECTRIC FITTINGS
	A. Description: Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material: Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions: Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg€F (82€deg€C).
	1. Manufacturers:
	a. Capitol Manufacturing Co.
	b. Central Plastics Company.
	c. Eclipse, Inc.
	d. Epco Sales, Inc.
	e. Hart Industries, International, Inc.
	f. Watts Industries, Inc.; Water Products Div.
	g. Zurn Industries, Inc.; Wilkins Div.


	D. Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa) minimum working pressure as required to suit system pressures.
	1. Manufacturers:
	a. Capitol Manufacturing Co.
	b. Central Plastics Company.
	c. Epco Sales, Inc.
	d. Watts Industries, Inc.; Water Products Div.


	E. Dielectric-Flange Kits: Companion-flange assembly for field assembly. Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers.
	1. Manufacturers:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Central Plastics Company.
	d. Pipeline Seal and Insulator, Inc.

	2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- or 2070-kPa) minimum working pressure where required to suit system pressures.

	F. Dielectric Couplings: Galvanized-steel coupling with inert and non-corrosive, thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg€F (107€deg€C).
	1. Manufacturers:
	a. Calpico, Inc.
	b. Lochinvar Corp.


	G. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg€F (107€deg€C).
	1. Manufacturers:
	a. Perfection Corp.
	b. Precision Plumbing Products, Inc.
	c. Sioux Chief Manufacturing Co., Inc.
	d. Victaulic Co. of America.



	2.6 MECHANICAL SLEEVE SEALS
	A. Description: Modular sealing element unit, designed for field assembly, to fill annular space between pipe and sleeve.
	1. Manufacturers:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Metraflex Co.
	d. Pipeline Seal and Insulator, Inc.

	2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.
	3. Pressure Plates: Stainless steel. Include two for each sealing element.
	4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing elements. Include one for each sealing element.


	2.7 SLEEVES
	A. Galvanized-Steel Sheet: 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.
	B. Steel Pipe: ASTM€A€53, Type€E, Grade B, Schedule€40, galvanized, plain ends.
	C. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping ring and bolts and nuts for membrane flashing.
	1. Underdeck Clamp: Clamping ring with set screws.

	D. Molded PVC: Permanent, with nailing flange for attaching to wooden forms.
	E. PVC Pipe: ASTM€D€1785, Schedule€40.
	F. Molded PE: Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for attaching to wooden forms.

	2.8 ESCUTCHEONS
	A. Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.
	B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished chrome-plated finish.
	C. One-Piece, Cast-Brass Type: With set screw.
	1. Finish: Polished chrome-plated and rough brass.

	D. Split-Casting, Cast-Brass Type: With concealed hinge and set screw.
	1. Finish: Polished chrome-plated and rough brass.

	E. One-Piece, Stamped-Steel Type: With set screw or spring clips and chrome-plated finish.
	F. Split-Plate, Stamped-Steel Type: With concealed hinge, set screw or spring clips, and chrome-plated finish.
	G. One-Piece, Floor-Plate Type: Cast-iron floor plate.
	H. Split-Casting, Floor-Plate Type: Cast brass with concealed hinge and set screw.

	2.9 GROUT
	A. Description: ASTM€C€1107, Grade€B, non-shrink and non-metallic, dry hydraulic-cement grout.
	1. Characteristics: Post-hardening, volume-adjusting, non-staining, non-corrosive, non-gaseous, and recommended for interior and exterior applications.
	2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
	3. Packaging: Premixed and factory packaged.



	PART 3 - EXECUTION
	3.1 MECHANICAL DEMOLITION
	A. Refer to Division€1 Sections "Cutting and Patching" and "Selective Demolition" for general demolition requirements and procedures.
	B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be removed.
	1. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.
	2. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible piping material.
	3. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.
	4. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material.
	5. Equipment to Be Removed: Disconnect and cap services and remove equipment.
	6. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment operational.
	7. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and deliver to Owner.

	C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.

	3.2 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. Install piping according to the following requirements and Division€13 and 15 Sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	D. 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.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping and supports to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:
	1. New Piping:
	a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type.
	b. Insulated Piping: One-piece, stamped-steel type with spring clips.
	c. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, cast-brass type with polished chrome-plated finish.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, stamped-steel type.
	e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, stamped-steel type or split-plate, stamped-steel type with concealed hinge and set screw.
	f. Bare Piping in Unfinished Service Spaces: One-piece, cast-brass type with polished chrome-plated finish or One-piece, stamped-steel type with concealed hinge and set screw or spring clips.
	g. Bare Piping in Equipment Rooms: One-piece, cast-brass type with polished chrome-plated finish.
	h. Bare Piping at Floor Penetrations in Equipment Rooms: One-piece, floor-plate type.

	2. Existing Piping: Use the following:
	a. Chrome-Plated Piping: Split-casting, cast-brass type with chrome-plated finish.
	b. Insulated Piping: Split-plate, stamped-steel type with concealed hinge and spring clips.
	c. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-casting, cast-brass type with chrome-plated finish.
	d. Bare Piping at Ceiling Penetrations in Finished Spaces: Split-casting, cast-brass type with chrome-plated finish.
	e. Bare Piping in Unfinished Service Spaces: Split-casting, cast-brass type with polished chrome-plated finish.
	f. Bare Piping in Equipment Rooms: Split-casting, cast-brass type.
	g. Bare Piping at Floor Penetrations in Equipment Rooms: Split-casting, floor-plate type.


	M. Sleeves are required for core-drilled holes and for holes formed by removable PE sleeves.
	N. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.
	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 (50€mm) above finished floor level. Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.

	2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
	3. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space between sleeve and pipe or pipe insulation. Use the following sleeve materials:
	a. Steel Pipe Sleeves: For pipes smaller than NPS€6 (DN€150).
	b. Steel Sheet Sleeves: For pipes NPS€6 (DN€150) and larger, penetrating gypsum-board partitions.
	c. Stack Sleeve Fittings: For pipes penetrating floors with membrane waterproofing. Secure flashing between clamping flanges. Install section of cast-iron soil pipe to extend sleeve to 2 inches (50€mm) above finished floor level.
	1) Seal spaces outside of sleeve fittings with grout.


	4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe insulation, using joint sealants appropriate for size, depth, and location of joint. Refer to Division€7 Section "Joint Sealants" for materials and installation.

	O. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	1. Install steel pipe for sleeves smaller than 6 inches (150€mm) in diameter.
	2. Install cast-iron "wall pipes" for sleeves 6 inches (150€mm) and larger in diameter.
	3. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	P. Underground, Exterior-Wall Pipe Penetrations: Install cast-iron "wall pipes" for sleeves. Seal pipe penetrations using mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	1. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	Q. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Refer to Division€7 Section "Through-Penetration Firestop Systems" for materials.
	R. Verify final equipment locations for roughing-in.
	S. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

	3.3 PIPING JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division€13 and 15 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. 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.
	E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS€A5.8.
	F. 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.

	G. Welded Joints: Construct joints according to AWS€D10.12, using qualified processes and welding operators according to Part€1 "Quality Assurance" Article.
	H. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.
	I. Plastic Piping Solvent-Cement 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. CPVC Piping: Join according to ASTM€D€2846/D€2846M Appendix.
	3. PVC Pressure Piping: Join schedule number ASTM€D€1785, PVC pipe and PVC socket fittings according to ASTM€D€2672. Join other-than-schedule-number PVC pipe and socket fittings according to ASTM€D€2855.
	4. PVC Nonpressure Piping: Join according to ASTM€D€2855.

	J. Plastic Pressure Piping Gasketed Joints: Join according to ASTM€D€3139.
	K. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM€D€3212.

	3.4 PIPING CONNECTIONS
	A. Make connections according to the following, unless otherwise indicated:
	1. Install unions, in piping NPS€2 (DN€50) and smaller, adjacent to each valve and at final connection to each piece of equipment.
	2. Install flanges, in piping NPS€2-1/2 (DN€65) and larger, adjacent to flanged valves and at final connection to each piece of equipment.
	3. Dry Piping Systems: Install dielectric unions and flanges to connect piping materials of dissimilar metals.
	4. Wet Piping Systems: Install dielectric coupling and nipple fittings to connect piping materials of dissimilar metals.


	3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of components. Connect equipment for ease of disconnecting, with minimum interference to other installations. Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	3.6 PAINTING
	A. Painting of mechanical systems, equipment, and components is specified in Division€9 Section "Painting (Professional Line Products)."
	B. Damage and Touchup: Repair marred and damaged factory-painted finishes with materials and procedures to match original factory finish.

	3.7 CONCRETE BASES
	A. Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's written instructions and according to seismic codes at Project.
	1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100€mm) larger in both directions than supported unit.
	2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.
	3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and anchor into structural concrete floor.
	4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	5. Install anchor bolts to elevations required for proper attachment to supported equipment.
	6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
	7. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement as specified in Division€3 Section "Cast-in-Place Concrete."


	3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES
	A. Refer to Division€5 Section "Metal Fabrications" for structural steel.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor mechanical materials and equipment.
	C. Field Welding: Comply with AWS€D1.1.

	3.9 ERECTION OF WOOD SUPPORTS AND ANCHORAGES
	A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor mechanical materials and equipment.
	B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will receive finish materials. Tighten connections between members. Install fasteners without splitting wood members.
	C. Attach to substrates as required to support applied loads.

	3.10 GROUTING
	A. Mix and install grout for mechanical equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases and provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Piping materials and installation instructions common to most piping systems.
	2. Transition fittings.
	3. Dielectric fittings.
	4. Mechanical sleeve seals.
	5. Sleeves.
	6. Escutcheons.
	7. Grout.
	8. Mechanical demolition.
	9. Equipment installation requirements common to equipment sections.
	10. Painting and finishing.
	11. Concrete bases.
	12. Supports and anchorages.


	1.3 DEFINITIONS
	A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions. Examples include rooftop locations.
	D. Concealed, Interior Installations: Concealed from view and protected from physical contact by building occupants. Examples include above ceilings and in duct shafts.
	E. Concealed, Exterior Installations: Concealed from view and protected from weather conditions and physical contact by building occupants but subject to outdoor ambient temperatures. Examples include installations within unheated shelters.
	F. The following are industry abbreviations for plastic materials:
	1. ABS: Acrylonitrile-butadiene-styrene plastic.
	2. CPVC: Chlorinated polyvinyl chloride plastic.
	3. PE: Polyethylene plastic.
	4. PVC: Polyvinyl chloride plastic.

	G. The following are industry abbreviations for rubber materials:
	1. EPDM: Ethylene-propylene-diene terpolymer rubber.
	2. NBR: Acrylonitrile-butadiene rubber.


	1.4 SUBMITTALS
	A. Product Data: For the following:
	1. Transition fittings.
	2. Dielectric fittings.
	3. Mechanical sleeve seals.
	4. Escutcheons.

	B. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Steel Support Welding: Qualify processes and operators according to AWS€D1.1, "Structural Welding Code--Steel."
	B. Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel Code: Section€IX, "Welding and Brazing Qualifications."
	1. Comply with provisions in ASME€B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.

	C. Electrical Characteristics for Mechanical Equipment: Equipment of higher electrical characteristics may be furnished provided such proposed equipment is approved in writing and connecting electrical services, circuit breakers, and conduit sizes are appropriately modified. If minimum energy ratings or efficiencies are specified, equipment shall comply with requirements.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	B. Store plastic pipes protected from direct sunlight. Support to prevent sagging and bending.

	1.7 COORDINATION
	A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction, to allow for mechanical installations.
	B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and other structural components as they are constructed.
	C. Coordinate requirements for access panels and doors for mechanical items requiring access that are concealed behind finished surfaces. Access panels and doors are specified in Division€8 Section "Access Doors and Frames."


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the manufacturers specified.
	2. Manufacturers: Subject to compliance with requirements, provide products by the manufacturers specified.


	2.2 PIPE, TUBE, AND FITTINGS
	A. Refer to individual Division€23 piping Sections for pipe, tube, and fitting materials and joining methods.
	B. Pipe Threads: ASME€B1.20.1 for factory-threaded pipe and pipe fittings.

	2.3 JOINING MATERIALS
	A. Refer to individual Division€23 piping Sections for special joining materials not listed below.
	B. 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 (3.2-mm) maximum thickness unless thickness or specific material is 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.

	2. AWWA€C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and full-face or ring type, unless otherwise indicated.

	C. Flange Bolts and Nuts: ASME€B18.2.1, carbon steel, unless otherwise indicated.
	D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system manufacturer, unless otherwise indicated.
	E. Solder Filler Metals: ASTM€B€32, lead-free alloys. Include water-flushable flux according to ASTM€B€813.
	F. Brazing Filler Metals: AWS€A5.8, BCuP€Series, copper-phosphorus alloys for general-duty brazing, unless otherwise indicated; and AWS€A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated.
	G. Welding Filler Metals: Comply with AWS€D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	H. Solvent Cements for Joining Plastic Piping:
	1. ABS Piping: ASTM€D€2235.
	2. CPVC Piping: ASTM€F€493.
	3. PVC Piping: ASTM€D€2564. Include primer according to ASTM€F€656.
	4. PVC to ABS Piping Transition: ASTM€D€3138.

	I. Fiberglass Pipe Adhesive: As furnished or recommended by pipe manufacturer.

	2.4 TRANSITION FITTINGS
	A. AWWA Transition Couplings: Same size as, and with pressure rating at least equal to and with ends compatible with, piping to be joined.
	1. Available Manufacturers:
	a. Cascade Waterworks Mfg. Co.
	b. Dresser Industries, Inc.; DMD Div.
	c. Ford Meter Box Company, Incorporated (The); Pipe Products Div.
	d. JCM Industries.
	e. Smith-Blair, Inc.
	f. Viking Johnson.

	2. Underground Piping NPS€1-1/2 (DN€40) and Smaller: Manufactured fitting or coupling.
	3. Underground Piping NPS€2 (DN€50) and Larger: AWWA€C219, metal sleeve-type coupling.
	4. Aboveground Pressure Piping: Pipe fitting.

	B. Plastic-to-Metal Transition Fittings: CPVC and/or PVC one-piece fitting with manufacturer's Schedule€80 equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end.
	1. Manufacturers:
	a. Eslon Thermoplastics or equal


	C. Plastic-to-Metal Transition Unions: MSS€SP-107, CPVC and/or PVC four-part union. Include brass end, solvent-cement-joint end, rubber O-ring, and union nut.
	1. Manufacturers:
	a. NIBCO INC.
	b. NIBCO, Inc.; Chemtrol Div.
	c. Or equal



	2.5 DIELECTRIC FITTINGS
	A. Description: Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material: Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions: Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg€F (82€deg€C).
	1. Manufacturers:
	a. Capitol Manufacturing Co.
	b. Central Plastics Company.
	c. Eclipse, Inc.
	d. Epco Sales, Inc.
	e. Hart Industries, International, Inc.
	f. Watts Industries, Inc.; Water Products Div.
	g. Zurn Industries, Inc.; Wilkins Div.


	D. Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa) minimum working pressure as required to suit system pressures.
	1. Manufacturers:
	a. Capitol Manufacturing Co.
	b. Central Plastics Company.
	c. Epco Sales, Inc.
	d. Watts Industries, Inc.; Water Products Div.


	E. Dielectric-Flange Kits: Companion-flange assembly for field assembly. Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers.
	1. Manufacturers:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Central Plastics Company.
	d. Pipeline Seal and Insulator, Inc.

	2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- or 2070-kPa) minimum working pressure where required to suit system pressures.

	F. Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg€F (107€deg€C).
	1. Manufacturers:
	a. Calpico, Inc.
	b. Lochinvar Corp.
	c. Or equal


	G. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg€F (107€deg€C).
	1. Manufacturers:
	a. Perfection Corp.
	b. Precision Plumbing Products, Inc.
	c. Sioux Chief Manufacturing Co., Inc.
	d. Victaulic Co. of America.
	e. Or equal



	2.6 MECHANICAL SLEEVE SEALS
	A. Description: Modular sealing element unit, designed for field assembly, to fill annular space between pipe and sleeve.
	1. Manufacturers:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Metraflex Co.
	d. Pipeline Seal and Insulator, Inc.
	e. Or equal

	2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.
	3. Pressure Plates: Stainless steel. Include two for each sealing element.
	4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing elements. Include one for each sealing element.


	2.7 SLEEVES
	A. Galvanized-Steel Sheet: 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.
	B. Steel Pipe: ASTM€A€53, Type€E, Grade B, Schedule€40, galvanized, plain ends.
	C. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping ring and bolts and nuts for membrane flashing.
	1. Underdeck Clamp: Clamping ring with set screws.


	2.8 ESCUTCHEONS
	A. Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.
	B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished chrome-plated finish.
	C. One-Piece, Cast-Brass Type: With set screw.
	1. Finish: Polished chrome-plated and rough brass.

	D. One-Piece, Stamped-Steel Type: With set screw or spring clips and chrome-plated finish.

	2.9 GROUT
	A. Description: ASTM€C€1107, Grade€B, nonshrink and nonmetallic, dry hydraulic-cement grout.
	1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and recommended for interior and exterior applications.
	2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
	3. Packaging: Premixed and factory packaged.



	PART 3 - EXECUTION
	3.1 MECHANICAL DEMOLITION
	A. Refer to Division€1 Sections "Cutting and Patching" and "Selective Demolition" for general demolition requirements and procedures.
	B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be removed.
	1. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.
	2. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible piping material.
	3. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.
	4. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material.
	5. Equipment to Be Removed: Disconnect and cap services and remove equipment.
	6. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment operational.
	7. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and deliver to Owner.

	C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or unserviceable portions and replace with new products of equal capacity and quality.

	3.2 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. Install piping according to the following requirements and Division€23 Sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	D. 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.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following:
	1. New Piping:
	a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type.
	b. Chrome-Plated Piping: One-piece, cast-brass type with polished chrome-plated finish.
	c. Insulated Piping: One-piece, stamped-steel type with spring clips.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, cast-brass type with polished chrome-plated finish.
	e. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type with [concealed] [exposed-rivet] [concealed or exposed-rivet] hinge and [set screw] [spring clips] [set screw or spring clips].
	f. Bare Piping in Equipment Rooms: One-piece, stamped-steel type with set screw or spring clips


	M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.
	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 (50€mm) above finished floor level. Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.

	2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
	3. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space between sleeve and pipe or pipe insulation. Use the following sleeve materials:
	a. Steel Pipe Sleeves: For pipes smaller than NPS€6 (DN€150).
	b. Steel Sheet Sleeves: For pipes NPS€6 (DN€150) and larger, penetrating gypsum-board partitions.
	c. Stack Sleeve Fittings: For pipes penetrating floors with membrane waterproofing. Secure flashing between clamping flanges. Install section of cast-iron soil pipe to extend sleeve to 2 inches (50€mm) above finished floor level. Refer to Division€7 Section "Sheet Metal Flashing and Trim" for flashing.
	1) Seal space outside of sleeve fittings with grout.


	4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe insulation, using joint sealants appropriate for size, depth, and location of joint. Refer to Division€7 Section "Joint Sealants" for materials and installation.

	N. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	1. Install steel pipe for sleeves smaller than 6 inches (150€mm) in diameter.
	2. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	O. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials.
	P. Verify final equipment locations for roughing-in.
	Q. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

	3.3 PIPING JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division€23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. 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.
	E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS€A5.8.
	F. 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.

	G. Welded Joints: Construct joints according to AWS€D10.12, using qualified processes and welding operators according to Part€1 "Quality Assurance" Article.
	H. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.
	I. Plastic Piping Solvent-Cement 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. ABS Piping: Join according to ASTM€D€2235 and ASTM€D€2661 Appendixes.
	3. CPVC Piping: Join according to ASTM€D€2846/D€2846M Appendix.
	4. PVC Pressure Piping: Join schedule number ASTM€D€1785, PVC pipe and PVC socket fittings according to ASTM€D€2672. Join other-than-schedule-number PVC pipe and socket fittings according to ASTM€D€2855.
	5. PVC Nonpressure Piping: Join according to ASTM€D€2855.
	6. PVC to ABS Nonpressure Transition Fittings: Join according to ASTM€D€3138 Appendix.

	J. Plastic Pressure Piping Gasketed Joints: Join according to ASTM€D€3139.
	K. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM€D€3212.
	L. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or paper towels. Join according to ASTM€D€2657.
	1. Plain-End Pipe and Fittings: Use butt fusion.
	2. Plain-End Pipe and Socket Fittings: Use socket fusion.

	M. Fiberglass Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join according to pipe manufacturer's written instructions.

	3.4 PIPING CONNECTIONS
	A. Make connections according to the following, unless otherwise indicated:
	1. Install unions, in piping NPS€2 (DN€50) and smaller, adjacent to each valve and at final connection to each piece of equipment.
	2. Install flanges, in piping NPS€2-1/2 (DN€65) and larger, adjacent to flanged valves and at final connection to each piece of equipment.
	3. Piping Systems: Install dielectric coupling and nipple fittings to connect piping materials of dissimilar metals.


	3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of components. Connect equipment for ease of disconnecting, with minimum interference to other installations. Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	3.6 PAINTING
	A. Painting of mechanical systems, equipment, and components is specified in Division€9 Section
	B. Damage and Touchup: Repair marred and damaged factory-painted finishes with materials and procedures to match original factory finish.

	3.7 CONCRETE BASES
	A. Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's written instructions and according to seismic codes at Project.
	1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100€mm) larger in both directions than supported unit.
	2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.
	3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and anchor into structural concrete floor.
	4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	5. Install anchor bolts to elevations required for proper attachment to supported equipment.
	6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
	7. 28-day compressive-strength concrete and reinforcement as specified in Division€3 Section "Cast-in-Place Concrete˛


	3.8 ERECTION OF METAL SUPPORTS AND ANCHORAGES
	A. Refer to Division€5 Section for structural steel.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor mechanical materials and equipment.
	C. Field Welding: Comply with AWS€D1.1.

	3.9 ERECTION OF WOOD SUPPORTS AND ANCHORAGES
	A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor mechanical materials and equipment.
	B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will receive finish materials. Tighten connections between members. Install fasteners without splitting wood members.
	C. Attach to substrates as required to support applied loads.

	3.10 GROUTING
	A. Mix and install grout for mechanical equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases and provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following meters and gages for mechanical systems:
	1. Thermometers.
	2. Gages.


	1.3 DEFINITIONS
	A. CR: Chlorosulfonated polyethylene synthetic rubber.
	B. EPDM: Ethylene-propylene-diene terpolymer rubber.

	1.4 SUBMITTALS
	A. Product Data: For each type of product indicated; include performance curves.
	B. Product Certificates: For each type of thermometer and gage, signed by product manufacturer.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS
	A. Manufacturers:
	1. Palmer - Wahl Instruments Inc.
	2. Trerice, H. O. Co.
	3. Weiss Instruments, Inc.
	4. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.

	B. Case: Die-cast aluminum or brass, 9 inches (229 mm) long.
	C. Tube: Red or blue reading, organic-liquid filled, with magnifying lens.
	D. Tube Background: Satin-faced, non-reflective aluminum with permanently etched scale markings.
	E. Window: Glass.
	F. Connector: Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with locking device.
	G. Stem: Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit installation.
	H. Accuracy: Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 1.5 percent of range.

	2.3 DUCT-TYPE, LIQUID-IN-GLASS THERMOMETERS
	A. Manufacturers:
	1. Miljoco Corp.
	2. Palmer - Wahl Instruments Inc.
	3. Trerice, H. O. Co.
	4. Weiss Instruments, Inc.

	B. Case: Metal or plastic, 7 inches (178 mm) long.
	C. Tube: Red or blue reading, mercury or organic filled, with magnifying lens.
	D. Tube Background: Satin-faced, nonreflective aluminum with permanently etched scale markings.
	E. Window: Glass or plastic.
	F. Connector: Rigid, angle type.
	G. Stem: Metal, for installation in mounting bracket and of length to suit installation.
	H. Mounting Bracket: Flanged fitting for attachment to duct and made to hold thermometer stem.
	I. Accuracy: Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 1.5 percent of range.

	2.4 REMOTE-MOUNTING, VAPOR-ACTUATED DIAL THERMOMETERS
	A. Manufacturers:
	1. AMETEK, Inc.; U.S. Gauge Div.
	2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
	3. Marsh Bellofram.
	4. Miljoco Corp.
	5. Palmer - Wahl Instruments Inc.
	6. REO TEMP Instrument Corporation.
	7. Tel-Tru Manufacturing Company.
	8. Trerice, H. O. Co.
	9. Weiss Instruments, Inc.
	10. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
	11. Winters Instruments.

	B. Case: Dry type, drawn steel, 6-inch (152-mm) diameter with holes for panel mounting.
	C. Element: Bourdon tube or other type of pressure element.
	D. Movement: Mechanical, connecting element and pointer.
	E. Dial: Satin-faced, nonreflective aluminum with permanently etched scale markings.
	F. Pointer: Red metal.
	G. Window: Glass.
	H. Ring: Stainless steel.
	I. Connector: Bottom or Back union type.
	J. Thermal System: Liquid-filled bulb in copper-plated steel, aluminum, or brass stem for thermowell installation and of length to suit installation.
	K. Accuracy: Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 1.5 percent of range.

	2.5 THERMOWELLS
	A. Manufacturers:
	1. AMETEK, Inc.; U.S. Gauge Div.
	2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
	3. Ernst Gage Co.
	4. Marsh Bellofram.
	5. Miljoco Corp.
	6. NANMAC Corporation.
	7. Noshok, Inc.
	8. Palmer - Wahl Instruments Inc.
	9. REO TEMP Instrument Corporation.
	10. Tel-Tru Manufacturing Company.
	11. Trerice, H. O. Co.
	12. Weiss Instruments, Inc.
	13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
	14. WIKA Instrument Corporation.
	15. Winters Instruments.

	B. Manufacturers: Same as manufacturer of thermometer being used.
	C. Description: Pressure-tight, socket-type metal fitting made for insertion into piping and of type, diameter, and length required to hold thermometer.

	2.6 PRESSURE GAGES
	A. Manufacturers:
	1. AMETEK, Inc.; U.S. Gauge Div.
	2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div.
	3. Ernst Gage Co.
	4. Eugene Ernst Products Co.
	5. KOBOLD Instruments, Inc.
	6. Marsh Bellofram.
	7. Miljoco Corp.
	8. Noshok, Inc.
	9. Palmer - Wahl Instruments Inc.
	10. REO TEMP Instrument Corporation.
	11. Trerice, H. O. Co.
	12. Weiss Instruments, Inc.
	13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div.
	14. WIKA Instrument Corporation.
	15. Winters Instruments.

	B. Direct-Mounting, Dial-Type Pressure Gages: Indicating-dial type complying with ASME€B40.100.
	1. Case: Dry type, drawn steel, 6-inch (152-mm) diameter.
	2. Pressure-Element Assembly: Bourdon tube, unless otherwise indicated.
	3. Pressure Connection: Brass, NPS€1/4 (DN€8), bottom-outlet type unless back-outlet type is indicated.
	4. Movement: Mechanical, with link to pressure element and connection to pointer.
	5. Dial: Satin-faced, non-reflective aluminum with permanently etched scale markings.
	6. Pointer: Red metal.
	7. Window: Glass.
	8. Ring: Stainless steel.
	9. Accuracy: Grade€A, plus or minus 1 percent of middle half of scale.
	10. Range for Fluids under Pressure: Two times operating pressure.

	C. Remote-Mounting, Dial-Type Pressure Gages: ASME€B40.100, indicating-dial type.
	1. Case: Dry type, drawn steel, 6-inch (152-mm) diameter with holes for panel mounting.
	2. Pressure-Element Assembly: Bourdon tube, unless otherwise indicated.
	3. Pressure Connection: Brass, NPS€1/4 (DN€8), bottom-outlet type unless back-outlet type is indicated.
	4. Movement: Mechanical, with link to pressure element and connection to pointer.
	5. Dial: Satin-faced, non-reflective aluminum with permanently etched scale markings.
	6. Pointer: Red metal.
	7. Window: Glass.
	8. Ring: Stainless steel.
	9. Accuracy: Grade€A, plus or minus 1 percent of middle half scale.
	10. Range for Fluids under Pressure: Two times operating pressure.

	D. Pressure-Gage Fittings:
	1. Valves: NPS€1/4 (DN€8) brass or stainless steel needle type.
	2. Syphons: NPS€1/4 (DN€8) coil of brass tubing with threaded ends.
	3. Snubbers: ASME€B40.5, NPS€1/4 (DN€8) brass bushing with corrosion-resistant, porous-metal disc of material suitable for system fluid and working pressure.



	PART 3 - EXECUTION
	3.1 THERMOMETER APPLICATIONS
	A. Install liquid-in-glass thermometers in the following locations:
	1. Inlet and outlet of each hydronic zone.
	2. Inlet and outlet of each hydronic boiler.
	3. Inlet and outlet of each hydronic coil in ducts, air-handling units and built-up central systems.
	4. Outside-air, return-air, and mixed-air ducts.

	B. Install remote-mounting, vapor-actuated dial thermometers in the following locations:
	1. All locations where direct readings from a height of 5ˇ-6˛ above the finished floor would be obstructed or difficult.

	C. Install liquid-filled-case-type, -actuated dial thermometers at suction and discharge of each pump.
	D. Provide the following temperature ranges for thermometers:
	1. Domestic Hot Water: 30 to 180 deg€F, with 2-degree scale divisions (Minus 1 to plus 82 deg€C, with 1-degree scale divisions).
	2. Domestic Cold Water: 0 to 100 deg€F, with 2-degree scale divisions (Minus 18 to plus 38 deg€C, with 1-degree scale divisions).
	3. Heating Hot Water: 30 to 240 deg€F, with 2-degree scale divisions (Minus 1 to plus 115 deg€C, with 1-degree scale divisions).
	4. Condenser Water: 30 to 240 deg€F, with 2-degree scale divisions (Minus 1 to plus 115 deg€C, with 1-degree scale divisions).
	5. Chilled Water: 0 to 100 deg€F, with 2-degree scale divisions (Minus 18 to plus 38 deg€C, with 1-degree scale divisions).
	6. Steam and Condensate: 30 to 300 deg€F, with 5-degree scale divisions (Minus 1 to plus 150 deg€C, with 2-degree scale divisions).
	7. Air Ducts: 30 to 240 deg€F, with 2-degree scale divisions (Minus 1 to plus 115 deg€C, with 1-degree scale divisions).


	3.2 GAGE APPLICATIONS
	A. Install dry-case-type pressure gages for discharge and inlet of each pressure-reducing valve.
	B. Install dry-case-type pressure gages at chilled- and condenser-water inlets and outlets of chillers.
	C. Install dry-case-type pressure gages at suction and discharge of each pump.
	D. Install dry-case-type pressure gages at inlets and discharges of plate frame heat exchangers.

	3.3 INSTALLATIONS
	A. Install direct-mounting thermometers and adjust vertical and tilted positions.
	B. Install remote-mounting dial thermometers on panel, with tubing connecting panel and thermometer bulb supported to prevent kinks. Use minimum tubing length.
	C. Install thermowells with socket extending to center of pipe and in vertical position in piping tees where thermometers are indicated.
	D. Duct Thermometer Support Flanges: Install in wall of duct where duct thermometers are indicated. Attach to duct with screws.
	E. Install direct-mounting pressure gages in piping tees with pressure gage located on pipe at most readable position.
	F. Install remote-mounting pressure gages on panel.
	G. Install needle-valve and snubber fitting in piping for each pressure gage for fluids (except steam).
	H. Install needle-valve and syphon fitting in piping for each pressure gage for steam.
	I. Install permanent indicators on walls or brackets in accessible and readable positions.
	J. Install connection fittings for attachment to portable indicators in accessible locations.

	3.4 CONNECTIONS
	A. Install meters and gages adjacent to machines and equipment to allow service and maintenance for meters, gages, machines, and equipment.

	3.5 ADJUSTING
	A. Calibrate meters according to manufacturer's written instructions, after installation.
	B. Adjust faces of meters and gages to proper angle for best visibility.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following general-duty valves:
	1. Bronze angle valves.
	2. Cast-iron angle valves.
	3. Copper-alloy ball valves.
	4. Ferrous-alloy ball valves.
	5. Ferrous-alloy butterfly valves.
	6. High-pressure butterfly valves.
	7. Bronze check valves.
	8. Gray-iron swing check valves.
	9. Ferrous-alloy wafer check valves.
	10. Bronze gate valves.
	11. Cast-iron gate valves.
	12. Bronze globe valves.
	13. Cast-iron globe valves.
	14. Cast-iron plug valves.
	15. Resilient-seated, cast-iron, eccentric plug valves.
	16. Chainwheel actuators.

	B. Related Sections include the following:
	1. Division€23 Section "Mechanical Identification" for valve tags and charts.
	2. Division€23 Section "Building Automation" for control valves and actuators.
	3. Division€23 piping Sections for specialty valves applicable to those Sections only.


