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GEOTECHNICAL DESIGN SUMMARY

The purpose of this Geotechnical Design Report is to present subsurface information and make
geotechnical recommendations for the design and reconstruction of approximately 1.69 miles of
State Route 2 and a retaining wall in Milford, Maine. The project begins at Bradley Road and
extends northeasterly to approximately 0.04 miles east of Grove Street. The following design
recommendations are discussed in detail in Section 6 of this report.

Base and Subbase Soils - A resilient modulus of 5,200 psi can be used for the existing sand, silt,
silty clay, and silty sand subgrade soils. The existing base and subbase materials do not meet the
required MaineDOT Standard Specification gradations and are not recommended for reuse.
Excavated subbase sand and gravel may be used as fill below subgrade level in fill areas provided
all other requirements of MaineDOT Standard Specifications 203 and 703 are met.

Subgrade Soils - The native subgrade soils at the site will be susceptible to disturbance and
rutting. All subgrade surfaces should be protected from any unnecessary construction traffic. If
disturbance and rutting occur, remove and replace disturbed areas with compacted gravel borrow.
Any cobbles or boulder encountered in excess of 6 inches shall be removed and replaced with
compacted gravel borrow or % inch stone. A non-woven stabilization geotextile can be used to
minimize subgrade soil migration into the aggregate subbase material.

Surface Water and Groundwater - The Contractor shall control surface water and groundwater
infiltration during construction using temporary ditches, sumps, granular drainage blankets, stone
ditch protection or hand-laid riprap with geotextile underlayment to divert surface water and
groundwater.

Bedrock Removal - Bedrock excavation for drainage may be necessary along the project. The
nature, slope and degree of fracturing in the bedrock surface will not be evident until the
excavations are made. Excavation of bedrock material may be done using conventional
excavation methods, but may require drilling and blasting techniques. It is anticipated that there
may be seepage of water from fractures and joints exposed in the bedrock surface.

Frost Protection - The approximate frost depth for the site considering the site soils and natural
water contents determined in the laboratory ranges from approximately 4.0 to 6.5 feet. Any lenses
of water trapped above these depths will freeze and potentially distort the pavement section.

Retaining Wall - A retaining wall will be necessary to accommodate the addition of a 5 foot
sidewalk on the east side of US Route 2. The construction of a wet cast small landscape block
wall is recommended. The proposed retaining wall shall be supplier designed. The factored
bearing pressure for at the strength limit state for wall on native soils shall not exceed the
calculated factored bearing resistance of 2.2 kips per square foot (ksf). A factored bearing
resistance of 5 ksf shall be used to control settlement when analyzing the service limit state as
allowed in LRFD C10.6.2.6.1. In no instance shall the bearing stress exceed the nominal
resistance of the structural concrete which may be taken as 0.3f"c.
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1.0 INTRODUCTION

The purpose of this Geotechnical Design Report is to present subsurface information and make
geotechnical recommendations for the design and reconstruction of approximately 1.69 miles of
State Route 2 in Milford, Maine. The project begins at Bradley Road and extends northeasterly to
approximately 0.04 miles east of Grove Street as shown on Sheet 1 — Location Map.

The project is located on the easterly side of the Penobscot River. In 1932 this portion of roadway
was built over an approximately 20 foot wide Portland Cement Concrete (PCC) slab. The existing
roadway deficiencies include poor drainage, poor intersection safety and operation, poor pavement
condition, poor driveway definition and uncontrolled on-street parking. The project lies between
two sections of recently reconstructed roadway.

The roadway will be reconstructed with 11 foot lanes and 6 foot shoulders. The existing turning
lanes onto Old County Road and Bradley road will be evaluated and maintained in the
reconstruction. The exiting PCC slab will be removed to allow for better storm water collection
and to minimize reflective cracking and/or differential settlement at roadway edges. Storm water
will be contained in a closed drainage system. Type 1 granite curbing will be used. A 5 foot
sidewalk will be constructed. A precast concrete block retaining wall will be constructed from
approximately Station 360+72 to approximately Station 360+18.

