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1.0 PROJECT DESCRIPTION AND SCOPE  

1.1 Introduction  

The following represents the results of the geotechnical assessment prepared by HNTB for 
the replacement of the existing Cummings Road Bridge structure over the Maine Turnpike 
in Scarborough, Maine and the associated approach embankment widening (Figure 1 
Project Site Location Map).  The existing approach embankments and four-span structure 
carry Cummings Road with two travel lanes and two shoulder lanes between Exit 44 and 
Exit 45.  This geotechnical assessment was prepared to develop the design 
recommendations for support of the proposed bridge structure and embankments. 

1.2 Scope of Services 

In completing this study, HNTB has performed the following scope of services: 

• Reviewed available geotechnical data for the project site. 
• Implemented a two-stage phased subsurface investigation including a geotechnical 

boring and laboratory testing program. 
• Analyzed the resulting data collected to identify subsurface conditions that impact the 

design and construction of the project. 
• Prepared a geologic subsurface profile summarizing geotechnical data from the borings 

and laboratory testing. 
• Established geotechnical engineering design parameters based on the available borings. 
• Conducted geotechnical analyses and provided recommendations and design 

parameters for the support of the proposed bridge and approach embankments. 

1.3 Existing Structure and Proposed Improvements 

The project begins on Cummings Road approximately 715 feet south of the Maine 
Turnpike Centerline, at Station 62+86, and ends on Cummings Road approximately 900 
feet north of the Maine Turnpike Centerline, at Station 79+04. This section of the Maine 
Turnpike is aligned southwest to northeast, while Cummings Road is aligned south to 
north. The Cummings Road Underpass is considered to be functionally obsolete due to 
substandard under clearance and horizontal width. 

Cummings Road is a two-lane roadway with 11-foot lanes and gravel shoulders that vary 
from 1.5 to 6 feet.  The existing bridge is a two-lane, four-span continuous bridge with an 
overall length of 280 feet and an out-to-out deck width of 28.67 feet which will be removed 
in its entirety and replaced. The roadway will be widened and reconstructed west of the 
existing roadway and the bridge will be raised and widened to accommodate the new lane 
configuration and bridge span arrangement. The proposed roadway centerline will be 
constructed approximately 24.5 feet west of the existing roadway centerline.  The approach 
roadway will be widened to accommodate four, 11 feet lanes and two, 5 feet shoulders for 
an overall width of 54 feet between guardrail faces. The profile of Cummings Road will be 
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raised a maximum of approximately 3.5 feet to provide a 16.5-foot minimum vertical 
clearance over the Maine Turnpike.  

The existing substructure units are constructed from reinforced concrete founded on steel 
H-piles driven to bedrock. The abutments are stub type abutments, while the piers consist 
of wall piers with cantilevered pier caps.  Abutments will be completely replaced with cast-
in-place concrete stub abutments founded on H-piles driven to bedrock. Proposed 
abutments will be located behind the existing abutments. Corresponding wingwalls will be 
parallel to the roadway, will support the traffic railing, and will share a common pile cap 
with the abutment.  

Two new concrete piers are proposed and will provide support to the structure: one located 
in the existing median and one located between a future southbound on-ramp and 
southbound mainline traffic. The proposed hammerhead piers will be founded on H-piles 
driven to bedrock.  

1.4 Survey Control 

The project vertical datum and elevations referenced are in feet and reference the North 
American Vertical Datum of 1988 (NAVD 88). Boring locations were field located with 
elevations estimated based on topographic survey data. 

2.0 GEOLOGY AND SITE CONDITIONS  

2.1 Site Geology  

The project is located within the Portland West 7.5-minute quadrangle in the coastal 
lowland of southwestern Maine. The region has been subjected to recent glaciation within 
the last 25,000 years (late Wisonsinan glaciation) resulting in a physiographic surficial 
geology primarily composed of unconsolidated sediments such as sand and gravel of glacial 
and nonglacial origin. The bedrock geology of the southwestern part of the physiographic 
region is underlain by metamorphic rock formations of the Casco Bay Group which are 
characteristically composed of fine grained, thinly laminated gneiss, schist, marble and 
quartzite with north-northeast trending upright folds.  
 
Existing geologic mapping available for the project site include bedrock and surficial 
geology mapping prepared by the Maine Geological Survey (MGS) for Portland West 
Quadrangle, Maine.  
 
MGS surficial geology mapping identifies soil overburden in the project area as marine 
regressive sand deposits.  The marine regressive sand deposits are said to consist of sand, 
silt, and minor gravel deposited in shallow marine waters from the late-glacial regression 
of the sea; they also may include a variety of nearshore and fluvial sediments. They 
commonly occur as flat sandy areas and are likely to be underlain by marine clay-silt 
deposits. Test soil borings done along the Maine Turnpike suggest loose interbedded 
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marine silts and sands underlain by soft sensitive marine silts and clays typical of the 
Presumpscot Formation.  The soft silts and clays are particularly prone to problems 
associated with low strength, compressibility and stability issues. A surficial geology map 
and the bedrock geology map are presented in Figures 2 and 3, respectively. 
 

3.0 SUBSURFACE EXPLORATIONS  

3.1 General 

A subsurface investigation was performed by Schonewald Engineering Associates, Inc. of 
Cumberland Maine, under the direction of HNTB, and included borings BB-CUM-101 
through BB-CUM-106 and BB-CUM-201 to BB-CUM-205. The boring location plan 
depicting the location of the borings is presented in Attachment 2. The subsurface 
investigation borings were advanced using cased wash boring methods from a Mobile drill 
rig using 4.0 inch (HW-size) and 3.0 inch (NW-size) inside diameter steel casing.  Standard 
Penetration Testing (SPT) was performed by driving a 1-3/8 inch ID split spoon sampler 
with a 140-lb hammer dropped 30 inches to obtain samples at approximately 5 foot 
intervals. Each sample was removed from the sampler in the field, examined, and classified 
in accordance with Maine DOT standards.  The number of hammer blows required to 
advance the sampler through each six-inch interval using a safety hammer was recorded 
and is provided on each boring log. The uncorrected SPT N-value is defined as the total 
number of blows required to advance the sampler through the second and third six-inch 
interval of any given 24-inch sampling interval. All SPT N-values discussed in this report 
have been corrected to reflect the 60 percent hammer efficiency (N60) unless noted 
otherwise. 
 
In-situ vane shear testing was completed in accordance with the requirements outlined in 
ASTM D 2573 and are outlined below.  In situ vane shear testing involves using a simple 
rotated blade of specified dimensions to evaluate undrained shear strengths (Su) and 
remolded shear strengths (Sr) in soft to stiff clays (FHWA-IF-02-034 GEC No. 5). The vane 
is advanced into the test soil and the blade is rotated at a maximum rate of six degrees per 
minute until failure of the soil occurs while the resulting torque measurement is 
recorded.  This first test is used to approximate the peak undrained shear strength of the 
soil.  Following the initial test, the remolded strength of the soil is measured after 10 rapid 
turns of the vane (FHWA-IF-02-034 GEC No. 5). 
 

3.2 Geotechnical Subsurface Exploration 

For preliminary design of the proposed bridge foundations and approach embankments, 
six soil borings were initially advanced between June 11th and June 28th of 2017. Six 
additional borings were advanced in support of final design between February 19th and 
February 26th. All borings were performed by New England Boring Contractors, with 
boring inspection carried out by HNTB’s subconsultant, Schonewald Engineering 
Associates, Inc. A summary of the all borings performed with approximate locations and 
depths of exploration are included in Table 3-1. 
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Table 3-1: Summary of Subsurface Exploration  

Boring No. Station Offset 
(feet) 

Ground 
Elevation 

(feet) 

Depth of 
Boring 
(feet) 

Bottom of 
Exploration 

Elevation 
(feet) 

BB-CUM-101 67+50 65.0 LT 64.5 62.0 2.5 
BB-CUM-102 67+90 30.0 LT 66.0 66.9 -0.9 
BB-CUM-103 68+55 20.0 RT 85.5 107.8 -22.3 
BB-CUM-104 72+95 90.0 LT 65.0 92.0 -27.0 
BB-CUM-105 72+10 47.0 LT 67.0 103.2 -36.2 
BB-CUM-106 72+00 20.0 RT 86.5 138.9 -52.4 
BB-CUM-201 66+25 31.0 LT 65.5 52.0 13.5 

BB-CUM-201A 66+37 37.0 LT 65.5 47.0 18.5 
BB-CUM-202 70+00 1.0 LT 68.5 86.7 -18.2 
BB-CUM-203 70+96 5.0 LT 65.0 98.5 -33.5 
BB-CUM-204 74+15 33.0 LT 66.5 90.0 -23.5 
BB-CUM-205 76+00 35.0 LT 65.5 100.0 -34.5 

 

In-situ vane shear testing was completed in accordance with the requirements outlined in 
ASTM D 2573 and the results of the tests performed during the investigation are reported 
in Attachment 3. 

 
Bedrock was encountered and sampled in borings BB-CUM-103, BB-CUM-106, BB-CUM-
202 and BB-CUM-203.  Rock was cored using a 2.0-inch inner diameter NQ-2 size core 
barrel. Approximately 12 feet of bedrock was cored in borings BB-CUM-103 and BB-
CUM-106. Approximately 5 feet of bedrock was cored in borings BB-CUM-202 and BB-
CUM-203. The recovery and rock quality designation (RQD) of each core was calculated 
and is included on the borings logs. The final boring logs and boring location plan are 
included in Attachment 1 and Attachment 2 respectively. Table 3-2 presents the recovery 
and RQD of the rock samples obtained during the investigation. 
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Table 3-2: Summary of Subsurface Exploration Rock REC and RQD 

Boring No. Rock Core Depth 
(feet) 

REC (%) RQD (%) 

BB-CUM-103 R1 97.2 – 99.1 78 0 
BB-CUM-103 R2 99.1 – 100.6 67 0 
BB-CUM-103 R3 100.6 – 102.6 92 17 
BB-CUM-103 R4 102.6 – 105.0 100 38 
BB-CUM-103 R5 105.0 – 105.3 100 0 
BB-CUM-103 R6 105.3 – 107.1 100 41 
BB-CUM-103 R7 107.1 – 107.8 100 0 
BB-CUM-106 R1 125.0 – 127.6 100 0 
BB-CUM-106 R2 127.6 – 130.3 78 0 
BB-CUM-106 R3 130.3 – 132.4 88 20 
BB-CUM-106 R4 132.4 – 135.0 58 0 
BB-CUM-106 R5 135.0 – 138.9 55 15 
BB-CUM-202 R1 81.7 - 86.7 100 73 
BB-CUM-203 R1 93.5 - 98.5 95 60 

 

4.0 LABORATORY TEST RESULTS  

Upon completion of the subsurface investigation program, a laboratory testing program 
was performed to verify the visual-manual field classifications and to aid in determination 
of the engineering soil properties. Soil laboratory testing was performed by R.W Gillespie 
& Associates, Inc. of Saco Maine. Rock laboratory testing was performed by Thielsch 
Engineering of Cranston, Rhode Island. 

Laboratory soil testing consisted of six standard grain size analyses with natural water 
content, 25 Atterberg limit tests and 12 one dimensional consolidation tests. Laboratory 
rock testing consisted of three unconfined compression tests.  

Corrosion testing was performed by GeoTesting Express of Acton, Maine. Corrosion 
testing was performed in accordance with AASHTO standards to determine the pH, sulfate 
content and chloride content to aid in the determination of corrosion potential at each of 
the proposed abutments.  

A summary of the laboratory tests to determine index properties, consolidation and 
corrosion potential are presented in the following sections. The complete laboratory results 
are presented in Attachment 1. 