	1.3 DEFINITIONS
	A. The following are standard abbreviations for valves:
	1. CWP: Cold working pressure.
	2. EPDM: Ethylene-propylene-diene terpolymer rubber.
	3. NBR: Acrylonitrile-butadiene rubber.
	4. PTFE: Polytetrafluoroethylene plastic.
	5. SWP: Steam working pressure.
	6. TFE: Tetrafluoroethylene plastic.


	1.4 SUBMITTALS
	A. Product Data: For each type of valve indicated. Include body, seating, and trim materials; valve design; pressure and temperature classifications; end connections; arrangement; dimensions; and required clearances. Include list indicating valve and its application. Include rated capacities; shipping, installed, and operating weights; furnished specialties; and accessories.

	1.5 QUALITY ASSURANCE
	A. ASME Compliance: ASME€B31.1 for power piping valves and ASME€B31.9 for building services piping valves.
	1. Exceptions: Domestic hot- and cold-water piping valves unless referenced.

	B. ASME Compliance for Ferrous Valves: ASME€B16.10 and ASME€B16.34 for dimension and design criteria.
	C. NSF Compliance: NSF€61 for valve materials for potable-water service.

	1.6 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. Set angle, gate, and globe valves closed to prevent rattling.
	4. Set ball and plug valves open to minimize exposure of functional surfaces.
	5. Set butterfly valves closed or slightly open.
	6. 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.

	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 MANUFACTURERS
	A. In other Part€2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers: Subject to compliance with requirements, provide products by the manufacturers specified.


	2.2 VALVES, GENERAL
	A. Refer to Part€3 "Valve Applications" Article for applications of valves.
	B. Bronze Valves: NPS€2 (DN€50) and smaller with threaded ends, unless otherwise indicated.
	C. Ferrous Valves: NPS€2-1/2 (DN€65) and larger with flanged ends, unless otherwise indicated.
	D. Valve Pressure and Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	E. Valve Sizes: Same as upstream pipe, unless otherwise indicated.
	F. Valve Actuators:
	1. Chainwheel: For attachment to valves, of size and mounting height, as indicated in the "Valve Installation" Article in Part€3.
	2. Gear Drive: For quarter-turn valves NPS€6 (DN€150) and larger.
	3. Handwheel: For valves other than quarter-turn types.
	4. Lever Handle: For quarter-turn valves NPS€4 (DN€100) and smaller, except plug valves.
	5. Wrench: For plug valves with square heads. Furnish Owner with 1 wrench for every 5 plug valves, for each size square plug head.

	G. Extended Valve Stems: On all valves in insulated piping systems.
	H. Valve Flanges: ASME€B16.1 for cast-iron valves, ASME€B16.5 for steel valves, and ASME€B16.24 for bronze valves.
	I. Valve Grooved Ends: AWWA€C606.
	1. Solder Joint: With sockets according to ASME€B16.18.
	a. Caution: Use solder with melting point below 840 deg€F (454€deg€C) for angle, check, gate, and globe valves; below 421 deg€F (216€deg€C) for ball valves.

	2. Threaded: With threads according to ASME€B1.20.1.

	J. Valve Bypass and Drain Connections: MSS€SP-45.

	2.3 BRONZE ANGLE VALVES
	A. Available Manufacturers:
	B. Manufacturers:
	1. Type€1, Bronze Angle Valves with Metal Disc:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Stockham Div.
	c. Hammond Valve.
	d. Milwaukee Valve Company.
	e. NIBCO INC.
	f. Red-White Valve Corp.

	2. Type€2, Bronze Angle Valves with Nonmetallic Disc:
	a. American Valve, Inc.
	b. Cincinnati Valve Co.
	c. Crane Co.; Crane Valve Group; Crane Valves.
	d. Crane Co.; Crane Valve Group; Jenkins Valves.
	e. Crane Co.; Crane Valve Group; Stockham Div.
	f. Grinnell Corporation.
	g. Hammond Valve.
	h. NIBCO INC.
	i. Powell, Wm. Co.

	3. Type€3, Bronze Angle Valves with Metal Disc and Renewable Seat:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Milwaukee Valve Company.
	g. NIBCO INC.


	C. Bronze Angle Valves, General: MSS€SP-80, with ferrous-alloy handwheel.
	D. Type€1, Class€125, Bronze Angle Valves: Bronze body with bronze disc and union-ring bonnet.
	E. Type€1, Class€150, Bronze Angle Valves: Bronze body with bronze disc.
	F. Type€1, Class€200, Bronze Angle Valves: Bronze body with bronze disc.
	G. Type€2, Class€125, Bronze Angle Valves: Bronze body with Reinforced TFE disc and union-ring bonnet.
	H. Type€2, Class€150, Bronze Angle Valves: Bronze body with Reinforced TFE disc.
	I. Type€2, Class€200, Bronze Angle Valves: Bronze body with Reinforced TFE disc.
	J. Type€3, Class€125, Bronze Angle Valves: Bronze body with bronze disc and renewable seat.€Include union-ring bonnet.
	K. Type€3, Class€150, Bronze Angle Valves: Bronze body with bronze disc and renewable seat.
	L. Type€3, Class€200, Bronze Angle Valves: Bronze body with bronze disc and renewable seat.

	2.4 CAST-IRON ANGLE VALVES
	A. Manufacturers:
	1. Type€II, Cast-Iron Angle Valves with Metal Seats:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Crane Co.; Crane Valve Group; Jenkins Valves.
	c. Crane Co.; Crane Valve Group; Stockham Div.
	d. NIBCO INC.


	B. Cast-Iron Angle Valves, General: MSS€SP-85, Type€II.
	C. Class€125, Cast-Iron Angle Valves: Bronze mounted with gray-iron body and bronze seats.

	2.5 COPPER-ALLOY BALL VALVES
	A. Manufacturers:
	1. One-Piece, Copper-Alloy Ball Valves:
	a. American Valve, Inc.
	b. Conbraco Industries, Inc.; Apollo Div.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. DynaQuip Controls.
	f. Grinnell Corporation.
	g. Jamesbury, Inc.
	h. Kitz Corporation of America.
	i. Legend Valve & Fitting, Inc.
	j. NIBCO INC.
	k. Watts Industries, Inc.; Water Products Div.

	2. Two-Piece, Copper-Alloy Ball Valves:
	a. Conbraco Industries, Inc.; Apollo Div.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. DynaQuip Controls.
	f. Flow-Tek, Inc.
	g. Grinnell Corporation.
	h. Hammond Valve.
	i. Honeywell Braukmann.
	j. Jamesbury, Inc.
	k. Jomar International, LTD.
	l. Kitz Corporation of America.
	m. Legend Valve & Fitting, Inc.
	n. Milwaukee Valve Company.
	o. Nexus Valve Specialties.
	p. NIBCO INC.
	q. R & M Energy Systems (Borger, TX).
	r. Red-White Valve Corp.
	s. Richards Industries; Marwin Ball Valves.
	t. Watts Industries, Inc.; Water Products Div.


	B. Copper-Alloy Ball Valves, General: MSS€SP-110.
	C. One-Piece, Copper-Alloy Ball Valves: Bronze body with regular-port, chrome-plated bronze ball; TFE seats; and 400-psig (2760-kPa) minimum CWP rating and blowout-proof stem.
	D. Two-Piece, Copper-Alloy Ball Valves: Bronze body with full-port, chrome-plated bronze ball; Reinforced TFE seats; and 600-psig (4140-kPa) minimum CWP rating and blowout-proof stem.

	2.6 FERROUS-ALLOY BALL VALVES
	A. Manufacturers:
	1. American Valve, Inc.
	2. Conbraco Industries, Inc.; Apollo Div.
	3. Cooper Cameron Corp.; Cooper Cameron Valves Div.
	4. Crane Co.; Crane Valve Group; Stockham Div.
	5. Hammond Valve.
	6. Jamesbury, Inc.
	7. Kitz Corporation of America.
	8. KTM Products, Inc.
	9. McCANNA, Incorporated.
	10. Milwaukee Valve Company.
	11. NIBCO INC.
	12. PBM, Inc.
	13. Richards Industries; Marwin Ball Valves.
	14. Worcester Controls.

	B. Ferrous-Alloy Ball Valves, General: MSS€SP-72, with flanged ends.
	C. Ferrous-Alloy Ball Valves: Class€150, full or regular port.

	2.7 FERROUS-ALLOY BUTTERFLY VALVES
	A. Available Manufacturers:
	B. Manufacturers:
	1. Flangeless, Ferrous-Alloy Butterfly Valves:
	a. American Valve, Inc.
	b. Bray International, Inc.
	c. Cooper Cameron Corp.; Cooper Cameron Valves Div.
	d. Crane Co.; Crane Valve Group; Center Line.
	e. Crane Co.; Crane Valve Group; Stockham Div.
	f. Dover Corp.; Dover Resources Company; Norriseal Div.
	g. General Signal; DeZurik Unit.
	h. Grinnell Corporation.
	i. Hammond Valve.
	j. Kitz Corporation of America.
	k. Metraflex Co.
	l. Milwaukee Valve Company.
	m. Mueller Steam Specialty.
	n. NIBCO INC.
	o. Red-White Valve Corp.
	p. Techno Corp.
	q. Tyco International, Ltd.; Tyco Valves & Controls.
	r. Watts Industries, Inc.; Water Products Div.

	2. Single-Flange, Ferrous-Alloy Butterfly Valves:
	a. American Valve, Inc.
	b. Bray International, Inc.
	c. Cooper Cameron Corp.; Cooper Cameron Valves Div.
	d. Crane Co.; Crane Valve Group; Center Line.
	e. Crane Co.; Crane Valve Group; Jenkins Valves.
	f. Crane Co.; Crane Valve Group; Stockham Div.
	g. Dover Corp.; Dover Resources Company; Norriseal Div.
	h. General Signal; DeZurik Unit.
	i. Grinnell Corporation.
	j. Hammond Valve.
	k. Kitz Corporation of America.
	l. Metraflex Co.
	m. Milwaukee Valve Company.
	n. Mueller Steam Specialty.
	o. NIBCO INC.
	p. Red-White Valve Corp.
	q. Techno Corp.
	r. Tyco International, Ltd.; Tyco Valves & Controls.
	s. Watts Industries, Inc.; Water Products Div.

	3. Grooved-End, Ductile-Iron Butterfly Valves:
	a. Central Sprinkler Co.; Central Grooved Piping Products.
	b. Grinnell Corporation.
	c. Hammond Valve.
	d. McWane, Inc.; Kennedy Valve Div.
	e. Milwaukee Valve Company.
	f. Mueller Steam Specialty.
	g. NIBCO INC.
	h. Victaulic Co. of America.


	C. Ferrous-Alloy Butterfly Valves, General: MSS€SP-67, Type€I, for tight shutoff, with disc and lining suitable for potable water, unless otherwise indicated.
	D. Flangeless, 150-psig (1035-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer type with one-piece stem.
	E. Flangeless, 175-psig (1207-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer type with one-piece stem.
	F. Flangeless, 200-psig (1380-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer type with one-piece stem.
	G. Single-Flange, 150-psig (1035-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer-lug type with one-piece stem.
	H. Single-Flange, 175-psig (1207-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer-lug type with one-piece stem.
	I. Single-Flange, 200-psig (1380-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Wafer-lug type with one-piece stem.
	J. Grooved-End, 175-psig (1207-kPa) CWP Rating, Ferrous-Alloy Butterfly Valves: Ductile-iron or steel body with grooved or shouldered ends.

	2.8 BRONZE CHECK VALVES
	A. Manufacturers:
	1. Type€3, Bronze, Swing Check Valves with Metal Disc:
	a. American Valve, Inc.
	b. Cincinnati Valve Co.
	c. Crane Co.; Crane Valve Group; Crane Valves.
	d. Crane Co.; Crane Valve Group; Jenkins Valves.
	e. Crane Co.; Crane Valve Group; Stockham Div.
	f. Grinnell Corporation.
	g. Hammond Valve.
	h. Kitz Corporation of America.
	i. Legend Valve & Fitting, Inc.
	j. Milwaukee Valve Company.
	k. NIBCO INC.
	l. Powell, Wm. Co.
	m. Red-White Valve Corp.
	n. Walworth Co.
	o. Watts Industries, Inc.; Water Products Div.

	2. Type€4, Bronze, Swing Check Valves with Nonmetallic Disc:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Hammond Valve.
	g. McWane, Inc.; Kennedy Valve Div.
	h. Milwaukee Valve Company.
	i. NIBCO INC.
	j. Red-White Valve Corp.
	k. Walworth Co.
	l. Watts Industries, Inc.; Water Products Div.


	B. Bronze Check Valves, General: MSS€SP-80.
	C. Type€3, Class€125, Bronze, Swing Check Valves: Bronze body with bronze disc and seat.
	D. Type€3, Class€150, Bronze, Swing Check Valves: Bronze body with bronze disc and seat.
	E. Type€3, Class€200, Bronze, Swing Check Valves: Bronze body with bronze disc and seat.
	F. Type€4, Class€125, Bronze, Swing Check Valves: Bronze body with nonmetallic disc and bronze seat.
	G. Type€4, Class€150, Bronze, Swing Check Valves: Bronze body with nonmetallic disc and bronze seat.
	H. Type€4, Class€200, Bronze, Swing Check Valves: Bronze body with nonmetallic disc and bronze seat.

	2.9 GRAY-IRON SWING CHECK VALVES
	A. Manufacturers:
	1. Type€I, Gray-Iron Swing Check Valves with Metal Seats:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Flomatic Valves.
	f. Grinnell Corporation.
	g. Hammond Valve.
	h. Kitz Corporation of America.
	i. Legend Valve & Fitting, Inc.
	j. Milwaukee Valve Company.
	k. Mueller Co.
	l. NIBCO INC.
	m. Powell, Wm. Co.
	n. Red-White Valve Corp.
	o. Walworth Co.
	p. Watts Industries, Inc.; Water Products Div.

	2. Type€II, Gray-Iron Swing Check Valves with Composition to Metal Seats:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Crane Co.; Crane Valve Group; Stockham Div.
	c. Mueller Co.
	d. Watts Industries, Inc.; Water Products Div.

	3. Grooved-End, Ductile-Iron Swing Check Valves:
	a. Grinnell Corporation.
	b. Mueller Co.
	c. Victaulic Co. of America.


	B. Gray-Iron Swing Check Valves, General: MSS€SP-71.
	C. Type€I, Class€125, gray-iron, swing check valves with metal seats.
	D. Type€II, Class€125, gray-iron, swing check valves with composition to metal seats.
	E. 175-psig (1207-kPa) CWP Rating, Grooved-End, Swing Check Valves: Ductile-iron body with grooved or shouldered ends.

	2.10 FERROUS-ALLOY WAFER CHECK VALVES
	A. Manufacturers:
	1. Dual-Plate, Ferrous-Alloy, Wafer Check Valves:
	a. Crane Co.; Crane Valve Group; Crane Valves.
	b. Crane Co.; Crane Valve Group; Stockham Div.
	c. Flomatic Valves.
	d. Gestra, Inc.
	e. Grinnell Corporation.
	f. Gulf Valve Co.
	g. Metraflex Co.
	h. Mueller Steam Specialty.
	i. NIBCO INC.
	j. Red-White Valve Corp.
	k. SSI Equipment, Inc.
	l. Techno Corp.
	m. Val-Matic Valve & Mfg. Corp.
	n. Valve and Primer Corp.
	o. Watts Industries, Inc.; Water Products Div.


	B. Dual-Plate, Class€125 or 150, Ferrous-Alloy, Wafer Check Valves: Flangeless body.

	2.11 BRONZE GATE VALVES
	A. Manufacturers:
	1. Type€1, Bronze, Non-rising Stem Gate Valves:
	a. American Valve, Inc.
	b. Cincinnati Valve Co.
	c. Crane Co.; Crane Valve Group; Crane Valves.
	d. Crane Co.; Crane Valve Group; Jenkins Valves.
	e. Crane Co.; Crane Valve Group; Stockham Div.
	f. Grinnell Corporation.
	g. Hammond Valve.
	h. Kitz Corporation of America.
	i. Legend Valve & Fitting, Inc.
	j. Milwaukee Valve Company.
	k. NIBCO INC.
	l. Powell, Wm. Co.
	m. Red-White Valve Corp.
	n. Walworth Co.
	o. Watts Industries, Inc.; Water Products Div.

	2. Type€2, Bronze, Rising-Stem, Solid-Wedge Gate Valves:
	a. American Valve, Inc.
	b. Cincinnati Valve Co.
	c. Crane Co.; Crane Valve Group; Crane Valves.
	d. Crane Co.; Crane Valve Group; Jenkins Valves.
	e. Crane Co.; Crane Valve Group; Stockham Div.
	f. Grinnell Corporation.
	g. Hammond Valve.
	h. Kitz Corporation of America.
	i. Milwaukee Valve Company.
	j. NIBCO INC.
	k. Powell, Wm. Co.
	l. Red-White Valve Corp.
	m. Walworth Co.

	3. Type€3, Bronze, Rising-Stem, Split-Wedge Gate Valves:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Jenkins Valves.
	c. Grinnell Corporation.
	d. NIBCO INC.


	B. Bronze Gate Valves, General: MSS€SP-80, with ferrous-alloy handwheel.
	C. Type€1, Class€125, Bronze Gate Valves: Bronze body with non-rising stem and bronze solid wedge and union-ring bonnet.
	D. Type€1, Class€150, Bronze Gate Valves: Bronze body with non-rising stem and bronze solid wedge.
	E. Type€1, Class€200, Bronze Gate Valves: Bronze body with non-rising stem and bronze solid wedge.
	F. Type€2, Class€125, Bronze Gate Valves: Bronze body with rising stem and bronze solid wedge.
	G. Type€2, Class€150, Bronze Gate Valves: Bronze body with rising stem and bronze solid wedge.
	H. Type€2, Class€200, Bronze Gate Valves: Bronze body with rising stem and bronze solid wedge.
	I. Type€3, Class€125, Bronze Gate Valves: Bronze body with rising stem and bronze split wedge and union-ring bonnet.
	J. Type€3, Class€150, Bronze Gate Valves: Bronze body with rising stem and bronze split wedge.
	K. Type€3, Class€200, Bronze Gate Valves: Bronze body with rising stem and bronze split wedge.

	2.12 CAST-IRON GATE VALVES
	A. Manufacturers:
	1. Type€I, Cast-Iron, Rising Stem Gate Valves:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Hammond Valve.
	g. Kitz Corporation of America.
	h. Legend Valve & Fitting, Inc.
	i. Milwaukee Valve Company.
	j. NIBCO INC.
	k. Red-White Valve Corp.
	l. Walworth Co.
	m. Watts Industries, Inc.; Water Products Div.


	B. Cast-Iron Gate Valves, General: MSS€SP-70, Type€I.
	C. Class€125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves: Cast-iron body with bronze trim, rising stem, and solid-wedge disc.
	D. Class€125, OS&Y, All-Iron, Cast-Iron Gate Valves: Cast-iron body with cast-iron trim, rising stem, and solid-wedge disc.

	2.13 BRONZE GLOBE VALVES
	A. Manufacturers:
	1. Type€1, Bronze Globe Valves with Metal Disc:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Hammond Valve.
	g. Kitz Corporation of America.
	h. Legend Valve & Fitting, Inc.
	i. Milwaukee Valve Company.
	j. NIBCO INC.
	k. Red-White Valve Corp.
	l. Walworth Co.

	2. Type€2, Bronze Globe Valves with Nonmetallic Disc:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Hammond Valve.
	g. Kitz Corporation of America.
	h. McWane, Inc.; Kennedy Valve Div.
	i. Milwaukee Valve Company.
	j. NIBCO INC.
	k. Powell, Wm. Co.
	l. Red-White Valve Corp.
	m. Walworth Co.

	3. Type€3, Bronze Globe Valves with Renewable Seat and Metal Disc:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Hammond Valve.
	g. Milwaukee Valve Company.
	h. NIBCO INC.
	i. Walworth Co.


	B. Bronze Globe Valves, General: MSS€SP-80, with ferrous-alloy handwheel.
	C. Type€1, Class€125, Bronze Globe Valves: Bronze body with bronze disc and union-ring bonnet.
	D. Type€1, Class€150, Bronze Globe Valves: Bronze body with bronze disc.
	E. Type€1, Class€200, Bronze Globe Valves: Bronze body with bronze disc.
	F. Type€2, Class€125, Bronze Globe Valves: Bronze body with PTFE or TFE disc and union-ring bonnet.
	G. Type€2, Class€150, Bronze Globe Valves: Bronze body with PTFE or TFE disc.
	H. Type€2, Class€200, Bronze Globe Valves: Bronze body with PTFE or TFE disc.
	I. Type€3, Class€125, Bronze Globe Valves: Bronze body with bronze disc and renewable seat. €Include union-ring bonnet.
	J. Type€3, Class€150, Bronze Globe Valves: Bronze body with bronze disc and renewable seat.]
	K. Type€3, Class€200, Bronze Globe Valves: Bronze body with bronze disc and renewable seat.

	2.14 CAST-IRON GLOBE VALVES
	A. Manufacturers:
	1. Type€I, Cast-Iron Globe Valves with Metal Seats:
	a. Cincinnati Valve Co.
	b. Crane Co.; Crane Valve Group; Crane Valves.
	c. Crane Co.; Crane Valve Group; Jenkins Valves.
	d. Crane Co.; Crane Valve Group; Stockham Div.
	e. Grinnell Corporation.
	f. Kitz Corporation of America.
	g. Milwaukee Valve Company.
	h. NIBCO INC.
	i. Red-White Valve Corp.
	j. Walworth Co.


	B. Cast-Iron Globe Valves, General: MSS€SP-85.
	C. Type€I, Class€125, Cast-Iron Globe Valves: Gray-iron body with bronze seats.

	2.15 CHAINWHEEL ACTUATORS
	A. Manufacturers:
	1. Babbitt Steam Specialty Co.
	2. Roto Hammer Industries, Inc.

	B. Description: Valve actuation assembly with sprocket rim, brackets, and chain.
	1. Sprocket Rim with Chain Guides: Ductile iron, of type and size required for valve. Include zinc coating.
	2. Brackets: Type, number, size, and fasteners required to mount actuator on valve.
	3. Chain: Hot-dip, galvanized steel, of size required to fit sprocket rim.



	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine piping system for compliance with requirements for installation tolerances and other conditions affecting performance.
	1. Proceed with installation only after unsatisfactory conditions have been corrected.

	B. 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.
	C. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	D. Examine threads on valve and mating pipe for form and cleanliness.
	E. 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.
	F. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE APPLICATIONS
	A. Refer to piping Sections for specific valve applications. If valve applications are not indicated, use the following:
	1. Shutoff Service: Ball, butterfly, or gate valves.
	2. Throttling Service: Angle, butterfly, or globe valves.
	3. Pump Discharge: Spring-loaded, silent operating, dual-disc type wafer check valves.

	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP class or CWP ratings may be substituted.
	C. Grooved end valves are to be used only in piping systems with the express written approval of the Engineer.
	D. Chilled-Water Piping: Use the following types of valves:
	1. Angle Valves, NPS€2 (DN€50) and Smaller: Type€2, Class€150, bronze.
	2. Angle Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, cast iron.
	3. Ball Valves, NPS€2 (DN€50) and Smaller: Two-piece, 600-psig (4140-kPa) CWP rating, copper alloy.
	4. Ball Valves, NPS€2-1/2 (DN€65) and Larger: Class€ [150] [300], ferrous alloy.
	5. Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: Flangeless or Single-flange, 150-psig (1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
	6. Grooved-End, Ductile-Iron Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	7. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€150, bronze.
	8. Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, gray iron.
	9. Grooved-End, Ductile-Iron, Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	10. Wafer Check Valves, NPS€2-1/2 (DN€65) and Larger: Dual-plate, wafer or lug, Class€125 ferrous alloy.
	11. Gate Valves, NPS€2 (DN€50) and Smaller: Type€2 or 3, Class€150, bronze.
	12. Gate Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, OS&Y, bronze-mounted cast iron.
	13. Globe Valves, NPS€2 (DN€50) and Smaller: Type€1 or Type3, Class€150, bronze.
	14. Globe Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, bronze-mounted cast iron.

	E. Condenser Water Piping: Use the following types of valves:
	1. Ball Valves, NPS€2 (DN€50) and Smaller: Two-piece, 600-psig (4140-kPa) CWP rating, copper alloy.
	2. Ball Valves, NPS€2-1/2 (DN€65) and Larger: Class€150, ferrous alloy.
	3. Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: Flangeless or Single-flange, 150-psig (1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
	4. Grooved-End, Ductile-Iron Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	5. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€150, bronze.
	6. Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, gray iron.
	7. Grooved-End, Ductile-Iron, Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	8. Wafer Check Valves, NPS€2-1/2 (DN€65) and Larger: Dual-plate, wafer, Class€125, ferrous alloy.
	9. Gate Valves, NPS€2 (DN€50) and Smaller: Type€2 or 3, Class€150, bronze.
	10. Gate Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, OS&Y, bronze-mounted cast iron.
	11. Globe Valves, NPS€2 (DN€50) and Smaller: Type€1 or Type 3, Class€150, bronze.
	12. Globe Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, bronze-mounted cast iron.

	F. Domestic Water Piping: Use the following types of valves:
	1. Angle Valves, NPS€2 (DN€50) and Smaller: Type€2, Class€150, bronze.
	2. Angle Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, cast iron.
	3. Ball Valves, NPS€2 (DN€50) and Smaller: One-piece, 400-psig (4140-kPa) CWP rating, copper alloy.
	4. Ball Valves, NPS€2-1/2 (DN€65) and Larger: Class€150, ferrous alloy.
	5. Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: Flangeless or Single-flange, [150-psig (1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
	6. Grooved-End, Ductile-Iron Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	7. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€4, Class€150, bronze.
	8. Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€ [125] [250], gray iron.
	9. Gate Valves, NPS€2 (DN€50) and Smaller: Type€ 1, Class€125, bronze.
	10. Gate Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€ 125, OS&Y, bronze-mounted cast iron.
	11. Globe Valves, NPS€2 (DN€50) and Smaller: Type€2, Class€ 125, bronze.
	12. Globe Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, bronze-mounted cast iron.

	G. Heating Water Piping: Use the following types of valves:
	1. Angle Valves, NPS€2 (DN€50) and Smaller: Type€2 or 3, Class€150, bronze.
	2. Angle Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, cast iron.
	3. Ball Valves, NPS€2 (DN€50) and Smaller: Two-piece, 600-psig (4140-kPa) CWP rating, copper alloy.
	4. Ball Valves, NPS€2-1/2 (DN€65) and Larger: Class€150, ferrous alloy.
	5. Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: Flangeless or Single-flange, 150-psig (1035-kPa) or 175-psig (1207-kPa) CWP rating, ferrous alloy, with EPDM liner.
	6. Grooved-End, Ductile-Iron Butterfly Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa) CWP rating.
	7. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€125, bronze.
	8. Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, gray iron.
	9. Grooved-End, Ductile-Iron, Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: 175-psig (1207-kPa).
	10. Wafer Check Valves, NPS€2-1/2 (DN€65) and Larger: Dual-plate, wafer, Class€125, ferrous alloy.
	11. Gate Valves, NPS€2 (DN€50) and Smaller: Type€2 or 3, Class€125, bronze.
	12. Gate Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, OS&Y, bronze-mounted cast iron.
	13. Globe Valves, NPS€2 (DN€50) and Smaller: Type€1 or Type 3, Class€125, bronze.
	14. Globe Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, bronze-mounted cast iron.

	H. Low-Pressure Steam Piping: Use the following types of valves:
	1. Angle Valves, NPS€2 (DN€50) and Smaller: Type€2, Class€200, bronze.
	2. Angle Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, cast iron.
	3. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€200, bronze.
	4. Gate Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€200, bronze.
	5. Globe Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€200, bronze.

	I. Steam Condensate Piping: Use the following types of valves:
	1. Swing Check Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€200, bronze.
	2. Swing Check Valves, NPS€2-1/2 (DN€65) and Larger: Type€II, Class€125, gray iron.
	3. Gate Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€200, bronze.
	4. Gate Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, OS&Y, bronze-mounted cast iron.
	5. Globe Valves, NPS€2 (DN€50) and Smaller: Type€3, Class€ 200, bronze.
	6. Globe Valves, NPS€2-1/2 (DN€65) and Larger: Type€I, Class€125, bronze-mounted cast iron.

	J. Select valves, except wafer and flangeless types, with the following end connections:
	1. For Copper Tubing, NPS€2 (DN€50) and Smaller: Solder-joint or threaded ends, except provide valves with threaded ends for condenser water, heating hot water, steam, and steam condensate services.
	2. For Copper Tubing, NPS€2-1/2 to NPS€4 (DN€65 to DN€100): Flanged or threaded ends.
	3. For Copper Tubing, NPS€4 (DN€100) and Larger: Flanged ends.
	4. For Steel Piping, NPS€2 (DN€50) and Smaller: Threaded ends.
	5. For Steel Piping, NPS€2-1/2 (DN€65) and Larger: Flanged ends.
	6. For Grooved-End, Steel Piping: Valve ends may be grooved. Do not use for steam or steam condensate piping.


	3.3 VALVE INSTALLATION
	A. Piping installation requirements are specified in other Division€15 Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	C. Locate valves for easy access and provide separate support where necessary.
	D. Install valves in horizontal piping with stem at or above center of pipe.
	E. Install valves in position to allow full stem movement.
	F. Install chainwheel operators on valves NPS€6 (DN€100) and larger and more than 96 inches (2400€mm) above floor. Extend chains to 60 inches (1520 mm) above finished floor elevation.
	G. Install check valves for proper direction of flow and as follows:
	1. Swing Check Valves: In horizontal position with hinge pin level.
	2. Dual-Plate Check Valves: In horizontal or vertical position, between flanges.


	3.4 JOINT CONSTRUCTION
	A. Refer to Division€23 Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
	B. Grooved Joints: Assemble joints with keyed coupling housing, gasket, lubricant, and bolts according to coupling and fitting manufacturer's written instructions.
	C. Soldered Joints: Use ASTM€B€813, water-flushable, lead-free flux; ASTM€B€32, lead-free-alloy solder; and ASTM€B€828 procedure, unless otherwise indicated.

	3.5 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.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following hangers and supports for mechanical system piping and equipment:
	1. Steel pipe hangers and supports.
	2. Trapeze pipe hangers.
	3. Metal framing systems.
	4. Thermal-hanger shield inserts.
	5. Fastener systems.
	6. Pipe stands.
	7. Equipment supports.

	B. Related Sections include the following:
	1. Division€23 Section "Mechanical Vibration and Seismic Controls" for vibration isolation devices.
	2. Division€23 Section "Pipe Expansion Fittings and Loops" for pipe guides and anchors.


	1.3 DEFINITIONS
	A. MSS: Manufacturers Standardization Society for The Valve and Fittings Industry Inc.
	B. Terminology: As defined in MSS€SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	1.4 PERFORMANCE REQUIREMENTS
	A. Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, system contents, and test water.
	B. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	C. Design seismic-restraint hangers and supports for piping and equipment.

	1.5 SUBMITTALS
	A. Product Data: For the following:
	1. Steel pipe hangers and supports.
	2. Thermal-hanger shield inserts.
	3. Powder-actuated fastener systems.

	B. Shop Drawings:€Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following:
	1. Trapeze pipe hangers. Include Product Data for components.
	2. Metal framing systems. Include Product Data for components.
	3. Pipe stands. Include Product Data for components.
	4. Duct and Equipment supports.

	C. Welding certificates.

	1.6 QUALITY ASSURANCE
	A. Welding: Qualify procedures and personnel according to the following:
	1. AWS€D1.4, "Structural Welding Code--Reinforcing Steel."
	2. ASME Boiler and Pressure Vessel Code: Section€IX.



	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 STEEL PIPE HANGERS AND SUPPORTS
	A. Description: MSS€SP-58, Types€1 through 58, factory-fabricated components. Refer to Part€3 "Hanger and Support Applications" Article for where to use specific hanger and support types.
	B. Manufacturers:
	1. B-Line Systems, Inc.; a division of Cooper Industries.
	2. AAA Technology & Specialties Co., Inc.
	3. Bergen-Power Pipe Supports.
	4. Carpenter & Paterson, Inc.
	5. Empire Industries, Inc.
	6. ERICO/Michigan Hanger Co.
	7. Globe Pipe Hanger Products, Inc.
	8. Grinnell Corp.
	9. GS Metals Corp.
	10. National Pipe Hanger Corporation.
	11. PHD Manufacturing, Inc.
	12. PHS Industries, Inc.
	13. Piping Technology & Products, Inc.
	14. Tolco Inc.

	C. Galvanized, Metallic Coatings: Pre-galvanized or hot dipped.
	D. Nonmetallic Coatings: Plastic coating, jacket, or liner.
	E. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion for support of bearing surface of piping.

	2.3 TRAPEZE PIPE HANGERS
	A. Description: MSS€SP-69, Type€59, shop- or field-fabricated pipe-support assembly made from structural-steel shapes with MSS€SP-58 hanger rods, nuts, saddles, and U-bolts.