2.0 GEOLOGIC SETTING

According to the Surficial Geology Map entitled Old Town Quadrangle, Maine Open File 12-15
(2012) published by the Maine Geologic Survey, the surficial soils along the proposed project
length consist of 3 types: Stream Alluvium, Presumpscot Formation and Till. Stream alluvium is
present in the southern portion of the project limits and consists of sand, gravel and silt deposited
on banks of modern streams. Presumpscot Formation soils are present in the northern portion of
the project limits and consist of fine grained marine silts and clays. Till is present in the middle
and northern most portions of the project limits and consists of loose to compact and well graded
weakly stratified clay , silt, sand and gravel. Boulders may be present on the surface.

3.0 SUBSURFACE INVESTIGATION

Subsurface conditions at the site were explored by drilling twenty (20) test borings and five (5)
pavement cores. All of the borings and pavement cores PC-1 through PC-4 were drilled between
April 25 and 29, 2003 by the Maine Department of Transportation (MaineDOT) drill crew.
Pavement core PC-5 was drilled on July 11, 2002 by the MaineDOT drill crew. No Standard
Penetration Testing (SPT) was done in the test borings. All soils samples were taken from the
drill auger flights for visual identification and laboratory testing. No falling weigh deflectometer
(FWD) analysis was done at the site due to the presence of concrete pavement. The boring and
pavement core locations are shown on Sheets 2 through 8 - Boring Location Plans. Details and
sampling methods used, field data obtained, and soil and groundwater conditions encountered are
presented in the boring logs provided in Appendix A - Boring Logs.
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The MaineDOT Geotechnical Team member selected the boring locations and drilling methods,
designated type and depth of samplings obtained, reviewed field logs for accuracy and identified
laboratory testing requirements. A New England Transportation Technician Certification Program
(NETTCP) Certified Subsurface Inspector logged the subsurface conditions encountered in the
field. The borings were located in the field by taping to site features after completion of each
boring.

4.0 LABORATORY TESTING

A laboratory testing program was conducted on selected soil samples obtained in the test borings
to assist in soil classification, evaluation of engineering properties of the soils and geologic
assessment of the project site. Laboratory testing consisted of eleven (11) standard grain size
analyses with natural water content and nine (9) grain size analyses with hydrometer and natural
water content. The results of laboratory tests are included as Appendix B - Laboratory Test
Results. Laboratory test information is also shown on the boring logs provided in Appendix A —
Boring Logs.

5.0 SUBSURFACE CONDITIONS

Subsurface conditions encountered under the pavement structure generally consisted of gravel,
sand, silt, silty clay, and silty sand. The boring and pavement core locations are shown on Sheets
2 through 8 - Boring Location Plans. The boring logs are provided in Appendix A — Boring Logs.

5.1 Existing Pavement Section and Subbase

At the boring and pavement core locations the existing pavement section was found to be made up
of approximately 1.2 to 7.2 inches of hot mix asphalt (HMA) and approximately 6.0 to 7.2 inches
of PCC. Lesser thicknesses of HMA and PCC were encountered at locations outside the travel
way (in roadway shoulders). Borings HB-MILF-112 and HB-MILF-119 encountered an
approximately 2.4 to 4.8 inch thick gravel layer between the HMA and PCC.

Subbase gravel encountered beneath the PCC ranged from approximately 7.2 to 19.2 inches in
thickness along the project length. Soils samples taken from the drill auger flights during drilling
and tested in the laboratory were compared to MDOT Standard Specification 703.06, Aggregate
for Base and Subbase Type D or E for possible material reuse.