4.1 Soil Tests  

The soil testing was performed in general accordance with the following  Standards: 
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Natural Moisture Content ASTM D2216 

Atterberg Limits ASTM D4318 

Grain Size Analysis ASTM D422 

Percent Passing No. 200 Sieve ASTM D1140 

Unit Weight Determination ASTM D2937 

One Dimensional Consolidation Using Incremental Loading ASTM D2435-M 

Unconsolidated Undrained Triaxial Test ASTM D2850 

 

The laboratory soil testing results are included in Attachment 1 and are summarized below 
in Table 4-1, Table 4-2 and Table 4-3.  
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Table 4-1: Summary of Identification Tests Results 

Boring No. 
Sample 

No. 
Depth 
(feet) 

Water 
Content 

(%) 

Passing 
# 200 
(%) 

Atterberg Limits Particle Distribution (%) 

LL PL PI Gravel Sand Fines 

BB-CUM-101 4D 15-17 39.3 96.6 - 19.1 - - 3.4 96.6 

BB-CUM-101 8D 45-47 43.4 - 35.4 22.6 12.8 - - - 

BB-CUM-102 1D 2-4 17.2 6.4 - - - 1.5 92.1 6.4 

BB-CUM-102 7D 35-37 35.1 - 34.7 23.2 11.5 - - - 

BB-CUM-102 9D 55-57 36.1 - 33.6 21.5 12.1 - - - 

BB-CUM-103 10D 45-47 26.4 87.3 - NP - - 12.7 87.3 

BB-CUM-104 2D 5-7 21.8 1.9 - - - 1.4 96.7 1.9 

BB-CUM-104 9D 40-42 27.1 80.5 - NP - - 19.5 80.5 

BB-CUM-104 13D 70-72 24.4 - 32.0 21.2 10.8 - - - 

BB-CUM-105 8D 35-37 26.0 55.1 - - - - 44.9 55.1 

BB-CUM-105 12D 55-57 40.3 - 33.4 22.3 11.1 - - - 

BB-CUM-105 14D 70-72 47.6 - 43.7 25.2 18.5 - - - 

BB-CUM-105 17D 90-92 33.7 - 32.0 20.0 12.0 - - - 

BB-CUM-106 18D 95-97 37.7 - 29.1 19.3 9.8 - - - 

BB-CUM-106 21D 
115-
117 19.3 - 32.0 19.9 12.1 

- - - 

BB-CUM-201 6D 25-27 39.9 - 38.9 19.7 19.2 - - - 

BB-CUM-201A 3D 20-22 43.4 - 38.6 22.1 16.5 - - - 

BB-CUM-204 11D 50-52 40.3 - 40.5 22.3 18.2 - - - 

BB-CUM-204 12D 60-62 47.1 - 49.8 24.3 25.5 - - - 

BB-CUM-205 11D 49-51 37.9 - 35.1 20.5 14.6 - - - 

BB-CUM-205 13D 65-67 39.3 - 38.9 21.1 17.8 - - - 
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Table 4-2: Summary of Consolidation Tests Results 

Boring No. Sample 
No. 

Depth 
(feet) 

Atterberg Limits 
Water 

Content 
Initial Void 

Ratio 
Compression 

Indices 

LL PL PI w, % eo CC Cr 

BB-CUM-101 U-2 40 - 42 42.8 25.4 17.4 48.2 1.342 0.75 0.13 

BB-CUM-102 U-1 30 - 32 35.0 23.8 11.2 42.6 1.141 0.20 0.06 

BB-CUM-103 U-2 65 - 67 39.9 23.7 16.2 37.9 1.112 0.29 0.10 

BB-CUM-104 U-1 60 - 62 39.5 23.5 16.0 37.6 1.020 0.50 0.09 

BB-CUM-105 U-1 60 - 62 33.1 23.0 10.1 40.5 1.114 0.40 0.08 

BB-CUM-106 U-2 90 - 92 47.8 24.4 23.4 42.3 1.177 0.50 0.08 

BB-CUM-201A U-1 27 - 29 38.4 21.7 16.7 40.6 1.096 0.41 0.07 

BB-CUM-201A U-2 35 - 37 44.6 23.5 21.1 46.6 1.300 0.82 0.11 

BB-CUM-204 U-1 55 - 57 41.4 21.1 20.3 38.7 1.087 0.52 0.08 

BB-CUM-204 U-3 75 - 77 40.0 23.4 16.6 40.1 1.077 0.47 0.12 

BB-CUM-205 U-1 60 - 62 42.1 23.1 19.0 49.2 1.193 0.43 0.08 

BB-CUM-205 U-2 70 - 72 47.5 22.8 24.7 42.6 1.177 0.54 0.09 

 
 



Cummings Road Over the Maine Turnpike  Geotechnical Design Report 
Maine Turnpike Authority   September 21, 2018 
  
  

  9 

Table 4-3: Summary of UU Tests Results 

Boring No. 
Sample 

No. 

 
Test No. Depth 

(feet) 

Undrained 
Shear 

Strength 
(psf) 

BB-CUM-102 U-1 UU-5 30-32 186.4 

BB-CUM-102 U-1 UU-6 30-32 205.7 

BB-CUM-103 U-2 UU-1 65-67 234 

BB-CUM-103 U-2 UU-2 65-67 228 

BB-CUM-105 U-1 UU-7 60-62 285 

BB-CUM-105 U-1 UU-8 60-62 220 

BB-CUM-106 U-2 UU-3 90-92 587 

BB-CUM-106 U-2 UU-4 90-92 547 

BB-CUM-201A U-1 1 27.04 313 

BB-CUM-201A U-1 2 27.20 313 

BB-CUM-201A U-2 1 35.04 418 

BB-CUM-201A U-2 2 35.20 418 

BB-CUM-204 U-1 1 55.06 386 

BB-CUM-204 U-1 2 55.25 407 

BB-CUM-204 U-3 1 75.04 564 

BB-CUM_204 U-3 2 72.20 512 

BB-CUM-205 U-1 1 60.04 543 

BB-CUM-205 U-1 2 60.24 689 

BB-CUM-205 U-2 1 70.04 407 

BB-CUM-205 U-2 2 70.17 459 

 
 

4.2 Rock Tests  

Intact rock core specimens were tested for compressive strength and elastic modulus in 
accordance with ASTM D-7012. A summary of the laboratory tests is presented in Table 
4-4, and the complete laboratory results are presented in Attachment 1. 
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Table 4-4: Summary of Rock Test Results  

Boring No. 
Sample 

No. Depth (ft) 

Total 
Unit 

Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psi) 

BB-CUM-103 R4 102.6 - 105.0 168.9 4843 

BB-CUM-106 R5 135.0 - 138.9 165.4 1714 

BB-CUM-106 R3 130.3 - 130.7 160.0 437 

 
 

4.3 Corrosion Tests  

Select soil samples were tested for pH, sulfate content, and chloride content. 

The corrosivity testing was performed in accordance with the following Standards: 

pH AASHTO T289 

Sulfates AASHTO T290  

Chlorides AASHTO T291 

Soil Resistivity AASHTO T288 

 

A summary of the laboratory corrosion tests is presented in Table 4-5. The complete 
laboratory results are presented in Attachment 1. 

Table 4-5: Summary of Corrosion Test Results  

Boring No. Sample No. 
Depth 

(ft) pH 
Sulfate 
(ppm) 

Chloride 
(ppm) 

Resistivity 
(ohm-cm) 

BB-CUM-103 6D 25-27 6.01 281 267 2,479 

BB-CUM-106 5D/6D 20-24 5.99 91 207 1,859 

BB-CUM-202 2D 5-7 6.4 25 200 16,461 

BB-CUM-203 2D 5-7 6.42 22 37 3,507 

 
 

5.0 SUBSURFACE CONDITIONS  

5.1 Generalized Subsurface Stratification 

The interpretation of soil and groundwater conditions at the project site are based on 
information obtained at the boring locations only. This information has been used as the 
basis for the conclusions and recommendations contained in this report.  Significant 
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variations at areas not explored by the project borings may require reevaluation of the 
findings and conclusions contained herein if found during construction.  

A generalized interpretive subsurface profile developed along the bridge alignment is 
included as Figures 4A and 4B and is intended to convey trends in subsurface conditions. 
The boundaries between strata are approximate and idealized, and have been developed 
through interpretations of widely spaced borings and samples. Actual soil transitions 
included in the subsurface profile may vary and may be more erratic than indicated. 

Subsurface conditions encountered in the test borings generally consist of the following 
strata: 

• Embankment Fill 
• Loose to Dense Sand and Silt (Fill) 
• Very Loose to Loose Sand and Silt 
• Interbedded Sand and Silt 
• Marine Silty Clay 
• Glacial Till 
• Phyllite Bedrock 

 

Stratum 1: Embankment Fill 

The embankment fill was encountered at the south approach at boring BB-CUM-103 and 
BB-CUM-201 where it extends from existing grade to approximately 24 feet below ground 
surface (BGS). This material generally consists of a fine to medium sand, little to some fine 
gravel and trace to little silt. The corrected (for overburden stress and hammer efficiency) 
SPT blow count N160 average value of the fill is 65 blows per foot (bpf).  

The embankment fill was encountered at the north approach at boring BB-CUM-106 and 
BB-205 where it extends from existing grade to approximately 23.5 feet BGS. This material 
generally consists of fine to medium sand, trace to some gravel and trace to little silt with 
an N160 average value of 55 bpf. Sampling at 21.6 feet below ground surface (estimated 
Elevation 64.9 feet) contained apparent asphalt with petroleum odor.  

Stratum 2: Loose to Dense Sand and Silt (Fill) 

This stratum is encountered in all borings either below the embankment fill or below 
ground surface where embankment fill is not encountered. This layer consists of fine to 
coarse sand, trace gravel and trace to little silt. This stratum is fairly consistent along the 
majority of the alignment with the bottom of the stratum ranging from El. 60 to El. 55 feet.  
The stratum generally ranges in thickness from 5 to 15 feet. At the northern end of the 
alignment the stratum tapers out and gives way to a loose sand and silt. This material is 
generally loose to medium dense with an average SPT blow count N160 than ranges from 7 
bpf on along the south approach to 11 bpf along the north approach. 
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Stratum 3: Loose Sand and Silt 

This stratum is encountered beneath Stratum 2 at all borings with the exception of BB-
CUM-204 where it is found directly beneath the ground surface. This stratum generally 
consists of fine to medium grained sand and trace to little silt. Along the south approach 
the bottom of the stratum generally varies from El. 58 to El. 42.5 where the bottom of the 
stratum slopes down toward the north. The thickness of the stratum along the north 
approach generally ranges from 2 to 12 feet and consists of loose sand with an average N160 
value of 3 bpf. The bottom of the stratum along the north approach generally ranges in 
elevation from 55 to 60 with a thickness that ranges from 0 to 12 feet. This material along 
the north approach generally consists of loose to medium sand with an average N160 value 
of 6 bpf. 

Stratum 4: Very Loose Sand and Silt 

This stratum is encountered along the north approach and only at borings BB-CUM-204 
and BB-CUM-205. This stratum underlies Stratum 3 and consists of fine to medium sand 
with minor amounts of gravel and silt. The bottom of the stratum generally varies from El. 
40 to El. 55 and has a thickness that generally ranges from 0 to 15 feet. The material is found 
in a very loose condition with an average SPT blow count N160 of 2 bpf. 

Stratum 5: Interbedded Sand and Silt 

This stratum was encountered in all borings performed within the project site. Generally, 
this stratum underlies Stratum 3 along the south approach and slops downward as the 
project alignment moves to the north.  The bottom of this stratum dives down along the 
alignment from approximately El. 51 at the southern limits of the project site to 
approximate El. 17 at Pier 2. The thickness of this stratum increases from the southern 
limits of the project site to Pier 2 from approximately 7 feet to 29 feet. From Pier 2 to the 
northern terminus of the project the bottom of the stratum rises to approximate El. 24 and 
has a thickness that ranges from 29 feet to 15 feet. The material is encountered is very loose 
with an average SPT blow count N160 of 1 bpf for the entire stratum. 

