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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
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 supports the preliminary design of the interchange reconfiguration as well as the final
design of the embankment preload. The existing interchange is a trumpet type. The existing
deficient Exit 45 Underpass Bridge is a non-composite bridge which connects the Maine
Turnpike Southbound loop on-ramp and off-ramp travel lanes (one in each direction) to Route
703, which is functionally obsolete, having limited load rating and substandard vertical
clearance not meeting the turnpike-wide standard. The existing tolling infrastructure is also
obsolete and can no longer be maintained. The current interchange geometry has safety and
operational deficiencies. Three phases of subsurface exploration were executed under the
direction of HNTB and included a total of 26 borings, eight borings along the proposed Route
703 bridge approaches, one boring within the median of the Turnpike mainline where the
center bridge pier is proposed, and 18 borings along the extents of the four proposed on-ramps
and off-ramps including the locations of the proposed tolling structures. Along the proposed
west side bridge approach one cone penetration test (CPT) and one dilatometer test (DMT)
were performed adjacent to a boring. Along the proposed east side bridge approach two CPTs
and two DMTs were performed adjacent to borings. This geotechnical assessment was prepared
to determine the soil profile and design parameters for the embankment design discussed
herein. The general layout is provided by Figure 2: Key Plan.

1.2  Scope of Services

HNTB has performed the following scope of services in support of the interchange design:
e Reviewed available geotechnical data for the project site.

e Implemented a subsurface exploration with three phases, a preliminary phase to
determine general site stratification and perform preliminary assessments, a second
phase to refine site stratification and perform laboratory testing geared towards the
design approaches determined from the feasibility assessments, and a third phase to
obtain information necessary to economize designs (minimize cost and impacts) in
specific areas of the site.

e Analyzed the resulting data collected to identify subsurface conditions that impact the
design and construction of the project.

e Prepared a subsurface profile summarizing geotechnical data from the borings and
laboratory testing.

e Established geotechnical engineering design parameters based on the available borings
and in-situ testing.
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e Conducted geotechnical analyses, including stability assessment for embankment
construction, and settlement assessments of proposed embankments.

e Provided design requirements for embankment construction for all proposed
embankments with designs tailored to each proposed ramp and approach.

e Assessed potential impacts to utilities and provided mitigation alternatives.

e Provided modifications to culvert designs to allow one-time placement as temporary and
permanent drainage which would otherwise be impacted by the anticipated preload
settlement.

1.3 Existing Interchange and Proposed Reconfiguration

The Exit 45 Interchange was built in 1956 with partial deck replacement in 1979 and 1995 and
repairs in 2000. The existing Exit 45 Underpass Bridge was designed to support two lanes of H-
20 loading. The bridge has limited load rating, substandard vertical clearance, and a temporary
railing system which replaced the previously substandard railing. 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 automated exit
tolling 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 I-95 or vice versa.

The southern limit of the project begins with the southbound on-ramp, Ramp A, which
connects to the I-95 at station 2200+50. Ramp A runs adjacent to the southbound I-95,
diverging gradually. Ramp A runs about 1,950 feet from STA 100+00 to 119+46.64 where it
intersects with the west bridge approach and a southbound off-ramp, Ramp B. Ramp A will
pass beneath the Cummings Road Underpass Bridge with the toll plaza at STA 113+00, about
400 feet north of the Cummings Road Underpass. An access road is planned to connect Ramp
A at the toll plaza to Cummings Road, northeast of the Cummings Road Underpass. Roadway
elevations are to vary between about 66 feet and 81 feet (NAVD 88) with a maximum
embankment height of approximately 18 feet.

The southbound off-ramp, Ramp B, is to extend from the west bridge approach to I-95 STA
2235+80. Ramp B is to run about 1,650 feet from STA 200+00 to 216+50 running south to
north. Roadway elevations are to vary between about 63 feet and 81 feet with a maximum
embankment height of approximately 18 feet.

The northbound on-ramp, Ramp C, branches from Route 703 westbound beginning near
Route 703 Diamond STA 1062+60. Ramp C is to run about 2,950 feet with stationing of 296+00
to 325+50, joining I-95 northbound near I-95 STA 2244+50. The toll plaza is at STA 310+00.
Roadway elevations of Ramp C are to vary between about 57 feet and 70 feet with a maximum
height of approximately 14 feet. The emergency vehicle ramp, NB On EVR, joins Route 703
westbound to Ramp C.
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The northbound off-ramp, Ramp D, extends from I-95 beginning near I-95 STA 2206+40.
Ramp D is to run about 1,250 feet with from STA 398+00 to 423+00, joining Route 703
eastbound at Route 703 Diamond STA 1063+00. Roadway elevations of Ramp D are to vary
between about 57 feet and 77 feet with a maximum embankment height of approximately 15
feet. The emergency vehicle ramp, NB Off EVR, connects Ramp D to the east bridge approach.

