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1.0 PROJECTDESCRIPTION ANDSCOPE

1.1 Introduction

The following represents the results of the geotechnical assessment prepared by HNTB for the
reconfiguration of the existing Exit 45 Interchange connecting the Maine Turnpike and Route
703 in Scarborough and South Portland, Maine (Figure 1: Project Site Location Map). This
report addresses interchange reconfiguration construction, which involves a new Route 703
bridge with lightweight approach embankments, two entry toll plazas, two exit toll points, and
other interchange improvements. The general project layout is provided by Figure 2: Key Plan.

The interchange reconfiguration design has utilized the subsurface exploration and laboratory
testing performed for the Exit 45 Preload Embankment (Contract 2019.13), which is currently
under construction. As such, no new borings or testing were conducted for this assessment,
and reliance was made on the results of the previous exploration. A link for the Geotechnical
Design Report, Preload Embankment Contract dated 7/26/19 is provided in Section 10.0,
References.

1.2  Scope of Services

HNTB has performed the following scope of services in support of the interchange design:

1 Development of final foundation recommendations for the proposed bridge, including
LFRD design, seismic classification/soil properties, and pile drivability analysis.

1 Development of final foundation recommendations for the proposed toll plazas, mast
arms, and buildings, including LFRD design, ASD design, seismic classification/soil
properties, and pile drivability analysis.

1 Development of final foundation recommendations for the proposed sign truss at Sta.
1062+50, including LFRD design, seismic classification/soil properties, and pile
drivability analysis.

1 Final design of high embankments to include detailing of lightweight fill and refinements
of stability analyses.

1 Geotechnical assessment and optimization of the design options for ramp crossovers and
development of final design in support of MOT schemes and snowplow turnaround.

1 Reviewed existing data and results of the on-going Preload Embankment Contract and

incorporated it into the current design.

1 Evaluation of geotechnical implications on overall project duration and schedule.

1.3 Existing Interchange and Proposed Reconfiguration

The Exit 45 Interchange was built in 1956 in a trumpet configuration. The existing Exit 45
Underpass Bridge was designed to support two lanes of H-20 loading. The bridge underwent
partial deck replacement in 1979 and 1995, as well as repairs in 2000. Currently, the bridge has
limited load ratings (HL-93 Loading Inventory R.F. of 0.78 and Operating R.F. of 1.01),
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substandard vertical clearance, and a temporary railing system that replaced the previously
substandard railing. The existing tolling infrastructure is also obsolete and can no longer be
maintained. Additionally, current interchange geometry has safety and operational
deficiencies.

The proposed improvements involve replacement of the existing trumpet interchange with a
diamond interchange, including a new two-span underpass bridge, new toll plazas along the on
ramps, and exit toll points along the off ramps. The proposed diamond interchange will include
two emergency vehicle ramps that will allow emergency vehicles to move directly from
northbound to southbound Turnpike barrels or vice versa.

The replacement bridge crosses the Mainline at station 2219+19, and it extends from Route 703
station 1048+46 to 1051+20. The structure has two spans totaling 274 ft. and a curb-to-curb
width of 56 ft. to accommodate four 12 ft. lanes and two 4 ft. shoulders. The girders consist of
50 in. deep welded steel plate girders, which are supported by concrete integral abutments and
a median concrete hammerhead pier. Bridge movement is accommodated through a
combination of elastomeric bearings on the pier, low-density expanded polystyrene (better
known as Geofoam) behind each abutment, and asphaltic plug joints between the at-grade
approach slabs and sleeper slabs. All substructures are supported on steel H-piles driven either
into glacial till or to the top of bedrock.

The west and east bridge approach embankments are currently being preloaded with a two-
stage, standard weight fill. During interchange reconfiguration construction, a portion of the
regular weight fill will be excavated and replaced with Geofoam to improve longitudinal
stability and minimize long-term settlements. The Geofoam extends into the approach
embankments 112 ft behind the West abutment and 66 ft behind the East abutment (at roadway
centerline).

The two new toll plazas are Southbound Entry located at project station 113+10 and
Northbound Entry located at 309+40. Both toll plazas have a similar configuration consisting
of three entry lanes with overhead canopy and an adjacent toll utility building with parking lot.
The toll slab and supporting grade beams are founded on steel H-plies driven either into glacial
till or to the top of bedrock. The toll building is supported independently, also by a pile
foundation. Note that the toll plaza areas are currently being preloaded to help control
differential settlements, particularly at the building and toll structure slabs.

The two new toll points are Southbound Exit located at project station 209+42 and Northbound
Exit located at 407+75. Both toll points have a similar configuration and include a mast arm
supported by an independent foundation. The toll slab, supporting grade beams, and mast arms
are all founded on steel H-piles driven either into glacial till or to the top of bedrock. In
addition, a new overhead sign structure (OHSS) will be constructed on Route 703 at station
1062+50. The OHSS is also to be supported on steel H-piles driven either into glacial till or to
the top of bedrock.
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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 ANDSITE 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 glaciation within the last 25,000 years
(late Wisconsian glaciation) resulting in a physiographic surficial geology primarily composed
of unconsolidated sediments of glacial and nonglacial origin. The bedrock geology underlaying
the project site is the Eliot Formation of the Merrimack and Casco Bay Groups comprised of
metamorphic rocks, which are characteristically composed of fine grained, thinly layered
phyllite.

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 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
3 and 4, respectively.

3.0 SUBSURFACEEXPLORATION

3.1 General

A subsurface exploration was conducted to characterize the soil and rock conditions at the site
and also to furnish design parameters. The exploration consisted of a total of 27 borings
advanced in three phases:

1 A preliminary exploration to determine the project scope, including seven soil borings
drilled by New England Boring Contractors with boring inspection by HNTB’s
subconsultant, Schonewald EA, during the period October 4-24, 2017.

I A main exploration to establish subsurface stratification and geotechnical design
p g g
parameters, including 12 borings, three cone penetration tests, and three dilatometer
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tests, drilled by New England Boring Contractors with boring inspection by HNTB’s
subconsultant, Schonewald EA, during the period April 3-May 9, 2018.

1 A supplemental exploration to furnish additional data, including eight borings drilled
by HNTB’s subconsultant, Haley and Aldrich (H&A) during the period January 4-17,
2019.

