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Ladies and Gentlemen:

We are pleased to submit herewith our report titled, “Geotechnical Design Report, Replacement of
Sewall’s Bridge over York River,” prepared in accordance with our proposal, dated 23 February 2011
and with the provisions of our GCA Agreement with MaineDOT, No. CT20070810000000003861.

This Geotechnical Design Report (GDR) is a compilation of the results of subsurface investigations and
geotechnical laboratory testing programs and provides geotechnical design recommendations in support
of the subject project.

The remainder of this report is divided into the following sections:
= Report Text: Introduction, Geologic Setting, Subsurface Investigation Program, Generalized

Subsurface Conditions, Laboratory Testing Program, Geotechnical Design Recommendations,
Construction Considerations, and Limitations of Recommendations.

n Sheets: Project Locus, Site and Subsurface Exploration Location Plan, Geologic Profile,
Table I — Summary of Subsurface Explorations.
m Appendices: Test Boring Logs, Laboratory Test Results, Calculations, and Historic

Information, Existing Timber Piles.
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Thank you for the opportunity to help support MaineDOT on this significant bridge project. We look
forward to providing continued assistance to the Department during the bidding and construction phases
of the project.

Sincerely yours,
HALEY & ALDRICH, INC.

Erin F. Wood, P.E.
Project Manager/Senior Geotechnical Engineer

=

Wayne A. Chadbourne, P.E.
Lead Geotechnical Engineer/Vice President
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1. INTRODUCTION

This report present the results of preliminary and final design phase geotechnical investigations,
laboratory testing, engineering evaluations and geotechnical recommendations conducted by Haley &
Aldrich, Inc. (Haley & Aldrich) for the Maine Department of Transportation (MaineDOT) for the
proposed replacement of Sewall’s Bridge over York River in York, Maine (see Sheet 1, Project Locus).

1.1 Existing Site Conditions
1.1.1 Existing Bridge Structure

The existing Sewall’s Bridge is a 255-ft long, 14-span timber structure that carries Organug Road
across the York River. The present bridge was constructed in 1934, but it was designed and
constructed to resemble the original Sewall’s Bridge that was built in approximately the same location
in 1761. The bridge structure consists of timber stringers and planking supported by timber pile bent
piers consisting of timber piles, the upper portions of which were rough-hewn square timbers, with
diagonal timber bracing and timber pile caps. The historic bridge plans (see Sheet 17-158 in Appendix
D) show that the timber piles, bents, floor and stringers are long leaf Southern Yellow Pine. The
timber piles were pressure treated with creosote oil. The original bridge abutments consisted of tierod-
supported timber walls and were also supported on timber piles. The south abutment was replaced in
about 1980 of similar construction as the 1934 abutment, but is supported by steel H-piles. The
existing bridge is designated as a Historic Civil Engineering Landmark.

1.1.2 Terrain

The existing ground surface is relatively level along the approaches and abutments at approximately
El 10. The mudline between the abutments slopes from approximately El. -7 at the south abutment to
El. -20 near Bent 7 and up to El. O at the north abutment.

As provided by Vanasse Hangen Brustlin, Inc. (VHB), the following flood levels in the river are based
on NOAA National Ocean Service Tidal Reference Station #8423898 located at Fort Point, Newcastle
Island, New Hampshire. Elevations from the National Tidal Datum EPOCH (NTDE) of 1983 to 2001
have been adjusted to the project vertical datum of NAVD 88.

Discharee Headwater
g (ft, NAVD 88)
Mean Low Water
(MLW) El. 4.63
Mean High Water
(MHW) El. 4.00
Qo El 7.74
Qso El. 8.54
Qoo El. 8.84

Based on their scour assessment, VHB estimated total scour of 10 ft at each pier bent, unless cohesive,
non-scour susceptible material was encountered at a depth of less than 10 ft, in which case scour was
assumed to extend to the top of the cohesive material (marine clay).
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1.2 Proposed Bridge Structure

To maintain the historic character of the bridge, the existing bridge will be replaced “in kind.” The
replacement bridge will be constructed along the same alignment as the existing bridge using timber
pile caps and a timber deck. The bridge bents will be constructed using concrete filled fiberglass
members (designed to have the appearance of timber) in place of timber members. As discussed below,
foundation piles below MLW will consist of concrete filled steel pipe piles driven closed-ended with a
conical tip. Existing timber piles will be removed and new pipe piles will be installed in the locations
of the old timber piles. Negligible changes in grade are proposed. A plan and profile of the existing
bridge is shown on Sheet 2, Site and Subsurface Exploration Location Plan, and Sheet 3, Geologic
Profile A-A.

The structural design of the replacement bridge has been performed by VHB.

1.3 Horizontal Coordinate System and Elevation Datum

Plan locations of test borings are reported as northing and easting coordinates relative to the Maine
State Plane Coordinate System, North American Datum of 1983 (NAD 83), Maine 2000 West Zone.

The project elevation datum and elevations referenced herein are in feet and reference the North
American Vertical Datum of 1988 (NAVD 88).
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2. GEOLOGIC SETTING

According to Maine Geological Survey’s York Harbor Quadrangle, Maine (1999), surficial geologic
units mapped within the site vicinity and the region consist largely of Marine Nearshore Deposits and
Presumpscot Formation. Surficial geologic units encountered in subsurface explorations at the site also
included Artificial Fill, Harbor Bottom and Glacial Till Deposits.

Artificial Fill soils were encountered in the north and south abutment borings at the surface. Fill soils
consisted of sand, silt and gravel overlying naturally deposited Harbor Bottom Deposits. Test borings
drilled in the York River also encountered tidally influenced Harbor Bottom Deposits at the mudline
surface consisting of organic silt and sand and containing marine shell fragments, typical of the coastal
marine environment.

Glaciomarine sediments consisting of varying thicknesses of silt, sand and clay of the Presumpscot
Formation were consistently encountered beneath the Harbor Bottom Deposits throughout the site. This
formation typically overlies dense Glacial Till sediment composed of a heterogeneous mix of sand, silt,
clay and gravel. Glacial Till is typically found overlying the bedrock at the site, except where the
bedrock surface is shallow and the bedrock contour is steep. Glacial Till was likely eroded during
deglaciation at these locations leaving Presumpscot soils directly overlying the bedrock.

Bedrock at the site is mapped as Late Ordovician to Early Silurian age rocks of the Kittery Formation,
part of the Merrimack Group. These rocks are composed of metamorphosed shale, siltstone and
sandstone, with variably thin to thick bedding and other well developed structural features such as
folding and graded bedding. Metasiltstone and quartzite were encountered in subsurface explorations at
the site (Hussey 1962). There are no mapped faults within the site and vicinity (Bedrock Geology of the
Kittery 1:100,000 Quadrangle, Maine and New Hampshire, 2008).
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3. SUBSURFACE INVESTIGATION PROGRAM
3.1 Preliminary Phase Explorations

Haley & Aldrich conducted a preliminary phase geotechnical investigation program at the site. All test
borings were drilled by Maine Test Borings of Brewer, Maine. In total, six test borings were drilled
along the existing and proposed bridge alignment in order to identify general subsurface conditions.
“As-drilled” locations of the test borings are shown on Sheet 2. Coordinate location data and ground
surface elevations at exploration locations are provided on individual test boring logs provided in
Appendix A and are listed in Table I (Sheet 4). All soil and bedrock samples were classified in
accordance with MaineDOT classification system and were preserved in glass jars and wooden boxes.
The samples that were not submitted for laboratory testing are available for review upon request. Soil
and bedrock samples are being stored at the Haley & Aldrich laboratory facility in Portland, Maine.

A total of six test borings, designated BB-YSL-101 through BB-YSL-106, were drilled along and
immediately west of the existing bridge structure. Test boring locations were laid out in the field by
Haley & Aldrich by taping/pacing distances from existing site features. “As-drilled” test boring
locations and ground surface elevations were determined in the field by MaineDOT using optical survey
equipment.

Subsurface explorations were drilled using either a truck-mounted Mobile B53 drill rig (BB-YSL-101
and BB-YSL-106) or a CME 45 skid-mounted drill rig placed on an anchored barge (BB-YSL-102
through BB-YSL-105). Test borings were drilled to depths ranging from approximately 36.5 to 71 ft
below ground surface (BGS) using 3.0-in. (NW-size) inside diameter (ID) steel casing. Soil samples
were generally collected at standard, 5-ft intervals by driving a 1-3/8-in. ID split-spoon sampler with a
140-1b hammer dropped from a height of 30 in., as indicated on the test boring logs. All drilling and
sampling was performed in accordance with MaineDOT specifications.

Each drill rig was equipped with a standard rope and cathead and safety hammer per MaineDOT
requirements (Appendix A of MaineDOT Geotechnical Drilling Contract Specifications, revised June
2007). A theoretical hammer efficiency factor of 0.6 was assumed for the rope and cathead/safety
hammer system for the all of the drill rigs.

The number of hammer blows required to advance the sampler through each 6 in. interval was recorded
and is provided on the test boring logs. The uncorrected SPT N-value is defined as the total number of
blows required to advance the sampler through the middle 12 in. of the 24-in. sampling interval. The
energy-corrected SPT N-value (Neo) is equal to the uncorrected N-value multiplied by the hammer
efficiency factor divided by 0.6 (i.e., 60 percent theoretical hammer efficiency). Both the raw blow
count data and the corrected N-values are shown on the boring logs.

In-situ vane shear tests were attempted within the marine clay deposit in test boring BB-YSL-101 but
the vane was unable to be pushed to the full test depth due to the presence of a sand layer.

Each test boring was advanced either 5 ft or 10 ft into bedrock using a 2.0-in. (NQ-size) ID diamond-
tipped core barrel.
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3.2 Design Phase Explorations

Preliminary engineering evaluations were conducted to assess how the subsurface conditions affected
the overall design and construction of the proposed replacement bridge. Subsequently, it was
determined that additional (design phase) explorations were required in order to better define the steeply
sloping bedrock surface and update the preliminary engineering analyses.

The final design phase borings were drilled by New Hampshire Boring, Inc. of Derry, New
Hampshire. In total, three additional test borings were drilled along the bridge alignment in order to
identify general subsurface conditions. “As-drilled” locations of the test borings are shown on Sheet 2.
Coordinate location data and ground surface elevations at exploration locations are provided on
individual test boring logs provided in Appendix A and are listed in Table I (Sheet 4). All soil and
bedrock samples were classified in accordance with MaineDOT classification system and were
preserved in glass jars and wooden boxes. Soil and bedrock samples are being stored at the Haley &
Aldrich laboratory facility in Portland, Maine and are available for review upon request.

A total of three test borings, designated BB-YSL-201 through BB-YSL-203, were drilled along and
immediately east of the existing bridge structure. Test boring locations were laid out in the field by
Haley & Aldrich by estimating distances from existing site features. “As-drilled” test boring locations
and mudline elevations were determined in the field by MaineDOT using optical survey equipment.

Subsurface explorations were drilled using a CME 25 skid-mounted drill rig placed on an anchored
barge. Test borings were drilled to depths ranging from approximately 27.5 to 58.5 ft below ground
surface (BGS) using 4.0-in. (HW-size) inside diameter (ID) steel casing. Soil samples were generally
collected continuously in the upper 10 ft, and at standard, 5-ft intervals thereafter, by driving a
1-3/8-in. ID split-spoon sampler with a 140-1b hammer dropped from a height of 30 in., as indicated on
the test boring logs. All drilling and sampling was performed in accordance with MaineDOT
specifications.

The drill rig was equipped with a standard rope and cathead and safety hammer per MaineDOT
requirements (Appendix A of MaineDOT Geotechnical Drilling Contract Specifications, revised June
2007). A theoretical hammer efficiency factor of 0.6 was assumed for the rope and cathead/safety
hammer system for the all of the drill rigs.

The number of hammer blows required to advance the sampler through each 6 in. interval was recorded
and is provided on the test boring logs. The uncorrected SPT N-value is defined as the total number of
blows required to advance the sampler through the middle 12 in. of the 24-in. sampling interval. The
energy-corrected SPT N-value (Neo) is equal to the uncorrected N-value multiplied by the hammer
efficiency factor divided by 0.6 (i.e., 60 percent theoretical hammer efficiency). Both the raw blow
count data and the corrected N-values are shown on the boring logs.

Each test boring was advanced 5 ft into bedrock using a 2.0-in. (NQ-size) ID diamond-tipped core
barrel.
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4. GENERALIZED SUBSURFACE CONDITIONS

The subsurface conditions encountered at the site consist of the following geologic units presented in
order of increasing depth below ground surface: bituminous concrete/fill, harbor bottom deposit,
marine deposits, glacial till and bedrock. Refer to Sheet 3 for a graphic interpretation of the subsurface
soil conditions along the proposed project alignment and Table I (Sheet 4) for a summary of the soil
units and encountered thicknesses. A description of each soil unit is provided separately, below.
Detailed soil descriptions are provided on the test boring logs in Appendix A.

Please note that soil descriptions provided on the test boring logs, summarized below and shown on the
geologic profile (Sheet 3) do not represent actual field conditions other than at the specific test boring
locations. The actual conditions will vary from those described and shown herein.

4.1 Soil Unit and Bedrock Descriptions

Bituminous Concrete/Fill

A layer of man-placed fill soils was encountered in the two land borings behind the abutments (BB-
YSL-101 and BB-YSL-106). The layer ranged in thickness from approximately 12 to 14 ft. The fill
soils were typically medium dense to very dense or medium stiff.

Harbor Bottom Deposit

Harbor bottom deposits were encountered in each test boring. The deposit was approximately 3 to 14 ft
thick and was encountered beneath a surficial layer of fill at the abutments and at the mudline within the
river. The soil unit generally consisted of organic silt to silty fine sand with varying amounts of shell
fragments. The soil was generally very soft in the river and medium stiff to stiff near the abutments.

Marine Clay Deposit

A marine clay deposit was encountered only in test borings BB-YSL-101, BB-YSL-102 and
BB-YSL-203, at the north end of the bridge. The encountered thickness of the clay ranges from
approximately 10 to 19 ft and likely pinches out in the vicinity of exiting bridge Bent 9. The clay
deposit is typically very soft to medium stiff and in BB-YSL-203 contained zones of clayey sand with
clay layers.

Marine Sand Deposit

A deposit of fine sand with varying amounts of silt was encountered in each test boring with the
exception of BB-YSL-101 and BB-YSL-203 at the north end of the bridge. The marine sand was
encountered directly beneath the marine clay layer (where present) or harbor bottom deposit and ranged
in thickness from approximately 9 to 33 ft, generally increasing in thickness towards the center of the
river. The marine sand was typically loose to dense. A 12 in. boulder was encountered in BB-YSL-
105 at mid-depth of the deposit.

Glacial Till

A deposit of coarse to fine sand with silt and gravel was encountered in each test boring with the
exception of BB-YSL-101, BB-YSL-102 and BB-YSL-106. Cobbles and boulders are often present
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within the glacial till deposit and cobbles were encountered as noted on the test boring logs. In general,
glacial till was encountered directly beneath the marine sand layer. The deposit ranged in thickness
from approximately 4 to 18 ft.

Bedrock

Bedrock was sampled in each test boring. The top of bedrock surface ranged from approximately 23 to
62 ft BGS. The bedrock surface slopes down significantly towards the center of the river. Bedrock
encountered at the site consists of moderately hard to hard, fresh to moderately weathered, gray
METASILTSTONE and QUARTZITE. At some test boring locations (BB-YSL-106 and BB-YSL-
105), up to 2 ft of weathered or fractured bedrock was encountered overlying more competent bedrock.

Rock quality designation (RQD) is a common parameter that is used to help assess the competency of
sampled bedrock. RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in
length divided by the total length of recovered bedrock. RQD values for bedrock encountered at the
site ranged from 19 to 88 percent. The RQD of the upper core sample (1.9 ft) from BB-YSL-105 was
0 percent.

4.2 Groundwater Conditions

Water levels observed during drilling varied with tidal fluctuations. Water levels in the river, as
determined by VHB, are Mean Low Water (MLW) El. -4.63, Mean High Water (MHW) El. 4.00.

Groundwater levels can be expected to fluctuate, subject to seasonal variation, local soil conditions,
topography and precipitation. Water levels encountered during construction may differ from those
observed in the test borings.
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s. LABORATORY TESTING PROGRAM

A laboratory testing program was undertaken to assist in soil classification/identification, determination
of engineering properties, and for use in scour evaluations. In general, laboratory testing was
performed on disturbed soil samples collected during SPT sampling or rock core samples. All
laboratory soil testing was performed by GeoTesting Express of Boxborough, Massachusetts.
Geotechnical laboratory testing was performed in accordance with applicable American Society for
Testing Materials (ASTM) testing procedures. All soil samples were transported to GeoTesting
Express by Haley & Aldrich personnel. Laboratory testing and results are summarized below. All
laboratory test results are provided in Appendix B.

5.1 Preliminary Phase Laboratory Testing & Results

A preliminary laboratory testing program was conducted upon completion of the geotechnical
investigation. The testing program included nine natural water content tests, three Atterberg Limits
tests, five grain size analyses (sieve and hydrometer), and eleven grain size analyses (sieve only). A
summary of laboratory test results is provided below.

] Natural Water Content:
o Harbor Bottom Deposit 27% to 47%
o Marine Clay 32% to 38%
o Marine Sand 11%
n Atterberg Limits: Harbor Bottom Marine Clay
o Liquid Limit (LL): NP! to 30 35
o Plastic Limit (PL): NP! to 22 18
o Plasticity Index (PI): NP!to 8 17

L NP = non-plastic

The testing program on rock consisted of two unconfined compressive strength tests including total unit
weight and elastic modulus determination. Peak compressive stress of the tested rock core samples
ranged from 37,432 psi to 48,338 psi.

5.2 Design Phase Laboratory Testing & Results
We determined that additional laboratory testing was not required to finalize the geotechnical design

recommendations. Therefore, laboratory testing was not performed during the final design phase
investigation.
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6. GEOTECHNICAL DESIGN RECOMMENDATIONS

Geotechnical design recommendations for the subject project, as discussed and provided herein, were
developed in accordance with the following documents:

n AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, Fifth
Edition, 2010 and
= MaineDOT Bridge Design Guide (BDG), August 2003.

Engineering calculations are provided for reference in Appendix C.
6.1 Approach Embankment Design Considerations

There are negligible raises in grade proposed for the north and south bridge approaches (less than 0.5 ft
over limited areas). Because of this minor grade change, we have concluded that there are no special
settlement or stability considerations.

6.2 Seismic Design

Based on the corrected SPT blow count (granular soils) and undrained shear strength (cohesive soils)
obtained from the test borings, the site is considered Site Class “E” in accordance with Table
3.10.3.1-1. The following provides the seismic design parameters, in accordance with the United
States Geologic Survey software Seismic Design Parameters Version 2.10:

Parameter Design Value
Fpga 2.5
Fa 2.5
Fv 3.5
As (0 second period) 0.242
SDs (0.2 second period) 0.466
SD1 (1 second period) 0.154

Refer to Appendix C, Calculations, for supporting documentation.

Due to the high silt content of the in-situ soils, it is our opinion that the soils at the site are not
susceptible to liquefaction.

6.3 Bridge Abutment and Pier Foundation Design Recommendations

As shown on the interpretive geologic profile (Sheet 3), the subsurface conditions along the proposed
bridge alignment consist primarily of variable thicknesses of harbor bottom deposits, marine clay,
marine sand, glacial till and bedrock. The glacial till soils and bedrock are considered suitable for
support of the bridge superstructure. Based on the depth to the suitable foundation bearing strata and
the magnitude of the design loads, we consider driven pile foundations as the most practicable
foundation alternative to support the new bridge piers. It is our understanding that the substructures of
the existing abutments will be reused. Because of this, no technical evaluations were required specific
to determining the support recommendations for the bridge abutments.
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6.3.1 Reuse of Existing Timber Piles

Based on historic drawings for the bridge, the existing timber piles were driven between approximately
9 and 28 ft below mudline and gain their support by a combination of side friction in the harbor bottom
deposits and end bearing in the marine sand (see information provided in Appendix D). The factored
resistance of existing piles, calculated in accordance with LRFD, ranges from 3 to 5 kips with no scour
considerations. The calculated factored resistance decreases to 1 kip if 8 to 10 ft of scour is included.
Refer to Appendix C, Calculations, for supporting documentation.

Although the existing timber piles appear to sufficiently support the current bridge structure, the
calculated resistances per LRFD requirements are not sufficient to support the factored self weight of
the bridge. Furthermore, under a scour event, the piles would have minimal (or no) embedment and
provide little support. Therefore we recommend supporting the replacement bridge on new pile
foundations.

6.3.2 New Timber Piles

To replace the existing bridge “in kind” and maintain the historic character of the bridge, new timber
piles were initially the preferred foundation alternative. Therefore the structural and geotechnical
resistance of new timber piles was evaluated. Based on the anticipated pile demand as determined by
VHB, new timber piles would need to be driven deeper than the existing timber piles, into the marine
sand deposits, and possibly several feet into the glacial till deposit (in areas where the depth to glacial
till is relatively shallow). Further embedment into glacial till is not feasible for driveability reasons.

The structural resistance of new timber piles is highly influenced by the unsupported length of the piles,
which varies along the length of the bridge. For unsupported lengths ranging from approximately 8 to
35 ft, the factored structural resistance ranged from 12 to 100 kips for the Strength I condition. Refer
to Appendix C, Calculations, for supporting documentation.

Multiple methods available in LRFD to determine the geotechnical resistance resulted in a range of
resistance values for timber piles (there are no specific guidelines or resistance factors for timber piles
in LRFD). Based on our engineering judgment and experience from other projects where timber piles
were used, the factored geotechnical resistance of new timber piles driven into the marine sand deposit
is approximately 20 to 25 Kips (based on resistance factor equal to 0.25 to 0.35). Refer to Appendix C,
Calculations, for supporting documentation.

VHB indicated that a factored resistance of approximately 60 to 80 kips per pile is required. Both the
calculated structural and geotechnical resistance values for new timber piles were significantly less than
required. Therefore it is our opinion that the use of new timber piles to support the replacement bridge
is not feasible.

6.3.3 Pipe Piles

To achieve higher resistances, we considered several driven pile foundation alternatives, with piles cut
off above the mudline and below MLW so they would not be visible. A fiberglass encased concrete
column (designed to have the appearance of timber) would then be structurally connected to the top of
the pile and extend to the bridge deck to maintain the historic appearance of the bridge.

HALEY
ALDRICH o



Our evaluations considered various pipe pile sizes (24-in. and 30-in. diameter), wall thickness (%-in.
and %-in.) and driving conditions (open and closed-ended). Based on the results of our evaluations,
30-in. diameter pipe piles with '2-in. wall thickness driven closed-ended were determined to be the
most efficient and cost effective pile type to support the pier bents. Although other pile types are also
feasible (H-piles, precast prestressed concrete piles), the pipe pile was preferred because: 1) pipe piles
readily allow the concrete-filled fiberglass columns to be attached using a mechanical connection; and
2) a stiff foundation support member is required at the base of the concrete-filled fiberglass columns,
even under the scour conditions, to provide the appropriate support condition for column design.

Specific pipe pile design recommendations are provided below (all articles and tables referenced below
refer to AASHTO LRFD Bridge Design Specifications).

6.3.4 Pile Demand

Design pile loading information developed by VHB was provided to Haley & Aldrich on 17 August
2011 and is included in Appendix C. Loads were provided for two Service Limit Cases and ten
Strength Limit Cases. Initial lateral pile evaluations identified the two Strength Limit Cases that
resulted in the largest bending stresses in the longitudinal and transverse directions and the Service
Limit Case that resulted in the greatest pile head deflections. These three load cases, summarized
below, were then applied throughout the final evaluations.

Pier Bents 1-10, 13
At Top of Pile : : Applied to Substructure
Load Case Py Pipe Piles Square Columns
(kips) V1 Vi WT2 wLz WTI WL
(kips) (kips) (kif) (0.359) (kif) (k1f)
Strength III
(Wind at 0°) 22.7 1.7 0.0 0.03 0.05 0.03 0.04
Strength V
(Wind at 60°) 83.8 0.3 1.0 0.03 0.05 0.02 0.04
Service 1
(Wind at 60°) 62.2 0.3 0.8 0.03 0.05 0.02 0.04
Pier Bents 11 and 12
At Top of Pile : : Applied to Substructure
Load Case Pv Pipe Piles Square Columns
(kips) Vr Vi WT2 wL2 WTI WLI
(kips) (kips) (k1) (4.359) (kif) (kif)
Strength III
(Wind at 0°) 343 2.5 0.0 0.03 0.05 0.03 0.04
Strength V
(Wind at 60°) 126.2 0.5 1.2 0.03 0.05 0.02 0.04
Service I
(Wind at 60°) 93.8 0.4 1.0 0.03 0.05 0.01 0.04
Legend:

Pv = Factored Vertical Load

Vr = Factored Transverse Load

Vi = Factored Longitudinal Load

w2 = Distributed Factored Longitudinal Load on the pipe pile above mudline
w2 = Distributed Factored Transverse Load on the pipe pile above mudline
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wr1 = Distributed Factored Longitudinal Load on the square column

w1 = Distributed Factored Transverse Load on the square column

The loads indicated in the tables above were provided by VHB for each bent, expressed as the load applied to
each of the four vertical foundation elements. Refer to Appendix C for illustration.

6.3.5 Axial Compression Pile Resistance

The maximum factored vertical pile load provided by VHB is 155 kips (Strength I load case) at Bents
11 and 12 and 105 kips (Strength I load case) at the remaining bents. Based on the results of our
engineering evaluations, the required geotechnical resistance could be obtained by driving 30-in.
diameter pipe piles, closed-ended, only a few feet into the glacial till or to shallow bedrock where
overburden soils are thin. Refer to Appendix C, Calculations, for supporting documentation.

However, as described below, lateral pile capacity controls the pile design, necessitating a greater
embedment depth than required based on axial compressive requirements alone. Therefore piles should
be driven to the minimum tip elevations shown in the table below (see Pile Tip Elevations section) or
deeper and should achieve a nominal resistance equal to or greater than the maximum factored axial
compressive pile load divided by a resistance factor equal to 0.65 (Table 10.5.5.2.3-1).

In order to determine whether the piles can be installed to the minimum depth required, preliminary
driveability evaluations were conducted using the computer program GRL WEAP 2005 developed by
GRL Engineers, Inc. The driveability analyses were conducted to determine whether the likely
hammer/pile combinations used by local contractors are capable of driving the piles to the required
ultimate capacity without exceeding the allowable structural capacity (i.e. damaging or overstressing the
piles). Results of the preliminary pile driveability evaluations suggest that 30-in. diameter piles with a
Y5-in. thick wall can be driven to the depth required without overstressing (damaging) the piles. Refer
to Appendix C, Calculations, for supporting documentation.

Downdrag loading on piles is not anticipated to be a significant concern since the proposed raises in
grade at the abutments are minimal.

Pipe piles should be fabricated in accordance with ASTM A252, Grade 3, with a minimum yield strength of
45 ksi. We recommend that the tips of the piles be outfitted with a conical driving point to protect the tips
of the piles during hard driving in the dense/very dense glacial till soils. The entire length of the piles
should be filled with Class A concrete (minimum compressive strength of 4,350 psi).

6.3.6 Lateral Pile Capacity and Pile Group Evaluations

Pile design, considering the effects of combined axial and flexural loading, is required to ensure that the
pile demand is less than or equal to the pile capacity while maintaining bending stresses within the
allowable limits as outlined in AASHTO (0.66 Fy).

The design approach considers the non-linear response of soil with lateral displacement of the piles.
Soil-structure interaction, considering this non-linear response, can be modeled using several types of
computer software. Haley & Aldrich conducted the lateral pile evaluations using the computer program
FB-MultiPier, Version 4 developed by Florida Bridge Software Institute. These evaluations are
necessary to confirm that pile tip fixity is achieved and pile deflections are within tolerable limits based
on the proposed pile configuration and loading conditions.
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As discussed above, the axial compressive loads could generally be supported by piles bearing in the
glacial till deposit. However, our lateral pile evaluations indicate that fixity is not achieved at this
depth. Therefore, we modeled the piles penetrating the full depth of overburden soils, to the top of
bedrock, in our lateral evaluations.

The following properties for the in-situ soils were used in our lateral pile evaluations:

Soil Unit Total Unit Angle of Undrained Soil-Modulus | Strain at 50%
Weight Internal Shear Parameter Stress
(pcf) Friction Strength (k, pci) (€50)
. °) (su, psf)
Harbor Bottom 105 - 200 - 0.02
Deposit
Marine Clay 120 - 800 - 0.01
Deposit
Marine Sand 120 . 30 - 60 -
Deposit
Glacial Till 130 38 - 125 -
Bedrock - - - - -

The soil properties were established in part based on SPT N-values, natural water content tests and
Atterberg Limits tests.

At each bent, we modeled four vertical piles consisting of 30-in. diameter pipe piles with %-in. wall
thickness, driven closed-ended. Where possible, we did not include battered piles in the model. Where
we determined that additional lateral resistance in the transverse direction was required (Bents 1
through 3, as noted below), we included battered piles that also consisted of 30-in. diameter pipe piles
with %2-in. wall thickness. Given that the piles are located in a marine environment, we included a
1/8-in. reduction in pile cross sectional area to account for steel degradation during the bridge design
life.

Our model included 12 in. by 12 in. square concrete members above the top of the pipe piles. The
presence of the fiberglass form was excluded from our model since the fiberglass is not expected to
provide significant stiffness over the life of the bridge. The top of the pipe pile was modeled at El. -7
for vertical piles and El. -10 for battered piles.

Based on information provided by VHB, 10 ft of scour was accounted for at each ‘pier, unless cohesive
material was encountered at a shallower depth, in which case we modeled scour to the top of the
cohesive material.

The resulting deflections and moments were provided to VHB to confirm that they were in conformance
with the requirements of LRFD, and are also included in Appendix C, Calculations.

The following summarizes our conclusions:

m Bent 1 - Battered piles and scour countermeasures are required. We recommend that ripap be
placed within the area defined by the right of way limits (to the east and west), Bent 3 (to the
north), and Abutment 1 (to the south); See recommended limits provided by email on 6 October
2011 included in Appendix C.
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m Bent 2 and 3 - Battered piles are required. Scour countermeasures are not required.

m Bent 4 through 13 - Neither battered piles or scour countermeasures are required. Based on
discussions with VHB, short battered piles, consisting of steel H-piles, will be included for
aesthetic purposes (driven to a minimum of 10 ft below scour depth), but they are not required
to provide lateral resistance to resist design loads provided by VHB.

Plumb and “structural” batter piles (at Bents 1 through 3) should be driven to bedrock, except at Bents
8 and 9 where the glacial till is very thick and piles should be driven to the minimum tip elevations
indicated in the table below.

6.3.7 Pile Settlement and Elastic Pile Compression

Pile settlement due to elastic shortening of the steel pipe piles as well as pile tip settlement was
evaluated based on the maximum factored Service Limit State loads provided by VHB. The estimate of
elastic pile compression for an individual pile is less than % in. Pile tip settlement is anticipated to be
negligible since the piles will likely penetrate through any fractured, weathered or decomposed bedrock
that would otherwise be present at the pile tip. The elastic shortening of the piles is anticipated to occur
primarily during construction, soon after the superstructure loads are applied.

6.3.8 Pile Tip Elevations
Plumb Piles

As discussed previously, most of the plumb piles (with the exception of the piles driven for Bents 8 and
9) will be driven to bedrock to meet lateral capacity demands. We do not anticipate that the piles will
penetrate an appreciable depth into the bedrock, therefore the recommended tip elevations for
estimating pile lengths are based on interpolated bedrock elevations encountered in the test borings. All
plumb pipe piles should be driven to the minimum pile tip elevation shown in the table below or deeper
and should achieve a minimum nominal resistance (ultimate capacity) as shown in the table below.

Substructure M.inimum 1?i1e Minimum Nominal
Tip Elevation | Pile Resistance (kips)
Bent 1 El -32 161.5
Bent 2 El -40 161.5
Bent 3 El. -47 161.5
Bent 4 El -52 161.5
Bent 5 El. -54 161.5
Bent 6 El. -55 161.5
Bent 7 El -64 161.5
Bent 8 El. -68 161.5
Bent 9 El. -68 161.5
Bent 10 El. -67 161.5
Bent 11 El. -60 238.5
Bent 12 El. -48 238.5
Bent 13 El. -42 161.5
Abutment No. 2 El -31 161.5

We recommend that the order lengths of the piles reflect a minimum additional 5 ft of length in order to
accommodate dynamic pile testing instrumentation.
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Batter Piles

As described above, the battered piles at Bents 1 through 3 should be driven to bedrock to meet lateral
capacity demands. The remaining battered piles should be included for aesthetic purposes and driven to
a minimum of 10 ft below scour depth, but they are not required to provide lateral resistance to resist
design loads provided by VHB. The following table summarizes driving criteria for the battered piles:

Substructure Minimum Pile | Minimum Nominal | Pile Type
Tip Elevation | Pile Resistance (kips)

Bent 1 El. -32 161.5 pipe pile
Bent 2 El. -40 161.5 pipe pile
Bent 3 El. -47 161.5 pipe pile
Bent 4 El -37 - H-pile
Bent 5 El. -39.5 - H-pile
Bent 6 El. 41 - H-pile
Bent 7 El. 42 - H-pile
Bent 8 El -39.5 - H-pile
Bent 9 El. -37 - H-pile
Bent 10 El. -35.5 - H-pile
Bent 11 El. -32 - H-pile
Bent 12 El. -25 - H-pile
Bent 13 El. -20 - H-pile

6.3.9 Corrosion and Deterioration

In accordance with the BDG, we recommend that the piles be protected with a fusion bonded epoxy
(FBE) coating. We recommend that the FBE coating extend from the top of the pile (cutoff elevation)
to either 10 ft below the existing mudline elevation or 2 ft below the total predicted scour depth,
whichever is deeper. In addition, we recommend that the Contractor use special precautions during pile
handling, storage and installation to prevent damage to the FBE coating prior to pile installation.

Furthermore, due to deleterious effects of the marine environment combined with the corrosive
potential of existing fill and harbor bottom soils we recommend that aluminum alloy cathodic protection
anodes be used in conjunction with the FBE coating to prevent steel degradation and extend the design
life of the proposed pier expansion.

6.4 Abutment and Wall Design Recommendations

There are no new abutment or wall designs on the project. Some upper stones on the existing masonry
wall and some metal tie rods will be replaced in-kind. Based on correspondence with VHB, abutment
and wall design recommendations are not required.

6.4.1 Frost Protection

The minimum depth of embedment/cover for walls or other below grade structures was evaluated in
accordance with Section 5.2.1 of the MaineDOT BDG and Sections 10.6.1.2 and 11.10.2.2 of the
LRFD Bridge Design Specifications. Based on a design freezing index equal to 1,000 freezing degree
days, we recommend that the footings and walls bear a minimum of 5 ft below the lowest adjacent
ground surface exposed to freezing. Refer to Appendix C, Calculations, for supporting documentation.
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7. CONSTRUCTION CONSIDERATIONS
7.1 Temporary Earth Support

Depending on space limitations, sloped open-cut excavations may be feasible for the limited excavation
required for the project. If space limitations necessitate lateral support, steel sheeting or soldier piles
and lagging systems appear feasible.

In general, temporary earth support system(s) are the responsibility of the Contractor and should be
designed by a Licensed Professional Engineer in the State of Maine. We recommend that temporary
earth support system(s) be designed to support all appropriate combinations of earth, water and
surcharge loads (from traffic, construction equipment, material stockpiles and other sources) imposed
on the system(s) during all phases of the construction period. The Contractor is responsible for
choosing an applicable factor of safety for the earth support system(s). The Contractor’s design shall
also consider the means and methods and construction sequencing proposed by the Contractor. We
recommend that design calculations and shop drawings be prepared by the Contractor and stamped by a
Licensed Professional Engineer in the State of Maine and be submitted to MaineDOT for review prior
to construction.

7.2 Conflicts with Existing Piles

The existing timber piles will conflict with the proposed pipe piles at each bent location, since the
proposed bents will be constructed in the same plan location as the existing bridge (to preserve the
historic nature of the bridge). Therefore we recommend that the existing timber piles be extracted to
avoid interference with the new piles. We anticipate that a vibratory hammer could be used to extract
the piles. The plans/specifications should be set up so that removal of existing piles is considered
incidental to pile installation.

7.3 Dynamic Pile Load Testing Program

We recommend that the final factored structural resistances be confirmed in the field using dynamic
methods. The piles should be driven to a nominal resistance equal to the maximum factored axial
compressive pile load divided by a resistance factor equal to 0.65 (Table 10.5.5.2.3-1). We
recommend that the Contractor perform one dynamic pile load test with 24-hour (minimum) restrike
tests at each of the following locations: Bent 1, 8, 11 and 13. We recommend that the dynamic pile
load tests be completed on the first piles driven at each of these four bents. In addition, we recommend
that CAPWAP analyses be performed on each of these four piles.

As noted above, piles should be driven to the minimum pile tip elevation shown in the table or deeper
and should achieve a nominal resistance equal to the maximum factored axial compressive pile load
divided by a resistance factor equal to 0.65.

7.4 Reuse of Excavated On-Site Soils

Based on our current understanding of the project, we do not anticipate that significant volumes of on-
site soils will need to be excavated to construct the replacement bridge.
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8. LIMITATIONS OF RECOMMENDATIONS

This report is prepared for the exclusive use of MaineDOT relative to Replacement of Sewall’s Bridge
over York River, in York, Maine. There are no intended beneficiaries other than MaineDOT. Haley
& Aldrich shall owe no duty whatsoever to any other person or entity on account of the Agreement or
the report. Use of this report by any person or entity other than MaineDOT for any purpose
whatsoever is expressly forbidden unless such other person or entity obtains written authorization from
MaineDOT and from Haley & Aldrich indicating that the report is adequate for such other use. Use of
this report by such other person or entity without the written authorization of MaineDOT and Haley &
Aldrich shall be at such other person’s or entities sole risk, and shall be without legal exposure or
liability to Haley & Aldrich.