The west approach is to run about 204 feet with stationing of 1046+35.26 to the bridge
abutment at approximate STA 1048+50. Roadway elevations vary between about 81 and 85
with a maximum embankment height of about 25 feet.

The east approach is to run about 2270 feet with stationing from the bridge abutment at
approximate STA 1051450 to approximate STA 1074+17. Roadway elevations vary between
about 56 feet and 86 feet with a maximum embankment height of 25 feet.

The bridge to cross the I-95 is proposed to be supported by integral abutments at each end and
one concrete pier to be located in the I-95 median. The substructures are proposed to be
founded on H-piles driven to bedrock. The bridge is to be constructed during a second contract.

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 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 (MEGS) for Portland West Quadrangle,
Maine.

MEGS 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
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3.0 Su

stability issues. A surficial geology map and the bedrock geology map are presented in Figures
3 and 4, respectively.

BSURFACE EXPLORATION

3.1 General

The subsurface exploration for the geotechnical design was conducted in three phases. A
preliminary exploration of seven borings was performed to determine the project scope, the
additional information that would be needed from subsequent exploration, as well as to assess
feasibility of design options. A final design subsurface exploration of 12 borings, three cone
penetration tests, and three dilatometer tests, was performed to obtain the information
necessary to establish subsurface stratification and geotechnical design parameters. A
supplemental final design exploration was performed to fill information gaps and identify
limits of thin layers.

The subsurface exploration 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 (Ng) 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 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).

A summary of the borings indicating approximate locations and depths of exploration are
included in Table 3-1.
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Table 3-1: Summary of Subsurface Exploration

Ground Depth of Bottom .Of
Boring No. Station Offset Elevation Boring Explora.tlon
(feet) (fect) (fect) Elevation
(feet)
HB-EXIT45-101 114+18 124 RT 63.7 97.0 -33.5
HB-EXIT45-102 1048+03 11.6 LT 62.1 89.0 -27.0
HB-EXIT45-103 1051+64 13.0RT 60.9 98.0 -37.5
HB-EXIT45-104 416+65 11.1LT 58.9 60.0 1.0
HB-EXIT45-105 306+51 283 LT 57.3 43.0 15.0
HB-EXIT45-106 210486 383 LT 57.1 52.0 5.0
HB-EXIT45-107 310496 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 2.2 RT 64.0 71.0 -7.0
HB-EXIT45-203 1053427 32.7LT 59.8 65.0 -5.0
HB-EXIT45-204 304452 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 15.7 RT 62.6 90.6 -28.1
HB-EXIT45-210 202406 35.2 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-EXIT45-301 304+85 199LT 60.3 20.0 40.3
HB-EXIT45-302 303497 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 27.0 RT 63.9 103.6 -39.7

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 (SchonewaldEA). 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
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liquefaction assessment. Nine pore pressure dissipation tests were performed to provide

information for consolidation times.

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 borings HB-EXIT45-102, HB-EXIT45-103 (OW),
HB-EXIT45-205, HB-EXIT45-206, HB-EXIT45-207, HB-EXIT45-305, HB-EXIT45-306, and
HB-EXIT45-307. Rock was cored using a 2.0-inch inner diameter NQ-2 sized diamond-tipped
core barrel. Approximately 5 feet of bedrock was cored in borings HB-EXIT45-207, and HB-
EXIT45-305. Approximately 10 feet of bedrock was cored in borings HB-EXIT45-102, HB-
EXIT45-103 (OW), HB-EXIT45-205, HB-EXIT45-206, and HB-EXIT45-307. 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 plans are included in Attachments 1, 2, and 3. Table
3-3 presents 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
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. Depth
Boring No. Rock Core REC (%) RQD (%)
(feet)
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

3.2

3.3

34

4.0

4.1 Soi

Preliminary Design Phase Subsurface Exploration

For preliminary design of the proposed bridge foundations, approach embankments, and ramp
embankments, seven soil borings were advanced between October 4™ and October 24™ of 2017
by New England Boring Contractors, with boring inspection carried out by HNTB’s
subconsultant, SchonewaldEA. Borings of this phase are denoted HB-EXIT45-101 to HB-
EXIT45-107.