Existing pavement layer and subbase thicknesses encountered at the boring and pavement core
locations are summarized in Table 1 below.
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Approximate Location Pavement Section
Boring No. Station Offset HMA PCC Subbase
(feet) (inches) (inches) (inches)

HB-MILF-101 332+84 221LT 7.2 6.0 16.8
HB-MILF-102 332+84 18.3 RT 0 0 26.4
HB-MILF-103 337+93 5.3LT 6.0 6.0 14.4

PC-1 338+19 9.2LT 6.6 7.0 -
HB-MILF-104 338+26 6.2 RT 4.8 6.0 19.2
HB-MILF-105 342+85 85LT 6.0 6.0 12.0
HB-MILF-106 342+85 95RT 7.2 6.0 10.8
HB-MILF-107 345+47 296 LT 0 -- --
HB-MILF-108 345+64 6.2 RT 7.2 7.2 15.6

PC-2 345+90 9.5 RT 5.4 6.2 --
HB-MILF-109 349+41 9.5RT 6.0 0 19.2
HB-MILF-110 350+39 256 LT 2.4 0 12.0

PC-5 352+26 7T6LT 5.4 7.1 --
HB-MILF-111 353+68 36.2LT 0 0 7.2

PC-3 353+84 712LT 4.8 7.2 --
HB-MILF-112 355+32 269 LT 2.4° 3.6 9.6
HB-MILF-113 355+32 6.9 RT 4.8 6.0 7.2
HB-MILF-114 360+24 5.6 RT 6.0 6.0 6.0
HB-MILF-115 360+40 144 LT 3.6 0 19.2
HB-MILF-116 365+16 116 LT 1.2 0 12.0
HB-MILF-117 365+16 144 RT 0 0 12.0
HB-MILF-118 370+08 49LT 6.0 6.0 18.0
HB-MILF-119 370+08 9.9 RT 3.6 6.0 15.6

PC-4 370+31 6.2 RT 6.2 6.1 --
HB-MILF-120 373+36 10.8 RT 3.6 0 16.8

HMA = Hot Mix Asphalt PCC = Portland Cement Concrete
-- = not applicable a = layer of gravel present between HMA and PCC

Table 1 - Existing Pavement Layer and Subbase Thicknesses

Grain size analyses conducted on eight (8) samples of the existing subbase material resulted in the
soil being classified as an A-2-4, A-1-b or A-1-a under the AASHTO Soil Classification System
and an SM, GM or GC-GM under the Unified Soil Classification System. The measured natural
water contents of the existing subbase material samples tested ranged from approximately 4 to 13
percent.

5.2 Subgrade Soils

Subgrade soils encountered under the existing subbase material generally consisted of gravel,
sand, silt, silty clay, and silty sand. Silt and clay soils were encountered in the vicinity of County
Road (HB-MILF-103 and HB-MILF-104) and in the vicinity of Station 370+00 (HB-MILF-118
and HB-MILF-119). Subgrade soils over the remainder of the project length were found to be
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granular (sands) although the fines content (material passing the #200 sieve) was found to be
greater than 10% in all samples.

Existing subgrade soils encountered at the boring locations are summarized in Table 2 below.

Boring No. Approximate
Location
Station Offset
(feet)

Subgrade Soils and Comments

HB-MILF-101 | 332+84 | 22.1 LT | Silty fine to coarse sand, trace clay, some gravel.

HB-MILF-102 | 332+84 | 18.3 RT | Shoulder — Silty fine to coarse sand, trace clay, trace gravel.

HB-MILF-103 | 337+93 | 5.3LT | Silt, some clay, some sand, trace gravel.

HB-MILF-104 | 338+26 | 6.2 RT | Silty clay, trace sand.

HB-MILF-105 | 342+85 | 85LT | Silty fine to coarse sand, trace clay, trace gravel.

HB-MILF-106 | 342+85 | 9.5 RT | Silty fine to coarse sand, trace clay, trace gravel.

HB-MILF-107 | 345+47 | 29.6 LT | Shoulder — Fine to coarse sand, some silt, little gravel.

HB-MILF-108 | 345+64 | 6.2 RT | Fine to coarse sand, some silt.

HB-MILF-109 | 349+41 | 9.5RT | Sand, some silt, little gravel.

HB-MILF-110 | 350+39 | 25.6 LT | Shoulder — Fine to coarse sand, some silt, little gravel.

HB-MILF-111 | 353+68 | 36.2 LT | Shoulder — Fine to coarse sand, some silt, little gravel.