The analyses and recommendations are based, in part, upon the data obtained from the referenced
subsurface explorations. The nature and extent of variations between explorations may not become
evident until construction. If variations then appear, it may be necessary to reevaluate the
recommendations of this report.
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TABLE | Page 1 of 1
Summary of Subsurface Explorations

Proposed Sewall's Bridge Rehabilitation

Organug Road - York, Maine

MaineDOT Win: 12665.00, Bride No. 3096
Haley & Aldrich File No.: 36654-001

LOCATION DATA:

. 2
Test Coordinates

Boring Easti Northi
No." asting orthing

BB-YSL-101 908,043.6 110,629.6
BB-YSL-102 907,983.2 110,566.4
BB-YSL-103 907,984.1 110,526.7
BB-YSL-104 907,966.5 110484.1
BB-YSL-105 907,959.0 110,437.7
BB-YSL-106 907,976.2 110,360.6
BB-YSL-201 908,012.2 110,389.8
BB-YSL-202 908,038.5 110,493.3
BB-YSL-203 908,063.4 110,595.6

SUBSURFACE DATA:

Approximate Strata Thickness” (ft)

- - Approximate Approximate
BTe.St Ground Bituminous Harbor Marine Deposit . Elevation of Elevation of
oring Surface Glacial T f Bott f
No.! Elevation®  Concrete / Bottom Clay Sand / Silt Til opo otom o
: Fill Deposit Bedrock®* Exploration®*
BB-YSL-101 10.8 13.5 3.0 18.5 NE NE -24.2 -35.5
BB-YSL-102 -17.1 NE 3.5 9.5 27.4 NE -57.5 -62.5
BB-YSL-103 -12.6 NE 14.0 NE 29.5 18.0 -74 1 -83.8
BB-YSL-104 -15.7 NE 13.0 NE 23.0 3.7 -55.4 -60.5
BB-YSL-105 -14.2 NE 11.0 NE 12.0 13.1 -50.3 -55.4
BB-YSL-106 10.9 11.5 55 NE 8.7 NE -14.8 -25.6
BB-YSL-201 -12.2 NE 4.2 NE 10.8 7.5 -34.7 -39.7
BB-YSL-202 -18.0 NE 5.2 NE 32.8 15.5 -71.5 -76.5
BB-YSL-203 -5.5 NE 4.0 19.0 NE 13.0 -41.5 -46.5
Notes:

T Test boring locations are shown on Sheet 2, Site and Subsurface Exploration Plan.

2 As-drilled coordinates of test borings were determined by MaineDOT using optical survey equipment and reference the NAD83, Maine 2000
West Zone coordinate system.

* Ground surface/mudline elevations at test boring locations were determined in the field by MaineDOT using optical survey equipment.

* Elevations are in feet and reference the North American Vertical Datum of 1988 (NAVD 88).

® "NE" indicates stratum was not encountered in test boring.

Individual Date
Prepared By: EFW 12/19/2011
Checked By: BCS 12/20/2011
Reviewed By: WAC 12/23/2011
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APPENDIX A

Test Boring Logs



Maine Department of Transportation Project: Sewall's Bridge Replacement Borlng No.: BB-YSL-101
3 Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) 10.8 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. 1D
Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer WtJ/Fail: 140/30-SS, 300/16-NW
Date Start/Finish: 11/12/09-11/12/09 Drilling Method: SSAto 5, NW to 35 Core Barrel: NQ-2.0
Boring Location: See Plan (N110629.6, E908043.6) Casing ID/OD: NW 3.0 Water Levei™: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type: Automaticd _ Hydraulic O Rope & Cathead ®
Definitlons: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) Wé = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone hfuncorrected = Raw field SPT N-value PL = Plastic Limit

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods Ngo = SPT N-uncorrected corrected for hammer efficiency G = Graln Size Analysis
MV = i ity Vi r T e 01P = Weight of on Ngg = (Hammer Efficiency Fagtor PN 1 = Consolidation T
Sample Information
— Laboratory
Tels T -] g resig
. o = 1) = 1) O =) . . esults/
> [a] [ (] -4
£ % g 2 3 _%, = £ o 5 e Visual Description and Remarks AASHTO
£ - 13 o 0 = o © <
gl £ s B £85gc A HERE Unifed G
a8l & @ hE DHHLEE z | Z{0m|wE| S e Siass:
0 ! ' -Bituminous Concrete-
1D 12/4 08-18 10/50 SSA 10.10 — 07
Dark brown, dry, very dense, medium SAND, some fine gravel, little
coarse to fine sand
-FILL-(SW)
Note: Brick fragments in wash water.
5 ssopmee—- - - - ——-"—-"—"" "—""—""—"—-" —" — — — — — — 5.01
2D 24/10 50-7.0 5/41312 7 7 14 Dark brown, wet, medium stiff, sandy SILT, little fine gravel
-FILL-(ML)
15
10
8
14
[ 10 Dark brown, wet, medium stiff, sandy SILT, some gravel, trace brick
3D 24/5 10.0-120 3/2/3/9 5 5 12 -FILL-(ML)
18
40
24 -2.70 13.5
16
15 Gray-brown, wet, loose, silty SAND with organics, organic odor, trace
4D 24/18 | 15.0-17.0 3/21215 4 4 17 shells, trace brick fragments
-HARBOR BOTTOM DEPOSIT-(SM)
20 -5.70 16.51
Gray-brown, wet, medium stiff, mottled, silty CLAY with black organic
23 / pockets
/ -MARINE DEPOSIT-(CL)
37
55
- 20 Brown-gray, wet, medium stiff, mottled silty CLAY with frequent WC=31.9%
5D 24/20 | 20.0-22.0 3/2/3/2 5 5 37 fine sand seams and layers
-MARINE DEPOSIT-(CL)
36 /
26 /
25
Remarks:

Stratification lines pproxi boundaries b soil types; transitions may be gradual.

2]

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
t at the time meast were made.
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Boring No.: BB-YSL-101




Maine Depar tment of Transpor tation Project: Sewall's Bridge Replacement Boring No.: BB-YSL-101
A | Location: York, Maine PIN: 12665.00

Driiler: Maine Test Borings Eilevation (ft.) 10.8 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer WtJ/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 11/12/09-11/12/09 Drilling Method: SSA to 5, NW to 35’ Core Barrel: NQ-2.0
Boring Location: See Plan (N110629.6, E908043.6) Casing ID/OD: NW 3.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of 140Ib. hammer
WOR = weight of rods

Sy = Insitu Fleld Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

Gp= Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficlency

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Graln Size Analysis

suélab) = Lab Vane Shear Strength (psf)
WC = water content, percent

2. Hammer consisted of rope and cathead and safety hammer.

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.

MY = = = r Eff] F; "N-uni = idation T
Sample Information
Laboratory
lels |2 < |3 2 reaing
[} = 5} = 15}
g % § 3 e = § g o s % Visual Description and Remarks AFX’SS':!}%
£ ° a v e Q v | & =
5 «% E g"’ 5 E o ‘58 5 B é 5 % | 8 Uniﬁ:;‘%lass
] »n 0. nE nHLnes Z Z |Om |WE] & :
25 7 Gray, wet, very soft, silty CLAY, with frequent fine sand seams WC=32.4%
6D 24/24 | 25.0-27.0 | I/WOR/WOR/WOI1P 30 / -MARINE DEPOSIT-(CL) LL=35,PL=18
/ Note: Attemnpted vane shear test at 27.0 ft. Unable to push vane to full PI=17
37 depth of test due to probable sand layer.
20
26
» Note: Sand and gravel observed in wash water at 29.0 ft.
- 30 Gray, wet, soft, silty CLAY, one gravel piece WC=38.3%
7D 24/5 30.0- 320 i/in 2 2 31 / -MARINE DEPOSIT-(CL)
25 /
25 /
25
F 35 -24.20 /\ 35.01
MD/RI| 23/23 | 35.0-369 50(0) W Top of Bedrock at EL-24.2 UC#9592
RQD.=39% \ R1: Gray, aphanitic, fine-grained METASILTSTONE, hard, fresh, joints =48 338 psi
R2 53/53 | 36.9-41.3 RQD =77% dipping at horizontal to moderate angles, occasional steeply dipping p=45,538 psi
joints, very close to closely spaced, tight to open, one infilled joint with
Ny gray silty fine sand coating, slight oxidation on some joint surfaces.
\ Rock Mass Quality=Poor
-KITTERY FORMATION-
R1 Core Times (min:sec):
35.0-36.0(4:00), 36.0-36.9'(3:00)
\ R2: Gray, aphanitic, fine-grained METASILTSTONE, hard, fresh, joints
- 40 \ dipping at moderate to steep angles, very close to moderately cinse,
N occasional calcite coatings on some joint surfaces, one healed, near
vertical secondary joint from approximately 39.8 to 41.0 ft infilled with
R3 60/60 | 41.3-46.3 RQD = 60% \ quartz/calcite.
Rock Mass Quality=Good
-KITTERY FORMATION-
R2 Core Times (min:sec):
\ 36.9-37.9(3:00), 37.9-38.91(3:00), 38.9-39.9'(4:00), 39.9-40.9'(4:00)
R3: Gray, aphanitic, METASILTSTONE, hard, fresh, joints dipping at
low to steep angles, very close to moderately close, occasional oxidation
L 45 and/or calcite coatings on some joint surfaces. Highly fractured, slightly
\ weathered zone from approximately 45.9 to 46.3 ft.
Rock Mass Quality=Fair
-35.50 -KITTERY FORMATION-
R3 Core Times (min:sec):
41.3-42.3'(4:00), 42.3-44.3'(4:00), 44.3-45.3'(4:00), 45.3-46.3'(4:00)
AG
-46.31
Bottom of Exploration at 46.3 feet below ground surface.
S0
Remarks:

Stratification lines rep approximate b

present at the time measurements were made.

soil types; transitions may be gradual.

* water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
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Boring No.: BB-YSL-101




Maine Department of Transportation

Project: Sewall's Bridge Replacement

Boring No.: BB-YSL-102

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

Soil/Bock Exploration Log N .
Usc MA Location: York, Maine PIN: 12665.00
Driller: Maine Test Borings Elevation (ft.) -17.1 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer WtJ/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/10/09-12/10/09 Drilling Method: SSA to 5, NWto 39.8' Core Barrel: NQ-2.0
Boring Location: See Plan (N110566.4, E907983.2) Casing ID/OD: NW 3.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O _ Hydriu]ic [m] Rope & Cathead ®
Definltlons: R = Rock Core Sample S, = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) Wé = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger gp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wait Tube Sample RC = Roller Cone -uncomrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sampie attempt WOH = welght of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value P! = Plasticity Index
V = Insitu Vane Shear Test WOR = welght of rods Ngo = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = ful Insityu Vane She 1t = Weight n n Nga = { fhici F; "Nt i = Consolidation
Sample Information
— Laboratory
' 2 ﬁ = . E o Testing
- S < 8 £ 3 o S ’ L Results/
o) g é S e % 5 £ o .5 E Visual Description and Remarks AASHTO
£ [ Q %] T
gl E g £ £§55¢ s| g|22|2-| & Unifi:g%la
al & & B E BHHLSE z | 2 |Sn|uE| & o=
0 ! Gray with dark-gray, wet, medium stiff, CLAY, little organic silt, trace G#172171
1D 244 00-20 SIS 7 7 SSA / fine gravel and medium sand, little fine sand, shell fragments throughout, A-4,CL
organic odor WC=30.3%
-HARBOR BOTTOM DEPOSIT-(CL)
-20.60 /A 3.51
- 5 / Gray, wet, medium stiff, CLAY, trace silt WC=37.4%
6
8
9
13
- 10 No Recovery, spoon and casing action indicate presence of sand/gravel
MD 10.0-12.0 414 2 2 6 layers, probable that sampler pushed on gravel.
S0t - " """ """ " " "—"""— —'-—"'— — — - 13.01
18 Note: Wash water changed to brown at 13.8 ft.
16
- 15 Brown, wet, loose, coarse to fine SAND, trace silt, trace coarse gravel
3D 24/12 15.0-170 4741618 10 10 16 ] -MARINE DEPOSIT-(SM/ML)
24
23
31
37
+ 20 ST —-— — —— = — 20.01
4D | 24116 |200-220 4/18/19/24 37 | 37 | 48 Brown, wet, dense, fine SAND, some silt
-MARINE DEPOSIT-(SM/ML)
52
95
98
113
25
Remarks:

b soil types; transitions may be gradual.

Stratification lines repi pp

present at the time measurements were made.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
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Boring No.: BB-YSL-102




Maine Department of Transportation  |project: sewalrs Bridge Replacement Boring No.: BB-YSL-102
| Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) -17.1 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer Wt/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/10/09-12/10/09 Drilling Method: SSA to 5, NW to 39.8" Core Barrel: NQ-2.0
Boring Location: See Plan (N110566.4, £907983.2) Casing ID/OD: NW 3.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR = weight of rods

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

8y, = Insitu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)
qp, = Unconfined Compressive Strength (ksf)
-uncorrected = Raw field SPT N-vaiue
Hammer Efficiency Factor = Annuat Catibration Value
Ngo = SPT N-uncorrected corrected for hammer efficiency

suélab) = Lab Vane Shear Strength (psf)
WC = water content, percent

tL = tiquid Limit

PL = Plastic Limit

P! = Plasticity Index

G = Grain Size Analysis

= = Ngp = (Hammer Efficiency Factor/60%])*N-uncgrmect: = Consolidati
Sample Information
Laboratory
. z ‘ﬁ - N E o Testing
~ @ = o |5
= 2 I =] © - e e c 3 Visual Description and Remarks Results/
£ © 2 P = £ g 5 o S © AASHTO
sl el 5|8 25552 | S| o|2E(3.| B cac
- 628% B 2|l S ifi
81 8| & 3E nhaes |z | 2|SaluEl s Unified Class.
25 Brown, wet, dense, fine SAND, some silt G#172176
5D 24/16 | 25.0-27.0 16/20/15/13 35 35 67 -MARINE DEPOSIT-(SM) A-2-4,SM
72
104
123 | -4560pdpee— —— — — — — — — — — — — — — — — — — 28.5
144
- 30 Gray, wet, medium dense, fine SAND, trace medium sand, little silt G#172177
6D 24/12 30.0-320 WOH/6/9/9 15 15 19 -MARINE DEPOSIT-(SM) A-2-4, SM
24
31
41
42
- 35 Gray, wet, medium dense, medium to fine SAND, trace silt, trace fine
7D 24/10 | 35.0-37.0 17/15/13/13 28 28 24 gravel (SW-SM)
20
61
126
150*
[ 40 57.50 40.4
0/60 | 40.4 -45.4 RQD = 19% 1.9 -
RI |6 Q ° Top of Bedrock at E1-57.5
R1: Gray, aphanitic, METASILTSTONE. Moderately hard, moderately
to slightly weathered. Primary joints dipping at moderate angles, close,
open to healed, smooth to rough, planar to stepped, slightly to moderately|
weathered with calcification and silt infilling present on some joint
surfaces. Secondary joints dipping at vertical angles, close, open to
healed, rough, undulating, slightly to moderately weathered, with
calcification present.
Rock Mass Quality=Very Poor
P 45 62.50F -KITTERY FORMATION-
e R1 Core Times (min:sec):
40.4-41.4(4:00), 41.4-42.4(4:00), 42.4-43.4(4:00), 43.4-44.4'(5:00),
44.4-45.4(5:00)
45.44
Bottom of Exploration at 45.4 feet below ground surface.
30
Remarks:

2. Hammer consisted of rope and cathead and safety hammer.

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

present at the time measurements were made.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those

Page 2 of 2
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Maine Department of Transportation  |project: Sewalrs Bridge Replacement Boring No.: BB-YSL-103
il/Roc ion L . .
U A Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) -12.6 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer WtJ/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/07/09-12/08/09 Drilling Method: SSAto 5, NWto 61.8’ Core Barrel: NQ-2.0
Boring Location: See Plan (N110526.7, E907984.1) Casing ID/OD: NW 3.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:
D = Spiit Spoon Sample

U = Thin Wall Tube Sample

V = Insitu Vane Shear Test

MD = Unsuccessful Spiit Spoon Sample attempt

MU = Unsuccessful Thin Wall Tube Sample attempt

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

WOR = weight of rods

WOH = weight of 140ib. hammer

S, = Insiu Field Vane Shear Strength (ps1)

Ty = Pocket Torvane Shear Strength (psf)

gp= Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efflciency

Sy 1ab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limlt

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

|_MV = Unsu: ful Insitu Van 1 att P = Weight of on Neg = (Hammer Efficiency Factor/60%) N-yncomected _______C = Consolidation Test
Sample Information Laberat
atory
' z .g = . E o Testing
. S = ) e S 5] o . - Results/
> o kS 15} 3
o) z é r % _%, 8 § o 5 2 Visual Description and Remarks AASHTO
£ a : =2 5 < ®
& «% ;o g = E E E ke 5 88 g 8= @ Uniﬁ:g%lass
a 7] o nE DHHSE z Zz |Om |WE] & ’
0 T
D 241 0.0-20 WOR/WOR/WOR/ SSA Dark gray, wet, very soft, ORGANIC SILT, trace fine sand, strong
WOR organic odor, shell fragments throughout
XA -HARBOR BOTTOM DEPOSIT-(OL-OH)
[ 5 25 Dark gray, wet, very loose, silty fine SAND, trace medium to coarse
2D 2418 50-7.0 [WOIP/WOIP/WOIP/5 sand, trace gravel, strong organic odor, shell fragments throughout
A -HARBOR BOTTOM DEPOSIT-(SC)
X G#172172
3 A-4,SC
X WC=47.1%
4 A LL~=30, PL=22
PI=8
4
- 10 Gray to gray-brown, wet, very loose, silty fine SAND, some organic clay,
3D 24/14 | 10.0-12.0 | WOH/WOH/WOH/1 5 trace medium to coarse sand, trace gravel, shell fragments in top 4 in. of
recovery. Wood and plant fibers in bottom 10 in., organic odor
6 -HARBOR BOTTOM DEPOSIT-(SC)
6 —~—
13 A
-26.60 14.01
25 ittty Note: Drill action indicates stratum change at 14.0 ft.
- 15 Gray, wet, medium dense, coarse to fine SAND, trace silt, trace fine
4D 2414 150-17.0 18/1317/4 20 20 22 gravel
| s -MARINE DEPOSIT-(SW-SM)
24 | e
35
39 T
20 -32.60 T T T T T T T T T T T T 2001 G#172178
5D 24/8 | 20.0-220 9/4/1/13 11 1 28 Gray, wet, stiff, SILT, little fine sand Ad. ML
-MARINE DEPOSIT-(ML) ’
34
46
67
78
Remarks:

bot

Stratification lines rep

PP

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
present at the time measurements were made.

soil types; transitions may be gradual.
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Boring No.: BB-YSL-103




Maine Department of Transportation  |project: Sewairs Bridge Replacement Boring No.: BB-YSL-103
- i Location: York, Maine PIN: 12665.00
Driller: Maine Test Borings Elevation (ft.) -12.6 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer Wt./Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/07/09-12/08/09 Drilling Method: SSAto 5, NW to 61.8' Core Barrel: NQ-2.0
Boring Location: See Plan (N110526.7, E907984.1) Casing ID/OD: NW 3.0 Water Level": Tidal
| Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Deflinitions:
D = Split Spoon Sample
MD = Unsuccessful Split Spoon Sample attempt
U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

WOH = weight of 140lb. hammer

S, = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

gy = Unconfined Compressive Strength (ksf)
uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

sué,ab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

V = Insitu Vane Shear Test WOR = weight of rods Ngg = SPT N-uncol d cc d for h efficiency G = Graln Slze Analysis
MY = g5 Insi ane attempt i P g g pe & e ienc Fol"N-ungorrected = Consolidation Test
Sample Information
— Laboratory
Cory F i
c 5 —~ o Testing
N = 8 £ 9 5 g . - Results/
£ % g) % 3 %, E £ > _5 o Visual Description and Remarks AASHTO
= o % = o 1] = =
:‘: g g E Ty % E § ﬁg S 3 é E g = § Unifiea:i‘%lass
o 0 a nE F R z Z |Oom |WE] G I
25 el === == ——— - — — — — — = — —2501
6D 24/12 | 25.0-270 5/15/18/19 33 33 43 Gray, wet, dense, fine SAND, little silt G#172179
-MARINE DEPOSIT-(SM)
A-2-4,SM
64
104
182
163
[ 30 Gray, wet, very dense, fine SAND, little silt
D 24/16 30.0-32.0 17/30/37/36 67 67 164 -MARINE DEPOSIT-(SM)
203
234
268
301
35 Gray, wet, dense, fine SAND, little silt
8D 24/14 | 35.0-370 8/15/19/22 34 34 180 -MARINE DEPOSIT-(SM)
244
293
- Note: Washed ahead to 40.0 ft, then drove casing.
180
40 Gray, wet, dense, fine SAND, little silt
9D 24/16 | 40.0-420 4/13/18/22 31 31 107 -MARINE DEPOSIT-(SM)
115
90
58 43.5
67
- 45 Gray, wet, medium dense, silty fine SAND, trace medium to coarse sand,| G#172180
10D 24/18 | 450-470 4/8/19/34 27 27 100 little gravel, occasional pockets of medium sand and fine gravel, A-4,5C
occasional weak bonding
107 -GLACIAL TILL-(SC)
e Note: Washed ahead of casing to 50.0 ft.
150
246
a0
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

Stratification lines rep

* water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
i were made.

t at the time

p

b soil types; transitions may be gradual.
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Boring No.: BB-YSL-103




Maine Department of Transportation  |project: Sewairs Bridge Replacement Boring No.: BB-YSL-103
il/Ro i O . .
A ] Location: York, Maine PIN: 12665.00

Drilier: Maine Test Borings Elevation (ft.) -12.6 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer WtJ/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/07/09-12/08/09 Drilling Method: SSAto 5, NW to 61.8' Core Barrei: NQ-2.0
Boring Location: See Plan (N110526.7, E907984.1) Casing ID/OD: NW 3.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140Ib. hammer
WOR = weight of rods

Sample Information

Sy = Insitu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)
gp= Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efflciency Factor = Annual Calibration Value
Ngp = SPT N-uncorrected corrected for hammer efficiency

ficiency F *N-+

ple Depth

Blows (/6 in.)

Sample No.
Shear

Strength
(psf)

(ft.)

or RQD (%)
N-uncorrected

Nso

Elevation
] Graphic Log

(i)

Visual Description and Remarks

Sugﬂb) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

P = Plasticity Index

G = Grain Size Analysis

il = lidation Te:

Laboratory
Testing
Results/

AASHTO

and

Unified Class.

‘é‘l Depth (it.)

G#172181

L |Pen./Rec. (in)

1

5

© ISam,

w
=]
'
wn
I
o

84/100(4™)

55

12D 10/8

55.0-55.8 90/100(4")

52

60

42

- 60

13D 11/6

60.0 - 60.9 70/100(5™)

36

R1 54/54

61.9-66.4 RQD = 59%

245/(6")

- 65

R2 57/57

66.4-71.2 RQD = 84%

70

75

-71.10§

-72.30§

74,1088

-83.80

Gray, wet, very dense, fine SAND, little medium to coarse sand, little
coarse to fine gravel, some silt, bonded
-GLACIAL TILL-(SM)

Note: Washed ahead of casing to 55.0 ft.

Gray, wet, very dense, coarse to fine SAND, little silt, little coarse to fine
gravel, occasional bonding and stratification
-GLACIAL TILL-(SW-SM)

Note: Washed ahead of casing to 60.0 ft.

—————————————————— 58.5
-COBBLES/GRAVEL-

—————————————————— 59.7
Gray, wet, very dense, coarse to fine SAND, little silt, little coarse to fine
gravel, bonded

-GLACIAL TILL-(SW-SM)

Top of Bedrock at E1.-74.1

R1: Gray, aphanitic, QUARTZITE. Moderately hard, slightly to
moderately weathered. Primary joints dipping at moderate to steep
angles, very close to close, open to healed, smooth to rough, planar to
stepped, slightly to moderately weathered with silt infilling and
occasional calcification of joint surfaces. Secondary joints dipping at low,
to horizontal angles, wide, open, rough, stepped, slightly weathered.
Rock Mass Quality=Fair

-KITTERY FORMATION-

R1 Core Times (min:sec): 61.9-62.9'(4:00), 62.9-63.9'(3:00),
63.9-64.9'(3:00), 64.9-65.9'(3:00), 65.9-66.4'(2:00)

R2: Gray, aphanitic, QUARTZITE. Hard to moderately hard, slightly
weathered. Primary joints dipping at steep angles, close, open to healed,
rough, planar to undulating, slightly weathered with caicification present
on joint surfaces. Secondary joints wide, open, rough, stepped, slightly
weathered.

Rock Mass Quality=Good

-KITTERY FORMATION-

R2 Core Times (min:sec): 66.4-67.4'(3:00), 67.4-68.4(3:00),
68.4-69.4'(3:00), 69.4-70.4'(4:00), 70.4-71.2(5:00)

%

i

A
Ty
Loy Aot

94 FTL A

5 or

-
AL

ATy

61.5

iz
2

4

J

Zi

T

45

i

Y

2

7

71.21
Bottom of Exploration at 71.2 feet below ground surface.

A-2-4, SM

Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

hety

boundari

Stratiflcation lInes

p

PP

soll types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
present at the time measurements were made.

T’age 30f3

Boring No.: BB-YSL-103




Maine Department of Transportation  |project: Sewalrs Bridge Replacement Boring No.: BB-YSL-104
il/Roc! j .
ARY U Location: York, Maine PIN: 12665.00
Driller: Maine Test Borings Elevation (ft.) -15.7 Auger ID/OD: -
Operator: B. Enos Datum: NAVD &8 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer Wt./Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/4/09-12/4/09 Drilling Method: SSA to 10°, NW t0 39.7' Core Barrel: NQ-2.0
Boring Location: See Plan (N110484.1, E907966.5) Casing ID/OD: NW 3.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic Hydraulic Rope & Cathead ®

Deflnitions:

D = Split Spoon Sample

R = Rack Core Sample
SSA = Solid Stem Auger

Sy, = Insitu Fleld Vane Shear Strength (ps)
Ty = Pocket Torvane Shear Strength (psf)

= water content, percen

a}‘é'“) = Lab Vane Shear Strength (psf)

t

MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger =Lk fined Comp gth (ksf) LL = Liquld Limit
U = Thin Wall Tube Sample RC = Roller Cone -uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = welght of rods Ngp = SPT N-uncorrected corrected for hammer efficlency G = Grain Size Analysis
| MV = Upsuccessful Insitu Vane Shea attemp WO £ gq = (Hammer Efficiency Factor/60%)*N-uncorected ansolidation Tes
Sample Information
— Laboratory
=~ = 19 . - esults.
oy o < 14 ~
£ % ;:..3 = 3 g 5 £ o .5 s Visual Description and Remarks AASHTO
= o T [ o o =
g & E € 8 E g %‘&:’ 3 8 'é % % =| 8 Unifi::i‘%lass
o 7] o nE BvHLs 4 Z |lon|JuwE|l G )
0 I S
MD 0.0-20 WOR/WOR/WOR/ SSA No Recovery
WwO1P
40 WOI1P/WO1P/WO1P/ Dark gray, wet, very soft, organic SILT, little medium to fine sand, shells
1D 24n 20-4. WOI1P throughout, organic odor
-HARBOR BOTTOM DEPOSIT-(OL-OH)
[ 5 Dark gray to gray, wet, very stiff, SILT, little fine sand, trace medium to
2D 24/8 50-70 16/14/5/3 19 19 coarse sand, shells throughout, organic odor
-HARBOR BOTTOM DEPOSIT-(ML)
G#172173
A-4, ML
WC=27.3%
|y NP
- 10 - e e WOR/WOR/WOI1P/ 3 Gray, wet, very soft, organic SILT, little fine sand, trace medium_ to
b WOIP coarse sand, wood fragments and plant fibers throughout top 16 in. of
recovery, slight organic odor
3 -HARBOR BOTTOM DEPOSIT-(ML)
6
-28.70 13.01
42
37
15 o i Gray, wet, loose, coarse to fine SAND, some fine gravel, little silt, G#172182
4D 24/6 150-17.0 22n22 9 9 8 grading from coarse to fine A-l-b, SM
’ -MARINE DEPOSIT-(SM)
11
oEEET - — — — — — — — — — — — — — — 18.01
25
29
- 20 Gray, wet, medium dense, fine SAND, some silt, little medium sand,
5D 24/4 200-220 WOHR/6/17/25 23 23 19 trace coarse sand, trace coarse gravel, piece of gravel lodged in tip of
spoon
40 -MARINE DEPOSIT-(SM)
59
64
99
29
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.
3. NP=non plastic determined from Atterberg limits laboratory test.

Stratification lines

daries h

P!

PP

were made.

soll types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
P at the time
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Boring No.: BB-YSL-104




Maine Department of Transportation  |Project: Sewall’s Bridge Replacement Boring No.: BB-YSL-104
Exploration . .
US GUSTO NIT Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) -15.7 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer Wt/Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/4/09-12/4/09 Drilling Method: SSA to 10', NW t0 39.7' Core Barrel: NQ-2.0
Boring Location: See Plan (N110484.1, E907966.5) Casing ID/OD: NW 3.0 Water Level": Tidal
Hammer Efficlency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of t40lb. hammer

Sy = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

qp = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

sugab) = Lab Vane Shear Strength (ps)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plaslicity Index

2. Hammer consisted of rope and cathead and safety hammer.
3. NP=non plastic determined from Atterberg limits laboratory test.

V = Insitu Vane Shear Test WOR = weight of rods Ngg = SPT N-ur d d for efficiency G = Grain Size Analysis
| MV = Ingi tP = Wei f Nga = (Hammer Efficiency Factor/60%)°N-uncorrected = Consolidation Test
Sample Information
Laboratory
z £ - B Testing
. £ =% : g =]
o g [0 £ @ ki =] . .. Results/
= ; ) ta @ |
£ % g > e £ p £ o 5 2 Visual Description and Remarks AASHTO
s| B S| B | w328 | B |8zli|d
S - 5022%G 3 wola=| © -
8l 8| & | 82 | 85585 | 2| £|88[32]|6 Unifed Class.
25 Gray, wet, dense, fine SAND, some silt G#172183
6D 24/20 | 25.0-27.0 WOH/18/28/28 46 46 79 “MARINE DEPOSIT-(SM) A-2-4, SM
70
145
150
220
[ 30 Gray, wet, dense, fine SAND, little silt
D 24/18 | 30.0-32.0 2/21/26/39 47 47 135 -MARINE DEPOSIT-(SM)
180
250
300
Note: Low blow counts in top 6 in. of 5D to 8D likely due to saturated
320 loose sands beneath casing.
k35
8D 24/16 | 35.0-37.0 WOR/153/50/59 203 | 203 28
36.
121 ceeetel - Gray, wet, very dense, coarse to fine SAND, trace coarse to fine gravel,
trace silt, weakly bonded in bottom 6 in. of recovery
220 o] -GLACIAL TILL(SW/SM)
316
R1 60/60 | 39.8-44.8 RQD =88% 325(7") 55.40 W( 39.7
[ 40 Y Top of Bedrock at E1.-55.4
N R1: Gray, fine-grained to aphanitic QUARTZITE. Hard to moderately
hard, very slightly weathered, steep angle joints, moderately close, open
\ to healed, rough, undulating, discolored with calcite coating on joint
surface.
N\ Rock Mass Quality=Good
-KITTERY FORMATION-
\ \ R1! Core Times (min:sec):
39.8-40.8'(3:00), 40.8-41.8'(3:00), 41.8-42.8'(3:00), 42.8-43.8'(3:00),
N 43.8-44.8'(4:00)
L 45 -60.50 —44 81
Bottom of Exploration at 44.8 feet below ground surface.
S50
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.

N i boundaries b

PP

Stratification lines rep

present at the time measurements were made.

1 soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
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Boring No.: BB-YSL-104




Maine Department of Transportation  |project: Sewalrs Bridge Replacement Boring No.: BB-YSL-105
S cu A Location: York, Maine PIN: 12665.00
Driller: Maine Test Borings Elevation (ft.) -14.2 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer WtJFail: 140/30-SS, 300/16-NW
Date Start/Finish: 12/2/09-12/3/09 Drilling Method: SSA 1o 10°, NW t0 35.7' Core Barrel: NQ-2.0
Boring Location: See Plan (N110437.7, E907959.0) Casling ID/OD: NW 3.0 Water Level™: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic]  HydraulicO Rope & Cathead ®
Definitions: R = Rock Care Sample Sy, = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample S8A = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone -uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = welght of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods Ngg = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = ful insitu Vane Shear Te tt = Wel f on Ngo = (Hammer Efficiency Factor/60%)*N-uncorected C = Consolidation Test
Sample Information
— p Laboratory
= £ - o Testing
=] 8 = g’ £ £ ° g Visual Descrintion and Remark Results/
f; z ';:li ° g _%’ E E o .5 2 Isual Description an emarks AASHTO
< o T o 5 <] < © <
&l E 5 £Es 8552 S| glak|io| B Uniied Class
[=} (%] o nE DUHES z Z |Oom JWE] & )
0 WOR/WOR/WOR/ ! R No Recovery
MD 0.0-20 WOlP SSA R
WO1P/WOH/WOH/ Gray, wet, very soft, organic SILT, little fine sand, shell fragments
1D 2412 20-40 WOH A throughout, organic odor
A~ -HARBOR BOTTOM DEPOSIT-(OL-OH)
Dark gray, wet, medium stiff, organic SILT, little fine sand, trace medium|
2D 2412 40-6.0 WOH/2/4/5 6 6 K sand, shell fragments throughout, organic odor (OL-OH)
F S
; : ~ No Recovery
MD 6.0-80 5011373 10 10 RA | Residue on spoon similar to above
3D 24/10 87-107 1/WOH/1/1 A
1 i \ 1/ A Dark gray, wet, very soft, fine sandy organic SILT, trace fine gravel, little] G#172174
A medium to coarse sand, shell fragments throughout, organic odor A-4,OL-OH
L 10 - -HARBOR BOTTOM DEPOSIT-(OL-OH) WC=34.0%
2 -~
11.01
3
30
36
Gray, wet, loose, coarse to fine SAND, some silt, trace gravel G#172184
4D 24/8 14.0-16.0 6/3/WOH/3 3 3 19 -MARINE DEPOSIT-(SM) A-2-4, SM
15 WC=10 6%
15
o6y -00g——————""—"F———— — — — — — — — — — 16.5
Note: Advanced borehole from 16.5 to 17.5 ft through boulder with
64 roller bit.
\.BOULDER-
] - ——— —175
Brown, wet, fine SAND, some silt G#172185
5D 24/12 190-21.0 10/18/18/15 36 36 67 -MARINE DEPOSIT-(SM) A-2-4 SM
k20
39
60
83 Note: Drill action indicates stratum change at 23.0 ft.
23.01
61
IIIIII Gray, wet, dense, coarse to fine SAND, little coarse to fine gravel, trace
6D 24/8 | 24.0-260 18/21/22/19 41 4] 120 casiir]  silt, moderately bonded -GLACIAL TILL-(SW-SM)
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditlons other than those . .
at the time were made. Borlng No.: BB-YSL-105

p




V = Insitu Vane Shear Test

MU = Unsuccessful Thin Wall Tube Sample attempt

WOH = weight of 140lb. hammer
WOR = weight of rods

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efficiency

i i roject: Sewall's Bridge Replacement . = =
Maine Department of Transportation |project: Sewalls Bridge Repl Boring No BB-YSL-105
il/Roc ion R
== Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) -142 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: B. Babcock Rig Type: CME 45 Barge Hammer WtJFall: 140/30-SS, 300/16-NW
Date Start/Finish: 12/2/09-12/3/09 Drilling Method: SSA to 10, NW to 35.7 Core Barrel: NQ-2.0
Boring Location: See Plan (N110437.7, E307959.0) Casing ID/OD: NW 3.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O ___HydraulicO Rope & Cathead ® _
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) Wé = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger Qg = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone -uncorrected = Raw field SPT N-value PL = Piastic Limit

Pl = Plasticity Index
G = Grain Size Analysis

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.

MV = = Wei Ngg = (Hammer Efficiency Factor/60%]*N-uncorrected C = Consolidation Test
Sample Information
Laboratory
e £ —_ ® Testin
. £ o B —_ 2 o 9
] = @ £ 9 S Q . L Results/
- ; L -
£ % é % e '%, S £ o .‘S > Visual Description and Remarks AASHTO
£ a = a 25 _0C Q E¢|lw o and
al E = £~ R 5 ol 88|33~ 8 .
81 8 [ & SE abaes | 2| £{Sa]uE]l s Mty
7t 1 1 1 1 .. 1 E::=8
71 i
69 seran
70
75
Soven Gray, wet, very dense, coarse to fine GRAVEL, little coarse to fine sand,| G#172186
7D 24/6 29.0-31.0 34/38/19/25 57 57 63 | s little silt, bonded A-1-b, GM
SN W F S R S — I 5555 -GLACIAL TILL-(GM)
e o
84 R
115 ¥
126 e
139 | oo
[ 35 oen| B Note: Rig chatter from 33.8 to 35.7 ft. Probable gravel/cobble layer.
-50.30 pevves 36.1
R1 23/10 | 36.1-38.0 RQD =0% +22<+] Top of Bedrock at E1-50.3
Eeees R1: Recovery highly fractured, including heterogenous mix of gravel.
vvv<v{ One 3 in. piece of gray, fine grained, QUARTZITE. Moderately hard,
ve+<«1 slightly weathered. One steep angle joint, slightly weathered with silt
R2 38/38 | 38.0-412 RQD = 64% 27v+¥1 coating on joint surface, open. Core run probably through glacial till
Jily] layer.
173321 Rock Mass Quality=Very Poor
L 40 723731 -KITTERY FORMATION (possible glacial till)-
223231 RI Core Times (min:sec):
2233 36.1-37.1(4:00), 37.1-38.0'(5:00)
-55.40 R2: Gray, fine-grained to aphanitic, QUARTZITE. Moderately hard,
slightly weathered. Primary joints dipping at low to moderate angles,
close, open to healed, smooth, planar to undulating, discolored to slightly
weathered with calcite coatings on some joint surfaces. One vertical join]
at 39.1 ft, healed.
Rock Mass Quality=Fair
-KITTERY FORMATION-
R2 Core Times (min:sec):
F 45 38.0-39.0'(5:00), 39.0-40.0'(6:00), 40.0-41.2'(6:00)
41.2
Bottom of Exploration at 41.2 feet below ground surface.
Note: Unable to advance casing beyond 36.1 ft. Borehole collapsing
after completion of R2.
50
Remarks:

Stratification lines rep app

the time

at

bot soil types; transitions may be gradual.

