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Section 1 EXECUTIVE SUMMARY 

Introduction 

The purpose of this report is to provide geotechnical recommendations for the design of the 
foundations for support of Bridge C-07-001(437) with a movable bascule span carrying Bridge 
Street over Mitchell River. 

The recommended bridge alternative consists of completely demolishing and replacing the 
existing bridge superstructure and substructures.  The new bridge will consist of three 26’-11” 
approach spans to the west followed by a 15’-6” bascule pier, 33’-9” lift span and two additional 
32’-6” approach spans to the east.  The proposed bridge replacement will span 195’-0” total from 
centerline to centerline of bearings on its abutments.  The existing profile will be raised in order 
to provide additional freeboard for a 10 year tidal flood. 

The bascule span will be supported on a fully enclosed reinforced concrete bascule pier, which 
will include walls around the perimeter of the pier, pedestals to support the operating machinery, 
platforms to provide maintenance access to the equipment, and a footing.    The rest pier for the 
bascule leaf span will be a fully enclosed reinforced concrete type pier, and the piers for the 
approach spans will be open type pile bents. 

Subsurface Conditions 

Five test borings have been drilled for the purpose of this report.  Sandy fill, river bottom 
material, medium dense sand, and very stiff clay underlain by dense to very dense sand layers 
are present across the site.  The groundwater levels in the boreholes are observed to correspond 
approximately to the water levels during low and high tide conditions in the Mitchell River, 
which varied between elevations -2.4 feet and 1.6 feet (NAVD 88) during the mean low and 
mean high water, respectively. 

Recommended values of geotechnical parameters for analysis and design of abutments, 
wingwalls and retaining walls are presented in the following table: 

Total Unit Weight of Embankment Fill 125 pcf 

Retained Soil Internal Friction Angle 32 degrees 

Active Earth Pressure Coefficient, Ka 0.31 

“At-Rest” Earth Pressure Coefficient, Ko 0.47 

Passive Earth Pressure Coefficient, Kp 3.25 

Dynamic Earth Pressure Coefficient, Kae 0.34 

Interface Friction Angle – Concrete with Backfill or 
Foundation Soil 

20 degrees 

 
The earth pressure coefficients do not include consideration of hydrostatic pressures, and assume 
that the walls are properly back-drained to prevent build-up of hydrostatic pressures. 
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For seismic design, the subsurface condition at this site can be classified as Site Class D for stiff 
soils as determined using SPT N-values (AASHTO Interim 2008 Article 3.10.3).  In addition, 
based on density of the sand layers below the water table, liquefaction of soils at the proposed 
bridge location will generally not be a concern.  Bridge replacement for bridge C-07-001 should 
be categorized as Seismic Design Category A (SDC A) as per the AASHTO Guide 
Specifications for LRFD Seismic Bridge Design and subsequently should require minimal 
seismic design and detailing. 

Based on the results of a scour analysis and consideration of the mud line elevations at different 
substructure locations the recommended maximum scour elevations can be summarized as 
follows: 

  Abutments    El. -10 feet 
  Approach Piers including Rest Pier El. -15 feet 
  Bascule Span Pier   El. -21 feet  

Recommended Foundation System 

Considering the subsurface conditions at the project site and that the approach spans are 
proposed to be supported on open bent type piers, the most suitable deep foundation for the 
replacement bridge consists of closed-end concrete filled steel pipe piles.  The pile capacity will 
be derived mostly from soil frictional resistance in the medium dense sand and very stiff clay 
below the river bottom deposit.  In order to obtain the required pile capacities the minimum 
required pile tip elevation is estimated to range from about Elevation -70 feet to -75 feet.  
However, the final pile tip elevations to obtain the design factored resistance should be based on 
the driving criteria established based on the results of dynamic testing (ASTM D4945) 
performed using the Pile Driving Analyzer (PDA). 

Derived soil resistance within the potential scour depth should be ignored when calculating the 
design factored resistance to ensure that design load can safely be supported below the maximum 
probable scour depth.  However, the ignored soil resistance should still be included when 
calculating the nominal resistance to be obtained during the dynamic testing.  Considering that 
obstructions may be within the fill layer, to reduce vibrations in locations close to existing 
structures and subsurface utilities, and to reduce abrasion of pile coating; it is recommended that 
the piles be driven within pre-augured holes.  The bottoms of the pre-augured holes should be at 
the same elevation as the maximum scour depth.  It is recommended that each pile tip be 
reinforced with a drive point, or shoes to prevent twisting, buckling, or tearing of the pile 
section. 

It is recommended that the steel pipe piles conform to ASTM A252, Grade 3 (45 ksi minimum 
yield strength), and be coated with a minimum 16 mils application of fusion bonded epoxy that 
extends up to the maximum scour elevation.  In addition, considering the anticipated driving 
stresses on the piles and to provide a secondary corrosion protection, the recommended 
minimum shell thickness of the piles should be 0.5 inch. 
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Based on the anticipated loads and the required structural resistances, it appears that the larger 
pipe piles with a 16-inche nominal diameter will be selected.  Therefore, a summary of the 
estimated minimum tip elevation, axial compression and uplift resistances are provided in the 
following table for a 16-inch nominal diameter closed-end concrete filled steel pipe piles.    