The final boring logs and boring location plans are included in data reports provided as
Attachments 1, 2, and 3.

The 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 140-1b
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 (Neo) unless noted otherwise.

Three Cone Penetration Tests and three flat-plate Dilatometer tests were also performed to
further characterize the strength compressibility characteristics of the site soils. These included
shear wave velocity testing and pore pressure dissipation testing.

A summary of the borings indicating approximate locations and depths of exploration are
included in Table 3-1. Of the 27 borings drilled across project site, 12 are located in vicinity of
the bridge and toll structures and were actually utilized for the interchange reconfiguration
design. These borings are indicated with an asterisk (*) in the table.

Three Cone Penetration Tests and three flat-plate Dilatometer tests were performed by
ConeTec on June 5 to June 6, 2018 under the supervision of Schonewald Engineering
Associates, Inc (Schonewald EA). A summary of the cone penetration tests and dilatometer
tests indicating approximate locations and depths of exploration are included in Table 3-2.
One CPT was performed with 13 shear wave velocity tests to provide additional data for seismic
liquefaction assessment. Nine pore pressure dissipation tests were performed to provide
information for consolidation times. All CPTs and DMTs were performed within the vicinity
of the bridge.
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Table 3-1: Summary of Subsuface Exploration

Bottom of
Ground Depth of .
. . Offset . ] Exploration
Boring No. Station Elevation Boring .
(feet) (fect) (fect) Elevation
ee ee
(feet)
HB-EXIT45-101 114+18 12.4 RT 63.7 97.0 -33.5
HB-EXIT45-102* 1048403 11.6 LT 62.1 89.0 -27.0
HB-EXIT45-103% 1051+64 13.0 RT 60.9 98.0 -37.5
HB-EXIT45-104 416+65 11.1LT 58.9 60.0 1.0
HB-EXIT45-105 306451 28.3LT 57.3 43.0 15.0
HB-EXIT45-106 210+86 38.3LT 57.1 52.0 5.0
HB-EXIT45-107 310+96 50.7 LT 60.4 47.0 13.0
HB-EXIT45-201*% 1055+23 27.0LT 59.0 72.0 -13.0
HB-EXIT45-202 303+97 2.2RT 64.0 71.0 -7.0
HB-EXIT45-203% 1053+27 32.7LT 59.8 65.0 -5.0
HB-EXIT45-204 304+52 10.0 LT 60.5 62.0 -1.5
HB-EXIT45-205% 1051+40 93.0LT 63.1 75.8 -12.8
HB-EXIT45-206* 1050+23 94.3 LT 63.1 86.1 -23.1
HB-EXIT45-207* 113+08 433 LT 64.2 100.2 -36.2
HB-EXIT45-208 116+59 49.7 LT 63.0 90.2 -27.2
HB-EXIT45-209% 200+12 157 RT 62.6 90.6 -28.1
HB-EXIT45-210% 202+06 352 RT 61.4 91.8 -30.3
HB-EXIT45-211 204+45 33LT 62.4 83.0 -20.5
HB-EXIT45-212 204+81 54.6 LT 59.2 82.0 -23.0
HB-EXIT45-301 304485 199 LT 60.3 20.0 40.3
HB-EXIT45-302 303+97 2.2 RT 60.0 20.0 40.0
HB-EXIT45-303% 1048+18 41.0LT 61.4 54.0 7.4
HB-EXIT45-303A 1048+14 442 LT 61.4 9.0 52.4
HB-EXIT45-304A 209+45 1.0LT 56.1 14.0 42.1
HB-EXIT45-305 209+52 1.6 LT 56.1 83.0 -26.9
HB-EXIT45-306% 309+27 1.1LT 58.1 55.7 2.4
HB-EXIT45-307*% 407+82 27.0RT 63.9 103.6 -39.7
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Table 3-2: CPT and DMT Summary

Test No. Depth (ft)
HB-CPT-203 60.0
HB-SCPT-205 66.8
HB-CPT-209 89.2
HB-DMT-203 50.0
HB-DMT-205 50.0
HB-DMT-209 60.0

Bedrock was encountered and sampled in eight borings using a 2.0-inch inner diameter NQ-2
sized diamond-tipped core barrel. The recovery and rock quality designation (RQD) of each
core was calculated and are included on the borings logs. Table 3-3 summarizes the recovery
and RQD of the rock samples obtained during the exploration.

Table 3-3: Summary of Subsurface Exploration Rock REC and RQD

. Depth
Boring No. Rock Core REC (%) RQD (%)
(feet)
HB-EXIT45-102 R1 79.0 - 84.0 95 70
HB-EXIT45-102 R2 84.0 - 89.0 97 90
HB-EXIT45-103 (OW) R1 88.5-93.0 96 67
HB-EXIT45-103 (OW) R2 93.0 -98.0 97 52
HB-EXIT45-205 R1 67.0-72.0 100 28
HB-EXIT45-205 R2 72.0 - 75.8 100 54
HB-EXIT45-206 R1 76.1 - 81.1 100 95
HB-EXIT45-206 R2 81.1 - 86.1 100 83
HB-EXIT45-207 R1 95.2 - 100.2 95 70
HB-EXIT45-305 Cl1 78.0 - 83.0 38 0
HB-EXIT45-306 Cl1 46.0 - 51.0 70 15
HB-EXIT45-306 C2 51.0 - 55.7 87 78
HB-EXIT45-307 Cl1 93.2-974 46
HB-EXIT45-307 C2 97.4-97.8 100
HB-EXIT45-307 C3 97.8 - 98.8 25 0
HB-EXIT45-307 C4 98.8 - 103.6 95 83
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4.0 GEOTECHNICALTESTINGAND SOIL PROPERTIES

4.1 Laboratory Testing

A wide range of laboratory tests was conducted on samples recovered from the subsurface
exploration to characterize the site soils and establish their design properties. These tests
included:

1 Soil Classification Tests: Testing was performed according to the following standards:

Natural Moisture Content ASTM D2216
Atterberg Limits ASTM D4318
Grain Size Analysis ASTM D422
Percent Passing No. 200 Sieve ASTM D1140

1 Consolidation Tests: A total of 13 consolidation tests were performed according to the
standard ASTM D2435-M.

7 Shear Strength Testing: Six Direct Simple Shear tests and three Direct Shear tests were
performed according to the following standards:

Consolidated Drained Direct Shear Test ASTM D3080
Consolidated Undrained Direct Simple Shear Test ASTM D6528

The results of the above testing are described in the Geotechnical Design Report, Preload
Embankment Contract (see Section 10.0, References).