HB-MILF-112 | 355+32 | 26.9 LT | Shoulder — Fine to coarse sand, some silt, little gravel.

HB-MILF-113 | 355+32 | 6.9 RT | Fine to coarse sand, some silt, little gravel.

HB-MILF-114 | 360+24 | 5.6 RT | Gravelly fine to coarse sand, little silt.

HB-MILF-115 | 360+40 | 144 LT | Shoulder — Gravelly fine to coarse sand, little silt.

HB-MILF-116 | 365+16 | 11.6 LT | Silty fine to coarse sand, trace gravel.

HB-MILF-117 | 365+16 | 14.4 RT | Shoulder — Silty fine to coarse sand, trace gravel.

HB-MILF-118 | 370+08 | 4.9 LT | Fine to coarse sand, some silt, little gravel, trace clay.

HB-MILF-119 | 370+08 | 9.9 RT | Sandy silt, trace gravel, trace clay.

HB-MILF-120 | 373+36 | 10.8 RT | Fine to coarse sand, some silt, little gravel.

Table 2 - Existing Subgrade Soils

Grain size analyses conducted on twelve (12) samples of the existing subgrade soils resulted in the
soil being classified as an A-4, A-7, A-2-4 or A-1-b under the AASHTO Soil Classification
System and an SC-SM, CL-ML, CL, or SM under the Unified Soil Classification System. The
measured natural water contents of the existing subgrade soil samples tested ranged from
approximately 8 to 23 percent.

5.3 Refusal Surface

Refusal of the drilling tools was encountered in borings HB-MILF-111 (Station 353+68), HB-
MILF-114 (Station 360+24), HB-MILF-115 (Station 360+40), HB-MILF-116 (Station 365+16)
and HB-MILF-117 (Station 365+16) at depths ranging from approximately 3.6 to 11.9 feet below
ground surface (bgs). The remaining borings did not encounter a refusal surface. No rock cores
were taken along the project and the nature of the refusal surface was not determined.
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5.4 Groundwater

The measured groundwater level in the borings ranged from approximately 1.7 to 8.0 feet bgs.
The groundwater levels measured during drilling activities are indicated on the boring logs in
Appendix A. No water was introduced into the boreholes during the drilling operations.
Groundwater levels along the project will fluctuate with seasonal changes, runoff and adjacent
construction activities.

6.0 GEOTECHNICAL RECOMMENDATIONS

The following subsections discuss the geotechnical-related design features of this Milford Route 2
reconstruction project. Based on the findings along the project, full reconstruction of the roadway
is recommended. A retaining wall will be necessary to accommodate the addition of a 5 foot
sidewalk on the east side of US Route 2 in the area of Station 360+17 to 360+73.

6.1 Pavement and Subbase Soils

No falling weigh deflectometer (FWD) analysis was done at the site due to the presence of
concrete pavement. A resilient modulus of 5,200 psi can be used for the existing sand, silt, silty
clay, and silty sand subgrade soils. Pavement design for this project was done by the MaineDOT
pavement group.

Soils samples of existing subbase materials taken from the drill auger flights during drilling and
tested in the laboratory were compared to MaineDOT Standard Specification 703.06, Aggregate
for Base and Subbase Type D or E for possible material reuse. None of the samples tested meet
the material specification and reuse of the materials for base or subbase is not recommended.
Excavated subbase sand and gravel may be used as fill below subgrade level in fill areas provided
all other requirements of MaineDOT Standard Specifications 203 and 703 are met.

6.2 Subgrade Soils

Subgrade soils encountered under the existing subbase material generally consisted of gravel,
sand, silt, silty clay, and silty sand. The native subgrade soils at the site will be susceptible to
disturbance and rutting as a result of exposure to water and construction traffic. All subgrade
surfaces should be protected from any unnecessary construction traffic. If disturbance and rutting
occur, the Contractor shall remove and replace disturbed areas with compacted gravel borrow.
Any cobbles or boulder encountered in excess of 6 inches shall be removed and replaced with
compacted gravel borrow (MaineDOT Standard Specification 703.20, Item No. 203.26) or % inch
stone (MaineDOT Standard Specification 703.13, Item No. 203.35). A non-woven stabilization
geotextile can be used to minimize subgrade soil migration into the aggregate subbase material.
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6.3 Surface Water and Groundwater

Shallow groundwater was encountered in boring HB-MILF-119. Geotextile stabilization is not
anticipated. If areas of geotextile stabilization are required for construction, non-woven fabric
meeting the requirements of Standard Specification 722.01 shall be used.