Pile Location 

Estimated 
Minimum Tip 

Elevation 

(feet) 

Total Factored Axial 
Compression 
Resistance for 

Strength Limit State 

(LRFD Strength 1) 

(kips) 

Nominal Axial 
Compression 

Resistance During 
Dynamic Testing 

(kips) 

Total Factored 
Uplift Resistance 
for Strength Limit 

State 

(LRFD Strength 1) 

(kips) 

West Abutment -70 160 265 85 

West Approach 
Piers -70 140 220 70 

Bascule / Rest Pier 
-70 130 205 65 

-75 140 220 70 

East Approach Piers -70 130 205 65 

East Abutment -70 140 235 70 

 

Construction Considerations 

In accordance with AASHTO LRFD (Table 10.5.5.2.3-1), at least two dynamic tests (ASTM 
D4945) should be performed at every bridge substructure location (abutments and piers) in order 
to establish the final driving criteria corresponding to the required nominal pile resistance.  As 
per ASHTO LRFD Table 10.5.5.2.3-1, a resistance factor of 0.65 should be used to estimate the 
factored pile resistance.  Wave equation analyses should be performed to evaluate preliminary 
driving criteria and define requirements for the size of the pile hammer to drive the piles to their 
minimum tip elevation. 

It is anticipated that cofferdams will be required for construction of the abutments, the bascule 
pier and the rest pier.  Existing piles should be cut-off a minimum of 2 feet below the mud line or 
completely removed where required to avoid interference with the proposed pile foundations.  
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Section 2 INTRODUCTION 

2.1 SCOPE 

The purpose of this report is to provide geotechnical recommendations for the design of the 
foundations for support of Bridge C-07-001 (437) carrying Bridge Street over Mitchell River. 

2.2 PROJECT BACKGROUND AND PROPOSED CONSTRUCTION 
The project consists of complete replacement of Bridge Number C-07-001 (437) that carries 
Bridge Street over the Mitchell River in the town of Chatham.  The bridge is located on Bridge 
Street, between Stage Harbor Road and the intersection of Main Street and Morris Island Road 
(see the locus plan in Appendix A).  Elevations in this report are referenced to the North 
American Vertical Datum of 1988 (NAVD 88).   

2.2.1 Existing Structure  
Originally constructed in the mid 1800’s, the bridge has been reconstructed several times, most 
recently in 1980.  In a letter dated January 12, 2010 the Massachusetts Historic Commission 
determined that the existing structure does not meet the criteria for the National Register of 
Historic Places as it is less then 50 years of age. 

The bridge has a curb-to-curb width of 24’-0” and carries one traffic lane in each direction. For 
spans two through seven and nine through eleven there are 6’-9” wide sidewalks on both sides of 
the bridge and 14” x 8” timbers separating the sidewalk from the roadway on both sides. The 
total out-to-out width of the bridge within these spans is 37’-6”. For spans one, eight and twelve 
there are 3’-9” wide sidewalks on both sides of the bridge and 14” x 8” timbers separating the 
sidewalk from the roadway on both sides. The total out-to-out width of the bridge within these 
spans is 31’-6”. The superstructure consists of a twelve span timber trestle structure including 
span eight, the bascule type lift span. The decking is composed of 4” timber decking with a 3” 
timber wearing surface.  The overall length of the superstructure is 192’, with a bascule span 
length of 23’-0”.   The bridge currently provides a navigable channel width of 19’-4” and an 
unlimited vertical clearance with the bascule span in the open position and approximately 7’-4” 
of vertical clearance with the bascule span in the closed position.  The substructure consists of 
concrete abutments with timber piles and timber pier caps founded on timber piles. 

The bascule span is elevated by lift hoists that are located in the sidewalks on the east end of the 
span and an electrical control cabinet is located on the northwest side of the bridge.  The bridge 
is equipped with electrically operated wood frame safety gates and traffic signals on both 
approaches. 

The existing bridge has a 3” diameter electrical conduit mounted to the north side of the 
superstructure used for bridge operation.  At the bascule span, the conduit is submerged in the 
water and runs along the channel bottom.  There are no overhead utility poles across the bridge. 
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2.2.2 Description of Proposed Construction 

The recommended bridge alternative consists of completely demolishing and replacing the 
existing bridge superstructure and substructure.  The new bridge will consist of three 26’-11” 
approach spans to the west followed by a 15’-6” bascule pier, 33’-9” lift span and two additional 
32’-6” approach spans to the east.  The proposed bridge replacement will span 195’-0” total from 
centerline to centerline of bearings on its abutments.  The existing profile will be raised in order 
to provide additional freeboard for a 10 year tidal flood. 