	2.4 METAL FRAMING SYSTEMS
	A. Description: MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels and other components.
	B. Manufacturers:
	1. B-Line Systems, Inc.; a division of Cooper Industries.
	2. Power-Strut Div.; Tyco International, Ltd.
	3. ERICO/Michigan Hanger Co.; ERISTRUT Div.
	4. GS Metals Corp.
	5. Thomas & Betts Corporation.
	6. Tolco Inc.
	7. Unistrut Corp.; Tyco International, Ltd.

	C. Coatings: Manufacturer's standard finish, unless bare metal surfaces are indicated.
	D. Nonmetallic Coatings: Plastic coating, jacket, or liner.

	2.5 THERMAL-HANGER SHIELD INSERTS
	A. Description: 100-psig- (690-kPa-) minimum, compressive-strength insulation insert encased in sheet metal shield.
	B. Manufacturers:
	1. Carpenter & Paterson, Inc.
	2. ERICO/Michigan Hanger Co.
	3. PHS Industries, Inc.
	4. Pipe Shields, Inc.
	5. Rilco Manufacturing Company, Inc.
	6. Value Engineered Products, Inc.

	C. Insulation-Insert Material for Cold Piping: Water-repellent treated, ASTM€C€533, Type€I calcium silicate or ASTM€C€552, Type€II cellular glass with vapor barrier.
	D. Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM€C€533, Type€I calcium silicate.
	E. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
	F. For Clevis Hangers: Insert and shield shall cover lower 180 degrees of pipe.
	G. Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below ambient air temperature.

	2.6 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.
	1. Manufacturers:
	a. Hilti, Inc.
	b. ITW Ramset/Red Head.
	c. Masterset Fastening Systems, Inc.
	d. MKT Fastening, LLC.
	e. Powers Fasteners.


	B. Mechanical-Expansion Anchors: Insert-wedge-type zinc-coated steel, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	1. Manufacturers:
	a. B-Line Systems, Inc.; a division of Cooper Industries.
	b. Empire Industries, Inc.
	c. Hilti, Inc.
	d. ITW Ramset/Red Head.
	e. MKT Fastening, LLC.
	f. Powers Fasteners.



	2.7 PIPE STAND FABRICATION
	A. Pipe Stands, General: Shop or field-fabricated assemblies made of manufactured corrosion-resistant components to support roof-mounted piping.
	B. Compact Pipe Stand: One-piece plastic unit with integral-rod-roller, pipe clamps, or V-shaped cradle to support pipe, for roof installation without membrane penetration.
	1. Manufacturers:
	a. MIRO Industries
	b. ERICO/Michigan Hanger Co..


	C. Low-Type, Single-Pipe Stand: One-piece stainless-steel base unit with plastic roller, for roof installation without membrane penetration.
	1. Manufacturers:
	a. MIRO Industries.


	D. High-Type, Single-Pipe Stand: Assembly of base, vertical and horizontal members, and pipe support, for roof installation without membrane penetration.
	1. Manufacturers:
	a. MIRO Industries.
	b. ERICO/Michigan Hanger Co.
	c. Portable Pipe Hangers.

	2. Base: Stainless steel.
	3. Vertical Members: Two or more cadmium-plated-steel or stainless-steel, continuous-thread rods.
	4. Horizontal Member: Cadmium-plated-steel or stainless-steel rod with plastic or stainless-steel, roller-type pipe support.

	E. High-Type, Multiple-Pipe Stand: Assembly of bases, vertical and horizontal members, and pipe supports, for roof installation without membrane penetration.
	1. Manufacturers:
	a. Portable Pipe Hangers.

	2. Bases: One or more plastic.
	3. Vertical Members: Two or more protective-coated-steel channels.
	4. Horizontal Member: Protective-coated-steel channel.
	5. Pipe Supports: Galvanized-steel, clevis-type pipe hangers.

	F. Curb-Mounting-Type Pipe Stands: Shop- or field-fabricated pipe support made from structural-steel shape, continuous-thread rods, and rollers for mounting on permanent stationary roof curb.

	2.8 EQUIPMENT SUPPORTS
	A. Description: Welded, shop- or field-fabricated equipment support made from structural-steel shapes.

	2.9 MISCELLANEOUS MATERIALS
	A. Structural Steel: ASTM€A€36/A€36M, 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: Non-staining, non-corrosive, and non-gaseous.
	2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.



	PART 3 - EXECUTION
	3.1 HANGER AND SUPPORT APPLICATIONS
	A. Specific hanger and support requirements are specified 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 padded hangers for piping that is subject to scratching.
	F. 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 (DN€15 to DN€750).
	2. Yoke-Type Pipe Clamps (MSS Type€2): For suspension of 120 to 450 deg€F (49 to 232 deg€C) pipes, NPS€4 to NPS€16 (DN€100 to DN€400), requiring up to 4 inches (100 mm) of insulation.
	3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type€3): For suspension of pipes, NPS€3/4 to NPS€24 (DN€20 to DN€600), requiring clamp flexibility and up to 4 inches (100 mm) of insulation.
	4. Steel Pipe Clamps (MSS Type€4): For suspension of cold and hot pipes, NPS€1/2 to NPS€24 (DN€15 to DN€600), if little or no insulation is required.
	5. Pipe Hangers (MSS Type€5): For suspension of pipes, NPS€1/2 to NPS€4 (DN€15 to DN€100), to allow off-center closure for hanger installation before pipe erection.
	6. U-Bolts (MSS Type€24): For support of heavy pipes, NPS€1/2 to NPS€30 (DN€15 to DN€750).
	7. Clips (MSS Type€26): For support of insulated pipes not subject to expansion or contraction.
	8. Pipe Saddle Supports (MSS Type€36): For support of pipes, NPS€4 to NPS€36 (DN€100 to DN€900), with steel pipe base stanchion support and cast-iron floor flange.
	9. Pipe Stanchion Saddles (MSS Type€37): For support of pipes, NPS€4 to NPS€36 (DN€100 to DN€900), with steel pipe base stanchion support and cast-iron floor flange and with U-bolt to retain pipe.
	10. Adjustable Pipe Saddle Supports (MSS Type€38): For stanchion-type support for pipes, NPS€2-1/2 to NPS€36 (DN€65 to DN€900), if vertical adjustment is required, with steel pipe base stanchion support and cast-iron floor flange.
	11. Single Pipe Rolls (MSS Type€41): For suspension of pipes, NPS€1 to NPS€30 (DN€25 to DN€750), from 2 rods if longitudinal movement caused by expansion and contraction might occur.
	12. Adjustable Roller Hangers (MSS Type€43): For suspension of pipes, NPS€2-1/2 to NPS€20 (DN€65 to DN€500), from single rod if horizontal movement caused by expansion and contraction might occur.
	13. Complete Pipe Rolls (MSS Type€44): For support of pipes, NPS€2 to NPS€42 (DN€50 to DN€1050), if longitudinal movement caused by expansion and contraction might occur but vertical adjustment is not necessary.
	14. Pipe Roll and Plate Units (MSS Type€45): For support of pipes, NPS€2 to NPS€24 (DN€50 to DN€600), if small horizontal movement caused by expansion and contraction might occur and vertical adjustment is not necessary.
	15. Adjustable Pipe Roll and Base Units (MSS Type€46): For support of pipes, NPS€2 to NPS€30 (DN€50 to DN€750), if vertical and lateral adjustment during installation might be required in addition to expansion and contraction.

	G. 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€20 (DN€20 to DN€500).
	2. Carbon- or Alloy-Steel Riser Clamps (MSS Type€42): For support of pipe risers, NPS€3/4 to NPS€20 (DN€20 to DN€500), if longer ends are required for riser clamps.

	H. 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 (150 mm) for heavy loads.
	2. Steel Clevises (MSS Type€14): For 120 to 450 deg€F (49 to 232 deg€C) 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 (49 to 232 deg€C) piping installations.

	I. 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. Welded Beam Attachments (MSS Type€22): For attaching to bottom of beams if loads are considerable and rod sizes are large.
	6. C-Clamps (MSS Type€23): For structural shapes.
	7. Top-Beam Clamps (MSS Type€25): For top of beams if hanger rod is required tangent to flange edge.
	8. Side-Beam Clamps (MSS Type€27): For bottom of steel I-beams.
	9. Steel-Beam Clamps with Eye Nuts (MSS Type€28): For attaching to bottom of steel I-beams for heavy loads.
	10. Linked-Steel Clamps with Eye Nuts (MSS Type€29): For attaching to bottom of steel I-beams for heavy loads, with link extensions.
	11. Malleable Beam Clamps with Extension Pieces (MSS Type€30): For attaching to structural steel.
	12. 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 (340 kg).
	b. Medium (MSS Type€32): 1500 lb (680 kg).
	c. Heavy (MSS Type€33): 3000 lb (1360 kg).

	13. Side-Beam Brackets (MSS Type€34): For sides of steel or wooden beams.
	14. Plate Lugs (MSS Type€57): For attaching to steel beams if flexibility at beam is required.
	15. Horizontal Travelers (MSS Type€58): For supporting piping systems subject to linear horizontal movement where headroom is limited.

	J. 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.

	K. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Restraint-Control Devices (MSS Type€47): Where indicated to control piping movement.
	2. Spring Cushions (MSS Type€48): For light loads if vertical movement does not exceed 1-1/4 inches (32 mm).
	3. Spring-Cushion Roll Hangers (MSS Type€49): For equipping Type€41 roll hanger with springs.
	4. Spring Sway Braces (MSS Type€50): To retard sway, shock, vibration, or thermal expansion in piping systems.
	5. Variable-Spring Hangers (MSS Type€51): Preset to indicated load and limit variability factor to 25 percent to absorb expansion and contraction of piping system from hanger.
	6. Variable-Spring Base Supports (MSS Type€52): Preset to indicated load and limit variability factor to 25 percent to absorb expansion and contraction of piping system from base support.
	7. Variable-Spring Trapeze Hangers (MSS Type€53): Preset to indicated load and limit variability factor to 25 percent to absorb expansion and contraction of piping system from trapeze support.
	8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress from one support to another support, critical terminal, or connected equipment. Include auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These supports include the following types:
	a. Horizontal (MSS Type€54): Mounted horizontally.
	b. Vertical (MSS Type€55): Mounted vertically.
	c. Trapeze (MSS Type€56): Two vertical-type supports and one trapeze member.


	L. Comply with MSS€SP-69 for trapeze pipe hanger selections and applications that are not specified in piping system Sections.
	M. Comply with MFMA-102 for metal framing system selections and applications that are not specified in piping system Sections.
	N. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Steel 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 building structure.
	B. 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 above for individual pipe hangers.
	2. Field fabricate from ASTM€A€36/A€36M, steel shapes selected for loads being supported. Weld steel according to AWS€D1.1.

	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 (100 mm) 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.

	F. Pipe Stand Installation:
	1. Pipe Stand Types except Curb-Mounting Type: Assemble components and mount on smooth roof surface. Do not penetrate roof membrane.
	2. Curb-Mounting-Type Pipe Stands: Assemble components or fabricate pipe stand and mount on permanent, stationary roof curb. Refer to Division€7 Section "Roof Accessories" for curbs.

	G. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.
	H. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
	I. 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.
	J. Install lateral bracing with pipe hangers and supports to prevent swaying.
	K. 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 (DN€65) 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.
	L. Load Distribution: Install hangers and supports so piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	M. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME€B31.1 (for power piping) and ASME€B31.9 (for building services piping) are not exceeded.
	N. Insulated Piping: Comply with the following:
	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 according to ASME€B31.1 for power piping and 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 (DN€100) 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 (DN€100) 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 (DN€8 to DN€90): 12 inches (305 mm) long and 0.048 inch (1.22 mm) thick.
	b. NPS€4 (DN€100): 12 inches (305 mm) long and 0.06 inch (1.52 mm) thick.
	c. NPS€5 and NPS€6 (DN€125 and DN€150): 18 inches (457 mm) long and 0.06 inch (1.52 mm) thick.
	d. NPS€8 to NPS€14 (DN€200 to DN€350): 24 inches (610 mm) long and 0.075 inch (1.91 mm) thick.

	5. Pipes NPS€8 (DN€200) and Larger: Include wood inserts.
	6. Insert Material: Length at least as long as protective shield.
	7. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.


	3.3 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 smooth bearing surface.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.4 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 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 contours of welded surfaces match adjacent contours.


	3.5 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 (40 mm).

	3.6 PAINTING
	A. Touch Up: 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 (0.05 mm).

	B. Touch Up: Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Division€9 painting Sections.
	C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM€A€780.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Restrained spring isolators.
	2. Spring hangers with vertical-limit stops.
	3. Spring hangers
	4. Thrust limits.
	5. Pipe riser resilient supports.
	6. Resilient pipe guides.
	7. Restrained vibration isolation roof-curb rails.


	1.3 DEFINITIONS
	A. Av: Effective peak velocity related acceleration coefficient.

	1.4 SUBMITTALS
	A. Product Data: Include load deflection curves for each vibration isolation device.
	B. Shop Drawings: Signed and sealed by a qualified professional engineer. Include the following:
	1. Design Calculations: Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.
	2. Riser Supports: Include riser diagrams and calculations showing anticipated expansion and contraction at each support point, initial and final loads on building structure, spring deflection changes, and seismic loads. Include certification that riser system has been examined for excessive stress and that none will exist.
	3. Vibration Isolation Base Details: Detail fabrication, including anchorages and attachments to structure and to supported equipment. Include auxiliary motor slides and rails, base weights, equipment static loads, power transmission, component misalignment, and cantilever loads.

	C. Welding certificates.
	1. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	2. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.


	1.5 QUALITY ASSURANCE
	A. Welding: Qualify procedures and personnel according to AWS€D1.1, "Structural Welding Code--Steel."

	1.6 COORDINATION
	A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into base
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the manufacturers specified.


	2.2 VIBRATION ISOLATORS
	A. Available Manufacturers:
	B. Manufacturers:
	1. Mason Industries, Inc.
	2. Vibration Eliminator Co., Inc.

	C. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic restraint.
	1. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to wind loads or if weight is removed; factory-drilled baseplate bonded to 1/4-inch- thick, elastomeric isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling bolt that acts as blocking during installation.
	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 the rated vertical stiffness.
	5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.

	D. Spring Hangers: Combination coil-spring and elastomeric-insert hanger with spring and insert in compression.
	1. 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.
	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 the rated vertical stiffness.
	5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.
	6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced cup to support spring and bushing projecting through bottom of frame.

	E. Spring Hangers with Vertical-Limit Stop: Combination coil-spring and elastomeric-insert hanger with spring and insert in compression and with a vertical-limit stop.
	1. 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.
	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 the rated vertical stiffness.
	5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.
	6. Elastomeric Element: Molded, oil-resistant rubber or neoprene.
	7. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower threaded rod.

	F. Pipe Riser Resilient Support: All-directional, acoustical pipe anchor consisting of 2 steel tubes separated by a minimum of 1/2-inch- thick, 60-durometer neoprene. Include steel and neoprene vertical-limit stops arranged to prevent vertical travel in both directions. Design support for a maximum load on the isolation material of 500 psig and for equal resistance in all directions.
	G. Resilient Pipe Guides: Telescopic arrangement of 2 steel tubes separated by a minimum of 1/2-inch- thick, 60-durometer neoprene. Factory set guide height with a shear pin to allow vertical motion due to pipe expansion and contraction. Shear pin shall be removable and reinsertable to allow for selection of pipe movement. Guides shall be capable of motion to meet location requirements.

	2.3 RESTRAINED VIBRATION ISOLATION ROOF-CURB RAILS
	A. Available Manufacturers:
	B. Manufacturers:
	1. Isolation Technology, Inc.
	2. Kinetics Noise Control, Inc.
	3. Mason Industries, Inc.
	4. Vibration Eliminator Co., Inc.

	C. Description: Factory-assembled, fully enclosed, insulated, air- and watertight curb rail designed to resiliently support equipment and to withstand 125-mph wind impinging laterally against side of equipment.
	D. Lower Support Assembly: Sheet-metal "Z" section containing adjustable and removable steel springs that support upper floating frame. Upper frame shall provide continuous support for equipment and shall be captive to resiliently resist wind and seismic forces. Lower support assembly shall have a means for attaching to building structure and a wood nailer for attaching roof materials, and shall be insulated with a minimum of 2 inches of rigid, glass-fiber insulation on inside of assembly.
	E. Spring Isolators: Adjustable, restrained spring isolators shall be mounted on 1/4-inch- thick, elastomeric vibration isolation pads and shall have access ports, for level adjustment, with removable waterproof covers at all isolator locations. Isolators shall be located so they are accessible for adjustment at any time during the life of the installation without interfering with the integrity of the roof.
	1. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic restraint.
	a. Housing: Steel with resilient vertical-limit stops and adjustable equipment mounting and leveling bolt.
	b. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.
	c. Minimum Additional Travel: 50 percent of the required deflection at rated load.
	d. Lateral Stiffness: More than 80 percent of the rated vertical stiffness.
	e. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure..


	F. Water Seal: Galvanized sheet metal with EPDM seals at corners, attached to upper support frame, extending down past wood nailer of lower support assembly, and counterflashed over roof materials.

	2.4 FACTORY FINISHES
	A. Finish: Manufacturer's standard paint applied to factory-assembled and -tested equipment before shipping.
	1. Powder coating on springs and housings.
	2. All hardware shall be electrogalvanized. Hot-dip galvanize metal components for exterior use.
	3. Baked enamel for metal components on isolators for interior use.
	4. Color-code or otherwise mark vibration isolation and seismic-control devices to indicate capacity range.



	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance with requirements, installation tolerances, and other conditions affecting performance.
	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 EQUIPMENT BASES
	A. Concrete Bases: Anchor equipment to concrete base according to supported equipment manufacturer's written instructions for seismic codes at Project site.
	1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of the base.
	2. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base and anchor into structural concrete floor.
	3. Place and secure anchorage devices. Use Setting Drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	4. Install anchor bolts to elevations required for proper attachment to supported equipment.
	5. Install anchor bolts according to anchor-bolt manufacturer's written instructions.


	3.3 ADJUSTING
	A. Adjust isolators after piping systems have been filled and equipment is at operating weight.
	B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height. After equipment installation is complete, adjust limit stops so they are out of contact during normal operation.
	C. Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and stop.
	D. Adjust active height of spring isolators.
	E. Torque anchor bolts according to equipment manufacturer's written recommendations to resist seismic forces.

	3.4 CLEANING
	A. After completing equipment installation, inspect vibration isolation and seismic-control devices. Remove paint splatters and other spots, dirt, and debris.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following mechanical identification materials and their installation:
	1. Equipment nameplates.
	2. Equipment markers.
	3. Equipment signs.
	4. Access panel and door markers.
	5. Pipe markers.
	6. Duct markers.
	7. Valve tags.
	8. Valve schedules.


	1.3 SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Samples: For color, letter style, and graphic representation required for each identification material and device.
	C. Valve numbering scheme.
	D. Valve Schedules: For each piping system. Furnish extra copies (in addition to mounted copies) to include in maintenance manuals.

	1.4 QUALITY ASSURANCE
	A. ASME Compliance: Comply with ASME€A13.1, "Scheme for the Identification of Piping Systems," for letter size, length of color field, colors, and viewing angles of identification devices for piping.

	1.5 COORDINATION
	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 location of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 - PRODUCTS
	2.1 EQUIPMENT IDENTIFICATION DEVICES
	A. Equipment Nameplates: Metal, with data engraved or stamped, for permanent attachment on equipment.
	1. Data:
	a. Manufacturer, product name, model number, and serial number.
	b. Capacity, operating and power characteristics, and essential data.
	c. Labels of tested compliances.

	2. Location: Accessible and visible.
	3. Fasteners: As required to mount on equipment.

	B. Equipment Markers: Engraved, color-coded laminated plastic. Include contact-type, permanent adhesive.
	1. Terminology: Match schedules as closely as possible.
	2. Data:
	a. Name and plan number.
	b. Equipment service.
	c. Design capacity.
	d. Other design parameters such as pressure drop, entering and leaving conditions, and speed.

	3. Size: 2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 by 6 inches (115 by 150 mm) for equipment.

	C. Equipment Signs: ASTM€D€709, Type€I, cellulose, paper-base, phenolic-resin-laminate engraving stock; Grade€ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise indicated. Fabricate in sizes required for message. Provide holes for mechanical fastening.
	1. Data: Instructions for operation of equipment and for safety procedures.
	2. Engraving: Manufacturer's standard letter style, of sizes and with terms to match equipment identification.
	3. Thickness: 1/8 inch (3.2€mm), unless otherwise indicated.
	4. Fasteners: Self-tapping, stainless steel screws or contact-type, permanent adhesive.

	D. Access Panel and Door Markers: 1/16-inch- (1.6-mm-) thick, engraved laminated plastic, with abbreviated terms and numbers corresponding to identification. Provide 1/8-inch (3.2-mm) center hole for attachment.
	1. Fasteners: Self-tapping, stainless steel screws or contact-type, permanent adhesive.


	2.2 PIPING IDENTIFICATION DEVICES
	A. Manufactured Pipe Markers, General: Preprinted, color-coded, with lettering indicating service, and showing direction of flow.
	1. Colors: Comply with ASME€A13.1, unless otherwise indicated.
	2. Lettering: Use piping system terms indicated and abbreviate only as necessary for each application length.
	3. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): Full-band pipe markers extending 360 degrees around pipe at each location.
	4. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger: Either full-band or strip-type pipe markers at least three times letter height and of length required for label.
	5. Arrows: Integral with piping system service lettering to accommodate both directions; or as separate unit on each pipe marker to indicate direction of flow.

	B. Pre-tensioned Pipe Markers: Pre-coiled semi-rigid plastic formed to cover full circumference of pipe and to attach to pipe without adhesive.
	C. Shaped Pipe Markers: Preformed semi-rigid plastic formed to partially cover circumference of pipe and to attach to pipe with mechanical fasteners that do not penetrate insulation vapor barrier.
	D. Self-Adhesive Pipe Markers: Plastic with pressure-sensitive, permanent-type, self-adhesive back.
	E. Plastic Tape: Continuously printed, vinyl tape at least 3 mils (0.08 mm) thick with pressure-sensitive, permanent-type, self-adhesive back.
	1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): 3/4 inch (19 mm) minimum.
	2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches (150 mm) or Larger: 1-1/2 inches (38 mm) minimum.


	2.3 DUCT IDENTIFICATION DEVICES
	A. Duct Markers: Engraved, color-coded laminated plastic. Include direction and quantity of airflow and duct service (such as supply, return, and exhaust). Include contact-type, permanent adhesive.

	2.4 VALVE TAGS
	A. Valve Tags: Stamped or engraved with 1/4-inch (6.4-mm) letters for piping system abbreviation and 1/2-inch (13-mm) numbers, with numbering scheme based on and matching existing facility standards. Provide 5/32-inch (4-mm) hole for fastener.
	1. Material: 0.032-inch- (0.8-mm-) thick brass.
	2. Valve-Tag Fasteners: Brass S-hook.


	2.5 VALVE SCHEDULES
	A. Valve Schedules: For each piping system, on standard-size 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-Schedule Frames: Glazed display frame for removable mounting on masonry walls for each page of valve schedule. Include mounting screws.
	2. Frame: Finished hardwood or Extruded aluminum.
	3. Glazing: ASTM€C€1036, Type€I, Class€1, Glazing Quality€B, 2.5-mm, single-thickness glass.



	PART 3 - EXECUTION
	3.1 APPLICATIONS, GENERAL
	A. Products specified are for applications referenced in other Division€15 Sections. If more than single-type material, device, or label is specified for listed applications, selection is Installer's option.

	3.2 EQUIPMENT IDENTIFICATION
	A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment that does not have nameplate or has nameplate that is damaged or located where not easily visible. Locate nameplates where accessible and visible. Include nameplates for the following general categories of equipment:
	1. Boilers, including electric boilers and packaged humidifiers.
	2. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	3. Heat exchangers, coils, reheat coils evaporators, cooling towers, heat recovery units, and similar equipment.
	4. Fans, blowers, primary balancing dampers, and mixing boxes.
	5. Packaged HVAC central-station and zone-type units.
	6. Other equipment, including variable speed motor drives, packaged water softening systems, and all other project system equipment.

	B. Install equipment markers with permanent adhesive on or near each major item of mechanical equipment. Data required for markers may be included on signs, and markers may be omitted if both are indicated.
	1. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal lettering.
	2. Data: Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.
	3. Locate markers where accessible and visible. Include markers for the following general categories of equipment:
	a. Main control and operating valves, including safety devices and hazardous units such as gas outlets.
	b. Fire department shut-off valves, hose valves and hose stations.
	c. Meters, gages, thermometers, and similar units.
	d. Boilers, including boilers, and packaged humidifiers.
	e. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	f. Heat exchangers, reheat coils, coils, evaporators, cooling towers, heat recovery units, and similar equipment.
	g. Fans, blowers, primary balancing dampers, and mixing boxes.
	h. Packaged HVAC central-station and zone-type units.
	i. Tanks and pressure vessels.
	j. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.


	C. Install equipment signs with screws or permanent adhesive on or near each major item of mechanical equipment. Locate signs where accessible and visible.
	1. Identify mechanical equipment with equipment markers in the facility color standard currently in place. Where there is no applicable existing standards, the following colors shall be used:
	a. Green: For cooling equipment and components.
	b. Yellow: For heating equipment and components.
	c. Green and Yellow: For combination cooling and heating equipment and components.

	2. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal lettering.
	3. Data: Distinguish among multiple units, indicate operational requirements, indicate safety and emergency precautions, warn of hazards and improper operations, and identify units.
	4. Include signs for the following general categories of equipment:
	a. Main control and operating valves, including safety devices and hazardous units such as relief valve outlets.
	b. Boilers, including boilers, and packaged humidifiers.
	c. Pumps, compressors, chillers, condensers, and similar motor-driven units.
	d. Heat exchangers, reheat coils, coils, evaporators, cooling towers, heat recovery units, and similar equipment.
	e. Fans, blowers, primary balancing dampers, and mixing boxes.
	f. HVAC central-station and zone-type units.
	g. DOAS air handling systems
	h. Tanks and pressure vessels.
	i. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.


	D. Install access panel markers with screws on equipment access panels.

	3.3 PIPING IDENTIFICATION
	A. Install manufactured pipe markers indicating service on each piping system. Install with flow indication arrows showing direction of flow.
	1. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): Pre-tensioned pipe markers. Use size to ensure a tight fit.
	2. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger: Self-adhesive pipe markers. Use color-coded, self-adhesive plastic tape, at least 1-1/2 inches (38 mm) wide, lapped at least 3 inches (75 mm) at both ends of pipe marker, and covering full circumference of pipe.

	B. Locate pipe markers and color bands where piping is exposed in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior non-concealed 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 through walls, floors, ceilings, and non-accessible 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 (15 m) along each run. Reduce intervals to 25 feet (7.6 m) in areas of congested piping and equipment.
	7. On piping above removable acoustical ceilings. Omit intermediately spaced markers.


	3.4 DUCT IDENTIFICATION
	A. Install duct markers with permanent adhesive on air ducts in the following color codes:
	1. Green: For cold-air supply ducts.
	2. Yellow: For hot-air supply ducts.
	3. Blue: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
	4. ASME€A13.1 Colors and Designs: For hazardous material exhaust.
	5. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal lettering.

	B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 25 feet (7.5 m) in each space where ducts are exposed or concealed by removable ceiling system.

	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; plumbing fixture supply stops; 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:
	1. Valve-Tag Size and Shape:
	a. Cold Water: 1-1/2 inches (38 mm) round.
	b. Hot Water: 1-1/2 inches (38 mm) round.
	c. Fire Protection: 1-1/2 inches (38 mm) round.
	d. Steam: 1-1/2 inches (38 mm) round.

	2. Valve-Tag Color:
	a. Cold Water: Natural.
	b. Hot Water: Natural.
	c. Fire Protection: Natural.
	d. Steam: Natural.



	3.6 VALVE-SCHEDULE INSTALLATION
	A. Mount valve schedule on wall in accessible location in each major equipment room.

	3.7 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.

	3.8 ADJUSTING
	A. Relocate mechanical identification materials and devices that have become visually blocked by other work.

	3.9 CLEANING
	A. Clean faces of mechanical identification devices€and glass frames of valve schedules.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes testing, adjusting, and balancing HVAC systems to produce design objectives, including the following:
	1. Balancing airflow and water flow within distribution systems, including submains, branches, and terminals, to indicated quantities according to specified tolerances.
	2. Adjusting total HVAC systems to provide indicated quantities.
	3. Measuring electrical performance of HVAC equipment.
	4. Setting quantitative performance of HVAC equipment.
	5. Verifying that automatic control devices are functioning properly.
	6. Measuring sound and vibration.
	7. Reporting results of the activities and procedures specified in this Section.

	B. Related Sections include the following:
	1. Testing and adjusting requirements unique to particular systems and equipment are included in the Sections that specify those systems and equipment.
	2. Field quality-control testing to verify that workmanship quality for system and equipment installation is specified in system and equipment Sections.


	1.3 DEFINITIONS
	A. Adjust: To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce fan speed or adjust a damper.
	B. Balance: To proportion flows within the distribution system, including submains, branches, and terminals, according to design quantities.
	C. Draft: A current of air, when referring to localized effect caused by one or more factors of high air velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a person's skin than is normally dissipated.
	D. Procedure: An approach to and execution of a sequence of work operations to yield repeatable results.
	E. Report Forms: Test data sheets for recording test data in logical order.
	F. Static Head: The pressure due to the weight of the fluid above the point of measurement. In a closed system, static head is equal on both sides of the pump.
	G. Suction Head: The height of fluid surface above the centerline of the pump on the suction side.
	H. System Effect: A phenomenon that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	I. System Effect Factors: Allowances used to calculate a reduction of the performance ratings of a fan when installed under conditions different from those presented when the fan was performance tested.
	J. Terminal: A point where the controlled medium, such as fluid or energy, enters or leaves the distribution system.
	K. Test: A procedure to determine quantitative performance of a system or equipment.
	L. Testing, Adjusting, and Balancing Agent: The entity responsible for performing and reporting the testing, adjusting, and balancing procedures.
	M. AABC: Associated Air Balance Council.
	N. AMCA: Air Movement and Control Association.
	O. CTI: Cooling Tower Institute.
	P. NEBB: National Environmental Balancing Bureau.
	Q. SMACNA: Sheet Metal and Air Conditioning Contractors' National Association.

	1.4 SUBMITTALS
	A. Quality-Assurance Submittals: Within 30 days from the Contractor's Notice to Proceed, submit 2 copies of evidence that the testing, adjusting, and balancing Agent and this Project's testing, adjusting, and balancing team members meet the qualifications specified in the "Quality Assurance" Article below.
	B. Contract Documents Examination Report: Within 45 days from the Contractor's Notice to Proceed, submit 2 copies of the Contract Documents review report as specified in Part€3 of this Section.
	C. Strategies and Procedures Plan: Within 60 days from the Contractor's Notice to Proceed, submit 2 copies of the testing, adjusting, and balancing strategies and step-by-step procedures as specified in Part€3 "Preparation" Article below.  Include a complete set of report forms intended for use on this Project.
	D. Certified Testing, Adjusting, and Balancing Reports: Submit 2 copies of reports prepared, as specified in this Section, on approved forms certified by the testing, adjusting, and balancing Agent.
	E. Sample Report Forms: Submit 2 sets of sample testing, adjusting, and balancing report forms.
	F. Warranty: Submit 2 copies of special warranty specified in the "Warranty" Article below.

	1.5 QUALITY ASSURANCE
	A. Agent Qualifications: Engage a testing, adjusting, and balancing agent certified by either AABC or NEBB.
	B. Testing, Adjusting, and Balancing Conference: Meet with the Owner's and the Architect's representatives on approval of the testing, adjusting, and balancing strategies and procedures plan to develop a mutual understanding of the details. Ensure the participation of testing, adjusting, and balancing team members, equipment manufacturers' authorized service representatives, HVAC controls Installer, and other support personnel.  Provide 7 days' advance notice of scheduled meeting time and location.
	1. Agenda Items: Include at least the following:
	a. Submittal distribution requirements.
	b. Contract Documents examination report.
	c. Testing, adjusting, and balancing plan.
	d. Work schedule and Project site access requirements.
	e. Coordination and cooperation of trades and subcontractors.
	f. Coordination of documentation and communication flow.


	C. Certification of Testing, Adjusting, and Balancing Reports: Certify the testing, adjusting, and balancing field data reports. This certification includes the following:
	1. Review field data reports to validate accuracy of data and to prepare certified testing, adjusting, and balancing reports.
	2. Certify that the testing, adjusting, and balancing team complied with the approved testing, adjusting, and balancing plan and the procedures specified and referenced in this Specification.

	D. Testing, Adjusting, and Balancing Reports: Use standard forms from AABC's "National Standards for Testing, Adjusting, and Balancing."or from NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems."
	E. Instrumentation Type, Quantity, and Accuracy: As described in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems," Section€II, "Required Instrumentation for NEBB Certification."
	F. Instrumentation Calibration: Calibrate instruments at least every 6 months or more frequently if required by the instrument manufacturer.