* Water level readings have been made at timdes and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
i were made.

Page 2 of 2

Boring No.: BB-YSL-105




Maine Department of Transportation  |project: Sewalrs Bridge Replacement Boring No.: BB-YSL-106
TO Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) 10.9 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt.JFall: 140/30-SS, 300/16-NW
Date Start/Finish: 11/11/09-11/11/09 Driliing Method: SSA to 5, NW to 25' Core Barrel: NQ-2.0
Boring Location: See Plan (N110360.6, E907976.2) Casing ID/OD: NW 3.0 Water Level: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

R = Rock Core Sample

SSA = Solld Stem Auger

HSA = Hollow Slem Auger

RC = Roller Cone

WOH = weight of 140ib. hammer

Sy =Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

qp = Unconfined Compressive Strength (ksf)
-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

LL = Liquid Limit
PL = Plastic Limit
Pl = Plasticity index

Suélab) = Lab vane Shear Strength (psf)
WC = water content, percent

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine 2000 West Zone coordinate system.

V = Insitu Vane Shear Test WOR = weight of rods Ngg =SPTN dforh efficlency G = Graln Size Analysis
MV = Unguccessful Insitu Vane Shear Test attempt WO1P = Weighi of one person = r Etficiency Factor/60%)"N- t = Consolidatio t
Sample Information
— p Laboratory
Tzls [z .z . Tesg
- o A @ £ ) © ] ) o esults/
D Z [=] & o o]
£ < ¢ 2 e ¢ 5 £ o _5 > Visual Description and Remarks AASHTO
s| 2 & = 252_0 e ge|s 5 and
2| & g E= 522X 5 gl25]|3-| 8 Unified Class
[=] %] o nE DnBHhES z z2 loa |wE]l o :
] T _Bitumi .
ID | 248 | 05-25 61718/ s | 15 | ssa | 1040 Bituminous Concrete 0]
Brown, dry, medium dense, medium to fine SAND, little coarse sand,
little fine gravel, one piece of coarse gravel lodged in tip of sampler
-FILL-(SW)
F 5 Brown, damp to wet at tip, medium dense, medium to fine SAND, some
2D 24/12 50-70 3/6/6/5 12 12 10 coarse sand, some fine gravel, trace silt
-FILL-(SW)
16
[3
14
28
- 10 Gray, wet, dense, coarse to fine gravel pieces, wood fragments
3D 2473 10.0- 120 1512122117 43 43 12
27 -0.60 11.5
Dark brown, wet, stiff, organic SILT, trace fine sand, organic odor
0-14. 6/10/6/5 16 16 27 -HARBOR BOTTOM DEPOSIT-(ML)
MD 240 120-14.0 Note: No recovery from 12 to 14 ft except for wood fragments in tip of
18 sampler.
12
ts+—4——4b—— 77— T— T T 40— ——— — — — — — — — — — — — 5.
4D 24712 1 150-170 41417713 11 11 23 Dark gray, wet, medium dense, fine SAND with organics, little silt, trace
shells, few brick fragments, organic odor
23 -HARBOR BOTTOM DEPOSIT-(SP-SM)
17.01
50
72
49
- 20 Note: Pushed on gravel, no recovery.
MD 24/0 20.0-220 12/14/10/9 24 24 39
33
Brown to gray, wet, dense, mottled coarse to fine SAND, some silt, trace | G#172175
5D 24/4 220-24.0 12/20/18/20 38 38 53 fine gravel, gravel piece lodged in tip of sampler A-2-4, SM
-MARINE DEPOSIT-(SM)
56
50
S
Remarks:

2. Hammer consisted of rope and cathead and safety hammer.

soll types; transitions may be gradual.

Stratification lines rep

PP

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
present at the time measurements were made.

l-’age 10f2

Boring No.: BB-YSL-106




Maine Department of Transportation  |project: Sewall' Bridge Replacement Boring No.: BB-YSL.-106
Uﬂsﬂcﬁjﬂﬁmiﬂn_rog Location: York, Maine PIN: 12665.00

Driller: Maine Test Borings Elevation (ft.) 10.9 Auger ID/OD: -
Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID
Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: 140/30-SS, 300/16-NW
Date Start/Finish: 11/11/09-11/11/09 Drilling Method: SSAto 5', NW to 25' Core Barrel: NQ-2.0
Boring Location: See Plan (N110360.6, E907976.2) Casing ID/OD: NW 3.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic 0 Rope & Cathead ®

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of t40lb. hammer
WOR = weight of rods

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

Sample Information

Sy = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

gp= Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency
= (Hammer Efficien:

MV = Unsuccessful Insity Vane Shear Test attempt WOI1P = Weighi of one person N

ple Depth
Blows (/6 in.)
N-uncorrected

Pen./Rec. (in.)
Shear

Sample No.
Strength
(psf)

or RQD (%)
Ngo
Casing
Blows

(it.)

Elevation

ft.)

Graphic Log

Suélab) = Lab Vane Shear Strength (psf)
Wi water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

nsolidation Test

10r/60%)*N- rrecte =

Laboratory
Testing
Results/

AASHTO

and

Unified Class.

Visual Description and Remarks

3 Depth (ft.)
© |sam

x
KN
N
3
v
N
o
2

4/3(2")/50(0")

o
o

26.4-31.4 RQD =43%

2

60/59

I 30

R2 m 314-320 RQD =57%

R3 54/54 | 32.0-36.5 RQD =87%

- 35

- 45

50

-25.60

i

Brown, wet, hard, mottled SILT, little fine sand, little coarse sand, little

fine gravel

-MARINE DEPOSIT-(ML)
25.7

uc

Top of Bedrock at E1.-14.8 .
qp=37,432 psi

-WEATHERED BEDROCK-
26.41

R1: Moderately hard, fresh, gray, aphanitic to fine grained,
METASILTSTONE. Primary joints dipping at low to moderate angles,
very close to close, tight to partly open, planar to undulating, smooth to
rough, slight oxidation on some joint surfaces, occasional calcite coatings
on some joint surfaces, pyrite mineralization, occasional calcite veins.
One near vertical secondary joint, slightly weathered, undulating, rough,
open, calcite coating.

Rock Mass Quality=Poor

-KITTERY FORMATION-

R1 Core Times (min:sec):

26.4-27.4'(4:00), 27.4-28.4'(4:00), 28.4-29.4'(3:00), 29.4-30.4'(3:00),
30.4-31.4'(3:00)

R2: Moderately hard, fresh, gray, aphanitic to fine grained,
METASILTSTONE, joints dipping at moderate to high angles, very close
to close, tight to partly open, planar to undulating, smooth to rough, one
silt seam (in-filled joint).

Rock Mass Quality=Fair

-KITTERY FORMATION-

R2 Core Times (min:sec):

31.4-32.0°(5:00)

R3: Moderately hard, fresh, gray, aphanitic to fine grained
METASILTSTONE. Primary joints dipping at moderate to high angles,
close, tight, calcite coatings on some joint surfaces. Quartz intrusion
from approximately 34.5 to 35.0 ft.

Rock Mass Quality=Good

-KITTERY FORMATION-

R3 Core Times (min:sec):

32.0-33.0%(5:00), 33.0-34.0%(3:00), 34.0-35.0'(4:00), 35.0-36.0'(4:00)
36.51

Bottom of Exploration at 36.5 feet below ground surface.

Remarks:

2. Hammer consisted of rope and cathead and safety hammer.

1. As-drilled coordinates of test borings determined by Maine DOT and provided in NAD 83 Maine 2000 West Zone coordinate system.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

the time were made.

at

P

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those

Page 2 of 2
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Maine Depal‘tment of Transportation Project: Sewall's Bridge Replacement Boring No.: BB-YSL-201
Soil/Rock Exploration Log T .
UNITS Location: York, Maine PIN: 12665.00

Driller: New Hampshire Boring, Inc. Elevation (ft.) -122 Auger ID/OD: --
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer Wt./Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/14/11-6/15/11 Drilling Method: HW to 22.5', NQ to 27.5' Core Barrel: NQ-2.0
Boring Location: See Plan (N110389.8, E908012.2) Casing ID/OD: HW-4.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic D Rope & Cathead ®

Definitlons:
D = Split Spoon Sample
MD = Unsuccessful Split Spoon Sample attempl
U = Thin Wall Tube Sample
MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insilu Vane Shear Test

MV = Un ful Insilu Vane Shear Test

RC = Roller Cone

tlemp! WOI1P =
Sample Information

R = Rock Core Sample
SSA = Solid Siem Auger
HSA = Hollow Stem Auger

WOH = weight of 140lb. hammer
WOR = weight of rods
ighi of on

Sy, = Insilu Field Vane Shear Strength {psf)

Ty = Pocket Torvane Shear Strengih (psf)

gy = Unconfined Compressive Sirengih (ksf)
-uncorrected = Raw field SPT N-value

on mey. Efficien

Ngg = (H

Sample No.
ple Depth

Blows (/6 in.)

Shear

Strength

(psf)

or RQD (%)

N-uncorrected

(it

Neo

Elevation
Graphic Log

(ft)

Casing
Blows

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrecied correcled for hammer efficiency
Faclor/60%)*N-uncorrecled

Sy(lab) = Lab Vane Shear Sirength (psf)
= water conlent, percent

LL = Liquid Limit

PL = Plastic Limit

Visual Description and Remarks

Pl = Plaslicity Index
G = Grain Size Analysis
= Consolidalion Tes!

Laboratory
Testing
Results/

AASHTO

and
Unified Class.

<1 Depth (ft.)
N .
£ |Pen./Rec. (in)
S |Sam

V
g
o

WOR/WOR/WOR/
WOR

<4
)
=3

No Recovery

2D 24/14 30-5.0 6/2/4/4 6

mudline surface.

Note: Split spoon taken from 3.0 to 5.0 ft due to very soft soils at

Black and dark gray, wet, medium stiff, SILT, some fine sand, little clay,
shell material, weakly cemented
-HARBOR BOTTOM DEPOSIT-(ML)

4.2

3D 24/22 50-70 sferin

graded, slightly cemented

\\-EIARlNE DEPOSIT-(SM)

4D 24/16 7.0-9.0 717116

14

\-ElARINE DEPOSIT-(ML)

5D 24/14 9.0-11.0 4/5/517

10

moderately cemented
-MARINE DEPOSIT-(SM)

F 10

occasional stratification

-MARINE DEPOSIT-(SM)

Gray, wet, loose, silty SAND, little clay, trace shell material, poorly

———————————————— —5.5
Olive, wet, stiff, SILT, some fine sand, little silty clay, moderate to strong|
cementation, occasional clay seams

———————————————— —15
Olive-brown, wet, medium dense, silty SAND, trace clay, poorly graded,

Olive-brown, wet, loose, silty SAND, poorly graded, slightly cemented,

6D 2417 i150-170 5/5/11/6 16

16

-GLACIAL TILL-(SP-SM)

20

7D 4/4 20.0-20.3 100(4.0)

moderately well bonded

-GLACIAL TILL-(SP-SM)

R1 60/60 | 22.5-27.5 RQD =25%

Gray-brown, wet, medium dense, SAND, some gravel, little silt, poorly
graded, moderately well bonded

Gray-brown, wet, very dense, gravelly SAND, little silt, poorly graded,

15.01

Top of Bedrock at E1.-34.7

23

Primary joint set is
0 27.5 ft. pla

Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

dipping vertical, p
ar to unduiating

mooth to rough

R1: Dark gray, light gray and reddish-brown streaks, aphanitic to fine
grained, METASILTSTONE and QUARTZITE, moderately hard to hard
resent from 23.5 to 26.8 ft and from

22.5

preseni at the lime measurements were made.

Stratification lines represent approximale boundaries between sail types; Iransilions may be gradual.

* Waler level! readings have been made al limes and under conditions sialed. Groundwater fluclualions may occur due 1o conditions other than those

T’age 10f2

Boring No.: BB-YSL-201




1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

Maine Department of Transportation  |project: Sewairs Bridge Replacement Boring No.: BB-YSL-201
el i Location: York, Maine PIN: 12665.00
Driller: New Hampshire Boring, Inc. Elevation (ft.) -12.2 Auger ID/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer Wt/Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/14/11-6/15/11 Drilling Method: HW t0 22.5, NQ 0 27.5 Core Barrel: NQ-2.0
Boring Location: See Plan (N110389.8, E908012.2) Casing ID/OD: HW-4.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic]  HydraulicOJ Rope & Cathead ®
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength {psf) Sy(jab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength {psf) Wé = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger Qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone -uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Etficiency Factor = Annual Calibration Value Pl = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods Ngo = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
= i = Wei Ngg= (Hammer Efficiency Factor/60%])*N-uncorrected = Consolidati 1
Sample Information
- Laboratory
= £ -~ 32 Testing
S el o e = 5 2 Resulits/
= - I [a] © < [ c - Visual Description and Remarks
£ o @ P = £ 5 . o o AASHTO
=| & « | 252 _G e £e2ls | § and
a| E g E deggd 5 g(22|z=] 8 Unified Class
o » o nE DHHES z Z |Oond|JuwE] o "
25 calcite miilling, Secondary joint st 15 dipping horizontal to low angle,
close to moderately close, planar, smooth, tight to open, trace of calcite
present.
Rock Mass Quality=Very Poor
-KITTERY FORMATION-
-39.70 i R1 Core Times (min:sec):
22.5-23.5' (6:00), 23.5-24.5' (6:00), 24.5-25.5' (6:00), 25.5-26.5' (6:30),
26.5-27.5' (7:00)
27.54
Bottom of Exploration at 27.5 feet below ground surface.
+ 30
F 35
k40
I 45
50
Remarks:

Stratification lines rep pproxXi boundaries b soil types; transitions may be gradual. Fage 20f2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those - .
present at the time measurements were made. Borlng No.: BB-YSL-201




Maine Department of Transportation  |pProject: Sewalls Bridge Replacement Boring No.: BB-YSL-202
8 P
Soil/Roc| lorati . .
MA NIT Location: York, Maine PIN: 12665.00
Driller: New Hampshire Boring, Inc. Elevation (ft.) -18.0 Auger ID/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer WtJ/Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/10/11-6/13/11 Drilling Method: HW to 53.5, NQ to 58.5' Core Barrel: NQ-2.0
Boring Location: See Plan (N110493.3, E908038.5) Casing ID/OD: HW-4.0 Water Level”: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®

Definitions:
D = Spiit Spoon Sample

U = Thin Wall Tube Sample

R = Rock Core Sample

MD = Unsuccessful Split Spoon Sample attempt

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR = weight of rods

Sy = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

Gy = Unconfined Compressive Strength (ksf)
-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibrati

Wt

ab) = Lab Vane Shear Strength (psf)
= water content, percent

LL = Liquid Limit
PL = Plastic Limit

on Value Pl = Plasticity index

Ngo = SPT N-uncorre d for h

efficiency G = Grain Size Analysis

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

| MV = ceessiul Insit hear Test atternp W1 £ Neg = (Har zonsolidation Tes
Sample Information Laborat
aboratory
c £ - 2 Testing
~| s < g £ g | 3 e Visual Descriotion and Remark Results/
£ = E ° g % E \g o 5 2 Isual Description an emarks AASHTO
= o °a [ 3 Q = =
£l B | ¢ B £3558 | S| g|GE|E-| B Unified Siass
o (7] o. nE R R z Z |Oom|WE|] © )
0 WOR/WOR/WOR/ Black and dark gray, wet, very loose, silty SAND with little shell
1D 24/6 0.0-20 .
WOR material, poorly graded, weakly cemented
-HARBOR BOTTOM DEPOSIT-(SM)
Black and dark gray, wet, loose, silty SAND with little shell material,
2D 24/10 20-40 4/4/57 9 9 poorly graded, weakly cemented
-HARBOR BOTTOM DEPOSIT-(SM)
3D 24/20 40-6.0 6/6/5/4 11 11
= -23.20 52
Gray, wet, medium dense, SAND, little silt, trace wood, poorly graded
-MARINE DEPOSIT-(SP-SM)
4D 24/24 6.0-8.0 2/4/9/15 13 13 Gray, wet, medium dense, SAND, little gravel, trace silt, poorly graded
-MARINE DEPOSIT-(SP)
Gray, wet, loose, fine SAND, poorly graded
5D 24/15 8.0-10.0 6/5/5/4 10 10 -MARINE DEPOSIT-(SP)
I 10
200 — —— — o — — — — — — !
6D 24/20 | 14.0-16.0 3/4/417 8 8 Gray, wet, loose, SAND, some silt, trace clay, poorly graded, weakly
- 15 cemented
-MARINE DEPOSIT-(SM)
SO0 e —— — — — — — — — — 18.01
D 24/18 | 18.0-20.0 11/14/9/14 23 23 Gray, wet, medium dense, fine SAND, trace clay, poorly graded
-MARINE DEPOSIT-(SP)
F 20
Gray, wet, very dense, fine SAND, poorly graded
Remarks:

Stratification lines

hety

1t app!

were made.

soil types; transitions may be gradual.

" Water level readings have been made at tim;.s and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
p t at the time

5&93 10f3

Boring No.: BB-YSL-202




Maine Department of Transportation Project: Sewall's Bridge Replacement Borlng No.: BB-YSL-202
ARY UNIT Location: York, Maine PIN: 12665.00

Driiier: New Hampshire Boring, Inc. Eievation (ft.) -180 Auger ID/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer Wt/Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/10/11-6/13/11 Drilling Method: HW to 53.5', NQ to 58.5' Core Barrel: NQ-2.0
Boring Location: See Plan (N110493.3, E908038.5) Casing ID/OD: HW-4.0 Water Level": Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O Hydraulic O Rope & Cathead ®
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength {psf) Sy(iab) = Lab Vane Shear Strength (psf)
D = Spiit Spoon Sampie SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) WC = water conten, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger gy = Ul fined C i gth (ksf) LL = Liquid Limit

PL = Ptastic Limit
Pl = Piasticity Index

-uncorrected = Raw field SPT N-value
Hammer Efficiency Factor = Annual Calibration Value

U = Thin Wall Tube Sample
MU = Unsuccessful Thin Wall Tube Sample attempt

RC = Roller Cone
WOH = weight of 140lb. hammer

V = Insilu Vane Shear Test WOR = weight of rods Ngo = SPT N- ted for h efficiency G = Grain Size Analysis
= j = Wei = il Fagtor *N-uncorrected = Consolidati
Sampie Information
— Laboratory
. = ._g = N E . Testing
- g = o £ 9 ] 9 : - Results/
£ % é % e %’ E £ o § > Visual Description and Remarks AASHTO
£ a a 0 = o 7] 1 =
5 g g E,, L §: §<8 5 AEHIEAE Unifigg%lass
ol o o nE 0®HnIs z Z |Om |WE] & ’
25
Gray, wet, very dense, fine SAND, trace silt, poorly graded
9D 24/20 | 29.0-310 29/36/42/52 78 78 -MARINE DEPOSIT-(SP)
30
Note: Sample 10D taken at a different sampling interval due to tidal
10D 18/15 | 33.5-350 14/37/102 139 | 139 changes.
Gray-brown, wet, very dense, fine SAND, poorly graded
-MARINE DEPOSIT-(SP)
I35
Note: Drilling action indicated a strata change at 38.0 ft.
-56.00F 38.01
11D 18/6 | 38.0-39.5 80/104/111 215 | 215 Gray, wet, very dense, gravelly SAND, trace silt, poorly graded, loosely
bonded
-GLACIAL TILL-(SP)
I 40
Gray, wet, very dense, SAND, little gravel, trace silt, poorly graded
12D 1778 440-454 23/86/100(5.0) 186 186 -GLACIAL TILL~(SP)
I 45
Gray, wet, very dense, gravelly SAND, trace silt, poorly graded, weak to
@ 13D 24/17 | 49.0-51.0 66/73/43/52 116 | 116 moderate bonding
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

Stratification lines rep F-’age 20f3

soll types; transitions may be gradual.

appl

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
present at the time measurements were made.

Boring No.: BB-YSL-202




U = Thin Wall Tube Sample
MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

RC = Roller Cone
WOH = welght of 140lb. hammer
WOR = weight of rods

Hammer Efficlency Factor = Annual Calibration Value

Maine Department of Transportation  |project: Sewairs Bridge Replacement Boring No.: BB-YSL-202
Us ¢ N Location: York, Maine PIN: 12665.00

Driller: New Hampshire Boring, Inc. Eievation (ft.) -18.0 Auger ID/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer Wt/Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/10/11-6/13/11 Drilling Method: HW to 53.5, NQ to 58.5' Core Barrel: NQ-2.0
Borlng Location: See Plan (N110493.3, E908038.5) Caslng ID/OD: HW-4.0 Water Level*: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticD)  HydraulicO) Rope & Cathead ® _
Definitions: R = Rock Core Sample 8, = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
O = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Sirength (psf) Wé = water content, percent
MO = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

-uncorrected = Raw field SPT N-value PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

Ngg = SPT N-ur dc forh efficiency
idation Test

Factor/60%)*N-uncorrect =

MV = = NEQ = [__-iammer Efficien
Sample Information
p Laboratory
_ £ N © Testin
. & a N —_ 2 o 9
<] = @ £ 9 3] 15} y . Results/
- ; ksl @
£ % g tu:l) e c 5 £ o § ; Visual Description and Remarks AASHTO
£]| = g S 252 _0 8 £e2l% | 5 and
g| & 5 E= s 22gC 3| 8| &slaz| & Unified Class
[a] 0 o nE Dnwhls z z Oom |LWE] O i
0 -GLACIAL TILL-(SP)
R1 ]60.0/60.0] 53.5-58.5 RQD = 68% 53.5
Top of Bedrock at El. -71.5
R1: Gray with white streaks, aphanitic to fine grained
L 55 METASILTSTONE, moderately hard to hard. Primary joint set dipping
horizontal to low angle, very close to moderately close, planar to
undulating, smooth to rough, tight to open, calcite infilling present at 55.5
and 56.0 ft, up to 1/8 in. thick, along joint surfaces. Secondary joint set
dipping steep to vertical, very close to wide, open, traces of white calcite
present along joint surfaces. Zone of low angle foliation quartz/calcite
banding at approximately 55.5 ft.
Rock Mass Quality=Fair
-KITTERY FORMATION-
R1 Core Times (min:sec):
53.5-54.5' (6:00), 54.5-55.5' (7:00), 56.5-57.5" (12:00),
[ 60 57.5-58.5' (11:00), 58.5-59.5' (10:00)
58.54
Bottom of Exploration at 58.5 feet below ground surface.
I 65
70
15
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

boundaries betv

Stratification lines rep

PP

present at the time measurements were made.

soil types; transitions may be gradual.

* Water level readings have been made at times and under condltions stated. Groundwater fluctuations may occur due to conditions other than those

Page 3 of 3

Boring No.: BB-YSL-202




Maine Department of Transportation  |Project: Sewalrs Bridge Replacement Boring No.: BB-YSL.-203
il/Rock i o] . .
MA T Location: York, Maine PIN: 12665.00
Drliler: New Hampshire Boring, Inc. Elevation (ft.) -5.5 Auger iD/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer Wt/Fall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/8/11-6/9/11 Driiling Method: HW to 36.0', NQto 41.0° Core Barrel: NQ-2.0
Boring Location: See Plan (N110595.6, E908063.4) Caslng ID/OD: HW-4.0 Water Level™: Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic 0 Hydraulic O Rope & Cathead ®

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of t40lb. hammer
WOR = weight of rods

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test

Sy= Insitu?eld Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)
gp = Unconfined Compressive Strength (ksf)
-uncorrected = Raw field SPT N-value
Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efficiency

Suélab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

=Un ful Insitu Vane S = Weil ne persol Ngg = (Hammer Efflciency Factor/60%)*N-un: ted C = Consolidation Test
Sample Information
— Laboratory
c £ - ® Testing
~| £ = § £ S B g Visual Descriotion and Remark Results/
£ z é 9 3 % = £ o _5 e isual Description and Remarks AASHTO
£ 0 = Q o T
| £ 5 | 52| 22282 | 5| 8|siliz| B Unifd &
ol & a hE THhHes z | Z2|[8a|w S Mt
0 .
D 2416 00-2.0 12122 4 4 Gray, wet, very loose, S'AND, some silt, trace clay, poorly graded, traces
of wood and shell material
-HARBOR BOTTOM DEPOSIT-(SM)
WOR/WOR/WOR/ No Recovery
MD 24/0 2.0-40 WOR
4.01
3D 24/14 40-6.0 3021213 4 4 Gray, wet, soft, silty CLAY, some fine sand, trace silt
L 5 / -MARINE DEPOSIT-(CL)
-11.50 ,/ ————————————————— —6.01
4D 24120 6.0-8.0 2131417 7 7 A, Gray, wet, loose, clayey SAND, trace silt, poorly graded, occasional clay
22 layers
272] -MARINE DEPOSIT-(SC)
27xA  Gray, wet, loose, SAND, some silty clay, trace silt, poorl ded, sil
5D 24122 8.0-100 2/4/517 9 9 A clayyfrom 9.6to 10.0 ft yeRy Poofy gt i
/%] -MARINE DEPOSIT-(SC)
10 1550
%74 Yellow-brown (14.0 to 14.6 ft), gray, wet, very loose SAND, some silty
6D 24/22 | 14.0-16.0 332 4 4 7 clay, trace silt, poorly graded, silty clay (14.0 to 14.6 ft), occasional clay
F 15 L/ layers
4] -MARINE DEPOSIT-(SC)
o] Gray (19.0 to 19.4 ft) to gray-brown, wet, dense SAND, some silty clay,
D 24/24 ) 19.0-21.0 19717122126 39 39 i) trace silt, poorly graded, occasional silty clay layers (19.0 to 20.0 ft),
- 20 #2471 sand from 20.0 to 21.0 ft
-MARINE DEPOSIT-(SC)
Note: Rollerbit action indicated a strata change at 23.0 ft.
-28.50 23.04
23
Remarks:

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

Stratification lines represent approximate boundaries between soll types; transitions may be gradual.

present at the time measurements were made.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other than those
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Boring No.: BB-YSL-203




V = Insitu Vane Shear Test

MU = Unsuccessful Thin Wall Tube Sample attempt

WOH = weight of 140lb. hammer
WOR = weight of rods

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-L d forh efficiency

Maine Department of Transportation |project: Sewairs Bridge Replacement Boring No.: BB-YSL-203
o UN Location: York, Maine PIN: 12665.00

Drilier: New Hampshire Boring, Inc. Elevation (ft.) -5.5 Auger ID/OD: -
Operator: S. Cooley Datum: NAVD 88 Sampler: Split Spoon 1.375 in. ID
Logged By: T. Erickson Rig Type: CME 25 Barge Hammer WtJFall: 140/24-SS, 300/30-HW
Date Start/Finish: 6/8/11-6/9/11 Driiling Method: HW to 36.0', NQ to 41.0' Core Barrei: NQ-2.0
Boring Location: See Plan (N110595.6, E908063.4) Casing ID/OD: HW-4.0 Water Level": Tidal
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic  HydraulicD Rope & Cathead ®
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample S§SA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf} WC = water content, percent
MD = Unsuccessful Spiit Spoon Sample attempt HSA = Hollow Stem Auger gp = Ui fined Comp ive Strength (ksf} LL = Ligquid Limit
U = Thin Wall Tube Sample RC = Roller Cone -uncorrected = Raw field SPT N-value PL = Plastic Limit

P! = Plasticity Index
G = Grain Size Analysis

1. As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83 Maine West Zone coordinate system.

MV = Unsuccessful Insitu Vane Shear Test attempt WOIP = Weight of one person Nga = (Hammer Efficien i - 1 = solidati
Sample Information
— Laboratory
' z “E_ = N E o Testing
] = @ £ e ] o ] - Results/
= z Q & 4] - \ rks
£ 2 g % 3 % S £ o 5 e isual Description and Rema AASHTO
£ 1] o = Q [} ]
§ E nc; g"‘ 8 E E’ ﬁg g 3 '§ H g = E Unifi:c?%lass
Q 7] o nE wHH5 z z |oo|uE] & |
25 T .
8D 2418 295.0-27.0 1112421013 45 45 } bG;:‘);,e:ret, dense, gravelly SAND, trace silt, poorly graded, loosely
g -GLACIAL TILL-(SP)
i
i
]
i
!
i
3
!
3
3
3
- 30 H Gray-brown, wet, very dense, gravelly SAND, little silt, poorl ded
op | 24118 |300-320| 42947148 % | 96 ; well borien 1y cense, pravely poory graded,
}
! -GLACIAL TILL DEPOSIT-(SP-SM)
!
1
]
H
1
H
3}
i
i
- 35 -40.50 Y - —— — — — — — = — ] 35.01
10D 10/5 35.0-35.8 22/100(4.0) -41.00 N Brown, wet, very dense, gravelly SAND, little silt, poorly graded, well
-41.50 bonded
Rl | 60/58 | 360-410 RQD = 88% (CLACIALTILL-(SPSM) 155
Gray, wet, very dense, SAND, some gravel, little silt, poorly graded, well
bonded
-GLACIAL TILL-(SP-SM)
36.04
Top of Bedrock at El. -41.5
R1: Gray with green streaks, aphanitic to fine grained
L 40 METASILTSTONE, moderately hard to hard. Primary joint set dipping
horizontal 10 low angle, only present at depth 36.8 and 40.1 {1, planar,
.46.50 smooth to rough, tight to open, traces of calcite infilling. One calcite
infilled, healed vertical joint.
Rock Mass Quality=Good
[ -KITTERY FORMATION-
R1 Core Times (min:sec):
36.0-37.0' (6:00), 37.0-38.0' (6:30), 38.0-39.0' (6:00), 39.0-40.0' (6:00),
40.0-41.0 (6:30)
41.04
Bottom of Exploration at 41.0 feet below ground surface.
F 45
S50
Remarks:

Adariec h

Stratification lines rep pp

at the time meas. were ma

[+]

soil types; transitions may be gradual.

* Water level readings have been made at ﬁm:s and under conditions stated. Groundwater fluctuations may occur due to conditions other than those

Page 2 of 2

Boring No.: BB-YSL-203




TERMS DESCRIBING
UNIFIED SOIL CLASSIFICATION SYSTEM DENSITY/CONSISTENCY
MAJOR DIVISIONS SYMBOLS TYPICAL NAMES
. Coarse-grained solls {more than half of material is larger than No. 200
COARSE- CLEAN GwW Well-graded gravels, gravei- sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty
GRAINED | GRAVELS | GRAVELS sand mixtures, little or no fines clayey or gravelly sands. Consistency is rated according to standard
SOILS < penetration resistance
8o (little or no GP Poorly-graded gravels, gravel Modified Burmister System
§ Z: fines) sand mixtures, little or no fines Descriptive Term Portion of Total |
5 E£T trace 0% - 10%
559 little 11% - 20%
= 8 g GRAVEL GM Silty gravels, gravel-sand-sill some 21% - 35%
Ees WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
29 g s FINES
- - £ § (Appraciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance
23 amount of mixtures. Cohesionless Soils N-Value (blows per foot)
E2 fines) Very loose 0-4
E & Loose 5-10
2 g CLEAN sSw Well-graded sands, gravelly Medium Dense 11-30
§c SANDS SANDS sands, little or no fines Dense 31-50
£ [
® ﬁ - Very Dense > 50
N g!’, o 5 (little or no SP Poorly-graded sands, gravelly
S5 2z )
K 8 c fines) sand, little or no fines
g g 5 Fine-grained solls (more than half of material is smaller than No. 20(
= sy sieve): includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
< Té’ o SANDS SM Silty sands, sand-silt mixtures or silty clays; and (3) clayey silts. Consistency is rated according to sheai
g 4 2 WITH strength as indicated.
o FINES Approximate
‘E’ '% (Appreciable SC Ciayey sands, sand-clay Undrained
=g amount of mixtures. Consistency of SPT N-Value Shear FEield
fines) Cohesive soils blows per foot Strenath (psf) Guidelines
WOH, WOR, . .

ML Inorganic silts and very fine Very Soft WOP, <2 0-250 Fist easily Penetrates
sands, rock flour, silty or clayey Soft 2-4 250 - 500 Thumb easily penetrates
fine sands, or clayey silts with Medium Stiff 5-8 500 - 1000 Thumb penetrates witt

SILTS AND CLAYS slight plasticity moderate effort
Stiff 9-15 1000 - 2000  Indented by thumb witt
FINE- CL Inorganic clays of low to mediurr great effort
GRAINED plasticity, gravelly clays, sandy Very Stiff 16 -30 2000 - 4000 Indented by thumbnai
SOILS clays, silty clays, lean clays. Hard >30 over 4000 Indented by thumbnail
(liquid limit less than 50) with difficulty
oL Organic silts and organic silty Rock Quality Deslgnation (RQD):
clays of low plasticity. RQD = sum of the lengths of intact pieces of core* > 100 mm
08 length of core advance
50 *Minimum NQ rock core (1.88 in. OD of core)
§ % MH Inorganic silts, micaceous or
g g diatomaceous fine sandy or Correlation of RQD to Rock Mass Quality
B3 SILTS AND CLAYS silty soils, elastic silts Rock Mass Quality RQD
5 g Very Poor <25%
€c CH Inorganic clays of high Poor 26% - 50%
£ 5 plasticity, fat clays Fair 51% - 75%
g5 Good 76% - 90%
E g (liquid limit greater than 50) OH Organic clays of medium to Excellent 91% - 100%
@ high plasticity, organic siits IDesired Rock Observations: {in this order)
Color (Munsell color chart)
Texture (aphanitic, fine-grained, etc.)
HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorphic, etc.)
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)
Weathering (tresh, very slight, slight, moderate, mod. severe,
severe, etc.)
Color (Munsell color chart) Geologic discontinuities/jointing:
Moisture (dry, damp, moist, wet, saturated) -dip (horiz - 0-5, low angle - 5-35, mod. dipping -
Density/Consistency (from above right hand side) 35-55, steep - 55-85, vertical - 85-90)
Name (sand, silty sand, clay, etc., including portions - trace, little, etc.) -spacing (very close - <5 cm, close - 5-30 cm, mod.
Gradation (well-graded, poorly-graded, uniform, etc.) close 30-100 cm, wide - 1-3 m, very wide >3 m)
Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic) -tightness (tight, open or healed)
Structure (layering, fractures, cracks, etc.) -infilling (grain size, color, etc.)
Bonding (well, moderately, loosely, etc., if applicable) Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)
Cementation (weak, moderate, or strong, if applicable, ASTM D 2488) RQD and correlation to rock mass quality (very poor, poor, etc.)
Geologic Origin (till, marine clay, alluvium, etc.) ref: AASHTO Standard Specification for Highway Bridges
Unified Soil Classification Designation 17th Ed. Table 4.4.8.1.2A
Groundwater level Recovery
. . Sample Container Labeling Requirements:
Maine Department of Transportation PIN Blow Counts
Geotechnical Section Bridge Name / Town Sample Recovery
. s e Boring Number Date
Key to Son.l and Ro'ck D'escrlptlons and Terms Sample Number Personnel Initials
Field Identification Information Sample Depth

January 2008
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Boston

GGOT@ S'& Wg Atlanta
express New York
a subsidiary of Geocomp Corporation www.geocomp.com/geotesting
February 2, 2010

Andy Blaisdell

Haley & Aldrich, Inc.
75 Washington Avenue, Suite 203
Portland, ME 04101-2617

RE: Proposed Sewall's Bridge Rehabilitation, York, ME (GTX-9592)
Dear Andy Blaisdell:

Enclosed are the test results you requested for the above referenced project. GeoTesting Express, Inc. (GTX)
received 22 samples (20 soil and 2 rock core) from you on January 11, 2010. See the attached copy of your test
for sample identifications.

GTX performed the following tests on these samples:

9 ASTM D 2216 - Moisture Content tests

5 ASTM D 422 - Grain Size Analyses with Hydrometer

11 ASTM D 422 - Grain Size Analyses (sieve only)

3 ASTM D 4318 - Atterberg Limits

2 ASTM D 7012 — Compressive Strength and Elastic Moduli of Rock

The results presented in this report apply only to the items tested. This report shall not be reproduced except in
full, without written approval from GeoTesting Express. The remainder of these samples will be retained for a
period of sixty (60) days and will then be discarded unless otherwise notified by you. Please call me if you have
any questions or require additional information. Thank you for allowing GeoTesting Express the opportunity of
providing you with testing services. We look forward to working with you again in the future.

Respectfully yours,

12

J6e Tomel
Laboratory Manager

GeoTesting Express, Inc. | 1145 Massachusetts Ave. |  Boxborough, MA01719 | Toll Free 800434 1062 |  Fax 978 635 0266
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Geotechnical Test Report 2/2/2010

GTX-9592

Proposed Sewall's Bridge

Rehabilitation
York, ME

Prepared for:

Haley & Aldrich, Inc.