The approach span superstructure will consist of multiple glulam timber beams with a 5 ¼” 
glulam panel structural deck and a 3” timber wearing surface.  The bascule single leaf 
superstructure will consist of a 3” timber wearing surface mounted on a custom 8” deep steel 
open grid deck.  The roadway deck will be supported on a steel framing system comprised of 
stringers, floorbeams, and two variable depth main girders.    

The approach span superstructure will be 45’-2 ½” wide out-to-out with 26’-0” clear roadway 
curb-to-curb.  The approach spans will have 7’-0” wide sidewalks on each side of the roadway.  
The roadway width of the bascule span will match that of the approach spans.  However, the 
sidewalk widths on the bascule span will be 5’-0” wide.  The traffic railings separating roadway 
from sidewalks will consists of crash-tested (TL-2) glulam timber railing with curb.  The bascule 
span will provide a minimum horizontal clearance of 25’-0” between fenders, a minimum 
vertical clearance of 7’-2” above mean high water with the leaf in the lowered position and 
unlimited vertical clearance with the leaf in the fully raised position.     

The bascule span will be supported on a fully enclosed reinforced concrete bascule pier, which 
will include walls around the perimeter of the pier, pedestals to support the operating machinery, 
platforms to provide maintenance access to the equipment, and a footing.    The rest pier for the 
bascule leaf span will be a fully enclosed reinforced concrete type pier, and the piers for the 
approach spans will be open type pile bents. 

2.3 REPORT ORGANIZATION 

This report is divided into six sections and prepared in general accordance with Section 2.5.2 of 
the MassDOT Bridge Manual.  The Executive Summary is the first section.  Following this 
introductory Section 2, a description of the subsurface conditions, design soil parameters and 
earthquake considerations are presented in Section 3.  Our engineering evaluations and 
recommended foundation system are presented in Section 4, and construction considerations are 
presented in Section 5.  Finally, the limitations of this study are described in Section 6.   

Figures, boring logs, and calculations are included in appendices. 
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Section 3 SUBSURFACE CONDITIONS 

3.1 LOCAL GEOLOGY 

The geologic history of Cape Cod, where the town of Chatham is located, mostly involves 
the advance and retreat of the last continental ice sheet and the rise in sea level that followed 
within the last 25,000 years. During their retreat, the glaciers deposited soil and rock debris 
called glacial deposits or drift, which filled the bedrock basin in the area.  On Cape Cod, the 
bedrock is buried by glacial deposits ranging in thickness from at least 200 to more than 600 
feet.  The surficial geology at the bridge location generally consists of thick outwash deposits 
from melting glaciers, which form stratified drift of various soil particle sizes.  Sand and 
gravel are sorted and stratified by meltwater flowing in streams and draining the glacier.  The 
clay and silt-sized particles are carried by the meltwater streams into relatively calm waters 
in a glacio-lacustrine (glacial lakes) or glacio-marine (the sea) environment, where they settle 
out according to the particle sizes.  Over several re-advancements and retreats of these ice 
fronts, the deposits formed the subsurface profile encountered at the bridge site.  Finally, 
more recent saltwater organic sediments and alluvial soils were deposited on top of the 
glacial outwash, in tidal marshes or estuary and modern day floodplains of major rivers and 
streams. 

3.2 SUBSURFACE INVESTIGATION PROGRAM 

The subsurface investigation program for this bridge consists of nine borings (denoted as 
BB-1 through BB-9 on the boring plan in Appendix B), five of which being primary borings 
(BB-1 through BB-5) and four being complimentary borings (BB-6 through BB-9).  Two of 
the primary borings were located on the embankment behind the existing bridge abutments, 
with the additional three borings located in the riverbed near the proposed new bridge piers.  
These five borings were completed under the direction of URS Corporation in April of 2010.  
Two of the complimentary borings will be located on the embankment with the additional 
two borings being located currently in the riverbed.  The four complementary borings have 
not been performed as of this report preparation, and will not be performed unless deemed 
necessary.  Additional understanding of the subsurface conditions was obtained from the 
available reconstruction plans of the existing bridge.  The plans, dated May 1980, indicate 
that four borings were performed prior to construction of the existing bridge. The borings 
were located at the east abutment as well as bents 2, 4 and 6. 

Standard penetration tests (SPT), consisting of a 140-pound hammer dropping 30 inches on a 
standard 2-inch diameter (OD) split-spoon sampler, were used to establish the soil 
consistency and collect soil samples at regular intervals.  The SPTs were typically performed 
at five foot intervals of depth, except at BB-2 and BB-3 where SPTs were performed at ten 
foot intervals after depths of 50 and 60 feet, respectively.  Bedrock was not encountered in 
any of the borings.  The original borings for the existing bridge indicate what appeared to be 
hard or very dense materials at the bottom of each bore hole, identified as “ledge or boulder”.  
However, our current investigation did not encounter this condition and determine it as part 
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of a different soil layering at the site.  All drilling and sampling operations associated with 
these borings were performed in the presence of URS’s inspector, Mr. Aleksandar 
Marinkovic.  In addition, the soil samples were visually classified by the URS field inspector 
using the Unified Soil Classification System (USCS) and placed in labeled sample jars.  The 
borings were performed by New Hampshire Boring Inc., of Londonderry, New Hampshire.  
The boring logs are presented in Appendix D. 