	1.6 PROJECT CONDITIONS
	A. Full Owner Occupancy: The Owner will occupy the site and existing building during the entire testing, adjusting, and balancing period. Cooperate with the Owner during testing, adjusting, and balancing operations to minimize conflicts with the Owner's operations.

	1.7 COORDINATION
	A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC controls installers, and other mechanics to operate HVAC systems and equipment to support and assist testing, adjusting, and balancing activities.
	B. Notice: Provide 7 days' advance notice for each test.  Include scheduled test dates and times.
	C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.

	1.8 WARRANTY
	A. General Warranty: The national project performance guarantee specified in this Article shall not deprive the Owner of other rights the Owner may have under other provisions of the Contract Documents and shall be in addition to, and run concurrent with, other warranties made by the Contractor under requirements of the Contract Documents.
	B. Special Guarantee: Provide a guarantee on NEBB forms stating that NEBB will assist in completing the requirements of the Contract Documents if the testing, adjusting, and balancing Agent fails to comply with the Contract Documents. Guarantee includes the following provisions:
	1. The certified Agent has tested and balanced systems according to the Contract Documents.
	2. Systems are balanced to optimum performance capabilities within design and installation limits.



	PART 2 - PRODUCTS (Not Applicable)
	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine Contract Documents to become familiar with project requirements and to discover conditions in systems' designs that may preclude proper testing, adjusting, and balancing of systems and equipment.
	1. Contract Documents are defined in the General and Supplementary Conditions of the Contract.
	2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are required by the Contract Documents. Verify that quantities and locations of these balancing devices are accessible and appropriate for effective balancing and for efficient system and equipment operation.

	B. Examine approved submittal data of HVAC systems and equipment.
	C. Examine project record documents described in Division€1 Section "Project Record Documents."
	D. Examine Architect's and Engineer's 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. 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. Calculate system effect factors to reduce the performance ratings of HVAC equipment when installed under conditions different from those presented when the equipment was performance tested at the factory. To calculate system effects for air systems, use tables and charts found in AMCA€201, "Fans and Systems," Sections€7 through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections€5 and 6.  Compare this data with the design data and installed conditions.
	F. Examine system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, and commissioning specified in individual Specification Sections have been performed.
	G. Examine system and equipment test reports.
	H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are properly installed, and their locations are accessible and appropriate for effective balancing and for efficient system and equipment operation.
	I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.
	J. Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	K. Examine plenum ceilings, utilized for supply air, to verify that they are airtight. Verify that pipe penetrations and other holes are sealed.
	L. Examine strainers for clean screens and proper perforations.
	M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	N. Examine open-piping-system pumps to ensure absence of entrained air in the suction piping.
	O. Examine equipment for installation and for properly operating safety interlocks and controls.
	P. Examine automatic temperature system components to verify the following:
	1. Dampers, valves, and other controlled devices operate by the intended controller.
	2. Dampers and valves are in the position indicated by the controller.
	3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and fully open positions
	4. Automatic modulating and shutoff valves, including 2-way valves are properly connected.
	5. Temperature and humidity sensors are located to avoid adverse effects of sunlight, drafts, and cold walls.
	6. Sensors are located to sense only the intended conditions.
	7. Sequence of operation for control modes is according to the Contract Documents.
	8. Controller set points are set at design values. Observe and record system reactions to changes in conditions. Record default set points if different from design values.
	9. Interlocked systems are operating.
	10. Changeover from heating to cooling mode occurs according to design values.

	Q. Report deficiencies discovered before and during performance of testing, adjusting, and balancing procedures.

	3.2 PREPARATION
	A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step procedures.
	B. Complete system readiness checks and prepare system readiness reports. Verify the following:
	1. Permanent electrical power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Equipment and duct access doors are securely closed.
	5. Balance, smoke, and fire dampers are open.
	6. Isolating and balancing valves are open and control valves are operational.
	7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing devices is provided.
	8. Windows and doors can be closed so design conditions for system operations can be met.


	3.3 GENERAL TESTING AND BALANCING PROCEDURES
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC national standards and this Section, or Perform testing and balancing procedures on each system according to the procedures contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and this Section.
	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary to allow adequate performance of procedures. After testing and balancing, close probe holes and patch insulation with new materials identical to those removed. Restore vapor barrier and finish according to the insulation Specifications for this Project.
	C. Mark equipment settings with paint or other suitable, permanent identification material, including damper-control positions, valve indicators, fan-speed-control levers, and similar controls and devices, to show final settings.

	3.4 FUNDAMENTAL PROCEDURES FOR HYDRONIC SYSTEMS
	A. Prepare test reports with pertinent design data and number in sequence starting at pump to end of system. Check the sum of branch-circuit flows against approved pump flow rate. Correct variations that exceed plus or minus 5 percent.
	B. Prepare schematic diagrams of systems' "as-built" piping layouts.
	C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:
	1. Open all manual valves for maximum flow.
	2. Check expansion tank liquid level.
	3. Check makeup-water-station pressure gage for adequate pressure for highest vent.
	4. Check flow-control valves for specified sequence of operation and set at design flow.
	5. Set differential-pressure control valves at the specified differential pressure. Do not set at fully closed position when pump is positive-displacement type, unless several terminal valves are kept open.
	6. Set system controls so automatic valves are wide open to heat exchangers.
	7. Check pump-motor load. If motor is overloaded, throttle main flow-balancing device so motor nameplate rating is not exceeded.
	8. Check air vents for a forceful liquid flow exiting from vents when manually operated.


	3.5 HYDRONIC SYSTEMS' BALANCING PROCEDURES
	A. Determine water flow at pumps. Use the following procedures, except for positive-displacement pumps:
	1. Verify impeller size by operating the pump with the discharge valve closed. Verify with the pump manufacturer that this will not damage pump. Read pressure differential across the pump. Convert pressure to head and correct for differences in gage heights. Note the point on the manufacturer's pump curve at zero flow and confirm that the pump has the intended impeller size.
	2. Check system resistance. With all valves open, read pressure differential across the pump and mark the pump manufacturer's head-capacity curve.  Adjust pump discharge valve until design water flow is achieved.
	3. Verify pump-motor brake horsepower. Calculate the intended brake horsepower for the system based on the pump manufacturer's performance data.  Compare calculated brake horsepower with nameplate data on the pump motor.  Report conditions where actual amperage exceeds motor nameplate amperage.
	4. Report flow rates that are not within plus or minus 5 percent of design.

	B. Set calibrated balancing valves, if installed, at calculated presettings.
	C. Measure flow at all stations and adjust, where necessary, to obtain first balance.
	1. System components that have Cv rating or an accurately cataloged flow-pressure-drop relationship may be used as a flow-indicating device.

	D. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent greater than design flow.
	E. Adjust balancing stations to within specified tolerances of design flow rate as follows:
	1. Determine the balancing station with the highest percentage over design flow.
	2. Adjust each station in turn, beginning with the station with the highest percentage over design flow and proceeding to the station with the lowest percentage over design flow.
	3. Record settings and mark balancing devices.

	F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, and systems' pressures and temperatures, including outdoor-air temperature.
	G. Measure the differential-pressure control valve settings existing at the conclusions of balancing.

	3.6 VARIABLE-FLOW HYDRONIC SYSTEMS' ADDITIONAL PROCEDURES
	A. Balance systems with automatic 2-control valves by setting systems at maximum flow through heat-exchange terminals and proceed as specified above for hydronic systems.

	3.7 MOTORS
	A. Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:
	1. Manufacturer, model, and serial numbers.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Efficiency rating if high-efficiency motor.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	B. Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying from minimum to maximum. Test the manual bypass for the controller to prove proper operation. Record observations, including controller manufacturer, model and serial numbers, and nameplate data.

	3.8 BOILERS & ENGINE HEAT RECOVERY MODULES
	A. Measure entering- and leaving-water temperatures and water flow.

	3.9 PROCEDURES FOR HEAT EXCHANGERS
	A. Measure water flow through all circuits.
	B. Adjust water flow to within specified tolerances.
	C. Measure inlet and outlet water temperatures.
	D. Record settings.

	3.10 TEMPERATURE TESTING
	A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation within the automatic temperature-control system.

	3.11 TEMPERATURE-CONTROL VERIFICATION
	A. Verify that controllers are calibrated and commissioned.
	B. Check transmitter and controller locations and note conditions that would adversely affect control functions.
	C. Record controller settings and note variances between set points and actual measurements.
	D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers).
	E. Verify free travel and proper operation of control devices such as damper and valve operators.
	F. Verify sequence of operation of control devices. Note device positions and correlate with airflow and water-flow measurements. Note the speed of response to input changes.
	G. Confirm interaction of electrically operated switch transducers.
	H. Confirm interaction of interlock and lockout systems.
	I. Record voltages of power supply and controller output. Determine if the system operates on a grounded or non-grounded power supply.
	J. Note operation of electric actuators using spring return for proper fail-safe operations.

	3.12 TOLERANCES
	A. Set HVAC system airflow and water flow rates within the following tolerances:
	1. Heating-Water Flow Rate: 0 to minus 10 percent.


	3.13 FINAL REPORT
	A. General: Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-ring binder, tabulated and divided into sections by tested and balanced systems.
	B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing engineer.
	1. Include a list of the instruments used for procedures, along with proof of calibration.

	C. Final Report Contents: In addition to the 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, but do not include approved Shop Drawings and Product Data.

	D. General Report Data: In addition to the form titles and entries, include the following data in the final report, as applicable:
	1. Title page.
	2. Name and address of testing, adjusting, and balancing Agent.
	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 testing, adjusting, and balancing Agent who certifies the report.
	10. Summary of contents, including the following:
	a. Design versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	11. Nomenclature sheets for each item of equipment.
	12. Data for terminal units, including manufacturer, type size, and fittings.
	13. Notes to explain why certain final data in the body of reports vary from design values.
	14. Test conditions for pump performance forms

	E. System Diagrams: Include schematic layouts of hydronic distribution systems. Present with single-line diagrams and include the following:
	1. Water flow rates.
	2. Pipe and valve sizes and locations.
	3. Balancing stations.

	F. Boiler Test Reports: For boilers, include the following:
	1. Unit Data: Include the following:
	a. Unit identification.
	b. Location.
	c. Service.
	d. Make and type.
	e. Model and serial numbers.
	f. Voltage at each connection.
	g. Amperage for each phase.

	2. Test Data: Include design and actual values for the following:
	a. Operating pressure in psig.
	b. Operating temperature in deg€F.
	c. Entering-water temperature in deg€F.
	d. Leaving-water temperature in deg€F.
	e. Number of safety valves and sizes in NPS.
	f. Safety valve settings in psig.
	g. High-limit setting in psig.
	h. Operating-control setting.
	i. High-fire set point.
	j. Low-fire set point.
	k. Voltage at each connection.
	l. Amperage for each phase.
	m. Draft fan voltage at each connection.
	n. Draft fan amperage for each phase.
	o. Manifold pressure in psig.


	G. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and include the following:
	1. Unit Data:
	a. Unit identification.
	b. Location.
	c. Service.
	d. Make and size.
	e. Model number and serial number.
	f. Water flow rate in gpm (L/s).
	g. Water pressure differential in feet of head or psig (kPa).
	h. Required net positive suction head in feet of head or psig (kPa).
	i. Pump rpm.
	j. Impeller diameter in inches (mm).
	k. Motor make and frame size.
	l. Motor horsepower and rpm.
	m. Voltage at each connection.
	n. Amperage for each phase.
	o. Full-load amperage and service factor.
	p. Seal type.

	2. Test Data (Indicated and Actual Values):
	a. Static head in feet of head or psig (kPa).
	b. Pump shutoff pressure in feet of head or psig (kPa).
	c. Actual impeller size in inches (mm).
	d. Full-open flow rate in gpm (L/s).
	e. Full-open pressure in feet of head or psig (kPa).
	f. Final discharge pressure in feet of head or psig (kPa).
	g. Final suction pressure in feet of head or psig (kPa).
	h. Final total pressure in feet of head or psig (kPa).
	i. Final water flow rate in gpm (L/s).
	j. Voltage at each connection.
	k. Amperage for each phase.


	H. 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 ADDITIONAL TESTS
	A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and balancing to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods: If initial testing, adjusting, and balancing procedures were not performed during near-peak summer and winter conditions, perform additional inspections, testing, and adjusting during near-peak summer and winter conditions.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes preformed, rigid and flexible pipe insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:
	1. Division€7 Section "Firestopping" for firestopping materials and requirements for penetrations through fire and smoke barriers.
	2. Division€23 Section "Hangers and Supports" for pipe insulation shields and protection saddles.


	1.3 SUBMITTALS
	A. Product Data: Identify thermal conductivity, thickness, and jackets (both factory and field applied, if any), for each type of product indicated.
	B. Shop Drawings: Show fabrication and installation details for the following:
	1. Application of protective shields, saddles, and inserts at pipe hangers for each type of insulation and hanger.
	2. Attachment and covering of heat trace inside insulation.
	3. Insulation application at pipe expansion joints for each type of insulation.
	4. Insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.
	5. Removable insulation at piping specialties and equipment connections.
	6. Application of field-applied jackets.

	C. Samples: For each type of insulation and jacket. Identify each Sample, describing product and intended use. Submit Samples in the following sizes:
	1. Preformed Pipe Insulation Materials: 12 inches (300 mm) long by NPS 2 (DN50).
	2. Sheet Form Insulation Materials: 12 inches (300 mm) square.
	3. Jacket Materials: 12 inches (300 mm) long by NPS 2 (DN50).
	4. Manufacturer's Color Charts:  Show the full range of colors available for each type of field-applied finish material indicated.

	D. 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.
	E. Installer Certificates: Signed by the Contractor certifying that installers comply with requirements.

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the U.S. Department of Labor, Bureau of Apprenticeship and Training.
	B. Fire-Test-Response Characteristics: As determined by testing materials identical to those specified in this Section according to ASTM€E€84, by a testing and inspecting agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and sealer and cement material containers with appropriate markings of applicable testing and inspecting agency.
	1. Insulation Installed Indoors: Flame-spread rating of 25 or less, and smoke-developed rating of 50 or less.
	2. Insulation Installed Outdoors: Flame-spread rating of 75 or less, and smoke-developed rating of 150 or less.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Ship insulation materials in containers marked by manufacturer with appropriate ASTM specification designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate size and location of supports, hangers, and insulation shields specified in Division€15 Section "Hangers and Supports."
	B. Coordinate clearance requirements with piping Installer for insulation application.
	C. Coordinate installation and testing of steam or electric heat tracing.

	1.7 SCHEDULING
	A. Schedule insulation application after testing piping systems and, where required, after installing and testing heat-trace tape. Insulation application may begin on segments of piping that have satisfactory test results.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Mineral-Fiber Insulation:
	a. CertainTeed Manson.
	b. Knauf FiberGlass GmbH.
	c. Owens-Corning Fiberglas Corp.
	d. Schuller International, Inc.

	2. Cellular-Glass Insulation:
	a. Pittsburgh-Corning Corp.

	3. Flexible Elastomeric Thermal Insulation:
	a. Armstrong World Industries, Inc.
	b. Rubatex Corp.



	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Insulation: Glass fibers bonded with a thermosetting resin complying with the following:
	1. Preformed Pipe Insulation: Comply with ASTM€C€547, Type€1, with factory-applied, all-purpose, vapor-retarder jacket.
	2. Blanket Insulation: Comply with ASTM€C€553, Type€II, without facing.
	3. Fire-Resistant Adhesive: Comply with MIL-A-3316C in the following classes and grades:
	a. Class€1, Grade€A for bonding glass cloth and tape to unfaced glass-fiber insulation, for sealing edges of glass-fiber insulation, and for bonding lagging cloth to unfaced glass-fiber insulation.
	b. Class€2, Grade€A for bonding glass-fiber insulation to metal surfaces.

	4. Vapor-Retarder Mastics: Fire- and water-resistant, vapor-retarder mastic for indoor applications. Comply with MIL-C-19565C, Type€II.
	5. Mineral-Fiber Insulating Cements: Comply with ASTM€C€195.
	6. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM€C€449/C€449M.

	B. Cellular-Glass Insulation: Inorganic, foamed or cellulated glass, annealed, rigid, hermetically sealed cells, incombustible.
	1. Preformed Pipe Insulation, without Jacket: Comply with ASTM€C€552, Type€II, Class€1.
	2. Preformed Pipe Insulation, with Jacket: Comply with ASTM€C€552, Type€II, Class€2.

	C. Flexible Elastomeric Thermal Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM€C€534, Type€I for tubular materials and Type€II for sheet materials.
	1. Adhesive: As recommended by insulation material manufacturer.
	2. Ultraviolet-Protective Coating: As recommended by insulation manufacturer.

	D. Prefabricated Thermal Insulating Fitting Covers: Comply with ASTM€C€450 for dimensions used in preforming insulation to cover valves, elbows, tees, and flanges.

	2.3 FIELD-APPLIED JACKETS
	A. General: ASTM€C€921, Type€1, unless otherwise indicated.
	B. Foil and Paper Jacket: Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.
	C. PVC Jacket: High-impact, ultraviolet-resistant PVC; 20 mils (0.5 mm) thick; roll stock ready for shop or field cutting and forming.
	1. Adhesive: As recommended by insulation material manufacturer.
	2. PVC Jacket Color: White

	D. Heavy PVC Fitting Covers: Factory-fabricated fitting covers manufactured from 30-mil- (0.75-mm-) thick, high-impact, ultraviolet-resistant PVC.
	1. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories for the disabled.
	2. Adhesive: As recommended by insulation material manufacturer.

	E. Standard PVC Fitting Covers: Factory-fabricated fitting covers manufactured from 20-mil- (0.5-mm-) thick, high-impact, ultraviolet-resistant PVC.
	1. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories for the disabled.
	2. Adhesive: As recommended by insulation material manufacturer.

	F. Aluminum Jacket: Factory cut and rolled to indicated sizes. Comply with ASTM€B€209 (ASTM€B€209M), 3003 alloy, H-14 temper.
	1. Finish and Thickness: Stucco-embossed finish, 0.016 inch (0.40 mm) thick.
	2. Moisture Barrier: 1-mil- (0.025-mm-) thick, heat-bonded polyethylene and kraft paper.
	3. Elbows: Preformed, 45- and 90-degree, short- and long-radius elbows; same material, finish, and thickness as jacket.


	2.4 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape: Comply with MIL-C-20079H, Type€I for cloth and Type€II for tape. Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m).
	1. Tape Width: 4 inches (100 mm).

	B. Bands: 3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:
	1. Galvanized Steel: 0.005 inch (0.13 mm) thick.
	2. Aluminum: 0.007 inch (0.18 mm) thick.

	C. Wire: 0.080-inch soft-annealed, galvanized steel.

	2.5 VAPOR RETARDERS
	A. Mastics: Materials recommended by insulation material manufacturer that are compatible with insulation materials, jackets, and substrates.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation: Clean and dry pipe and fitting surfaces. Remove materials that will adversely affect insulation application.

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; free of voids throughout the length of piping, including fittings, valves, and specialties.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each piping system.
	C. Use accessories compatible with insulation materials and suitable for the service. Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.
	E. Apply 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. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	H. Keep insulation materials dry during application and finishing.
	I. Apply insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	J. Apply insulation with the least number of joints practical.
	K. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated. Refer to special instructions for applying insulation over fittings, valves, and specialties.
	L. Hangers and Anchors: Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.
	1. Apply insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor retarders are indicated, extend insulation on anchor legs at least 12 inches (300 mm) from point of attachment to pipe and taper insulation ends. Seal tapered ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	3. Install insert materials and apply insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended by the insulation material manufacturer.
	4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and shield.

	M. Insulation Terminations: For insulation application where vapor retarders are indicated, taper insulation ends. Seal tapered ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	N. Apply adhesives and mastics at the manufacturer's recommended coverage rate.
	O. Apply insulation with integral jackets as follows:
	1. Pull jacket tight and smooth.
	2. Circumferential Joints: Cover with 3-inch- (75-mm-) wide strips, of same material as insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip and spaced 4€inches (100 mm) o.c.
	3. Longitudinal Seams: Overlap jacket seams at least 1-1/2 inches (40€mm). Apply 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 4 inches (100 mm) o.c.
	a. Exception: Do not staple longitudinal laps on insulation having a vapor retarder.

	4. Vapor-Retarder Mastics: Where vapor retarders are indicated, apply mastic on seams and joints and at ends adjacent to flanges, unions, valves, and fittings.
	5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with vapor-retarder mastic.

	P. Roof Penetrations: Apply insulation for interior applications to a point even with top of roof flashing.
	1. Seal penetrations with vapor-retarder mastic.
	2. Apply insulation for exterior applications tightly joined to interior insulation ends.
	3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches (50 mm) below top of roof flashing.
	4. Seal metal jacket to roof flashing with vapor-retarder mastic.

	Q. Exterior Wall Penetrations: For penetrations of below-grade exterior walls, terminate insulation flush with mechanical sleeve seal. Seal terminations with vapor-retarder mastic.
	R. Interior Wall and Partition Penetrations: Apply insulation continuously through walls and floors.
	S. Fire-Rated Wall and Partition Penetrations: Apply insulation continuously through penetrations of fire-rated walls and partitions.
	1. Firestopping and fire-resistive joint sealers are specified in Division€7 Section "Firestopping."

	T. Floor Penetrations: Apply insulation continuously through floor assembly.
	1. For insulation with vapor retarders, seal insulation with vapor-retarder mastic where floor supports penetrate vapor retarder.


	3.4 MINERAL-FIBER INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without deforming insulation materials.
	2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic. Apply vapor retarder to ends of insulation at intervals of 15 to 20 feet (4.5 to 6 m) to form a vapor retarder between pipe insulation segments.
	3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 inches (150 mm) o.c.
	4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure tabs with additional adhesive as recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

	B. Apply insulation to flanges as follows:
	1. Apply preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.
	4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available. Secure according to manufacturer's written instructions.
	2. When premolded insulation elbows and fittings are not available, apply mitered sections of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to adjoining pipe insulation. Secure insulation materials with wire, tape, or bands.
	3. Cover fittings with standard PVC fitting covers.

	D. Apply insulation to valves and specialties as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available. Secure according to manufacturer's written instructions.
	2. When premolded insulation sections are not available, apply glass-fiber blanket insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation. For check valves, arrange insulation for access to stainer basket without disturbing insulation.
	3. Apply insulation to flanges as specified for flange insulation application.
	4. Use preformed standard PVC fitting covers for valve sizes where available. Secure fitting covers with manufacturer's attachments and accessories.  Seal seams with tape and vapor-retarder mastic.
	5. For larger sizes where PVC fitting covers are not available, seal insulation with canvas jacket and sealing compound recommended by the insulation material manufacturer.


	3.5 CELLULAR-GLASS INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming insulation materials.
	2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-retarder mastic.
	3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6 inches (150 mm) o.c.
	4. For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal tabs but secure tabs with additional adhesive as recommended by the insulation material manufacturer and seal with vapor-retarder mastic.

	B. Apply insulation to flanges as follows:
	1. Apply preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of cellular-glass block insulation of the same thickness as pipe insulation.
	4. Apply canvas jacket material with manufacturer's recommended adhesive, overlapping seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply premolded insulation sections of the same material as straight segments of pipe insulation when available. Secure according to manufacturer's written instructions.
	2. When premolded sections of insulation are not available, apply mitered sections of cellular-glass insulation. Secure insulation materials with wire, tape, or bands.
	3. Cover fittings with standard PVC fitting covers.

	D. Apply insulation to valves and specialties as follows:
	1. Apply premolded segments of cellular-glass insulation or glass-fiber blanket insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation. For check valves, arrange insulation for access to stainer basket without disturbing insulation.
	2. Apply insulation to flanges as specified for flange insulation application.
	3. Use preformed standard PVC fitting covers for valve sizes where available. Secure fitting covers with manufacturer's attachments and accessories.  Seal seams with tape and vapor-retarder mastic.
	4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas jacket and sealing compound recommended by the insulation material manufacturer.


	3.6 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	1. Follow manufacturer's written instructions for applying insulation.
	2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	B. Apply insulation to flanges as follows:
	1. Apply pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation segment the same as overall width of the flange and bolts, plus twice the thickness of the 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 the same thickness as pipe insulation.
	4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	C. Apply insulation to fittings and elbows as follows:
	1. Apply mitered sections of pipe insulation.
	2. Secure insulation materials and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

	D. Apply insulation to valves and specialties as follows:
	1. Apply preformed valve covers manufactured of the same material as pipe insulation and attached according to the manufacturer's written instructions.
	2. Apply cut segments of pipe and sheet insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation. For check valves, fabricate removable sections of insulation arranged to allow access to stainer basket.
	3. Apply insulation to flanges as specified for flange insulation application.
	4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive.  Cement to avoid openings in insulation that will allow passage of air to the pipe surface.


	3.7 FIELD-APPLIED JACKET APPLICATION
	A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-applied jackets.
	1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and joints.
	2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of jacket manufacturer's recommended adhesive.
	3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation.

	B. Foil and Paper Jackets: Apply foil and paper jackets where indicated.
	1. Draw jacket material smooth and tight.
	2. Apply lap or joint strips with the same material as jacket.
	3. Secure jacket to insulation with manufacturer's recommended adhesive.
	4. Apply jackets with 1-1/2-inch (40-mm) laps at longitudinal seams and 3-inch- (75-mm-) wide joint strips at end joints.
	5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-retarder mastic.

	C. Apply PVC jacket where indicated, with 1-inch (25-mm) overlap at longitudinal seams and end joints. Seal with manufacturer's recommended adhesive.
	D. Apply metal jacket where indicated, with 2-inch (50-mm) 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 (300 mm) o.c. and at end joints.

	3.8 FINISHES
	A. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of the insulation manufacturer's recommended protective coating.
	B. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection of the completed Work.

	3.9 PIPING SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Items Not Insulated: Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:
	1. Flexible connectors.
	2. Vibration-control devices.
	3. Fire-suppression piping.
	4. Drainage piping located in crawl spaces, unless otherwise indicated.
	5. Below-grade piping, unless otherwise indicated.
	6. Chrome-plated pipes and fittings, unless potential for personnel injury.
	7. Air chambers, unions, strainers, check valves, plug valves, and flow regulators.


	3.10 FIELD QUALITY CONTROL
	A. Inspection: Owner will engage a qualified inspection agency to perform the following field quality-control inspections, after installing insulation materials, jackets, and finishes, to determine compliance with requirements:
	B. Inspection: Engage a qualified inspection agency to perform the following field quality-control inspections, after installing insulation materials, jackets, and finishes, to determine compliance with requirements:
	C. Inspection: Perform the following field quality-control inspections, after installing insulation materials, jackets, and finishes, to determine compliance with requirements:
	1. Inspect fittings and valves randomly selected by Engineer
	2. Remove fitting covers from 20 elbows or 1 percent of elbows, whichever is less, for various pipe sizes.
	3. Remove fitting covers from 20 valves or 1 percent of valves, whichever is less, for various pipe sizes.

	D. Insulation applications will be considered defective if sample inspection reveals noncompliance with requirements. Remove defective Work and replace with new materials according to these Specifications.
	E. Reinstall insulation and covers on fittings and valves uncovered for inspection according to these Specifications.

	3.11 INSULATION APPLICATION SCHEDULE, GENERAL
	A. Refer to insulation application schedules for required insulation materials, vapor retarders, and field-applied jackets.
	B. Application schedules identify piping system and indicate pipe size ranges and material, thickness, and jacket requirements.

	3.12 INTERIOR INSULATION APPLICATION SCHEDULE
	A. Service: Condensate drain piping.
	1. Operating Temperature: 35 to 75 deg€F (2 to 24 deg€C).
	2. Insulation Material: Flexible elastomeric
	3. Insulation Thickness: ½˛
	4. Field-Applied Jacket: None.
	5. Vapor Retarder Required: Yes.
	6. Finish: None.

	B. Service: Chilled-water supply and return.
	1. Operating Temperature: 35 to 75 deg€F (2 to 24 deg€C).
	2. Insulation Material: Mineral fiber
	3. Insulation Thickness: Apply the following insulation thicknesses:
	a. SEE CHART

	4. Field-Applied Jacket: Standard PVC Jacket and Fitting Covers
	5. Vapor Retarder Required: Yes
	6. Finish: None

	C. Service: Heating hot-water supply and return.
	1. Operating Temperature: 100 to 200 deg€F (38 to 93 deg€C).
	2. Insulation Material: Mineral fiber
	3. Insulation Thickness: Apply the following insulation thicknesses:
	a. SEE CHART

	4. Field-Applied Jacket: Standard PVC Jacket and Fitting Covers
	5. Vapor Retarder Required: No
	6. Finish: None.


	3.13 EXTERIOR INSULATION APPLICATION SCHEDULE
	A. This application schedule is for aboveground insulation outside the building. Loose-fill insulation, for belowground piping, is specified in Division€2 piping distribution Sections.
	B. Service: Refrigerant suction.
	1. Operating Temperature: 35 to 50 deg€F (2 to 10 deg€C).
	2. Insulation Material: Flexible elastomeric
	3. Insulation Thickness: Apply the following insulation thicknesses:
	a. SEE CHART

	4. Field-Applied Jacket: Metal Jacket
	5. Vapor Retarder Required: Yes
	6. Finish: None.

	C. Service: Chilled-water supply and return.
	1. Operating Temperature: 35 to 75 deg€F (2 to 24 deg€C).
	2. Insulation Material: Mineral fiber
	3. Insulation Thickness: Apply the following insulation thicknesses:
	a. SEE CHART

	4. Field-Applied Jacket: Metal Jacket
	5. Vapor Retarder Required: Yes
	6. Finish: None
	
	THICKNESS CHART*
	



	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following for natural gas distribution outside the building:
	1. Piping.
	2. Valves.
	3. Regulators.
	4. M&V meters.


	1.3 DEFINITIONS
	A. Gas Main: Utility's natural gas piping.
	B. Gas Distribution: Piping from gas main to individual service-meter assemblies.
	C. Service-Meter Assembly: Piping, valves, service regulator, service meter, and specialties.
	D. Point of Delivery: Piping outlet from service-meter assembly.
	E. Natural Gas Piping: Piping that conveys natural gas from point of delivery to natural gas utilization devices inside the building.
	F. PE: Polyethylene plastic.

	1.4 PERFORMANCE REQUIREMENTS
	A. Minimum Working-Pressure Ratings:
	1. Piping and Valves: 100 psig minimum, unless otherwise indicated.
	2. Regulators: 25 psig minimum, unless otherwise indicated.
	3. M&V Meter: 175 psig minimum, unless otherwise indicated.


	1.5 SUBMITTALS
	A. Product Data: For the following:
	1. PE pipe and fittings.
	2. Valves.
	3. Regulators. Indicate pressure ratings and capacities.
	4. Service meters. Indicate€pressure ratings and capacities. Include bypass fittings and meter bars, and supports.

	B. Shop Drawings: For natural gas service piping and service meter assembly. Include plans, elevations, sections, details, and attachments to other work.
	C. Welding certificates.
	D. Field quality-control test reports.
	E. Operation and Maintenance Data: For the following natural gas distribution equipment and accessories to include in emergency, operation, and maintenance manuals.
	1. Regulators.
	2. M&V meters.


	1.6 QUALITY ASSURANCE
	A. Product Options: Drawings indicate size, profiles, and dimensional requirements of earthquake valves and are based on the specific system indicated. Refer to Division€1 Section "Product Requirements."
	B. Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel Code: Section€IX.
	C. Comply with requirements of utility supplying natural gas and with authorities having jurisdiction for natural gas systems.
	D. Comply with ANSI€Z223.1, NFPA€54, AGA€IFGC for materials, installation, testing, inspection, and purging.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Handling Flammable Liquids: Remove and legally dispose of liquids from drips in existing gas piping. Handle liquids to avoid spillage and ignition. Notify gas supplier. Do not leave flammable liquids on premises overnight.
	B. Store PE pipes and valves protected from direct sunlight.

	1.8 PROJECT CONDITIONS
	A. Perform site survey, research public utility records, and verify existing utility locations. Contact utility-locating service for area where Project is located.
	B. Interruption of Existing Natural Gas Service: There is an existing connection with a shut off valve. Existing service interruption should not be required; however, if required, do not interrupt natural gas service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide purging and startup of gas supply according to requirements indicated:
	1. Notify Owner no fewer than seven days in advance of proposed interruption of natural gas service.
	2. Do not proceed with interruption of natural gas service without Owner's written permission.


	1.9 COORDINATION
	A. Coordinate natural gas distribution with other trades.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the manufacturers specified.