Stratum 6: Marine Silty Clay 

The marine silty clay layer was encountered in all borings performed within the project 
limits. The stratum is, on average, thicker and deeper at the north approach than at the 
south approach. The clay layer primarily consists of saturated dark gray silty clay frequently 
encountered with black streaks. Concretions were encountered along the bottom 10.0 feet 
to 18.5 feet of the stratum. This layer underlies the interbedded sand and silt along the 
entire alignment of the bridge.  

Along the south approach, the bottom of this stratum is generally found between El. 22 and 
El. -15 and has a thickness that ranges from 28 to 40 feet. The average liquid limit and 
plasticity index of the samples tested was 36 and 14.5, respectively. Occasional SPT 
sampling was performed within this layer and field vane shear tests were performed to 
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obtain the in-situ and remolded undrained shear strength. The average in-situ undrained 
shear strength was approximately 530 psf and the average remolded undrained shear 
strength was approximately 24 psf. 

Along the north approach, the bottom of this stratum is generally found between El. -15 
and El. -38 and has a thickness that ranges from 40 to 58 feet. The average liquid limit and 
plasticity index of the samples tested was 37 and 15, respectively. Occasional SPT sampling 
was performed within this layer and field vane shear tests were performed to obtain the in-
situ and remolded undrained shear strength. The average in-situ undrained shear strength 
was approximately 678 psf and the average remolded undrained shear strength was 
approximately 22 psf. 

Stratum 7: Glacial Till 

The glacial till stratum was identified at each abutment through SPT sampling and coring. 
The thickness of the layer varied by boring but was consistently the layer directly 
underlying the marine silty clay, with the exception of boring BB-CUM-106 where the till 
was not encountered. The stratum consists of dense sand and gravel with some silt. At 
several boring locations, the till was identified through drill cuttings and noted drilling 
action from the rig and operator. 

The elevation of the bottom of this stratum varies from approximately elevation 14 at the 
south approach to El. -40 at the north approach. Borings BB-CUM-101, BB-CUM-102, BB-
CUM-201 and BB-CUM-201A were terminated in this material. This layer was 
encountered in a medium dense to dense condition with an average SPT blow count N160 
of 30 to 31 bpf along the south and north approaches respectively. 

Stratum 8: Phyllite Bedrock 

Bedrock was sampled at BB-CUM-103, BB-CUM-106, BB-CUM-202 and BB-CUM-203. 
Bedrock encountered at the site generally consists of medium hard to hard, slightly to 
highly weathered, aphanitic to fine grained, dark gray phyllite. Sampling at BB-CUM-103 
along the south approach consisted of interbedding of thick layers of soft to medium, 
slightly weathered, aphanitic to medium grained, greenish-tan limestone. Sampling at BB-
CUM-203 consisted of interbedded phyllite and metasandstone. 

Rock quality designation (RQD) is a common parameter that is used to help assess the 
competency of the sampled bedrock. RQD is defined as the sum of the pieces of recovered 
bedrock greater than 4 inches in length divided by the total length of core run. RQD values 
of the bedrock that were encountered on site ranged from 0 to 73 percent.  

5.2 Groundwater 

The groundwater tables measured in each of the borings drilled as part of the subsurface 
investigation are included below in Table 5-1. 



Cummings Road Over the Maine Turnpike  Geotechnical Design Report 
Maine Turnpike Authority   September 21, 2018 
  
  

  14 

Table 5-1: Summary of Encountered Groundwater Elevation 

Boring 
 Groundwater Elevation 

(ft) 

BB-CUM-101 61.5 
BB-CUM-102 62.0 
BB-CUM-103 62.5 
BB-CUM-104 60.8 
BB-CUM-105 62.8 
BB-CUM-106 62.8 
BB-CUM-201 58.5 
BB-CUM-202 63.5 
BB-CUM-203 63.0 
BB-CUM-204 63.5 
BB-CUM-205 63.5 

 
Water level readings were performed on March 23rd, 2018 in observation wells installed in 
borings BB-CUM-201 and BB-CUM-204 with readings of El. 61.7 and 63.8 respectively.   

 

6.0 GEOTECHNICAL DESIGN RECOMMENDATIONS 

6.1 Bridge Foundation Design 

Geotechnical design recommendations for the substructure foundations and approach 
embankments associated with the Cummings Road Bridge Replacement and embankment 
widening project are discussed in the following sections. Recommendations have been 
developed in accordance with the 2017 AASHTO Load and Resistance Factor Design 
(LRFD) Bridge Design Specifications, Eighth Edition and the 2003 MaineDOT Bridge 
Design Guide (BDG) with updates through 2018. 

6.1.1 Foundation Type Selection 

Pile supported stub abutments and piers were chosen as the preferred superstructure 
/substructure combination. Abutments and piers will be founded on H-Piles driven either 
into the glacial till material or to top of bedrock. H-Pile supported foundations will provide 
an effective solution to resist the axial and lateral loads imparted by the superstructure at 
all abutment and pier locations.  

6.1.2 Resistance Factors 

All foundations were designed and assessed under service, strength and extreme limit state 
load combinations in accordance with AASHTO LRFD Sections 3, 6, 10 and 11. 
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The design of H-Pile foundations under the required limit state conditions has been 
performed in consideration of the lateral displacement, the compressive axial geotechnical 
resistance of individual piles; drivability resistance; structural resistance in axial 
compression and combined axial and flexure loading. The overall stability of each 
abutment has also been assessed under the service limit state. 

Geotechnical resistance factors have been determined in accordance with AASHTO LRFD 
Table 10.5.5.2.3-1, Article 6.5.4.2 and Article 11.6.2.3. The resistance factors used for 
substructure foundation design are provided in Table 6-1. 

Table 6-1: Resistance Factors 

 
Resistance Factor 

Service  
Limit State 

Strength  
Limit State 

Extreme  
Limit State 

Pile Foundation    
Axial Compression Resistance - 0.65 1.0 

Uplift Resistance - 0.50 0.8 
Lateral Resistance 1.0 - - 

 

6.1.3 Subsurface Material Properties 

Geotechnical design parameters for soil and rock were developed for each stratum based 
on material descriptions, standard published correlations, results from laboratory testing, 
and engineering judgment. A summary of soil design properties at the abutments and piers 
are included below as Tables 6-2 through Tables 6-5. 

Table 6-2: Engineering Properties of Soil at Abutment 1 

Soil 
Properties 

Strata 
Loose to 
Dense 

Sand and 
Silt 

Loose Sand 
and Silt 

Interbedded 
Sand & Silt 

Soft to 
Medium 
Marine 

Silty Clay 

Sand and 
Gravel 

(Glacial Till) 

N60, (bpf) 7 2 1 - 35 
N160, (bpf) 11 3 1 - 30 

γ (pcf) 114 107 100 114 121 
φ', (deg) 33 29 28 - 37 
k,(pci) 60 29 24 - 108 
c, (psf) - - - 357 - 663 - 

ε50 - - - 
0.02 -
0.012 - 

Es (ksf) 6.9 1.7 1.7 0.4 13.6 
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Table 6-3: Engineering Properties of Soil at Pier 1 

Soil 
Properties 

Strata 
Loose to 
Dense 

Sand and 
Silt 

Loose 
Sand and 

Silt 

Interbedded 
Sand & Silt 

Soft to 
Medium
Marine 

Silty Clay 

Sand and 
Gravel 

(Glacial Till) 

N60, (bpf) 12 4 1 - 42 
N160, (bpf) 17 5 1 - 33 

γ (pcf) 114 107 100 105 125 
φ', (deg) 33 29 28 - 37 
k, (pci) 60 29 24 - 108 
c, (psf) - - - 440 - 746 - 

ε50 - - - 0.02 - 
Es (ksf) 3.3 2.0 1.4 3.3 6.3 

 
 

Table 6-4: Engineering Properties of Soil at Pier 2 

Soil 
Properties 

Strata 
Loose to 
Dense 

Sand and 
Silt 

Loose 
Sand and 

Silt 

Interbedde
d Sand & 

Silt 

Soft to 
Medium 
Marine 

Silty Clay 

Sand and 
Gravel 

(Glacial Till) 

N60, (bpf) 10 5 1 - 63 
N160, (bpf) 15 7 1 - 48 

γ (pcf) 111 112 100 105 123 
φ', (deg) 31 31 28 - 38 
k, (pci) 42 42 24 - 122 
c, (psf) - - - 377-850 - 

ε50 - - - 0.02 - 
Es (ksf) 3.3 2.0 1.4 3.3 6.3 
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Table 6-5: Engineering Properties of Soil at Abutment 2 

Soil 
Properties 

Strata 
Loose to 
Dense 

Sand and 
Silt 

Very 
Loose 

Sand and 
Silt 

Loose Sand 
and Silt 

Interbedd
ed Sand 
and Silt 

Soft to 
Medium 

Marine Silty 
Clay 

Sand and 
Gravel 

(Glacial Till) 

N60, (bpf) 4 1 5 1 - 38 
N160, (bpf) 7 2 6 1 - 31 

γ (pcf) 111 102 112 100 114 123 
φ', (deg) 31 28 31 28 - 38 
k, AGW 

(pci) 61 - - - 
- 

- 

k, BGW (pci) 40 24 42 24 - 122 
c, (psf) - - - - 300-950 - 

ε50 - - - - 0.02-0.005 - 
Es (ksf) 6.9 1.7 5.0 1.7 0.4 13.6 

Where: N60= Average SPT-N value of stratum, corrected for hammer efficiency, in blows per foot. 
 N160= Average SPT-N value of stratum, corrected for hammer efficiency and effective 

overburden pressure, in blows per foot. 
 γ = Total unit weight of soil - correlated. 
 φ’ = Internal friction angle of drained soil, per multiple SPT-N value correlations. 
 k= Subgrade modulus – correlated (above WT / below WT). 
 c= Undrained shear strength based on in-situ vain shear testing. 
 ε50= Strain at 50% - correlated. 
 

6.1.4 Pile Demands 

Design loading information at each abutment and pier was provided by the structural 
engineer. The service, strength and extreme limit state load combinations were provided at 
the top of the foundation. The loads used for each of the abutments and piers, are presented 
in Attachment 4. 

6.1.5 Axial and Lateral Foundation Design and Recommendations 

The pile group behavior of the foundations was modeled using FB Multipier, version 5.0 
(FBMP). The piles were analyzed using a pinned head connection as per the 
recommendations from the structural designers. The proposed abutment and wingwall 
foundations were modeled as one element in the final configuration. The number piles 
required for each foundation element was determined based on the lateral deflection 
criteria under the service limit state load cases. The maximum load demand per pile in 
compression and uplift was determined by the strength and extreme limit state load cases.  

Lateral resistance reduction factors (p-multipliers) are applied to the FBMP models in 
accordance with AASHTO LRFD Article 10.7.2.4. Lateral deflection has been limited to 
1.0 inch at the pile cap elevation. The design has been performed using HP 14x117 piles, 
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Grade 50. In cases of piles driven to refusal the geotechnical axial resistance has been 
limited to the factored structural resistance of the proposed piles. 

Based on the laboratory test results and the limits provided in section 6.12 of the FHWA 
GEC No 12 “Design and Construction of Driven Pile Foundations” the steel piles have 
been designed to account for an appropriate level of section loss due to corrosion. 
Analyses have been checked by reducing the pile dimensions by 0.125 inches on all sides 
to account for corrosion loss per the aforementioned standard. It should be noted that 
corrosion has not governed the selection of pile size which has been dictated by drivability 
at the abutment and pier locations. 