Laboratory tests were also performed on selected representative soil samples obtained from 
the borings for the purpose of confirming the visual field soil classification, and to assist in 
engineering evaluations.  These tests consisted of three grain size analyses (sieve analyses); 
the results are included in Appendix D.      

3.3 GENERALIZED SUBSURFACE PROFILES 

The subsurface profile below the embankment fill and river bed consists of a loose/soft layer 
of marsh and river bottom material containing mixtures of fine sand and silt with traces of 
organics, shells and gravel.  This layer represents the natural top soil before the current 
bridge was built.  This layer is underlain by thick inter-bedded layers of medium dense to 
very dense sand, and stiff to hard clay and silt.  The consistencies of these layers generally 
increase with depth.  A generalized subsurface profile was developed longitudinally in the 
direction of the bridge as shown in Appendix C.  The subsurface conditions can generally be 
described from the ground surface to the limiting depth of the borings as follows: 

Fill 

The upper 8 to 10 feet of soils behind the existing bridge abutments consist of sandy fill 
likely placed during construction of the approach roadways and existing bridge abutments.  
This fill encountered in the borings consisted of loose fine to coarse sand (i.e. SPT N-values 
of 2 blows per foot) with varying amounts of gravel.  It is assumed that this low consistency 
is not reflective of the embankment consistency in general, but may be due to the drilling 
action very close to the abutment walls. 

River Bottom Sediment 

This material primarily comprise of water-sorted fine sands and silts that were deposited in 
river or marsh tidal estuaries on top of the older alluvium and glacial outwash.  It was 
encountered as about a 4 to 10 foot thick layer below fill in the abutment borings, and at the 
mudline in the river borings.  This deposit consists of loose or soft fine sand and silts with 
traces of organics, shells and gravel.  N-values ranged from 2 to 12 blows per foot. 
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Medium Dense Sand 

Medium dense sandy soil layers between 6 to 21 feet thick were encountered beneath the 
marsh and river bottom material, down to approximately El.-50 feet.  The composition of this 
material ranged from silty fine sand to fine to coarse sand, and was brown to grey in color.  
The SPT N-values determined in these layers ranged between 6 and 66 blows per foot, with 
the majority of the N-values ranging from 10 to 30 blows per foot. 

Very Stiff Clay and Silt 

Very stiff gray clay and silt layers were also encountered beneath the marsh and river bottom 
material, and inter-bedded with the sand layers down to approximately El.-50 feet as shown 
in the surface profile in Appendix C.  Where encountered, the thickness of these layers 
ranges from about 4 to 13 feet.  N-values varied from 9 to 45 blows per foot, with the 
majority over 15 blows per foot. 

Dense to Very Dense Sand 

A relatively thick gray fine sand layer with some traces of inorganic silt was encountered 
below approximately El.-50 feet.  The top 5 to 10 feet of this layer appeared to have a 
medium dense consistency, as well as some zones within the layer.  However, the general 
consistency of this layer is regarded as dense with SPT N-values in the range of 25 to 108 
blows per foot.  Below approximately El.-120 feet, a discontinuous layer of very dense fine 
to coarse sand was encountered in the deepest boring performed to date (Boring BB-3). 

3.4 GROUNDWATER CONDITIONS 

The Mitchell River at the project site is a tidal estuary that flows to the south on an ebbing 
tide.  The existing channel is lined with rip-rap and rock fill in the vicinity of the bridge and 
surrounded by salt marshes and low rolling hills.  The elevation of the channel water varies 
from -2.4± feet at mean low tide, and +1.6± feet at mean high tide (see Appendix C figure).  
Groundwater was measured in the abutment borings BB-1 and BB-2 at approximately 7 and 
5.4 feet below the roadway surface, respectively. These measurements correspond with a 
high tide condition.  At the time of drilling BB-5 in the river, the water elevation measured in 
the boring was 13 feet below the roadway surface, corresponding to a low tide condition. 

It should be noted that the groundwater measurements were not taken over an extended 
period of time; therefore, they do not necessarily reflect potential seasonal or tidal variations 
in the groundwater level. 
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3.5 DESIGN PARAMETERS FOR SOILS 

Recommended values of geotechnical parameters for analysis and design of abutments, 
wingwalls and retaining walls are presented in the following table: 

Total Unit Weight of Embankment Fill 125 pcf 

Retained Soil Internal Friction Angle 32 degrees 

Active Earth Pressure Coefficient, Ka 0.31 

“At-Rest” Earth Pressure Coefficient, Ko 0.47 

Passive Earth Pressure Coefficient, Kp 3.25 

Dynamic Earth Pressure Coefficient, Kae 0.34 

Interface Friction Angle – Concrete with Backfill or 
Foundation Soil 

20 degrees 

 
These parameters are based on using gravel borrow for foundation and retaining wall backfill 
as required in the MassDOT Standard Specifications For Highways and Bridges (Standard 
Specifications).   