The Contractor shall control surface water and groundwater infiltration during construction using
temporary ditches, sumps, granular drainage blankets, stone ditch protection or hand-laid riprap
with geotextile underlayment to divert surface water and groundwater.

6.4 Bedrock Removal

Refusal of the drilling tools was encountered in borings HB-MILF-111, HB-MILF-114, HB-
MILF-115, HB-MILF-116 and HB-MILF-117 at depths ranging from approximately 3.6 to 11.9
bgs. Bedrock excavation for drainage may be necessary in the vicinity of these borings.
Additional shallow bedrock may be encountered during construction of the underdrain system.

Construction activities should not be permitted to disturb the bedrock mass or to create any rock
falls or any open fissures. The nature, slope and degree of fracturing in the bedrock surface will
not be evident until the excavations are made. The final excavated bedrock surface shall be
approved by the Resident.

Excavation of bedrock material may be done using conventional excavation methods, but may
require drilling and blasting techniques. Blasting should be conducted in accordance with Section
105.2.6 of the MaineDOT Standard Specifications. It is also recommended that the contractor
conduct pre-and post-blast surveys, as well as blast vibration monitoring at nearby structures in
accordance with industry standards at the time of the blast.

It is anticipated that there may be seepage of water from fractures and joints exposed in the
bedrock surface. Water should be controlled by pumping from sumps.

6.6 Frost Protection

The subgrade soils encountered in the borings are moderately to highly frost susceptible based on
the amount of material passing the #200 sieve. Frost depth below a roadway depends on grain
size distribution of the subgrade soils and the thickness of the pavement section. According to the
Modberg Software by the US Army Cold Regions Research and Engineering Laboratory, the site
has an air design-freezing index of approximately 1588 F-degree days. Table 3 below summarizes
the approximate frost depth for the site considering the site soils and natural water contents
determined in the laboratory.
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Approximate

Subgrade Soils Laboratory Frost Depth
Water Content (feet)
Granular Soils 10% 55
Silt or Clay Soils 20% 4.3
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Table 3 — Approximate Frost Depth

Any lenses of water trapped above these depths will freeze and potentially distort the pavement
section. See Appendix C- Calculations for supporting documentation.

6.7 Retaining Wall

A retaining wall will be necessary to accommodate the addition of a 5 foot sidewalk on the east
side of US Route 2 in the area of Station 360+17 to 360+73. The construction of a wet cast small
landscape block wall is recommended. The proposed retaining wall shall be supplier designed by
a Professional Engineer licensed in the State of Maine in accordance with AASHTO LRFD Bridge
Design Specifications 7" Edition 2014 (LRFD) and Standard Specification 673. The proposed
wall details are shown on Sheet 9 — Retaining Wall Details.

The factored bearing pressure for at the strength limit state for wall on native soils shall not exceed
the calculated factored bearing resistance of 2.2 kips per square foot (ksf). A factored bearing
resistance of 5 ksf shall be used to control settlement when analyzing the service limit state as
allowed in LRFD C10.6.2.6.1. In no instance shall the bearing stress exceed the nominal
resistance of the structural concrete which may be taken as 0.3f’.. See Appendix C - Calculations
for supporting documentation.

7.0 CLOSURE

This report has been prepared for the use of the MaineDOT Highway Program for specific
application to the proposed reconstruction of US Route 2 in Milford, Maine in accordance with
generally accepted geotechnical and foundation engineering practices. No other intended use or
warranty is expressed or implied.