Geolesting
express

a subsidiary of Geocomp Corporation

1145 Massachusetts Avenue
Boxborough, MA 01719

978 635 0424 Tel

978 635 0266 Fax

Transmittal

TO:
Andy Blaisdell

DATE: 2/2/2010 GTX NO: 9592

Haley & Aldrich, Inc.

RE: Proposed Sewall's Bridge Rehabilitation

75 Washington Avenue, Suite 203

Portland, ME 04101-2617

COPIES DATE

DESCRIPTION

2/2/2010 | January 2010 Laboratory Test Report

REMARKS:

CC:

Joe T el Labq(atory Manager

APPROVED BY: %);z&bkx_qu;g[4;4¢u,/

Naa{cy Hubbar?Prolect Manager



Client: Haley & Aldrich, Inc.
2 Project: Proposed Sewall's Bridge Rehabilitation
Ge@Tes.tl ng Location: York, ME Project No: GTX-9592
ex p ress Boring ID: --- Sample Type: --- Tested By: mmd
a subsidiary of Geocomp Corporation Sample ID:--- Test Date: 01/18/10 Checked By: jdt
Depth : --- Sample Id: ---

Moisture Content of Soil - ASTM D 2216-05

Boring ID Sample ID Depth Description Moisture
Content, %
BB-YSL-101 5D 20.0-22.0 ft 31.9
BB-YSL-101 6D 25.0-27.0 ft 32.4
BB-YSL-101 7D 30.0-32.0 ft 38.3
BB-YSL-102 1D 0-2.0 ft 30.3
BB-YSL-102 2D 5.0-7.0 ft 37.4
BB-YSL-103 2D,3D 5.0-7.0,11:t0.0-12.0 47.1
BB-YSL-104 2D,3D 5.0-7.0,#0.0-12.0 27.3
BB-YSL-105 3D 8.7-10.7 ft 34
BB-YSL-105 4D 14.0-16.0 ft 10.6

Notes: Temperature of Drying : 1100 Celsius




Geolesting

express

a subsidiary of Geocomp Corporation

Client:

Haley & Aldrich, Inc.

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-102 Sample Type: jar Tested By:  jbr

Sample ID:1D Test Date: 01/13/10 Checked By: jdt

Depth : 0-2.0 ft Test Id: 172171

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
£
tn o o
g o o o o O o
3§ §§¢¢ ¢4
100 : R
L} i
t 1 i
90 : A
1 i ] ] U
[} i 1 ]
807 : N
1 ] ] : i
1 H 1 ] 1 I
701 l A T .
1 ] ] ] 1 1}
1 ] ] I ] ]
1 ] ] 1 1 t
g 60 : .
i ! S
E 50< ] 1 1 ] 1 t
(] | 1
g | b
1 ] ] t 1 1
® 40 : Co
b ] I ] ] 1
[} I 1 ] ] I
30 ! S
1 H t I I ] 1
] b ' ] 1 1 1
[} ] t ] i 1 ]
20 ] [} t \ i ] '
1 t t 1 1 1 13
1 ] I 1 ] 1 L}
] ] ] ] 1 1 '
10- 1 1 L) 1] ] ] ] 1]
1 1 I ] ] ] i !
4 1 1 ] ] 1 ] 1 ]
1 1 [} ¥ [l 1 i !
0 4 |l + 1 L : 1 1 ! i ; i 4
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 0.6 22.8 76.6
Sleve Name | Sieve Size, | Percent Finer [Spec. Percent| Complies Coefficients
e Dss =0.1700 mm Dso =N/A
0.375In 9.50 100
#4 3.75 99 Dso =0.0194 mm Dis =N/A
e 2.00 % Dso =0.0086 mm Dio=N/A
#20 0.85 96
#40 04z 54 Cu_=N/A Cc =N/A
#60 0.25 %0 Classification
#100 0.15 83 ASTM N/A
#200 0.075 77
- Particle Slze (mm) Percent Finer Spec. Percent Complles
0.0393 6 AASHTO Silty Soils (A-4 (0))
- 0.0193 60
- 0.0116 54
0.0083 . Sample/Test Description
S5 = Sand/Gravel Particle Shape : ---
0.0042 a1 Sand/Gravel Hardness : ---
— 0.0031 37
j— 0.0014 31




Client: Haley & Aldrich, Inc.

= Project: Proposed Sewall's Bridge Rehabilitation
GEOTeStIng Location: York, ME Project No: GTX-9592
express Boring ID: BB-YSL-102 Sample Type: jar Tested By:  jbr
@ subsidiary of Gaocomp Corporation Sample ID:5D Test Date: 01/12/10 Checked By: jdt
Depth : 25.0-27.0 ft Test Id: 172176

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o o
o o o 9 & o
< - N § © 4 A
¥ % H % ® %
100 o—F e
- ] 1
1 1
%0t o
L 1 ]
] ]
80T : :
L ' [
] ]
1 ]
70t [ )
' 1
B ] ]
1 ] ]
g 60 1 '
T | :
E sof L
g N 1 1
* 407 f—
I I .
307 | :
- I ;
1 1
201 1 1
3 | '
1 ]
101 o
i 1 ]
1 ]
0 t t A t t - t
1000 100 10 1 0.01 0.001
Grain Size {mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- - 7.7 22.3
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| Compiies Coefficients
e Dss =0.1947 mm D30 =0.0835 mm
F73 3,985 100
#10 2.00 100 Ds0=0.1270 mm Dis=N/A
#20 0.85 100 Dsg =0.1105 mm Dig=N/A
#40 042 100
#60 6.25 %8 Cu =N/A Cc =N/A
#100 0.15 72 Classification
#200 0.075 22 ASTM N/A

AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Client: Haley & Aldrich, Inc.

= Project: Proposed Sewall's Bridge Rehabilitation
Geolesting |™ P 9

Location: York, ME Project No: GTX-9592
express Boring ID: BB-YSL-102 Sample Type: jar Tested By: jbr
a subsidiary of Geocomp Corporation Sample ID:6D Test Date: 01/12/10 Checked By: jdt

Depth: 30.0-32.0 ft Test Id: 172177

Test Comment: ---
Sample Description:
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o o o o 8 8
< - N8 § O A4 &
# % # ® ow 0w
100 N b ~ '
i : : Ny
90-- ] 1 1 ] )
X I I I .
[} ] ] I t
801 : : I f—
| ] ) 1 ] ]
1 ) ] ] t
1 i 1 1 i
70T i 1 t ] t
1 ] ] J t
B 1 i 1 ]
] ) 1 ]
g 60 L : \
i i : I | A
: o) EEEE
a 1 1 ] i 1
a0t - { ) e
| 1 ] | ' '
i I ] 1 I
30T i | I . O
- ! ; I .
1 1 1 1 5
20T ' 1 ' ' '
1 1 ] 1 U
I ; ; l
10t : : X I
o i i [ ]
] 1 ' ] '
0 t — + 1 i + I I3 13 ] ; 1 :
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble 1 % Gravel % Sand % Silt & Clay Size
— 0.0 87.8 12.2
Sieve Name SIe\:: ':Ize, Percent Finer | Spec. Percent Complies mm;
- s = Dgs =0.2207 mm D30=0.0958 mm
#10 2.00 100 Dso =0.1449 mm D15=0.0779 mm
#20 0.85 100 Ds0=0.1263 mm D10=0.0727 mm
#40 0.42 57
#60 0.25 92 Cu =N/A Ce =N/A
#100 0.15 62 Classification
#200 6.075 12 ASTM N/A

AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Geolesting
express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.
Project: Proposed Sewall's Bridge Rehabilitation
Location: York, ME Project No: GTX-9592

Boring ID: BB-YSL-103
Sample ID:2D,3D
Depth: 5.0-7.0,10.0-12.0 ft

Sample Type: jar Tested By: jbr
Test Date: 01/12/10 Checked By: jdt
Test 1d: 172172

Test Comment: ---
Sample Description:
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
£
£R o o
" ¢ 2 8 989 8
SO W% #0® % % %
100 " . " — v
90T
80T
701
5 607
=1 |
ic
£ s0t1
o
E A
40T
30T
201
10T
0 ' t t t t
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Sitt & Clay Size
— 1.6 54.1 44.3
Sleve Name | Sleve Size, | Percent Finer | Spec. Percent| Complies Coefficients
e Dg5=0.2170 mm D30 =0.0250 mm
0.5in 12.50 100
0.3751n .50 % Dso=0.1126 mm D15=0.0036 mm
#4 475 98 Dso =0.0869 mm D10=0.0004 mm
#10 2.00 96
#20 0.85 93 Cu =N/A Cc =N/A
#40 042 52 Clasgificati
#60 0.25 50 ASTM Clayey sand (SC)
#100 0.15 71
#200 0.075 44 .
- Particie Size (mm) | _ Percent Finer Spec. Percent Complies AASHTO Silty Soils (A-4 (1))
- 0.0337 34
— 0.0213 28 P
0005 = Sample/Test Description
5055 5 Sand/Gravel Particle Shape : ---
0.0063 15 Sand/Gravel Hardness : ---
- 0.0045 17
- 0.0032 14
- 0.0015 12




Geolesting

express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-103 Sample Type: jar Tested By: jbr

Sample ID:5D Test Date: 01/12/10 Checked By: jdt

Depth : 20.0-22.0 ft Test Id: 172178

Test Comment: ---
Sample Description:
Sample Comment: -

AASHTO Silty Soils (A-4 (0))

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o
< —
100 \% 3
90t L
80T ! !
- i '
707 i l
o
i i : l
E sof o
e - ] 1
[ ] '
= 407 S
I ! |
30t : N
-
-
- t ]
0 t + L 4 + +
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 0.0 15.9 84.1
Sleve Name | Sleve Size, | Percent Finer | Spec. Percent| Complles Coefficients
s Dgs=0.0784 mm Dso =N/A
74 375 100
#10 2.00 100 Dso =N/A Dis=N/A
#20 0.85 100 DSO =N/A DlO =N/A
#40 0.42 100
#60 0.3 100 Cu =N/A Cc_=N/A
#100 0.15 98 C ificatiol
#200 0.075 [ ASTM N/A

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Geolesting

express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-103 Sample Type: jar Tested By:  jbr

Sample ID:6D Test Date: 01/12/10 Checked By: jdt

Depth : 25.0-27.0 ft Test Id: 172179

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o
< i
100 53
i i
90T :
L i
]
80T i
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]
701 I
1
~ )
1
'?;’ 60T :
i I ‘
5 5071 !
o L 1
g_’ 1
4071 .
L 1
5
30t '
| 1
1
]
20T :
i
B ]
1
101 !
. 1
1
o + + 1 N I3 ; N + +
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 0.0 76.5 235
Sieve Name | Sieve Size, |Percent Finer [Spec. Percent] Compiles | Coefficients
e Dgs =0.1831 mm D30 =0.0817 mm
#4 4.75 100
#10 2.00 160 Ds0=0.1211 mm Dis=N/A
#20 0.85 100 Dsp=0.1062 mm D10 =N/A
#40 0.42 100
#60 025 % Cu =N/A Cc_=N/A
#100 0.15 76 Classification
#200 0.075 p1 ASTM N/A
AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description

Sand/Gravel Particle Shape : ---
Sand/Gravel Hardness : ---




Geolesting

Client: Haley & Aldrich, Inc.

express

a subsidiary of Geocomp Corporation

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-103 Sample Type: jar Tested By: jbr

Sample ID:10D Test Date: 01/12/10 Checked By: jdt

Depth : 45.0-47.0 ft Test Id: 172180

Test Comment: ——-
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel! %Sand % Sitt & Clay Size
— 12.4 448 42.8
Sieve Name | Sieve Size, | Percent Finer [Spec. Percent] Compiies Coefficients
n Dgs =1.0702 mm Dso=N/A
0.75n 19.00 160
05in 12.50 92 Ds0 =0.1457 mm Dis=N/A
0.375in 9-50 %0 Ds0=0.0991 mm Dio=N/A
#4 4.75 88
#10 200 3 Cu =N/A Cc =N/A
#20 0.85 85 Classification
#40 0.42 31 ASTM N/A
#60 0.25 74
#100 0.15 &1
#200 0.075 43 AA HTO Sllty SO”S (A“4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD




Client: Haley & Aldrich, Inc.

G e @Te sti i g Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
e X pr €ss Boring ID: BB-YSL-103 Sample Type: jar Tested By:  jbr
a subsidiary of Geacomp Corporation Sample ID:11D Test Date: 01/12/10 Checked By: jdt

Depth :  50.0-50.8 ft Test Id: 172181

Test Comment: -
Sample Description:
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
c
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 29.4 444 26.2
Sleve Name | Sleve Size, | Percent Finer |Spec. Percent| Complies Coefficients
ity Des =19.6027 mm D30=0.0989 mm
) 25.00 100
0.751n 19.00 a3 Dso=1.4539 mm Dis=N/A
0.5in 12.50 83 Dso =0.4045 mm Dio=N/A
0375Tn 5.50 76
74 475 71 Cu =N/A Cc =N/A
#10 2.00 62 Classification
#30 0.85 56 ASTM N/A
#40 042 51
#60 0.25 “
#100 015 3 AASHTO Silty Gravel and Sand (A-2-4 (0))
#200 0.075 %%

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Client:
Project:
Location:

Geolesting

Haley & Aldrich, Inc.
Proposed Sewall's Bridge Rehabilitation
York, ME

Project No: GTX-9592

express

a subsidiary of Geocomp Corporation

Boring ID:

Depth :

BB-YSL-104
Sample ID:2D,3D
5.0-7.0,10.0-12.0 ft

Sample Type: jar Tested By:
Test Date: 01/12/10 Checked By:
Test Id: 172173

jbr
jdt

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

100
90T
80T
70T
5 60T
S N
ic
€ 50t
L L
o
& a0t
30T
20T
107
0 t t s } t
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
= 0.0 19.3 80.7
Sieve Name | Sieve Size, |Percent Finer |Spec. Percent| Complies Coefficients
a Des =0.1077 mm D30=0.0191 mm
#4 475 100
#10 2.00 ES) Dso =0.0517 mm D15=0.0047 mm
#20 085 % Dsp=0.0432 mm D10=0.0015 mm
#40 0.42 97
rr=a 535 9% Cu =N/A Cc_=N/A
#100 0.15 89 ] ification
#200 0.075 a1 ASTM silt with sand (ML)
Particle Size (mm) Percent Finer Spec. Percent Complies
0.0337 3%
0.0212 31 AASHTO Silty Soils (A-4 (0))
0.0125 25
0.0090 20 -
50053 3 Sample/Test Description
AT - Sand/Gravel Particle Shape : ---
0.0033 3 Sand/Gravel Hardness : ---
0.0015 10




Geolesting

Client: Haley & Aldrich, Inc.

express

a subsidiary of Geocomp Corporatio

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-104 Sample Type: jar Tested By: jbr

Sample ID:4D Test Date: 01/12/10 Checked By: jdt

Depth: 15.0-17.0ft Test Id: 172182

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble %Gravel %Sand %Sit & Clay Size |
— 217 62.8 155 |
Sieve Name Sleve Size, | Percent Finer | Spec. Percent Complies gggfficigngg
Y, Dgs =6.4480 mm D30 =0.1238 mm
05In 12.50 100
0.375In 5.50 53 Deo=1.3781 mm D15 =N/A
#4 &= . Ds0=0.5103 mm D1o=N/A
#10 2.00 64
#20 0.85 5 Cu =N/A Ce_=N/A
#40 042 48 c!agiiﬁgation
#60 0.25 44 ASTM N/A
#100 0.15 36
#200 0.075 16

AASHTO Stone Fragments, Gravel and Sand
(A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD




Geolesting

Client: Haley & Aldrich, Inc.

express

a subsidiery of Geocomp Corporation

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-104 Sample Type: jar Tested By:  jbr

Sample ID:6D Test Date: 01/12/10 Checked By: jdt

Depth : 25.0-27.0ft Test Id: 172183

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o 8 8
+ 2 8 €383 % V8
3# # % B O H %
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Grain Size (mm)
% Cobble % Gravel % Sand % Sitt & Clay Size
- 0.0 73.6 26.4
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| Compiies Coefficients
e Ds5 =0.1494 mm D30=0.0782 mm
#4 475 100
#10 2.00 100 D60 =0.1113 mm D1s=N/A
#20 0.85 100 Dsp =0.0990 mm Dio=N/A
#40 0.42 100
#60 0.25 %9 Cy =N/A Cc =N/A
#100 0.15 85 Classification
#200 0.075 % ASTM N/A
AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Grave! Particle Shape : ---

Sand/Gravel Hardness : ---




Geolesting

express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-105 Sample Type: jar Tested By: jbr

Sample ID:3D Test Date: 01/13/10 Checked By: jdt

Depth : 8.7-10.7 ft Test Id: 172174

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
£
=1y g g
e ¢ 2 R 8 8 R
Qo # # # K % %
100 . ' y 0
90T
801
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£ L
w
g 50t
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é L
401
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201
107
0 - t : i t t
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 3.8 46.9 49.3
Sleve Name | Sieve Size, |Percent Finer |Spec. Percent| Complies Coefficients
ks Dgs =0.2965 mm D30=0.0386 mm
05In 12.50 100
0.375in 5.50 %6 Ds0=0.1008 mm D15=0.0114 mm
#4 475 9% Dsp =0.0765 mm D10 =0.0027 mm
#10 2.00 93
#20 0.85 85 Cu =N/A Cc =N/A
#40 0.42 87 Clgsgiﬁcg;ign
#60 0.25 [ ASTM N/A
#100 0.15 74
#200 0.075 49 .
e Particle Size (mm) | Percent Finer Spec. Percent Complles AASHTO Silty Soils (A-4 (0))
- 0.0338 26
—— 0.0220 19
50135 T Sample/Test Description
o053 - Sand/Gravel Particle Shape : ROUNDED
0.0065 73 Sand/Gravel Hardness : HARD
- 0.0046 12
——— 0.0033 10
- 0.0015 9




Client: Haley & Aldrich, Inc.

G e OT@ stn g Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
ex pr €ess Boring ID: BB-YSL-105 Sample Type: jar Tested By: jbr
a subsidiary of Geocomp Corporation Sample ID:4D Test Date: 01/12/10 Checked By: jdt

Depth : 14.0-16.0 ft Test Id: 172184

Test Comment: ---
Sample Description:
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
£
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Grain Size (mm)
% Cobble % Gravel %Sand %Silt & Clay Size
— 7.9 57.7 34.4
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| Compiies Coefficients
Rty Dgs=2.8198 mm Do =N/A
05in 12.50 100
0.375 in 9.50 % Deo =0.4085 mm Dis=N/A
£, 4.75 92 Dsp =0.2101 mm D10 =N/A
#10 2.00 80
¥30 085 70 Cu =N/A Cc =N/A
#40 042 61 Classification
#60 0.25 53 ASTM N/A
#100 015 4
#200 0.675 34

AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Geolesting

Client: Haley & Aldrich, Inc.

express

a subsidiary of Geocomp Corporation

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-105 Sample Type: jar Tested By: jbr

Sample ID:5D Test Date: 01/12/10 Checked By: jdt

Depth : 19.0-21.0 ft Test Id: 172185

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 0.0 72.5 27.5
Sieve Name Sieve Size, | Percent Finer | Spec. Percent Compiies coefﬁc'!gns_s_
o Dgs =0.1454 mm D30=0.0772 mm
#4 4.75 100
#10 2.00 100 Dso =0.1090 mm Dis =N/A
#20 0.85 100 Dso =0.0971 mm Dio =N/A
#40 0.42 100
#60 0.5 %9 Cu =N/A Cc =N/A
#100 0.15 88 Classification
#200 0.075 28 ASTM N/A

AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---




Client: Haley & Aldrich, Inc.

GeOT@ 3ting Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
ex pr ess Boring ID: BB-YSL-105 Sample Type: jar Tested By: jbr
a subsidiary of Geocomp Corporation Sample ID:7D Test Date: 01/12/10 Checked By: jdt

Depth : 29.0-31.0 ft Test Id: 172186

Test Comment: ---
Sample Description: |
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
c
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 431 40.8 16.1
Sieve Name | Sieve Size, |Percent Finer | Spec. Percent] Compiies Coefficients
i Dgs =20.7429 mm D30 =0.3047 mm
Tin 25.00 100
0.75n 19.00 78 D60 =6.1321 mm D15 =N/A
0.5in 12.50 76 Dsg=2.8160 mm Dio =N/A
0.375Tn 9.50 &5
#a 775 57 Cy =N/A Cc =N/A
#10 2.00 35 Classification
#20 0.85 38 ASTM N/A
#40 0.42 33
#60 0.25 2
#100 0.15 33 AASHTO Stone Fragments, Gravel and Sand
#3200 0.075 16 (A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD




Geolesting

Client: Haley & Aldrich, Inc.

express

a subsidiary of Geocomp Corporation

Project: Proposed Sewall's Bridge Rehabilitation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL-106 Sample Type: jar Tested By: jbr

Sample ID:5D Test Date: 01/13/10 Checked By: jdt

Depth : 22.0-24.0 ft Test 1d: 172175

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 5.8 60.5 337
Sieve Name | Sieve Size, |Percent Finer | Spec. Percent| Compliies Coefficients
oy Dss =2.3472 mm D30 =0.0585 mm
0.375 In 9.50 100
#4 2.75 En Deo =0.3234 mm D15=0.0137 mm
#10 2.00 . Dsg =0.1659 mm D10 =0.0054 mm
#20 0.85 72
#40 042 73 Cu =N/A Cc_=N/A
#60 0.25 56 Classification
#100 0.15 a8 ASTM N/A
#200 0.075 34
Particle Size (mm)| Percent Finer Spec. Percent Complies
0.0342 22 AASHTO S||ty Gravel and Sand (A‘2'4 (0))
0.0226 18
0.0131 15 —
50053 = Sample/Test Description
T O0E = Sand/Gravel Particle Shape : ROUNDED
0.0046 Sand/Gravel Hardness : HARD
0.0033 7
0.0015 6




Geolesting

Client: Haley & Aldrich, Inc.
Project: Proposed Sewall's Bridge Rehabilitation

express

a subsidiary of Geocomp Corporation

Location: York, ME Project No: GTX-9592
Boring ID: BB-YSL -101 Sample Type: jar Tested By: cam

Sample ID:6D Test Date: 01/13/10 Checked By: jdt

Depth : 25.0- 27.0 ft Test Id: 172168

Test Comment:
Sample Description:
Sample Comment:

Atterberg Limits - ASTM D 4318-05

Plasticity Chart

Plasticity Index

0 t + t + t + t +
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit
Symbol Sample 1D Boring Depth Natural Liquid Plastic | Plasticity | Liquidity Soll Classification
Molsture Limit Limit Index Index
Content,%
¥ 6D BB-YSL | 25.0- 32 35 18 17 1
= -101 27.0 ft

Dry Strength: VERY
Dilentancy: SLOW
Toughness: LOW

HIGH

Sample Prepared using the WET method




Client: Haley & Aldrich, Inc.

= Project:
GEOT@S"ZI“Q Location: York, ME

Proposed Sewall's Bridge Rehabilitation

Project No:

GTX-9592

express Boring ID: BB-YSL -103
a subsidiary of Gaocomp Corporation Sample ID:2D,3D
Depth : 5.0-7.0, 10.0-12.0 ft

Sample Type: jar

Test Date:

Test Id: 172169

Tested By:
01/13/10 Checked By: jdt

cam

Test Comment: ---
Sample Description:
Sample Comment: -

Atterberg Limits - ASTM D 4318-05

Plasticity Chart

Plasticity Index

0 t t t ; t t t t

0 10 20 30 40 50 60 70 80 90 100
Liquid Limit
Symboi Sampie ID Boring Depth Naturai Liquid Piastic | Plasticity | Liquidity Soii Classification
Moisture Limit Limit Index Index
Content,%
¥ 2D,3D BB-YSL | 5.0-7.0, 47 30 22 8 3 Clayey sand (SC)
" -103 [10.0-12.(

Sample Prepared using the WET method
8% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilentancy: SLOW

Toughness: LOW




Client: Haley & Aldrich, Inc.

= Project: Proposed Sewall's Bridge Rehabilitation
GQO«E’@SEER@ Location: York, ME

Project No: GTX-9592

express Boring ID: BB-YSL -104
a subsidiary of Geocomp Corporation Sample ID:2D,3D
Depth : 5.0-7.0, 10.0-12.0 ft

Sample Type: jar
Test Date:
Test 1d:

172170

Tested By: cam
01/13/10 Checked By: jdt

Test Comment: —--
Sample Description:
Sample Comment: ---

Atterberg Limits - ASTM D 4318-05

Sample Determined to be non-plastic

0
-104 [10.0-12.0

Symboi Sampie ID Boring Depth Naturai Liquid Plastic | Piasticity | Liquidity Soii Ciassification
Moisture Limit Limit Index Index
Content, %
2D,3D BB-YSL |5.0-7.0, 27 n/a n/a n/a n/a silt with sand (ML)

3% Retained on #40 Sieve

Dry Strength: LOW

Dilentancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic




Geolesting
express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.
Project Name: Proposed Sewall's Bridge Rehabilitation
Project Location: York, ME

GTX #: 9592

Test Date: 01/19/10

Tested By: daa

Checked By: jdt

Boring ID: BB-YSL-106
Sample ID: R1 -

Depth;, ft: 26.64-27.01
Sample Type: rock core

Sample Description: See photographs

Compressive Strength and Elastic Moduli of Rock
by ASTM D 7012 - Method D

Stress vs. Strain
40000
il | 1 [
25000 Lateral Strain % Axial Strain
30000
=
é 25000
2
B
w»
g 20000
£
2
15000
10000
5000
0
-25000 -20000 -15000 -10000 -5000 0 5000 10000 15000 20000 25000
MicroStrain
Peak Compressive Stress: 37,432 psi

The graph above may not include all data up to the peak shear stress value. Therefore, the highest value on the graph

may not represent the peak shear stress value listed above.

Stress Range, psi Young's Modulus, psi Poisson's Ratio
0-5000 13,000,000 0.20
5000-1000 13,000,000 0.20
10000-15000 12,000,000 0.18
15000-20000 9,600,000 0.14
20000-25000 11,000,000 0.17
25000-30000 10,000,000 0.17
Notes: Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.




G T - Client: Haley & Aldrich, Inc. Test Date: 1/15/2010
eo est'ng Project Name: Proposed Sewall's Bridge Rehabllitation Tested By: daa
Project Locatlon: York, ME Checked By: mpd
express GTX #: 5592
a sulinmdiary of Geacomip Corporation Boring ID: BB-YSL-106
Sample ID: R1
Depth: 26.64-27.01 f
Visual Description: See photographs
UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04
BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)
1 2 Average
ISpecimen Length, In: 4,41 4.42 4.42 Maximum gap between side of core and reference surface plate:
|Specimen Dlameter, In: 1,97 1.98 1.98 Is the maximum gap < 0.02 In.? ND
|Specimen Mass, g: 605,03
Bulk Denslty, Ib/ft? 170 Maximum difference must be < 0.020 in.
Length to Diameter Ratlo: 2.2 Stralghtness Tolerance Met? NO
END FLATNESS AND PARALLELISM (Procedure FP1)
END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Dlameter 1, In -0.00020 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00010 0.00020 0.00020 0.00020 0.00020 0.00030
Dlameter 2, In (rotated 90°) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00010 -0.00010 -0.00020 -0.00020 -0.00020
Difference b max and min readl In:
0° = 0.00050 50° = 0.00020
END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Dlameter 1, In -0.00030 -0.00030 -0.00030 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010 0.00010
Dlameter 2, In (rotated 50°) 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020
Difference max and min readl In:
0* = 0.0004 950° = 0.0003
Maximum difference must be < 0.0020 in. Difference = + 0.00025
Flatness Tolerance Met? YES
i y = 0.00023x + 0.00005 . y = -0.00013x - 0.00007
£nd 1 Diameter 1 £nd 1 Diameter 2 DIAMETER 1
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line 0.00023
.E-, 0.00100 g 0.00100 Angle of Best Fit Line: 0.01318
B
8 End 2:
é 0.00000 & 0.00000 Slope of Best Fit Line 0.00026
[ & Angle of Best Fit Line: 0.01490
6 -0.00100 3 -0.00100
5 K] {Maximum Angular Difference: 0.00172
& -0.00200 a -0.00200
-100 -075 -0.50 -025 000 025 050 075 100 -1.00 -0.75 -050 -025 000 025 050 075 1.00 paraliaiism Tor Met? ves
" arallelism Tolerance Me
Diameter, In Diameter, in Spherically Seated
y = 0.00026x - 0.00005 ) y =-0.00017x + 0.00001
End 2 Diameter 1 End 2 Diameter 2 DIAMETER 2
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line -0.00013
g‘. 0.00100 .én 0.00100 Angle of Best Fit Line; -0.00745
b} ©
] S 0.00000 End 2:
« 0.60000 ‘; o Slope of Best Fit Line -0.00017
s Angle of Best Fit Line: -0.00974
8§ -0.00100 & -0.00100
K| K] Maximum Angular Difference: 0.00229
@ .000200 a -0.00200
g : y Y y . 75  1.00 -1.00 075 -050 -025 000 025 050 075 1.00
100 075 -0.50 -0 "; &m . 025 050 07 Diameter, in Parallelism Tolerance Met? YES
ameter, in Spherically Seated
PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallellsm measurements above)
END 1 Diffe ! and (n) D [(iB)] Slope Angle® Perpendicularity Tolerance Met? Maximum angle of departure must be < 0.25°
Dlameter 1, In 0.00050 1.975 0.00025 0.015 YES
Dlameter 2, In (rotated 50°) 0.00020 1.975 0.00010 0.006 YES Perpendicularity Tolerance Met? YES
END 2
Dlameter 1, In 0.00040 1975 0.00020 0.012 YES
Dlameter 2, In (rotated 50°%) 0.00030 1.975 0.00015 0.009 YES




= Client: Haley & Aldrich, Inc.

Geo-restlng Project Name: Proposed Sewall's Bridge Rehabilitation
expr ess Project Location: York, ME
3 subsidiary of Geocomp Corporation GTX #: 9592

Test Date: 01/19/10

Tested By: daa

Checked By: jdt

Boring ID: BB-YSL-106

Sample ID: R1

Depth, ft: 26.64-27.01

BB-YSL-106 R1 26.64-27.01'
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Geolesting
express

a subsidiary of Geocomp Corporation

Client: Haley & Aldrich, Inc.
Project Name: Proposed Sewall's Bridge Rehabilitation
Project Location: York, ME

GTX #: 9592

Test Date: 01/19/10

Tested By: daa

Checked By: jdt

Boring ID: BB-YSL-101

Sample ID: R1

Depth, ft: 35.88-36.24
Sample Type: rock core

Sample Description: See photographs

Compressive Strength and Elastic Moduli of Rock
by ASTM D 7012 - Method D

Stress vs. Strain
600
s0000 I T | | |
45000 Lateral Strain ’ Axial Strain
40000
35000
2
W 30000
H
&
[}
B 25000
k=4
o
>
20000
15000
10000
5000
[
-30000 -25000 -20000 -15000 -10000 -5000 [ 5000 10000 15000 20000 25000 30000
MicroStrain

48,338 psi

The graph above may not include all data up to the peak shear stress value. Therefore, the highest value on the graph
may not represent the peak shear stress value listed above.

Peak Compressive Stress:

Stress Range, psi Young's Modulus, psi Poisson's Ratio
0-5000 14,000,000 0.27
5000-1000 13,000,000 0.27
10000-20000 13,000,000 0.28
20000-30000 12,000,000 0.30
30000-40000 11,000,000 0.35

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.
Calculations assume samples are isotropic, which is not necessarily the case.

Notes:




= Client: Haley Aldrich, Inc. Test Date: 1/15/2010

Geo-rest. ng Project Name: Proposed Sewall's Bridge Rehabliitation Tested By: daa

Project Locatlon: York, ME Checked By: mpd
éexpress GTX #: 9592
a subsidtary of Geucomp Corporation Boring ID: BB-YSL-101

Sample ID: R1

Depth: 35.88-36.24 &

Visual Description: See photographs

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04

BULK DENSITY

DEVIATION FROM STRAIGHTNESS (Procedure S1)

1 2 Average
Specimen Length, In: 4.30 4.31 4.31 Maximum gap between side of core and reference surface plate;
Specimen Dlameter, In: 1.98 1.98 1.98 Is the maximum gap < 0.02 In.? YES
Specimen Mass, g: 636.78
Bulk Denslty, Ib/ft* 183 Maximum difference must be < 0.020 in.
Length to Dlameter Ratlo: 2.2 Stralghtness Tolerance Met? YES
END FLATNESS AND PARALLELISM (Procedure FP1)
END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Dlameter 1, In -0.00030 -0.00030 -0.00020 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010
Dlameter 2, In (rotated 90°) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00020 0.00020 0.00030 0.00030 0.00030 0.00030
Difference max and min In:
0° = 0.00030 90° = 0.00030
END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Dlameter 1, In -0.00020 -0.00020 -0.00020 -0.00020 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Dlameter 2, In (rotated 90°) -0.00030 -0.00030 -0.00030 -0.00020 -0,00020 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010 0.00010
Difference max and min read In:
0= 0.0002 90° = 0.0004
Maximum difference must be < 0,0020 in. Dlifference = +_0.00020
Flatness Tolerance Met? YES
R y = 0.00015x - 0.00008 . y = 0.00022x + 0.00011
End 1 Diameter 1 End 1 Diameter 2 DIAMETER 1
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line 0.00015
g-, 0.00100 g-, 0.00100 Angle of Best Fit Line: 0.00859
T T
] g End 2:
& o.00000 -3 & 0.00000 Slope of Best Fit Line 0.00014
[} S Angle of Best Fit Line: 0.00802
3 -0.00100 Gl -0.00100
T E Maxitmum Angular Dlifference: 0.00057
S -0.00200 B -0.00200
-100 -075 -050 -025 000 025 050 075 1.00 -1.00 -075 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 pardiiéliam Tol Het? YES
. araitelism Tolerance Me
Diameter, in Diameter, in Spherically Seated
y = 0.00014x - 0.00007 3 y = 0.00028x - 0.00007
End 2 Diameter 1 End 2 Diameter 2 DIAMETER 2
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line 0.00022
$ 0.00100 -g 0.00100 Angle of Best Fit Line: 0.01261
"3 3 End 2
00000 nd 2:
t; 0.00000 % o Slope of Best Fit Line 0.00028
o Angle of Best Fit Line: 0.01604
8§ -0.00100 &§ -0.00100
& k] Maximum Angular Difference: 0.00344
S .0.00200 B8 -0.00200
100 075 -050 -025 000 025 050 075 1.00 -1.00 -075 -050 -025 000 025 050 075 1.00
Diameter, in Diameter, in Parallelism Tolerance Met? YES
L Spherlcally Seated
PERPENDICULARITY (Procedure P1) {Calculated from End Flatness and Parallellsm measurements above)
END 1 Difference, and {ln.) D (in.) Slope Angle® Perpendicularity Tolerance Met? Maximum angie of departure must be < 0.25°
Dlameter 1, In 0.00030 1.980 0.00015 0.009 YES
Dlameter 2, In (rotated 90°) 0.00030 1.980 0.00015 0.009 YES Perpendicuiarity Tolerance Met? YES
END 2
Diameter 1, In 0.00020 1.980 0.00010 0.006 YES
Diameter 2, In (rotated 90°) 0.00040 1.980 0.00020 0,012 YES




- Client: Haley & Aldrich, Inc.
GeOTestlng Project Name: Proposed Sewall's Bridge Rehabilitation
e X p ress Project Location: York, ME
a subsidiary of Geocomp Corporation GTX #: 9592

Test Date: 01/19/10
Tested By: daa
Checked By: jdt

Boring ID: BB-YSL-101
Sample ID: R1

Depth, ft: 35.88-36.24

BB-YSL-101 R1 35.88-36.24')
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To: Uaa,‘l:.u;/&é Torestie

SOIL CHAIN OF CUSTODY & TEST REQUEST

CLIENT PROJECT
Company: Haley & Aldrich, Inc. Project Name: Proposed Sewall's Bridge Rehabilitation
Address: 75 Washington Ave., Ste 203 Address: Organug Road [ Client Project #:36654-000
City, State, Zip: Portland, ME 04101 City, State, Zip: York, Maine
Contact: Andrew Blaisdell E-mail:ablaisdell@haleyaldrich.com On-site Contact: E-mail:
Phone:207-482-4619 Fax:207-482-4669 Phone: Fax:
INVOICE (complete if different from client) GENERAL 2862 Holoomb Bridge Road, Suie 31¢
Company: Purchase Order #: GTX Sales Order #: Alphar:ata, G4
Address: Shipped By: Maura Foley Date Shipped: 1/11/10 77
City, State, Zip: Mode of Shipment: Hand-deliver Requested Tumaround: 1 week soll, 2
Contact: E-mail; Send Results To: B CLIENT OFFICE  [J PROJECT OFFICE ey gaslasting.com
Phone: Fax: Send Results Via: ~ BJE-MAIL [JFAX [JVERBAL [X] HARD COPY
SOIL z g3 z g g 55 z g g ?2
22| |5 |83] %2 § : 232 g2 |3 |2s8 |Z
*please include boring # and @ @ | 8 - 2 |o B ; gg £ §2a g5Ee g g2 §
depth if known s | £ 818 | 2 |a2|a 2|35 |2 B 5. s | 8RS g _ | 3BEz | » S828g | B | £ |24
ES | 838 | 55 | £ | TE |=8%| - |2.85|8%|fe| #g s5%s 5| ®§ | pu2ss 35 | §09o4%c | S| 2§ |93
39 | 988 | 53 | 9 | §5 |B8s| 25 |38 3% | S8 | 5% |2S=8 §| 3| E17% 58 | 2EE0ss | 3% | 7% 43
2 | f2e| 48 | z |28 |oe2| B2 (48s%| 82| g2 |2 |33fs s o| SBBS |en | Rhsdc | &0 | B |EE
£ | 8E% "’E ¥ | 8% (883 EE £288 E gL | 85 |[ES¥xss £ | 5538 | 3 5a5a88 | 5G| E5® | E%
Sampio D 2|32 | 83| § |57 |83F|J%|5&3d| iz |2 2% |sRiddl % JelE | 3| f3psRd | 27| 3P |iiiy
1 BB-YSL-101, 5D, 20-22' X
2 BB-YSL-101, 6D, 25-27° X X
3 BB-YSL-101, 7D, 30-32' . X
4 BB-YSL-101, R1, 35.7-36.5' b x
5 BB-YSL-102, 1D, 0-2' x (s+h) X
6 BB-YSL-102, 2D, 5-7* X
“Specify Test Conditions (Undisturbed or Remolded, Density and moisture, Test Normal Loads, Test Confining Stresses, efc.):