The earth pressure coefficients do not include consideration of hydrostatic pressures, and 
assume that the walls are properly back-drained to prevent build-up of hydrostatic pressures.  
The surcharge thrust load from traffic on the walls should be computed by multiplying the 
vertical surcharge pressure by Ka and the height of the wall; the live load surcharge should be 
applied at mid-height of the wall.  If the walls or abutments are prevented from deflecting 
freely at their crest, the computed backfill earth and surcharge loads, should utilize the 
coefficient of earth pressure at-rest Ko instead of Ka acting horizontally.  The dynamic earth 
pressure coefficient was derived using the Mononobe-Okabe pseudostatic method for 
unrestrained structures, with a horizontal peak ground acceleration coefficient of 0.06 in 
accordance with AASHTO’s seismic hazard map for the bridge site.  The resultant dynamic 
pressure should be applied uniformly over the height of the wall. 

3.6 SEISMIC DESIGN PARAMETERS AND LIQUEFACTION POTENTAIL 

For seismic design, the subsurface condition at this site can be classified as Site Class D for 
stiff soil as determined using SPT N-values (AASHTO Interim 2008 Article 3.10.3).  The 
average SPT N-value in each boring, for the upper 100 feet of the soil profile, ranges 
between 15 and 50 blows per foot.  In addition, based on density of the sand layers below the 
water table, liquefaction of soils at the proposed bridge location will generally not be a 
concern. 
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Bridge replacement for bridge C-07-001 should be categorized as Seismic Design Category 
A (SDC A) per the AASHTO Guide Specifications for LRFD Seismic Bridge Design and 
subsequently should require minimal seismic design and detailing.  

Seismic Design and Analysis of the structure should be in accordance with AASHTO 
Criteria and the MHD 2009 LRFD Bridge Manual including the latest updates. 

3.7 RESULTS OF SCOUR ANALYSES 

Based on the results of a scour analysis as presented in the Hydraulic Study Report, dated 
March 5, 2010, prepared by Massachusetts Highway Department for this bridge, the 
maximum scour depth during the 100-year tidal flood event could be up to 8.6 feet at the 
proposed bridge abutments, up to 4.0 feet at the approach span pier locations, and up to 11.5 
feet at the proposed bascule span pier.  Considering the mud line elevations at different 
substructure locations the recommended maximum scour elevations can be summarized as 
follows: 

  Abutments    El. -10 feet 
  Approach Piers including Rest Pier El. -15 feet 
  Bascule Span Pier   El. -21 feet 
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Section 4 RECOMMENDED FOUNDATION SYSTEM 

4.1 INTRODUCTION 

The recommendations for foundation design presented herein are based on our current 
understanding of the project design requirements, the foundation system considered for the 
abutments and piers, and subsurface information from the subsurface investigation program 
perform to-date.  Because of the presence of unsuitable river bottom deposits and scour potential, 
deep pile foundations will be required to support the new replacement bridge abutments and 
piers.  Use of spread footings bearing on the natural sand or clay layer will require cost-
prohibitive deep excavations below groundwater.  The deep foundations will derive their bearing 
capacity mostly from the frictional resistance in the natural sand, silt, and clay layers.  Piles are 
anticipated to be driven well into the dense sand deposit below Elevation -55 feet.  Specific 
recommendations for foundation design of the abutments and piers are provided below. 

4.2 DEEP FOUNDATIONS 

4.2.1 General  
Considering the subsurface conditions at the project site and that the approach spans are 
proposed to be supported on open bent type piers, the most suitable deep foundation for the 
replacement bridge consists of closed-end concrete filled steel pipe piles.  The pile capacity will 
be derived mostly from soil frictional resistance in the medium dense sand and very stiff clay 
below the river bottom deposit.  As indicated in the following section, in order to obtain the 
required pile capacities the minimum required pile tip elevation is estimated to range from about 
Elevation -70 feet to -75 feet.  However, the final pile tip elevations to obtain the design factored 
resistance should be based on the driving criteria established based on the results of dynamic 
testing (ASTM D4945) performed using the Pile Driving Analyzer (PDA). 

Derived soil resistance within the potential scour depth should be ignored when calculating the 
design factored resistance to ensure that design load can safely be supported below the maximum 
probable scour depth.  However, the ignored soil resistance should still be included when 
calculating the nominal resistance to be obtained during the dynamic testing.  Considering that 
obstructions may be within the fill layer, to reduce vibrations in locations close to existing 
structures and subsurface utilities, and to reduce abrasion of pile coating; it is recommended that 
the piles be driven within pre-augured holes.  The bottoms of the pre-augured holes should be at 
the same elevation as the maximum scour depth.  It is recommended that each pile tip be 
reinforced with a drive point, or shoes to prevent twisting, buckling, or tearing of the pile 
section. 