The pile layout for the abutment and wingwall and for the pier is included in Attachment 
5. Table 6-6 includes the governing pile demands that result from distributing structural 
loads at the pile cap using FBMP. Once the maximum factored axial demand is 
determined, the geotechnical resistance factors provided in Section 6.2.2 are applied to 
derive the maximum required nominal geotechnical resistance in compression and in 
uplift excluding downdrag.  

Table 6-6: Summary of Pile Group Analysis 

Structure Limit 
State 

Axial Demand (kips) Maximum 
Moment 
(kip-ft) 

Depth to 
Maximum 
Moment 

(ft) 

Lateral Deflection (in) 

D/C 
Compression Uplift Longitudinal Transverse 

 
Abutment 

1  

SER 227 0 126 6 0.6 0.2 - 
STR 305 23 209 6 - - 0.5 
EXT 211 23 84 6 - - 0.2 

Pier 1 
SER 292 0 33 4 0.2 0.1 - 
STR 452 24 47 4 - - 0.5 
EXT 296 0 208 7 - - 0.5 

Pier 2 
SER 287 0 40 5 0.2 0.1 - 
STR 446 19 57 5 - - 0.5 
EXT 293 0 244 9 - - 0.5 

Abutment 
2 

SER 202 26 118 5 0.6 0.2 - 
STR 268 58 197 7 - - 0.4 
EXT 187 41 76 7 - - 0.2 

Note: D/C is the Demand/Capacity ratio.  

 

Due to the presence of soft compressible materials and placement of new fill at the 
abutments, downdrag has been accounted for in the design. A settlement analysis has been 
performed at each abutment to determine the depth along the pile where the cumulative 
settlement is more than 0.4 inches relative to the tip of the pile. The abutment piles will 
experience downdrag in addition to the structural demand from the superstructure.  
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A load factor of 1.05 is required for downdrag based on Table 3.4.1-2 of AASHTO LRFD. 
Static analysis to determine the side shear resistance of the piles has been performed using 
APile, version 2015.7.7. Nominal side shear resistance over the length of the pile is estimated 
based on the lambda method, as 131 kips and 142 kips, at Abutment 1 and Abutment 2, 
respectively. The total factored pile axial demand in compression is the factored pile demand 
from the structural loads plus the factored downdrag load. Table 6-7 presents the total pile 
demands with downdrag included, where applicable. 

Table 6-7:  Summary of Pile Demand 

Substructure 

Axial Factored 
Demand in 

Compression 
from Structural 

Loads (kips) 

Axial 
Nominal Side 
Resistance to 
Consider for 

Downdrag 
(kips) 

Axial 
Factored 
Demand 

from 
Downdrag 

(kips) 

Axial Total 
Factored 

Demand in 
Compression 

(kips) 

Abutment 1 305 131 138 443 

Pier 1 452 NA NA 452 

Pier 2 446 NA NA 446 

Abutment 2 268 142 149 417 

 

Downdrag forces indicated in Table 6-7 have been calculated assuming that piles at both 
abutments will be driven after the preload and surcharge has been placed and allowed to 
consolidate. It is our understanding that there may be a desire to drive piles concurrently 
with the preload and surcharge. In this scenario, downdrag forces need to be accounted for 
over the entire length of the pile which results in forces that the piles cannot accommodate. 
Therefore, piles will receive a friction reducing coating, such as Slickcoat™ or an approved 
equal applied to the bottom 20 feet of all piles at Abutment 1 and the bottom 50 feet of all 
piles at Abutment 2 in order to reduce the friction resistance and limit the downdrag forces 
to the values indicated in Table 6-7.   

The required nominal resistance of the pier piles is a function of the nominal structural 
demand which is divided by the required resistance factor. The required nominal resistance 
of the abutment piles is a function of the nominal structural demand plus the factored 
downdrag load divided by the required resistance factor in addition to the side shear 
resistance along the downdrag depth.  

The required nominal driving resistance has been checked against the lesser of the factored 
structural resistance, the factored geotechnical resistance, or the factored resistance that 
piles can be driven without exceeding the maximum permissible driving stresses as per 
AASHTO LRFD Article 10.7.8 using an axial resistance factor of 1.0 for resistance during 
driving as stipulated in AASHTO LRFD Article 6.5.4.2.  It is anticipated that the H-piles 
will be driven to refusal conditions, and therefore pile axial design will be structurally 
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controlled, either by stresses in the pile during driving or the structural resistance of the 
pile under static loading. 

To determine whether the piles can be installed to the minimum tip elevations, preliminary 
wave equation analyses were performed using the software program GRL WEAP 2010 
distributed by GRL Engineers, Inc. Additionally, a relationship between nominal axial 
geotechnical compressive resistance and the corresponding stresses in the pile was 
developed. Analyses were performed assuming a Delmag D36-32 hammer for this 
assessment. The contractor will be required to reassess drivability and independently 
determine an appropriate pile driving system. 

Nominal axial geotechnical resistance was determined from the wave equation assessment 
at the specific resistance where stresses in the pile exceeded 45 ksi (the maximum 
permissible structural limit as per AASHTO LRFD Article 10.7.8) assuming the proposed 
H-Piles having a yield strength of 50 ksi. 

Table 6-8 summarizes the maximum factored load imposed onto a single pile compared 
to the factored geotechnical resistance based on structural limitations and drivability of a 
single pile under the governing strength limit state.  

Table 6-8:  Limiting Factored Axial Resistance of an HP 14x117 at the Strength Limit State  

Substructure 

Axial Total 
Factored 

Demand in 
Compression 

(kips) 

Limiting 
Factored 

Structural 
Resistance1 

(kips) 

Limiting 
Factored 

Geotechnical 
Resistance2 

(kips)  

Estimated 
Factored 

Drivability 
Resistance3 

(kips) 

Governing 
Factored 

Axial 
Compressive 

Resistance 
(kips) 

Abutment 1 443 860 860 875 860 
Pier 1 452 860 860 875 860 
Pier 2 446 860 860 825 825 

Abutment 2 417 860 860 875 860 
1. Based on severe driving conditions and a resistance factor of 0.5. Structural resistance is 

equivalent to geotechnical resistance when piles are driven to hard rock of refusal.  
2. Assumes piles are driven to hard rock or refusal conditions. 
3. Based on a resistance factor of 1.0 using a Delmag 36-32 with a Fuel Setting of 4. 
 

The controlling factored axial compressive resistance is governed by either the structural 
resistance of the pile or the drivability at all foundation locations. The governing factored 
axial compressive resistance is greater than the maximum factored demand and satisfies 
design requirements.  

HNTB anticipates that the piles will be driven to refusal conditions and will have negligible 
settlement at the pile tip. Therefore, majority of the settlement at the bridge abutments will 
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be a result of the elastic compression of the H-Pile itself. This elastic shortening at the 
foundations is estimated to be less than 0.4 inches.  

6.1.6 Recommended Pile Tip Elevations and Nominal Driving Resistances 

HNTB anticipates that piles will reach refusal when the top of bedrock is encountered. 
Estimated pile tip elevations have been based on top of rock elevations and lateral 
requirements and are indicated in Table 6-9. Additionally, minimum nominal driving 
resistances have also been included in Table 6-9. All pile should be driven to at least the 
minimum pile tip elevations and to a suitable penetration depth so that the minimum 
required nominal driving resistance is achieved.  

Table 6-9: Estimated and Minimum Pile Tip Elevations  

Location 

Bottom 
of Pile 

Cap 
Elevation 

(ft) 

Minimum 
Pile Tip 

Elevation 
(ft) 

Estimated 
Pile Tip 

Elevation 
(ft) 

Factored 
Axial Load 

(kips) 

Minimum 
Required 
Nominal 
Driving 

Resistance 
(kips) 

Abutment 1 72.5 -10 -10 443 812 

Pier 1 60.5 -22 -22 452 695 

Pier 2 60.5 -31 -31 446 686 

Abutment 2 71.5 -39 -39 417 783 
 

HNTB recommends ordering lengths of piles that reflect a minimum of 5 additional feet 
per pile to accommodate variations in pile penetration, dynamic pile test instrumentation 
and pile head damage during driving.  

6.2 Approach Embankment Design of Global Stability 

6.2.1 Design Methodology 

AASHTO LRFD Bridge Design Specifications (AASHTO) requires that the embankments 
be analyzed for global stability in the Service-I loading condition using limit equilibrium 
methods. A global stability resistance factor of 0.75 is required when embankments are not 
supporting or do not contain structural elements.  This resistance factor noted above results 
in a minimum required factor of safety of approximately 1.3 in accordance with AASHTO 
Section 11.6.2.3.  When global stability analysis is performed and the geotechnical 
parameters are based on limited information, or when the slope contains or supports a 
structural element, AASHTO requires that a resistance factor of 0.65 be utilized. This 
resistance factor results in a minimum required factor of safety of approximately 1.5 in 
accordance with AASHTO Section 11.6.2.3. 
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In analyzing global stability, limit equilibrium analyses were performed along each 
approach embankment and at Abutment 1 and Abutment 2 using the Slope/W module of 
GeoStudio 2016, version 8.16 distributed by Geo-Slope International Ltd.   Subsurface 
conditions for global stability analysis at each approach were selected based on review and 
interpretation of the available borings with stratigraphy based on the Interpretive 
Subsurface Profile at a given station. Spencer’s method has been used to perform all global 
stability analyses which satisfies both force and moment equilibrium and meets the 
requirements prescribed by AASHTO LRFD Article C11.6.2.2 for slope stability. Results of 
the analysis were assessed using optimized failure surfaces and have been provided herein. 

 
6.2.2 Subsurface Design Parameters 

Global stability analyses were performed for long-term loading conditions using drained 
soil strength design parameters and short-term loading conditions using undrained soil 
strength design parameters as specified in Table 6-10 through Table 6-12.  Additionally, 
a surcharge load of 250 psf was applied to the approach embankment to simulate the 
vehicular live load.  

For the drained clay analyses, an effective internal angle of friction of 15° was conservatively 
assumed. It was necessary to make an assumption for the drained strength of the clay as 
standard penetration test results do not correlate reasonably to strengths of cohesive 
materials, particularly soft saturated cohesive materials. Despite the conservative 
assumption, none of the drained analyses presented a controlling condition. 

For the undrained clay shear strengths, vane shear test results were utilized and a linear 
function of strength increase with depth was fit to the vane shear results. For transverse 
stability along the south approach, the vane shear results from borings taken through the 
existing embankments were utilized to determine increased shear strength values 
accounting for effects of the clays having been consolidated under the additional weight of 
the existing embankments. For the consolidated clay shear strengths, the datum value 
increased from 240 psf at El. 52 outside the embankment zone of influence to 325 psf at El. 
52 for clay under a 20 foot high embankment. Datum values were linearly interpolated for 
embankment heights between 0 and 20 feet. 
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Table 6-10: Engineering Properties of Soil for South Approach Stability 

Soil Properties 

Strata 

Existing 
Embankment 

Fill 

Loose to 
Dense 

Sand and 
Silt 

Loose 
Sand and 

Silt 

Interbedded 
Sand and 

Silt 

Soft Marine 
Silty Clay Glacial Till 

γ (pcf) 130 111 112 100 114 123 

φ', (deg) 38 31 31 28 
15 

(assumed) 38 

c, (psf) - - - - 
240 to 325 
at el. 52ft - 

Δc, (psf/ft) - - - - 9 - 
Where:  γ = Total unit weight of soil - correlated. 
 φ’ = Internal friction angle of drained soil, per multiple SPT-N value correlations. 
 c= Undrained shear strength datum value based on in-situ vane shear testing. Datum value 

increases above minimum value based upon existing embankment overburden thickness from 
0 to 20 feet. 

 Δc = Increase in undrained shear strength with depth based on in-situ vane shear testing. 
 