	2.2 PIPES AND FITTINGS
	A. Refer to Part€3 "Piping Applications" Article for applications of pipe, fitting, and joining materials.
	B. Steel Pipe: ASTM€A€53/A€53M, Type€E or S, Grade€B; Schedule€40, black.
	1. Malleable-Iron Fittings: ASME€B16.3, Class€150, standard pattern, with threads complying with ASME€B1.20.1.
	2. Steel Fittings: ASME€B16.9, wrought-steel butt-welding type; and ASME€B16.11, forged steel.
	3. Steel Flanges and Flanged Fittings: ASME€B16.5.
	4. Unions: ASME€B16.39, Class€150, black malleable iron; female pattern; brass-to-iron seat; ground joint.


	2.3 JOINING MATERIALS
	A. Components, Tapes, Gaskets, and Bolts and Nuts: Suitable for natural gas and as recommended by piping manufacturer.

	2.4 SHUTOFF VALVES
	A. Shutoff Valves, General: Manual operation, suitable for natural gas service, and with 100-psig (690-kPa) minimum working-pressure rating.
	B. Threaded Valves, NPS€1 (DN€25) and Smaller: Include listing by agency acceptable to authorities having jurisdiction.
	C. Ball Valves: Bronze body, with chrome-plated brass ball; lever handle; and complying with ASME€B16.33, MSS€SP-110, UL€842. Include locking device.
	1. Manufacturers:
	a. Conbraco Industries, Inc.
	b. Hammond Valve.
	c. Maxitrol Company.
	d. Milwaukee Valve Company.
	e. NIBCO.
	f. Stockham.
	g. Watts Industries, Inc.



	2.5 REGULATORS
	A. Line Pressure Regulators: Comply with ANSI€Z21.80.
	1. Manufacturers: Subject to compliance with requirements
	a. Maxitrol Company.
	b. American Meter Company.
	c. Eclipse Combustion, Inc.
	d. Fisher Control Valves and Regulators; Division of Emerson Process Management.
	e. Invensys.

	2. Lock-up style
	3. Body and Diaphragm Case: Cast iron or die-cast aluminum.
	4. Springs: Zinc-plated steel; interchangeable.
	5. Diaphragm Plate: Zinc-plated steel.
	6. Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
	7. Orifice: Aluminum; interchangeable.
	8. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon.
	9. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet, and no pressure sensing piping external to the regulator.
	10. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150 percent of design discharge pressure at shutoff.
	11. Overpressure Protection Device: Factory mounted on pressure regulator.
	12. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not connected to vent piping.
	13. Maximum Inlet Pressure 10 psig


	2.6 M&V METERS
	A. Install Cogen gas meter (gas pulse signal) furnished by the CHP manufacturer that interconnects to LM-1 controller as shown on the contract drawings. LM-1 shall interface with the building automation system to display gas consumption.


	PART 3 - EXECUTION
	3.1 EARTHWORK
	A. Refer to Division€2 Section "Earthwork" for excavating, trenching, and backfilling.

	3.2 PREPARATION
	A. Close equipment shutoff valves before turning off gas to premises or piping section.
	B. Inspect natural gas piping according to fuel gas code to determine that natural gas utilization devices are turned off in piping section affected.
	C. Comply with fuel gas code requirements for prevention of accidental ignition.

	3.3 PIPING APPLICATIONS
	A. Flanges, unions, and transition and special fittings with pressure ratings same as or higher than system pressure rating may be used, unless otherwise indicated.
	B. Aboveground Piping:
	1. NPS€2 (DN€50) and Smaller: Steel pipe, butt-welding-type fittings, and welded joints. Joints for connection to threaded service regulators, service meters, and valves may be threaded.
	2. NPS€2 (DN€50) and Smaller: Steel pipe, malleable-iron fittings, and threaded joints.
	3. NPS€2-1/2 (DN€65) and Larger: Steel pipe, butt-welding-type fittings, and welded joints. Joints for connection to service regulators, service meters, and valves with flanged connections may be flanged. Joints for connection to service regulators, service meters, and valves with threaded connections NPS€2-1/2 to NPS€4 (DN€65 to DN€100) may be threaded.

	C. Underground Piping: PE pipe, PE fittings, and heat-fusion joints.
	D. Protective Conduit for Underground Piping: Steel pipe and threaded- or welding-type fittings.
	E. Underground-to-Aboveground Piping Connections: Service-line riser.
	F. PE-to-Steel Piping Connections: Transition fitting.

	3.4 VALVE APPLICATIONS
	A. Drawings indicate types of shutoff valves to be used. If specific types are not indicated, the following requirements apply:
	1. Connections to Existing Gas Piping: Use valve and fitting assemblies made for tapping gas mains.
	2. Underground: Use PE valves.
	3. Aboveground, NPS€2 (DN€50) and Smaller: Nonlubricated tapered plug valves.
	4. Aboveground, NPS€2 (DN€50) and Smaller: Ball valves.
	5. Aboveground, NPS€2-1/2 (DN€65) and Larger: Nonlubricated plug valves.


	3.5 PIPING INSTALLATION
	A. Install underground, natural gas distribution piping buried at least 36 inches (900€mm) below finished grade.
	B. Install underground, PE, natural gas distribution piping according to ASTM€D€2774.
	C. Install underground, PE, natural gas distribution piping at entrance to and under part of building in steel piping protective conduit that is vented to outside.
	D. Drips and Sediment Traps: Install drips at points where condensate may collect, including service-meter outlets. Locate where readily accessible to permit cleaning and emptying. Do not install where condensate would be subject to freezing.
	1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) long and same size as connected pipe. Install with space below bottom of drip to remove plug or cap.

	E. Terminate service-regulator horizontal vents or horizontal vent piping with reducing-elbow fittings with large end as outlet. Install fitting outlet turned down with corrosion-resistant insect screen in outlet.

	3.6 PIPING JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints:
	1. Thread pipe with tapered pipe threads complying with ASME€B1.20.1.
	2. Cut threads full and clean using sharp dies.
	3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
	4. Apply appropriate tape or thread compound to external pipe threads unless dryseal threading is specified.
	5. 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:
	1. Construct joints according to AWS€D10.12/D10.12M, using qualified processes and welding operators.
	2. Bevel plain ends of steel pipe.
	3. Patch factory-applied protective coating as recommended by manufacturer at field welds and where damage to coating occurs during construction.

	E. Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas service. Install gasket concentrically positioned.

	3.7 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for pipe hangers and supports specified in Section€230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod sizes:
	1. NPS€1 (DN€25) and Smaller: Maximum span, 96 inches (2438 mm); minimum rod size, 3/8 inch (10 mm).
	2. NPS€1-1/4 (DN€32): Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch (10 mm).
	3. NPS€1-1/2 and NPS€2 (DN€40 and DN€50): Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch (10 mm).
	4. NPS€2-1/2 to NPS€3-1/2 (DN€65 to DN€90): Maximum span, 10 feet (3€m); minimum rod size, 1/2 inch (13 mm).
	5. NPS€4 (DN€100) and Larger: Maximum span, 10 feet (3€m); minimum rod size, 5/8 inch (15.8 mm).


	3.8 M&V ASSEMBLY INSTALLATION
	A. Refer to mechanical drawings for regulator and M&V meter locations.

	3.9 VALVE INSTALLATION
	A. Refer to mechanical drawings for valve locations.

	3.10 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect gas distribution piping to natural gas source and extend to service-meter assemblies and points indicated. Connect to building's natural gas piping if it is installed; otherwise, terminate piping with caps, plugs, or flanges, as required for piping material.
	C. Install unions, in piping NPS€2 (DN€50) and smaller, adjacent to each valve and at final connection to each piece of equipment having threaded pipe connection.
	D. Install aboveground, natural gas distribution piping upstream from equipment shutoff valves, electrically continuous, and bonded to grounding electrode according to NFPA€70.
	E. Do not use natural gas distribution piping as grounding electrode.

	3.11 LABELING AND IDENTIFYING
	A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplates and signs on or near each service regulator, service meter, and earthquake valve.
	1. Text: In addition to identifying unit, distinguish between multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations.

	B. Refer to ˝Mechanical Identification" for equipment nameplates and signs.

	3.12 PAINTING
	A. Paint exposed metal piping, valves, service regulators, service meters and meter bars, earthquake valves, and piping specialties except units with factory-applied paint or protective coating.
	B. Damage and Touchup: Repair marred and damaged factory-applied finishes with materials and by procedures to match original factory finish.

	3.13 FIELD QUALITY CONTROL
	A. Test, inspect, and purge natural gas distribution according to requirements of fuel gas code and utility.
	B. Repair leaks and defective valves and specialties and retest system until no leaks exist.
	C. Report results in writing.
	D. Verify correct pressure settings for service regulators.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes piping, special-duty valves, and hydronic specialties for hot-water heating, chilled-water cooling, and condenser water systems; makeup water for these systems; blowdown drain lines; and condensate drain piping.
	B. Related Sections include the following:
	1. Division€7 Section "Through-Penetration Firestop Systems" for materials and methods for sealing pipe penetrations through fire and smoke barriers.
	2. Division€7 Section "Joint Sealants" for materials and methods for sealing pipe penetrations through exterior walls.
	3. Division€23 Section "Basic Mechanical Materials and Methods" for general piping materials and installation requirements.
	4. Division€23 Section "Hangers and Supports" for pipe supports, product descriptions, and installation requirements. Hanger and support spacing is specified in this Section.
	5. Division€23 Section "Valves" for general-duty gate, globe, ball, butterfly, and check valves.
	6. Division€23 Section "Meters and Gages" for thermometers, flow meters, and pressure gages.
	7. Division€23 Section "Mechanical Identification" for labeling and identifying hydronic piping.
	8. Division€23 Section "HVAC Instrumentation and Control for HVAC" for temperature-control valves and sensors.


	1.3 DEFINITIONS
	A. CPVC: Chlorinated polyvinyl chloride.
	B. PVC: Polyvinyl chloride.

	1.4 SUBMITTALS
	A. Product Data: For each type of special-duty valve indicated. Include flow and pressure drop curves based on manufacturer's testing for diverting fittings, calibrated balancing valves, and automatic flow-control valves.
	B. Shop Drawings: Detail fabrication of pipe anchors, hangers, special pipe support assemblies, alignment guides, expansion joints and loops, and their attachment to the building structure. Detail location of anchors, alignment guides, and expansion joints and loops.
	C. Welding Certificates: Copies of certificates for welding procedures and personnel.
	D. Field Test Reports: Written reports of tests specified in Part€3 of this Section. Include the following:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Failed test results and corrective action taken to achieve requirements.

	E. Maintenance Data: For hydronic specialties and special-duty valves to include in maintenance manuals specified in Division€1.
	F. Water Analysis: Submit a copy of the water analysis to illustrate water quality available at Project site.

	1.5 QUALITY ASSURANCE
	A. Welding: Qualify processes and operators according to the ASME Boiler and Pressure Vessel Code: Section€IX, "Welding and Brazing Qualifications."
	B. ASME Compliance: Comply with ASME€B31.9, "Building Services Piping," for materials, products, and installation. Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate and stamp air separators and expansion tanks to comply with the ASME Boiler and Pressure Vessel Code, Section€VIII, Division€1.

	1.6 COORDINATION
	A. Coordinate layout and installation of hydronic piping and suspension system components with other construction, including light fixtures, HVAC equipment, fire-suppression-system components, structural components, exhibit cases and partition assemblies.
	B. Coordinate pipe sleeve installations for foundation wall penetrations.
	C. Coordinate piping installation with roof curbs, equipment supports, and roof penetrations. Roof specialties are specified in Division€7 Sections.
	D. Coordinate pipe fitting pressure classes with products specified in related Sections.
	E. Coordinate installation of pipe sleeves for penetrations through exterior walls and floor assemblies. Coordinate with requirements for firestopping specified in Division€7 Section "Through-Penetration Firestop Systems" for fire and smoke wall and floor assemblies.

	1.7 EXTRA MATERIALS
	A. Water Treatment Chemicals: Furnish sufficient chemicals for initial system startup and for preventive maintenance for one year from date of Substantial Completion.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Grooved Mechanical-Joint Fittings and Couplings:
	a. Central Sprinkler Company; Central Grooved Piping Products.
	b. Grinnell Corporation.
	c. Victaulic Company of America.

	2. Calibrated Balancing Valves:
	a. Armstrong Pumps, Inc.
	b. Flow Design, Inc.
	c. Gerand Engineering Company.
	d. Griswold Controls.
	e. ITT Bell & Gossett; ITT Fluid Technology Corp.
	f. Taco, Inc.

	3. Pressure-Reducing Valves:
	a. Amtrol, Inc.
	b. Armstrong Pumps, Inc.
	c. Conbraco Industries, Inc.
	d. ITT Bell & Gossett; ITT Fluid Technology Corp.
	e. Spence Engineering Company, Inc.
	f. Watts Industries, Inc.; Watts Regulators.

	4. Safety Valves:
	a. Amtrol, Inc.
	b. Armstrong Pumps, Inc.
	c. Conbraco Industries, Inc.
	d. ITT McDonnell & Miller Div.; ITT Fluid Technology Corp.
	e. Kunkle Valve Division.
	f. Spence Engineering Company, Inc.

	5. Automatic Flow-Control Valves:
	a. Flow Design, Inc.
	b. Griswold Controls.

	6. Expansion Tanks:
	a. Amtrol, Inc.
	b. Armstrong Pumps, Inc.
	c. ITT Bell & Gossett; ITT Fluid Technology Corp.
	d. Taco, Inc.

	7. Air Separators and Air Purgers:
	a. Amtrol, Inc.
	b. Armstrong Pumps, Inc.
	c. ITT Bell & Gossett; ITT Fluid Technology Corp.
	d. Taco, Inc.



	2.2 PIPING MATERIALS
	A. General: Refer to Part€3 "Piping Applications" Article for applications of pipe and fitting materials.

	2.3 COPPER TUBE AND FITTINGS
	A. Drawn-Temper Copper Tubing: ASTM€B€88, Type€L.
	B. Wrought-Copper Fittings: ASME€B16.22.
	C. Wrought-Copper Unions: ASME€B16.22.
	D. Solder Filler Metals: ASTM€B€32, 95-5 tin antimony.
	E. Brazing Filler Metals: AWS€A5.8, Classification BAg-1 (silver).

	2.4 STEEL PIPE AND FITTINGS
	A. Steel Pipe, NPS€2 (DN€50) and Smaller: ASTM€A€53, Type€S (seamless) or Type€F (furnace-butt welded), Grade€B, Schedule€40, black steel, plain ends.
	B. Steel Pipe, NPS€2-1/2 through NPS€12 (DN€65 through DN€300): ASTM€A€53, Type€E (electric-resistance welded), Grade€B, Schedule€40, black steel, plain ends.
	1. Steel Pipe Nipples: ASTM€A€733, made of ASTM€A€53, Schedule€40, black steel; seamless for NPS€2 (DN€50) and smaller and electric-resistance welded for NPS€2-1/2 (DN€65) and larger.

	C. Cast-Iron Threaded Fittings: ASME€B16.4; Classes€125 and 250.
	D. Malleable-Iron Threaded Fittings: ASME€B16.3, Classes€150 and 300.
	E. Malleable-Iron Unions: ASME€B16.39; Class€ 300.
	F. Cast-Iron Pipe Flanges and Flanged Fittings: ASME€B16.1, Classes€25, 125, and 250; raised ground face, and bolt holes spot faced.
	G. Wrought-Steel Fittings: ASTM€A€234/A€234M, wall thickness to match adjoining pipe.
	H. Wrought Cast- and Forged-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.

	I. Grooved Mechanical-Joint Fittings: ASTM€A€536, Grade€65-45-12 ductile iron; ASTM€A€47 (ASTM€A€47M), Grade€32510 malleable iron; ASTM€A€53, Type€F, E, or S, Grade€B fabricated steel; or ASTM€A€106, Grade€B steel fittings with grooves or shoulders designed to accept grooved end couplings.
	J. Grooved Mechanical-Joint Couplings: Ductile- or malleable-iron housing and pre-lubricated synthetic rubber gasket of central cavity pressure-responsive design; with nuts, bolts, locking pin, locking toggle, or lugs to secure grooved pipe and fittings.
	K. Flexible Connectors: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective jacket; 150-psig (1035-kPa) minimum working pressure and 250 deg€F (121 deg€C) maximum operating temperature. Connectors shall have flanged or threaded-end connections to match equipment connected and shall be capable of 3/4-inch (20-mm) misalignment.
	L. Spherical, Rubber, Flexible Connectors: Fiber-reinforced rubber body with steel flanges drilled to align with Classes€150 and 300 steel flanges; operating temperatures up to 250 deg€F (121 deg€C) and pressures up to 150 psig (1035 kPa).
	M. Welding Materials: Comply with Section€II, Part€C, of the ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.
	N. Gasket Material: Thickness, material, and type suitable for fluid to be handled; and design temperatures and pressures.

	2.5 PLASTIC PIPE AND FITTINGS
	A. CPVC Plastic Pipe: ASTM€F€441, Schedule€80, plain ends.
	B. PVC Plastic Pipe: ASTM€D€1785, Schedule€80, plain ends.
	C. CPVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM€F€439.
	1. CPVC Solvent Cement: ASTM€F€493.

	D. PVC Plastic Pipe Fittings: Socket-type pipe fittings; ASTM€D€2467.
	1. PVC Solvent Cement: ASTM€D€2564.

	E. Cross-linked polyethylene (PEX) tubing specification:
	1. Tubing shall be a single layer, cross-linked polyethylene extrusion. Tubing shall conform to the standard thermoplastic pipe dimension ratio (sdr-9) and be manufactured to ASTM f876 and f877 standards. Tubing shall be listed to NSF/ANSI standards 14 and 61. Tubing shall contain a minimum cross-linking value of 65% and no greater than 89%, inclusive.
	2. Fittings: for system compatibility, use fittings offered by the PEX tubing manufacturer. The fitting assembly must comply with ASTM f877 requirements.


	2.6 VALVES
	A. Gate, globe, check, ball, and butterfly valves are specified in Division€15 Section "Valves."
	B. Refer to Part€3 "Valve Applications" Article for applications of each valve.
	C. Calibrated Balancing Valves, NPS€2 (DN€50) and Smaller: Bronze body, ball type, 125-psig (860-kPa) working pressure, 250 deg€F (121 deg€C) maximum operating temperature, and having threaded ends. Valves shall have calibrated orifice or venturi, connections for portable differential pressure meter with integral seals, and be equipped with a memory stop to retain set position.
	D. Calibrated Balancing Valves, NPS€2-1/2 (DN€65) and Larger: Cast-iron or steel body, ball type, 125-psig (860-kPa) working pressure, 250 deg€F (121 deg€C) maximum operating temperature, and having flanged or grooved connections. Valves shall have calibrated orifice or venturi, connections for portable differential pressure meter with integral seals, and be equipped with a memory stop to retain set position.
	E. Pressure-Reducing Valves: Diaphragm-operated, bronze or brass body with low inlet pressure check valve, inlet strainer removable without system shutdown, and non-corrosive valve seat and stem. Select valve size, capacity, and operating pressure to suit system. Valve shall be factory set at operating pressure and have capability for field adjustment.
	F. Safety Valves: Diaphragm-operated, bronze or brass body with brass and rubber, wetted, internal working parts; shall suit system pressure and heat capacity and shall comply with the ASME Boiler and Pressure Vessel Code, Section€IV.
	G. Automatic Flow-Control Valves: Gray-iron body, factory set to maintain constant flow with plus or minus 5 percent over system pressure fluctuations, and equipped with a readout kit including flow meter, probes, hoses, flow charts, and carrying case. Each valve shall have an identification tag attached by chain, and be factory marked with the zone identification, valve number, and flow rate. Valve shall be line size and one of the following designs:
	1. Gray-iron or brass body, designed for 175 psig (1206 kPa) at 200 deg€F (93 deg€C) with stainless-steel piston and spring.
	2. Brass or ferrous-metal body, designed for 300 psig (2068 kPa) at 250 deg€F (121 deg€C) with corrosion-resistant, tamperproof, self-cleaning, piston-spring assembly easily removable for inspection or replacement.
	3. Combination assemblies, including bronze ball valve and brass alloy control valve, with stainless-steel piston and spring, fitted with pressure and temperature test valves, and designed for 300 psig (2067 kPa) at 250€deg€F (121 deg€C).

	H. Plastic Ball Valves: 150-psig (1035-kPa) working pressure, 250 deg€F (121 deg€C) maximum operating temperature, full port design, 1- or 2-piece body design, CPVC body and ball, polytetrafluoroethylene seats, EPDM seals, and tee handle; with threaded, socket, union, or flanged connections.
	I. Plastic Butterfly Valves: 150-psig (1035-kPa) working pressure, 250 deg€F (121 deg€C) maximum operating temperature, PVC wafer body, polytetrafluoroethylene seats, lever lock handle, and wafer style for installation between flanges.

	2.7 HYDRONIC SPECIALTIES
	A. Manual Air Vent: Bronze body and nonferrous internal parts; 150-psig (1035-kPa) working pressure; 225 deg€F (107 deg€C) operating temperature; manually operated with screwdriver or thumbscrew; with NPS€1/8 (DN€6) discharge connection and NPS€1/2 (DN€15) inlet connection.
	B. Automatic Air Vent: Designed to vent automatically with float principle; bronze body and nonferrous internal parts; 150-psig (1035-kPa) working pressure; 240 deg€F (116 deg€C) operating temperature; with NPS€1/4 (DN€8) discharge connection and NPS€1/2 (DN€15) inlet connection.
	C. Expansion Tanks: Welded carbon steel, rated for 125-psig (860-kPa) working pressure and 375 deg€F (191 deg€C) maximum operating temperature. Separate air charge from system water to maintain design expansion capacity by a flexible diaphragm securely sealed into tank. Include drain fitting and taps for pressure gage and air-charging fitting. Support vertical tanks with steel legs or base; support horizontal tanks with steel saddles. Factory fabricate and test tank with taps and supports installed and labeled according to the ASME Boiler and Pressure Vessel Code, Section€VIII, Division€1.
	D. Tangential-Type Air Separators: Welded black steel; ASME constructed and labeled for 125-psig (860-kPa) minimum working pressure and 375 deg€F (191 deg€C) maximum operating temperature; perforated stainless-steel air collector tube designed to direct released air into expansion tank; tangential inlet and outlet connections; threaded connections for NPS€2 (DN€50) and smaller; flanged connections for NPS€2-1/2 (DN€65) and larger; threaded blowdown connection. Provide units in sizes for full-system flow capacity.
	E. In-Line Air Separators: One-piece cast iron with an integral weir designed to decelerate system flow to maximize air separation at a working pressure up to 175 psig (1206 kPa) and liquid temperature up to 300 deg€F (149 deg€C).
	F. Air Purgers: Cast-iron body with internal baffles that slow the water velocity to separate the air from solution and divert it to the vent for quick removal. Maximum working pressure of 150 psig (1035€kPa) and temperature of 250€deg€F (121€deg€C).
	G. Bypass Chemical Feeder: Welded steel construction; 125-psig (860-kPa) working pressure; 5-gal. (19-L) capacity; with fill funnel and inlet, outlet, and drain valves.
	1. Chemicals: Specially formulated, based on analysis of makeup water, to prevent accumulation of scale and corrosion in piping and connected equipment.

	H. Y-Pattern Strainers: 125-psig (860-kPa) working pressure; cast-iron body (ASTM€A€126, Class€B), flanged ends for NPS€2-1/2 (DN€65) and larger, threaded connections for NPS€2 (DN€50) and smaller, bolted cover, perforated stainless-steel basket, and bottom drain connection with capped ball valve for strainer blowdown.
	I. Basket Strainers: 125-psig (860-kPa) working pressure; high-tensile cast-iron body (ASTM€A€126, Class€B), flanged-end connections, bolted cover, perforated stainless-steel basket, and bottom drain connection.
	J. Flexible Connectors: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective jacket; 150-psig (1035-kPa) minimum working pressure and 250 deg€F (121 deg€C) maximum operating temperature. Connectors shall have flanged- or threaded-end connections to match equipment connected and shall be capable of 3/4-inch (20-mm) misalignment.
	K. Spherical, Rubber, Flexible Connectors: Fiber-reinforced rubber body with steel flanges drilled to align with Classes€150 and 300 steel flanges; operating temperatures up to 250 deg€F (121 deg€C) and pressures up to 150 psig (1035 kPa).


	PART 3 - EXECUTION
	3.1 PIPING APPLICATIONS
	A. Hot and Chilled Water, NPS€2 (DN€50) and Smaller: Aboveground, use Type€L drawn-temper copper tubing with soldered joints or Schedule€ 40 steel pipe with threaded joints.
	B. Hot and Chilled Water, NPS€2-1/2 (DN€65) and Larger: Schedule€ 40 steel pipe with welded and flanged joints or grooved mechanical-joint couplings.
	C. Condenser Water, NPS€4 (DN€100) and Smaller: Aboveground, use Type€L (Type€B) drawn-temper copper tubing with soldered joints
	D. Condenser Water: NPS€2 (DN€50) and Larger Use schedule€ 80, CPVC pipe with solvent-welded joints.
	E. Condensate Drain Lines: Type€m copper tubing with soldered joints. Provide PEX tubing from fan coil connection to the copper drain header.

	3.2 VALVE APPLICATIONS
	A. General-Duty Valve Applications: Unless otherwise indicated, use the following valve types:
	1. Shutoff Duty: Gate, ball, and butterfly valves.
	2. Throttling Duty: Globe and butterfly valves.

	B. Install shutoff duty valves at each branch connection to supply mains, at supply connection to each piece of equipment, unless only one piece of equipment is connected in the branch line. Install throttling duty valves at each branch connection to return mains, at return connections to each piece of equipment, and elsewhere as indicated.
	C. Install calibrated balancing valves in the return water line of each heating or cooling element and elsewhere as required to facilitate system balancing.
	D. Install check valves at each pump discharge and elsewhere as required to control flow direction.
	E. Install safety valves on hot-water generators and elsewhere as required by the ASME Boiler and Pressure Vessel Code. Install safety-valve discharge piping, without valves, to floor. Comply with the ASME Boiler and Pressure Vessel Code, Section€VIII, Division€1, for installation requirements.
	F. Install pressure-reducing valves on hot-water generators and elsewhere as required to regulate system pressure.

	3.3 PIPING INSTALLATIONS
	A. Refer to Division€15 Section "Basic Mechanical Materials and Methods" for basic piping installation requirements.
	B. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	C. Install drains, consisting of a tee fitting, NPS€3/4 (DN€20) ball valve, and short NPS€3/4 (DN€20) threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	D. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
	E. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
	F. Unless otherwise indicated, install branch connections to mains using tee fittings in main pipe, with the takeoff coming out the bottom of the main pipe. For up-feed risers, install the takeoff coming out the top of the main pipe.
	G. Install strainers on supply side of each control valve, pressure-reducing valve, solenoid valve, in-line pump, and elsewhere as indicated. Install NPS€3/4 (DN€20) nipple and ball valve in blowdown connection of strainers NPS€2 (DN€50) and larger. Match size of strainer blowoff connection for strainers smaller than NPS€2 (DN€50).
	H. Anchor piping for proper direction of expansion and contraction.

	3.4 HANGERS AND SUPPORTS
	A. Hanger, support, and anchor devices are specified in Division€15 Section "Hangers and Supports." Comply with requirements below for maximum spacing of supports.
	B. Install the following pipe attachments:
	1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m) long.
	2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet (6 m) or longer.
	3. Pipe Roller: MSS€SP-58, Type€44 for multiple horizontal piping 20 feet (6 m) or longer, supported on a trapeze.
	4. Spring hangers to support vertical runs.
	5. 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 (DN€20): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
	2. NPS€1 (DN€25): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
	3. NPS€1-1/2 (DN€40): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 mm).
	4. NPS€2 (DN€50): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).
	5. NPS€2-1/2 (DN€65): Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (10€mm).
	6. NPS€3 (DN€80): Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).
	7. NPS€4 (DN€100): Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).
	8. NPS€6 (DN€150): Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm).
	9. NPS€8 (DN€200): Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 mm).
	10. NPS€10 (DN€250): Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 inch (19€mm).
	11. NPS€12 (DN€300): Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 mm).

	D. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	1. NPS€3/4 (DN€20): Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch (6.4 mm).
	2. NPS€1 (DN€25): Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 mm).
	3. NPS€1-1/2 (DN€40): Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).
	4. NPS€2 (DN€50): Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).
	5. NPS€2-1/2 (DN€65): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 mm).
	6. NPS€3 (DN€80): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

	E. Plastic Piping Hanger Spacing: Provide continuous 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 (3-m) intervals between floors.

	3.5 PIPE JOINT CONSTRUCTION
	A. Refer to Division€15 Section "Basic Mechanical Materials and Methods" for joint construction requirements for soldered and brazed joints in copper tubing; threaded, welded, and flanged joints in steel piping; and solvent-welded joints for PVC and CPVC piping.

	3.6 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 in mechanical equipment rooms only at high points of system piping, at heat-transfer coils, and elsewhere as required for system air venting.
	C. Install dip-tube fittings in boiler outlet. Install piping to expansion tank with a 2 percent upward slope toward tank. Connect boiler-outlet piping.
	D. Install in-line air separators in pump suction lines. Install piping to compression tank with a 2 percent upward slope toward tank. Install drain valve on units NPS€2 (DN€50) and larger.
	E. Install combination air separator and strainer in pump suction lines. Install piping to compression tank with a 2 percent upward slope toward tank. Install blowdown piping with gate valve; extend to nearest drain.
	F. Install bypass chemical feeders in each hydronic system where indicated, in upright position with top of funnel not more than 48 inches (1200 mm) above floor. Install feeder in bypass line, off main, using globe valves on each side of feeder and in the main between bypass connections. Pipe drain, with ball valve, to nearest equipment drain.
	G. Install expansion tanks above air separator. Install gage glass and cocks on end of tank. Install tank fitting in tank bottom and charge tank. Use manual vent for initial fill to establish proper water level in tank.
	1. Support tank from floor or structure above with sufficient strength to carry weight of tank, piping connections, and fittings, plus weight of a full tank of water. Do not overload building components and structural members.


	3.7 TERMINAL EQUIPMENT CONNECTIONS
	A. Size for supply and return piping connections shall be same as for equipment connections.
	B. Install control valves in accessible locations close to connected equipment.
	C. Install bypass piping with globe valve around control valve. If multiple, parallel control valves are installed, only one bypass is required.
	D. Install ports for pressure and temperature gages at coil inlet connections.

	3.8 CHEMICAL TREATMENT
	A. Perform an analysis of supply water to determine the type and quantities of chemical treatment needed to keep system free of scale, corrosion, and fouling.
	B. Fill system and perform initial chemical treatment.

	3.9 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 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.
	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. 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 trapped air. Use drains installed at low points for complete draining of liquid.
	3. Check expansion tanks to determine that they are not air bound and that system is full of water.
	4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the design 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 either 90 percent of specified minimum yield strength or 1.7 times "SE" value in Appendix€A of 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.


	3.10 ADJUSTING
	A. Mark calibrated nameplates of pump discharge valves after hydronic system balancing has been completed, to permanently indicate final balanced position.
	B. Perform these adjustments before operating the system:
	1. Open valves to fully open position. Close coil bypass valves.
	2. Check pump for proper direction of rotation.
	3. Set automatic fill valves for required system pressure.
	4. Check 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. Check operation of automatic bypass valves.
	7. Check and set operating temperatures of boilers, chillers, and cooling towers to design requirements.
	8. Lubricate motors and bearings.


	3.11 CLEANING
	A. Flush hydronic piping systems with clean water. Remove and clean or replace strainer screens. After cleaning and flushing hydronic piping systems, but before balancing, remove disposable fine-mesh strainers in pump suction diffusers.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following pipe expansion joints and expansion compensation devices for mechanical piping systems:
	1. Metal-bellows expansion joints.
	2. Expansion compensators.
	3. Rubber expansion joints.
	4. Flexible-hose expansion joints.
	5. Packed slip expansion joints.
	6. Flexible ball joints.
	7. Pipe bends and loops.
	8. Alignment guides and anchors.


	1.3 DEFINITIONS
	A. BR: Butyl rubber.
	B. Buna-N: Nitrile rubber.
	C. CR: Chlorosulfonated polyethylene synthetic rubber.
	D. CSM: Chlorosulfonyl-polyethylene rubber.
	E. EPDM: Ethylene-propylene-diene terpolymer rubber.
	F. NR: Natural rubber.
	G. PTFE: Polytetrafluoroethylene plastic.

	1.4 PERFORMANCE REQUIREMENTS
	A. Compatibility: Products shall be suitable for piping system fluids, materials, working pressures, and temperatures.
	B. Capability: Products shall absorb 200 percent of maximum axial movement between anchors.

	1.5 SUBMITTALS
	A. Product Data: For each type of pipe expansion joint and alignment guide indicated.
	B. Shop Drawings: Signed and sealed by a qualified professional engineer.
	1. Design Calculations: Calculate requirements for thermal expansion of piping systems and for selecting and designing expansion joints, loops, and bends.
	2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions and methods of assembly and attachment to building structure.
	3. Alignment Guide Details: Detail field assembly and attachment to building structure.
	4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating, end connections, and location for each expansion joint.