Due to the potentially corrosive marine environment, corrosion protection should be considered 
in the pile design, especially for the exposed portion of the pile and the portion embedded in the 
fill and river bottom deposit.  Corrosion protection of piles driven into undisturbed natural soils 
is not normally necessary.  Therefore, it is recommended that the steel pipe piles conform to 
ASTM A252, Grade 3 (45 ksi minimum yield strength), and be coated with a minimum 16 mils 
application of fusion bonded epoxy that extends up to the maximum scour elevation.  In addition, 
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considering the anticipated driving stresses on the piles and to provide a secondary corrosion 
protection, the recommended minimum shell thickness of the piles should be 0.5 inch. 

In the following sections, pile capacity calculations for 14 inches and 16 inches nominal 
diameter closed-end concrete filled steel pipe piles are presented.  However, based on the 
anticipated loads and the required structural resistances, it appears that the larger pipe piles will 
be selected.  

4.2.2 Axial Capacity of Piles 
The pile nominal/factored capacity is governed by either the pile structural resistance, or 
geotechnical resistance of the soils supporting the pile.  The structural resistance of fully 
embedded piles and piles extended above the ground surface can be calculated in accordance 
with Section 10.7.3.13 of AASHTO LRFD.  However, in this section the geotechnical axial 
capacity of the considered pile sections are only presented.  In order to fully utilize the 
geotechnical resistances presented in this section, it should be verified that the structural pile 
resistances are greater than the geotechnical resistances.  

The pile geotechnical axial resistance can be computed from a combination of end bearing and 
side resistance using static analysis methods.  The following equation from AASHTO LRFD 
provides the factored axial resistance: 

    RR  = φqp qp Ap + φqs qs As 
 Where 
   RR  = factored compressive resistance 

φqp, qs   = Resistance Factors (for static analysis methods) 
qp = unit end bearing resistance 
qs = unit side resistance 
Ap As = Area of Pile Tip and Shaft respectively. 

For piles driven into the dense sand layer at the site, the tip resistance factor φqp is 0.45 (static 
analysis method) for the strength limit state.   The end bearing resistance qp for the dense sand 
was calculated as 75 ksf. 

Based on analysis of the design soil parameters for the various layers present at the site (below 
the maximum scour elevation), the unit side resistance qs, together with the side resistance 
factors φqs for the strength limit state (LS) was computed as follows: 

Soil Stratum      qs  φqs Strength LS (static analysis method) 

Medium Dense Sand  0.7 ksf    0.45    
Very Stiff Clay  1.5 ksf    0.35    
Dense Sand   1.7 ksf    0.45    
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Substituting these values into the equation for the factored axial resistance by static analysis 
method, the following equation is derived: 

 RR = πD(8.4 D + 0.32 LMD sand + 0.53 LVS clay + 0.77 LD sand) Strength Limit State (in kips)  
Where 
 D =   Pile Outside Diameter (in feet) 
 LMD sand, LVS clay, LD sand = Effective Length of Pile in medium dense sand, very stiff clay, 

and dense sand, respectively (in feet) 

For the extreme limit state, the factored resistance will be equal to the nominal resistance, since 
the resistance factor is equal to 1.0.   The required nominal resistance for dynamic testing is 
equal to the required factored resistance for strength LS (LRFD Strength 1) divided by a 
resistance factor of 0.65.  Therefore, when dynamic testing is performed, the extreme LS 
resistance is equal to the nominal resistance obtained by the dynamic testing.       

From these equations, the estimated axial resistances and corresponding tip elevations for 
different diameter pipe piles were calculated and are presented in the following table: 
   

Pile Location 
Pile 

Diameter 
(in) 

Estimated 
Minimum Tip 

Elevation 
(feet) 

Total Factored Axial 
Compression Resistance 

for Strength LS (LRFD 
Strength 1) 

(kips) 

Total Factored Axial 
Compression 
Resistance for 

Extreme LS 
(kips) 

West Abutment 
14 -70 135 205 

16 -70 160 245 

West Approach 
Piers 

14 -70 120 185 

16 -70 140 215 

Bascule / Rest Pier 

14 -70 110 165 

16 -70 130 200 

16 -75 140 215 

East Approach Piers 
14 -70 110 165 

16 -70 130 200 

East Abutment 
14 -70 115 175 

16 -70 140 215 

 
If greater pile resistance is required, piles can be driven deeper, and the formulas given above 
can be used to calculate the estimated minimum pile tip elevation.   
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To minimize pile group action, AASHTO requires minimum center-to-center pile spacing to be 
the greater of 2 feet 6 inches or 2.5 pile diameters.  The tops of piles should extend at least 12 
inches into the concrete stubs, caps, or abutments. 

More detailed axial compression pile capacity calculations are presented in Appendix E. 