Table 6-11: Engineering Properties of Soil for North Approach Stability 

Soil Properties 

Strata 

Existing 
Embankment 

Fill 

Loose to 
Dense 

Sand and 
Silt 

Very 
Loose 
Sand 

and Silt 

Loose 
Sand and 

Silt 

Interbedded 
Sand and 

Silt 

Soft Marine 
Silty Clay Glacial Till 

γ (pcf) 128 111 102 112 100 114 123 

φ', (deg) 38 31 28 31 28 
15 

(assumed) 38 

c, (psf) - - - - - 300 at el. 
25ft 

- 

Δc, (psf/ft) - - - - - 11 - 

 

Table 6-12: Assumed Engineering Properties of Proposed Expansion Materials for Stability 

Properties 

Material  

Proposed 
Embankment 

Fill 
Geofoam Pavement 

Box 

γ (pcf) 120 3 135 
φ', (deg) 34 36 36 
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6.2.3 Stability Assessment 

In analyzing the approach embankments, HNTB performed limit equilibrium analysis of 
three representative transverse cross sections for each approach as well as a longitudinal 
section through each abutment. The transverse cross sections were of Stations 66+00, 
67+50, 68+00, 73+00, 73+50, and 75+00.    

Preliminary results of transverse sections indicate that the factor of safety of the approach 
embankments in their existing condition when assessed in the short-term undrained 
condition is approximately 1.1. Since the existing embankment has been in place for 
approximately 60 years the undrained condition is no longer applicable in assessing the 
existing conditions (assuming the excess pore water pressures induced from the 
construction of the existing embankment have dissipated) and the embankment in its 
current state should be assessed in the long-term drained condition. Across the existing 
roadway where weight compensation by excavation and replacement with Geofoam is 
utilized the recommended design solution does not increase the net pressure at the ground 
surface and does not theoretically increase pore water pressure. Therefore, the soils beneath 
the east slope will remain in the long-term drained condition where the factor of safety 
against global stability meets requirements.  

Analyses of transverse sections were performed to check conditions during surcharging 
and at completion of Phase 1 Maintenance-of-Traffic construction with traffic being 
moved onto the new roadway. Stability during construction stages was deemed satisfactory. 

Analyses of the final expanded embankment were assessed using optimized failure surfaces, 
the results of which have been provided herein. Note transverse sections at Stations 68+00 
and 73+00 require a minimum factor of safety of 1.5 at the abutment structures. Table 6-
13 provides the resulting factors of safety for transverse analyses of final design conditions 
in the applicable long-term drained and short-term undrained clay states. 

Table 6-13:  Resulting Factors of Safety against Global Stability Failure: Transverse Sections 

Location 
Direction 
of Failure EAST WEST 

Clay State Drained – FS Undrained – FS Drained – FS Undrained – FS 

STA 66+00  1.3 n/a 1.6 1.6 

STA 67+50  1.5 n/a 1.5 1.3 

STA 68+00  1.5 n/a 2.0 1.5 

STA 73+00  2.1 1.7 1.5 1.5 

STA 73+50  1.6 1.3 1.4 1.4 

STA 75+00  2.1 1.8 2.0 2.0 
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If the expansion were to be constructed with regular weight embankment fill alone, both 
the north and south approaches would have global stability issues. The use of Geofoam was 
determined to be the effective solution, which would not only allow for sufficient stability, 
but would also be useful in limiting settlements and improving ride quality. Providing 
weight compensation on the west expansion with lightweight aggregate would require 
significant excavation beneath the water table along significant portions of the 
embankments. Much of the transverse south approach stability conditions necessitated use 
of Geofoam, and where stability did not control, Geofoam was utilized to help reduce 
imposed stresses which would otherwise cause excessive settlement of the adjacent hotel 
parking lot.  

The geofoam arrangement was optimized beyond Station 66+50 to the edge of the 
wingwalls so that global stability was the controlling factor, i.e. larger settlements were 
allowed. At the abutment the geofoam configuration is controlled by the need to reduce 
lateral earth pressures. The geofoam configuration at Station 68+00 was fixed by the 
abutment and resulted in unsatisfactory stability results. Therefore, sheeting is required to 
remain in place beginning at Station 67+50 and ending at the south abutment to prevent 
portions of the clay soils east of the Phase 1 MOT construction from being influenced and 
pushed into an undrained state by the placement of material on the west. As was previously 
discussed, the Geofoam placement during Phase 2 along the east as a weight compensation 
is necessary for stability of the east to keep the east end clays in a drained condition. 

Along the north approach it was determined that Geofoam was required for global stability 
at station 73+00. The Geofoam necessary for the abutment structure lateral earth pressure 
assumption proved sufficient. Analyses run at Station 73+50 assumed no Geofoam and 
proved satisfactory for stability. While no Geofoam is necessary beyond station 73+50 for 
global stability purposes, the use of Geofoam continues to Station 73+67 as the Geofoam 
thickness needed to be stepped to prevent significant lateral earth pressures transferred into 
the abutment. 

The stratigraphy utilized for the south abutment longitudinal section is based on Station 
68+00 and likewise the stratigraphy for the north abutment longitudinal section is based 
on Station 73+00. For longitudinal stability through the south abutment it was determined 
a minimum 4-foot thickness of Geofoam behind the abutment was sufficient. For 
longitudinal stability through the north abutment it was determined a minimum 4-ft 
thickness of geofoam was necessary behind the abutment to Station 73+00. These 
requirements for Geofoam thickness were usually met or exceeded by other design needs 
such as needs for the lateral earth pressures at the abutment and transverse stability. 

Analyses of the final design conditions were assessed using optimized failure surfaces. Note 
the longitudinal sections require a minimum factor of safety of 1.5 at the abutment 
structures. Table 6-14 provides the resulting factors of safety for longitudinal analyses of 
final design conditions in the applicable long-term drained and short-term undrained clay 
states. 
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Table 6-14:  Resulting Factors of Safety against Global Stability Failure: Longitudinal Sections 

Location 
Clay State 

Drained – FS Undrained – FS 

South Abutment 2.2 1.6 

North Abutment 1.9 1.5 

 

6.3 Approach Embankment Design of Settlement 

6.3.1 Settlement Assessment 

Settlement induced by the proposed embankment construction was analyzed utilizing 
SETTLE3D by Rocscience with a Boussinesq stress distribution assumed. Models were 
simplified as an extruded cross-sectional geometry of a given station. With the exception 
of the top layer which varies in thickness by ground surface elevation, the thickness of each 
stratum is constant across a model, with flat transitions between strata. The Soft to Medium 
Silty Clay layer and the Medium Silty Clay layer are treated by the models as a single 
stratum. The Post-Surcharge settlements are calculated as the settlement due to preloading 
subtracted from the settlement which would be induced by the final loading configuration 
modeled as though the material had been placed without preloading. Please note 
settlements are queried from an elevation just beneath the toe of the existing embankment. 
Given the existing embankment is comprised of medium dense to very dense granular soils, 
the elastic compressions of the embankment fill above the query elevation are typically 
small and have therefore been neglected. 

By theory, settlements are broken into three forms. Elastic compression or compaction is 
experienced by all soils except saturated cohesive soils. Elastic settlements usually occur 
within a few weeks of load application, and as such is expected to occur during 
construction. On this project, elastic compression had little to no impact on the designed 
solutions, given the saturated soft clays. Primary consolidation is experienced in saturated 
fine-grained deposits, primarily soils classifying as clay. Primary consolidation is a long-
term settlement response due to the low rate at which water can escape from the voids in 
the fine-grained soil deposits. Primary consolidation settlement can take months to several 
years, or in especially thick clay deposits may take over a decade. Secondary compression, 
also known as creep, is generally significant in thick clay deposits after decades. Secondary 
compression is usually only discernable after over ninety five percent of the primary 
consolidation has occurred. The rate of secondary compression is generally not dependent 
on load magnitude but occurs after load induced settlement and generally decreases over 
time.  
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6.3.2 Design Approach 

The design scheme implements preloading with Prefabricated Vertical Drains (PVDs) to 
improve soils, along with Geofoam to lessen the load imposed upon the soils. The 
embankment is constructed in stages to allow maintenance of traffic. 

Preloading or surcharging is a conventional method for improving soft clay soils which 
when loaded compress significantly over a long duration. Load induced compressions of 
thick deposits may continue over several years past the load placement. Preloading is to be 
performed with common borrow material, and portions of the preload material are to 
remain in place as embankment fill. Preloading is commonly performed with a greater 
loading than that of the final construction to more quickly achieve a compression 
equivalent to that estimated for the final construction, to mitigate effects of secondary 
compression, and to achieve more favorable strength conditions. 

Preloading is typically performed with vertical drains to expedite compression in clays. The 
duration of the compression is dependent upon the permeability of the clay soil and the 
distance by which the void water must flow to escape the clay deposit. The introduction of 
vertical drains provides significantly shorter drainage paths, allowing the water to escape 
at an accelerate rate, thereby expediting the primary consolidation. Prefabricated vertical 
drains (PVDs) also known as “wick” drains are commonly used for this purpose. 

The time constraints for the Phase 1 preloading are stringent. Estimations of soil 
permeability and consolidation rates by laboratory tests are generally highly variable (of 
poor precision) and can deviate significantly from the field as permeability of in-situ soils 
are dependent on many factors. To help ensure successful completion of the preload 
induced settlement on schedule, a considerably tight spacing of PVDs is planned and is 
illustrated in the construction plans. 

There are limitations to where the PVDs can be reasonably constructed. For example, 
PVDs are not being utilized along the existing roadway or through the existing 
embankment. PVDs are also not being utilized along steep slopes along the existing 
embankment due to equipment limitations. The extents of the PVDs are to be limited to 
the area extending from the west toe of the existing embankment slope, except in cases 
where the existing embankment is low and the slope has a shallow incline. 

In addition to the introduction of PVD’s to accelerate consolidation, Geofoam is being 
utilized to provide sufficient global stability, as well as to mitigate settlement. The use of 
Geofoam provides benefits in reducing settlement magnitudes from those that would be 
induced if only regular weight, common borrow materials were used. This is of importance 
where grade is being raised over the existing roadway where preloading is not being 
applied, as well as over existing steep embankment slopes where PVDs will be absent. The 
use of Geofoam allows reduced surcharge heights. With the typical Geofoam having a unit 
weight of 3 pcf, it is nearly weightless in comparison to soil.  
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6.3.3 Subsurface Material Properties 

Elastic compression of cohesionless granular soils are calculated using the elastic modulus 
of the soil. Elastic modulus values were estimated from standard penetration test N values. 
For saturated clays, primary consolidation is modeled using the recompression ratio and 
virgin compression ratios which transition at the preconsolidation pressure. These 
parameters are determined through consolidation tests performed in the laboratory on 
samples carefully extruded from the field to limit sample disturbance. Consolidation test 
results have been estimated using results determined at load steps of similar magnitude to 
stresses expected to occur in construction. Groundwater was modeled at El. 62 feet on the 
south approach and El. 63 feet on the north approach. Tables 6-15 through 6-17 provide 
the parameters utilized for settlement analyses of the south and north approaches.  