	C. Product Certificates: For each type of pipe expansion joint, signed by product manufacturer.
	D. Welding certificates.
	E. Operation and Maintenance Data: For pipe expansion joints to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Welding: Qualify procedures and personnel according to the following:
	1. Steel Shapes and Plates: AWS€D1.1, "Structural Welding Code - Steel."
	2. Welding to Piping: ASME Boiler and Pressure Vessel Code: Section€IX.



	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers specified.
	2. Manufacturers: Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 EXPANSION JOINTS
	A. Metal-Bellows Expansion Joints: ASTM€F€1120, circular-corrugated-bellows type with external tie rods.
	1. Manufacturers:
	a. Adsco Manufacturing, LLC.
	b. Anamet, Inc.
	c. Badger Industries.
	d. Expansion Joint Systems, Inc.
	e. Flex-Hose Co., Inc.
	f. Flexicraft Industries.
	g. Flex-Pression, Ltd.
	h. Flex-Weld, Inc.
	i. Hyspan Precision Products, Inc.
	j. Metraflex, Inc.
	k. Piping Technology & Products, Inc.
	l. Proco Products, Inc.
	m. Senior Flexonics, Inc.; Pathway Division.
	n. Tozen America Corp.
	o. Unaflex Inc.
	p. WahlcoMetroflex.
	q. Or equal

	2. Metal-Bellows Expansion Joints for Copper Piping: Single- or multiple-ply phosphor-bronze bellows, copper pipe end connections, and brass shrouds.
	3. Metal-Bellows Expansion Joints for Steel Piping: Single- or multiple-ply stainless-steel bellows, steel pipe end connections, and carbon-steel shroud.
	4. Minimum Pressure Rating: 150 psig (1035 kPa) unless otherwise indicated.
	5. End Connections: Flanged or weld

	B. Flexible-Hose Expansion Joints: Manufactured assembly with two flexible-metal-hose legs joined by long-radius, 180-degree return bend or center section of flexible hose; with inlet and outlet elbow fittings, corrugated-metal inner hoses, and braided outer sheaths.
	1. Manufacturers:
	a. Flex-Hose Co., Inc.
	b. Flexicraft Industries.
	c. Flex-Pression, Ltd.
	d. Metraflex, Inc.
	e. Or equal

	2. Flexible-Hose Expansion Joints for Steel Piping: Carbon-steel fittings with threaded end connections for NPS€2 (DN€50) and smaller and flanged or weld end connections for NPS€2-1/2 (DN€65) and larger.
	a. NPS€2 (DN€50) and Smaller: Stainless-steel hoses and single-braid, stainless-steel sheaths with 450 psig at 70 deg€F (3100 kPa at 21 deg€C) and 325 psig at 600 deg€F (2250 kPa at 315 deg€C) ratings.
	b. NPS€2-1/2 to NPS€6 (DN€65 to DN€150): Stainless-steel hoses and single-braid, stainless-steel sheaths with 200 psig at 70 deg€F (1380 kPa at 21 deg€C) and 145 psig at 600 deg€F (1000 kPa at 315 deg€C) ratings.
	c. NPS€8 to NPS€12 (DN€200 to DN€300): Stainless-steel hoses and single-braid, stainless-steel sheaths with 125 psig at 70 deg€F (860 kPa at 21 deg€C) and 90 psig at 600 deg€F (625 kPa at 315 deg€C) ratings.



	2.3 ALIGNMENT GUIDES
	A. Description: Steel, factory fabricated, with bolted two-section outer cylinder and base for alignment of piping and two-section guiding spider for bolting to pipe.
	1. Manufacturers:
	a. Adsco Manufacturing, LLC.
	b. Advanced Thermal Systems, Inc.
	c. Flex-Hose Co., Inc.
	d. Flexicraft Industries.
	e. Flex-Weld, Inc.
	f. Hyspan Precision Products, Inc.
	g. Metraflex, Inc.
	h. Piping Technology & Products, Inc.
	i. Senior Flexonics, Inc.; Pathway Division.
	j. Or equal



	2.4 MATERIALS FOR ANCHORS
	A. Steel Shapes and Plates: ASTM€A€36/A€36M.
	B. Bolts and Nuts: ASME€B18.10 or ASTM€A€183, steel, hex head.
	C. Washers: ASTM€F€844, steel, plain, flat washers.
	D. Mechanical Fasteners: Insert-wedge-type stud with expansion plug anchor for use in hardened portland cement concrete, and tension and shear capacities appropriate for application.
	1. Stud: Threaded, zinc-coated carbon steel.
	2. Expansion Plug: Zinc-coated steel.
	3. Washer and Nut: Zinc-coated steel.

	E. Chemical Fasteners: Insert-type-stud bonding system anchor for use with hardened portland cement concrete, and tension and shear capacities appropriate for application.
	1. Bonding Material: ASTM€C€881, Type€IV, Grade€3, 2-component epoxy resin suitable for surface temperature of hardened concrete where fastener is to be installed.
	2. Stud: ASTM€A€307, zinc-coated carbon steel with continuous thread on stud, unless otherwise indicated.
	3. Washer and Nut: Zinc-coated steel.

	F. Concrete: Refer to Division€3 Section "Cast-in-Place Concrete" for formwork, reinforcement, and concrete.
	G. Grout: ASTM€C€1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink, nonmetallic grout; suitable for interior and exterior applications.
	1. Properties: Nonstaining, noncorrosive, and nongaseous.
	2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.



	PART 3 - EXECUTION
	3.1 EXPANSION-JOINT INSTALLATION
	A. Install expansion joints of sizes matching size of piping in which they are installed.
	B. Install alignment guides to allow expansion and to avoid end-loading and torsional stress.

	3.2 ALIGNMENT-GUIDE INSTALLATION
	A. Install guides on piping adjoining pipe expansion joints.

	3.3 ANCHOR INSTALLATION
	A. Install anchors at locations to prevent stresses from exceeding those permitted by ASME€B31.9 and to prevent transfer of loading and stresses to connected equipment.
	B. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and to structure. Comply with ASME€B31.9 and AWS€D1.1.
	C. Construct concrete anchors of poured-in-place concrete of dimensions indicated and include embedded fasteners.
	D. Install pipe anchors according to expansion-joint manufacturer's written instructions if expansion joints or compensators are indicated.
	E. Use grout to form flat bearing surfaces for expansion fittings, guides, and anchors installed on or in concrete.


	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division€1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Close-coupled, in-line centrifugal pumps.
	2. Separately coupled, base-mounted, end-suction centrifugal pumps.


	1.3 DEFINITIONS
	A. Buna-N: Nitrile rubber.
	B. EPT: Ethylene propylene terpolymer.

	1.4 SUBMITTALS
	A. Product Data: 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.
	B. Shop Drawings: Show pump layout and connections. Include setting drawings with templates for installing foundation and anchor bolts and other anchorages.
	1. Wiring Diagrams: Power, signal, and control wiring.

	C. Operation and Maintenance Data: For pumps to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Source Limitations: Obtain hydronic pumps through one source from a single manufacturer.
	B. Product Options: Drawings indicate size, profiles, and dimensional requirements of hydronic pumps and are based on the specific system indicated. Refer to Division€1 Section "Product Requirements."
	C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA€70, Article€100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	D. UL Compliance: Comply with UL€778 for motor-operated water pumps.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Manufacturer's Preparation for Shipping:  Clean flanges and exposed machined metal surfaces and treat with anticorrosion compound after assembly and testing.  Protect flanges, pipe openings, and nozzles with wooden flange covers or with screwed-in plugs.
	B. Store pumps in dry location.
	C. Retain protective covers for flanges and protective coatings during storage.
	D. Protect bearings and couplings against damage from sand, grit, and other foreign matter.
	E. Comply with pump manufacturer's written rigging instructions.

	1.7 COORDINATION
	A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified in Division€3.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part€2 articles where titles below introduce lists, the following requirements apply to product selection:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the manufacturers specified.


	2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS
	A. Manufacturers:
	1. Armstrong Pumps Inc.
	2. Aurora Pump; Division of Pentair Pump Group.
	3. Bell & Gossett; Div. of ITT Industries.
	4. Burks Pumps; Div. of Crane Pumps & Systems.
	5. Demming Div.; Crane Co.
	6. Flowserve Corporation; Div. of Ingersoll-Dresser Pumps.
	7. PACO Pumps.
	8. Patterson Pump Co.; a Subsidiary of The Gorman-Rupp Co.
	9. Peerless Pump; a Member of the Sterling Fluid Systems Group.

	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. Rate pump for 125-psig (860-kPa) minimum working pressure and a continuous water temperature of 225 deg€F (107€deg€C).
	C. Pump Construction:
	1. Casing: Radially split, cast iron, with€replaceable bronze wear rings, threaded gage tappings at inlet and outlet, 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. Trim impeller to match specified performance.
	3. Pump Shaft: Steel, with copper-alloy shaft sleeve.
	4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N bellows and gasket. Include water slinger on shaft between motor and seal.
	5. Pump Bearings: Permanently lubricated ball bearings

	D. Motor: Single speed, with permanently lubricated ball bearings, unless otherwise indicated; and rigidly mounted to pump casing. Comply with requirements in Division€15 Section "Motors."

	2.3 CLOSE-COUPLED, END-SUCTION CENTRIFUGAL PUMPS
	A. Manufacturers:
	1. Armstrong Pumps Inc.
	2. Bell & Gossett; Div. of ITT Industries.
	3. Taco, Inc.
	4. Or equal

	B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, end-suction pump as defined in HI€1.1-1.2 and HI€1.3; designed for installation with pump and motor shafts mounted horizontally. Rate pump for 125-psig (860-kPa) minimum working pressure and a continuous water temperature of 225 deg€F (107 deg€C).
	C. Pump Construction:
	1. Casing: Radially split, cast iron, with€replaceable bronze wear rings drain plug at bottom and air vent at top of volute, threaded gage tappings at inlet and outlet, and threaded companion-flange or flanged connections.
	2. Impeller: ASTM€B€584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. Trim impeller to match specified performance.
	3. Pump Shaft: Steel, with copper-alloy shaft sleeve.
	4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N bellows and gasket. Include water slinger on shaft between motor and seal.
	5. Pump Bearings: Permanently lubricated ball bearings.
	6. Motor: Single speed, with permanently lubricated ball bearings, unless otherwise indicated; rigidly mounted to pump casing with integral pump support.


	2.4 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS
	A. Manufacturers:
	1. American-Marsh Pumps.
	2. Armstrong Pumps Inc.
	3. Aurora Pump; Division of Pentair Pump Group.
	4. Bell & Gossett; Div. of ITT Industries.
	5. Buffalo Pumps, Inc.; an Ampco Pittsburgh Co.
	6. Burks Pumps; Div. of Crane Pumps & Systems.
	7. Deming Pumps; Div. of Crane Pumps & Systems.
	8. Flowserve Corporation; Div. of Ingersoll-Dresser Pumps.
	9. MEPCO (Marshall Engineered Products Co.).
	10. PACO Pumps.
	11. Weinman; Div. of Crane Pumps & Systems.

	B. Description: Factory-assembled and -tested, 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. Rate pump for 125-psig (860-kPa) minimum working pressure and a continuous water temperature of 225 deg€F (107 deg€C).
	C. Pump Construction:
	1. Casing: Radially split, cast iron, with€replaceable bronze wear rings, threaded gage tappings at inlet and outlet, drain plug at bottom and air vent at top of volute, and flanged connections.
	2. Impeller: ASTM€B€584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. Trim impeller to match specified performance.
	3. Pump Shaft: Steel, with copper-alloy shaft sleeve.
	4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N bellows and gasket.
	5. Packing Seal: Stuffing box, with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between center two graphite rings, and bronze packing gland.
	6. Pump Bearings: Grease-lubricated ball bearings contained in cast-iron housing with grease fittings.

	D. Shaft Coupling: Molded rubber insert and interlocking spider capable of absorbing vibration. Couplings shall be drop-out type to allow disassembly and removal without removing pump shaft or motor; EPDM coupling sleeve for variable-speed applications.
	E. Coupling Guard: Dual rated; ANSI€B15.1, Section€8; OSHA€1910.219 approved; steel; removable; attached to mounting frame.
	F. 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.
	G. Motor: Single speed, with permanently lubricated ball bearings, unless otherwise indicated; secured to mounting frame, with adjustable alignment. Comply with requirements in Division€15 Section "Motors."

	2.5 PUMP SPECIALTY FITTINGS
	A. Suction Diffuser: Angle pattern, 175-psig (1204-kPa) pressure rating, cast-iron or ductile-iron body and end cap, pump-inlet fitting; with bronze startup and bronze or stainless-steel permanent strainers; bronze or stainless-steel straightening vanes; drain plug; and factory-fabricated support.
	B. Triple-Duty Valve: Angle or straight pattern, 175-psig (1204-kPa) pressure rating, cast-iron or ductile-iron body, pump-discharge fitting; with drain plug and bronze-fitted shutoff, balancing, and check valve features. Brass gage ports with integral check valve, and orifice for flow measurement.


	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 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. Install pumps with access for periodic maintenance including removal of motors, impellers, couplings, and accessories.
	B. Independently support pumps and piping so weight of piping is not supported by pumps and weight of pumps is not supported by piping.
	C. Install continuous-thread hanger rods and elastomeric hangers, spring hangers or spring hangers with vertical-limit stops of sufficient size to support pump weight. Vibration isolation devices are specified in Division€15 Section "Mechanical Vibration and Seismic Controls." Fabricate brackets or supports as required. Hanger and support materials are specified in Division€15 Section "Hangers and Supports."
	D. Suspend vertically mounted, in-line centrifugal pumps independent of piping. Install pumps with motor and pump shafts vertical. Use continuous-thread hanger rods and elastomeric hangers, spring hangers or spring hangers with vertical-limit stops of sufficient size to support pump weight. Vibration isolation devices are specified in Division€15 Section "Mechanical Vibration and Seismic Controls." Hanger and support materials are specified in Division€15 Section "Hangers and Supports."
	E. Set base-mounted pumps on concrete foundation. Disconnect coupling before setting. Do not reconnect couplings until alignment procedure is complete.
	1. Support pump baseplate on rectangular metal blocks and shims, or on metal wedges with small taper, at points near foundation bolts to provide a gap of 3/4 to 1-1/2 inches (19 to 38 mm) between pump base and foundation for grouting.
	2. Adjust metal supports or wedges until pump and driver shafts are level. Check coupling faces and suction and discharge flanges of pump to verify that they are level and plumb.

	F. Automatic Condensate Pump Units: Install units for collecting condensate and extend to open drain.

	3.3 ALIGNMENT
	A. Align pump and motor shafts and piping connections after setting on foundation, grout has been set and foundation bolts have been tightened, and piping connections have been made.
	B. Comply with pump and coupling manufacturers' written instructions.
	C. Adjust pump and motor shafts for angular and offset alignment by methods specified in HI€1.1-1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and Operation
	D. After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill baseplate with non-shrink, nonmetallic grout while metal blocks and shims or wedges are in place. After grout has cured, fully tighten foundation bolts.

	3.4 CONNECTIONS
	A. Piping installation requirements are specified in other Division€15 Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to machine to allow service and maintenance.
	C. Connect piping to pumps. Install valves that are same size as piping connected to pumps.
	D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.
	E. Install a check, throttling valve, and shutoff or a triple-duty valve on discharge side of pumps. Provide shutoff ball valve in any case.
	F. Install suction diffuser and shutoff valve on suction side of pumps.
	G. Install flexible connectors on suction and discharge sides of base-mounted pumps between pump casing and valves.
	H. Install pressure gages on pump suction and discharge, at integral pressure-gage tapping, or install single gage with multiple input selector valve.
	I. Install check valve and ball valve on each condensate pump unit discharge.
	J. Install electrical connections for power, controls, and devices.
	K. Ground equipment according to Division€16 Section "Grounding and Bonding."
	L. Connect wiring according to Division€16 Section "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. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.  Refer to Division€1 Section "Closeout Procedures."


	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 plate heat exchangers.

	1.3 DEFINITIONS
	A. TEMA: Tubular Exchanger Manufacturers Association.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include rated capacities, operating characteristics, and furnished specialties and accessories.

	B. Shop Drawings: Signed and sealed by a qualified professional engineer. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Design Calculations: Calculate requirements for selecting seismic restraints and for designing bases.
	2. Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment.

	C. Delegated-Design Submittal: Details and design calculations for seismic restraints for heat exchangers.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Equipment room, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	1. Structural members to which heat exchangers will be attached.

	B. Product Certificates: For each type of shell-and-tube heat exchanger. Documentation that shell-and-tube heat exchangers comply with "TEMA Standards."
	C. Source quality-control reports.
	D. Field quality-control reports.
	E. Sample Warranty: For manufacturer's warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For heat exchangers 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 domestic-water heat exchangers that fail in materials or workmanship within specified warranty period.
	1. Failures include, but are not limited to, the following:
	a. Structural failures including heat exchanger, storage tank, and supports.
	b. Faulty operation of controls.
	c. Deterioration of metals, metal finishes, and other materials beyond normal use.

	2. Warranty Periods: From date of Substantial Completion.
	a. Plate, Domestic-Water Heat Exchangers:
	1) Brazed-Plate Type: One year(s).





	PART 2 - PRODUCTS
	2.1 BRAZED-PLATE HEAT EXCHANGERS
	1. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on drawings (GEA PHE Systems North America Inc) or comparable product by one of the following:
	2. Alfa Laval Inc.
	3. API Heat Transfer Inc.
	4. APV; a brand of SPX Corporation.
	5. Armstrong Pumps, Inc.
	6. ITT Corporation; Bell & Gossett.
	7. Mueller, Paul, Company.
	B. Configuration: Brazed assembly consisting of embossed or pressed stainless-steel plates brazed together and two end plates, one with threaded nozzles and one with pattern-embossed plates.
	C. Construction: Fabricate and label heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section€VIII, "Pressure Vessels," Division€1.
	D. End-Plate Material: Type€316 stainless steel.
	E. Threaded Nozzles: Type€304 stainless steel.
	F. Plate Material: Type€316 stainless steel.
	G. Brazing Material: Copper
	H. Capacities and Characteristics:
	1. Refer to mechanical drawings for detailed performance requirements.


	2.2 ACCESSORIES
	A. Hangers and Supports:
	1. Custom, steel bolts / brackets for mounting on floor, wall or structural components.


	2.3 SOURCE QUALITY CONTROL
	A. Factory Tests: Test and inspect heat exchangers according to ASME Boiler and Pressure Vessel Code, Section€VIII, "Pressure Vessels," Division€1. Affix ASME label.
	B. Hydrostatically test heat exchangers to minimum of one and one-half times pressure rating before shipment.
	C. Heat exchangers will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine areas for compliance with requirements for installation tolerances and for structural rigidity, strength, anchors, and other conditions affecting performance of heat exchangers.
	B. Examine roughing-in for heat-exchanger piping to verify actual locations of piping connections before equipment installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 BRAZED-PLATE HEAT-EXCHANGER INSTALLATION
	A. Install brazed-plate heat exchanger on custom-designed wall supports anchored to structure as indicated on Drawings.

	3.3 CONNECTIONS
	A. Comply with requirements for piping specified in other Section€232113 "Hydronic Piping" and 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 hose end valve to drain shell.
	F. Install thermometers as shown on the mechanical drawings and in accordance with Section€230519 "Meters and Gages."
	G. Install pressure gages as shown on the mechanical drawings and in accordance with Section€230519 "Meters and Gages."

	3.4 FIELD QUALITY CONTROL
	A. Perform the following 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.

	B. Heat exchanger will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.5 CLEANING
	A. After completing system installation, including outlet fitting and devices, inspect exposed finish. Remove burrs, dirt, and construction debris and repair damaged finishes.

	3.6 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain heat exchangers.
	END OF SECTION 235700


	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. Electrical equipment coordination and installation.
	2. Sleeves for raceways and cables.
	3. Sleeve seals.
	4. Grout.
	5. Common electrical installation requirements.


	1.3 DEFINITIONS
	A. EPDM: Ethylene-propylene-diene terpolymer rubber.
	B. NBR: Acrylonitrile-butadiene rubber.

	1.4 SUBMITTALS
	A. Product Data: For sleeve seals.

	1.5 COORDINATION
	A. Coordinate arrangement, mounting, and support of electrical equipment:
	1. To allow maximum possible headroom unless specific mounting heights that reduce headroom are indicated.
	2. To provide for ease of disconnecting the equipment with minimum interference to other installations.
	3. To allow right of way for piping and conduit installed at required slope.
	4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of obstructions and of the working and access space of other equipment.

	B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are constructed.
	C. Coordinate location of access panels and doors for electrical items that are behind finished surfaces or otherwise concealed. Access doors and panels are specified in Division€08 Section "Access Doors and Frames."
	D. Coordinate sleeve selection and application with selection and application of firestopping specified in Division€07 Section "Penetration Firestopping."."


	PART 2 - PRODUCTS
	2.1 SLEEVES FOR RACEWAYS AND CABLES
	A. Steel Pipe Sleeves: ASTM€A€53/A€53M, Type€E, Grade€B, Schedule€40, galvanized steel, plain ends.
	B. Sleeves for Rectangular Openings: Galvanized sheet steel.
	1. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
	b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm).



	2.2 SLEEVE SEALS
	A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	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. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Metraflex Co.
	d. Pipeline Seal and Insulator, Inc.

	2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include type and number required for material and size of raceway or cable.
	3. Pressure Plates: Plastic. Include two for each sealing element.
	4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length required to secure pressure plates to sealing elements. Include one for each sealing element.


	2.3 GROUT
	A. Nonmetallic, Shrinkage-Resistant Grout: ASTM€C€1107, factory-packaged, nonmetallic aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute working time.


	PART 3 - EXECUTION
	3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
	A. Comply with NECA€1.
	B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-mounting items.
	C. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and install components and equipment to provide maximum possible headroom consistent with these requirements.
	D. Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both electrical equipment and other nearby installations. Connect in such a way as to facilitate future disconnecting with minimum interference with other items in the vicinity.
	E. Right of Way: Give to piping systems installed at a required slope.

	3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.
	B. Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings are used. Install sleeves during erection of slabs and walls.
	C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	E. Cut sleeves to length for mounting flush with both surfaces of walls.
	F. Extend sleeves installed in floors 2 inches (50 mm above finished floor level.
	G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or cable, unless indicated otherwise.
	H. Seal space outside of sleeves with grout for penetrations of concrete and masonry
	1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed surfaces smooth; protect grout while curing.

	I. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Division€07 Section "Joint Sealants.".
	J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at raceway and cable penetrations. Install sleeves and seal raceway and cable penetration sleeves with firestop materials. Comply with requirements in Division€07 Section "Penetration Firestopping."
	K. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	L. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	M. Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

	3.3 SLEEVE-SEAL INSTALLATION
	A. Install to seal exterior wall penetrations.
	B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	3.4 FIRESTOPPING
	A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore original fire-resistance rating of assembly. Firestopping materials and installation requirements are specified in Division€07 Section "Penetration Firestopping."


	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. Building wires and cables rated 600€V and less.
	2. Connectors, splices, and terminations rated 600€V and less.


	1.3 DEFINITIONS
	A. VFC: Variable frequency controller.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency.
	B. Field quality-control reports.


	PART 2 - PRODUCTS
	2.1 CONDUCTORS AND CABLES
	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. Alcan Products Corporation; Alcan Cable Division.
	2. Alpha Wire.
	3. Belden Inc.
	4. Encore Wire Corporation.
	5. General Cable Technologies Corporation.
	6. Southwire Incorporated.

	B. Copper Conductors: Comply with NEMA€WC€70.
	C. Conductor Insulation: Comply with NEMA€WC€70/ICEA€S-95-658 for Type€THW-2 and THHN-2-THWN-2.
	D. Multiconductor Cable: Comply with NEMA€WC€70/ICEA€S-95-658 for metal-clad cable, Type€MC with ground wire.

	2.2 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. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. O-Z/Gedney; a brand of the EGS Electrical Group.
	4. 3M; Electrical Markets Division.
	5. Tyco Electronics.

	B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

	2.3 SYSTEM DESCRIPTION
	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 NFPA€70.


	PART 3 - EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders: Copper. Solid for No.€10 AWG and smaller; stranded for No.€8 AWG and larger.
	B. Branch Circuits: Copper. Solid for No.€12 AWG and smaller; stranded for No.€8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance: Type€THHN-2-THWN-2, single conductors in raceway.
	B. Exposed Feeders: Type€THHN-2-THWN-2, single conductors in raceway.
	C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type€THHN-2-THWN-2, single conductors in raceway.
	D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type€THHN-2-THWN-2, single conductors in raceway.
	E. Exposed Branch Circuits, Including in Crawlspaces: Type€THHN-2-THWN-2, single conductors in raceway or Metal-clad cable, Type€MC.
	F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type€THHN-2-THWN-2, single conductors in raceway or Metal-clad cable, Type€MC.
	G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type€THHN-2-THWN-2, single conductors in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section€260533 "Raceways and Boxes 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 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 and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches of slack.

	3.5 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.

	3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section€260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.7 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Section€078413 "Penetration Firestopping."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test service entrance and feeder conductors and conductors feeding critical equipment and services for compliance with requirements.
	2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

	B. Test and Inspection Reports: Prepare a written report 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.

	C. Cables will be considered defective if they do not pass tests and inspections.


	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 grounding and bonding systems and equipment.
	B. Section includes grounding and bonding systems and equipment, plus the following special applications:
	1. Underground distribution grounding.
	2. Ground bonding common with lightning protection system.
	3. Foundation steel electrodes.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.4 INFORMATIONAL SUBMITTALS
	A. As-Built Data: Plans showing dimensioned as-built locations of grounding features specified in "Field Quality Control" Article, including the following:
	1. Test wells.
	2. Ground rods.
	3. Ground rings.
	4. Grounding arrangements and connections for separately derived systems.

	B. Qualification Data: For testing agency and testing agency's field supervisor.
	C. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For grounding to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor:  Certified by NETA to supervise on-site testing.

	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.
	C. Comply with UL€467 for grounding and bonding materials and equipment.


	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. Burndy; Part of Hubbell Electrical Systems.
	2. Dossert; AFL Telecommunications LLC.
	3. ERICO International Corporation.
	4. Fushi Copperweld Inc.
	5. Galvan Industries, Inc.; Electrical Products Division, LLC.
	6. Harger Lightning and Grounding.
	7. ILSCO.
	8. O-Z/Gedney; A Brand of the EGS Electrical Group.
	9. Robbins Lightning, Inc.
	10. Siemens Power Transmission & Distribution, Inc.


	2.2 SYSTEM DESCRIPTION
	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 UL€467 for grounding and bonding materials and equipment.

	2.3 CONDUCTORS
	A. Insulated Conductors: Copper wire or cable insulated for 600€V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors: ASTM€B€3.
	2. Stranded Conductors: ASTM€B€8.
	3. Tinned Conductors: ASTM€B€33.
	4. Bonding Cable: 28 kcmil, 14 strands of No.€17€AWG conductor, 1/4 inch (6 mm) in diameter.
	5. Bonding Conductor: No.€4 or No.€6€AWG, stranded conductor.
	6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
	7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.


	2.4 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy.
	C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	D. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless exothermic-type wire terminals, and long-barrel, two-bolt connection to ground bus bar.

	2.5 GROUNDING ELECTRODES
	A. Ground Rods: Copper-clad steel 5/8 inch by 10 feet.


	PART 3 - EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No.€8€AWG and smaller, and stranded conductors for No.€6€AWG and larger unless otherwise indicated.
	B. Underground Grounding Conductors: Install bare copper conductor, No.€2/0€AWG minimum.
	1. Bury at least 24 inches (600 mm) below grade.
	2. Duct-Bank Grounding Conductor: Bury 12 inches (300 mm) above duct bank when indicated as part of duct-bank installation.

	C. Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe. On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at least three bands of green and two bands of yellow.
	D. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Underground Connections: Welded connectors except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells: Bolted connectors.
	4. Connections to Structural Steel: Welded connectors.


	3.2 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus. Install a main bonding jumper between the neutral and ground buses.

	3.3 GROUNDING SEPARATELY DERIVED SYSTEMS
	A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be connected to the equipment grounding conductor and to the frame of the generator.

	3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
	A. Comply with IEEE€C2 grounding requirements.
	B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. If necessary, install ground rod before manhole is placed and provide No.€1/0€AWG bare, tinned-copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 mm) below concrete. Seal floor opening with waterproof, nonshrink grout.
	C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor. Make connections with No.€4€AWG minimum, stranded, hard-drawn copper bonding conductor. Train conductors level or plumb around corners and fasten to manhole walls. Connect to cable armor and cable shields according to written instructions by manufacturer of splicing and termination kits.
	D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electrodes. Install tinned-copper conductor not less than No.€2€AWG for ground ring and for taps to equipment grounding terminals. Bury ground ring not less than 6 inches (150 mm) from the foundation.

	3.5 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	B. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA€70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Metal-clad cable runs.

	C. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120€V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct and connected metallic piping.
	D. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable. Bond conductor to heater units, piping, connected equipment, and components.
	E. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor connected to the receptacle grounding terminal. Isolate conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the applicable derived system or service unless otherwise indicated.
	F. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose. Install fitting where raceway enters enclosure, and install a separate insulated equipment grounding conductor. Isolate conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the applicable derived system or service unless otherwise indicated.
	G. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.

	3.6 INSTALLATION
	A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Ground Bonding Common with Lightning Protection System: Comply with NFPA€780 and UL€96 when interconnecting with lightning protection system. Bond electrical power system ground directly to lightning protection system grounding conductor at closest point to electrical service grounding electrode. Use bonding conductor sized same as system grounding electrode conductor, and install in conduit.
	C. Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade unless otherwise indicated.
	1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated. Make connections without exposing steel or damaging coating if any.
	2. For grounding electrode system, install at least three rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.

	D. 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 any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use a bolted clamp.

	E. Grounding and Bonding for Piping:
	1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water service pipes; use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of the lug bolts of the flange.  Where a dielectric main water fitting is installed, connect grounding conductor on street side of fitting.  Bond metal grounding conductor conduit or sleeve to conductor at each end.
	2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water meters. Connect to pipe with a bolted connector.
	3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.

	F. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners. Install [tinned€]bonding jumper to bond across flexible duct connections to achieve continuity.
	G. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18€m) apart.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	B. 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 a calibrated torque wrench according to manufacturer's written instructions.
	3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal€and at individual ground rods. Make tests at ground rods before any conductors are connected.
	a. Measure ground resistance no fewer than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natural ground resistance.
	b. Perform tests by fall-of-potential method according to IEEE€81.


	C. Grounding system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
	E. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
	2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5ohms.
	3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
	4. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).
	5. Substations and Pad-Mounted Equipment: 5 ohms.
	6. Manhole Grounds: 10 ohms.

	F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.
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	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 conduits, tubing, and fittings.
	2. Nonmetal conduits, tubing, and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Surface raceways.
	5. Boxes, enclosures, and cabinets.


	1.3 DEFINITIONS
	A. EMT: Electrical metallic tubing.
	B. ENT: Electrical nonmetallic tubing.
	C. EPDM: Ethylene-propylene-diene terpolymer rubber.
	D. FMC: Flexible metal conduit.
	E. IMC: Intermediate metal conduit.
	F. LFMC: Liquidtight flexible metal conduit.
	G. LFNC: Liquidtight flexible nonmetallic conduit.
	H. RNC: Rigid nonmetallic conduit.

	1.4 ACTION SUBMITTALS
	A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For enclosures, cabinets, and conduit racks and their mounting provisions, including those for internal components, from manufacturer.
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	a. The term ˝withstand" means "the cabinet or enclosure will remain in place without separation of any parts when subjected to the seismic forces specified.

	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.
	4. Detailed description of conduit support devices and interconnections on which the certification is based and their installation requirements.

	B. Source quality-control reports.


	PART 2 - PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	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, Inc.
	2. Allied Tube & Conduit.
	3. Anamet Electrical, Inc.
	4. Electri-Flex Company.
	5. O-Z/Gedney.
	6. Picoma Industries.
	7. Republic Conduit.
	8. Robroy Industries.
	9. Southwire Company.
	10. Thomas & Betts Corporation.
	11. Western Tube and Conduit Corporation.
	12. Wheatland Tube Company.

	B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.
	C. GRC: Comply with ANSI€C80.1 and UL 6.
	D. ARC: Comply with ANSI€C80.5 and UL 6A.
	E. IMC: Comply with ANSI€C80.6 and UL€1242.
	F. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit.
	1. Comply with NEMA€RN€1.
	2. Coating Thickness: 0.040 inch (1 mm), minimum.

	G. EMT: Comply with ANSI€C80.3 and UL€797.
	H. FMC: Comply with UL€1; zinc-coated steel.
	I. LFMC: Flexible steel conduit with PVC jacket and complying with UL€360.
	J. Fittings for Metal Conduit: Comply with NEMA€FB€1 and UL€514B.
	1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL€886 and NFPA€70.
	2. Fittings for EMT:
	a. Material: Steel.
	b. Type: compression.