AUTHORIZE BY SIGNING AND-BATING;
\
SIGNATURE: MJ— PRINT NAME:M Blaiso (/ DATE: _L/ ”/l &

Relinquished By~ . DATE: [ /17/f6 Received By: DATE: l_/}l/[
g)—» TiME: ., . , TIME: |

Relinquished By: 4 7 DATE: [ u ]9 Receivedﬁ / DATE:/} 11/ 1,
W?,/\\— TIME: ' /AT Y AT TIVE: /2°3Q




— SOIL CHAIN OF CUSTODY & TEST REQUEST page 2/4

CLIENT PROJECT GeoTesling Express, inc
Company: Haley & Aldrich, Inc. Project Name: Proposed Sewall’'s Bridge Rehabilitation N -
Address: 75 Washington Ave., Ste 203 Address: Organug Road | Address: Organug Road
City, State, Zip: Portland, ME 04101 City, State, Zip: York, Maine
Contact: Andrew Blaisdell E-mail:ablaisdeli@haleyaldrich.com On-site Contact: E-mail:
Phone:207-482-4619 Fax:207-482-4669 Phone: Fax:
INVOICE (complete if different from client) GENERAL mb Bridgs Read. Suiis 210
Company: Purchase Order #: GTX Sales Order #: &, Gf 30022
Address: Shipped By: Maura Foley Date Shipped: 1/11/10 : Tel
. i T7C 845 G570 Fax
City, State, Zip: Mode of Shipment: Hand-deliver Szngﬁd Turnaround: 1 week soil, 2 70 848 657 Ta
Contact: E-mail: Send Results To: D] CLIENT OFFICE  [] PROJECT OFFICE www.gaotesting.com
Phone: Fax: Send Results Via: DJ E-MAIL [JFAX [JVERBAL [ HARD COPY
=y —_
SOIL 2 o3 2 S g —_ 2 gﬁ
o 2 -] o S = Y0 2w =8 = E
S @ = ® ® N © 2N 3. S L3 ©
*please include boring # and g 2| 8 2 | s2]s 2|2 |28 |8 22 £ sag SS9 = g
. o € N c |8 €] = k) [ - = 2 S BeZ 2 3 )
depth if known @ € 5| 8 o | bs |2 s| 2 E gz 8 £ ® 2he 2 SEEe | S5dse SE &
=z | 5g= | 5¢ z <E |02 2 86! 87 | €z | 85 |_EB<l S| ® 8995 | £ roows o Sz | 29 5
Ee 332 25 t2 |282| 8- |2_52| 98 5% ES 2818 2 = E 2 58 3 Qce @ Iy
=x 28| 83| @ | 23 |B8g8| X% |o>Fs| EN | ON | g% |£9=2 5| 9| slis | 88| 2==8%% | zx | ®: 8
S0 | §22| 32| z |Gz |a2z| 39 |86e5| B2 | g2 | 22 |5552 5| S| CEES | g | 883sis | o | iE_|°®
87 | 283 | 8B | ¢ | % |3l 3G |s3:E| :h |25 | af |Ci3Bgl| B | 8583 | SE| RL..%3 | BE| BT |:Yl.
Sample 9| g%F | 82| 3 |55 |52F| 3% |g30%| R | 22| 5% (338838 .7 | FaBf | 23| 2sgepd | 2| 8§ |53iy
7 BB-YSL-102, 5D, 25-27’ X (s)
8 BB-YSL-102, 6D, 30-32' X (s)
9 BB-YSL-103, 2D, 5-7'
X X (s+h) X
10 BB-YSL-103, 3D, 10-12’
11 | BB-YSL-103, 5D, 20-22' x(s)
12 | BB-YSL-103, 6D, 25-27' x(s)
13 BB-YSL-103, 10D, 45-47 x (s)
*Specify Test Conditions (Undisturbed or Remolded, Densuty and moisture, Test Normal Loads, Test Confining Stresses, etc.):
-Composite samples 2D and 3D from BB-YSL-103 for tests. ~
AUTHORIZE BY SIGNING AND DATING:
\
3 a’s i f]
SIGNATURE: ﬁW PRINT NAME: M ﬁ/ 4 DATE: 444/ ﬁa
Relinquished By: DATE: (/l L /& Received By: / DATE: [ / / (4 // ¢
ﬂ/ TIME: TIME: 7', |

Reli hed DATE: d Received B DATE: / 0
elinauts ef//WL/\ TIME: I“l 'l s YZM /Wd/ TIME: /Z/r'/'é/({

—/tF




oo SOIL CHAIN OF CUSTODY & TEST REQUEST page 3/4

CLIENT PROJECT
Company: Haley & Aldrich, Inc. Project Name: Proposed Sewall's Bridge Rehabilitation 1145 Mag
Address: 75 Washington Ave., Ste 203 Address: Organug Road | Address: Organug Road Ko
City, State, Zip: Portland, ME 04101 City, State, Zip: York, Maine ;
Contact: Andrew Blaisdell E-mail:ablaisdell@haleyaldrich.com On-site Contact: E-mail:
Phone:207-482-4619 Fax:207-482-4669 Phone: Fax:
INVOICE (complete if different from client) GENERAL > Hoad St 310
Company: Purchase Order #: GTX Sales Order #:
Address: Shipped By: Maura Foley Date Shipped: 1/11/10
City, State, Zip: Mode of Shipment: Hand-deliver 5:2;’:?;? Tumaround: 1 week soil, 2
Contact: E-mail: Send Results To: &I CLIENT OFFICE  [] PROJECT OFFICE V. geotesting.cor
Phone: Fax: Send Results Via: I E-MAIL [JFAX [JVERBAL [XI HARD COPY
g c 3 -]
SOIL 2 232 2 _ ] o~ H 8 cf
o o _ 8o K] § = 3o ow =5 = H s
= [ ~ [ [ ] o EN aw S @ g 8 @
*please include boring # and 2 o $ g §§ 5 el 2 |o B H %EE o0 EEEe 1 2= |9 g
depth if known . P 5| & o | gs |2 813 |E Bl E |: |¢= 2 2 BEEe | , Semsee _| 82 |gy42
Es | S5E E- = 4g |9==| 2 66| 8z | 25| &% \:2; 6 & n.23° £ soowE S 8 22 EEE
ES | 282 | 23 | 5 | 5% |28%| 8c [2.8e| 59 | RS | §% [3835 | § | 2<€2: | 33| soousc | 8% 2 | 393
S | @25 | SF 2 88 E8g8| v 9228 | B~ | SN | 8 |E£9sE 8| ¢ Szof | 69 SEESO8E Al I o 8%
§2 | £22| J2 | z | &z |922| B2 |@5sS| B2 | g2 | 9o |§85s 5| o | CE3s | eo | Ba@hens | fo | £f | HEE
§c (288 | 8F | ¢ | 8% |55%8| B |ses§| S| 82| if |EEzfsd| E| 8853 | SE| Fii1%s | E5F 285
Sample ID £2 | 525 | 82 | & | 55 |527| 3% |53a%) B% | 3% | Bz |e35282%| c2 | 233% | 23| f3333f | g% ses |595%
14 BB-YSL-103, 11D, 50-50.8' x (s)
15 BB-YSL-104, 2D, 5-7°
X X (s+h) X
16 | BB-YSL-104, 3D, 10-12'
17 BB-YSL-104, 4D, 15-17' x (s)
18 BB-YSL-104, 6D, 25-27' x (s)
19 BB-YSL-105, 3D, 8.7-10.7 x (s+h) X
20 BB-YSL-105, 4D, 14-16' x (s) X
*Specify Test Conditions (Undisturbed or Remolded, Density and moisture, Test Normal Loads, Test Confining Stresses, etc.):
-Composite samples 2D and 3D from BB-YSL-104 for tests.

AUTHORIZE BY SIGNING AND DAJING:
- ¢
SIGNATURE: (D ' PRINT NAME: M&é" "é/] pate: _L/ (! // o
r 4

Relinquished By, — - DATE: /it //& Received By: DATE: | / [l
TIME: 7 TIME: [T

Relinquished B DATE. VI 1 T¥ Received By: ¥y DATE.; /7///G
e V/Z 4///.1 TIME: : s y/ﬂy J/M/L //(/(/./7(3“ TIME: ;é,’ﬂl)




SOIL CHAIN OF CUSTODY & TEST REQUEST

CLIENT PROJECT
Company: Haley & Aldrich, Inc. Project Name: Proposed Sewall's Bridge Rehabilitation
Address: 75 Washington Ave., Ste 203 Address: Organug Road | Address: Organug Road
City. State, Zip: Portland, ME 04101 City, State, Zip: York, Maine
Contact: Andrew Blaisdell E-mail:ablaisdell@haleyaldrich.com On-site Contact: E-mail:
Phone:207-482-4619 Fax:207-482-4669 Phone: Fax:
INVOICE (complete if different from client) GENERAL Sullg 31G
Company: Purchase Order #: GTX Sales Order #: Alpharetts
Address: Shipped By: Maura Foley Date Shipped: 1/11/10 775545
. i TG 645 8875
City. State. Zip: Mode of Shipment: Hand-deliver Requested Tumaround: 1 week soil, 2 v
Contact: E-mail: Send Results To: X CLIENT OFFICE  [] PROJECT OFFICE v gentesting.com
Phone: Fax: Send Results Via: X E-MAIL [JFAX [JVERBAL [ HARD COPY
SOIL g & < 58 *§ g ; z.g o guﬁ: a—‘;’ s g a g s
= @ e a2 < = - - 2 ﬂ 2 ] <l o
*please include boring # and 2 5| g & | =z2 |5 2| & |2 &8 |° 2= E §39° gEE: 8 ﬁ; 5 a5
depth if known N £ 5| & o 128 |2 |3 |E B2 £ € 35¢ ¢ BEEe | » gtdse | B_| s# =g B
£ | 583 | 35 | F | T® |2§%| 3o (2.88|8% | 88| fg |55tz 3| §| 392 | %5 | soomEd | Sg| 2% |3is
d% | @25 | &% | 9 | §5 |g85| =5 |$338| % | SN | §% (2922 §| g | 5i g | 82| 2=2=8%5% | 3= | 7 |¥ds
Pa | £22 | 9o s | &5 v§’°$ 3o [855%5| §o | eo | 90 |B88: 3| o | SE®s | 2o gﬁgggﬁ go | xE_ 955
$; |2P3 | pB | ¢ | BE|ERZ| 55 |ssiB|ef | 8 | BE |ES38gd P | 5533 | E| E11.8% | BB | EgP |5E%
Sample ID 2 | 335 | 32 | &8 |55 |52F| 52 |Saa2| 22| 22| 82 |s3<cEd| £2 | 2885 | 82| (2338852 | 52| £25 [534y
21 | BB-YSL-105, 6D, 19-21' X (s)
22 BB-YSL-105, 7D, 29-31' x (s)
23 BB-YSL-1086, 5D, 22-24' x (s+h)
24 BB-YSL-106, R1, 26.6-27.3' X
*Specify Test Conditions (Undisturbed or Remolded, Density and moisture, Test Normal Loads, Test Confining Stresses, etc.):

AUTHORIZE BY SIGNING AND DATING:
SIGNATURE: m PRNTNaE:_Apoley Bldsol/f oare: 1 /11 ﬁ o

[ /7
Relinquished BW N DATE: ) /ti/1o Received By: DATE: [/ {t /1]
TIME: % 7y WW TIME: 7 7

TIME: TIME: [2:20

Relinquished By? DATE: l'“I !m Received By: ﬁd/(:\/"f' 7&.(/“276{ DATE: ,/;,//¢




WARRANTY and LIABILITY

GeoTesting Express (GTX) warrants that all tests it performs are run in general accordance with the specified test procedures and accepted industry practice.
GTX will correct or repeat any test that does not comply with this warranty. GTX has no specific knowledge as to conditioning, origin, sampling procedure or
intended use of the material.

GTX may report engineering parameters that require us to interpret the test data. Such parameters are determined using accepted engineering procedures.
However, GTX does not warrant that these parameters accurately reflect the true engineering properties of the in sifu material. Responsibility for interpretation
and use of the test data and these parameters for engineering and/or construction purposes rests solely with the user and not with GTX or any of its employees.

GTX’s liability will be limited to correcting or repeating a test which fails our warranty. GTX’s liability for damages to the Purchaser of testing services for any
cause whatsoever shall be limited to the amount GTX received for the testing services. GTX will not be liable for any damages, or for any lost benefits or other
consequential damages resulting from the use of these test results, even if GTX has been advised of the possibility of such damages. GTX will not be
responsible for any liability of the Purchaser to any third party.

Commonly Used Symbols

A pore pressure parameter for Ac, — Acs T temperature
pore pressure parameter for Ac; t time )
CIU isotropically consolidated undrained triaxial shear test U,UC  unconfined compression test
CR compression ratio for one dimensional consolidation UU,Q  unconsolidated undrained triaxial test
C. coefficient of curvature, (Dso)” / (D1g x Deo) u, pore gas pressure
C. coefficient of uniformity, Deg/D o U, excess pore water pressure
C. compression index for one dimensional consolidation u,u,  pore water pressure
C, coefficient of secondary compression v total volume
<y coefficient of consolidation ] volume of gas
c cohesion intercept for total stresses \£ volume of solids
c cohesion intercept for effective stresses \L volunze of voids
D diameter of specimen Vi volume of water
Dyo diameter at which 10% of soil is finer \D initial volume
Dys diameter at which 15% of soil is finer M velocity
Dso diameter at which 30% of soil is finer W total weight
Ds, diameter at which 50% of soil is finer W, weight of solids
Deo diameter at which 60% of soil is finer W weight of water
Dgs diameter at which 85% of soil is finer w Wwater content .
dso displacement for 50% consolidation We water content at consolidation
dgo displacement for 90% consolidation W ﬁnal water content
dioo displacement for 100% consolidation w liquid limit
E Young’s modulus Wy natural water content
e void ratio Wp p1a§tlc lumf .
e. void ratio after consolidation W shrinkage limit
€ initial void ratio W,, W; initial water content
G shear modulus u’ slope of g¢ versus p;
G, specific gravity of soil particles a slope of g versus p¢
H height of specimen e total unit Wf:lght
PI plasticity index Yd dry unit weight _
i gradient s unit we{ght of solids
K, lateral stress ratio for one dimensional strain Yo unit weight of water
k permeability € strain .
LI Liquidity Index Eval volume strain .
m, coefficient of volume change &y Ey hox:lzont’al strain, vertical strain
n porosity B Poisson’s ratio, also viscosity
PI plasticity index o normgl stress
P, preconsolidation pressure o’ effective normal stress .
P (61+05)/2, (0, +03)/2 G, c’c con.sohdatwn stress in isotropic stress system
p’ (0’1 + 0,’3) /2 , (G’V + a’h) /2 Chs O"h hOl'l.ZOIltal normal stress
p’c p’ at consolidation 0y, 0’y vertical normal stress
Q quantity of flow 4} major pn.nc1pal.str'ess
q (6,.03)/2 G, mfermed.late.: principal stress
qr q at failure o3 minor principal stress
Gos Gi initial q T sl1_ea3~ stress
Qe q at consolidation 0 friction angle based on total stresses
S degree of saturation 9 ﬁ'igtion an.gle: based on effective stresses
SL shrinkage limit 9’ residual friction angle
Su undrained shear strength Pute ¢ for ultimate strength

T time factor for consolidation
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APPENDIX C

Calculations

Seismic Design Calculations

Existing Timber Pile Evaluations

New Timber Piles - Structural Resistance
New Timber Piles - Geotechnical Resistance
Pipe Piles - Pile Demand from VHB

Pipe Piles - Geotechnical Resistance

Pipe Piles - Driveability Evaluations

Pipe Piles - Lateral Pile Capacity
Recommended Rip Rap Limits

Pipe Piles - Pile Settlement

Estimate of Frost Penetration



Seismic Design Calculations
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Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
AASHTO Spectrum for 7% PE in 75 years

Latitude = 43.136100
Longitude =-070.660800
Site Class B

Data are based on a 0.05 deg grid spacing.
Period Sa

(sec) (9)
0.0 0.097 PGA - Site Class B
0.2 0.186 Ss - Site Class B
1.0 0.044 S1 - SiteClassB

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
Spectral Response Accelerations SDs and SD1
Latitude = 43.136100
Longitude =-070.660800
As = FpgaPGA, SDs = FaSs, and SD1 = FvS1
Site Class E - Fpga= 2.50, Fa= 2.50, Fv= 3.50
Data are based on a 0.05 deg grid spacing.
Period Sa

(sec) (9)
0.0 0.242 As - Site Class E
0.2 0.466 SDs - Site Class E

1.0 0.154 SD1 - Site Class E



Existing Timber Pile Evaluations



DESIGN AXIAL COMPRESSION PILE RESISTANCE CALCULATIONS - NORTH ABUTMENT
PROPOSED BRIDGE REHABILITATION

SEWALLS BRIDGE (PIN 12665.00)

YORK, MAINE

HALEY & ALDRICH, INC. FILE NO.: 36654-000

Beta M i I 2 ft pile emb i

Embedment  Total Unit Weight of Effective Stress at Diameterof Area of Plle Tip

Daepth (ft) Bearing Soilis (pcf) Plie Tip (psf) Pile Tip (in.) {sqft)
20 118 110 10 0.545
B i ical 11 fi plle embedment, i istan,
Embedment  Total Unit Weight of Effective Stress at Diameter of  Area of Plie Tip
Depth (ft) Bearing Soiis (pcf) Plie Tip (psf) Plle Tip (in.) {sqft.)
11.0 118 605 10 0.545

Embedment Total Unit Weight of Effective Stress at Diameter of Area of Plie Tip
Depth, D(fty  Bearing Soils (pcf) Plie Tip (psf)  Pile Tip, b (in.) (sqft.)
20 118 110 10 0.545

e typicai

Embedment  Total Unit Weight of Effectiva Stress at Diameter of  Area of Plie Tip
Depth, D(f)  Bearing Soiis (pcf) Pile Tip (psf)  Pile Tip, b (in.) {sqft.)
11.0 118 605 10 0.545

:ARB

by:ﬁLH

Nt
30

Db
13.2

Reduction
Factor
0.25

Reduction
Factor
0.25

at
0.6

at
0.8

G:\PROJECTS\36654 - Sewall's Bridge, York\000A2010-0126-CLH-Axial Capacity of Existing Piles-revARB. xis\Ovarall

Nomrinal End

Factored End

Nominai Factored

Bearing Resist. Bearing Resist. Friction Resist. Friction Resist. Total Nominal Totai Factored

{tons)
0.9

Nomrinai End
Bearing Resist.
{tons)

49

Ng
40

Ng
40

(tons)
0.2

Factored End
Bearing Resist.
{tons)

1.2

Reduction
Factor
0.45

Reduction
Factor
0.45

{tons) {tons) Resist. {tons) Resist. {tons
0.0 0.0 0.9 0.2
Nominal Factored

Friction Resist. Friction Resist. Total Nominal Total Factored

(tons) (tons) Resist. {tons) Resist. (tons!
11 0.3 I—G.O‘—’_Tst—ﬁ
Nominai End  Factored End Nominal Factored Total Total
Bearing Resist. Bearing Resist. Friction Friction Nominal Factored
(tons) {tons) Resist. (tons) Resist. (tons) Resist. (tons) Resist. (tons)
0.7 0.3 0.0 0.0 | 07 0.3 ]
Nominal End  Fi d End Nominal F: d Totai Total
Bearing Resist. Bearing Resist. Friction Friction Nominai Factored
{tons) {tons) Resist. (tons) Resist. (tons) Resist. (tons) Resist. {tons)
40 1.8 1.4 0.5 5.1 23 |

1/28/2010
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10-106 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS

2.5 -
2.0 i e
’I 1
o~
- 1 i
= 45 AWV y
- 1 7
[ 7 o
= FAmYi
> / A P
J 1.0 / :
E At o
2 AL L] 1
S AAAA A
0.5 ;/ 74 » H
)7 ol [
0.0

.0.00 0.25 0.50 0.75 1.00 1.26 1.50
80, (y ~0.<7

a. Closed end pipe and non-tapered portion of monotube piles
b. Timber plies

c. Precast concrele plles

d. Raymond step-laper plies

&, Raymond uniform taper piles

f. H-piles

g. Tapered portion of menolube piles

Figure 10.7.3.8.6f-6 Relation of 5/¢;and Pile Displacement,
V, for Various Types of Piles (Hannigan et al, 2005 after
Nordlund, 1979).
The nominal unit tip resistance, gp, in ksf by the If the friction angle, ¢y; is estimated from average,
Nordlund/Thurman method shall be taken as: corrected SPT blow counts, Nlg, the Nlg values should

be averaged over the zone from the pile tip to

q,=q, N; o <gq, (10.7.3.8.6£:2) 2 diameters below the pile tip.

where:

o, = coefficient from Figure 7 (dim.)

N, = bearing capacity factor from Figure 8

o', = effective overburden stress at pile tip (ksf)
<3.2 ksf

g, = limiting unit tip resistance from Figure 9

D = Embedded Pile Length
b = Pile Diameter or Width

1.0 ] T
| i I Y )
HEEE| =
[ [OVE Rdu L4
LT 1A
o g; 2 A
Coefficient [s§ A L4
0.2
4
0.1

15 20 25 30 35 40 45
¢,(degrees)

Figure 10.7.3.8.61-7 a, Coefficient (Hannigan et al., 2005
modified after Bowles, 1977).



SECTION 10: FOUNDATIONS

10-105

._.
[
3
2

0.00000
-] 0.00175
00350
00525
00700
00875
01050
01225
01400
01575
01750

20

0

0

-+-1 0
0

0

-1 0

0

0

0

15

r- -

4.3o~5 v 1d.0 FIYFT ; i
300— i Toive1h EET

170 fod i

0.0 0.5 1.0 1.5 2.0
w (degrees)
Figure 10.7.3.8.6f-4 Design Curve for Evaluating K5 for

Piles where ¢, = 40° (Hannigan et al., 2005 after Nordlund,
1979).

15 . —
=
C Z oy
cr 48 L5hg
\1.0 = = ‘.le-
i = el -
Correction =SS=:E | cqa.
Factor, Cp > ~ ~
=
0.5 ] SHA
v -
! ~
i il
0.0 ; L
0 10 20 30 40 50
,(degrees)

Figure 10.7.3.8.6f-5 Correction Factor for K; where
8 # ¢ (Hannigan et al, 2005 after Nordlund, 1979).



SECTION 10: FOUNDATIONS 10-103

Cr = comection factor for K5 when & = ¢; from
Figure 5
o', = effective overburden stress at midpoint of soil

layer under consideration (ksf)

& = friction angle between pile and soil obtained
from Figure 6 (deg.)

® =  angle of pile taper from vertical (deg.)

...
Iy
=
e

00000
00175
00350
00525
00700
00875
01050
01225
01400
01575
01750

0
0
0
0
0
0.
0
0
0
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0.

e
: 7
- B - 4

\{Jg.\v-

TV RETE
1.00~_ H
0585 - T e Y O ETIRT
0.70 $ x S
. V= 171"1'Ft

0.0 0.5 1.0 1.5 2.0
® (degrees)

: AW

Figure 10.7.3.8.6f-1 Design Curve for Evaluating K; for
Piles where ¢, = 25° (Hannigan et al., 2005 after Nordlund,
1979).
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New Timber Piles - Structural Resistance



DESIGN AXIAL COMPRESSION PILE RESISTANCE CALCULATIONS - STRUCTURAL CAPACITY OF TIMBER PILES

PROPOSED BRIDGE REHABILITATION
SEWALLS BRIDGE (PN 12865.00)
YORK, MAINE

HALEY & ALDRICH, INC. FILE NO.: 30854-000

NOTES: 1) Structural resistance of timber plles dstermined in mmmmmmmwmmmm,
2) See calcutations dated 1/268/10 for source and description of modification factors.

Foo (s Cxl Ccm o [+ [*] Ec ks hl.ﬂnl din} Lud
Syengthi 12 2.78 1 1 1 08 267 12 35.0
Strength iVl 12 2.7 1 1 1 1 333 m 12 35.0
Strength IV 12 2.7 1 1 ] 06 200 420 12 350
Extrome | 12 278 1 1 1 1 333 420 2 350
Driving 12 217 1 1 1 1 26 420 12 3,5.0
Condition Feo (i o] em o ] > Ecfol Luim € dind WA
Strength) 12 278 1 1 1 08 2,67 200 12 167
Strength IV 12 2.78 1 1 1 1 kK] 200 1?2 187
Strength IV 12 218 1 1 1 06 2.00 200 12 167
Extreme | 12 2.8 1 1 1 1 333 200 12 167
Driving 12 297 1 1 1 1 281 200 128 ’16.7
Condltion Ecofkel) Cit cm o ] Ci Ecfad fufe) (°d(n} WA
Strength | 12 278 1 1 1 08 267 100 12 83
Strength Vi 12 278 1 1 1 1 33 100 12 83
Strength IV 12 2.78 1 1 1 0.6 200 100 12 83
Extreme | 12 278 1 1 1 1 K<) 100 12 B3
Driving 12 217 1 1 1 1 261 100 12 83

5)/: ARRB
Check-ed by - JLL

CADocuments and SettingsYlocsin\Local Settings\Temporary tntemet Flles\Content. Cutiook\CKB133DAVCopy of 2010-0128-HAI- TimberPils,_StrucCap-d1-JLL (8).dx/Sheest1

4.5

-]
0.10
0.08
0.14
0.08
o1

RRERE- BRRRE-

REEEE-

C IO R - X ] L X X N1

n.mmumm‘.g?x

136
13.5
13.6
136

Pn(dos)
§5.1
56.6
524
56.8
550

136
7

1327
mz

- JLL
A 20/

[ Prikos)
0.8 122
08 123
0e 122
09 123
1.15 15.6

[}
a9 45.6
08 50.8
08 471
0.8 50.9
1.15 832

L) Euikios)
0.9 1022
0.9 1194
0.9 61.2
0.9 1194
118 1285

e

7/30/2010
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New Timber Piles — Geotechnical Resistance



fatject: (ewallS Lredye ‘ ) TP 5 e e
i ‘{‘-Z/“;?L' ZM( /-3 1‘4&[4&/4&, Waq.{;
'5 - method ' ASD

FS
Side/Resistance!-iBeta‘Methiod'- Bhuishan/(1982): Tip Resistance - HansenMethod 0 0 2
. Cumulative
Elevation Unit f;::"c;f Pie  Nominal Unit Tip Tip  Nominal Tip NI:::LI Allowable
Depth (ft) Description Weight SPTN  phi(deg) Dr % K B fs (psf) Diameter  Friction n N'q N'gamma Resistance Diameter Resistance . Resistance
(ft) Stress . . , . Resistance .
(pcf) (in) Resistance (psf) (in) (kips) . (kips)
(psf) (kips) (kips)

-10 0 Harbor Bottom Deposit 118 0 1 28 25 0.70 0.34 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-11 1 Harbor Bottom Deposit 118 55 1 28 23 0.69 0.33 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-12 2 Harbor Bottom Deposit 120 112 1 28 22 0.67 0.32 0 10 0 06 14.72 10.94 0 8 0 0 0

-13 3 Harbor Bottom Deposit 120 169 1 28 20 0.66 0.31 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-14 4 Harbor Bottom Deposit 120 226 1 28 19 0.66 0.31 0 10 0 06 14.72 10.94 0 8 0 0 0

-15 5 Harbor Bottom Deposit 120 283 1 28 18 0.65 0.30 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-16 6 Harbor Bottom Deposit 120 340 1 28 18 0.64 0.29 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-17 7 Harbor Bottom Deposit 120 397 1 28 17 0.64 0.29 0 10 0 06 14.72 10.94 0 8 0 0 0

-18 8 Harbor Bottom Deposit 120 454 1 28 16 0.63 0.29 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-19 9 Harbor Bottom Deposit 120 511 1 28 16 0.63 0.28 0 10 0 06 14.72 10.94 0 8 0 0 0

-20 10 Harbor Bottom Deposit 120 568 1 28 15 0.62 0.28 0 10 0 0.6 14.72 10.94 0 8 0 0 0

-21 11 Marine Deposit 120 625 29 35 80 1.14 0.70 437 10 1 0.6 33.30 33.92 13137 8 5 5 3

-22 12 Marine Deposit 120 682 29 35 78 1.12 0.68 467 10 2 0.6 33.30 33.92 14276 8 5 7 3

-23 13 Marine Deposit 120 739 29 35 76 1.10 0.67 496 10 3 0.6 33.30 33.92 156415 8 5 8 4

-24 14 Marine Deposit 120 796 29 35 74 1.09 0.66 525 10 4 0.6 33.30 33.92 16553 8 6 10 5

-25 15 Marine Deposit 120 853 29 35 72 1.08 0.65 552 10 6 06 33.30 33.92 17692 8 6 12 6

-26 16 Marine Deposit 120 910 29 35 70 1.06 0.64 579 10 7 0.6 33.30 33.92 18831 8 7 14 7

-27 17 Marine Deposit 120 967 29 35 69 1.05 0.63 606 10 9 06 33.30 33.92 19970 8 7 16 8

-28 18 Marine Deposit 120 1024 29 35 67 1.04 0.62 632 10 10 0.6 33.30 33.92 21108 8 7 18 9

-29 19 Marine Deposit 120 1081 29 35 66 1.03 0.61 658 10 12 06 33.30 33.92 22247 8 8 20 10

Pﬁ(. (. -30 20 Marine Deposit 120 1138 29 35 65 1.02 0.60 683 10 14 0.6 33.30 33.92 23386 8 8 22 117 560 280

A{ . -31 21 Glacial Till 125 1200 100 38 118 1.44 0.94 1133 10 16 0.6 48.93 56.17 36404 8 13 29 14
W”‘? -32 22 Glacial Till 125 1262 100 38 115 1.42 0.93 1172 10 19 0.6 48.93 56.17 38224 8 13 33 16
d d . -33 23 Glacial Till 125 1324 100 38 113 1.40 0.91 1211 10 22 0.6 48.93 56.17 40045 8 14 36 18
-34 24 Glacial Till 125 1386 100 38 111 1.39 0.90 1250 10 26 0.6 48.93 56.17 41865 8 15 40 20

-35 25 Glacial Till 125 1448 100 38 109 1.37 0.89 1287 10 29 06 48.93 56.17 43685 8 15 44 22

-36 26 Glacial Till 125 1510 100 38 107 1.36 0.88 1324 10 32 0.6 48.93 56.17 45506 8 16 48 24

-37 27 Glacial Till 125 1572 100 38 105 1.34 0.87 1361 10 36 0.6 48.93 56.17 47326 8 17 52 26

-38 28 Glacial Till 125 1634 100 38 104 1.33 0.85 1397 10 39 0.6 48.93 56.17 49146 8 17 57 28

-39 29 Glacial Till 125 1696 100 38 102 1.32 0.84 1432 10 43 0.6 48.93 56.17 50967 8 18 61 30