Table 6-15: Consolidation Parameters for the Soft to Medium Silty Clay  

Location Cεc Cεr OCR 
Cv  

(ft2/day) 
Cvr  

(ft2/day) Ch/Cv 
Cαε  

(% strain) 
Cαεr  

(% strain) 

South 
Approach 0.22 0.045 1.18 0.25 0.93 2 0.008 0.003 

North 
Approach 0.22 0.043 1.19 0.36 0.87 2 0.005 0.005 

  

Table 6-16: Elastic Modulus Values for the South Approach Soils  

Material 
 
 

Property 

Sand and 
Gravel 

(Embankment 
Fill) 

Loose to 
Dense 

Sand (Fill) 

Loose 
Sand and 

Silt 

Interbedded 
Sand and 

Silt 

Soft to 
Medium 
Silty Clay 

Glacial Till 

Es (ksf) 1064 434 291 127 - 700 
 

Table 6-17: Elastic Modulus Values for the North Approach Soils  

Material 
 
 

Property 

Sand and 
Gravel 

(Embankment 
Fill) 

Loose 
to 

Dense 
Sand 
(Fill) 

Very 
Loose 
Sand 

and Silt 

Loose 
Sand 

and Silt 

Interbedded 
Sand and 

Silt 

Soft to 
Medium 
Silty Clay 

Glacial 
Till 

Es (ksf) 1058 358 204 396 153 - 863 
 
 

6.3.4 South Approach Design Recommendations and Results 

From Stations 64+50 to 67+00, preload of approximately six feet high is required to offset 
the final loading condition. The majority of the preload material will be removed after 
consolidation in order to build the Phase 1 widening with Geofoam. This portion of the 
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embankment will use a significant amount of Geofoam to limit the stress influence upon 
the soils beneath the proposed embankment and the adjacent hotel parking lot. The weight 
of the pavement box, subgrade fill, and embankment fill necessitates preloading to 
minimize post-construction settlements. Settlements estimated for Station 66+00 are 
representative of the limits noted above and are presented by Table 6-18. Post construction 
settlements reported include both the contribution of primary and secondary settlement. 

Table 6-18: Results of Settlement Analysis at Station 66+00  

Description Transverse Location 
(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
Edge of Parking Lot 53 LT 0.6 n/a n/a n/a n/a 

New Embankment Toe 48 LT 1.5 <0.1 0.5 1.2 2.2 
West Crest 30 LT 3.9 <0.1 <0.1 0.4 1.7 

Roadway Center 0 0.6 <0.1 0.1 0.3 0.5 
Existing Roadway West 

Edge 12 RT 0.2 n/a n/a n/a n/a 

Existing Roadway Center 25 RT 0.1 n/a n/a n/a n/a 
East Crest 29 RT 0.1 <0.1 <0.1 <0.1 <0.1 

Existing Roadway East Edge 38 RT <0.1 n/a n/a n/a n/a 

Description Transverse Location 
(ft) 

Total Settlement (inch) 
1 year 5 years 20 years 

Edge of Parking Lot 53 LT 0.7 1.3 2.0 
 

Beginning at station 67+00 and continuing north to the abutment, a sizable portion of the 
preload material is to remain in place as embankment fill. The configuration of Geofoam 
along this portion of the embankment is controlled by global stability and is also utilized 
to reduce lateral earth pressures behind the abutment. The surcharge extents are to be taken 
past the planned south abutment location, to approximate Station 68+50. This is to ensure 
the material beneath the longitudinal end of the embankment supported roadway is 
properly consolidated. Estimated settlements for Stations 67+50 and 68+00 are provided 
in Table 6-19 and 6-20. 
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Table 6-19: Results of Settlement Analysis at Station 67+50 

Description 
Transverse Location 

(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
New Embankment Toe 72 LT 4.1 <0.1 <0.1 1.7 3.8 

West Crest 30 LT 11.3 <0.1 <0.1 0.9 3.4 
Roadway Center 0 1.1 0.1 0.8 1.6 2.6 

Existing Roadway West 
Edge 

12 RT 0.5 n/a n/a n/a n/a 

Existing Roadway Center 25 RT 0.3 n/a n/a n/a n/a 
East Crest 30 RT 0.2 <0.1 <0.1 <0.1 <0.1 

Existing Roadway East Edge 38 RT 0.1 n/a n/a n/a n/a 

 

Table 6-20: Results of Settlement Analysis at Station 68+00 

Description 
Transverse Location 

(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
New Embankment Toe 75 LT 2.2 0.0 0.3 1.5 2.8 

West Crest 28 LT 9.1 <0.1 <0.1 <0.1 <0.1 
Roadway Center 0 0.9 <0.1 <0.1 <0.1 <0.1 

Existing Roadway West 
Edge 

12 RT 0.4 n/a n/a n/a n/a 

Existing Roadway Center 25 RT 0.2 n/a n/a n/a n/a 
East Crest 30 RT 0.2 <0.1 <0.1 <0.1 <0.1 

Existing Roadway East Edge 38 RT 0.1 n/a n/a n/a n/a 
 
 

The preload is estimated to induce an insignificant amount of settlements along the existing 
in-service roadway of 0.5 inches or less. It is anticipated that these settlements will be 
tolerable for maintaining traffic and do not require any further accommodation. 

Once traffic has been moved over to the Phase 1 expansion on the west, the existing 
roadway will be removed and the new roadway built. This will involve excavation of the 
existing embankment material and installation of a limited amount of Geofoam to provide 
a weight compensation for the new regular weight embankment material placed. This will 
reduce future settlement and is practical for this portion of the embankment considering 
that the grade raise is typically less than three feet.  
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In the final condition, deflections experienced by the pavement are of concern. Estimated 
settlements for the final conditions have been previously reported in Tables 6-18 through 
6-20. The settlements which occur prior to paving are not experienced by the pavement, 
thus settlement values reported are the deformations estimated to occur after surcharging 
is completed. The analyses ignore the time of construction between the end of surcharging 
and the opening of the entire roadway. Given these results, it appears a typical paving cycle 
(15 to 20-year intervals) will be sufficient to address any post construction deformations. 

6.3.5 North Approach Design Recommendations and Results 

South of Station 73+67 a sizable portion of the preload material will be removed and 
replaced with Geofoam. The configuration and need for Geofoam along this portion of the 
embankment is controlled by global stability but will also serve to reduce lateral earth 
pressures behind the abutment. The surcharge extents are to begin prior to the proposed 
north abutment location to approximate Station 72+25. This is to ensure the material 
beneath the longitudinal end of the embankment supported roadway is properly 
consolidated. Estimated settlements for Station 73+00 are reported in Table 6-21.  

 

Table 6-21: Results of Settlement Analysis at Station 73+00 

Description 
Transverse Location 

(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
New Embankment Toe 72 LT 2.1 <0.1 0.4 2.4 4.6 

West Crest 30 LT 4.0 <0.1 0.2 2.2 4.4 
Roadway Center 0 0.9 <0.1 0.3 0.9 1.6 

Existing Roadway West 
Edge 12 RT 0.5 n/a n/a n/a n/a 

Existing Roadway Center 25 RT 0.3 n/a n/a n/a n/a 
East Crest 30 RT 0.2 <0.1 <0.1 <0.1 <0.1 

Existing Roadway East Edge 38 RT 0.2 n/a n/a n/a n/a 
 

Beyond Station 73+67 Geofoam is no longer utilized and the limits of the preload encroach 
further to the east towards the existing roadway. The preload configuration is 
approximately equivalent to the Phase 1 Maintenance-of-Traffic (MOT) geometry as 
shown in the construction plans, with an additional 2-feet of surcharge material to prestress 
the clay slightly beyond the stresses anticipated in the final condition. With the exception 
of the additional 2-feet of surcharge, the existing preload material has been designed to 
remain in place as embankment fill. Estimated settlements for the extents of the alignment 
to the north of the Geofoam are provided in Table 6-22 and 6-23. Note the model of 73+50 
was simplified to represent the highest section of the north approach without Geofoam and 
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as such the results for the Station 73+50 are representative of the configuration beyond 
Station 73+67. 

Table 6-22: Results of Settlement Analysis at Station 73+50 

Description 
Transverse Location 

(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
New Embankment Toe 67 LT 3.4 0.0 0.4 2.1 4.2 

West Crest 30 LT 9.5 0.0 0.0 1.3 3.3 
Roadway Center 0 2.8 0.9 1.8 3.6 5.6 

Existing Roadway West 
Edge 12 RT 1.6 n/a n/a n/a n/a 

Existing Roadway Center 25 RT 0.9 n/a n/a n/a n/a 
East Crest 30 RT 0.8 0.8 1.5 3.3 5.3 

Existing Roadway East Edge 38 RT 0.6 n/a n/a n/a n/a 
 
 

Table 6-23: Results of Settlement Analysis at Station 75+00 

Description 
Transverse Location 

(ft) 

Surcharge 
Settlement 

(inch) 
Post-Surcharge Settlement (inch) 

4 months 1 year 5 years 20 years 100 years 
New Embankment Toe 71 LT 1.4 0.4 1.2 3.1 5.3 

West Crest 34 LT 5.8 <0.1 <0.1 1.7 3.9 
Roadway Center 0 1.9 0.7 1.5 3.4 5.6 

Existing Roadway West 
Edge 

7 RT 1.4 n/a n/a n/a n/a 

Existing Roadway Center 19 RT 0.8 n/a n/a n/a n/a 
East Crest 30 RT 0.5 0.9 1.5 3.4 5.6 

Existing Roadway East Edge 32 RT 0.5 n/a n/a n/a n/a 
 
 

Along the north approach, the induced settlements may warrant maintenance repaving 
along the west edge of the in-service roadway where it is expected to experience as much 
as 1.6 inches of settlement. 

It should be noted that the model for Station 73+50 assumes no Geofoam. The Geofoam 
planned for Station 73+50 is up to 4-feet thick as the Geofoam thickness tapers in the 
longitudinal direction to end at station 73+67. This Geofoam configuration is controlled 
by the need to minimize lateral earth pressures applied to the abutment. The results of the 
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analysis at Station 73+50 are to be representative of the highest portion of the north 
approach to be constructed without Geofoam.  

An existing water line runs parallel to the north approach embankment from Station 72+50 
to Station 80+50. The water line is closest to the embankment at approximately Station 
73+65 where it is approximately 78 feet west of the new roadway centerline. Where the 
water line is closest to the embankment, settlement is estimated to be approximately 0.5 
inches. 

6.3.6 Instrumentation 

Instrumentation is important for tracking settlements and determining surcharge 
durations and allow the Authority to provide the approval to move beyond the preload 
phase. Given the variability of field conditions and the low precision in permeability 
measurements, calculated estimates of time durations for settlements are not considered to 
provide a final standard as to when construction should be allowed to commence past 
preloading. Settlement will be monitored through the use of piezometers to measure the 
increase and subsequent fall of excess pore pressure and settlement plates will be placed at 
the bottom of the embankments prior to backfilling to track the rate of settlement over 
time. 

Tracking of the settlement plates will not only provide magnitudes for verification 
purposes, but will provide the variation of compression over time, which is necessary to 
provide clear confirmation as to when primary consolidation induced by preloading is 
substantially complete. The piezometers, which provide pore pressure measurements, 
while not providing settlement values, provide a reliable means of tracking the effects of 
the preload efforts and confirm when the primary consolidation is substantially complete.  

A complete schedule of piezometers and settlement plate locations are included in the 
contract plans and special provisions. 

 

7.0 SEISMIC DESIGN RECOMMENDATIONS 

7.1 Design Spectrum using the Generalized Procedure 

A seismic assessment has been performed for the project site. In accordance with AASHTO 
LRFD, seismic analysis was performed for a seismic event having a 7 percent probability of 
being exceeded in 75 years (1,000 year Return Period). Values for the peak ground 
coefficient (PGA) and the spectral coefficients (SS and Sl) for the design event were 
obtained from the USGS web site using the longitude (-70.3479) and latitude (43.6286) for 
the bridge site. As per AASHTO Table 3.4.2.1-1, and given the soils encountered, the site 
is classified as Site Class E. A preliminary analysis was performed and a design spectrum 
developed based on the general Three Point Method prescribed in Section 3.4.1 of 
AASHTO LRFD. 
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The ground peak acceleration (PGA) of bedrock and other parameters for designs obtained 
from AASHTO and the USGS map data are given in Table 7-1 below. 