4.2 Field Testing

4.3 Soi

Significant reliance was given to in-situ vane shear testing for estimation of the shear strength
of the cohesive formations. These tests were completed during drilling of the borings in
accordance with the requirements outlined in ASTM D 2573. In-situ vane shear testing involves
using a simple rotated blade of specified dimensions to evaluate undrained shear strengths (s)
and remolded shear strengths (s;) in soft to stiff clays (FHWA-IF-02-034 G.E.C. 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 G.E.C. No. 5).

| Properties
Design properties for site soils were principally determined using the results of the laboratory

and field testing. Standard published correlations and engineering judgement were also
employed to make final decisions on properties.

The cohesionless soil properties used for design are provided in Table 4-1. The cohesive soil

properties used for design are provided in Tables 4-2 and 4-3.
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Table 4-1: Soil Properties of Cohesionless Strata

Property Existing Fill Interbedded Sand and Silt Glacial Till
- Upper
Neo (blows/ft)® 7 5 49
N (blows/ft)? 11 8 34
y (pcH® 113 110 121
. ' (deg) @ 30 33 37
E, (ksf)® 357 318 906

(1) Neo — SPT N-value corrected for 60% hammer efficiency.

(2) N0 — SPT N-value corrected for 60% hammer efficiency, overburden pressure, rod length, and rod diameter.
(3) y - Total unit weight, correlated from Ni .

(4) » ' - Effective angle of internal friction.

(5) Es - Secant modulus, correlated from Ny 6.

Table 4-2: Soil Properties of Cohesive Strata

compression index

Property Interbedded Sand Marine Clay
Propert Marine Cla
description petty and Silt - Lower Crust Y
Total Unit Weight y (pcf) 106 121 112
Varies by location
Initial Undrained
r;;‘;r Srtlrer;;; Suo (psD) 345 1000 and depth. See Table
8-3.
Increase in Undrained
. A h
Shear Strength with Asy/A 0.12 N/A due t(,) efwy 0.20
Increased Stress overconsolidation.
Effective (Drained)
Angle of Internal ' 31° 30° 30°
Friction
Compression ratio Cce 0.12 0.12 0.25
R ;
ecompression Cre 0.02 0.02 0.03
ratio
Overcons?lidation OCR 12 i 10
ratio
Preconsolidation .
Pressure p (ksf) i 6 )
Coefficient of
consolidation (due Cn (ft*/day) 2.0 0.45 0.45
to horizontal flow)
Coefficient of
consolidation (due Cy (ft*/day) 1.0 0.30 0.30
to vertical flow)
Secondar
y O — 0.007 0.007 0.007
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Table 4-3: Marine Clay Initial Undrained Shear Strengths

Data obtained from borings HB-
Marine Clay Zone™” o
arine Clay Zone Suo (psf) EXTT45.
East Edge U 301 103, 205, 203
East Edge M 307 103, 205, 203
East Edge B =432 +11.9%(10-y) @ 103, 205, 203
Southwest U 344 102, 210
Southwest M 437 101, 102, 207, 208, 209, 210
Southwest B =556 + 6.0%(10-y) @ 101, 102, 207, 208, 209, 210
North U 388 105, 106, 107, 204, 211, 212
North U* 500 301, 302, 304A, 305, 306
North M 435 105, 106, 107, 204, 211, 212
North B =467 + 13.0*(10—}/) @ 204, 211, 212
East U 337 104, 201, 202, 203
East M 396 104, 201, 202, 203
East B = 450 +4.9%(10-y) @ 104, 201, 202, 203

(1) U - upper (above elevation +30’); M — middle (between el. +30” and el. +10°); B - bottom (below el. +10°), U*
top 5-6 feet of Marine Clay layer

(2) y - elevation in feet

As shown in Table 4-3, it was necessary to group the Marine Clay shear strengths into four
different zones of the site to reflect observed trends and appropriately optimize the design. Also
note that interpolations and refinements of the soil properties listed were occasionally made to

reflect localized conditions at a foundation.

5.0 SuUBSURFACECONDITIONS

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.

Generalized interpretive subsurface profiles were developed along the Route 703 bridge
alignment and at each of the four toll structures (see Figures 5A though 5D). The profiles are
intended to convey trends in subsurface conditions. The boundaries between strata are
approximate and idealized, having been developed through interpretations of widely spaced
borings and samples. Actual soil transitions included in the subsurface profile will vary and
may be more erratic than indicated.

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

1. Granular Fill
2. Interbedded Sand and Silt (ISS)
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a. ISS Upper

b. ISS Lower
Marine Clay
Marine Clay Crust
Glacial Till
Phyllite Bedrock

S

Stratum 1: Granular Fill

A blanket of Granular Fill was encountered at the ground surface in a majority of the borings.
The composition of this layer is predominantly fine to coarse sand with trace to some silt and
trace gravel. In addition, zones of silty clay fill and other reworked natural surficial soils are
occasionally present throughout. The stratum generally ranges from 4 to 10 feet in thickness.
This material is typically loose to medium dense with an SPT Ng, blow count varying between
2 and 25 blows per foot. Note that the project site is also crisscrossed by existing ramps of
varying heights. These are also composed of fill, mainly common borrow.

Stratum 2: Interbedded Sand and Silt

This stratum is of marine origin and was encountered in all borings within the southwestern
and southeastern quadrants of the project site. At most of locations the layer is further divided
into “upper” and “lower” substrata, which are mainly distinguishable by the significant clay
content of the lower member. The substrata may be further described as follows:

a. ISS Upper: This substratum is non-cohesive and mainly consists of interbedded layers of
gray fine to medium sand, silty sand, and silt. The layer ranges in thickness from 4 to 20
feet, and the density of the material is typically very loose to loose with an SPT Ng blow
count varying between 1 and 15 blows per foot.