In the event that any changes in the nature, design, or location of the proposed project are planned,
this report should be reviewed by a geotechnical engineer to assess the appropriateness of the
conclusions and recommendations and to modify the recommendations as appropriate to reflect
the changes in design. Further, the analyses and recommendations are based in part upon limited
soil explorations at discrete locations completed at the site. If variations from the conditions
encountered during the investigation appear evident during construction, it may also become
necessary to re-evaluate the recommendations made in this report.

It is also recommend that the geotechnical designer be provided the opportunity for a general
review of the final design plans and specifications in order to verify that the earthwork and
foundation recommendations have been properly interpreted and implemented in the design.
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I. Higtway Plan has bee rotated 180 degrees
fo align Station direction with Retaining Wall
Plan and Retaining Wall Elevation.

HIGHWAY PLAN

0 25

Scale in Feet

RETAINING WALL

N
GEQSYNTHETIC |
'RE INFORCEMENT
(5.0 ft MINIMUM) '

i \ Sta. 36073, 24.0 ft Rl,

Esplanade

Sta. 360175, 24.0 1t Rt

*75.00
360:92.5, 24.0' R,

STA. 360:68.5

STA. 360-70

& | ST %0715
8

j—Mafning Wall Limits 240 ft Rt. of € /— Approximate Existing Gound Elevation

Sldewalk

RETAINING WALL PLAN

5 o 5 0

e ™

SCALE

2500
360425, 240 R.

Approximate Existing Ground Elevation
7.0 Tt Rt from Proposed Retaining Wall @ Praposed Retaining Wall

HIGH POINT = STA. 360-25.8
ELEV =140.37 1

Approximate Elevation

—_——

-

|
~—FILL AREA IN BACK OF wu~—/

o = — = = = — = =

STA, 36070

75.00 5000
360r92.5.24.0' Rt. 360+67.5, 24.0' Rt

+31.50
13586

Total Area 2II78 square feel, 25,00
360-42.5.24.0 I,

RETAINING WALL ELEVATION

HORIZ 5

0 5 0 LEGEND

+22.50 = Total Feet From +0.00 Point

136.99 = Elevation of Block in Feet

CONCRETE
LEVELING PAD

* MINIMUM 2.0 ft EMBEDMENT FROM FINISHED GRADE
OF SIDEWALK TO BOTTOM OF CONCRETE LEVELING PAD.

TYPICAL SECTION

1.

THE CONTRACTOR SHALL PROVIDE A WET CAST SMALL LANDSCAPE BLOCK WALL IN ACCORDANCE
WITH SPECIAL PROVISION 673. REQUIRED DESIGN SHALL BE STAMPED BY A PROFESSIONAL
ENGINEER LICENSED IN THE STATE OF MAINE AND THE DESIGN AND SHOP DRAWINGS SHALL BE
SUBMITTED TO THE RESIDENT FOR REVIEW.

PLAN DETAILS ARE SHOWN FOR ESTIMATING PURPOSES ONLY.

2.

BACKFILL AND FOUNDATION SOIL PARAMETERS FOR USE IN THE SUBMITTED DESIGN SHALL BE IN
ACCORDANCE WITH SPECIAL PROVISION 673.

3.
THE PRECAST CONCRETE BLOCK GRAVITY WALLS SHALL BE DESIGNED IN ACCORDANCE WITH THE
AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, 7TH EDITION, 2014, AND SPECIAL PROVISION 673.
NO TRAFFIC LOADING WILL BE REQUIRED IN THE DESIGN OF WALL.

4

FOR THE STRENGTH LIMIT STATE THE APPLIED FACTORED BEARING PRESSURE FOR THE WETCAST SMALL
LANDSCAPE BLOCK WALL SHALL NOT EXCEED A FACTORED BEARING RESISTANCE OF 2.2 KSF.

5.
PIPED DRAINAGE SHALL BE INCLUDED IN THE DESIGN OF THE WALL. WALL DRAINAGE WILL BE
INCIDENTAL TO CONSTRUCTION OF THE WALL.

6.
A MINIMUM EMBEDMEN