Table 7-1: Recommended Seismic Design Parameters from USGS 

SS- horizontal spectral acceleration coefficient at 0.2-sec period on rock. 
Sl- horizontal spectral acceleration coefficient at 1.0-sec period on rock. 
AS- Site adjusted peak ground acceleration. 
SDS- design spectral acceleration coefficient at 0.2-sec period. 
SDl- design spectral acceleration coefficient at 1.0-sec period.   

 

7.2 Site Specific Study 

In accordance with Table 3.10.6-1 of AASHTO LRFD, for a site with the SD1 larger than 
0.15, the bride is assigned as Seismic Performance Zone 2. A Zone 2 categorization requires 
a detailed seismic analysis to be performed as part of the assessment and design. Since the 
initially calculated value of SD1 was very close to the boundary between a Seismic Zone 1 
and Seismic Zone 2 classification, a site-specific study was performed to refine the spectral 
acceleration shown in Table 8-1. The analysis relies on published correlations for index 
properties and shear wave velocities of the subsurface materials from SCPT data. 

7.2.1 Selection of Ground Motions 

Ground motions were selected from earthquakes with magnitudes ranging from 5.0 to 7.0. 
Acceleration time histories of these earthquakes were recorded at several instrumented 
locations. Ground motions for several earthquakes recorded within 5 miles to 100 miles of 
the instrument stations were selected for analysis and provided in Table 7-2 below. 

Table 7-2: List of Ground Motions used for Site Specific Study 

 

Return 
Period 
(years) 

Peak Ground 
Acceleration 

(PGA) 

Site Class B Site Class E 

SS Sl AS SDS SDl 

1,000 0.088 0.176 0.045 0.220 0.440 0.158 

Earthquake Magnitude 
Distance from 

Instrumentation 
(miles) 

PGA (g) 

1984 Morgan Hill 6.2 M 10 0.095 
1986 North Palm 

Springs 
6.0 M 39 0.096 

1987 Whittier Narrows 6.0 M 6 0.092 
1988 Saguenay, Canada 5.7 mb 40 0.091 
1982 New Hampshire  4.7 M 5 0.116 
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7.2.2 Scaling of Ground Motions 

A target spectrum for the site was developed from the Three Point Method specified in 
Section 3.4.1 of AASHTO LRFD for the soft bedrock (Site Class B). The ground motions 
were spectrally matched using RSP Match software to develop the site-specific ground 
motions. The target spectrum and the spectrally matched ground motions are shown in 
Figure 5.   

7.2.3 Site Specific Geotechnical Parameters 

Soil and rock material properties affect the shear wave amplification. In order to 
accommodate the site variability, upper bound, average, and lower bound material 
properties were used in the analysis.   

Shear wave velocity profiles were developed from SCPT soundings No. 205 form an 
adjacent project site. The Vs values obtained from the SCPT No. 205 was considered as the 
average velocity profile. The lower bound and upper bound Vs data were obtained by 
lowering or increasing the average velocity by 30 percent. Established shear wave velocity 
profiles used in the analysis are shown in Figure 6. 

Laboratory test results as well as published correlations were utilized to determine the unit 
weights and plasticity indices throughout the site. The plasticity index was utilized to obtain 
the shear modulus and damping ratio at different shear strains. Plasticity indices were 
adjusted to match the material classification in the boring logs. Unit weights were used for 
the determination of initial shear modulus.  Unit weights were adjusted to 5 pcf above and 
below the values obtained at the midpoint of each stratum. Units weights obtained at the 
midpoint of each layer are indicated in Figure 6.  

 
7.2.4 Modulus Reduction and Damping Ratio 

The following published modulus reduction and damping ratio curves for sand, cohesive 
soils, and rock were utilized as shown in Table 7-3.   

      Table 7-3: Published Modulus Reduction and Damping Ratio Curves for Sand, Cohesive 
Soils, and Rock 

Material Models 
Sand Seed & Idriss 1970 

EPRI 1993 
Cohesive Vucetic & Dobry 1991 

Darendeli 2001 
Rock Idriss 1991 

Schnabal 1973 
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7.3 Site Specific Analysis 

A one-dimensional analysis was performed, using the software PRO SHAKE Version 1.1, 
at different locations to represent the entire project site. Several analyses were performed 
at each location by varying input parameters to accommodate the variants in ground 
motions and site soils as outlined above. The spectral acceleration-period data were 
obtained from the Shake analysis for a return period of 1,000 years. Mean and standard 
deviation of the scattered spectra were computed. The mean values and one standard 
deviation above and below were used in establishing the site-specific response spectrum. 
The site-specific analysis results are shown in Figure 7.     

7.3.1 Site Specific Response Spectrum 

The recommended horizontal response spectrum for the 1,000 Year return period is shown 
below in Table 7-4. Based on the site-specific analysis and revised response spectrum, the 
design spectral acceleration coefficient at 1.0-sec period (SD1) is reduced to 0.13 and 
classified as Seismic Performance Zone 1. 

Table 7-4: List of Ground Motions used for Site Specific Study 

1,000-Year Event 
Period 
(sec.) 

Spectral 
Acceleration (g)  

0.00 0.17 
0.07 0.36 
0.40 0.36 
0.52 0.30 
0.75 0.20 
1.00 0.13 
1.50 0.09 
2.00 0.06 
3.00 0.05 
4.00 0.04 
5.00 0.03 

 

7.4 Liquefaction Screening 

As part of the seismic assessment, a determination of the liquefaction hazards present at 
the project site was conducted. Liquefaction is a phenomenon whereby a soil substantially 
loses strength in response to an applied cyclic stress, typically associated with earthquake 
loading. This temporary loss of soil strength causes the soil to behave like a liquid, 
impacting bearing capacity and lateral stiffness. Liquefaction induced ground movement 
can cause serious damage to structures. Damage may occur during the earthquake itself, or 
continue to occur or be initiated subsequent to the earthquake in situations where the static 
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factor of safety against lateral movement is reduced to less than unity. Two types of post-
liquefaction deformations are possible: 

1. Horizontal shear deformation arising from the large shearing strains occurring in 
zones where the earthquake has induced initial liquefaction. 

2. Settlements arising from volume changes that occur on reconsolidation accompanying 
dissipation of the large excess pore pressures in liquefied zones. 

In general, strata meeting the following criteria are typically not susceptible to liquefaction 
and can be eliminated from the screening: 

• Soil with fines content (percent passing through No. 200 sieve) more than 35 percent 
• Soils classified as Marine and Lacustrine Silt and Clay 
• Layers with SPT-N values greater than 30 blows per foot 
• Unsaturated soils above the groundwater table 

The conditions at the project site satisfy the above screening criteria, and are not susceptible 
to liquefaction.  

8.0 LIMITATIONS OF REPORT 

The conclusions and recommendations contained in this report are based upon the 
subsurface data obtained during this investigation and on details stated in this report.  The 
validity of the conclusions and recommendations contained in this report are necessarily 
limited by, among other things, the scope of field investigation and by the number of 
borings.  Therefore, given the nature of this subsurface study, there is a possibility that 
actual conditions encountered will differ from those discussed in this report.  Should 
conditions arise which differ from those described in this report, HNTB should be notified 
immediately and provided with all information when available regarding subsurface 
conditions. 

As part of the geotechnical recommendations presented in this report, HNTB makes no 
warranty as to the absence or presence of any environmental hazard or waste present on 
any property evaluated hereunder and all reports generated here to are qualified as being 
based upon existing data reasonably available to HNTB and not subject to independent 
verification.  HNTB is not responsible for any latent defects that could not be reasonably 
discovered during the performance of its services and makes no legal representations 
whatsoever concerning any matter, including but not limited to, the ownership of any 
property or the interpretation of any law.  These limitations form a material part of this 
report and are considered incorporated by reference therein. No warranty for the contents 
of this report, neither expressed nor implied, is made except that professional services were 
performed in accordance with generally accepted principles and practices.  
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25

30

35

40

45

50

7D

8D

9D

10D

11D
V1

24/24

24/24

24/21

24/21

24/22

29.0 - 31.0

34.0 - 36.0

39.0 - 41.0

44.0 - 46.0

49.0 - 51.0
49.6 - 50.0

WOH-2-3-2

WOH/24"

1-2-2-1

WOR/24"

VANE INTERVAL
Su= 549 / 41 psf

5

0

4

0

--

  6

  0

  5

  0

45

55

62

78

60

66

61

61

54

63

60

48

43

38

38

33

28

30

31

29

23

24

25

23

open

23.0

7D: Grey, loose, interbedded, fine to medium SAND, trace to little
Silt; and Silty CLAY, little very fine Sand.

8D: Grey, v. loose, interbedded, Silty fine to medium SAND; Silty
CLAY, trace fine Sand; and fine to medium SAND, little Silt.

9D: Grey, v. loose, interbedded, fine to medium SAND, trace to
little Silt; Silty CLAY, trace fine Sand; and Silty fine to medium
SAND.

42.5

10D: Grey, v. soft, Silty CLAY, trace fine Sand.

11D: Grey with occasional black streaks, Silty CLAY, trace fine to
medium SAND as partings and lenses.

WC=37.9%
LL=35.1

PROJECT: Cummings Road Bridge over MeTPK Boring No.: BB-CUM-205

LOCATION: Scarborough, Maine
Proj. No.: 18-001

Driller: New England Boring Contractors Elevation (ft.) 65.5 Core Barrel: n/a

Operator: Enos / Royal / Cotter Datum: NAVD88 Sampler: std. split-spoon

Logged By: Schonewald Rig Type: Mobile Drill B-53 (rubber track) Hammer Wt./Fall: 140 lbs/30 in (auto hammer)

Date Start/Finish: 2/12/18; 1205-2/15/18; 0950 Drilling Method: cased wash boring Hammer Type: auto

Boring Location: 76+00, 35 ft LT Casing ID/OD: HW to 49 ft Hammer Efficiency: 0.677

Auger ID/OD: SSA to 4 ft Water Level*: 2.0 ft (open)
IN-SITU SAMPLING AND TESTING: ADDITIONAL DEFINITIONS: ADDITIONAL DEFINITIONS: LABORATORY TEST RESULTS:

D = Split Spoon Sample N-uncorrected = N value WOH = weight of 140lb. hammer AASHTO / USCS soil classifications
MD = Unsuccessful Split Spoon Sample attempt N60 = N value corrected for hammer efficiency WOR = weight of rods -#200 = percent fines WC = water content (%)
U = Thin Wall Tube Sample hammer efficiency = calculated hammer efficiency -- = not recorded CONSOL= 1-D consolidation test
MU = Unsuccessful Thin Wall Tube Sample attempt Su = Insitu Field Vane Shear Strength (psf) BOREHOLE ADVANCEMENT METHODS: UU=Unconsolidated undrained triaxial test
V = Insitu Vane Shear Test R = Rock Core Sample SSA/HSA=solid/hollow stem auger LL=Liquid Limit / PL=Plastic Limit / PI=Plasticity Index
MV = Unsuccessful Insitu Vane Shear Test attempt RQD = Rock Quality Designation (%) RC=roller cone/OPEN/PUSH=hydraulic push UCT qp = peak compressive strength of rock

Remarks:

Stratification lines represent approximate boundaries between 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
present at the time measurements were made. Boring No.: BB-CUM-205
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50

55

60

65

70

75

V2

12D
V3

V4

U1

13D
V5

V6

U2

24/22

24/24

24/24

24/24

50.6 - 51.0

55.0 - 57.0
55.6 - 56.0

56.6 - 57.0

60.0 - 62.0

65.0 - 67.0
65.6 - 66.0

66.6 - 67.0

70.0 - 72.0

Su= 440 / 27 psf

VANE INTERVAL
Su= 508 / 27 psf

Su= 494 / 14 psf

HYD PUSH

VANE INTERVAL
Su= 522 / 27 psf

Su= 618 / 14 psf

HYD PUSH

V1: Tu=20 / Tr=1.5 ft-lbs (65 mm x 130 mm vane)
V2: Tu=16 / Tr=1 ft-lbs (65 mm x 130 mm vane)

12D: Dark grey with occasional black streaks, Silty CLAY, trace
very fine SAND, with small nodules throughout.
V3: Tu=18.5 / Tr=1 ft-lbs (65 mm x 130 mm vane)

V4: Tu=18 / Tr=0.5 ft-lbs (65 mm x 130 mm vane)

U1: Dark grey black, Silty CLAY, trace very fine Sand.  Bottom of
tube crimped and side gouged up to 61.3 ft; appears to have
pushed against a drop stone.