Two borings on the East side of the project site near Ramp C encountered thin,
discontinuous pockets (<4 feet thick) of organic sand and silt within the Upper Interbedded
Sand and Silt substratum. The “organic” label is based on visual descriptions of field
samples as containing fibers or peat, although subsequent laboratory testing showed the
Unified classification of the pockets actually range from SM to ML. Since these organic
sands and silts were encountered immediately beneath the Granular Fill, they are
interpreted to be remnants of the original surface organics.

b. ISS Lower: This substratum continues the interbedded structure of the upper member, but
it exhibits cohesive behavior with regard to shear strength and compressibility. The layer
mainly consists of interbedded layers of gray silty clay and gray fine sandy silt. The silty
clay may contain trace to some fine sand, and occasional seams and partings of sand were
also noted. The average liquid limit and plasticity index of the samples tested were 26 and
9, respectively. The average water content of samples tested was 34%. The substratum
generally ranges in thickness from 5 to 15 feet, and the consistency of the material is very
soft with an SPT Ng, blow count varying between Weight of Rods (WOR) and 2 blows per
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foot. Measured shear strengths ranged from 192 psf to 620 psf with a general trend of
increasing shear strength with depth.

Several borings at the southern end of the project site encountered surficial deposits of relatively
clean, fine to medium sands above the Upper Interbedded Sands and Silts. The color of the
material varied from gray to red-brown, indicating possible marine and/or glacial origins.
Where encountered, the sand layers were relatively thin ranging from 2 to 12 feet thick. The
density of the material was uniformly very loose to loose based on SPT N¢, blow counts. Owing
to the stratigraphic similarity of these sands with the Upper Interbedded Sand and Silt
substratum, they have been mapped as part of the same unit.

Stratum 3: Marine Clay

The Marine Clay stratum was encountered in all borings performed within the project limits.
The layer consists of a relatively uniform gray to dark gray silty clay. The average liquid limit
and plasticity index of the samples tested were 35 and 15, respectively, which corresponds a
Unified classification of CL. The average water content of samples tested was 41%. The layer
contains frequent shell fragments, nodules, and concretions reflecting its marine origin. Black
streaking and occasional “organic” describers indicate limited organic content at some
elevations and locations. In addition, seams and layers of fine sand and silt were infrequently
noted. The thickness of the stratum generally ranges from 25 to 55 feet across the site.

The consistency of the Marine Clay is very soft as indicated by SPT Ne blow counts ranging
from WOR to Weight of Hammer (WOH). Numerous field vane shear tests were performed in
the stratum to obtain the in-situ and remolded undrained shear strength. Measured shear
strengths ranged from 96 psf to 1,050 psf with a general trend of increasing shear strength with
depth.

Stratum 4: Marine Clay Crust

The Marine Clay Crust was found to cap the Marine Clay within the northern section of the
project site. The “Crust” is believed to be a highly desiccated variant of the much softer Marine
Clay that lies below. The stratum principally consists of olive-brown to gray-brown silty clay
(CL), although limited zones classify as silt (ML). The average liquid limit and plasticity index
of the samples tested were 32 and 15, respectively, which corresponds a Unified classification
of CL. The average water content of samples tested was 28%. The layer is occasionally mottled
and may contain partings and seams of fine sand and sandy silt. The Crust generally ranges in
thickness from 5 to 15 feet, and stratigraphically it grades relatively quickly into the underlying
Marine Clay. The consistency of the stratum is generally medium stiff to stiff as indicated SPT
Neo blow counts ranging between 5 and 22 blows per foot.
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Stratum 5: Glacial Till

A stratum of Glacial Till underlies the Marine Clay and overlies Phyllite Bedrock. It was
encountered in every deep boring except HB-EXIT45-102, where the Marine Clay directly
overlies the bedrock. The stratum is composed of variable amounts of gray to dark gray sand,
silt and gravel. The more common textural descriptions include silty sand, sandy gravel, sandy
silt. The thickness of the stratum ranges from approximately 2 to 35 feet, and the density is
medium dense to dense with SPT Ng blow count typically varying between 10 and 50 blows
per foot. Cobbles and boulders were occasionally identified throughout the layer either by
coring or drilling action, especially in the lower half as bedrock was approached. Two borings
at the northern end of the project encountered a granular layer described as "Marine Sands" to
overlie bedrock in place of the more ubiquitous Glacial Till. This differentiation was based on
textural structure and presence of fluvial nodules. Because the composition and density of the
deep Marine Sand is so similar to the Till, it has been mapped as part of the same stratum.

Stratum 6: Phyllite Bedrock

The basement formation of the project site is Phyllite Bedrock. The stratum was cored and
sampled in eight borings during the subsurface investigation. In addition, the top of the
bedrock surface was inferred in six other borings based on practical refusal of the either split
spoon or roller bit. The rock generally consists of medium hard to hard, slightly to highly
weathered, aphanitic to fine grained, dark gray phyllite. The foliation was generally moderately
to steeply dipping, and quartz veins and calcite infillings were frequently noted.

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 95 percent.

5.2 Groundwater

The groundwater levels were measured in most of the borings as part of the subsurface
investigation, either during drilling or upon completion of the borehole. These measurements
are summarized below in Table 5-1.

The data in Table 5-1 indicate that ground water generally occurs within a few feet of the
ground surface, which is consistent with the wetland designation of a large majority of the site
prior to preload embankment construction. Note that the ground water tables vary seasonally
and with precipitation events. Readings may also be influenced by drilling fluids as monitoring
wells were not installed (with the exception of HB-EXIT45-103).
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Table 5-1: Summary of Encountered Groundwater Elevations

Boring No. Ground Surface Groundwater Depth
Elevation (ft) B.GS. (ft)

HB-EXIT45-101 63.7 2.8
HB-EXIT45-102 62.1 2.5
HB-EXIT45-103 (OW) 60.9 33
HB-EXIT45-201 59.0 0.0
HB-EXIT45-202 64.0 3.9
HB-EXIT45-203 59.8 0.9
HB-EXIT45-204 60.5 4.7
HB-EXIT45-205 63.1 4.7
HB-EXIT45-206 63.1 4.0
HB-EXIT45-207 64.2 1.2
HB-EXIT45-208 63.0 1.3
HB-EXIT45-209 62.6 1.5
HB-EXIT45-210 61.4 5.0
HB-EXIT45-211 62.4 4.0
HB-EXIT45-212 59.2 1.9
HB-EXIT45-301 60.3 3.8
HB-EXIT45-302 60.0 3.3
HB-EXIT45-304A 56.1 0.0
HB-EXIT45-305 56.1 0.0
HB-EXIT45-307 63.9 2.5