-40 30 Glacial Till 125 1758 100 38 101 1.31 0.83 1467 10 47 0.6 48.93 56.17 52787 8 18 65 33
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Side/Resistance’- K'and|tan'd'Values from' DM7’ Tip Resistarice 2
. Cumulative .
Elovation unit ~ Srective Pile  Nominal UnitTip  Tip N°¥i‘;"a' Nookal | Allowable
Depth (ft) Description Weight SPTN phi(deg) Dr % K B fs (psf) Diameter  Friction Nq Resistance Diameter . . Resistance
(ft) Stress . . Resistance Resistance :
(pcf) (in) Resistance (psf) (in) (kips)
(psf) (Kips) (kips) (kips)
-10 0 Harbor Bottom Deposit 118 0 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-11 1 Harbor Bottom Deposit 118 55 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-12 2 Harbor Bottom Deposit 120 112 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-13 3 Harbor Bottom Deposit 120 169 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-14 4 Harbor Bottom Deposit 120 226 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-15 5 Harbor Bottom Deposit 120 283 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-16 6 Harbor Bottom Deposit 120 340 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-17 7 Harbor Bottom Deposit 120 397 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-18 8 Harbor Bottom Deposit 120 454 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-19 9 Harbor Bottom Deposit 120 511 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-20 10 Harbor Bottom Deposit 120 568 1 28 2.00 0.77 0 10 0 15 0 8 0 0 0
-21 11 Marine Deposit 120 625 29 35 2.00 0.99 616 10 1 50 31250 8 11 12 6
-22 12 Marine Deposit 120 682 29 35 2.00 0.99 673 10 2 50 34100 8 12 14 7
-23 13 Marine Deposit 120 739 29 35 2.00 0.99 729 10 4 50 36950 8 13 17 9
-24 14 Marine Deposit 120 796 29 35 2.00 0.99 785 10 6 50 39800 8 14 20 10
-25 15 Marine Deposit 120 853 29 35 2.00 0.99 841 10 8 50 42650 8 15 23 12
-26 16 Marine Deposit 120 910 29 35 2.00 0.99 898 10 11 50 45500 8 16 27 13
-27 17 Marine Deposit 120 967 29 35 2.00 0.99 954 10 13 50 48350 8 17 30 15
-28 18 Marine Deposit 120 1024 29 35 2.00 0.99 1010 10 16 50 51200 8 18 34 17
-29 19 Marine Deposit 120 1081 29 35 2.00 0.99 1066 10 18 50 54050 8 19 37 19
MOX . ( -30 20 Marine Deposit 120 1138 29 35 2.00 0.99 1122 10 21 50 56900 8 20 41 21 ') 869
: -31 21 Glacial Tilt 125 1200 100 38 2.00 1.09 1303 10 24 86 103200 8 36 60 30
LM K -32 22 Glacial Tilt 125 1262 100 38 2.00 1.09 1370 10 28 86 108532 8 38 66 33
‘l 5 -33 23 Glacial Tilt 125 1324 100 38 2.00 1.09 1438 10 32 86 113864 8 40 71 36
-34 24 Glacial Till 125 1386 100 38 2.00 1.09 1505 10 35 86 119196 8 42 77 39
-35 25 Gilacial Till 125 1448 100 38 2.00 1.09 1572 10 40 86 124528 8 43 83 41
-36 26 Giacial Till 125 1510 100 38 2.00 1.09 1640 10 44 86 129860 8 45 89 45
-37 27 Gilacial Till 125 1572 100 38 2.00 1.09 1707 10 48 86 135192 8 47 95 48
-38 28 Gilacial Till 125 1634 100 38 2.00 1.09 1774 10 53 86 140524 8 49 102 51
-39 29 Glacial Tilt 125 1696 100 38 2.00 1.09 1842 10 57 86 145856 8 51 108 54
-40 30 Glacial Tilt 125 1758 100 38 2.00 1.09 1909 10 62 86 151188 8 53 115 58
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Res. Factor
SideResistance - Beta N tethod - Bhushan!(1! 982) - [Tip Reslistance - Thumen|Method 0.25 AASHTO
. Cumulative
Elevation Unit E/"e?h:'::';? Pile Nominal sv used Unit Tip  Limiting Tip Tip Tip Nominal Tip Nl‘;tlar:al Fat_:tored
(f) Depth (ft) Description Weight o o SPTN phi(deg) Dr% K i} fs (psf)y Diameter  Friction (psh) N'q  Resistance Resistance Resistance Diameter Resistance . .~ Resistance
(pcf) (in) Resistance (psf) (psf) Used (psf) (in) (kips) (kips)
(psf) (Kips) (kips)
-10 0 Harbor Bottom Deposit 118 1} 1 28 25 0.70 0.34 0 10 0 0 0.5 22 0 0 0 8 0 0 0
-11 1 Harbor Bottom Deposit 118 55 1 28 23 0.69 0.33 0 10 0 55 0.5 22 605 0 0 8 0 0 (v}
-12 2 Harbor Bottom Deposit 120 112 1 28 22 0.67 0.32 0 10 0 112 0.5 22 1232 0 0 8 0 0 0
-13 3 Harbor Bottom Deposit 120 169 1 28 20 0.66 0.31 0 10 0 169 0.5 22 1859 0 0 8 0 0 1}
-14 4 Harbor Bottom Deposit 120 226 1 28 19 0.66 0.31 0 10 0 226 0.5 22 2486 0 0 8 0 0 0
-15 5 Harbor Bottom Deposit 120 283 1 28 18 0.65 0.30 0 10 1} 283 0.5 22 3113 0 0 8 0 0 0
-16 6 Harbor Bottom Deposit 120 340 1 28 18 0.64 0.29 0 10 0 340 0.5 22 3740 0 0 8 0 0 0
-17 7 Harbor Bottom Deposit 120 397 1 28 17 0.64 0.29 0 10 0 397 0.5 22 4367 0 0 8 0 0 0
-18 8 Harbor Bottom Deposit 120 454 1 28 16 0.63 0.29 0 10 0 454 0.5 22 4994 0 0 8 0 0 0
-19 9 Harbor Bottom Deposit 120 511 1 28 16 0.63 0.28 0 10 0 511 0.5 22 5621 0 0 8 0 0 0
-20 10 Harbor Bottom Deposit 120 568 1 28 15 0.62 0.28 0 10 0 568 0.5 22 6248 0 0 8 0 0 0
-21 11 Marine Deposit 120 625 29 35 80 1.14 0.70 437 10 1 625 0.7 65 28438 100000 28438 8 10 10 3
-22 12 Marine Deposit 120 682 29 35 78 1.12 0.68 467 10 2 682 0.7 65 31031 100000 31031 8 1 13 3
-23 13 Marine Deposit 120 739 29 35 76 1.10 0.67 496 10 3 739 0.7 65 33625 100000 33625 8 12 15 4
-24 14 Marine Deposit 120 796 29 35 74 1.08 0.66 525 10 4 796 0.7 65 36218 100000 36218 8 13 17 4
-25 15 Marine Deposit 120 853 29 35 72 1.08 0.65 552 10 6 853 0.7 65 38812 100000 38812 8 14 19 5
-26 16 Marine Deposit 120 810 29 35 70 1.06 0.64 579 10 7 910 0.7 65 41405 100000 41405 8 14 22 5
-27 17 Marine Deposit 120 967 29 35 69 1.05 0.63 606 10 9 967 0.7 65 43999 100000 43999 8 15 24 6
-28 18 Marine Deposit 120 1024 29 35 67 1.04 0.62 632 10 10 1024 0.7 65 46592 100000 46592 8 16 27 7
-29 19 Marine Deposit 120 1081 29 35 66 1.03 0.61 658 10 12 1081 0.7 65 49186 100000 49186 8 17 29 7
( -30 20 Marine Deposit 120 1138 29 35 65 1.02 0.60 683 10 14 1138 0.7 65 51779 100000 51779 8 18 32 8 7 560 140
. -31 21 Glacial Till 125 1200 100 38 118 1.44 0.94 1133 10 16 1200 0.72 105 90720 250000 90720 8 32 48 12
V’{ -32 22 Glacial Till 125 1262 100 38 115 1.42 0.93 1172 10 19 1262 0.72 105 95407 250000 95407 8 33 53 13
-33 23 Glacial Till 125 1324 100 38 113 1.40 0.91 1211 10 22 1324 0.72 105 100094 250000 100094 8 35 57 14
-34 24 Glacial Till 125 1386 100 38 111 138 0.0 1250 10 26 1386 0.72 105 104782 250000 104782 8 37 62 16
-35 25 Glacial Till 125 1448 100 38 109 137 0.89 1287 10 29 1448 0.72 105 109469 250000 109469 8 38 67 17
-36 26 Glacial Till 125 1510 100 38 107 1.36 0.88 1324 10 32 1510 0.72 105 114156 250000 114156 8 40 72 18
-37 27 Glacial Till 125 1572 100 38 105 134 0.87 1361 10 36 1572 0.72 105 118843 250000 118843 8 41 77 19
-38 28 Gilacial Till 125 1634 100 38 104 1.33 0.85 1397 10 39 1634 0.72 105 123530 250000 123530 8 43 83 21
-39 29 Glacial Till 125 1696 100 38 102 1.32 0.84 1432 10 43 1696 0.72 105 128218 250000 128218 8 45 88 22
-40 30 Glacial Till 125 1758 100 38 101 1.31 0.83 1467 10 47 1758 0.72 105 132805 250000 132805 8 46 93 23
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Res. Factor
Side| Resistance- K‘and tan'd Valiestrom/DM7; 025  AASHTO
. Cumulative
Elevation _ Unit Evff,ﬁﬁ;f Pile  Nominal . UnitTip LimitingTip  Tip Tie  Nominal Tip N:;‘f:al Factored
) Depth (ft) Description Weight Stress SPTN  phi(deg) Dr % K B fs (psf) Diameter  Friction (psf) N'q Resistance Resistance Resistance Dlameter Resistance Resistance Reslstance
(pcf) (in)  Resistance (psf) (psf) Used (psf) (in) {kips) . (kips)
{psf) (Kips) (kips)
-10 0 Harbor Bottom Deposit 118 0 1 28 2.00 0.77 0 10 0 0 0.5 22 0 0 0 8 0 0 0
-11 1 Harbor Bottom Deposit 118 55 1 28 2.00 0.77 0 10 0 55 0.5 22 605 0 0 8 0 0 0
-12 2 Harbor Bottom Deposit 120 112 1 28 2.00 0.77 0 10 o 112 0.5 22 1232 0 0 8 0 0 0
-13 3 Harbor Bottom Deposit 120 169 1 28 2.00 0.77 0 10 0 169 0.5 22 1859 0 0 8 0 0 0
-14 4 Harbor Bottom Deposit 120 226 1 28 2.00 0.77 0 10 0 226 0.5 22 2486 0 0 8 0 0 0
-15 5 Harbor Bottom Deposit 120 283 1 28 2.00 0.77 0 10 0 283 0.5 22 3113 0 0 8 0 0 0
-16 6 Harbor Bottom Deposit 120 340 1 28 2.00 0.77 0 10 0 340 0.5 22 3740 0 0 8 0 0 0
-17 7 Harbor Bottom Deposit 120 397 1 28 2.00 0.77 0 10 0 397 0.5 22 4367 0 0 8 0 0 0
-18 8 Harbor Bottom Deposit 120 454 1 28 2.00 0.77 0 10 0 454 0.5 22 4994 0 0 8 0 0 0
-19 9 Harbor Bottom Deposit 120 511 1 28 2.00 0.77 0 10 0 511 0.5 22 5621 0 0 8 0 0 0
-20 10 Harbor Bottom Deposit 120 568 1 28 2.00 0.77 0 10 0 568 0.5 22 6248 0 0 8 0 0 0
-21 11 Marine Deposit 120 625 29 35 2.00 0.99 616 10 1 625 0.7 65 28438 100000 28438 8 10 1 3
-22 12 Marine Deposit 120 682 29 35 2.00 0.99 673 10 2 682 07 65 31031 100000 31031 8 11 13 3
-23 13 Marine Deposit 120 739 29 35 2.00 0.99 729 10 4 739 0.7 65 33625 100000 33625 8 12 16 4
-24 14 Marine Deposit 120 796 29 35 2.00 0.99 785 10 6 796 0.7 65 36218 100000 36218 8 13 19 5
-25 15 Marine Deposit 120 853 29 35 2.00 0.99 841 10 8 853 0.7 65 38812 100000 38812 8 14 22 5
-26 16 Marine Deposit 120 910 29 35 2.00 0.99 898 10 1 910 07 65 41405 100000 41405 8 14 25 6
-27 17 Marine Deposit 120 967 29 35 2.00 0.99 954 10 13 967 0.7 65 43999 100000 43999 8 15 28 7
-28 18 Marine Deposit 120 1024 29 35 2.00 0.99 1010 10 16 1024 0.7 65 46592 100000 46592 8 16 32 8
-29 19 Marine Deposit 120 1081 29 35 2.00 0.99 1066 10 18 1081 07 65 49186 100000 49186 8 17 36 9
X r -30 20 Marine Deposit 120 1138 29 35 2.00 0.99 1122 10 21 1138 0.7 65 51779 100000 51779 8 18 39 107 869 217
'T' \ -31 21 Glacial Til 125 1200 100 38 2.00 1.09 1303 10 24 1200 0.72 105 90720 250000 90720 8 32 56 14
M -32 22 Giaclal Till 125 1262 100 38 2.00 1.09 1370 10 28 1262 0.72 105 95407 250000 95407 8 33 61 15
'( 1 -33 23 Glacial Tl 125 1324 100 38 2.00 1.09 1438 10 32 1324 0.72 105 100094 250000 100094 8 35 67 17
-34 24 Giaclal Till 125 1386 100 38 2.00 1.09 1505 10 35 1386 072 105 104782 250000 104782 8 37 72 18
-35 25 Giaclal Tl 125 1448 100 38 2.00 1.09 1572 10 40 1448 072 105 109469 250000 109469 8 38 78 19
-36 26 Giacial Till 125 1510 100 38 2.00 1.09 1640 10 44 1510 0.72 105 114156 250000 114156 8 40 84 21
-37 27 Glaclal Till 125 1572 100 38 2.00 1.09 1707 10 48 1572 ¢ 0.72 105 118843 250000 118843 8 41 90 22
-38 28 Glacial Till 125 1634 100 38 2.00 1.09 1774 10 83 1634 0.72 105 123530 250000 123530 8 43 96 24
-39 29 Glacial Till 125 1696 100 38 2.00 1.089 1842 10 57 1696 0.72 105 128218 250000 128218 8 45 102 26
-40 30 Glaclal T 125 1758 100 38 2.00 1.09 1909 10 62 1758 0.72 105 132905 250000 132905 8 46 109 27
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Res. Factor
Side]Resistance - Nordiund Method I 0.35  NCHRP
. Cumulative
Elevation Unit E;Le:i:: Pile Nominal s used Unit Tip  Limiting Tip Tip Tip Nominal Tip szlan Factored
() Depth (ft) Description Weight Stress SPTN  phi(deg) Kd Ct et fs (psf) Diameter  Friction ( N'g Resistance Resistance Resistance Diameter Resistance Resistance
L : psf) N Resistance .
(pcf) (in)  Resistance (psf) (psh Used (psf) (in) (kips) : (kips)
(psf) (kips) (kips)
-10 0 Harbor Bottom Deposit 118 0 1 28 2.06 0.78 14 0.40 0 10 0 0 0.5 22 o] 0 0 8 0 0 0
-11 1 Harbor Bottom Deposit 118 55 1 28 2.06 0.78 14 0.40 0 10 0 55 05 22 605 0 0 8 0 0 0
-12 2 Harbor Bottom Deposit 120 112 1 28 2.06 0.78 14 0.40 0 10 0 112 0.5 22 1232 0 0 8 0 0 0
-13 3 Harbor Bottom Deposit 120 169 1 28 2.06 0.78 14 0.40 0 10 0 169 0.5 22 1859 0 0 8 0 0 0
-14 4 Harbor Bottom Deposit 120 226 1 28 2.06 0.78 14 0.40 0 10 0 226 0.5 22 2486 0 0 8 0 0 0
-15 5 Harbor Bottom Deposit 120 283 1 28 2.06 0.78 14 0.40 0 10 0 283 0.5 22 3113 0 0 8 0 0 0
-16 & Harbor Bottom Deposit 120 340 1 28 2.06 0.78 14 0.40 0 10 0 340 0.5 22 3740 0 0 8 0 0 0
17 7 Harbor Bottom Deposit 120 397 1 28 2.06 0.78 14 0.40 0 10 0 397 0.5 22 4367 0 0 8 0 0 0
-18 8 Harbor Bottom Deposit 120 454 1 28 2.06 0.78 14 0.40 0 10 0 454 0.5 22 4994 0 0 8 0 0 0
-19 9 Harbor Bottom Deposit 120 511 1 28 2.06 0.78 14 0.40 0 10 0 511 0.5 22 5621 0 0 8 0 0 0
-20 10 Harbor Bottom Deposit 120 568 1 28 2.06 0.78 14 0,40 0 10 0 568 0.5 22 6248 0 0 8 0 0 0
-21 11 Marine Deposit 120 625 29 35 5.40 0.65 18 1.08 678 10 1 625 0.7 65 28438 100000 28438 8 10 1" 4
-22 12 Marine Deposit 120 682 29 35 5.40 0.65 18 1.08 740 10 3 682 0.7 65 31031 100000 31031 8 11 14 5
-23 13 Marine Deposit 120 739 29 35 5.40 0.65 18 1.08 802 10 5 739 0.7 65 33625 100000 33625 8 12 16 6
-24 14 Marine Deposit 120 796 29 35 5.40 0.65 18 1.08 863 10 7 796 0.7 65 36218 100000 36218 8 13 20 7
-25 15 Marine Deposit 120 853 29 35 5.40 0.65 18 1.08 925 10 9 853 0.7 65 38812 100000 38812 8 14 23 8
-26 16 Marine Deposit 120 910 29 35 5.40 0.65 18 1.08 987 10 12 910 0.7 65 41405 100000 41405 8 14 26 9
-27 17 Marine Deposit 120 967 29 35 5.40 0.65 18 1.08 1049 10 14 967 0.7 65 43999 100000 43999 8 15 30 10
-28 18 Marine Deposit 120 1024 29 35 5.40 0.65 18 1.08 1111 10 17 1024 0.7 65 46592 100000 46592 8 16 34 12
-29 19 Marine Deposit 120 1081 29 35 5.40 0.65 18 1.08 1173 10 20 1081 0.7 65 49186 100000 49186 8 17 37 13
-30 20 Marine Deposit 120 1138 29 35 5.40 0.65 18 1.08 1234 10 23 1138 0.7 65 51779 100000 51779 8 18 41 157 956 335
-31 21 Glacial Till 125 1200 100 38 12.36 0.65 19 2,68 3218 10 29 1200 0.72 105 90720 250000 90720 8 32 61 21
-32 22 Glacial Till 125 1262 100 38 12.36 0.65 19 2.68 3385 10 38 1262 0.72 105 95407 250000 95407 8 33 7 25
-33 23 Glacial Tit 125 1324 100 38 12.36 0.65 19 2.68 3551 10 47 1324 0.72 105 100094 250000 100094 8 35 82 29
-34 24 Glacial Til! 125 1386 100 38 12.36 0.65 19 2.68 3717 10 56 1386 0.72 105 104782 250000 104782 8 37 93 33
-35 25 Glacial Till 125 1448 100 38 12.36 0.65 19 2.68 3883 10 66 1448 0.72 105 109469 250000 109469 8 38 105 37
-36 26 Glacial Till 125 1510 100 38 12.36 0.65 19 2.68 4050 10 77 1510 0.72 106 114156 250000 114156 8 40 117 41
37 27 Glacial Till 125 1572 100 38 12.36 0.65 19 2.68 4216 10 88 1572 0.72 105 118843 250000 118843 8 41 129 45
-38 28 Glacial Till 125 1634 100 38 12.36 0.65 19 2.68 4382 10 99 1634 0.72 105 123530 250000 123530 8 43 142 50
-39 29 Glacial Till 125 1696 100 38 12.36 0.65 19 2.68 4549 10 1 1696 0.72 105 128218 250000 128218 8 45 155 54
-40 30 Glactal Til! 125 1758 100 38 12.36 0.65 19 2.68 4715 10 123 1758 0.72 105 132905 250000 132905 8 46 169 59
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KucPy AND Kyt Po

{A) ULTIMATE LOAD CAPACTTY IN COMPRESSION
HzHo+D
Quit 2 Pr NQAT +2 {KuOWPXTAN BiiS)
K=Ho

WHERE  Quir *ULTIMATE LOAD CAPACITY INCOMPRESSION
Py = EFFECTIVE VERTICAL STRESS AT PLE TIP (SEE NOTED)
= BEARING CAPACITY FACTOR {SEE TABLE , FIGURE | CONTINUED )
= AREA OF PLETIP
Ky = RATIO OF HORIZONTAL TO VERTICAL EFFECTIVE STRESS ON SIDE OF ELEMENT WHEN
ELEMENT ISIN COMPRESSION.
Po = EFFECTIVE VERTICAL STRESS OVER LENGTH OF EMBEDMENT, D (SEE NOTE )
3 = FRICTION ANGLE BETWEEN PILE ARD SOIL { SEE TABLE, FIGURE | CONTINUED)
S = SURFACE AREAOF PILE PER UNIT LENGTH
FOR CALCULATING Qqyy ,USE Fs OF 2 FOR TEMPORARY LOADS, 3 FOR PERMANENT LOADS {SEE NOTE 2)
(B) ULTINATE LOAD CAPACITY IN TENSION -
HzHp+D
TS IKypiPoXTAN 3 ISK)
H:zHo

WHERE' Tylt = ULTIMATE LOAD CAPACITY INTENSION, PULLOVT
Kyy = RATIO OF HORIZONTAL TO VERTICAL EFFECTIVE STRESS ON SIOE OF ELEMENT WHEN ELEMENT
1S IN TENSION

FOR CALCULATING Toy| »USE F =3 ONTytt PLUS THE WEIGKT OF THE PILE (WPhTHUS Tqy * 14L+wp
{SEE NOTE 2)
NOTE-1+ EXPERIMENTAL AND FIELD EVIDENCE INDICATE THAT BEARING PRESSURE AND SKIN FRICTION INCREASE
WITH VERTICAL EFFECTIVE STRESS fy UP TO A LIMITING DEPTH OF EMBEDMENT DEPENDING ON
THE RELATIVE DENSITY OF THE GRANULAR SOIL AND POSITION OF THE WATERTABLE. BEYOND THIS
LIMITING DEPTH (1082 TO 40B'2) THEFE IS VERY LITTLE INCREASEIN YD BEARING, AND INCREASE
I SIOE FRICTION IS DIRECTLY PROPORTIONAL TOTHE SURFACE AREA OF THEPLLE THEREFORE, F
0 1S GREATER THAN 20 B, LIMIT Po AT THE PILE TIP TOTHAT VALUE CORRESFONDING TO O+ 208.
NOTE2: IF BUILDING LOADS AND SUBSURRICE CONDITION ARE WELL DOCUMENTED 74 THE OPINION OF THE ENGINEER,A
LESSER FACTOR OF SAFETY CAN BE USED BUT NOT LESS THAN 20 PROVDED PILE CAPACITY IS VERIFIED BY

FIGURE 1
1oad Carrying Capacity of Single Pile ia Granular Soils
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BEARING CAPACITY FACTORS - Ng

[phi] [*] 26 28 30 31 32 33 34 35 36 37 38 39 40
(DEGREES]

N
(DRIVEN PILE 10 15 21 24 29 35 42 50 62 77 86 |120 |145
DISPLACE
MENT)

N [**]
(DRILLED 5 8 10 12 14 17 21 25 30 38 43 60 72
PIERS)

EARTH PRESSURE COEFFICIENTS KpHCq AND K HT,

PILE TYPE KHC, K HT,
DRIVEN SINGLE H-PILE 0.5 -~ 1.0 0.3 - 0.5
DRIVEN SINGLE DISPLACEMENT

PILE 1.0 - 1.5 0.6 - 1.0 y,

PR .

DRIVEN SINGLE DISPLACEMENT 1.5 - 2.0 1.0 - 1.3 * uf 2-0

TAPERED PILE £ %é Len
DRIVEN JETTED PILE 0.4 -0.9 0.3 - 0.6

DRILLED PILE (LESS THAN -
24" DIAMETER) 0.7 0.4

| FRICTION ANGLE - [delta] ]

| = 1 I

| | PILE TYPE | [delta] | I
I ! | |
| | STEEL 20 deg. | !
I | | I
[ | CONCRETE 3/4 [phi] | |

| | | 5
| | TIMBER 3/4 [phi] | * wed j[-- éﬁ o

| L J | 74:“\4{%

l N l

| [*] LIMIT [phi] TO 280 IF JETTING IS USED |

[**] (A) IN CASE A BAILER OR GRAB BUCKET IS USED BELOW GROUND WATER TABLE,
CALCULATE END BEARING BASED ON [phi] NOT EXCEEDING 28 degq.

| (B) FOR PIERS GREATER THAN 24-INCH DIAMETER, SETTLEMENT RATHER THAN BEARING|




CAPACITY USUALLY CONTROLS THE DESIGN. FOR ESTIMATING SETTLEMENT, TAKE 50%
OF THE SETTLEMENT FOR AN EQUIVALENT FOOTING RESTING ON THE SURFACE OF
COMPARABLE GRANULAR SOILS. (CHAPTER 5, DM-7.1).

FIGURE 1 (continued)
Load Carrying Capacity of Single Pile in Granular Soils
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it 892 FOUNDATION ANALYSIS AND DESIGN

i used. The computed point bearing capacity varies widely because there is little agreemen;

' what numerical values to use for the beharing-capacity factors N;. n

j " We will look at several of the more popular values, but no special recommendation is given
for the “best” values since local practice or individual designer preference usually gover

E the values selected/used.

g As previously stated, the soil parameters may be derived from laboratory tests on “undis.
§ turbed” samples but more often are unconfined compression data from an SPT or cone pep,.
:g - etration test data. In general, the point capacity is comput

f Ppy = Ap(cNidcsc + MGNydgsq + 37" BpNysy)

‘ where A, = area of pile point effective in bearing, i.e., generally include any “plug.” Use
i actual steel area for point bearing HP piles founded on rock, giving simply
; Ppy = Agteet X qunt; €€ Sec. 4-16 for rock gy

S

{ i ¢ = cohesion of soil beneath pile point (or s,)

?.;,. B, = width of pile point (including “plug”)—usually used only when point is en-
! larged

;'f: N = bearing capacity factor for cohesion as previously defined in Chap. 4 but not
¥ computed the same way. Use

_ d. = 1+ 04tan”'(L/B)

; And when ¢ = 0; ¢ = s,; N ~ 9.0
H ‘? : N, = bearing capacity factor (may include overburden effects)

il Used, = 1+2 tan(l — sin¢)*tan™" L/B

‘i i The following depth factors are representative:

g

i LB d. dg; & = 36°

{ 10 1.59 1.36 = 1 + 0.247tan"! 10

| 20 161 1.38

-: 40 162 138

_1 100 162 139

l:'

p\j N, = bearing capacity factor for base width = N, since it is not affected by depth

g = yL = effective vertical (or overburden) pressure at pile point
1 = 1.0 for all except the Vesi¢ (1975a) N; factors where

1+ 2K,

]% n=—3

K, = at-rest earth pressure coefficient defined in Chap. 2.




SINGLE PILES—STATIC CAPACITY AND LATERAL LOADS; PILE/POLE BUCKLING 893

gree;nent on e When making point resistance computations, keep in mind that these bearing-capacity
a8 factors are based on the initial in situ soil parameters and not on any soil parameters revised
ition is given - i# to include driving effects. Initially, of course, any revised values would not be known.
ally governs & Neglecting the N, term and making adjustment for pile weight, we may rewrite Eq. (16-6)
4 as follows:
ts on “‘undis- ] Ppu = Ap[cN.d: + ng(N, — 1)d,] (16-6a)
oI cone pen-
3 For ¢ = s, and ¢ = 0, the value of N; = 1and
(16-6) ;! Ppy = Ap(9s.) (16-6b)
: ‘*‘ f Most designers use N, not (Vg — 1), for piles (but not piers of Chap. 19) when ¢ > 0 since
“plug.” Use e | the factor reduced by 1 is a substantial refinement not justified by estimated soil parameters.
ing simply 3 The ultimate point capacity is divided by an SF on the order of 1.5 to 3.

Based on results obtained by Coyle and Castello (1981), who back-computed point capac-
ities of a large number of piles in sand, the Hansen bearing-capacity factors of Table 4-4 can
be used together with the shape and depth factors of Table 4-5 with a reliability about as good
as any other procedure.

1 point is en- ; The Terzaghi bearing-capacity equation and factors (Table 4-3) are often used even though
f; they are strictly valid only for L = B. They seem to give about the same point capacity as the
ap. 4 but not Hansen equation for pile depths on the order of 10 to 20 m—probably because the Hansen

N,d, term equates to the larger Terzaghi N, factor.

The depth factor d, was previously shown to give a limiting value on the order of 1.62;
the depth factor d, depends on both the pile depth ratio I/B and ¢ but from the typical values
previously given we see that it can be computed to give a limit on the N, term as well. From
3 this we see that using any of Egs. (16-6) gives an unlimited ultimate point resistance P, but at

] a decreasing rate. The point capacity increase at a decreasing rate with increasing L/B seems
) to be approximately what occurs with actual piles, and for this reason critical depth methods
3 such as that of Meyerhof (1976), which adjusts both bearing-capacity factors N/, N; using a
'51 critical depth ratio of L./B that was dependent on the ¢ angle of the soil, are not suggested

for use.

The Vesi¢é Method

According to Vesié (1975a) the bearing-capacity factors N} of Eq. (16-6) can be computed
based on the following:

N, = 3—_%# { exp [(g - ¢)m¢] tan? (45° + %)I,l,'”_:ﬁ!] 167)

‘é“._hs_f-_ LEShL ot

ted by depth The reduced rigidity index I, in this equation is computed using the volumetric strain &
1 [see Eq. (d) of Sec. 2-14] as
4
] I
Iy = T+el ©

Sopv el i e

The rigidity index I, is computed using the shear modulus G’ and soil cohesion and shear
strength s (or 7) as
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scatter it does not seem so great as in using other methods, including both the & and A method,
according to Esrig and Kirby (1979).

Most authorities agree that f; in Eq. (16-11) does not increase indefinitely with depth but
rather, beyond some critical Z/B ratio, increases at an ever-decreasing rate. Bhushan (1982)
suggests for large-displacement piles (closed-end pipe, solid concrete, possibly open-end pipe
with a plug) that K and B can be estimated as follows:

B ™= Ktan8 = 0.18 + 0.0065D,

and
K = 0.50 + 0.008D,

where D, is the relative denSity (285°% pertent) previonsly defined in Chap. 2. We might use
SPT correlations (see Table 3-4) to obtain D, at increasing depths.

Zeitlen and Paikowsky (1982) suggest that the limiting f; is automatically accounted for
by the decrease in ¢’ with effective normal confining pressure. To obtain ¢' at some depth
of interest when a reference value of ¢, is available as from a triaxial test using an effective
normal pressure of g, (and refer to Fig. 2-31) the following equation is suggested

¢' = ¢~ 55lg (16-15)

qo

where @' = angle of internal friction for design and is computed from the actual effective
normal pressure 773 existing at the depth of interest (along pile shaft or point).
Use this angle in Eq. (16-6) and Eq. (16-6a).
$o = reference angle of internal friction measured at some effective normal pressure
q, in a laboratory test.

We must also make a decision on what to use for tan §. Some persons suggest a maximum
for & on the order of 0.5 to 0.75¢’, whereas others routinely use the effective value ¢'. It has
already been pointed out that § is dependent on the normal pressure at the interface of soil
and pile.

Finally, there is a question of what to use for the lateral earth-pressure coefficient X that
will give a consistent pile capacity estimation for design within, say, a * 20 percent error.
Several choices for K, given in the text, have been suggested by different authorities; how-
ever, although they tend to provide reasonable (after the fact) computations for their authors,
for others they have the nasty habit of giving unpredictable results.

It appears that K values are very likely to be both site- and pile-type-specific. Table 16-3
tabulates a number of values of K found from several pile test programs. From this table one
can readily see that there is not very good agreement on what to use for K.

It appears that the pile weight was not included in at least some of the pullout tests; and
little to no consideration was given to stratification, to changes in the soil parameters with
depth, or to effective normal confining pressure. Note, too, that a significant variation in K
can be created by the assumption of how much of the load is carried by the point.

The major error in the foregoing back-computations for K was in obtaining a single value
for the full pile depth rather than dividing the pile shaft into lengths of AL and using Eq.
(16-5a) for compression and Eq. (16-5b) for tension tests.
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Computations

Project: JEWALL'S BPDLE  projects S!1T67
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Transportation Computations
Land Development

Environmentai
Services Project: Sewall's Bridge Project #:  51987.00
Location: York, ME Sheet:
Calculated by: LSG Date:  8/17/11
@ Checked by: MACIII Date:  8/17/11
Title: Loads to Pier Summary
Loads Summary
Pier Bents 1-10, 13
At Top of Pile Applied to Substructure
P Pipe Piles Square Columns
Load Combination v
(kips) Vr Ve Wiz Wiz Wi Wi
(kips) (kips) (ki (ki )] (i)
Strength I (Max) 102.6 0.0 0.7 0.03 0.05 0.01 0.04
Strength I (Min) 11.1 0.0 0.0 0.03 0.05 0.01 0.04
Strength III (Max) Wind at 0° 22.7 1.7 0.0 0.03 0.05 0.03 0.04
Strength III (Min) Wind at 0° 7.0 1.7 0.0 0.03 0.05 0.03 0.04
Strength ITT (Max) Wind at 60° 19.0 0.6 0.9 0.03 0.05 0.02 0.05
Strength ITT (Min) Wind at 60° 10.8 0.6 0.9 0.03 0.05 0.02 0.05
Strength V (Max) Wind at 0° 84.4 0.9 0.6 0.03 0.05 0.02 0.04
Strength V (Min) Wind at 0° 10.1 0.9 0.0 0.03 0.05 0.02 0.04
Strength V (Max) Wind at 60° 83.8 0.3 1.0 0.03 0.05 0.02 0.04
Strength V (Min) Wind at 60° 10.8 0.3 04 0.03 0.05 0.02 0.04
Service I - Wind at 0° 62.8 0.8 04 0.03 0.05 0.02 0.04
Service I - Wind at 60° 62.2 0.3 0.8 0.03 0.05 0.02 0.04
Loads Summary
Pier Bents 11 & 12
At Top of Pile Applied to Substructure
Pipe Piles Square Columns
Load Combination 1?"
(kips) Vr Ve wr2 Wi Wri Wii
(kips) {kips) (klp (k) (ki) (klp
Strength I (Max) 154.5 0.0 0.7 0.03 0.05 0.01 0.04
Strength I (Min) 17.4 0.0 0.0 0.03 0.05 0.01 0.04
Strength III (Max) Wind at 0° 34.3 2.5 0.0 0.03 0.05 0.03 0.04
Strength III (Min) Wind at 0° 11.5 2.5 0.0 0.03 0.05 0.03 0.04
Strength IIT (Max) Wind at 60° 29.0 0.8 10 0.03 0.05 0.02 0.05
Strength IIT (Min) Wind at 60° 16.8 0.8 1.2 003 | 005 0.02 0.05
Strength V (Max) Wind at 0° | 1274 | 15 | 06 003 | 005 | 0.02 0.04
Strength V. (Min) Wind at 0° 15.7 1.5 W 0.0 0.03 0.05 0.02 0.04
Strength V (Max) Wind at 60° 126.2 0.5 1.2 0.03 0.05 0.02 0.04
Strength V (Min) Wind at 60° 16.8 0.5 0.6 0.03 0.05 0.02 0.04
Service I - Wind at 0° 94.9 13 0.4 0.03 0.05 0.02 0.04
Service I - Wind at 60° 93.8 0.4 1.0 0.03 0.05 0.01 0.04

\\vhb\proj\Bedford\51987.01\tech\Loads to Pier.xls
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Res. Factor

Side Resistance - Beta Method - Bhushan (1982) Tip Resistance - Thurman Method 0.25 AASHTO & NCHRP
. Effective . Cumul.ative - . . . . . . Total
Elevation Unit Vertical Pile Nominal s'v used Unit Tip  Limiting Tip Tip Tip Nominal Tip Nominal Factored
Depth (ft) Description Weight SPTN  phi(deg) Dr % K B fs (psf) Diameter  Friction o N'q Resistance Resistance Resistance Diameter Resistance A Resistance
(ft) Stress . . (psf) - . Resistance .
(pcf) (in) Resistance (psf) (psf) Used (psf) (in) (kips) . (kips)
(psf) (kips) (kips)

-9 0 Harbor Bottom Deposit 105 0 1 28 25 0.70 0.34 0 30 0 0 0.26 22 0 20000 0 30 0 0 0
-10 1 Harbor Bottom Deposit 105 42 1 28 24 0.69 0.33 0 30 0 42 0.26 22 240 20000 240 30 0 0 0
-1 2 Harbor Bottom Deposit 105 84 1 28 22 0.68 0.33 0 30 0 84 0.26 22 480 20000 480 30 0 0 0
-12 3 Harbor Bottom Deposit 105 126 1 28 21 0.67 0.32 0 30 0 126 0.26 22 721 20000 721 30 0 0 0
-13 4 Harbor Bottom Deposit 105 168 1 28 20 0.66 0.31 0 30 0 168 0.26 22 961 20000 961 30 0 0 0
-14 5 Harbor Bottom Deposit 105 210 1 28 20 0.66 0.31 0 30 0 210 0.26 22 1201 20000 1201 30 0 0 0
-15 6 Harbor Bottom Deposit 105 252 1 28 19 0.65 0.30 0 30 0 252 0.26 22 1441 20000 1441 30 0 0 0
-16 7 Marine Deposit 120 309 29 30 97 1.28 0.81 0 30 0 309 0.3 30 2781 20000 2781 30 0 0 0
-17 8 Marine Deposit 120 366 29 30 93 1.25 0.79 0 30 0 366 0.3 30 3294 20000 3294 30 0 0 0
-18 9 Marine Deposit 120 423 29 30 90 1.22 0.76 0 30 0 423 0.3 30 3807 20000 3807 30 0 0 0

———c® 10 MarineDeposit _ __ _ _ _ _ 120 __480___ 20 _ 80 & _ 119 _ o7 O __ 8 ___O0 _480 _ 03 _ _380 _4%20 2000 _ 420 ___80 _ __o_ _ __ 9o ____0

-20 11 Marine Deposit 120 537 29 30 84 1.17 0.73 389 30 2 537 0.3 30 4833 20000 4853- 30 24 25

-21 12 Marine Deposit 120 594 29 30 81 1.15 0.71 421 30 5 594 0.3 30 5346 20000 5346 30 26 31 8
-22 13 Marine Deposit 120 651 29 30 79 1.13 0.69 451 30 8 651 0.3 30 5859 20000 5859 30 29 37 9
-23 14 Marine Deposit 120 708 29 30 77 1.11 0.68 480 30 12 708 0.3 30 6372 20000 6372 30 31 43 1
-24 15 Marine Deposit 120 765 29 30 75 1.10 0.67 509 30 16 765 0.3 30 6885 20000 6885 30 34 49 12
-25 16 Marine Deposit 120 822 29 30 73 1.08 0.65 537 30 20 822 0.3 30 7398 20000 7398 30 36 56 14
-26 17 Marine Deposit 120 879 29 30 71 1.07 0.64 565 30 24 879 0.3 30 7911 20000 7911 30 39 63 16
-27 18 Glacial Till 130 946 100 38 129 1.53 1.02 961 30 30 946 0.36 105 35759 260000 35759 30 176 206 51
-28 19 Glacial Till 130 1013 100 38 125 1.50 0.99 1008 30 38 1013 0.36 105 38291 260000 38291 30 188 226 56
-29 20 Glacial Till 130 1080 100 38 122 148 0.98 1054 30 46 1080 0.36 105 40824 260000 40824 30 200 246 62
-30 21 Glacial Till 130 1147 100 38 120 1.46 0.96 1098 30 54 1147 0.36 105 43357 260000 43357 30 213 267 67
-31 22 Glacial Till 130 1214 100 38 117 1.44 0.94 1142 30 63 1214 0.36 105 45889 260000 45889 30 225 288 72
-32 23 Glacial Till 130 1281 100 38 115 1.42 0.92 1184 30 72 1281 0.36 105 48422 260000 48422 30 238 310 78

Bedrock see Bowles for K and beta see AASHTO-LRFD for Thurman Method parameters
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Res. Factor

Side Resistance - Nordiund Method Tip Resistance - Thurman Method 0.35 NCHRP
. Cumulative .
Elovation unit  Sflective Ple  Nominal . . . UnitTip LimitingTip  Tip Tip N°¥I.‘F'J“a' otal - Factored
Depth (ft) Description Weight SPTN phi(deg) Kd Cf 5 Beff fs (psf) Diameter  Friction o N'q Resistance Resistance Resistance Diameter . ; Resistance
(ft) Stress ) . (psf) - Resistance Resistance :
(pcf) (in) Resistance (psf) (psf) Used (psf) (in) . : (kips)
(psf) (kips) (kips) (kips)

-9 0 Harbor Bottom Deposit 105 0 1 28 0.89 1.00 27 0.40 0 30 0 0 0.26 22 0 20000 0 30 0 0 0

-10 1 Harbor Bottom Deposit 105 42 1 28 0.89 1.00 27 0.40 17 30 0 42 0.26 22 240 20000 240 30 0 0 0
-11 2 Harbor Bottom Deposit 105 84 1 28 0.89 1.00 27 0.40 33 30 0 84 0.26 22 480 20000 480 30 0 0 0
-12 3 Harbor Bottom Deposit 105 126 1 28 0.89 1.00 27 0.40 50 30 0 126 0.26 22 721 20000 721 30 0 0 0
-13 4 Harbor Bottom Deposit 105 168 1 28 0.89 1.00 27 0.40 67 30 0 168 0.26 22 961 20000 961 30 0 0 0
-14 5 Harbor Bottom Deposit 105 210 1 28 0.89 1.00 27 0.40 84 30 0 210 0.26 22 1201 20000 1201 30 0 0 0
-15 6 Harbor Bottom Deposit 105 252 1 28 0.89 1.00 27 0.40 100 30 0 252 0.26 22 1441 20000 1441 30 0 0 0
-16 7 Marine Deposit 120 309 29 30 0.98 1.00 29 0.47 144 30 0 309 0.30 30 2735 20000 2735 30 0 0 0
-17 8 Marine Deposit 120 366 29 30 0.98 1.00 29 0.47 171 30 0 366 0.30 30 3239 20000 3239 30 0 0 0
-18 9 Marine Deposit 120 423 29 30 0.98 1.00 29 0.47 198 30 0 423 0.30 30 3744 20000 3744 30 0 0 0

19 _ _ f0MarineDepost 120 _ 480 _ 20 3 _ 098 _ 100 _ 20  od7 _ 224 _ 3 __ 0 _ 460 0% _ 30 _ 48 _ 20000 _ 4248 _ 30 __ 0 ___ 0 ___ 0 _____________