	3. Expansion Fittings: PVC or steel to match conduit type, complying with UL€651, rated for environmental conditions where installed, and including flexible external bonding jumper.
	4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.

	K. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA€70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	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, Inc.
	2. Anamet Electrical, Inc.
	3. Arnco Corporation.
	4. CANTEX Inc.
	5. CertainTeed Corporation.
	6. Condux International, Inc.
	7. Electri-Flex Company.
	8. Kraloy.
	9. Lamson & Sessions; Carlon Electrical Products.
	10. Niedax-Kleinhuis USA, Inc.
	11. RACO; Hubbell.
	12. Thomas & Betts Corporation.

	B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.
	C. ENT: Comply with NEMA€TC€13 and UL€1653.
	D. RNC: Type€EPC-40-PVC, complying with NEMA€TC€2 and UL€651 unless otherwise indicated.
	E. LFNC: Comply with UL€1660.
	F. Rigid HDPE: Comply with UL€651A.
	G. Continuous HDPE: Comply with UL€651B.
	H. Coilable HDPE: Preassembled with conductors or cables, and complying with ASTM€D€3485.
	I. RTRC: Comply with UL€1684A and NEMA€TC€14.
	J. Fittings for ENT and RNC: Comply with NEMA€TC€3; match to conduit or tubing type and material.
	K. Fittings for LFNC: Comply with UL€514B.
	L. Solvent cements and adhesive primers shall have a VOC content of 510 and 550€g/L or less, respectively, when calculated according to 40€CFR€59, Subpart€D (EPA Method€24).
	M. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	2.3 METAL WIREWAYS AND AUXILIARY GUTTERS
	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. Cooper B-Line, Inc.
	2. Hoffman.
	3. Mono-Systems, Inc.
	4. Square€D.

	B. Description: Sheet metal, complying with UL€870 and NEMA€250, Type€1 unless otherwise indicated, and sized according to NFPA€70.
	1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.

	C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.
	D. Wireway Covers: Hinged type unless otherwise indicated.
	E. Finish: Manufacturer's standard enamel finish.

	2.4 NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS
	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 Moulded Products, Inc.
	2. Hoffman.
	3. Lamson & Sessions; Carlon Electrical Products.
	4. Niedax-Kleinhuis USA, Inc.

	B. Listing and Labeling: Nonmetallic wireways and auxiliary gutters shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.
	C. Description: Fiberglass polyester, extruded and fabricated to required size and shape, without holes or knockouts. Cover shall be gasketed with oil-resistant gasket material and fastened with captive screws treated for corrosion resistance. Connections shall be flanged and have stainless-steel screws and oil-resistant gaskets.
	D. Description: PVC, extruded and fabricated to required size and shape, and having snap-on cover, mechanically coupled connections, and plastic fasteners.
	E. Fittings and Accessories: Couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings shall match and mate with wireways as required for complete system.
	F. Solvent cements and adhesive primers shall have a VOC content of 510 and 550€g/L or less, respectively, when calculated according to 40€CFR€59, Subpart€D (EPA Method€24).
	G. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	2.5 SURFACE RACEWAYS
	A. Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.
	B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL€5. Manufacturer's standard enamel finish in color selected by Owners Representative.
	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. Mono-Systems, Inc.
	b. Panduit Corp.
	c. Wiremold / Legrand.


	C. Surface Nonmetallic Raceways: Two- or three-piece construction, complying with UL€5A, and manufactured of rigid PVC with texture and color selected by Owner from manufacturer's standardcolors.  Product shall comply with UL€94€V-0 requirements for self-extinguishing 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. Hubbell Incorporated.
	b. Mono-Systems, Inc.
	c. Panduit Corp.
	d. Wiremold / Legrand.



	2.6 BOXES, ENCLOSURES, AND CABINETS
	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. Adalet.
	2. Cooper Technologies Company; Cooper Crouse-Hinds.
	3. EGS/Appleton Electric.
	4. Erickson Electrical Equipment Company.
	5. FSR Inc.
	6. Hoffman.
	7. Hubbell Incorporated.
	8. Kraloy.
	9. Milbank Manufacturing Co.
	10. Mono-Systems, Inc.
	11. O-Z/Gedney.
	12. RACO; Hubbell.
	13. Robroy Industries.
	14. Spring City Electrical Manufacturing Company.
	15. Stahlin Non-Metallic Enclosures.
	16. Thomas & Betts Corporation.
	17. Wiremold / Legrand.

	B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	C. Sheet Metal Outlet and Device Boxes: Comply with NEMA€OS€1 and UL€514A.
	D. Cast-Metal Outlet and Device Boxes: Comply with NEMA€FB€1, aluminum, Type€FD, with gasketed cover.
	E. Nonmetallic Outlet and Device Boxes: Comply with NEMA€OS€2 and UL€514C.
	F. Metal Floor Boxes:
	1. Material: Cast metal..
	2. Type: Semi-adjustable.
	3. Shape: Rectangular.
	4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.

	G. Nonmetallic Floor Boxes: Nonadjustable, rectangular.
	1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.

	H. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb (23 kg). Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) shall be listed and marked for the maximum allowable weight.
	I. Small Sheet Metal Pull and Junction Boxes: NEMA€OS€1.
	J. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA€FB€1 and UL€1773, cast aluminum with gasketed cover.
	K. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	L. Gangable boxes are allowed.
	M. Hinged-Cover Enclosures: Comply with UL€50 and NEMA€250, Type€1 with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
	2. Nonmetallic Enclosures: Plastic.
	3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

	N. Cabinets:
	1. NEMA€250, Type€1 galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.


	2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
	A. General Requirements for Handholes and Boxes:
	1. Boxes and handholes for use in underground systems shall be designed and identified as defined in NFPA€70, for intended location and application.
	2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.

	B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a combination of the two.
	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. Armorcast Products Company.
	b. Carson Industries LLC.
	c. NewBasis.
	d. Oldcastle Precast, Inc.
	e. Quazite: Hubbell Power System, Inc.
	f. Synertech Moulded Products.

	2. Standard: Comply with SCTE€77.
	3. Configuration: Designed for flush burial with closed bottom unless otherwise indicated.
	4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	6. Cover Legend: Molded lettering, "ELECTRIC.
	7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.
	8. Handholes 12 Inches Wide by 24 Inches Long and Larger: Have inserts for cable racks and pulling-in irons installed before concrete is poured.

	C. Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with frame and covers of polymer concrete.
	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. Armorcast Products Company.
	b. Carson Industries LLC.
	c. NewBasis.
	d. Nordic Fiberglass, Inc.
	e. Oldcastle Precast, Inc; Christy Concrete Products.
	f. Quazite: Hubbell Power System, Inc; Hubbell Power Systems.
	g. Synertech Moulded Products.

	2. Standard: Comply with SCTE€77.
	3. Color of Frame and Cover: Gray.
	4. Configuration: Designed for flush burial with closed bottom unless otherwise indicated.
	5. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	6. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	7. Cover Legend: Molded lettering, "ELECTRIC˛.
	8. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.
	9. Handholes 12 Inches Wide by 24 Inches and Larger: Have inserts for cable racks and pulling-in irons installed before concrete is poured.


	2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES
	A. Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance with SCTE€77. Strength tests shall be for specified tier ratings of products supplied.
	1. Tests of materials shall be performed by an independent testing agency.
	2. Strength tests of complete boxes and covers shall be by either an independent testing agency or manufacturer. A qualified registered professional engineer shall certify tests by manufacturer.
	3. Testing machine pressure gages shall have current calibration certification complying with ISO€9000 and ISO€10012 and traceable to NIST standards.



	PART 3 - EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit: GRC.
	2. Concealed Conduit, Aboveground: GRC.
	3. Underground Conduit: RNC, Type€EPC-40-PVC.
	4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.
	5. Boxes and Enclosures, Aboveground: NEMA€250, Type€3R.

	B. Indoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage: EMT.
	2. Exposed, Not Subject to Severe Physical Damage: EMT.
	3. Exposed and Subject to Severe Physical Damage: GRC. Raceway locations include the following:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.
	d. Gymnasiums.

	4. Concealed in Ceilings and Interior Walls and Partitions: EMT.
	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations.
	6. Damp or Wet Locations: GRC.
	7. Boxes and Enclosures: NEMA€250, Type€1, except use NEMA€250, Type€nonmetallic in institutional and commercial kitchens and damp or wet locations.

	C. Minimum Raceway Size: 3/4-inch trade size.
	D. Raceway Fittings: Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA€FB€2.10.
	2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings. Use sealant recommended by fitting manufacturer and apply in thickness and number of coats recommended by manufacturer.
	3. EMT: Use compression, steel fittings. Comply with NEMA€FB€2.10.
	4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with NEMA€FB€2.20.

	E. Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.
	F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	G. Install surface raceways only where indicated on Drawings.
	H. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

	3.2 INSTALLATION
	A. Comply with NECA€1 and NECA€101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA€102 for aluminum conduits. Comply with NFPA€70 limitations for types of raceways allowed in specific occupancies and number of floors.
	B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-water pipes. Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Comply with requirements in Section€260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed. Support within 12 inches of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches of enclosures to which attached.
	I. Raceways Embedded in Slabs:
	1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement. Where at right angles to reinforcement, place conduit close to slab support. Secure raceways to reinforcement at maximum 10-foot intervals.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	3. Arrange raceways to keep a minimum of 2 inch of concrete cover in all directions.
	4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	5. Change from ENT to RNC, Type€EPC-40-PVC, before rising above floor.

	J. Stub-ups to Above Recessed Ceilings:
	1. Use EMT, IMC, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.
	L. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.
	M. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect conductors including conductors smaller than No.€4 AWG.
	N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with locknuts. Install insulated throat metal grounding bushings on service conduits.
	O. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	Q. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	R. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end of pull wire. Cap underground raceways designated as spare above grade alongside raceways in use.
	S. Surface Raceways:
	1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway section. Support surface raceway according to manufacturer's written instructions.  Tape and glue are not acceptable support methods.

	T. Install raceway sealing fittings at accessible locations according to NFPA€70 and fill them with listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings according to NFPA€70.
	U. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Where otherwise required by NFPA€70.

	V. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	W. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg€ and that has straight-run length that exceeds 25 feet. Install in each run of aboveground RMC€and EMT conduit that is located where environmental temperature change may exceed 100 deg€F and that has straight-run length that exceeds 100 feet
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg€F (70 deg€C) temperature change.
	b. Outdoor Locations Exposed to Direct Sunlight: 155 deg€F (86 deg€C) temperature change.
	c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg€F (70 deg€C temperature change.
	d. Attics: 135 deg€F (75 deg€C) temperature change.

	3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per deg of temperature change for PVC conduits. Install fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of length of straight run per deg F of temperature change for metal conduits.
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation.  Install conduit supports to allow for expansion movement.

	X. Flexible Conduit Connections: Comply with NEMA RV€3. Use a maximum of 72 inches (1830 mm) of flexible conduit equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

	Y. 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.
	Z. 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.
	AA. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	BB. Locate boxes so that cover or plate will not span different building finishes.
	CC. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	DD. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.
	EE. Set metal floor boxes level and flush with finished floor surface.
	FF. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:
	1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom as specified in Section€312000 "Earth Moving" for pipe less than 6 inches in nominal diameter.
	2. Install backfill as specified in Section€312000 "Earth Moving."
	3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process. Firmly hand tamp backfill around conduit to provide maximum supporting strength. After placing controlled backfill to within 12 inches of finished grade, make final conduit connection at end of run and complete backfilling with normal compaction as specified in Section€312000 "Earth Moving."
	4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts throughout length of elbow.
	5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete for a minimum of 12 inches on each side of the coupling.
	b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60€inches from edge of foundation or equipment base. Install insulated grounding bushings on terminations at equipment.

	6. Warning Planks: Bury warning planks approximately 12€inches above direct-buried conduits but a minimum of 6€inches below grade. Align planks along centerline of conduit.
	7. Underground Warning Tape: Comply with requirements in Section€260553 "Identification for Electrical Systems."


	3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No.€4 sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of other enclosures 1 inch above finished grade.
	D. Install handholes with bottom below frost line.
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to provide spare space for future cables but short enough to preserve adequate working clearances in enclosure.
	F. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fittings are installed.

	3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section€260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.6 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section€078413 "Penetration Firestopping."

	3.7 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.
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	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. Identification for raceways.
	2. Identification of power and control cables.
	3. Identification for conductors.
	4. Underground-line warning tape.
	5. Warning labels and signs.
	6. Instruction signs.
	7. Equipment identification labels.
	8. Miscellaneous identification products.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each electrical identification product indicated.

	1.4 QUALITY ASSURANCE
	A. Comply with ANSI€A13.1.
	B. Comply with NFPA€70.
	C. Comply with 29€CFR€1910.144 and 29€CFR€1910.145.
	D. Comply with ANSI€Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL€969.

	1.5 COORDINATION
	A. Coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, standards, and 29€CFR€1910.145.  Use consistent designations throughout Project.
	B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	C. Coordinate installation of identifying devices with location of access panels and doors.
	D. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 - PRODUCTS
	2.1 POWER AND CONTROL RACEWAY IDENTIFICATION MATERIALS
	A. Comply with ANSI€A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
	B. Colors for Raceways Carrying Circuits at 600€V or Less:
	1. Black letters on an orange field.
	2. Legend: Indicate voltage€and system or service type.

	C. Colors for Raceways Carrying Circuits at More Than 600€V:
	1. Black letters on an orange field.
	2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING."

	D. Vinyl Labels for Raceways Carrying Circuits at 600€V or Less: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing ends of legend label.
	E. Snap-Around Labels for Raceways Carrying Circuits at 600€V or Less: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	F. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600€V or Less: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	G. Tape and Stencil for Raceways Carrying Circuits More Than 600€V: 4-inchwide black stripes on 10-inch centers diagonally over orange background that extends full length of raceway or duct and is 12 inches wide. Stop stripes at legends.
	H. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use with self-locking cable tie fastener.
	I. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI€A13.1 for minimum size of letters for legend and for minimum length of color field for each cable size.
	B. Colors for Cables Carrying Circuits at 600€V and Less:
	1. Black letters on an orange field.
	2. Legend: Indicate voltage.

	C. Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing ends of legend label.
	D. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches wide; compounded for outdoor use.
	E. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tube with machine-printed identification label. Sized to suit diameter of and shrinks to fit firmly around cable it identifies. Full shrink recovery at a maximum of 200 deg F. Comply with UL 224.

	2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI€A13.1 for minimum size of letters for legend and for minimum length of color field for each cable size.
	B. Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing ends of legend label.
	C. Self-Adhesive, Self-Laminating Polyester Labels: Preprinted thick flexible label with acrylic pressure-sensitive adhesive that provides a clear, weather- and chemical-resistant, self-laminating, protective shield over the legend. Labels sized to fit the cable diameter such that the clear shield overlaps the entire printed legend.
	D. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tube with machine-printed identification label. Sized to suit diameter of and shrinks to fit firmly around cable it identifies. Full shrink recovery at a maximum of 200 deg F. Comply with UL 224.
	E. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use with self-locking cable tie fastener.
	F. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.

	G. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of cable it identifies and to stay in place by gripping action.
	H. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of cable it identifies and to stay in place by gripping action.

	2.4 CONDUCTOR IDENTIFICATION MATERIALS
	A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide.
	B. Self-Adhesive, Self-Laminating Polyester Labels: Preprinted thick flexible label with acrylic pressure-sensitive adhesive that provides a clear, weather- and chemical-resistant, self-laminating, protective shield over the legend. Labels sized to fit the conductor diameter such that the clear shield overlaps the entire printed legend.
	C. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.
	D. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.
	E. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tube with machine-printed identification label. Sized to suit diameter of and shrinks to fit firmly around conductor it identifies. Full shrink recovery at a maximum of 200 deg F Comply with UL 224.
	F. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	G. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Labels for Tags: Self-adhesive label, machine-printed with permanent, waterproof, black ink recommended by printer manufacturer, sized for attachment to tag.


	2.5 FLOOR MARKING TAPE
	A. 2-inch wide, 5-mil pressure-sensitive vinyl tape, with yellow and black stripes and clear vinyl overlay.

	2.6 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	1. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications€utility lines.
	2. Printing on tape shall be permanent and shall not be damaged by burial operations.
	3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	B. Color and Printing:
	1. Comply with ANSI€Z535.1 through ANSI€Z535.5.
	2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE.
	3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.

	C. Tag:
	1. Pigmented polyolefin, bright-colored, continuous-printed on one side with the inscription of the utility, compounded for direct-burial service.
	2. Thickness: 4 mils (0.1 mm).
	3. Weight: 18.5 lb/1000 sq. ft. (9.0 kg/100 sq.€m).
	4. 3-Inch (75-mm) Tensile According to ASTM€D€882: 30 lbf (133.4€N), and 2500 psi (17.2 MPa).


	2.7 WARNING LABELS AND SIGNS
	A. Comply with NFPA€70 and 29€CFR€1910.145.
	B. Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	C. Baked-Enamel Warning Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 1/4-inch grommets in corners for mounting.
	3. Nominal size, 7 by 10 inches.

	D. Metal-Backed, Butyrate Warning Signs:
	1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with colors, legend, and size required for application.
	2. 1/4-inch) grommets in corners for mounting.
	3. Nominal size, 10 by 14 inches.

	E. Warning label and sign shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."


	2.8 INSTRUCTION SIGNS
	A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. inches and 1/8 inch thick for larger sizes.
	1. Engraved legend with black letters on white face.
	2. Punched or drilled for mechanical fasteners.
	3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

	B. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch.
	C. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch. Overlay shall provide a weatherproof and UV-resistant seal for label.

	2.9 EQUIPMENT IDENTIFICATION LABELS
	A. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch.
	B. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch.Overlay shall provide a weatherproof and UV-resistant seal for label.
	C. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white letters on a dark-gray background. Minimum letter height shall be 3/8 inch.
	D. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. White letters on a dark-gray background. Minimum letter height shall be 3/8 inch.

	2.10 CABLE TIES
	A. General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type€6/6 nylon.
	1. Minimum Width: 3/16 inch.
	2. Tensile Strength at 73 deg€F, According to ASTM€D€638: 12,000 psi.
	3. Temperature Range: Minus 40 to plus 185 deg€F.
	4. Color: Black except where used for color-coding.

	B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self extinguishing, one piece, self locking, Type€6/6 nylon.
	1. Minimum Width: 3/16 inch.
	2. Tensile Strength at 73 deg€F, According to ASTM€D€638: 12,000 psi.
	3. Temperature Range: Minus 40 to plus 185 deg€F.
	4. Color: Black.

	C. Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking.
	1. Minimum Width: 3/16 inch.
	2. Tensile Strength at 73 deg€F, According to ASTM€D€638: 7000 psi.
	3. UL€94 Flame Rating: 94V-0.
	4. Temperature Range: Minus 50 to plus 284 deg.
	5. Color: Black.


	2.11 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Select paint system applicable for surface material and location (exterior or interior).
	B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 - EXECUTION
	3.1 INSTALLATION
	A. Verify identity of each item before installing identification products.
	B. Location: Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	C. Apply identification devices to surfaces that require finish after completing finish work.
	D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	F. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor or cable at a location with high visibility and accessibility.
	G. Cable Ties: For attaching tags. Use general-purpose type, except as listed below:
	1. Outdoors: UV-stabilized nylon.
	2. In Spaces Handling Environmental Air: Plenum rated.

	H. Underground-Line Warning Tape: During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use multiple tapes where width of multiple lines installed in a common trench or concrete envelope€exceeds 16 inches overall.
	I. Painted Identification: Comply with requirements in painting Sections for surface preparation and paint application.

	3.2 IDENTIFICATION SCHEDULE
	A. Accessible Raceways and Metal-Clad Cables, 600€V or Less, for Service, Feeder, and Branch Circuits More Than 30€A, and 120€V to ground: Identify with self-adhesive vinyl label. Install labels at 10-foot maximum intervals.
	B. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage. System legends shall be as follows:
	1. Emergency Power.
	2. Power.
	3. UPS.

	C. Power-Circuit Conductor Identification, 600€V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	1. Color-Coding for Phase and Voltage Level Identification, 600€V or Less: Use colors listed below for ungrounded feeder and branch-circuit conductors.
	a. Color shall be factory applied or field applied for sizes larger than No.€8€AWG, if authorities having jurisdiction permit.
	b. Colors for 208/120-V Circuits:
	1) Phase€A: Black.
	2) Phase€B: Red.
	3) Phase€C: Blue.

	c. Colors for 480/277-V Circuits:
	1) Phase€A: Brown.
	2) Phase€B: Orange.
	3) Phase€C: Yellow.

	d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 6 inches (150 mm) from terminal points and in boxes where splices or taps are made. Apply last two turns of tape with no tension to prevent possible unwinding. Locate bands to avoid obscuring factory cable markings.


	D. Install instructional sign including the color-code for grounded and ungrounded conductors using adhesive-film-type labels.
	E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use self-adhesive vinyl labels with the conductor or cable designation, origin, and destination.
	F. Control-Circuit Conductor Termination Identification: For identification at terminations provide self-adhesive vinyl labels with the conductor designation.
	G. Conductors to Be Extended in the Future: Attach write-on tags or marker tape to conductors and list source.
	H. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. Identify by system and circuit designation.
	2. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

	I. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical fiber cable.
	1. Limit use of underground-line warning tape to direct-buried cables.
	2. Install underground-line warning tape for both direct-buried cables and cables in raceway.

	J. Workspace Indication: Install floor marking tape to show working clearances in the direction of access to live parts. Workspace shall be as required by NFPA€70 and 29€CFR€1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in finished spaces.
	K. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-adhesive warning labels.
	1. Comply with 29€CFR€1910.145.
	2. Identify system voltage with black letters on an orange background.
	3. Apply to exterior of door, cover, or other access.
	4. 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.


	L. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect. Install instruction signs with approved legend where instructions are needed for system or equipment operation.
	M. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 3/8-inch high letters for emergency instructions at equipment used for power transfer.
	N. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. Apply labels to disconnect switches and protection equipment, central or master units, control panels, control stations, terminal cabinets, and racks of each system. Systems include power, lighting, control, communication, signal, monitoring, and alarm systems unless equipment is provided with its own identification.
	1. Labeling Instructions:
	a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless otherwise indicated, provide a single line of text with 1/2-inch high letters on 1-1/2-inch high label; where two lines of text are required, use labels 2 inches high.
	b. Outdoor Equipment: Engraved, laminated acrylic or melamine label.
	c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

	2. Equipment to Be Labeled:
	a. Panelboards: Typewritten directory of circuits in the location provided by panelboard manufacturer. Panelboard identification shall be engraved, laminated acrylic or melamine label.
	b. Enclosures and electrical cabinets.
	c. Switchgear.
	d. Switchboards.
	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. Power-generating units.
	p. Monitoring and control 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. This Section includes the following types of dry-type transformers rated 600€V and less, with capacities up to 1000 kVA:
	1. Distribution transformers.


	1.3 ACTION SUBMITTALS
	A. Product Data: Include rated nameplate data, capacities, weights, dimensions, minimum clearances, installed devices and features, and performance for each type and size of transformer indicated.
	B. 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. Wiring Diagrams: Power, signal, and control wiring.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency.
	B. Source quality-control test reports.
	C. Field quality-control test reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For transformers to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Source Limitations: Obtain each transformer type through one source from a single manufacturer.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA€70, Article€100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	C. Comply with IEEE€C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Temporary Heating: Apply temporary heat according to manufacturer's written instructions within the enclosure of each ventilated-type unit, throughout periods during which equipment is not energized and when transformer is not in a space that is continuously under normal control of temperature and humidity.

	1.8 COORDINATION
	A. Coordinate size and location of concrete bases with actual transformer provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with concrete.
	B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer provided.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Products.
	2. Federal Pacific Transformer Company; Division of Electro-Mechanical Corp.
	3. Siemens Energy & Automation, Inc.
	4. Square€D; Schneider Electric.
	5. Maddox.>


	2.2 GENERAL TRANSFORMER REQUIREMENTS
	A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service.
	B. Cores: Grain-oriented, non-aging silicon steel.
	C. Coils: Continuous windings without splices except for taps.
	1. Internal Coil Connections: Brazed or pressure type.
	2. Coil Material: Copper Basis of Design; consideration of aluminum is possible based upon equipment lead times.


	2.3 DISTRIBUTION TRANSFORMERS
	A. Comply with NEMA€ST€20, and list and label as complying with UL€1561.
	B. Cores: One leg per phase.
	C. Enclosure: [Ventilated] [Totally enclosed, nonventilated], NEMA€250, Type€2.
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	D. Enclosure: [Ventilated] [Totally enclosed, nonventilated], NEMA€250, [Type€3R] [Type€4X, stainless steel].
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	E. Transformer Enclosure Finish: Comply with NEMA€250.
	1. Finish Color: [Gray] [ANSI€49 gray] [ANSI€61 gray].

	F. Taps for Transformers Smaller Than 3 kVA: None
	G. Taps for Transformers 7.5 to 24 kVA: One 5 percent tap above and one 5 percent tap below normal full capacity.
	H. Taps for Transformers 25 kVA and Larger: Two 2.5 percent taps above and two 2.5 percent taps below normal full capacity.
	I. Insulation Class: 220 deg€C, UL-component-recognized insulation system with a maximum of 80 deg€C rise above 40 deg€C ambient temperature.
	J. Energy Efficiency for Transformers Rated 15€kVA and Larger:
	1. Complying with NEMA€TP€1, Class€1 efficiency levels.
	2. Tested according to NEMA€TP€2.

	K. K-Factor Rating: Transformers indicated to be K-factor rated shall comply with UL€1561 requirements for nonsinusoidal load current-handling capability to the degree defined by designated K-factor.
	1. Unit shall not overheat when carrying full-load current with harmonic distortion corresponding to designated K-factor.
	2. Indicate value of K-factor on transformer nameplate.

	L. Electrostatic Shielding: Each winding shall have an independent, single, full-width copper electrostatic shield arranged to minimize interwinding capacitance.
	1. Arrange coil leads and terminal strips to minimize capacitive coupling between input and output terminals.
	2. Include special terminal for grounding the shield.
	3. Shield Effectiveness:
	a. Capacitance between Primary and Secondary Windings: Not to exceed 33 picofarads over a frequency range of 20 Hz to 1 MHz.
	b. Common-Mode Noise Attenuation: Minimum of minus 120 dBA at 0.5 to 1.5 kHz; minimum of minus 65 dBA at 1.5 to 100 kHz.
	c. Normal-Mode Noise Attenuation: Minimum of minus 52 dBA at 1.5 to 10 kHz.


	M. Wall Brackets: Manufacturer's standard brackets.
	N. Low-Sound-Level Requirements: Minimum of 3 dBA less than NEMA€ST€20 standard sound levels when factory tested according to IEEE€C57.12.91.

	2.4 IDENTIFICATION DEVICES
	A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution transformer, mounted with corrosion-resistant screws. Nameplates and label products are specified in Section€260553 "Identification for Electrical Systems."

	2.5 SOURCE QUALITY CONTROL
	A. Test and inspect transformers according to IEEE€C57.12.91.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each transformer.
	B. Verify that field measurements are as needed to maintain working clearances required by NFPA€70 and manufacturer's written instructions.
	C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will be installed.
	D. Verify that ground connections are in place and requirements in Section€260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at location of transformer.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer manufacturer.
	B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written instructions and requirements in Section€260529 "Hangers and Supports for Electrical Systems."

	3.3 CONNECTIONS
	A. Ground equipment according to Section€260526 "Grounding and Bonding for Electrical Systems."
	B. Connect wiring according to Section€260519 "Low-Voltage Electrical Power Conductors and Cables."

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.
	B. Perform tests and inspections and prepare test reports.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

	D. Remove and replace units that do not pass tests or inspections and retest as specified above.
	E. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of transformer connections.
	1. Use an infrared-scanning device designed to measure temperature or detect significant deviations from normal values. Provide documentation of device calibration.
	2. Perform 1 follow-up infrared scans of transformers at 11 months after Substantial Completion.
	3. Prepare a certified report identifying transformer checked and describing results of scanning. Include notation of deficiencies detected, remedial action taken, and scanning observations after remedial action.

	F. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory Test" label to tested component.

	3.5 ADJUSTING
	A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy period. Adjust transformer taps to provide optimum voltage conditions at secondary terminals. Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower than nameplate voltage minus 3 percent at maximum load conditions. Submit recording and tap settings as test results.
	B. Output Settings Report: Prepare a written report recording output voltages and tap settings.

	3.6 CLEANING
	A. Vacuum dirt and debris; do not use compressed air to assist in cleaning.


	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. Service and distribution switchboards rated 600€V and less.
	2. Transient voltage suppression devices.
	3. Disconnecting and overcurrent protective devices.
	4. Instrumentation.
	5. Control power.
	6. Accessory components and features.
	7. Identification.
	8. Mimic bus.


	1.3 REFERENCES
	1.4 SUBMITTALS
	A. Product Data: For each type of switchboard, overcurrent protective device, transient voltage suppression device, ground-fault protector, accessory, and component indicated. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.
	B. Shop Drawings: For each switchboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details, including required clearances and service space around equipment. Show tabulations of installed devices, equipment features, and ratings.
	2. Detail enclosure types for types other than NEMA€250, Type€1.
	3. Detail bus configuration, current, and voltage ratings.
	4. Detail short-circuit current rating of switchboards and overcurrent protective devices.
	5. Include descriptive documentation of optional barriers specified for electrical insulation and isolation.
	6. Detail utility company's metering provisions with indication of approval by utility company.
	7. Include evidence of NRTL listing for series rating of installed devices.
	8. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	9. Include time-current coordination curves for each type and rating of overcurrent protective device included in switchboards.
	10. Include diagram and details of proposed mimic bus.
	11. Include schematic and wiring diagrams for power, signal, and control wiring.

	C. Samples: Representative portion of mimic bus with specified material and finish, for color selection.
	D. Qualification Data: For qualified [Installer] [testing agency].
	E. Field Quality-Control Reports:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.

	F. Operation and Maintenance Data: For switchboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Division€01 Section "Operation and Maintenance Data," include the following:
	1. Routine maintenance requirements for switchboards and all installed components.
	2. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
	3. Time-current coordination curves for each type and rating of overcurrent protective device included in switchboards. Submit on translucent log-log graft paper; include selectable ranges for each type of overcurrent protective device.


	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: An employer of workers qualified as defined in NEMA€PB€2.1 and trained in electrical safety as required by NFPA€70E.
	B. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing.

	C. Source Limitations: Obtain switchboards, overcurrent protective devices, components, and accessories from single source from single manufacturer.
	D. Product Selection for Restricted Space: Drawings indicate maximum dimensions for switchboards including clearances between switchboards and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	E. 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.
	F. Comply with NEMA€PB€2.
	G. Comply with NFPA€70.
	H. Comply with UL€891.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver switchboards in sections or lengths that can be moved past obstructions in delivery path.
	B. Remove loose packing and flammable materials from inside switchboards and connect factory-installed space heaters to temporary electrical service to prevent condensation.
	C. Handle and prepare switchboards for installation according to NEMA€PB€2.1.

	1.7 PROJECT CONDITIONS
	A. Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and structures to provide pathway for moving switchboards into place.
	B. Environmental Limitations:
	1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet work in spaces is complete and dry, work above switchboards is complete, and temporary HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.
	2. Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	a. Ambient Temperature: Not exceeding 104 deg€F (40 deg€C).
	b. Altitude: Not exceeding 6600 feet (2000€m).


	C. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
	1. Notify Owner and Engineer no fewer than seven days in advance of proposed interruption of electric service.
	2. Indicate method of providing temporary electric service if deemed necessary by the Owner.
	3. Do not proceed with interruption of electric service without Owner's written permission.
	4. Comply with NFPA€70E.


	1.8 COORDINATION
	A. Coordinate layout and installation of switchboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.
	B. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified on the construction drawings.

	1.9 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices 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 MANUFACTURED UNITS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Square D; a brand of Schneider Electric.
	2. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	3. Siemens Energy & Automation, Inc.
	4. ABB

	B. Front- and Rear-Accessible Switchboards:
	1. Main Devices: Fixed, individually mounted.
	2. Branch Devices: Panel and fixed, individually
	3. Sections front and rear aligned.

	C. Nominal System Voltage: 208Y/120€V
	D. Main-Bus Continuous: 4000 A.
	E. Outdoor Enclosures: Type€3R.
	1. Finish: Factory-applied finish in manufacturer's standard color; undersurfaces treated with corrosion-resistant undercoating.
	2. Enclosure: [Downward, rearward sloping roof; bolt-on rear covers for each section, with provisions for padlocking.
	a. Ventilating openings€complete with replaceable fiberglass air filters.