5.3 General Site Variation

A majority of the project site is blanketed with approximately 5 to 15 feet of Granular Fill, which
also contains occasional zones of silty clay fill and other reworked original surficial soils. The
Granular Fill stratum thins to the North and is totally absent along the northern half of Ramps
B and C. Towards the South, the Fill is underlain by the Upper Interbedded Sands and Silts,
which generally range from 10 to 20 feet thick. At most locations this substratum is underlain
by the Lower Interbedded Sands and Silts. The Lower Interbedded Sands and Silts are
predominantly cohesive, and they range in thickness from approximately 10 to 15 feet. Note
that at the proposed bridge crossing the combined thickness of the Upper and Lower substrata
averages around 20 feet thick.

An abrupt stratigraphic change occurs approximately 300 feet north of the bridge. Here the
Interbedded deposits totally pinch out and are replaced by Marine Clay Crust, which becomes
the uppermost natural stratum. The “Crust” ranges between 10 and 15 feet in thickness, and it
continues to the northern extremities of the project site.
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The next lowest stratum in sequence is the soft Marine Clay, which underlies the entire project
site. South of existing Route 703 the Marine Clay has an average thickness of around 50 feet.
The entire layer sinks deeper towards the southwest where the lowest top and bottom elevations
of the stratum occur. Note that Marine Clay thins to the North eventually shrinking to a
thickness of approximately 25 feet. Further note that here the soft clay is relatively close to the
ground surface, lying just beneath the Marine Clay Crust.

A veneer of Glacial Till was encountered below the Marine Clay at most locations just overlying
bedrock. The thickness of the Till is highly variable ranging from 2 to 35 feet. Cobbles and
boulders were occasionally identified throughout the layer, especially in the lower half as
bedrock was approached.

A basement of Phyllite Bedrock underlies the entire project site. The rock generally consists of
slightly to highly weathered aphanitic phyllite, with frequent quartz veins and calcite infillings.
The top of rock was determined at eight different locations based on coring and sampling, and
it was also inferred in six other borings based on practical refusal of the either split spoon or
roller bit.

Groundwater is typically encountered at the ground surface to about 4 feet below the ground
surface.

6.0 GEOTECHNICALDESIGN RECOMMENDATIONS
6.1 Bridge Foundation Design

Geotechnical design recommendations for the new Route 703 bridge associated with the Phase
2 Exit 45 reconfiguration 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

A two-span steel girder with composite concrete deck superstructure with pile supported
integral abutments and a median pier were chosen as the preferred superstructure/substructure
combination. The substructures will be founded on steel H-Piles driven either into glacial till
or to the top of bedrock. H-Pile supported foundations provide an effective solution to resist
the axial and lateral loads imparted by the structure 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.

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
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individual piles, drivability resistance, structural resistance in axial compression, and combined
axial and flexure loading.

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

Pile Foundation Service Strength Extreme

Limit State | Limit State | Limit State
Geotechnical Axial Compression Resistance - 0.65 1.0
Geotechnical Uplift Resistance - 0.50 0.8
Structural Axial Compressive Resistance - 0.5-0.6 1.0
Structural Axial Resistance for Combined Axial and Flexure - 0.7 1.0
Structural Flexural Resistance - 1.0 1.0
Lateral Resistance 1.0 - 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 the center
pier are included below as Tables 6-2 through 6-4.

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

Strata
Soil Properties L Interbedded | Interbedded Marine Clay | Marine Clay | Marine Clay -
Existing Sand and Sand and  Upper _ Middle Lower
Fill Silt - Upper | Silt - Lower
Nio, (bpf) 7 5 - - - -
N1, (bpf) 11 8 - - - -
y (pcf) 113 110 106 112 112 112
» ', (deg) 30 29 - - - -
k, AGW (pci) 47 - - - - -
k, BGW (pci) 35 25 - - - -
¢, (psf) - - 345 344 437 556+6(10-y)
B50 - - 0.02 0.02 0.02 0.02
E; (ksi) 2.5 2.2 0.9 0.9 1.4 2.1
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Table 6-3: Engineering Properties of Soil at East Abutment

Strata
Soil Interbedded | Interbedded | Marine Marine . .
. o Marine Clay - Glacial
Properties Existing Sand and Sand and Clay - Clay - .
. . . . Lower Till
Fill Silt - Upper | Silt- Lower | Upper Middle
Nio, (bpf) 7 5 - - - - 49
Nleo, (bpf) 11 8 - - - - 34
Vi (pcf) 113 110 106 112 112 112 121
» ', (deg) 30 29 - - - - 37
k, AGW (pci) 47 - - - - - -
k, BGW (pci) 35 25 - - - - 108
¢, (psf) - - 345 301 307 431+11.9(10-y) -
850 - - 0.02 0.02 0.02 0.02 -
E, (ksi) 2.5 22 0.9 0.7 0.7 1.4 6.3

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

Strata
Soil ‘ N Interbedded | Interbedded | Marine Marine Marine Clay - Glacial
Properties Existing Sand and Sand and Clay - Clay - .
. . . . Lower Till
Fill Silt - Upper | Silt- Lower | Upper Middle
N, (bpf) 7 5 - - - - 49
N1eo, (bpf) 11 8 - - - - 34
y (pcf) 113 110 106 112 112 112 121
» ', (deg) 30 29 - - - - 37
k, AGW (pci) 47 - - - - - -
k, BGW (pci) 35 25 - - - - 108
¢, (psf) - - 345 322 72 494+8.95(10-y) -
¥50 - - 0.02 0.02 0.02 0.02 -
E. (ksi) 2.5 2.2 0.9 0.7 0.7 1.4 6.3

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

NlIsq= Average SPT-N value of stratum, corrected for hammer efficiency and effective overburden pressure, in blows
per foot.

y = Total unit weight of soil - correlated.

» ” = Internal friction angle of drained soil, per multiple SPT-N value correlations.

k, AGW= Subgrade modulus above groundwater table - correlated.

k, BGW= Subgrade modulus below groundwater table - correlated.