T2 11 Marine Deposit 120 537 T 29 30 0.98 T.00 29 0.47 251 30 2 537 0.30 30 4752 20000 4752 ~ 730 23 25 9
-21 12 Marine Deposit 120 594 29 30 0.98 1.00 29 0.47 278 30 4 594 0.30 30 5257 20000 5257 30 26 30 10
-22 13 Marine Deposit 120 651 29 30 0.98 1.00 29 0.47 304 30 6 651 0.30 30 5761 20000 5761 30 28 35 12
-23 14 Marine Deposit 120 708 29 30 0.98 1.00 29 0.47 331 30 9 708 0.30 30 6266 20000 6266 30 31 39 14
-24 15 Marine Deposit 120 765 29 30 0.98 1.00 29 0.47 358 30 11 765 0.30 30 6770 20000 6770 30 33 45 16
-25 16 Marine Deposit 120 822 29 30 0.98 1.00 29 0.47 384 30 14 822 0.30 30 7275 20000 7275 30 36 50 18
-26 17 Marine Deposit 120 879 29 30 0.98 1.00 29 0.47 411 30 17 879 0.30 30 7779 20000 7779 30 38 56 19
-27 18 Glacial Till 130 946 100 38 1.91 1.00 36 1.13 1065 30 23 946 0.36 105 35759 260000 35759 30 176 199 70
-28 19 Gilacial Till 130 1013 100 38 1.91 1.00 36 1.13 1140 30 32 1013 0.36 105 38291 260000 38291 30 188 220 77
-29 20 Glacial Till 130 1080 100 38 1.91 1.00 36 1.13 1215 30 41 1080 0.36 105 40824 260000 40824 30 200 242 85
-30 21 Glacial Till 130 1147 100 38 1.91 1.00 36 1.13 1291 30 51 1147 0.36 105 43357 260000 43357 30 213 264 92
-31 22 Glacial Till 130 1214 100 38 1.91 1.00 36 1.13 1366 30 61 1214 0.36 105 45889 260000 45889 30 225 287 100
-32 23 Glacial Till 130 1281 100 38 1.91 1.00 36 1.13 1442 30 72 1281 0.36 105 48422 260000 48422 30 238 310 109
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Res. Factor

Side Reslstance - Beta Method - Bhushan (1982) Tip Resistance - Thurman Method 0.25  AASHTO & NCHRP
. Cumulative
Elevation Unit Ii/f:.;tc;g\;le Pile Nominal s'v used UnitTip  Limiting Tip Tip Tip Nominal Tip le]t;lal Factored
Depth (ft) Description Weight SPTN  phi(deg) Dr % K B fs (psf) Diameter  Friction o N'q Resistance Resistance Resistance Diameter Resistance . Resistance
(ft) Stress . . (psf) ) . Resistance .
(pcf) (in) Resistance (psf) (psf) Used (psf) (in) (kips) . (kips)
(psf) (Kips) (kips)
-19 0 Harbor Bottom Deposit 105 0 1 28 25 0.70 0.34 0 30 0 0 0.52 22 0 20000 0 30 0 0 0
-20 1 Harbor Bottom Deposit 105 42 1 28 24 0.69 0.33 14 30 0 42 0.52 22 480 20000 480 30 0 0 0
-21 2 Harbor Bottom Deposit 105 84 1 28 22 0.68 0.33 27 30 0 84 0.52 22 961 20000 961 30 0 0 0
-22 3 Harbor Bottom Deposit 105 126 1 28 21 0.67 0.32 40 30 0 126 0.52 22 1441 20000 1441 30 0 0 0
-23 4 Harbor Bottom Deposit 105 168 1 28 20 0.66 0.31 53 30 0 168 0.52 22 1922 20000 1922 30 0 0 0
-24 5 Harbor Bottom Deposit 105 210 1 28 20 0.66 0.31 65 30 0 210 0.52 22 2402 20000 2402 30 0 0 0
-25 6 Harbor Bottom Deposit 105 252 1 28 19 0.65 0.30 76 30 0 252 0.52 22 2883 20000 2883 30 0 0 0
-26 7 Harbor Bottom Deposit 105 294 1 28 18 0.65 0.30 88 30 0 294 0.52 22 3363 20000 3363 30 0 0 0
-27 8 Harbor Bottom Deposit 105 336 1 28 18 0.64 0.30 99 30 0 336 0.52 22 3844 20000 3844 30 0 0 0
-28 9 Harbor Bottom Deposit 105 378 1 28 17 0.64 0.29 110 30 0 378 0.52 22 4324 20000 4324 30 0 0 0
-2 ___1OMarineDeposit | _ _ _ _ _ 120 _ _ 435 29 80 __ 89 _ 121 _ o076 _ 31 _ 80 _ O __ 46 _ 08 __ 30 _ _ 7700 20000 _ 7700 _ __ 80 __ __O__ __ O _ __ _ O e -
-30 11 Marine Deposit 120 492 29 30 86 1.19 0.74 364 30 3 492 0.59 30 8708 20000 8738- 30 43 45 1
-31 12 Marine Deposit 120 549 29 30 83 1.17 0.72 396 30 6 549 0.59 30 9717 20000 9717 30 48 53 13
-32 13 Marine Deposit 120 606 29 30 81 1.15 0.70 427 30 9 606 0.59 30 10726 20000 10726 30 53 62 15
-33 14 Marine Deposit 120 663 29 30 78 1.13 0.69 457 30 12 663 0.59 30 11735 20000 11735 30 58 70 18
-34 15 Marine Deposit 120 720 29 30 76 1.1 0.68 487 30 16 720 0.59 30 12744 20000 12744 30 63 79 20
-35 16 Marine Deposit 120 777 29 30 74 1.09 0.66 515 30 20 777 0.59 30 13753 20000 13753 30 68 88 22
-36 17 Marine Deposit 120 834 29 30 72 1.08 0.65 543 30 24 834 0.59 30 14762 20000 14762 30 72 97 24
-37 18 Marine Deposit 120 891 29 30 71 1.07 0.64 570 30 29 891 0.59 30 15771 20000 15771 30 77 106 26
-38 19 Marine Deposit 120 948 29 30 69 1.05 0.63 597 30 33 948 0.59 30 16780 20000 16780 30 82 116 29
-39 20 Marine Deposit 120 1005 29 30 68 1.04 0.62 623 30 38 1005 0.59 30 17789 20000 17789 30 87 125 31
-40 21 Marine Deposit 120 1062 29 30 66 1.03 0.61 649 30 43 1062 0.59 30 18797 20000 18797 30 92 135 34
-41 22 Marine Deposit 120 1119 29 30 65 1.02 0.60 674 30 48 1119 0.59 30 19806 20000 19806 30 97 145 36
-42 23 Marine Deposit 120 1176 29 30 64 1.01 0.59 699 30 54 1176 0.59 30 20815 20000 20000 30 98 152 38
-43 24 Marine Deposit 120 1233 29 30 63 1.00 0.59 724 30 59 1233 0.59 30 21824 20000 20000 30 98 157 39
-44 25 Marine Deposit 120 1290 29 30 62 0.99 0.58 748 30 65 1290 0.59 30 22833 20000 20000 30 98 163 41
-45 26 Marine Deposit 120 1347 29 30 60 0.98 0.57 772 30 7 1347 0.59 30 23842 20000 20000 30 98 169 42
-46 27 Marine Deposit 120 1404 29 30 59 0.98 0.57 795 30 77 1404 0.59 30 24851 20000 20000 30 98 175 44
-47 28 Marine Deposit 120 1461 29 30 59 0.97 0.56 819 30 83 1461 0.59 30 25860 20000 20000 30 98 182 45
-48 29 Marine Deposit 120 1518 29 30 58 0.96 0.55 842 30 90 1518 0.59 30 26869 20000 20000 30 98 188 47
-49 30 Marine Deposit 120 1575 29 30 57 0.95 0.55 865 30 97 1575 0.59 30 27878 20000 20000 30 98 195 49
-50 31 Marine Deposit 120 1632 29 30 56 0.95 0.54 887 30 103 1632 0.59 30 28886 20000 20000 30 98 202 50
-51 32 Marine Deposit 120 1689 29 30 55 0.94 0.54 909 30 111 1689 0.59 30 29895 20000 20000 30 98 209 52
-52 33 Marine Deposit 120 1746 29 30 54 0.94 0.53 931 30 118 1746 0.59 30 30904 20000 20000 30 98 216 54
-53 34 Marine Deposit 120 1803 29 30 54 0.93 0.53 953 30 125 1803 0.59 30 31913 20000 20000 30 98 223 56
-54 35 Marine Deposit 120 1860 29 30 53 0.92 0.52 975 30 133 1860 0.59 30 32922 20000 20000 30 98 231 58
-55 36 Gilacial Till 130 1927 100 38 97 1.27 0.81 1560 30 143 1927 0.72 105 145681 260000 145681 30 715 858 214
-56 37 Glacial Till 130 1994 100 38 95 1.26 0.80 1596 30 155 1994 0.72 105 150746 260000 150746 30 740 895 224
-57 38 Glacial Till 130 2061 100 38 94 1.25 0.79 1632 30 168 2061 0.72 105 155812 260000 155812 30 765 933 233
-58 39 Glacial Till 130 2128 100 38 93 1.24 0.78 1667 30 181 2128 0.72 105 160877 260000 160877 30 790 970 243
-59 40 Glacial Till 130 2195 100 38 92 1.23 0.78 1702 30 194 2195 0.72 105 165942 260000 165942 30 815 1009 252
-60 41 Glacial Till 130 2262 100 38 90 1.22 0.77 1737 30 207 2262 0.72 105 171007 260000 171007 30 839 1047 262
-61 42 Glacial Till 130 2329 100 38 89 1.21 0.76 1771 30 221 2329 0.72 105 176072 260000 176072 30 864 1086 271
-62 43 Glacial Till 130 2396 100 38 88 1.21 0.75 1805 30 235 2396 0.72 105 181138 260000 181138 30 889 1124 281
-63 44 Glacial Till 130 2463 100 38 87 1.20 0.75 1838 30 250 2463 0.72 105 186203 260000 186203 30 914 1164 291
-64 45 Glacial Till 130 2530 100 38 86 1.19 0.74 1871 30 264 2530 0.72 105 191268 260000 191268 30 939 1203 301
-65 46 Glacial Till 130 2597 100 38 85 1.18 0.73 1904 30 279 2597 0.72 105 196333 260000 196333 30 964 1243 311
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Res. Factor

Side Resistance - Nordiund Method Tip Resistance - Thurman Method : 0.35 NCHRP
. Cumulative .
Elevation Unit f;;?_t‘i‘;;f Ple  Nominal . . UnitTip LimitingTip  Tip Tip N°¥i‘;“a' NL‘;‘fn'al Factored
Depth (ft) Description Weight SPTN  phi(deg) Kd Cf S Beff fs (psf) Diameter  Friction o N'q Resistance Resistance Resistance Diameter . ; Resistance
(ft) Stress ] . (psf) ) Resistance Resistance :
{pcf) (in) Resistance (psf) {psf) Used {psf) (in) ) : (kips)
(psf) (kips) (kips) (kips)
-19 0 Harbor Bottom Deposit 105 0 1 28 0.89 1.00 27 0.40 0 30 0 0 0.52 22 0 20000 0 30 0 0 0
-20 1 Harbor Bottom Deposit 105 42 1 28 0.89 1.00 27 0.40 17 30 0 42 0.52 22 480 20000 480 30 0 0 0
-21 2 Harbor Bottom Deposit 105 84 1 28 0.89 1.00 27 0.40 33 30 0 84 0.52 22 961 20000 961 30 0 0 0
-22 3 Harbor Bottom Deposit 105 126 1 28 0.89 1.00 27 0.40 50 30 0 126 0.52 22 1441 20000 1441 30 0 0 0
-23 4 Harbor Bottom Deposit 105 168 1 28 0.89 1.00 27 0.40 67 30 0 168 0.52 22 1922 20000 1922 30 0 0 0
-24 5 Harbor Bottom Deposit 105 210 1 28 0.89 1.00 27 0.40 84 30 0 210 0.52 22 2402 20000 2402 30 0 0 0
-25 6 Harbor Bottom Deposit 105 252 1 28 0.89 1.00 27 0.40 100 30 0 252 0.52 22 2883 20000 2883 30 0 0 0
-26 7 Harbor Bottom Deposit 105 294 1 28 0.89 1.00 27 0.40 117 30 0 294 0.52 22 3363 20000 3363 30 0 0 0
-27 8 Harbor Bottom Deposit 105 336 1 28 0.89 1.00 27 0.40 134 30 0 336 0.52 22 3844 20000 3844 30 0 0 0
-28 9 Harbor Bottom Deposit 105 378 1 28 0.89 1.00 27 0.40 151 30 0 378 0.52 22 4324 20000 4324 30 0 0 0
———2d___ 1O MarineDeposit _ __ _ _ __120 _ 435 29 30 _.09% _100_ _ 2 _ 047 203 380 _ 0 __43%5 __059 _ 30 __700 _ 2000 _ 7700 %0 0 . 90 O .
30 11 Marine Deposit 120 492 T2 T T 30 0.98 1.00 29 0.47 230 0 2 492 05 30 8708 20000 8708 30 43 44 16
-31 12 Marine Deposit 120 549 29 30 0.98 1.00 29 0.47 257 30 4 549 0.59 30 9717 20000 9717 30 48 51 18
-32 13 Marine Deposit 120 606 29 30 0.98 1.00 29 0.47 283 30 6 606 0.59 30 10726 20000 10726 30 53 58 20
-33 14 Marine Deposit 120 663 29 30 0.98 1.00 29 0.47 310 30 8 663 0.59 30 11735 20000 11735 30 58 66 23
-34 15 Marine Deposit 120 720 29 30 0.98 1.00 29 0.47 337 30 1" 720 0.59 30 12744 20000 12744 30 63 73 26
-35 16 Marine Deposit 120 777 29 30 0.98 1.00 29 0.47 363 30 13 777 0.59 30 13753 20000 13753 30 68 81 28
-36 17 Marine Deposit 120 834 29 30 0.98 1.00 29 0.47 390 30 16 834 0.59 30 14762 20000 14762 30 72 89 31
37 18 Marine Deposit 120 891 29 30 0.98 1.00 29 0.47 417 30 19 891 0.59 30 15771 20000 15771 30 77 97 34
-38 19 Marine Deposit 120 948 29 30 0.98 1.00 29 0.47 443 30 23 948 0.59 30 16780 20000 16780 30 82 105 37
-39 20 Marine Deposit 120 1005 29 30 0.98 1.00 29 0.47 470 30 26 1005 0.59 30 17789 20000 17789 30 87 114 40
-40 21 Marine Deposit 120 1062 29 30 0.98 1.00 29 0.47 497 30 30 1062 0.59 30 18797 20000 18797 30 92 123 43
-4 22 Marine Deposit 120 1119 29 30 0.98 1.00 29 0.47 523 30 34 1119 0.59 30 19806 20000 19806 30 97 131 46
-42 23 Marine Deposit 120 1176 29 30 0.98 1.00 29 0.47 550 30 38 1176 0.59 30 20815 20000 20000 30 98 137 48
-43 24 Marine Deposit 120 1233 29 30 0.98 1.00 29 0.47 577 30 43 1233 0.59 30 21824 20000 20000 30 98 141 49
-44 25 Marine Deposit 120 1290 29 30 0.98 1.00 29 0.47 603 30 48 1290 0.59 30 22833 20000 20000 30 98 146 51
-45 26 Marine Deposit 120 1347 29 30 0.98 1.00 29 0.47 630 30 52 1347 0.59 30 23842 20000 20000 30 98 151 53
-46 27 Marine Deposit 120 1404 29 30 0.98 1.00 29 0.47 657 30 57 1404 0.59 30 24851 20000 20000 30 98 156 54
-47 28 Marine Deposit 120 1461 29 30 0.98 1.00 29 0.47 683 30 63 1461 0.59 30 25860 20000 20000 30 98 161 56
-48 29 Marine Deposit 120 1518 29 30 0.98 1.00 29 0.47 710 30 68 1518 0.59 30 26869 20000 20000 30 98 166 58
-49 30 Marine Deposit 120 1575 29 30 0.98 1.00 29 0.47 736 30 74 1575 0.59 30 27878 20000 20000 30 98 172 60
-50 31 Marine Deposit 120 1632 29 30 0.98 1.00 29 0.47 763 30 80 1632 0.59 30 28886 20000 20000 30 98 178 62
-51 32 Marine Deposit 120 1689 29 30 0.98 1.00 29 0.47 790 30 86 1689 0.59 30 29895 20000 20000 30 98 184 64
-52 33 Marine Deposit 120 1746 29 30 0.98 1.00 29 0.47 816 30 92 1746 0.59 30 30904 20000 20000 30 98 190 67
-53 34 Marine Deposit 120 1803 29 30 0.98 1.00 29 0.47 843 30 99 1803 0.59 30 31913 20000 20000 30 98 197 69
-54 35 Marine Deposit 120 1860 29 30 0.98 1.00 29 0.47 870 30 105 1860 0.59 30 32922 20000 20000 30 98 204 71,
-85 36 Glacial Till 130 1927 100 38 1.91 1.00 36 1.13 2169 30 117 1927 0.72 105 145681 260000 145681 30 715 832 291
-56 37 Glacial Till 130 1994 100 38 1.91 1.00 36 1.13 2244 30 135 1994 0.72 105 150746 260000 150746 30 740 875 306
-57 38 Gilacial Till 130 2061 100 38 1.91 1.00 36 1.13 2319 30 153 2061 0.72 105 155812 260000 155812 30 765 917 321
-58 39 Glacial Till 130 2128 100 38 1.91 1.00 36 1.13 2395 30 171 2128 0.72 105 160877 260000 160877 30 790 961 336
-59 40 Gilacial Till 130 2195 100 38 1.91 1.00 36 1.13 2470 30 190 2195 0.72 105 165942 260000 165942 30 815 1005 352
-60 41 Glacial Till 130 2262 100 38 1.91 1.00 36 1.13 2546 30 210 2262 0.72 105 171007 260000 171007 30 839 1049 367
-61 42 Glacial Till 130 2329 100 38 1.91 1.00 36 1.13 2621 30 230 2329 0.72 105 176072 260000 176072 30 864 1094 383
-62 43 Glacial Till 130 2396 100 38 1.91 1.00 36 1.13 2696 30 251 2396 0.72 105 181138 260000 181138 30 889 1140 399
-63 44 Glacial Till 130 2463 100 38 1.91 1.00 36 1.13 2772 30 272 2463 0.72 105 186203 260000 186203 30 914 1187 415
-64 45 Glacial Till 130 2530 100 38 1.91 1.00 36 1.13 2847 30 295 2530 0.72 105 191268 260000 191268 30 939 1233 432
-65 46 Glacial Till 130 2597 100 38 1.91 1.00 36 1.13 2923 30 317 2597 0.72 105 196333 260000 196333 30 964 1281 448
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LRFD Resistance Factor
Static Method | AASHTO | NCHRP Remarks
Beta/Thurman 0.25 0.25 NCHRP factor is for pipe pile in mixed soils
Nordlund Thurman| 0.45 0.35 NCHRP factor is for pipe pile in mixed soils

Assumptions for End-Bearing Component in Open-Ended Piles
- Assume that plug unit resistance is 25% of annulus unit resistance.
- Above assumptions based on findings in Paik et al. (2003)
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TABLE 25 Recommended resistance and effici actors for stati¢qpalyses of driven piles

Resistance Factor ¢ A

. Soil Design |_/"Nore~/ Non-
GO0 Type Method m— redund Redundant dund
Mixed SPT-97 mob 0.70 0.50 0.40 0.29
. o-APl 0.67 0.55
Clay *Method 083 055
Sand B-Method 0.50 0.40 0.46 0.34
SPT-97 mob 042 0.31
Coucrete FHWA CPT 0.60 0.48
Pile Mixed B-Method/Thurman 0.51 0.39
aTomlinson/Nordlund/Thurman 0.40 0.30 0.41 0.30
Sand Nordlund 0.42 0.31
Clay a-Tomlinson 0.35 0.25 041 0.30
Mixed a-APJ/Nordlund/Thunnan i i 0.4] 0.30
Sand Meyerhof 0.20 0.15 0.32 0.22
SPT-97 mob 0.38 0.28
Sand Nordlund — 045 0.38 0.27
Mixed SPT-97 mob 0.40 0.30 0.51 0.40
=3 a-API/Nordlund/Thurm: /6-3? N 0.25 0.44 0.31
Sand B-Method el N 031 0.21
. Clay a-API Ry L] - 0.26
Pipe File [—Gond Meyerhof — — 0.33 0.3
Mixed oTomlinson/Nordlund/Thurman ~ 0.32 0.23
a3 B-Method/Thurman == 025 0.15 0.41 0.30
Clay «-Tomlinson ’ : 0.40 0.29
A-Method 0.36 0.25
Mixed SPT-97 mob TNL0.45 0.33
SP'-97 mob 035 045 06 0.35
Sand Nordiund 0.49 N, 0.37

Meyerhof 045 0.35 0.51 3
H Piles o-API 0.48 0.37
Clay o-Tomlinson 0.40 0.30 0.49 0.37
A-Method i ) 0.50 0.39
Mixed a-APl/Nordlund/Thurman 0.35 0.45 0.34
o Tomlinson/Nordlund/Thurman 0.30 0.25 0.51 0.39
Sand B-Method N 0.39 0.28
Mixed B-Method/Thurman 0.20 0.15 0.42 0.31

Nates: @/A = cflicicney lactor, cvaluaiing the relanve economic perfonnance ol cach meilmd (higher ranias indicaic a mare
cconomical solution).
). = bias = K,; = Mean of measured over predicted.
/A values relate to the exact calculated ¢ and A and not 1o 1he assigned ¢ values in the table
Redundant = Five piles or more under one pile cap ( B = 2.33 pr = 1.0%)
Non-Redundant = Four or lewer piles under one pile cap (B = 3.0 py= 0.1%)

TABLE 26 Recommended resistance factors for static analysis
of nontapered driven piles under pullout

¢ (resistance facior)
Soil Type Design Method Pile Type Redundans Non-Redundant
f=233 f=3.00
Clay a;’:;:;ls’;n H, Pipe, PPC 0.25' 0.20
B H 0.15 0.10
Sand Pipe, PPC 0.25 0.20
SPT-97 H, Pipe, PPC 0.25 0.20
Mixed a-API/Nordlund H, Pipe, PPC 0.20 0.15

'Higlier values nny be applicable for PPC piles but no sufficies dua were available 10 suppon this.
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Table 10.5.5.2.3-1 Resistance Factors for Driven Piles (continued).

045 G—f L/—FI

Condition/Resistance Determination Method Resistance Factor
Skin Friction and End Bearing: Clay and Mixed Soils
a-method (Tomlinson, 1987, Skempton, 1951) 0.35
Nominal B-method (Esrig & Kirby, 1979; Skempton, 1951) 025 &
Resistance of A-method (Vijayvergiya & Focht, 1972; Skempton, 1951) 0.40
Single Pile in Axial o )
Compression— Skin Friction and End Bearing: Sand
Static Analysis Nordlund/Thurman Method (Hannigan et al., 2005)
Methods, @y SPT-method (Meyerhof) 0.30
CPT-method (Schmertmann)
End bearing in rock (Canadian Geotech. Society, 1985) 83(5)
Block Failure, @, Clay 0.60
Nordlund Method 0.35
o-method 0.25
Uplift Resistance | B-method 0.20
of Single Piles, ¢,, | ~method 0.30
*¥¥ | SPT-method 0.25
CPT-method 0.40
Load test 0.60
Group Uplift Sand and clay 0.50
Resistance, @,
Horizontal All soils and rock 1.0
Geotechnical
Resistance of
Single Pile or Pile
Group
. Steel piles See the provisions of Article 6.5.4.2
gg:x:tural Limit Concrete piles See the provisions of Article 5.5.4.2.1
Timber piles See the provisions of Article 8.5.2.2 and 8.5.2.3
Steel piles See the provisions of Article 6.5.4.2
Pile Drivability Concrete piles See the provisions of Article 5.5.4.2.1
. Timber piles See the provisions of Article 8.5.2.2
Analysis, Q4

In all three Articles identified above, use @ identified as “resistance during pile driving”

Table 10.5.5.2.3-2 Relationship between Number of Static Load Tests Conducted per Site and ¢ (after Paikowsky et al,

2004).
Resistance Factor, ¢
Number of Static Load Site Variability®

Tests per Site Low* Medium® High*

1 0.80 0.70 0.55

2 0.90 0.75 0.65

3 0.90 0.85 0.75

>4 0.90 0.90 0.80

a  See commentary.

Interim
2008
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Figure 10.7.3.8.6d-1 ) Coefficient for Driven Pipe Piles
after Vijayvergiya and Focht (1972).

10.7.3.8.6e Tip Resistance in Cohesive Soils

The nominal unit tip resistance of piles in saturated
clay, in ksf, shall be taken as:

q,= 9S, (10.7.3.8.6e-1)
where:
Sy, = undrained shear strength of the clay near the
pile base (ksf)
.___Q 10.7.3.8.6f  Nordlund/Thurman Method in C10.7.3.8.6f
Cohesionless Soils
This effective stress method should be applied only Detailed design procedures for the

to sands and nonplastic silts. The nominal unit side = Nordlund/Thurman method are provided in Hannigan et
i ie.method, in ksf, shall be taken as: al., (2005). This method was derived based on load test

data for piles in sand. In practice, it has been used for
gravelly soils as well.

The effective overburden stress is not limited in
Eq. 1.

For H-piles, the perimeter or “box” area should
generally be used to compute the surface area of the pile
side.

, sin(d + o)

(10.7.3.8.6£-1)

Ks = coefficient of lateral earth pressure at mid-point
of soil layer under consideration from Figures 1
through 4 (dim.)
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correction factor for K5 when 8 = ¢, from
Figure 5

Cr

o', = effective overburden stress at midpoint of soil
layer under consideration (ksf)

8 = friction angle between pile and soil obtained
from Figure 6 (deg.)
© =  angle of pile taper from vertical (deg.)

Ky
00~
08s
or0
. o (degrees)
Figure 10.7.3.8.6f-1 Design Curve for Evaluating X; for

Piles where ¢y = 25° (Hannigan et al., 2005 after Nordlund,
1979).
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Figure 10.7.3.8.6f-2 Design Curve for Evaluating K; for
Piles where ¢,= 30° (Hannigan et al., 2005 after Nordlund,
1979).
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Figure 10.7.3.8.6f-3 Design Curve for Evaluating Kz for
Piles where ¢, = 35° (Hannigan et al., 2005 after Nordlund,
1979).
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Figure 10.7.3.8.6f-4 Design Curve for Evaluating K; for
Piles where ¢, = 40° (Hannigan et al., 2005 after Nordlund,

1979).
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8 # ¢y (Hannigan et al., 2005 after Nordlund, 1979).
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. Closed end pipe and non-tapered portion of monotube piles
b. Timber piles
¢. Precast concrete plies
d. Raymond step-teper piles
e. Raymond uniform teper plles
f. H-plles
p- Tapered portion of monolube piles
Figure 10.7.3.8.61-6 Relation of /¢, and Pile Displacement,

V, for Various Types of Piles (Hannigan et al, 2005 after
Nordlund, 1979).

The nominal unit tip resistance, gp, in ksf by the
Nordlund/Thurman method shall be taken as:

\
\

q,=o,No,<gq, (10.7.3.8.6f-2)
where:
o, = coefficient from Figure 7 (dim.)
N, = bearing capacity factor from Figure 8
o', = effective overburden stress at pile tip (ksf)
<3.2 ksf
g = limiting unit tip resistance from Figure 9
D = Embedded Pile Length
b = Pile Diameter or Width
1.0 31 L1
P LT[
1 ==
I Eapiy i
0.4 :
2 d

o
Coefiictent 03 ,+ 1147
0.2

‘f
0.1
15 20 25 30 35 40 45
¢/(degrees)

Figure 10.7.3.8.61-7 a, Coefficient (Hannigan et al, 2005
modified after Bowles, 1977).

If the friction angle, ¢ is estimated from average,
corrected SPT blow counts, Nlg, the Nlg; values should
be averaged over the zone from the pile tip to
2 diameters below the pile tip.
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Figure 10.7.3.8.6f-8 Bearing Capacity Factor, N,
(Hannigan et al., 2005 modified after Bowles, 1977).
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Figure 10.7.3.8.6f-9 Limiting Unit Pile Tip Resistance
(Hannigan et al., 2005 after Meyerhof, 1976).

10.7.3.8.6g Using SPT or CPT in Cohesionless
Soils

These methods shall be applied only to sands and
nonplastic silts.

The nominal unit tip resistance for the Meyerhof
method, in ksf, for piles driven to a depth D, into a
cohesionless soil stratum shall be taken as:

_ 08D,

g, - \ (10.7.3.8.6g-1)

C10.7.3.8.6g

In-situ tests are widely used in cohesionless soils
because obtaining good quality samples of cohesionless
soils is very difficult. In-situ test parameters may be
used to estimate the tip resistance and skin friction of
piles.

Two frequently used in-situ test methods for
predicting pile axjal resistance are the standard
penetration test (SPT) method (Meyerhof, 1976) and the
cone penetration test (CPT) method (Nottingham and
Schmertmann, 1975).
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where:
Nlgy = representative SPT blow count near the
pile tip corrected for overburden pressure
as specified in Article 104.6.2.4
(blows/ft.)
D = pile width or diameter (ft.)
D, = depth of penetration in bearing strata (ft.)
q: = limiting tip resistance taken as eight times

the value of Nlg for sands and six times
the value of N4, for nonplastic silt (ksf)

The nominal skin friction of piles in cohesionless
soils for the Meyerhof method, in ksf, shall be taken as:

o  For driven displacement piles:

N1
g, =—2

25

(10.7.3.8.6g-2)

o  For nondisplacement piles, e.g., steel H-piles:

g =V (10.7.3.8.6g-3)
- 1/
where:
s = unit skin friction for driven piles (ksf)
Nl, = average cormrected SPT-blow count along
the pile side (blows/ft.)
Tip resistance, g, for the Nottingham and

Schmertmann method, in ksf, shall be determined as
shown in Figure 1.

In which:

= qcl + qc2

g, > (10.7.3.8.6g-4)

average g, over a distance of yD below the pile
tip (path a-b-c); sum g. values in both the
downward (path a-b) and upward (path b-c)
directions; use actual g, values along path a-b
and the minimum path rule along path b-c;
compute g.; for y-values from 0.7 to 4.0 and
use the minimum g, value obtained (ksf)

Displacement piles, which have solid sections or
hollow sections with a closed end, displace a relatively
large  volume of soil during penetration.
Nondisplacement piles usually have relatively small
cross-sectional areas, e.g., steel H-piles and open-ended
pipe piles that have not yet plugged. Plugging occurs
when the soil between the flanges in a steel H-pile or the
soil in the cylinder of an open-ended steel pipe pile
adheres fully to the pile and moves down with the pile
as it is driven.

CPT may be used to determine:

o  The cone penetration resistance, g, which may
be used to determine the tip resistance of piles,
and

o Sleeve friction, f;, which may be used to
determine the skin friction resistance.



Pipe Piles - Driveability Evaluations



% Calculations File No. 20654 - oo |

Sheet i of
Clent  Maie Do Date 8/1q /z;nﬁr?/ A
Project Cemuarl'ec Beioer - Yorp  Maine Computed By BcS
Subject [PpirvamiLiTy EVALUATIONS Checked By %/T:"VV}

CALO2AFH.FRP 20 November 1997

OmI=cTIVE ;.  ComMpLETE D2WABILITY EVALUATIONS UYSING  GEL WEAP SopTWARZE To
DETERMINE Ard APPROPRNATE PILE - HAMME}& SYSTEMN CABARLE of
IRSALLING Propesen PiLeEs TTe THe ,P_gcggu:p_gp DEPT‘}-{s/E_E’S'SmI}\JCES
WiTHouT twMAGE (oversress). Lo

;AEEF:‘OACH i

b Mcba, wo Solil chFI'LE§ EEPE.EM&.{C'O Locm-rz:m},h wuem-: wazasunbeu |
THICENESS T¢ ANTICIPATED T Re MAXIMuUpM  (Benm Ko 7 ) Anls Mird i urd (anuo I).

USE s-'-fbe AND EHP..E-E%LH&.IZ_G&.S_WCES hem;awg_em_ FJQ&M AS'H‘PI“‘C PILE
PESISTANCE CALCULATIONS:

A

3. MOpeL twe bfr‘f:&;}'?m _ 2&.—%[31{,,)/ AVR!LA—BL;Q OED: PILE HAMMERS, 72 DETZRMINE
WHICH ONE TS IMOST APPROPRIATE T0_bWE THE PILES To THE rE® B bqa‘t-H/fzeé.lSrANCE
W/ bAMAGE,

. SumecrEace, PROF! LESQ i L
PIET BeNT NO.7 BB-SL- 104, 202 :_ Plaz BEHT No ba eyl | b L
i - E‘:’]‘ s ki L ?Om ¢ P!P&' "S %m.; i e ?’°|L¢ ppE t
w  BF b PRE . b ﬁ‘” B PILE I~
Z Eu- I ! 2| 2 |
~20 — .Izi_ BO“ - | bk 5:_ 'EJ(AJ. . 2 ) o
&2 - AL EL+4 = | E;é g5 g1l
i & : L e . . ! " ] . L._....._..——.——....... ¥
_H4 fayer) N 1 Ef 1 (MHW> i L] ] :
- & S | _, = , - 5 i YRR crTvechy T O —
| o4s Gy ‘._ [T T w4 |
8 ! f _ £L=9 ’ ' o 23 o
m__._}o_ = i - " TR f!(!/”fff/()(//f 77T ..,1p_g
g bl Yol | _El.15 TRVER Botioia BEPRIT - &' 29 1B
2 El-19 o' SS - : : _ Q
. j_\ vill -Z_o. L i o= e o e L s ¢ i, SRR ) a3 wsari "'MHRFME ﬁﬁ?hlbi;it—‘f"“ i Fen Al = ..._20 = O
~RVER H o%IT - e | i A T~
\E B BU[TP &EP 4_2 e B2 - GLA = 13 140 Eq
O T _ e ffegme C!RL ,LL-- D 2o T
i | | AT s . s, i i & v é
El b maeme samsfiur- [ meeeck- A4 / BN )
i | N
l.ﬂ b i | ST e - | T s — de b ey —— ..._ 5 Bt
-5 E s M. MU - 35 68 1 | " H - : L S . i - —~Eo-t
,_—w i .‘.*GLACTaL- T“"L"' o s i I B B . = b0 -
. fs{-es . 2 A I OO O O SO O N O O O O O
| SN S R e = .
.|_"-*} + - - __EEDI'ZOCK—“‘: it = . .. 4 A I, : - . e S et (R SR N IL . | - W S 4 __g,o_
i ! : I




CALO2AFH.FRP 20 November 1997

Ammé‘ﬁ Calculations File No. 30654 - o0l

Sheet 2 of
. 12 /12 /3
Client Ma e DoT Date 8/19 /2./0'1
Project fmm LL's, BeincE - yop_y_ MaE Computed By Bcs
Subject DewaBiLTY BE/ALVATION Checked By w
i
PLe PropeemEs: g

CLeSED BN s L
Cz-us:bgp_ 4 Pu:-e PILE pmw-:u SpErl - ERIDED | \mm THE FOLLOWING S&'c‘noum_ AMD

MATER 1AL PROPERTIES ;e .

_b.o = zo I ; ('0,5”.1“_.. 49.8 ,xh i I |/z“
Di= 2owt - (@Me#Swi)® 288w, 3p e
A, - ("/4)(3::1;,.: = Focpem? = 44l F’r
A= (14 W &S = 63794 e eeo. sz a2 i
As= A, -A; = Fou Bowm®- (27 94 Wz 8, ‘72#4 & 68‘[;.4 = 048 Fr?
b, SZmlz = 44’ 24 Mz' 2 4&1.&1 0,32 Fr?
P= (n)(bo): (M)(3ewm)? IS = 42w, =85S Fr
Leper§ = 4T FT ; Lemivrz = 80 FT (SEE SUBSUPFACE .PF_OHL..ES-)_ :
_Fy = 45ver (asrm A2S2 Geape 2)
Sow PropermiES: {1 - L 4 L
SUMMARIZED TROM  STATIC PILE RECISTANCE CALCULATIONS ...
,255[51,4“(5-: ' FPIERS &E'M'f“ + +PrER BENT- —+ -

1 AN M diges: _'\_]O'?' SEETITAS) VRIRG [ i .
uZ_'UMW S1be Top ! T amE. . L O pef U
LgloniT ©ibE BoTOM OPSF. ., . OPSF . NEGLECT CorRRIBUTION |
_Q_[g__E_mb Yop | 4 L l_. -, cpp | 1, _opmp LSRR hepns . |

ENG BoWOM ! oxp _ oxip

FUNIT SIBETOR 144 psg . | Zozpsp
-
g SUNIT SIDE BoTTOM 4N e . BFopeF
§49ENDTOR . Fe s e o liBLIER L 3.08kp
£ F END BoTToM Caoe Loemyaee L 7.57RP )
L ounSDeTOR . Leespep | . . 2,064psF
T JUNIT SiBE BOTIOM __ 1, 94Z psF . . '2,923PsF .
gkmb Top boboa \E%Ee o L 2% \kip
[END EOTOM | LFREIR . L Bllkap

N . e S eeopsp | %SUMED
S SR B -5 |- S 3450p | ASUMED BASED oq CoMP
: : .S mENL’?‘WOF pOCK = 5000 PS

bbbl T L (s (6 8.9 = 24si0p.

!

SINCE pock 4L STEEL

(sksi) (4skst)
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. File No. -
HALEYS= Calculations 3e654- 00|
Sheet 2 of 3
) 12713 /i
Client Maine boT™ Date 8/19 Jzo01
Project SewalLiL's Bente ~ Yerr, Maine Computed By B S
Subject  DpivasiLiTy EVALUATIONS Checked By EFJ

Hammer Sysrem PRopeERTES!
Conigiper. Twe PoTerTIAL PlLe HAMMER SKTEMS ..,
( Enne = 42860 Fr-1g)

. (.ENRX.