13D: Dark grey black, Silty CLAY, trace very fine Sand; nodules
throughout.  Changing at 66.5 ft. to grey, Silty CLAY.
V5: Tu=19 / Tr=1 ft-lbs (65 mm x 130 mm vane)

V6: Tu=22.5 / Tr=0.5 ft-lbs (65 mm x 130 mm vane)

U2: Dark grey, Silty CLAY.

PL=20.5
PI=14.6

CONSOL
(Cv)

WC=49.2%
LL=42.1
PL=23.1
PI=19.0

WC=39.3%
LL=38.9
PL=21.1
PI=17.8

CONSOL
(Cv)

WC=43.0%
LL=47.5
PL=22.8
PI=24.7

PROJECT: Cummings Road Bridge over MeTPK Boring No.: BB-CUM-205

LOCATION: Scarborough, Maine
Proj. No.: 18-001

Driller: New England Boring Contractors Elevation (ft.) 65.5 Core Barrel: n/a

Operator: Enos / Royal / Cotter Datum: NAVD88 Sampler: std. split-spoon

Logged By: Schonewald Rig Type: Mobile Drill B-53 (rubber track) Hammer Wt./Fall: 140 lbs/30 in (auto hammer)

Date Start/Finish: 2/12/18; 1205-2/15/18; 0950 Drilling Method: cased wash boring Hammer Type: auto

Boring Location: 76+00, 35 ft LT Casing ID/OD: HW to 49 ft Hammer Efficiency: 0.677

Auger ID/OD: SSA to 4 ft Water Level*: 2.0 ft (open)
IN-SITU SAMPLING AND TESTING: ADDITIONAL DEFINITIONS: ADDITIONAL DEFINITIONS: LABORATORY TEST RESULTS:

D = Split Spoon Sample N-uncorrected = N value WOH = weight of 140lb. hammer AASHTO / USCS soil classifications
MD = Unsuccessful Split Spoon Sample attempt N60 = N value corrected for hammer efficiency WOR = weight of rods -#200 = percent fines WC = water content (%)
U = Thin Wall Tube Sample hammer efficiency = calculated hammer efficiency -- = not recorded CONSOL= 1-D consolidation test
MU = Unsuccessful Thin Wall Tube Sample attempt Su = Insitu Field Vane Shear Strength (psf) BOREHOLE ADVANCEMENT METHODS: UU=Unconsolidated undrained triaxial test
V = Insitu Vane Shear Test R = Rock Core Sample SSA/HSA=solid/hollow stem auger LL=Liquid Limit / PL=Plastic Limit / PI=Plasticity Index
MV = Unsuccessful Insitu Vane Shear Test attempt RQD = Rock Quality Designation (%) RC=roller cone/OPEN/PUSH=hydraulic push UCT qp = peak compressive strength of rock

Remarks:

Stratification lines represent approximate boundaries between 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
present at the time measurements were made. Boring No.: BB-CUM-205
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75

80

85

90

95

100

14D
V7

V8

U3

15D
V9

MV

MU

U4

24/24

24/24

24/24

24/--

24/24

75.0 - 77.0
75.6 - 76.0

76.6 - 77.0

80.0 - 82.0

85.0 - 87.0
85.6 - 86.0

90.0 - 92.0

95.0 - 97.0

VANE INTERVAL
Su= 810 / 27 psf

Su= 907 / 27 psf

HYD PUSH

VANE INTERVAL
Su= 810 / 41 psf

HYD PUSH

HYD PUSH

-33.0

14D: Dark grey, Silty CLAY, with nodules throughout.
V7: Tu=29.5 / Tr=1 ft-lbs (65 mm x 130 mm vane)

V8: Tu=33 / Tr=1 ft-lbs (65 mm x 130 mm vane)

U3: Dark grey, Silty CLAY.

15D: Dark grey with occasional black streaks, Silty CLAY, trace
very fine Sand, with nodules throughout and two concretions.
V9: Tu=29.5 / Tr=1.5 ft-lbs (65 mm x 130 mm vane)
MV: Unable to push past 86.5 ft.

MU: Sampler slipped when brought to surface; dropped 90 ft;
sampler and tube retrieved, but tube discarded; sample field
extruded and jarred: Dark grey, Silty CLAY, with one significant
Sandy SILT seam at 90.6 ft and two concretions below seam.

U4: Dark grey, Silty CLAY.

98.5
98.5 ft: Possible top of weathered rock based on drilling behavior.
99.0 ft: Possible top of rock based on drilling behavior.

PROJECT: Cummings Road Bridge over MeTPK Boring No.: BB-CUM-205

LOCATION: Scarborough, Maine
Proj. No.: 18-001

Driller: New England Boring Contractors Elevation (ft.) 65.5 Core Barrel: n/a

Operator: Enos / Royal / Cotter Datum: NAVD88 Sampler: std. split-spoon

Logged By: Schonewald Rig Type: Mobile Drill B-53 (rubber track) Hammer Wt./Fall: 140 lbs/30 in (auto hammer)

Date Start/Finish: 2/12/18; 1205-2/15/18; 0950 Drilling Method: cased wash boring Hammer Type: auto

Boring Location: 76+00, 35 ft LT Casing ID/OD: HW to 49 ft Hammer Efficiency: 0.677

Auger ID/OD: SSA to 4 ft Water Level*: 2.0 ft (open)
IN-SITU SAMPLING AND TESTING: ADDITIONAL DEFINITIONS: ADDITIONAL DEFINITIONS: LABORATORY TEST RESULTS:

D = Split Spoon Sample N-uncorrected = N value WOH = weight of 140lb. hammer AASHTO / USCS soil classifications
MD = Unsuccessful Split Spoon Sample attempt N60 = N value corrected for hammer efficiency WOR = weight of rods -#200 = percent fines WC = water content (%)
U = Thin Wall Tube Sample hammer efficiency = calculated hammer efficiency -- = not recorded CONSOL= 1-D consolidation test
MU = Unsuccessful Thin Wall Tube Sample attempt Su = Insitu Field Vane Shear Strength (psf) BOREHOLE ADVANCEMENT METHODS: UU=Unconsolidated undrained triaxial test
V = Insitu Vane Shear Test R = Rock Core Sample SSA/HSA=solid/hollow stem auger LL=Liquid Limit / PL=Plastic Limit / PI=Plasticity Index
MV = Unsuccessful Insitu Vane Shear Test attempt RQD = Rock Quality Designation (%) RC=roller cone/OPEN/PUSH=hydraulic push UCT qp = peak compressive strength of rock

Remarks:

Stratification lines represent approximate boundaries between 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
present at the time measurements were made. Boring No.: BB-CUM-205
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100

105

110

115

120

125

-34.5 100.0
Bottom of Exploration at 100.0 feet below ground surface.
Bottom of Exploration at 100.0 feet below ground surface.

Roller cone refusal.

PROJECT: Cummings Road Bridge over MeTPK Boring No.: BB-CUM-205

LOCATION: Scarborough, Maine
Proj. No.: 18-001

Driller: New England Boring Contractors Elevation (ft.) 65.5 Core Barrel: n/a

Operator: Enos / Royal / Cotter Datum: NAVD88 Sampler: std. split-spoon

Logged By: Schonewald Rig Type: Mobile Drill B-53 (rubber track) Hammer Wt./Fall: 140 lbs/30 in (auto hammer)

Date Start/Finish: 2/12/18; 1205-2/15/18; 0950 Drilling Method: cased wash boring Hammer Type: auto

Boring Location: 76+00, 35 ft LT Casing ID/OD: HW to 49 ft Hammer Efficiency: 0.677

Auger ID/OD: SSA to 4 ft Water Level*: 2.0 ft (open)
IN-SITU SAMPLING AND TESTING: ADDITIONAL DEFINITIONS: ADDITIONAL DEFINITIONS: LABORATORY TEST RESULTS:

D = Split Spoon Sample N-uncorrected = N value WOH = weight of 140lb. hammer AASHTO / USCS soil classifications
MD = Unsuccessful Split Spoon Sample attempt N60 = N value corrected for hammer efficiency WOR = weight of rods -#200 = percent fines WC = water content (%)
U = Thin Wall Tube Sample hammer efficiency = calculated hammer efficiency -- = not recorded CONSOL= 1-D consolidation test
MU = Unsuccessful Thin Wall Tube Sample attempt Su = Insitu Field Vane Shear Strength (psf) BOREHOLE ADVANCEMENT METHODS: UU=Unconsolidated undrained triaxial test
V = Insitu Vane Shear Test R = Rock Core Sample SSA/HSA=solid/hollow stem auger LL=Liquid Limit / PL=Plastic Limit / PI=Plasticity Index
MV = Unsuccessful Insitu Vane Shear Test attempt RQD = Rock Quality Designation (%) RC=roller cone/OPEN/PUSH=hydraulic push UCT qp = peak compressive strength of rock

Remarks:

Stratification lines represent approximate boundaries between 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
present at the time measurements were made. Boring No.: BB-CUM-205
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PHOTOGRAPHS OF ROCK CORE OBTAINED IN 

200-SERIES SUBSURFACE EXPLORATIONS 

Page 24



Sheet No.:
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Photo 1:  Core box containing rock core from test borings BB-CUM-202 & -203 left side of core box (top portion of 
cores).
Slots from top to bottom:
1) BB-CUM-202, R1;
2) Empty;
3) BB-CUM-203, R1;
4) Empty.

Photo 2: Core box containing rock core from test borings BB-CUM-202 & -203 – right side of core box (bottom portion 
of cores). 
Slots from top to bottom:
1) BB-CUM-202, R1;
2) Empty;
3) BB-CUM-203, R1;
4) Empty.
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RWG&A: RESULTS OF SOILS LABORATORY TESTS ON 
UNDISTURBED TUBE AND SOIL JAR SAMPLES 
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Client: Schonewald Engineering Associates, Inc.
Project Name: Cummings Rd over ME TPK
Project Location: Scarborough, ME
GTX #: 307850
Test Date: 03/29/18
Tested By: jbr
Checked By: emm

Boring ID Sample ID Depth, ft pH

BB-CUM-202 2D 5-7 6.4

BB-CUM-203 2D 5-7 6.42

    

Notes:

pH by AASHTO T 289

Description

Moist, brown sand

 

Moist, brown sand
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Client: Schonewald Engineering Associates, Inc.
Project Name: Cummings Rd over ME TPK
Project Location: Scarborough, ME
GTX #: 307850
Test Date: 03/29/18
Tested By: jbr
Checked By: jdt

Boring ID Sample ID Depth, ft.
Minimum

Soil Resistivity,
ohm-cm

BB-CUM-202 2D 5-7 16,461

BB-CUM-203 2D 5-7 3,507

Comments: Test Equipment: Nilsson Model 400 Soil Resistance Meter, MC Miller Soil Box
Test conducted in standard laboratory atmosphere: 68-73 F

Sample Description

Moist, brown sand

Minimum Laboratory Soil Resistivity
by AASHTO T 288

Moist, brown sand
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