¢= Undrained shear strength based on in-situ vane shear testing, triaxial testing, and correlations to cone penetration
testing.

850= Strain at 50% - correlated.

y = Elevation in feet.
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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 for the pier were provided at
the center of the foundation. The loads for the abutments were provided per pile. The loads
used for each of the abutments and piers are presented in Attachment 4. The integral abutment
piles were designed for thermal expansion of 1.23 inches.

6.1.5 Axial and Lateral Foundation Design and Recommendations

All pile foundations were analyzed for axial loading using APILE, Version 2019.9.3. The
integral abutments were also analyzed for combined axial compression and flexure using LPILE
Version V2019.11.01 and hand calculations.

The pile group behavior of the pier foundation was modeled using FB Multipier, Version 5.0
(FBMP). As per the recommendations of the structural engineer, the piles were analyzed using
a pinned head connection and the pile cap was modeled as an infinitely stiff element. Lateral
resistance reduction factors (p-multipliers) were applied to the FBMP model in accordance
with AASHTO LRFD Article 10.7.2.4. Lateral deflection was limited to 1.0 inch at the pile cap
elevation.

The layout and numbers of piles required for each foundation element were based on initial
recommendations from the structural engineers and were adjusted where possible to achieve
design economies. For construction efficiency and to minimize the number of pile load tests,
consideration was given to reducing the number of different pile sizes required at each site
location and for the project overall. The pile layouts for the abutments and pier are included in
Attachment 5.

The design has been performed using H-Piles with ASTM A572 Grade 50 steel. In cases of piles
driven to refusal, the geotechnical axial compressive resistance has been limited to the factored
structural resistance of the proposed piles. The maximum load demand per pile in compression
and uplift was determined for the strength and extreme limit state load cases.

In accordance with section 6.12 of the FHWA GEC No 12 “Design and Construction of Driven
Pile Foundations,” 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 flange and webs
thicknesses by a net 0.125 inches to account for section loss wherever soil and groundwater
conditions warrant a reduction. 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.

Tables 6-5 and 6-6 summarize the governing pile demands that result from distributing
structural loads at the pile cap for the abutments and pier, respectively. Once the maximum
factored axial demand is determined, the geotechnical resistance factors provided in Section
6.1.2 are applied to derive the maximum required nominal geotechnical resistance in
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compression and in uplift excluding downdrag. Note that HP 14x102 piles were selected for all
three substructures.

Table 6-5: Factored Axial Demand and Resistance dfiP 14x102 at Strength Limit State for

Abutments
Unfactored | Factored Factored | Factored Factored Nominal Driving
Locati Downdrag | Downdrag | Structural Axial Structural | Resistance Required
ocation
Load Load Load Load Resistance - Including
(kips) (kips) (kips) | (kips) (kips) | Downdrag (kips)
West
184.1 193.3 317.5 510.8 611.5 785.9
Abutment
East
177.8 186.7 317.5 504.2 611.5 775.7
Abutment
Table 6-6: Summary of Pile Group Analysis of HP 14x102 for Center Pier
Limit Axial Demand (kips) Lateral Deflection (in)
Structure D/C
State Compression | Uplift | Longitudinal | Transverse
Service 282 0 <0.1 <0.1 0.197
Center
Pier Strength 372 0 - - 0.409
Extreme 277 0 <0.1 <0.1 0.243

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

Due to the presence of soft compressible materials and placement of new fill, downdrag has
been accounted for in the design of the abutments. Although the abutment piles will not be
driven until preloading is completed, a minor amount of long-term settlement is expected.
Downdrag is assumed to occur along the pile to a depth where the cumulative settlement is
more than 0.4 inches. The downdrag loads are additive to structural demands as a factored
load. Note that downdrag was not included for the design of the center pier.

A load factor of 1.05 is required for downdrag based on Table 3.4.1-2 of AASHTO LREFD. Static
analysis to determine the side shear resistance of the piles has been performed using APile,
Version 2019.9.3. 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.

The required nominal resistance of the pier piles is a function of the factored structural demand
which is divided by the required resistance factor. The required nominal resistance of the
abutment piles is a function of the factored structural demand plus the factored downdrag load
divided by the required resistance factor in addition to the side shear resistance along the
downdrag depth.
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Table 6-7: Summary of Pile Demand

Axial Nominal Axial
Axial Factored 12 ) omina 12 Axial Total
] Side Factored
Demand in . Factored
. Resistance to Demand .
Substructure Compression ] Demand in
Consider for from .
from Structural Compression
Loads (kips) Downdrag Downdrag (kips)
P (kips) (kips) P
East Abutment 317.5 184 193 511
Center Pier 372 NA NA 372
West Abutment 317.5 177 187 504

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 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 D46-32 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.

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.
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Table 6-8: Limiting Factored Axial Resistance of Piles at the Strength Limit State

Axial Total Limiting Limiting Estimated Governing
Factored Factored Factored Factored Factored Axial
Substructure Demand in Structural | Geotechnical | Drivability Compressive

Compression | Resistance' | Resistance’ Resistance® Resistance
(kips) (kips) (kips) (kips) (kips)
East Abutment 511 611.5 786 800 611.5

Center Pier 372 752.5 572 600 572

West Abutment 504 611.5 776 800 611.5

1. Based on severe driving conditions and a resistance factor of 0.5.
2. Assumes piles are driven to hard rock or refusal conditions.
3. Based on a resistance factor of 1.0 using a Delmag 46-32 with a Fuel Setting of 4.

6.1.6 Recommended Pile Tip Elevations and Nominal Driving Resistances

HNTB anticipates that piles will reach refusal either in the glacial till or 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 the table. All piles 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. To provide protection of the pile tip while driving
through the glacial till and to bedrock, prefabricated pile tips will be specified for all piles.

Table 6-9: Estimated and Minimum Pile Tip Elevations for the Bridge Structure

Minimum
Bottom of | Minimum Estimated Required
. Lo G S Factored )
. Pile Cap Pile Tip Pile Tip . Nominal
Location ) ) ) Axial Load o
Elevation Elevation Elevation (kips) Driving
s
(f0) (ft) (o) P Resistance
(kips)
East Abutment 73.3 -13 -28 511 786
Center Pier 54.5 -9 -14 373 572
West Abutment 74.0 -11 -16 504 776

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 Toll Structure Foundation Design

Geotechnical design recommendations for the two toll entry plazas, two toll exit points, mast
arms, and overhead sign structure (OHSS) associated with the Phase 2 Exit 45 reconfiguration
are discussed in the following sections. Recommendations have been developed in accordance
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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.