4.2.3 Nominal Axial Pile Resistance During Dynamic Testing 
As mentioned in Section 4.2.1, soil resistance within the potential scour depth was ignored when 
calculating the design factored resistance.  The nominal resistance to be obtained during the 
dynamic testing was calculated by adding the estimated nominal pile resistance within the 
potential scour depth to the design nominal pile resistance (factored resistance/resistance factor).   
Since the dynamic testing will be performed on at least two piles per substructure, in accordance 
with AASHTO LRFD Table 10.5.5.2.3-1, a resistance factor of 0.65 should be used to calculate 
the nominal pile resistance.  More detailed calculations for the nominal axial pile resistance 
during dynamic testing are presented in Appendix E.  Based on the calculations presented in 
Appendix E, the calculated nominal axial pile resistances during dynamic testing are presented in 
the following table: 

Pile Location 
Pile 

Diameter 

(in) 

Estimated 
Minimum Tip 

Elevation 

(feet) 

Total Factored Axial 
Compression Resistance 
for Strength Limit State 

(LRFD Strength 1) 

(kips) 

Nominal Axial 
Compression 

Resistance During 
Dynamic Testing 

(kips) 

West Abutment 
14 -70 135 225 

16 -70 160 265 

West Approach 
Piers 

14 -70 120 190 

16 -70 140 220 

Bascule / Rest Pier 

14 -70 110 170 

16 -70 130 205 

16 -75 140 220 

East Approach Piers 
14 -70 110 170 

16 -70 130 205 

East Abutment 
14 -70 115 195 

16 -70 140 235 
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4.2.4 Uplift Capacity of Piles 

The pile uplift capacity can similarly be computed using the static analysis method.  The 
following equation provides the factored uplift resistance: 

    RR  = φup qs As 
 Where 
   RR  = factored uplift resistance 

φup   = resistance factor for uplift (static analysis method) 
qs = unit side resistance 
As = area of pile shaft. 

The unit side resistance qs and side resistance factors φup for the strength limit state (LS) are as 
follows: 

Soil Stratum      qs  φup Strength LS  
Medium Dense Sand  0.7 ksf   0.35    
Very Stiff Clay  1.5 ksf   0.25    
Dense Sand   1.7 ksf   0.35    

Substituting these values into the equation for the factored uplift resistance, the following 
equation is derived: 

 RR = πD(0.25 LMD sand + 0.38 LVS clay + 0.6 LD sand) Strength Limit State (in kips)  
Where 
 D =   Pile Outside Diameter (in feet) 
 LMD sand, LVS clay, LD sand = Effective Length of Pile in medium dense sand, very stiff clay, 

and dense sand, respectively (in feet) 

For the extreme limit state, the factored uplift resistance will be equal to 80% of the nominal 
resistance, since the resistance factor is equal to 0.8.   The required nominal resistance for 
dynamic testing is equal to the required factored resistance for strength LS (LRFD Strength 1) 
divided by a resistance factor of 0.50.  Therefore, when dynamic testing is performed the 
extreme LS uplift resistance is equal to the factored uplift resistance (LRFD Strength 1) divided 
by 0.5 and then multiplied by 0.8. 

From the above, the uplift resistances for different diameter pipe piles were calculated and are 
presented in the following table: 
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Pile Location 
Pile 

Diameter 

(in) 

Estimated Minimum 
Tip Elevation for 

Compression Loading 

(feet) 

Total Factored Uplift 
Resistance for 

Strength Limit State 

(LRFD Strength 1) 

(kips) 

Total Factored Uplift 
Resistance for 

Extreme Limit State 

(kips) 

West Abutment 
14 -70 70 110 

16 -70 85 135 

West Approach 
Piers 

14 -70 60 95 

16 -70 70 110 

Bascule / Rest Pier 

14 -70 55 85 

16 -70 65 100 

16 -75 70 110 

East Approach Piers 
14 -70 55 130 

16 -70 65 100 

East Abutment 
14 -70 60 95 

16 -70 70 110 

 
The uplift resistance of a pile group shall be taken as the lesser of the sum of individual pile 
uplift resistances, or uplift resistance of the pile group considered as a block under the stipulation 
of AASHTO Article 10.7.3.11.  Strength limit state resistance factor of 0.5 shall be used for 
uplift resistance of pile group considered as a block. 

More detailed uplift pile capacity calculations are presented in Appendix E. 