	3. Power for Space Heaters, Ventilation, Lighting, and Receptacle: Include a control-power transformer within the switchboard. Supply voltage shall be 120/208-V€ac.

	F. Barriers: Between adjacent switchboard sections.
	G. Insulation and isolation for[€main bus of main section and] main and vertical buses of feeder sections.
	H. Cubical Space Heaters: Factory-installed electric space heaters of sufficient wattage in each vertical section to maintain enclosure temperature above expected dew point.
	I. Utility Metering Compartment: Fabricated, barrier compartment and section complying with utility company's requirements; hinged sealed door; buses provisioned for mounting utility company's current transformers and potential transformers or potential taps as required by utility company. If separate vertical section is required for utility metering, match and align with basic switchboard. Provide service entrance label and necessary applicable service entrance features.
	J. Bus Transition and Incoming Pull Sections: Matched and aligned with basic switchboard.
	K. Removable, Hinged Rear Doors and Compartment Covers: Secured by standard bolts, for access to rear interior of switchboard.
	L. Buses and Connections: Three phase, four wire unless otherwise indicated.
	1. Phase- and Neutral-Bus Material: Hard-drawn copper of 98 percent conductivity, silver-plated, with tin-plated aluminum or copper feeder circuit-breaker line connections.
	2. Ground Bus: Minimum-size required by UL€891, hard-drawn copper of 98 percent conductivity, equipped with compression connectors for feeder and branch-circuit ground conductors
	3. Main Phase Buses and Equipment Ground Buses: Uniform capacity for entire length of switchboard's main and distribution sections.  Provide for future extensions from both ends.
	4. Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise indicated, equipped with compression connectors for outgoing circuit neutral cables. Brace bus extensions for busway feeder neutral bus.

	M. Future Devices: Equip compartments with mounting brackets, supports, bus connections, and appurtenances at full rating of circuit-breaker compartment.
	N. Bus-Bar Insulation: Factory-applied, flame-retardant, tape wrapping of individual bus bars or flame-retardant, spray-applied insulation. Minimum insulation temperature rating of 105 deg€C.
	O. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective devices and other components including instruments and instrument transformers.

	2.2 TRANSIENT VOLTAGE SUPPRESSION DEVICES
	A. Basis-of-Design Product: Subject to compliance with requirements, provide same manufacturer as Switchboard.
	B. Surge Protection Device Description: IEEE€C62.41-compliant, integrally mounted, bolt-on, solid-state, parallel-connected, modular (with field-replaceable modules) type, with sine-wave tracking suppression and filtering modules, UL€1449, second edition, short-circuit current rating matching or exceeding the switchboard short-circuit rating, and with the following features and accessories:
	1. Fuses, rated at 200-kA interrupting capacity.
	2. Fabrication using bolted compression lugs for internal wiring.
	3. Redundant suppression circuits.
	4. Redundant replaceable modules.
	5. Arrangement with wire connections to phase buses, neutral bus, and ground bus.
	6. LED indicator lights for power and protection status.
	7. Audible alarm, with silencing switch, to indicate when protection has failed.
	8. Form-C contacts rated at 5€A and 250-V€ac, one normally open and one normally closed, for remote monitoring of system operation. Contacts shall reverse position on failure of any surge diversion module or on opening of any current-limiting device. Coordinate with building power monitoring and control system.
	9. Four-digit, transient-event counter set to totalize transient surges.

	C. Withstand Capabilities: 12,000 IEEE€C62.41, Category€C3 (10 kA), 8-by-20-mic.sec. surges with less than 5 percent change in clamping voltage.
	D. Protection modes and UL€1449 SVR for grounded wye circuits with 208Y/120-V, three-phase, four-wire circuits shall be as follows:
	1. Line to Neutral: 400€V for 208Y/120.
	2. Line to Ground 400€V for 208Y/120.
	3. Neutral to Ground: [400€V for 208Y/120


	2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Molded-Case Circuit Breaker (MCCB): Comply with UL€489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250€A and larger.
	2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers: Frame sizes 400€A and smaller; let-through ratings less than NEMA€FU€1, RK-5.
	5. Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-style fuse listed for use with circuit breaker; trip activation on fuse opening or on opening of fuse compartment door.
	6. GFCI Circuit Breakers: Single- and two-pole configurations with Class€A ground-fault protection (6-mA trip).
	7. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class€B ground-fault protection (30-mA trip).
	8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs: Compression style, suitable for number, size, trip ratings, and conductor material.
	c. Application Listing: Appropriate for application; Type€SWD for switching fluorescent lighting loads; Type€HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking ground-fault protection function.
	f. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage.
	g. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	h. Auxiliary Contacts: Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.


	B. Insulated-Case Circuit Breaker (ICCB): 80 percent rated, sealed, insulated-case power circuit breaker with interrupting capacity rating to meet available fault current.
	1. Fixed circuit-breaker mounting.
	2. Two-step, stored-energy closing.
	3. Standard-function, microprocessor-based trip units with interchangeable rating plug, trip indicators, and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time time adjustments.
	c. Ground-fault pickup level, time delay, and I2t response.

	4. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking ground-fault protection function.
	5. Remote trip indication and control.
	6. Control Voltage: 120-V€ac.


	2.4 INSTRUMENTATION
	A. Instrument Transformers: IEEE€C57.13, NEMA€EI€21.1, and the following:
	1. Current Transformers: IEEE€C57.13; 5€A, 60 Hz, secondary; window type; single secondary winding and secondary shorting device. Burden and accuracy shall be consistent with connected metering and relay devices.
	2. Control-Power Transformers: Dry type, mounted in separate compartments for units larger than 3 kVA.

	B. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-wire systems and with the following features:
	1. Switch-selectable digital display of the following values with maximum accuracy tolerances as indicated:
	a. Phase Currents, Each Phase: Plus or minus 1 percent.
	b. Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent.
	c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 1 percent.
	d. Megawatts: Plus or minus 2 percent.
	e. Megavars: Plus or minus 2 percent.
	f. Power Factor: Plus or minus 2 percent.
	g. Frequency: Plus or minus 0.5 percent.
	h. Accumulated Energy, Megawatt Hours: Plus or minus 2 percent; accumulated values unaffected by power outages up to 72 hours.
	i. Megawatt Demand: Plus or minus 2 percent; demand interval programmable from five to 60 minutes.
	j. Contact devices to operate remote impulse-totalizing demand meter.

	2. Mounting: Display and control unit flush or semiflush mounted in instrument compartment door.


	2.5 CONTROL POWER
	A. Control Circuits: 120-V€ac, supplied through secondary disconnecting devices from control-power transformer.
	B. Control Circuits: 120-V€ac, supplied from remote branch circuit.
	C. Control Circuits: <Insert control voltage>-V€dc.

	2.6 ACCESSORY COMPONENTS AND FEATURES
	A. Portable Test Set: For testing functions of solid-state trip devices without removing from switchboard. Include relay and meter test plugs suitable for testing switchboard meters and switchboard class relays.

	2.7 IDENTIFICATION
	A. Mimic Bus: Continuously integrated mimic bus factory applied to front of switchboard. Arrange in single-line diagram format, using symbols and letter designations consistent with final mimic-bus diagram.
	B. Coordinate mimic-bus segments with devices in switchboard sections to which they are applied. Produce a concise visual presentation of principal switchboard components and connections.
	C. Service Equipment Label: NRTL labeled for use as service equipment for switchboards with one or more service disconnecting and overcurrent protective devices.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Receive, inspect, handle, and store switchboards according to NEMA€PB€2.1.
	B. Examine switchboards before installation. Reject switchboards that are moisture damaged or physically damaged.
	C. Examine elements and surfaces to receive switchboards for compliance with installation tolerances and other conditions affecting performance of the Work.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install switchboards and accessories according to [NEMA€PB€2.1.
	B. Equipment Mounting: Install switchboards on concrete base, 6-inch (152-mm) nominal thickness. Comply with requirements for concrete base specified in Drawing Set. See drawing S-3.00.
	1. Place and secure anchorage devices. Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	2. Install anchor bolts to elevations required for proper attachment to switchboards.

	C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from switchboard units and components.
	D. Operating Instructions: Frame and mount the printed basic operating instructions for switchboards, including control and key interlocking sequences and emergency procedures. Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic. Mount on front of switchboards.
	E. Install filler plates in unused spaces of panel-mounted sections.
	F. Install overcurrent protective devices, transient voltage suppression devices, and instrumentation.
	1. Set field-adjustable switches and circuit-breaker trip ranges.

	G. Comply with NECA€1.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with requirements for identification specified in Division€26 Section "Identification for Electrical Systems."
	B. Switchboard Nameplates: Label each switchboard compartment with a nameplate complying with requirements for identification specified in Division€26 Section "Identification for Electrical Systems."
	C. Device Nameplates: Label each disconnecting and overcurrent protective device and each meter and control device mounted in compartment doors with a nameplate complying with requirements for identification specified in Division€26 Section "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	B. Perform tests and inspections.
	C. Acceptance Testing Preparation:
	1. Test insulation resistance for each switchboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	D. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each switchboard. Remove front and rear panels so joints and connections are accessible to portable scanner.
	b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each switchboard 11 months after date of Substantial Completion.
	c. Instruments and Equipment:
	1) Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.


	4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.

	E. Switchboard will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports, including a certified report that identifies switchboards included and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
	B. Set field-adjustable circuit-breaker trip ranges.

	3.6 PROTECTION
	A. Temporary Heating: Apply temporary heat, to maintain temperature according to manufacturer's written instructions, until switchboard is ready to be energized and placed into service.


	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. Distribution panelboards.
	2. Lighting and appliance branch-circuit panelboards.
	3. Load centers.


	1.3 DEFINITIONS
	A. SVR: Suppressed voltage rating.
	B. TVSS: Transient voltage surge suppressor.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of panelboard, switching and overcurrent protective device, transient voltage suppression device, accessory, and component indicated. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: Submit certification that panelboards, overcurrent protective devices, accessories, and components will withstand seismic forces defined in Section€260548 "Vibration and Seismic Controls for Electrical Systems." Include the following:
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

	B. Field Quality-Control Reports:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.

	C. Panelboard Schedules: For installation in panelboards Submit final versions after load balancing.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Section€017823 "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
	2. Time-current curves, including selectable ranges for each type of overcurrent protective device that allows adjustments.


	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Keys: Two spares for each type of panelboard cabinet lock.
	2. Circuit Breakers Including GFCI and Ground Fault Equipment Protection (GFEP) Types: Two spares for each panelboard.
	3. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
	4. Fuses for Fused Power-Circuit Devices: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.


	1.8 QUALITY ASSURANCE
	A. Source Limitations: Obtain panelboards, overcurrent protective devices, components, and accessories from single source from single manufacturer.
	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.
	C. Comply with NEMA€PB€1.
	D. Comply with NFPA€70.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Remove loose packing and flammable materials from inside panelboards; install temporary electric heating (250€W per panelboard) to prevent condensation.
	B. Handle and prepare panelboards for installation according to NECA€407.

	1.10 PROJECT CONDITIONS
	A. Environmental Limitations:
	1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work in spaces is complete and dry, work above panelboards is complete, and temporary HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.
	2. Rate equipment for continuous operation under the following conditions unless otherwise indicated:

	B. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
	1. Notify Construction Manager and Owner no fewer than two days in advance of proposed interruption of electric service.
	2. Do not proceed with interruption of electric service without Owner's written permission.
	3. Comply with NFPA€70E.


	1.11 COORDINATION
	A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.

	1.12 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices 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 GENERAL REQUIREMENTS FOR PANELBOARDS
	A. Fabricate and test panelboards according to IEEE€344 to withstand seismic forces defined in Section€260548 "Vibration and Seismic Controls for Electrical Systems."
	B. Enclosures: Flush- and surface-mounted cabinets.
	1. Rated for environmental conditions at installed location.
	a. Indoor Dry and Clean Locations: NEMA€250, Type€1.
	b. Outdoor Locations: NEMA€250, Type€3R.
	c. Kitchen Areas: NEMA€250, Type€4X .
	d. Other Wet or Damp Indoor Locations: NEMA€250, Type€4.

	2. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match box dimensions; for flush-mounted fronts, overlap box.
	3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover.
	4. Skirt for Surface-Mounted Panelboards: Same gage and finish as panelboard front with flanges for attachment to panelboard, wall, and ceiling or floor.
	5. Gutter Extension and Barrier: Same gage and finish as panelboard enclosure; integral with enclosure body. Arrange to isolate individual panel sections.
	6. Finishes:
	a. Panels and Trim: Steel and galvanized steel, factory finished immediately after cleaning and pretreating with manufacturer's standard two-coat, baked-on finish consisting of prime coat and thermosetting topcoat.
	b. Back Boxes: Same finish as panels and trim.

	7. Directory Card: Inside panelboard door, mounted in metal frame with transparent protective cover.

	C. Incoming Mains Location: Top and bottom.
	D. Phase, Neutral, and Ground Buses:
	1. Material: Hard-drawn copper, 98 percent conductivity.
	2. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding conductors; bonded to box.
	3. Isolated Ground Bus: Adequate for branch-circuit isolated ground conductors; insulated from box.
	4. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and UL listed as suitable for nonlinear loads.
	5. Split Bus: Vertical buses divided into individual vertical sections.

	E. Conductor Connectors: Suitable for use with conductor material and sizes.
	1. Material: Hard-drawn copper, 98 percent conductivity.
	2. Main and Neutral Lugs: Mechanical type.
	3. Ground Lugs and Bus-Configured Terminators: Mechanical type.
	4. Feed-Through Lugs: Mechanical type, suitable for use with conductor material. Locate at opposite end of bus from incoming lugs or main device.
	5. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material. Locate at same end of bus as incoming lugs or main device.
	6. Gutter-Tap Lugs: Mechanical type suitable for use with conductor material. Locate at same end of bus as incoming lugs or main device.
	7. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-capacity neutral bus.

	F. Service Equipment Label: NRTL labeled for use as service equipment for panelboards or load centers with one or more main service disconnecting and overcurrent protective devices.
	G. Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	H. Panelboard Short-Circuit Current Rating: Rated for series-connected system with integral or remote upstream overcurrent protective devices and labeled by an NRTL. Include size and type of allowable upstream and branch devices, listed and labeled for series-connected short-circuit rating by an NRTL.
	I. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals.

	2.2 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions determined according to SEI/ASCE€7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified€and the unit will be fully operational after the seismic event."

	B. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying with UL 1449 SPD Type 1.

	2.3 DISTRIBUTION PANELBOARDS
	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. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Panelboards: NEMA€PB€1, power and feeder distribution type.
	C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.
	1. For doors more than 36 inches high, provide two latches, keyed alike.

	D. Mains: Circuit breaker.
	E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125€A and Smaller: Bolt-on circuit breakers.
	F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125€A: Bolt-on circuit breakers; plug-in circuit breakers where individual positive-locking device requires mechanical release for removal.
	G. Branch Overcurrent Protective Devices: Fused switches.

	2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	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. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Panelboards: NEMA€PB€1, lighting and appliance branch-circuit type.
	C. Mains: Circuit breaker.
	D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	E. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
	F. Column-Type Panelboards: Narrow gutter extension, with cover, to overhead junction box equipped with ground and neutral terminal buses.

	2.5 LOAD CENTERS
	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. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Load Centers: Comply with UL€67.
	C. Mains: Circuit breaker.
	D. Branch Overcurrent Protective Devices: Plug-in circuit breakers, replaceable without disturbing adjacent units.
	E. Conductor Connectors: Mechanical type for main, neutral, and ground lugs and buses.

	2.6 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	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. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Molded-Case Circuit Breaker (MCCB): Comply with UL€489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250€A and larger.
	2. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers: Frame sizes 400€A and smaller; let-through ratings less than NEMA€FU€1, RK-5.
	5. GFCI Circuit Breakers: Single- and two-pole configurations with Class€A ground-fault protection (6-mA trip).
	6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class€B ground-fault protection (30-mA trip).
	7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers: Comply with UL€1699; 120/240-V, single-pole configuration.
	8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	c. Application Listing: Appropriate for application; Type€SWD for switching fluorescent lighting loads; Type€HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Communication Capability: Circuit-breaker-mounted communication module with functions and features compatible with power monitoring and control system specified in Section€260913 "Electrical Power Monitoring and Control."
	f. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55percent of rated voltage.
	g. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	h. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts and "b" contacts operate in reverse of circuit-breaker contacts.
	i. Alarm Switch: Single-pole, normally open contact that actuates only when circuit breaker trips.
	j. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be removable only when circuit breaker is in off position.
	k. Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking ground-fault protection function with other upstream or downstream devices.
	l. Multipole units enclosed in a single housing or factory assembled to operate as a single unit.
	m. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle in on or off position.
	n. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position.


	C. Fused Switch: NEMA€KS€1, Type€HD; clips to accommodate specified fuses; lockable handle.
	1. Fuses, and Spare-Fuse Cabinet: Comply with requirements specified in Section€262813 "Fuses."
	2. Fused Switch Features and Accessories: Standard ampere ratings and number of poles.
	3. Auxiliary Contacts: One normally open and normally closed contact(s) that operate with switch handle operation.


	2.7 ACCESSORY COMPONENTS AND FEATURES
	A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective device test, inspection, maintenance, and operation.
	B. Portable Test Set: For testing functions of solid-state trip devices without removing from panelboard. Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Receive, inspect, handle, and store panelboards according to NECA€407.
	B. Examine panelboards before installation. Reject panelboards that are damaged or rusted or have been subjected to water saturation.
	C. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install panelboards and accessories according to NECA€407.
	B. Equipment Mounting: Install panelboards on concrete bases, 4-inch nominal thickness. Comply with requirements for concrete base specified in Section€033053 "Miscellaneous Cast-in-Place Concrete."
	1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch centers around full perimeter of base.
	2. For panelboards, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
	3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	4. Install anchor bolts to elevations required for proper attachment to panelboards.
	5. Attach panelboard to the vertical finished or structural surface behind the panelboard.

	C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from panelboards.
	D. Comply with mounting and anchoring requirements specified in Section€260548 "Vibration and Seismic Controls for Electrical Systems."
	E. Mount top of trim 90 inches above finished floor unless otherwise indicated.
	F. Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	G. Install overcurrent protective devices and controllers not already factory installed.
	1. Set field-adjustable, circuit-breaker trip ranges.

	H. Install filler plates in unused spaces.
	I. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future. Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	J. Arrange conductors in gutters into groups and bundle and wrap with wire ties€after completing load balancing.
	K. Comply with NECA€1.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Section€260553 "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads€after balancing panelboard loads; incorporate Owner's final room designations.  Obtain approval before installing.  Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in Section€260553 "Identification for Electrical Systems."
	D. Device Nameplates: Label each branch circuit device in distribution panelboards with a nameplate complying with requirements for identification specified in Section€260553 "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each panelboard. Remove front panels so joints and connections are accessible to portable scanner.
	b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each panelboard 11 months after date of Substantial Completion.
	c. Instruments and Equipment:
	1) Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.



	D. Panelboards will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	3.5 ADJUSTING
	A. Adjust moving parts and operable component to function smoothly, and lubricate as recommended by manufacturer.
	B. Load Balancing: After Substantial Completion, but not more than 60 days after Final Acceptance, measure load balancing and make circuit changes.
	1. Measure as directed during period of normal system loading.
	2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the facility and at time directed. Avoid disrupting critical 24-hour services such as fax machines and on-line data processing, computing, transmitting, and receiving equipment.
	3. After circuit changes, recheck loads during normal load period. Record all load readings before and after changes and submit test records.
	4. Tolerance: Difference exceeding 20 percent between phase loads, within a panelboard, is not acceptable. Rebalance and recheck as necessary to meet this minimum requirement.


	3.6 PROTECTION
	A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's written instructions.
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	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. Receptacles, receptacles with integral GFCI, and associated device plates.
	2. Twist-locking receptacles.
	3. Isolated-ground receptacles.
	4. Hospital-grade receptacles.
	5. Tamper-resistant receptacles.
	6. Weather-resistant receptacles.
	7. Snap switches and wall-box dimmers.
	8. Wall-switch and exterior occupancy sensors.
	9. Communications outlets.


	1.3 DEFINITIONS
	A. EMI: Electromagnetic interference.
	B. GFCI: Ground-fault circuit interrupter.
	C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	D. RFI: Radio-frequency interference.
	E. TVSS: Transient voltage surge suppressor.
	F. UTP: Unshielded twisted pair.

	1.4 ADMINISTRATIVE REQUIREMENTS
	A. Coordination:
	1. Receptacles for Owner-Furnished Equipment: Match plug configurations.
	2. Cord and Plug Sets: Match equipment requirements.


	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: List of legends and description of materials and process used for premarking wall plates.

	1.6 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.7 CLOSEOUT SUBMITTALS
	A. 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 MANUFACTURERS
	A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part€2 articles:
	1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
	2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
	3. Leviton Mfg. Company Inc. (Leviton).
	4. Pass & Seymour/Legrand (Pass & Seymour).

	B. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 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.


	2.3 STRAIGHT-BLADE RECEPTACLES
	A. Convenience Receptacles, 125€V, 20€A: Comply with NEMA€WD€1, NEMA€WD€6 Configuration€5-20R, UL€498, and FS€W-C-596.
	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. Cooper; 5351 (single), CR5362 (duplex).
	b. Hubbell; HBL5351 (single), HBL5352 (duplex).
	c. Leviton; 5891 (single), 5352 (duplex).
	d. Pass & Seymour; 5361 (single), 5362 (duplex).


	B. Isolated-Ground, Duplex Convenience Receptacles, 125€V, 20€A: Comply with NEMA€WD€1, NEMA€WD€6 Configuration€5-20R, UL€498, and FS€W-C-596.
	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. Cooper; IG5362RN.
	b. Hubbell; IG5362.
	c. Leviton; 5362-IG.
	d. Pass & Seymour; IG5362.

	2. Description: Straight blade; equipment grounding contacts shall be connected only to the green grounding screw terminal of the device and with inherent electrical isolation from mounting strap. Isolation shall be integral to receptacle construction and not dependent on removable parts.

	C. Tamper-Resistant Convenience Receptacles, 125€V, 20€A: Comply with NEMA€WD€1, NEMA€WD€6 Configuration€5-20R, UL€498 Supplement€sd, and FS€W-C-596.
	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. Cooper; TR8300.
	b. Hubbell; HBL8300SGA.
	c. Leviton; 8300-SGG.
	d. Pass & Seymour; TR63H.



	2.4 GFCI RECEPTACLES
	A. General Description:
	1. Straight blade, feed-through type.
	2. Comply with NEMA€WD€1, NEMA€WD€6, 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, 125€V, 20€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. Cooper; VGF20.
	b. Hubbell; GFR5352L.
	c. Pass & Seymour; 2095.
	d. Leviton; 7590.


	C. Tamper-Resistant GFCI Convenience Receptacles, 125€V, 20€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. Hubbell; GFTR20.
	b. Pass & Seymour; 2095TR.



	2.5 TWIST-LOCKING RECEPTACLES
	A. Single Convenience Receptacles, 125€V, 20€A: Comply with NEMA€WD€1, NEMA€WD€6 Configuration€L5-20R, and UL€498.
	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. Cooper; CWL520R.
	b. Hubbell; HBL2310.
	c. Leviton; 2310.
	d. Pass & Seymour; L520-R.



	2.6 TOGGLE SWITCHES
	A. Comply with NEMA€WD€1, UL€20, and FS€W-S-896.
	B. Switches, 120/277€V, 20€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:
	1) Single Pole:
	2) Cooper; AH1221.
	3) Hubbell; HBL1221.
	4) Leviton; 1221-2.
	5) Pass & Seymour; CSB20AC1.
	6) Two Pole:
	7) Cooper; AH1222.
	8) Hubbell; HBL1222.
	9) Leviton; 1222-2.
	10) Pass & Seymour; CSB20AC2.
	11) Three Way:
	12) Cooper; AH1223.
	13) Hubbell; HBL1223.
	14) Leviton; 1223-2.
	15) Pass & Seymour; CSB20AC3.
	16) Four Way:
	17) Cooper; AH1224.
	18) Hubbell; HBL1224.
	19) Leviton; 1224-2.
	20) Pass & Seymour; CSB20AC4.

	2. Description: Single pole, with neon-lighted handle, illuminated when switch is "off."


	2.7 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: Smooth, high-impact thermoplastic or 0.05-inch-(1.2-mm-) thick, anodized aluminum.
	3. Material for Unfinished Spaces: Smooth, high-impact thermoplastic.
	4. Material for Damp Locations: Thermoplastic or Cast aluminum with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.

	B. Wet-Location, Weatherproof Cover Plates: NEMA€250, complying with Type€3R, weather-resistant,€die-cast aluminum or thermoplastic with lockable cover.

	2.8 PREFABRICATED MULTIOUTLET ASSEMBLIES
	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. Hubbell Incorporated; Wiring Device-Kellems.
	2. Wiremold/Legrand.

	B. Description:
	1. Two-piece surface metal raceway, with factory-wired multioutlet harness.
	2. Components shall be products from single manufacturer designed for use as a complete, matching assembly of raceways and receptacles.

	C. Raceway Material: Metal, with manufacturer's standard finish.
	D. Multioutlet Harness:
	1. Receptacles: 15-A, 125-V, NEMA€WD€6 Configuration€5-15R receptacles complying with NEMA€WD€1, UL€498, and FS€W-C-596.
	2. Receptacle Spacing: 12 inches.
	3. Wiring: No.€12€AWG solid, Type€THHN copper, two circuit, connecting alternating receptacles.


	2.9 FINISHES
	A. Device Color:
	1. Wiring Devices Connected to Normal Power System: Almond unless otherwise indicated or required by NFPA€70 or device listing.
	2. Wiring Devices Connected to Emergency Power System: Red.
	3. Isolated-Ground Receptacles: As specified above, with orange triangle on face.

	B. Wall Plate Color: For plastic covers, match device color.


	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 (152 mm) 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 down, and on horizontally mounted receptacles to the right.
	2. Install hospital-grade receptacles in patient-care areas with the ground pin or neutral blade at the top.

	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.
	H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.

	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. Perform the following tests and inspections:
	1. In healthcare facilities, prepare reports that comply with recommendations in NFPA€99.
	2. Test Instruments: Use instruments that comply with UL€1436.
	3. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	B. 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 replace with new ones, and retest as specified above.

	C. Test straight-blade convenience outlets in patient-care areas for the retention force of the grounding blade according to NFPA€99. Retention force shall be not less than 4 oz. (115€g).
	D. Wiring device will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.


	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. Fusible switches.
	2. Nonfusible switches.
	3. Receptacle switches.
	4. Shunt trip switches.
	5. Molded-case circuit breakers (MCCBs).
	6. Molded-case switches.
	7. Enclosures.


	1.3 DEFINITIONS
	A. NC: Normally closed.
	B. NO: Normally open.
	C. SPDT: Single pole, double throw.

	1.4 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of earthquake motions determined according to ASCE/SEI€7
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified€and the unit will be fully operational after the seismic event."


	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.
	1. Enclosure types and details for types other than NEMA€250, Type€1.
	2. Current and voltage ratings.
	3. Short-circuit current ratings (interrupting and withstand, as appropriate).
	4. Include evidence of NRTL listing for series rating of installed devices.
	5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.
	6. 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.

	B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams: For power, signal, and control wiring.


	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals. In addition to items specified in Section€017823 "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers.
	2. 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.


	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
	2. Fuse Pullers: Two for each size and type.


	1.8 QUALITY ASSURANCE
	A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source 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 as defined in NFPA€70, by a qualified testing agency, and marked for intended location and application.
	D. Comply with NFPA€70.

	1.9 PROJECT CONDITIONS
	A. Environmental Limitations: Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	1. Ambient Temperature: Not less than minus 22 deg€F (minus 30 deg€C) and not exceeding 104 deg€F (40 deg€C).
	2. Altitude: Not exceeding 6600 feet (2010€m).

	B. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
	1. Notify Construction Manager and Owner no fewer than seven days in advance of proposed interruption of electric service.
	2. Indicate method of providing temporary electric service.
	3. Do not proceed with interruption of electric service without Owner's written permission.
	4. Comply with NFPA€70E.


	1.10 COORDINATION
	A. 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.


	PART 2 - PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Type€HD, Heavy Duty, Single Throw, 240 or 600-V€ac, 1200€A and Smaller: UL€98 and NEMA€KS€1, horsepower rated, with clips or bolt pads to accommodate fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Type€HD, Heavy Duty, Double Throw, 240 or 600-V€ac, 1200€A and Smaller: UL€98 and NEMA€KS€1, horsepower rated, with clips or bolt pads to accommodate fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	D. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	4. Class€R Fuse Kit: Provides rejection of other fuse types when Class€R fuses are specified.
	5. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	6. Hookstick Handle: Allows use of a hookstick to operate the handle.
	7. Lugs: Mechanical type, suitable for number, size, and conductor material.
	8. Service-Rated Switches: Labeled for use as service equipment.
	9. Accessory Control Power Voltage: Remote mounted and powered; [24-V€ac] [120-V€ac]


	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Type€HD, Heavy Duty, Single Throw, 240 or 600V€ac, 1200€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. Type€HD, Heavy Duty, Double Throw, 240 or 600-V€ac, 1200€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.
	D. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	4. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	5. Hookstick Handle: Allows use of a hookstick to operate the handle.
	6. Lugs: Mechanical type, suitable for number, size, and conductor material.
	7. Accessory Control Power Voltage: Remote mounted and powered; [24-V€ac] [120-V€ac]


	2.3 SHUNT TRIP 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. Cooper Bussmann, Inc.
	2. Ferraz Shawmut, Inc.
	3. Littelfuse, Inc.

	B. General Requirements: Comply with€ASME€A17.1, UL€50, and UL€98, with 200-kA interrupting and short-circuit current rating when fitted with Class€J fuses.
	C. Switches: Three-pole, horsepower rated, with integral shunt trip mechanism and Class€J fuse block; lockable handle with capability to accept three padlocks; interlocked with cover in closed position.
	D. Control Circuit: 120-V ac; obtained from integral control power transformer, with primary and secondary fuses, with a control power source of enough capacity to operate shunt trip, connected pilot, and indicating and control devices.
	E. Accessories:
	1. Oiltight key switch for key-to-test function.
	2. Oiltight green ON pilot light.
	3. Isolated neutral lug; 200 percent rating.
	4. Mechanically interlocked auxiliary contacts that change state when switch is opened and closed.
	5. Form€C alarm contacts that change state when switch is tripped.
	6. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage.
	7. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA€72.


	2.4 MOLDED-CASE CIRCUIT BREAKERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. General Requirements: Comply with UL€489, NEMA€AB€1, and NEMA€AB€3, with interrupting capacity to comply with available fault currents.
	C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250€A and larger.
	D. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip setting.
	E. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:
	1. Instantaneous trip.
	2. Long- and short-time pickup levels.
	3. Long- and short-time time adjustments.
	4. Ground-fault pickup level, time delay, and I2t response.

	F. Current-Limiting Circuit Breakers: Frame sizes 400€A and smaller, and let-through ratings less than NEMA€FU€1, RK-5.
	G. Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-style fuse listed for use with circuit breaker and trip activation on fuse opening or on opening of fuse compartment door.
	H. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations with Class€A ground-fault protection (6-mA trip).
	I. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class€B ground-fault protection (30-mA trip).
	J. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material.
	3. Application Listing: Appropriate for application; Type€SWD for switching fluorescent lighting loads; Type€HID for feeding fluorescent and high-intensity discharge lighting circuits.
	4. Ground-Fault Protection: Comply with UL€1053; integrally mounted, self-powered type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-sequence current transformer/sensor.


	2.5 MOLDED-CASE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. General Requirements: MCCB with fixed, high-set instantaneous trip only, and short-circuit withstand rating equal to equivalent breaker frame size interrupting rating.
	C. Features and Accessories:
	1. Standard frame sizes and number of poles.
	2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material.
	3. Ground-Fault Protection: Comply with UL€1053; remote-mounted and powered type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-sequence current transformer/sensor.
	4. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.
	5. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	6. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic switch contacts, "b" contacts operate in reverse of switch contacts.
	7. Alarm Switch: One NO contact that operates only when switch has tripped.
	8. Key Interlock Kit: Externally mounted to prohibit switch operation; key shall be removable only when switch is in off position.
	9. Accessory Control Power Voltage: Integrally mounted, self-powered.


	2.6 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: NEMA€AB€1, NEMA€KS€1, NEMA€250, and UL€50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations: NEMA€250, Type€1.
	2. Outdoor Locations: NEMA€250, Type€3R.
	3. Other Wet or Damp, Indoor Locations: NEMA€250, Type€4.
	4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA€250, Type€12.



	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.

	3.2 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements specified in Section€260548 "Vibration and Seismic Controls for Electrical Systems."
	C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA€1.

	3.3 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.


	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each enclosed switch and circuit breaker. Remove front panels so joints and connections are accessible to portable scanner.
	b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each enclosed switch and circuit breaker 11 months after date of Substantial Completion.
	c. Instruments and Equipment: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.

	4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.

	D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
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