6.2.1 Foundation Type Selection

For the toll entry plazas and toll exit points, pile supported concrete slabs with grade beams
were chosen as the preferred superstructure/substructure combination. Concrete pile caps will
be used to support the toll mast arms and OHSS. All will be founded on steel H-Piles driven
either into glacial till or to the top of bedrock. H-Pile supported foundations provide an
effective solution to resist the axial and lateral loads imparted by the structures at all toll
locations.

6.2.2 Resistance Factors

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. Refer to Section
6.1.2 and Table 6-1 presented previously for a description and listing of the resistance factors
used.

6.2.3 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 toll structures, mast arms,
and OHSS are included below as Tables 6-10 through 6-13.

Table 6-10: Engineering Properties of Soil SB Entry Toll Plaza

Strata
Soil Properties . Interbedded | Interbedded Marine Clay | Marine Clay | Marine Clay -
Existing Sand and Sand and .
; ) . - Upper - Middle Lower
Fill Silt - Upper | Silt - Lower
Neo, (bpf) 7 5 - - - -
N, (bpf) 11 8 - - - -
y (pcf) 113 110 106 112 112 112
» ', (deg) 30 29 - - - -
k, AGW (pci) 47 - - - - -
k, BGW (pci) 35 25 - - - -
¢, (psf) - - 345 344 437 556+6(10-y)
B50 - - 0.02 0.02 0.02 0.02
E, (ksi) 2.5 2.2 0.9 0.9 1.4 2.1
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Table 6-11: Engineering Properties of Soil at NBEntry Toll Plaza, SB Exit Point, and Ramp B Toll

Mast
Strata
Soil . L Marine | Marine Clay | Marine Clay Marine Marine Clay - | Glacial
Properties Existing Clay- T Tz Clay - Bottom Till
Fill Middle
Crust
Neo, (bpf) 7 7 - - - - 49
N1, (bpf) 11 11 - - - - 34
y (pcf) 113 121 112 112 112 112 121
» ', (deg) 30 - - - - - 37
k, AGW (pci) 47 - - - - - -
k, BGW (pci) 35 - - - - - 108
o (psf) - 1000 500 388 435 | 467+13(10-y) -
850 - 0.01 0.02 0.02 0.02 0.02 -
E. (ksi) 2.5 4.9 1.7 1.14 1.4 1.4 6.3

*Top 6 feet of Marine Clay is substratum

Table 6-12: Engineering Properties of Soil at NB ExitPoint and Ramp D Toll Mast

Strata
Soil . » Interbedded | Interbedded | Marine Marine Clay - Glacial
Properties Existing Sand and Sand and Clay - .
) ) ) ) Bottom Till
Fill Silt - Upper | Silt- Lower | Middle
Neo, (bpf) 7 5 - - R 49
N1, (bpf) 11 8 - - - 34
y (pcf) 113 110 106 112 112 121
., (deg) 30 29 - - - 37
k, AGW (pci) 47 - - - - -
k, BGW (pci) 35 25 - - ; 108
o (psh) ] } 345 396 450+4.9(10-y) }
850 - - 0.02 0.02 0.02 -
E, (ksf) 2.5 22 0.9 12 0.5 6.3
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Table 6-13: Engineering Properties of Soil at Rt. 703 OHSS

Strata
Soil ) . Marine Clay Marine Marine Marine Clay - Glacial
Properties | Existing Crust Clay - Clay - Bottom Till
Fill Upper Middle
Nio, (bpf) 7 - - - - 49
N1, (bpf) 11 - - - - 34
y (pcf) 113 121 112 112 112 121
» ', (deg) 30 - - - - 37
k, AGW (pci) 47 - - - - -
k, BGW (pci) 35 - - - - 108
¢, (psf) - 1000 337 396 450+4.9(10-y) -
50 - 0.01 0.02 0.02 0.02 -
E, (ksf) 2.5 4.9 0.7 0.7 0.5 6.3

Where: Neg= Average SPT-N value of stratum, corrected for hammer efficiency, in blows per foot.
Nls= Average SPT-N value of stratum, corrected for hammer efficiency and effective overburden pressure, in blows per
foot.
y= Total unit weight of soil - correlated.
» ” = Internal friction angle of drained soil, per multiple SPT-N value correlations.
k, AGW= Subgrade modulus above groundwater table — correlated.
k, BGW= Subgrade modulus below groundwater table - correlated.
c= Undrained shear strength based on in-situ vane shear testing, triaxial testing, and correlations to cone penetration

testing.
B50= Strain at 50% - correlated.
y= Elevation in feet.

6.2.4 Pile Demands

Design loading information at the toll structures, mast arms, and OHSS were provided by the
structural engineer. The service, strength and extreme limit state load combinations were
provided at the center of the foundation. The loads used for each structure are presented in
Attachment 4.

6.2.5 Axial and Lateral Foundation Design and Recommendations

Axial and lateral resistances were evaluated for toll structure foundations similar to the
methods described in Section 6.1.5 for the bridge foundations. Consideration was made to
using the same H-Pile section for multiple locations for economy. Factored axial compressive
loads were verified to be less than the limiting values of the factored geotechnical resistance and
the factored structural resistance. Where appropriate, factored downdrag loads were included
with the factored structural loads. The factored geotechnical resistance was determined from
APile, with resistance factor of 0.65 applied because dynamic pile load testing will be

performed. The factored structural resistance was the product of the corroded cross-sectional
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area of the pile, times the 50 ksi yield strength of the pile, times a resistance factor of 0.5 to 0.6,

which varied based on driving conditions. Geotechnical uplift resistance was also verified

where uplift demands were present. Lateral deflections were verified using FBMP. Table 6-14,

below, summarizes the pile sizes, demands, and resistances for the Toll Plaza structures.