4.2.5 Lateral Capacity of Piles 

The lateral load capacity of a pile or pile group can be determined using computer analysis 
programs for laterally loaded piles such as LPILE or GROUP.  For loading parallel to a line of 
piles, the lateral pile capacity of the shadow piles should be reduced in accordance with factors 
provided in the latest edition of AASHTO LRFD (e.g. Table 10.7.2.4-1).  For loading 
perpendicular to the centerline of piles, the piles should behave as individual units if they are 
spaced at a distance of more than 5D, where D is the pile diameter. 
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A resistance factor of 1.0 shall be used to evaluate the horizontal geotechnical resistance of piles 
under both the strength and extreme limit state loading conditions.  However in most cases, the 
lateral pile load capacity will be limited by the tolerable lateral movement of the pile 
foundations, which should be established on the basis of compatible movements of the bridge 
structural components.  The resulting internal forces should be checked against the pile structural 
capacity.  For smaller diameter pipe piles, the top portion of the piles embedded in the cap may 
need additional reinforcement (i.e. using core steel or rebar) to accommodate the anticipated 
maximum bending moments due to the lateral load.  Analyses for piles for pier foundations that 
are unsupported above the mud or scour line will have to consider the free unsupported portion 
of the piles. 

4.2.6 Settlement of Piles 

Settlements of the pile supported abutments and piers due to bridge loading was estimated using 
the equivalent footing analogy of pile groups in accordance with AASHTO Article 10.7.2.3.  
Based on the settlement calculations, the elastic settlement of soils is estimated to range from 
about ½ inch to ¾ inch for the estimated unfactored (service) loads.  Considering the nature of 
subsurface conditions, it is anticipated most of any settlement will occur during construction as 
loads are applied. 
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Section 5 CONSTRUCTION CONSIDERATIONS 

5.1 INSTALLATION OF PILES 

Piles can be driven from the ground surface with an impact type hammer or with a vibratory 
hammer to install the piles through the embankment fill and loose/soft river bottom deposits.  
Vibratory hammer should provide better control when driving through the loose/soft strata, since 
vibratory hammers do not permit the pile to run.  However, an impact pile driving hammer will 
still have to be used to drive the pile to final tip elevation or refusal. 

In accordance with AASHTO LRFD (Table 10.5.5.2.3-1), at least two dynamic tests (ASTM 
D4945) should be performed at every bridge substructure location (abutments and piers) in order 
to establish the final driving criteria corresponding to the required nominal pile resistance. As 
per ASHTO LRFD Table 10.5.5.2.3-1, a resistance factor of 0.65 should be used to estimate the 
factored pile resistance.  

Wave equation analyses should be performed to evaluate preliminary driving criteria and define 
requirements for the size of the pile hammer to drive the piles to their minimum tip elevation.  At 
a minimum, the pile hammer must have a rated driving capacity of 25,000 foot-pounds of total 
energy per blow.  The maximum driving stresses in the piles should not exceed 0.9 FY in either 
compression or tension.  Driving shoes meeting the requirements of ASTM A27 will be required 
to penetrate to the bearing depth. 

5.2 EXCAVATIONS FOR FOUNDATIONS 

Excavations for the new abutment walls, if possible, should be performed directly behind the 
existing abutments.  It is recommended that the bottom of new abutments be located no deeper 
than the existing abutments, so that no additional excavation support will be required along the 
existing abutment backwalls. 

Excavations above groundwater level can be accomplished using open cuts with side slopes if 
space allows.  The slopes of open cuts should be per the relevant OSHA, local, and/or federal 
regulations (see Standard Specifications Section 140.60 Part F) and no steeper than 1.5H:1V.  
For excavations below groundwater level, or where there is not sufficient space for using open 
cuts, the excavations should be accomplished using a temporary excavation support system such 
as steel sheeting or soldier pile/lagging system.  The excavation support systems should be 
designed by a Registered Professional Engineer retained by the contractor. 

If excavations extend only slightly below the groundwater level, pumping using filtered sumps to 
control the groundwater could be feasible.  However for deeper excavations below groundwater 
level, dewatering with wells or a groundwater cut-off wall/cofferdam system is recommended.  
To minimize soil disturbance and provide a stable working surface, a 4 to 6-inch-thick mud mat 
of lean concrete, or 12-inches of gravel over filter fabric should be placed to facilitate the 
foundation construction.  The contractor should also be prepared to control rainwater and surface 
water runoff (see Standard Specifications Section 140.60 Part E). 
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It is anticipated that cofferdams will be required for construction of the abutments, the bascule 
pier and the rest pier.  Existing piles should be cut-off a minimum of 2 feet below the mud line or 
completely removed where required to avoid interference with the proposed pile foundations.  

5.3 EMBANKMENT CONSTRUCTION ADJACENT TO FOUNDATIONS 

Due to the planned increase in roadway profile across the bridge, some new embankment 
construction adjacent to bridge foundations is anticipated.  Embankment construction should be 
performed in general accordance with the construction methods presented in Section 150 of the 
MassDOT Standard Specifications.  Notable requirements are: 

• The use of gravel borrow for backfill around foundations; 

• A minimum distance of 20 feet between abutment backwalls and rockfill if used in 
embankments.
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Section 6 LIMITATIONS 

The results and recommendations presented in this report are largely based on subsurface 
information from a limited number of borings and our use of generally accepted analytical 
procedures. If further investigation or construction activity reveals significant differences in the 
subsurface conditions, we should be given the opportunity to review and, if appropriate, modify 
our recommendations. 
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