Final Designh Phase Subsurface Exploration

Twelve additional borings were advanced between April 3™ and May 9" of 2018 by New
England Boring Contractors, with boring inspection carried out by SchonewaldEA. Three cone
penetration tests and three dilatometer tests were advanced between June 5" and June 7* of
2018 by ConeTec with onsite engineering oversite provided by SchonewaldEA. Borings of this
phase are denoted HB-EXIT45-201 to HB-EXIT45-212.

Supplemental Final Design Phase Subsurface Exploration

Seven additional borings were advanced between January 4" and January 17" of 2019 with
boring inspection carried out by HNTB’s subconsultant, Haley and Aldrich (H&A). Of the
seven borings, three were performed at the request of the structural team for bedrock elevations
at proposed tolls and tolling equipment locations. Borings of this phase are denoted HB-
EXIT45-301 to HB-EXIT45-307.

LABORATORY TESTING

| Classification Testing

Index, particle distribution, and other soil classification tests were performed in compliance
with the following standards:

Natural Moisture Content ASTM D2216
Atterberg Limits ASTM D4318
Grain Size Analysis ASTM D422
Percent Passing No. 200 Sieve ASTM D1140
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4.2 Consolidation Testing
In the preliminary subsurface exploration eight consolidation tests were performed on Marine
Clay samples. In the final design phase subsurface exploration five consolidation tests were
performed on Marine Clay samples. In the supplemental subsurface exploration two
consolidation tests were performed on samples of the cohesive portion of the Interbedded Sand
and Silt, four consolidation tests were performed on the Marine Clay Crust, and one
consolidation test was performed on a sample of Marine Clay. The results are summarized in
Table 4-1. Consolidation tests were performed by the standard ASTM D2435-M.
Table 4-1: Consolidation Test Result Summary
Estimated Initial
Estimated Pre- Void
Depth | Elevation | consolidation | Ratio, | Compression | Recompression
Boring Sample (ft) (ft) Pressure (psf) €o Ratio, Cce Ratio, Cre
HB-EXIT45-102 U-1 35-37 25-27 2,000 1.09 0.163 0.029
HB-EXIT45-102 U-2 45-47 15-27 3,000 1.21 0.136 0.041
HB-EXIT45-102 U-3 55-57 5-7 3,100 1.27 0.348 0.040
HB-EXIT45-102 U-4 65-67 (-3) - (-5) 3,800 1.22 0.307 0.050
HB-EXIT45-102 U-5 75-77 | (-13)-(-15) 4,100 0.99 0.221 0.045
HB-EXIT45-103 U-3 60-62 1-(-1) 3,100 1.23 0.287 0.049
HB-EXIT45-106 U-1 25-27 30-32 2,800 1.31 0.558 0.048
HB-EXIT45-106 U-2 40-42 15-17 4,100 1.18 0.455 0.046
HB-EXIT45-201 U-2 30-32 27 -29 1,450 1.18 0.211 0.017
HB-EXIT45-201 U-3 40-42 17-19 1,900 1.01 0.154 0.017
HB-EXIT45-205 U-2 35-37 26 -28 1,840 1.42 0.354 0.014
HB-EXIT45-211 U-2 45-47 15-17 2,500 1.45 0.306 0.022
HB-EXIT45-211 U-3 55-57 5-7 2,580 1.20 0.256 0.022
HB-EXIT45-301 U-2 12-14 46 - 48 8,200 0.95 0.154 0.022
HB-EXIT45-302 U-1 10-12 48 - 50 10,000 0.79 0.115 0.014
HB-EXIT45-303 U-1 10-12 49 - 51 - 0.54 - -
HB-EXIT45-303 U-2 16-18 43 - 45 - 0.91 - -
HB-EXIT45-303 U-4 30-32 29-31 - 1.23 - -
HB-EXIT45-304A U-1 2-4 52 -54 8,400 0.79 0.100 0.015
HB-EXIT45-304A U-2 6-8 48 - 50 6,000 0.88 0.118 0.019

4.3 Shear Strength Testing

Six Direct Simple Shear tests were performed on Marine Clay samples to provide support for

undrained shear strengths determined by field testing, as well as establish parameters for

undrained shear strength gain under preloading. The results are summarized in Table 4-2.
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