Table 6-14: Factored Axial Demand and Resistance at Strength Limit State for Toll Plaz&3oints

Unfactored | Factored Factored | Factored | Factored Nm;:;zz:mg
o Dragdown | Dragdown | Structural Axial Structural )

Substructure | Pile Size . Required -

Load Load Load Load Resistance Including

(p) | Gdps) | Gap) | Gdps) | Gdps) | el
SB Entry HP14x102 199.4 209.4 481.0 690.4 733.8 1062.1
SB Exit HP14x89 71.5 75.1 355.0 430.1 617.3 661.7
NB Entry HP14x89 68.5 71.9 481.0 552.9 617.3 850.7
NB Exit HP14x89 106.7 112.0 355.0 467.0 514.4 718.5

Table 6-15, below, summarizes the axial pile demands, moments, deflection and demands to

capacity ratio for toll mast and overhead sign structure foundations.

Table 6-15: Summary of Pile Group Analysis for Toll Mast and OHSS Foundations

o Axial Demand Maximum DeRth to Lateral Deflection
Limit Maximum
Substructure State | Compression | Uplift Moment Moment | Longitudinal | Transverse D/C
(ips) | (ips) | (kip-ft) () (in) (in)
Service 146 83.8 29.3 6.8 0.029 0.137 0.188
OHSS Strength 48.3 0 0.61 0 - - 0.052
Extreme 148 83.8 29.3 6.8 0.030 0.137 0.146
Service 26.1 13.4 1.9 8.7 0.109 0.0193 0.028
Toll Mast
Strength 284 14.2 12.6 7 - - 0.045
Sta. 210400
Extreme 354 20.1 12.6 7 0.093 0.078 0.051
Service 24.4 15.3 12.4 0 0.061 0.055 0.045
Toll Mast
Strength 26.2 16.1 12.4 0 - - 0.046
Sta. 407+00
Extreme 32.8 22.3 12.4 0 0.068 0.055 0.052

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

Table 6-16, below, summarizes the demands for toll plaza, toll mast, and overhead sign

structures in axial compression and uplift.

HNTB

24




Exit 45 Interchange Reconfiguration Geotechnical Design Report
Maine Turnpike Authority January 14,2021

Table 6-16: Summary of Pile Demand

Axial
Axial Factored
1l ac o.re Nominal Axial Axial Total Factored
Demand in ) ]
Compression Side Factored Factored Axial
Substructure P Resistance to | Demand from | Demand in Demand in
from Structural . . .
Consider for | Downdrag | Compression Uplift
Loads ] . .
. Downdrag (kips) (kips) (kips)
(kips) .
(kips)
SB Entry 481.0 199.4 209.4 690.4 NA
SB Exit 355.0 71.5 75.1 430.1 NA
NB Entry 481.0 68.5 71.9 552.9 NA
NB Exit 355.0 106.7 112.0 467.0 NA
OHSS 47.9 NA NA 148.0 83.8
Toll Mast Sta. 210+00 31.7 NA NA 35.4 20.1
Toll Mast Sta. 407+00 29.8 NA NA 32.8 22.3

Table 6-17, below, summarizes the factored resistances for toll plaza, toll mast, and overhead
sign structures in axial compression.

Table 6-17: Limiting Factored Axial Resistance of Piles at the Strength Limit State

Axial Total Limiting Limiting Estimated Governing
Factored Factored Factored Factored Factored Axial
Substructure Demand in Structural | Geotechnical | Drivability Compressive
Compression | Resistance' | Resistance’ | Resistance’ Resistance
(kips) (kips) (kips) (kips) (kips)
SB Entry 481.0 733.8 1062.1 750 733.8
SB Exit 355.0 617.3 661.7 625 617.3
NB Entry 481.0 617.3 850.7 625 617.3
NB Exit 355.0 514.4 718.5 525 514.4
OHSS 148.0 652.5 227.7 655 227.7
Toll Mast Sta. 210+00 37.5 652.5 554 655 554
Toll Mast Sta. 407+00 35.5 652.5 50.8 655 50.8

1. Based on severe driving conditions and a resistance factor of 0.5.
2. Assumes piles are driven to hard rock or refusal conditions.
3. Based on GRLWEAP results.
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6.2.6 Recommended Pile Tip Elevations and Nominal Driving Resistances

HNTB anticipates that piles will reach refusal either in the glacial till or 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 6-18. Additionally, minimum nominal driving
resistances have also been included in the table. All piles 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. To provide protection of the pile tip while driving
through the glacial till and to bedrock, prefabricated pile tips will be specified for all piles. Table
6-18, below, summarizes the minimum and estimated tip elevations and minimum required
nominal driving resistance for toll plaza, toll mast, and overhead sign structures.

Table 6-18: Estimated and Minimum Pile Tip Elevations

Bottom Minimum
. Minimum Estimated Required
of Pile ) ) ) ) Factored ]
. Pile Tip Pile Tip . Nominal
Location Cap ) ) Axial Load o
Elevati Elevation Elevation (kips) Driving
evation s
(ft) (ft) (ft) P Resistance
(kips)
SB Entry 70.0 -20 -35 690 1062.1
SB Exit 61.8 -11 -21 430 661.7
NB Entry 62.9 23 13 553 850.7
NB Exit 62.5 -17 -30 467 718.5
OHSS 49.0 -15 -25 148 227.7
Toll Mast Sta. 210+00 55.0 -9 -21 36 554
Toll Mast Sta. 407+00 57.0 -14 -27 33 50.8

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.

6.3  Toll Building Foundation Design

Geotechnical design recommendations for the two toll buildings associated with the Phase 2
Exit 45 reconfiguration are discussed in the following sections. As this is an occupied structure,
recommendations have been developed in accordance with the 2018 International Building
Code (IBC) using Allowable Stress Design (ASD).

6.3.1 Foundation Type Selection

Pile supported toll slabs with grade beams were chosen as the preferred superstructure/

substructure combination. The grade beams will be founded on steel H-Piles driven either into
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glacial till or to the top of bedrock. H-Pile supported foundations provide an effective solution

6.3.2 Allowable Stresses and Safety Factors

6.3.3 Subsurface Material Properties

6.3.4 Pile Demands

6.3.5 Foundation Design and Recommendations

€

Table 6-19: Summary of Pile Resistances and CapacitiesToll Buildings

(kips) i)

SB Entry
NB Entry
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