L. ApPE DI9-A4Z

i

z, Ape D36-26 . 89,300 Ft- 1)

See AndeHen Tor BlLE HAMMEE DATA SHEETS.
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Haley & Aldrich, Inc. Dec 20 2011

Bent 1 - Drivability - APE D19-42 Gain/Loss 1 at Shaft and Toe 1.000/ 1.000 GRLWEAP(TM) Version 2005
——————— Ult. Capacity (kips) ——————- Comp. Stress (ksi) ———-—--—- ENTHRU (kips-ft)
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Haley & Aldrich, Inc.

Bent 1 - Drivability - APE D19-42

Depth
ft

3.0

6.0

9.0
12.0
16.0
17
18.0
19.0
20.0
21.0
220
230
23.1
23.2
232
233
234
235
236
23.7
238
23.8
23.9
240

Ultimate
Capacity
Kips

0.0
0.0
6.2
12.8
212
27
92.9
105.4
118.3
131.8
145.7
160.1
31.
434.7
437.9
441.0
4442
447.7
450.8
454.0
457.5
460.7
463.8
467.3

Total Continuous Driving Time

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000

Friction
kips

0.0
0.0
42
10.2
17.9
24.0
326
41.7
51.3
61.4
72.0
83.1
86.2
89.7
92.9
96.0
99.2
102.7
105.8
109.0
112.5
115.7
118.8
1223

End
Bearing
kips

0.0
0.0
2.0
26
33
37
60.3
63.7
67.0
70.3
73.7
77.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0

Blow
Count
blows/ft

0.0
0.0
0.0
1.5
1.7
1.9
7.6
8.7
10.0
1.4
12.7
142
57.9
58.3
58.7
59.1
59.5
60.1
60.4
60.9
61.3
61.8
62.2
62.8

3.00 minutes; Total Number of Blows

Comp.
Stress
ksi

129

0.000

0.000

0.000

12.464
14.604
15.331
19.861
20.349
20.795
21.394
21.708
22.069
26.706
26.683
26.739
26.740
26.728
26.796
26.774
26.840
26.812
26.877
26.868
26.903

Tension
Stress
ksi

0.000

0.000

0.000
-7.454
-8.843
-9.300
-8.510
-8.326
-8.095
-7.996
-7.720
-7.422
-0.594
-0.639
-0.694
-0.741
-0.782
-0.837
-0.874
-0.916
-0.949
-0.978
-0.999
-1.016

Dec 20 2011
GRLWEAP(TM) Version 2005

Stroke

ft

10.17
10.17
10.17
4.52
4.85
4.97
6.38
6.55
6.71
6.93
7.07
7.19
9.15
9.16
9.17
9.18
9.19
9.20
9.21
9.22
9.23
9.24
9.25
9.26

ENTHRU
kips-ft

0.0

0.0

0.0
23.3
25.2
24.7
221
21.8
215
21.5
211
20.9
20.1
20.1
20.1
20.1
20.1
20.2
20.2
20.2
20.2
20.3
203
20.3



Haley & Aldrich, Inc.

Bent 7 - Drivability - APE D19-42 Gain/Loss 1 at Shaft and Toe 1.000/ 1.000

Ult. Capacity (kips)

Dec 20 2011
GRLWEAP(TM) Version 2005

——————— Comp. Stress (ksi ==——-—=- ENTHRU (kips-ft
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Haley & Aldrich, Inc.

Bent 7 - Drivability - APE D19-42

Depth
ft

3.0

6.0

9.0
11.0
13.0
15.0
17.0
19.0
210
23.0
25.0
27.0
29.0
31.0
33.0
35.0

37.0
38.0
39.0
40.0
41.0
42.0
43.0
440
450
46.0
46.1
46.2
46.2
46.3
46.4
46.5
46.6
46.7
46.8
46.8
46.9

Ultimate

Capacity

kips

0.0
0.0
0.0
7.7
12.6
182
247
32.0
40.0
48.9
58.6
69.1
80.4
925
105.4
119.1
365.
390.3
415.9
442.1
468.8
496.1
523.9
552.2
581.1
610.5
640.4
677.6
681.1
684.2
687.4
690.5
694.1
697.2
700.3
703.9
707.0
710.2

Gain/Loss 1 at Shaft and Toe 1.000/1.000

Friction
kips

0.0
0.0
0.0
36
8.0
13.2
19.2
26.0
33.6
421
513
61.3
72.2
83.8
96.3
109.6
126.9
144.7
163.1
182.0
201.5
2215
242.0
263.0
284.6
306.8
329.4
332.6
336.1
339.2
3424
345.5
349.1
352.2
355.3
358.9
362.0
365.2

End
Bearing
kips

0.0
00
0.0
41
46
5.0
5.5
5.9
6.4
6.9
7.3
7.8
8.2
8.7
9.1
9.6
238.3
2455
252.8
260.1
267.4
2746
281.9
289.2
296.5
303.7
311.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0
345.0

Blow
Count
blows/ft

0.0
0.0
0.0
0.0
0.0
2.0
2.2
2.4
2.6
2.9
34
4.1
4.9
58
6.9
8.2
56.4
61.2
65.8
70.5
75.8
81.3
87.2
93.4
100.9
109.1
118.4
105.9
106.7
107.1
107.8
108.6
109.5
110.2
110.6
111.5
111.9
112.6

Comp.
Stress
ksi

0.000
0.000
0.000
0.000
0.000
17.270
18.182
18.757
18.137
19.478
19.863
20.212
20.584
20.922
21.250
21.627
25437
25612
25712
25.843
25.975
26.121
26.254
26.397
26.418
26.593
26.680
27.026
27.004
27.070
27.078
27.067
27.034
27.067
27127
27126
27.165
27173

GRLWEAP(TM) Version 2005
Tension
Stress Stroke
ksi ft
0.000 10.17
0.000 10.17
0.000 10.17
0.000 10.17
0.000 10.17
-11.075 5.70
-11.676 5.89
-11.874 6.03
-12.036 6.15
-12.023 6.25
-12.013 6.38
-11.941 6.51
-11.847 6.63
-11.701 6.77
-11.532 6.89
-11.388 7.02
-3.193 8.69
-3.417 8.76
-3.651 8.80
-3.864 8.87
-3.996 8.92
-4.080 8.99
-4.148 9.06
-4,140 9.12
-4.124 9.16
-4.158 9.21
-4.203 9.26
-3.269 9.41
-3.282 9.43
-3.305 9.43
-3.321 9.44
-3.337 9.44
-3.349 9.45
-3.356 9.45
-3.375 9.46
-3.384 9.46
-3.393 9.48
-3.406 9.48

Dec 20 2011

ENTHRU
kips-ft

0.0
0.0
0.0
0.0
0.0
226
22.6
24.0
23.7
23.3
23.2
22.8
22.3
219
217
21.5
0.7
20.6
20.5
20.5
207
20.8
20.9
21.0
21.1
21.2
21.2
213
213
214
214
214
214
214
214
214
215
215



Haley & Aldrich, Inc. Dec 20 2011
Bent 7 - Drivability - APE D19-42 GRLWEAP(TM) Version 2005

Gain/Loss 1 at Shaft and Toe 1.000 / 1.000 (Continued)

Ultimate End Blow Comp. Tension
Depth Capacity Friction Bearing Count Stress Stress Stroke ENTHRU
ft kips kips kips blows/ft ksi ksi ft kips-ft
47.0 713.7 368.7 3450 113.6 27.132 -3.411 9.49 21.5

Total Continuous Driving Time  27.00 minutes; Total Number of Blows 1058



Pipe Piles — Lateral Pile Capacity



i 36654-001
HALEY CALCULATIONS e e S
ALDRICH Sheet
Client VHB Date 100CT2011
Project Sewalls Bridge, York, Maine Computed by JLL
Subject Pile Section Properties for FB-MultiPier Analyses Checked by %}
Objective:
Perform lateral analysis of select pile bents.
Approach:
- Use FB-MuitiPier to model/analyze concrete-filled fiberglass and pipe pile group.
- Apply updated loads provided by VHB (in email dated 177AUG2011).
Assumptions:
- Piles are linear-elastic
- Scour depth is 10 ft (but scour does not impact cohesive soils)
- 1/8 inch corrosion reduction applied to outside of pile
- Piles are closed-ended and will be concrete-filied
Model Parameters:
Pile Section Parameters
Gross Section Corroded Section
Component  Diam. (in) t (in) teorr (in) I (in4) A (in"2) E (Ibs/in"2) 1 (in"4) A (in"2) J (in4)
Steel Pipe 30 0.5 0.125 5042 46.3 29000000 3733 35 7467
Concrete 29 N/A N/A 34719 661 3604997 N/A N/A
Composite 30 N/A N/A 9358 128 29000000 8049 117 7467
J calculated from
- Corrosion taken only on the outside of the section. steel only

- 100% of concrete moment of inertia taken in the composite section.

For Moment Capacity Check (consider corroded section steel only)

fy = 45 ksi
0.66*fy = 29.7 ksi
Mall = 7392 kip*in
Mall = 616 Kip*ft
Scorr = 249 inA3

Concrete-Filled Fiberglass Section (if we take concrete only)

Component Width (in) 1(in"4) A (in"2)  E (Ibs/in"2) J (in™4)
Concrete 11.25 1335 126.6 3604997 2256
dimension of concrete according to Steve Hodgdon email dated 11AUG2011

Input cells in this sheet
Used in FB-MultiPier




HALEY&
ALDRICH

CALCULATIONS

Client
Project

Subject

VHB

Sewalls Bridge, York, Maine

Pile Section Properties for FB-MultiPier Analyses

FieNo.  38654-001 |

Sheet

Date AUG2011

Computedby __JLL |

Checked by %ﬂ/j

P-multipliers (static):

S/D R1 R2 R3 and on
3 0.7 0.5 0.35
5 1 0.85 0.7
2.8 0.67 0.47 0.32
3.5 0.78 0.59 0.44

P-multipliers for 2.5D extrapolated (see AASHTO re: interpolation)
P-multipliers from Table 10.7.2.4-1 of AASHTO LRFD 2007

For Sewall's bridge, 30 in diameter piles spaced 7 ft = 2.8D

For Sewall's bridge, 24 in diameter piles spaced 7 ft = 3.5D
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File No. 36654-001
A%«E}fé&ﬁ CALCULATIONS o D
Client VHB Date 180CT2011
Project Sewall's Bridge Computed by JLL
Subject Bent 1 Summary of Results Checked by 6%\\

Files: G:36654-Sewalls Bridge\001\FB-MPienBent 112011-1010-HAL-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-SER | Wind at 60-WITH CONCRETE-D1.XML
G:\36654-Sewalls Bridge\001\FB-MPienBent 112011-1018-HA-Bent 1-30x0_S in PP+Battered 30x0_§ PP-NO SCOUR-STR Ill Wind at 0-WITH CONCRETE-D t.XML
G:\36654-Sewalls Bridge\001\FB-MPier\Bent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5§ PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-D1.in.XML

FB-MultiPier Results for Bent 1

SUMMARY OF RESULTS

AASHTO- | Plumb

LRFD | Pile/ |Batt. Piles x® Ly v Ve | Memse® [ Mm@ | N | Ny @
Limit State Concrete | Concrete

i Fill Fill | Scour |  [in] lin] [Kip] kip] | [kip-f] | [kip-f [kip] fiip]
\?V[izriilat 60 32;‘0'5/ 32:0'5/ none 0.05 0.29 44 17 19 12 55 22
svTi::j'!t . 32;‘0'5/ 32:0'5/ none 0.07 0.06 23 05 6 20 23 1
\?VT"'L\; 60 32:0'5/ 32:0'5/ none 0.06 0.35 6.4 21 23 17 75 30

x - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\36654-Sewalls Bridge\001\FB-MPier\Bent 1\2011-1018-HA!-Bent 1 Summary of Resulls-30x0.5PP+Battered 30x0.5PP-NO SCOUR-WITH CONCRETE-ALL CASES CONSIDERED-D1.xism}Summary




HALEY, I CALCULATIONS e e

ALDRICH Sheet

Client Date

Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by 1S =W

Data File: G\36654-Sewalls Bridge\001\FB-MPieABent 112011-1010-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-SER | Wind at 60-WITH CONCRETE-D1.XML

SER | Wind
at 60 (NO SCOUR) FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in
Battered PP, with concrete)

YA .:.\_ 77 Global Axes

X

Loading Summary:

Location  Node Fx Fy Fz Mx My Mz

[kip] (kip] [kip] (kip-ft] | [kip-ft] (kip-ft]
Top of Cap Beam 2 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 3 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 4 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 5 0.30 0.80 62.20 0.00 0.00 0.00
Midheight of 12°x12" 78 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 117 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 156 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 195 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

x - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_1-30x0_5_in_PP+Battered_30x0_5_in_PP-Nt




File No.

HALEY&: CALCULATIONS
qALDRIC Sheet 3of 5

Client Date

Project Sewall's Bridge Computed by JLL

Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by &:\p

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
SER | Wind PP, with concrete)
at 60 (NO SCOUR)

Deflection vs. Elevation

Data File: c:\36654-Sewalls Bridge\001\FB-MPienBent 112011-1010-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-SER | Wind at 60-WITH CONCRETE-

Transverse Deflection [in]
-0.030 -0.020 -0.010 0.000 0.010 0.020

15

0.030 0.040 0.050 0.060

10

E‘T
-5
E .
o iy
§ 10 .
.
g /
2
w
-15
20 ==@==Element 1, Ux (Transv.)
i === Element 2, Ux (Transv.)
=== Element 3, Ux (Transv.)
-25 - ==p===Element 4, Ux (Transv.)
==p==Element 5, Ux (Transv.)
==0==Element 6, Ux (Transv.)
-30 4
-35

JG:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_1-30x0_5_in_PP+Battered_30x0_5_in_PP-NO_SCOUR-WITH_CONCRETE-SER_|_Wind_at_t




File No.
%&}&& CALCULATIONS S -
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by 6!7\4\)

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
SER | Wind PP, with concrete)

60 (NO SCOUR i i
at 60 ( ) Deflection vs. Elevation

Longitudinal Deflection [in]
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SER | Wind PP, with concrete)
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Shear vs. Elevation

Data File: &:36654-Sewalls Bridge\001\FB-MPierBent 1\2011-1010-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-SER | Wind at 60-WITH CONCRETE-
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Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by £1~w)
FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
SER | Wind PP, with concrete)
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Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by 2 =)

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
SER | Wind PP, with concrete)
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Bending Moment vs. Elevation
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Project Sewall's Bridge Computed by JLL

Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checkedby Z-u)

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
SER I Wind PP, with concrete)
at 60 (NO SCOUR)
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HALEY I CALCULATIONS riee-
AIDRICH Sheet

Client Date

Project Sewall's Bridge Computed by JLL
suject  Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checkedby 4w

Data File: G:136654-Sewalls Bridge\001\FB-MPier\Ben 112011-1018-HAI-Bert 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOLIR-STR il Wind a 0-WITH CONCRETE-D1. XML

STR IlII Wind
at 0 (NO SCOUR) FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in
Battered PP, with concrete)

} \ v, / { Global Axes

QL Q) g

Loading Summary:

Location  Node Fx Fy Fz Mx My Mz
(kip] (Kip] [kip] (kip-ft] | [kip-ft] (Kip-ft]

Top of Cap Beam 2 1.70 0.00 7.00 0.00 0.00 0.00

Top of Cap Beam 3 1.70 0.00 7.00 0.00 0.00 0.00

Top of Cap Beam 4 1.70 0.00 7.00 0.00 0.00 0.00

Top of Cap Beam 5 1.70 0.00 7.00 0.00 0.00 0.00

Midheight of 12°x12" 78 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12°x12" 117 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12"x12" 156 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12"x12" 195 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

X - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_1-30x0_5_in_PP-+Battered_30x0_5_in_PP-Ni
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Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by W

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)

t 0 (NO SCOUR : i
at o ( ) Deflection vs. Elevation
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Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by %/J

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)
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ato( ) Deflection vs. Elevation
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Data File: c:\36654-Sewalls Bridge\001\FB-MPien\Bent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR Il Wind at 0-WITH CONCRETE-
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Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by 172

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)

t 0 (NO SCOUR R
atof ) Shear vs. Elevation

Data File: c:36654-Sewalls Bridge\001\FB-MPierBent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR lll Wind at 0-WITH CONCRETE-
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Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by Zr”\»)

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)

0 (NO SCOUR i
at o ( ) Shear vs. Elevation
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Bending Moment vs. Elevation
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Project Sewall's Bridge Computed by JLL

Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by w

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)
at 0 (NO SCOUR)

Data File: G:\3s654-Sewalis Bridge\001\FB-MPienBent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR Il Wind at 0-WITH CONCRETE-
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! ALDRIC CALCULATIONS

Client

Project Sewall's Bridge

Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete)

File No.
Sheet

Date

Computed by
Checked by

5 of 5

JLL

AN

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR Il Wind PP, with concrete)

t 0 (NO SCOUR . .
ol ) Bending Moment vs. Elevation
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Moment about Longitudinal, My [kip-ft]
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Data File: G:3e654-Sewalls Bridge\001\FB-MPienBent 12011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR il Wind at 0-WITH CONCRETE-
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HALEY ' CALCULATIONS riete.
ALDRICH Sheet

Client Date

Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checkedby  #/F)

Data Fi Ie: G\36654-Sewalls Bridge\001\FB-MPien\Bent 112011-1018-HA!-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-D1.in.XML

STR V Wind
at 60 (NO SCOUR) FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in
Battered PP, with concrete)

\/ /| /, 4 Global Axes
Loading Summary:
Location  Node Fx Fy Fz Mx My Mz
(kip] [kip] (kip] [kip-ft] | [kip-ft] [Kip-ft]
Top of Cap Beam 2 0.30 1.00 83.80 0.00 0.00 0.00
Top of Cap Beam 3 0.30 1.00 83.80 0.00 0.00 0.00
Top of Cap Beam 4 0.30 1.00 83.80 0.00 0.00 0.00
Top of Cap Beam 5 0.30 1.00 83.80 0.00 0.00 0.00
Midheight of 12°x12" 78 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 117 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 156 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 195 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

x - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction
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FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
PP, with concrete)

Deflection vs. Elevation
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FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR V Wind PP, with concrete)

60 (NO SCOUR . .
ateo( ) Deflection vs. Elevation

Data File: G:36654-Sewalls Bridge\001\FB-MPier\Bent 12011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-
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Checkedby S A
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FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR V Wind PP, with concrete)

60 (NO SCOUR i
at 60 ( ) Shear vs. Elevation

Data File: G:\36654-Sewalls Bridge\001\FB-MPier\Bent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-
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FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR V Wind PP, with concrete)
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at 60 ( ) Shear vs. Elevation
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FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR V Wind PP, with concrete)

t 60 (NO SCOUR . .
ool ) Bending Moment vs. Elevation

Data File: c:36654-Sewalls Bridge\001\FB-MPienBent 112011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-
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Data File: c:3s654-Sewalls Bridge'\001\FB-MPier\Bent 1\2011-1018-HAI-Bent 1-30x0_5 in PP+Battered 30x0_5 PP-NO SCOUR-STR V Wind at 60-WITH CONCRETE-

Bending Moment vs. Elevation

File No.

HALEY CALCULATIONS
WALDRI(%‘ Sheet 5 of 5

Client Date

Project Sewall's Bridge Computed by JLL

Subject Pile Group Analysis of 30 in Pipe Piles (No Concrete) Checked by %A)

FB-MultiPier Results for Bent 1 (30x0.5 in PP & 30x0.5 in Battered
STR V Wind PP, with concrete)
at 60 (NO SCOUR)

Elevation [ft]

15

10

-15

Moment about Longitudinal, My [kip-ft]

-20 -15 -10 -5 0 5 10 15 20
e
ﬁ",
ﬁ
v

1| ==e==Element 6, My

=@=Element 1, My
==t==Element 2, My
==p== Element 3, My
==4==Element 4, My

=== Element 5, My

N,

G:\PROJECTS\36654 - Sewall's Bridge. York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_1-30x0_5_in_PP+Battered_30x0_5_in_PP-NO_SCOUR-WITH_CONCRETE-STR_V_Wind_at_
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File No. 36654-001
AT CALCULATIONS oot ]
Client VHB Date 180CT2011
Project Sewall's Bridge Computed by JLL
Subject Bent 2 Summary of Results Checked by 6\"/\/\)

Files: G:\36654-Sewalls Bridge\001\FB-MPienBent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-D1.XML
G:\36654-Sewalls Bridge\001\FB-MPier\Bent 2\2011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Il Min Wind at 0-WITH CONCRETE-D1.XML
G:\36654-Sewalls Bridge\001\FB-MPienBent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCRETE-D1.XML

FB-MultiPier Results for Bent 2

SUMMARY OF RESULTS
AASHTO- | Plumb
LReD | Piler  [Batt. Piles Dy v | Ve | Mems® | Myma® [ Now @ Ny @
Limit State Concrete | Concrete
Fill Fill Scour [in] [in] [kip] kip] Ikip-ft] | [kip-ft] [kip] Ikip]
SER | 30x0.5/ 130x0.5/ 144 g 0.07 0.36 3.0 28 28 14 57 18
Wind at 60 ]yes yes
STRII S0x0.5/ [30x0.8/ 144 ¢ 0.12 0.10 3.1 1.1 1 27 23 -4
Windat0 |yes yes
STRV ~|30x0.5/ 130x0.5/ |6 ¢ 0.08 045 43 33 34 16 78 28
Wind at 60 |yes yes

x - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\36654-Sewalls Bridge\001\FB-MPier\Bent 21[2011-1018-HAI-Bent 2 Summary of Results-30x0.5PP+Battered 30x0.5PP-10 ft SCOUR-WITH CONCRETE-ALL CASES CONSIDERED-D1.xIsm}Summary




HALEY I CALCULATIONS e e
A[DR‘[("H Sheet

Client Date

Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by EFVJ

Data File: G:136654-Sewalls Bridge\001\FB-MPieABent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-D1.XML

SER | Wind
at 60 (10' SCOUR) FB-MultiPier Results for Bent 2
(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

—

é

| |
3

Global Axes
hey

Loading Summary:

Location  Node Fx Fy Fz Mx My Mz

[kip] [kip] [kip] [kip-ft] [ [kip-ft] [kip-ft]
Top of Cap Beam 2 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 3 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 4 0.30 0.80 62.20 0.00 0.00 0.00
Top of Cap Beam 5 0.30 0.80 62.20 0.00 0.00 0.00
Midheight of 12"x12" 77 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 116 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 155 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 194 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

X - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-1(




HALEY&z,

File No.

Data File:

at 60 (10' SCOUR)

ALDRIC CALCULATIONS Sheet 5 of 5
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checkedby  £Fw)
FB-MultiPier Results for Bent 2
SER | Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

Deflection vs. Elevation

G:\36654-Sewalls Bridge\001\FB-MPien\Bent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

Elevation [ft]

-0.020
20

Transverse Deflection [in]
-0.010 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080

10

[

-10

.{-‘/“j

==@==Flement 1, Ux (Transv.)
==tr==Element 2, Ux (Transv.)
==p==Element 3, Ux (Transv.)
==p==FElement 4, Ux (Transv.)
=== Element 5, Ux (Transv.)

==0==Element 6, Ux (Transv.)

JG:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_tt_SCOUR-WITH_CONCRETE-SER_|_Wind_at




at 60 (10' SCOUR)

Deflection vs. Elevation

Data File: 6:\36654-Sewalls Bridge\001\FB-MPienBent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

%{%{C&:‘l CALCULATIONS :::c’ -
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by 5""\/3
FB-MultiPier Results for Bent 2
SER | Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

Elevation [ft]

-0.050 0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400
20
10
0 oo 5
5
A4 J'
-10 /’
-20 {
;- =@=Flement 1, Uy (Long.)
-30 g === Element 2, Uy (Long.) [
g === Element 3, Uy (Long.)
§§ «=¢==Element 4, Uy (Long.)
S === Element 5, Uy (Long.)
-40 —o=Element 6, Uy (Long.) ||
-50

Longitudinal Deflection [in]

JG:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\{2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_In_PP-10_ft_SCOUR-WITH_CONCRETE-SER_I_Wind_at




HALEY&:

File No.

at 60 (10' SCOUR)

Shear vs. Elevation

(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

Data File: G:36654-Sewalls Bridge\001\FB-MPienBent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_S in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

ALDRIC CALCULATIONS Sheet 4of s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by a”t)
FB-MultiPier Results for Bent 2
SER | Wind

Elevation [ft]

-4.00
20

-3.00 -2.00

Transverse Shear [kips]

-1.00 0.

00

1.00 2.00

3.00

10

P

==¢==Element 1, VX (Transv.)
==ft==Element 2, Vx (Transv.)
=== Element 3, Vx (Transv.)
=== Element 4, VX (Transv.)
=== E|ement 5, Vx (Transv.)

==0==Flement 6, Vx (Transv.)

&

o

/

§G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_fi_SCOUR-WITH_CONCRETE-SER_I_Wind_at




File No.
%ﬁ}&& CALCULATIONS Shoat i s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by &ad

FB-MultiPier Results for Bent 2
SER | Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR i
at 60 ( ) Shear vs. Elevation

Data File: :36654-sewalls Bridge\001\FB-MPienBent 212011-1010-HAI-Bent 2-30x0_5 in PP+30x0_S in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

Longitudinal Shear [kips]
-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
20
10
0
==¢==F|ement 1, Vy (Long.)
==s==Element 2, Vy (Long.)
i ==p==E|ement 3, Vy (Long.)
= -10 i ==m=Flement 4, Vy (Long.) [
e =e=Element 5, Vy (Long.)
-.% =0==Element 6, Vy (Long.)
3
. %
m
-30 \‘?
o ’;,_0
-40
-50

HG:\PROJECTS\BGG& - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-SER_|_Wind_at




!HALEY&
ALDRIC

CALCULATIONS

Client

Project Sewall's Bridge

Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete)

File No.
Sheet _ 505 |
Date

Computedby ___ JLL |

Checked by W

SER | Wind
at 60 (10' SCOUR)

FB-MultiPier Results for Bent 2

(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)
Bending Moment vs. Elevation

Data File: 6:36654-sewalls Bridge\001\FB-MPier\Bent 2:2011-1010-HA-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

20

10

-10

Elevation [ft]

Moment about Transverse, Mx [kip-ft]

-20 -15 -10

-5 0

N

F d

=@==FElement 1, Mx
=== Element 2, Mx
epimm Element 3, Mx
=== Fijement 4, Mx
=== Element 5, Mx

—=g==Element 6, Mx

B

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\f2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-SER_|_Wind_at




File No.
HALEY&z CALCULATIONS
ALDRIC Sheet 50f 5
Client Date
Project Sewall's Bridge Computed by JLL

Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete)

Checkedby AL

FB-MultiPier Results for Bent 2

at 60 (10' SCOUR)

Data File: c:36654-Sewalls Bridge\001\FB-MPier\Bent 212011-1010-HAI-Bent 2-30x0_5 inl PP+30

SER | Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)
Bending Moment vs. Elevation

x0_5 in PP Batter-10 ft SCOUR-SER | Wind at 60-WITH CONCRETE-

Moment about Longitudinal, My [kip-ft]
-15 -10 -5 0 5 10 15
20
10 [a 2
M.,f:”"
0
= -10 i~
E
c
o
.ﬁ ==@==FElement 1, My
E’ === Element 2, My
w -20 1 —
==p==Element 3, My
=¢==Flement 4, My
==pe==EJement 5, My
30 | - - ==o==Element 6, My | |
[ ¢
-40
-50

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\{2011-1010-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-SER_|_Wind_at




HALEY I CALCULATIONS rlie e
ALDRICH Sheet

Client Date

Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by

Data Fi Ie: G:\36654-Sewalls Bridge\001\FB-MPienBent 21201t-1018-HAl-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Il Min Wind at 0-WITH CONCRETE-D1. XML

STR Il (Min) Wind
at 0 (10' SCOUR) FB-MultiPier Results for Bent 2
(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

Global Axes
E Y

Loading Summary:

Location  Node Fx Fy Fz Mx My Mz

[kip] [kip] [kip] [kip-ft] | [kip-ft] [kip-ft]
Top of Cap Beam 2 1.70 0.00 7.00 0.00 0.00 0.00
Top of Cap Beam 3 1.70 0.00 7.00 0.00 0.00 0.00
Top of Cap Beam 4 1.70 0.00 7.00 0.00 0.00 0.00
Top of Cap Beam 5 1.70 0.00 7.00 0.00 0.00 0.00
Midheight of 12°x12" 77 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12°x12" 116 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12°x12" 155 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of 12°x12" 194 0.64 0.48 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

x - Bridge transverse direction
y - Bridge longitudinal direction
Z - Vertical direction

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-1(




File No.
E{%ﬁ}&& CALCULATIONS Shee s s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by A

FB-MultiPier Results for Bent 2
STR Il (Min) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 0 (10' SCOUR N N
ato( ) Deflection vs. Elevation

Data File: c:\3s654-Sewalls Bridge\001\FB-MPien\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_S in PP Batter-10 t SCOUR-STR 11l Min Wind at 0-WITH GONGRE

Transverse Deflection [in]
-0.020 0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140
20
10
o’
"
0 g -
N A
p j e
—-10 ‘4
E ) ¢
c h
L
®
>
(]
i -20
=@=Flement 1, Ux (Transv.)
-30 =t=[Element 2, Ux (Transv.)
=== Element 3, Ux (Transv.)
e=p==Element 4, Ux (Transv.)
==p==Element 5, Ux (Transv.)
-40 ==0==E|ement 6, Ux (Transv.)
-50

G:\PROJECTS\36654 - Sewall's Bridge, Yorki001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP-+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_IlI_Min_W




File No.
IAII%EEE:& CALCULATIONS Shee e
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by afu.)

FB-MultiPier Resulits for Bent 2
STR Il (Min) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 0 (10' SCOUR H i
at o ( ) Deflection vs. Elevation

Data File: G:36654-Sewalls Bridge\001\FB-MPier\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR lll Min Wind at 0-WITH CONCRE

Longitudinal Deflection [in]
-0.020 0.000 0.020 0.040 0.060 0.080 0.100 0.120
20 t
10 .
o,
!_‘4 -/J...,""“
0 v s
"
“ f =~
- -10 {r
E
c
2
g
[V]
w -20
=@==FElement 1, Uy (Long.)
-30 ==tr==Element 2, Uy (Long.) [
==p==Flement 3, Uy (Long.)
==¢==Flement 4, Uy (Long.)
==we=Element 5, Uy (Long.)
-40 o= Element 6, Uy (Long.) |]
-50

JG:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_III_Min_W




[Aii%g%:&lfl{ CALCULATIONS :: :o.
Client o

Project Sewall's Bridge Computd by
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by

4 of 5

JLL

A

STR Il (Min) Wind
t 0 (10' SCOUR i
ato ( ) Shear vs. Elevation

FB-MultiPier Results for Bent 2
(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

2.00

Transverse Shear [kips]
-4.00 -3.00 -2.00 -1.00 0.00 1.00
20
10
0
10 ‘k
E !
s ;
E e=g==Element 1, Vx (Transv.) '_'!
ﬁ -20 === Element 2, Vx (Transv.) 0 >
==¢=Element 3, Vx (Transv.)
==@=Flement 4, Vx (Transv.)
==p==Element 5, Vx (Transv.)
-30 —o=Element 6, Vx (Transv.) '
-‘-H
-40
-50

Data File: G:\3s654-Sewalls Bridge\001\FB-MPienBent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Il Min Wind at 0-WITH CONCR

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_III_Min_W




File No.
%ﬁ}&& CALCULATIONS S i s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by w

FB-MultiPier Results for Bent 2
STR Il (Min) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 0 (100 SCOUR i
at o ( ) Shear vs. Elevation

Data File: G:\3es54-Sewalls Bridge\001\FB-MPier\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Il Min Wind at 0-WITH CONCRE

Longitudinal Shear [kips]
-060 -040 -020 0.00 0.20 0.40 0.60 0.80 1.00 1.20

20
10 ~
£
[
|
’ )
0 —
[ ? ==¢==F|ement 1, Vy (Long.)
- : ~=Element 2, Vy (Long.)
3 ==p==FElement 3, Vy (Long.)
= -10 ”)(L =@=Ejement 4, Vy (Long.) [
e ){1 === Element 5, Vy (Long.)
-% p 4 —o—Element 6, Vy (Long.)
>
2
[FH]

[
y

\\an-.

-30 ™
N
o

2
@

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_IlI_Min_W




File No.
HALEY
ALDRIC&# CALCULATIONS

Sheet _50of5 |
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by QF\/J

FB-MultiPier Results for Bent 2
STR Il (Min) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 0 (10' SCOUR . .
atol ) Bending Moment vs. Elevation

Data File: c:\3g654-sewalls Bridge\001\FB-MPier\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Ill Min Wind at 0-WITH CONCR

Moment about Transverse, Mx [kip-ft]
-12 -10 -8 -6 -4 -2 0 2
20
10 )
‘.f.'f
0
- -10
E
c
)
-
2
w -20 A
=@==FElement 1, Mx
=== Element 2, Mx
k\' =t Element 3, Mx
-30 -—%
X ==g=Element 4, Mx
=== Element 5, Mx
=== Element 6, Mx
"""5* LT}
-40
-50

G\PROJECTS\36654 - Sewall's Bridge, Yorki001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_IIl_Min_W




JG:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-10_ft_SCOUR-WITH_CONCRETE-STR_III_Min_W

Data File:

at 0 (10' SCOUR)

Bending Moment vs. Elevation

G:\36654-Sewalls Bridge'001\FB-MPier\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR Il Min Wind at 0-WITH CONCR

Elevation [ft]

20

10

-10

-20

Moment about Longitudinal, My [kip-ft]

15 -10

-5

0

5 10 15

\

===Flement 1, My
=== Element 2, My
==p==FElement 3, My
==¢==Element 4, My
=== Element 5, My

==0==Element 6, My

File No.
%ﬁ%&[_ﬁi CALCULATIONS e e o s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by f/FvJ
FB-MultiPier Results for Bent 2
STR I (Min) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)




HALEY I CALCULATIONS rie e

Al DRICH Sheet

Client Date

Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by £l

Data File: G:136654-Sewalls Bridge\001'FB-MPie\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-S5TR V Max Wind at 60-WITH CONCRETE-Dt XML

STR V (Max) Wind
at 60 (10' SCOUR) FB-MultiPier Results for Bent 2
(30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

Global Axes
g

Loading Summary:

Location  Node Fx Fy Fz Mx My Mz
[kip] [kip] [kip] [kip-ft] | [Kip-ft] [kip-ft]

Top of Cap Beam 2 0.30 1.00 83.80 0.00 0.00 0.00

Top of Cap Beam 3 0.30 1.00 83.80 0.00 0.00 0.00

Top of Cap Beam 4 0.30 1.00 83.80 0.00 0.00 0.00

Top of Cap Beam 5 0.30 1.00 83.80 0.00 0.00 0.00

Midheight of 12°x12" 77 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 116 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12°x12" 155 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of 12"x12" 194 0.64 0.32 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 89 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 128 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 167 0.10 0.06 0.00 0.00 0.00 0.00
Midheight of Exposed 30 in PP 206 0.10 0.06 0.00 0.00 0.00 0.00

X - Bridge transverse direction
y - Bridge longitudinal direction
z - Vertical direction

G:\PROJECTS\36654 - Sewall's Bridge, York\001\Calculations\2011-1024 fixity\[2011-1018-HAI-Bent_2-30x0_5_in_PP+Battered_30x0_5_in_PP-1(




File No.
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Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checkedby  ZH#ULS

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR . N
at 60 ( ) Deflection vs. Elevation

Data File: c:36654-Sewalls Bridge\001\FB-MPier\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCE

Transverse Deflection [in]
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h&l‘%ﬁ?&& CALCULATIONS S s o s
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by ?/\//l/\)

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR . .
at60 ( ) Deflection vs. Elevation

Data File: a:36654-Sewalls Bridge'001\FB-MPierBent 212011-1018-HAI-Bent 2-30x0_S in PP+30x0_5 in PP Batter-10 #f SCOUR-STR V Max Wind at 60-WITH CONCF

Longitudinal Deflection [in]
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—o—Element 6, Uy (Long.) |]
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Sheet __40of5 |
Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by m

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR i
at 60 ( ) Shear vs. Elevation

Data File: 6:36654-Sewalls Bridge\001\FB-MPien\Bent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCE

Transverse Shear [kips]
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Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by %ﬂ/\}

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR i
at 60 ( ) Shear vs. Elevation

Data File: c:\36654-Sewalls Bridge\001\FB-MPierBent 212011-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCF

Longitudinal Shear [kips]
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Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by ﬂ:vj

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

t 60 (10' SCOUR . .
at ol ) Bending Moment vs. Elevation

Data File: 6:\36654-Sewalls Bridge\0O01\FB-MPier\Bent 21201 1-1018-HAI-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCF

Moment about Transverse, Mx [kip-ft]
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Client Date
Project Sewall's Bridge Computed by JLL
Subject Pile Group Analysis of 30 in Pipe Piles (With Concrete) Checked by W

FB-MultiPier Results for Bent 2
STR V (Max) Wind (30x0.5 PP with 30x0.5 Battered PP, Piles are concrete-filled)

160 (10' SCOUR . ]
ateol ) Bending Moment vs. Elevation

Data File: c:\3s654-sewalls Bridge\001\FB-MPier\Bent 212011-1018-HAl-Bent 2-30x0_5 in PP+30x0_5 in PP Batter-10 ft SCOUR-STR V Max Wind at 60-WITH CONCF

Moment about Longitudinal, My [kip-ft]
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