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Union St. Bridge
Bangor, Maine,
PIN 16681.00

GEOTECHNICAL DESIGN SUMMARY

This report provides geotechnical recommendations for replacement of the Union Street
Bridge over Interstate 95 in Bangor, Maine. The replacement structure will be a two-span
semi-integral bridge with cantilever-type abutments on spread footings cast on compacted fill
or native glacial till. The abutments will include U-shape return wingwalls and cast-in-place
protected slopes in front of the breastwalls. The replacement bridge design must conform to
the requirements of the Bridge Design Guide (BDG) and the AASHTO LRFD Bridge Design
Specifications, 5th Edition, 2010, (herein referred to as LRFD). The design and construction
recommendations below are discussed in greater detail in Section 7.0 Evaluation and
Recommendations.

Cantilever Abutments and Wingwalls — The abutments and wingwalls will be designed to
resist all lateral earth loads, vehicular loads, superstructure loads, collision forces and any
loads transferred through the superstructure. Abutments and wingwalls will be designed for
all relevant strength, service and extreme limit states in accordance with LRFD.

The design of project abutments founded on spread footings at the strength and extreme limit
states shall consider nominal bearing resistance, eccentricity (overturning), lateral sliding and
structural failure. A sliding resistance factor, ¢., of 0.80 shall be applied to the nominal
sliding resistance of abutments and wingwalls founded on spread footings on soil. A
maximum frictional coefficient of 0.55 at the soil-concrete interface should be assumed. For
footings on soil, the eccentricity of loading at the strength limit state, based on factored loads,
shall not exceed one-quarter (1/4) of the footing dimensions, in either direction.

Service limit load conditions may control foundation design of the Union Street Bridge. A
resistance factor of 1.0 shall be used to assess spread footing design at the service limit state,
including: settlement, excessive horizontal movement and overall stability. The overall
global stability of a foundation is typically investigated at the Service I Load Combination
and a resistance factor, ¢, of 0.65. The foundations shall be constructed a minimum of 6.5
feet below exterior finished grade.

Earth loads shall be calculated using an active earth pressure coefficient, K,, of 0.31
calculated using Rankine Theory for cantilever wingwalls. The designer may assume Soil
Type 4 [Bridge Design Guide (BDG) Section 3.6.1] for backfill soil properties. The backfill
properties are as follows: ¢ = 32 degrees, y = 125 pounds per cubic foot (pcf). Additional
lateral earth pressure due to construction or live load surcharge is required for the abutments
and wingwalls if an approach slab is not specified. If a structural approach slab is specified,
some reduction of surcharge loads is permitted.

All abutment and wingwall designs shall include a drainage system behind them to intercept
any groundwater. Drainage behind the structure shall be in accordance with Section 5.4.1.4,
Drainage, of the BDG. The footing subgrade excavation should be protected from
disturbance by construction traffic or water-softening. We recommend that the contractor
place and compact a 12-inch thick layer of granular borrow over the excavated subgrade to
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prepare the site for foundation construction and protect the native subgrade soil from
disturbance.

The abutment and wingwall footing elevations must be determined in the final design phase.
Although preliminary foundation elevations are presented in the Union Street Bridge
Preliminary Design Report (PDR), site conditions, construction staging, utilities or other final
design considerations may require establishment of footing elevations different than
proposed in the preliminary design concept.

If wingwalls are designed with step-up foundations constructed over pre-existing fill soil, the
fill soil shall be sampled and subjected to Proctor tests. The wingwall footing subgrade soil
shall then be compacted to 95% of the maximum dry density in accordance with AASHTO
T-180.

Pier Foundation — Strength and extreme limit state design of the pier foundation shall
consider bearing resistance, eccentricity (overturning), failure by sliding and structural
failure. Extreme event load combinations are those relating to vehicle collision.

Service limit load conditions may control foundation design of the Union Street Bridge.
Service limit state design checks shall be used to assess pier footing settlement, horizontal
movement, bearing resistance, sliding and eccentricity. The overall global stability of a
foundation 1is typically investigated at the Service I Load Combination and a resistance
factor, @, of 0.65. The foundation shall be constructed a minimum of 6.5 feet below exterior
finished grade.

For sliding analyses at the strength limit state, a sliding resistance factor of ., of 0.80 shall
be applied to the nominal sliding resistance of abutments and wingwalls founded on spread
footings on soil. A maximum frictional coefficient of 0.55 at the soil-concrete interface
should be assumed. For pier footings on soil, the eccentricity of loading at the strength limit
state based on factored loads shall not exceed one-quarter (1/4) of the footing dimensions, in
either direction.

The pier footing elevation must be determined in the final design phase. Although a
preliminary foundation elevation is presented in the Union Street Bridge PDR, site
conditions, construction staging, utilities or other final design considerations may require
establishment of a footing elevation different than proposed in the preliminary design
concept.

Vehicle Collision Extreme Event Design - Any abutment, pier or wingwall constructed
within 30 feet of the edge of the roadway must be protected from vehicular collision with
barriers as specified in LRFD Article 3.6.5.1. If barriers are not used, the abutment, pier or
wingwall shall be designed for an equivalent static force of 400 kips assumed to act in any
direction in a horizontal plane at a distance of 4.0 feet above the ground surface. The
Extreme Event II limit state design check related to collision by vehicles includes bearing
resistance, eccentricity, sliding and structural failure. A resistance factor ¢ = 1.0 is used for
the Extreme Event II limit state. Current design concepts include a concrete revetment in
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front of the abutments but the current pier design concept must consider extreme event
conditions.

Factored Bearing Resistance — Based on presumptive bearing resistance values and local
experience, a factored bearing resistance of 4 ksf should be used when analyzing the service
limit state and for footing sizing to control settlement, as allowed in LRFD C10.6.2.6.1. The
strength and extreme limit state factored bearing resistances for spread footings on
compacted granular fill or native glacial till shall depend on the footing size as presented in
the graph in Section 7.4 of this report. In no instance shall the service limit state bearing
stress exceed the nominal resistance of the footing concrete, which may be taken as 0.3 f’c.
The minimum footing size is 2 feet wide regardless of the applied bearing pressure or bearing
material.

Settlement —  We estimate that settlement as a result of fill replacement and minor
embankment fill extensions over natural soils will be negligible. We have estimated that the
total settlement of a prepared subgrade consisting of compacted fill or native glacial till will
be on the order of 1 to 2 inches for conventional spreads footings. We estimate that
differential settlement will be on the order of 1 inch or less. In all cases above, this
settlement is acceptable and will occur during construction. We anticipate that post-
construction settlement will be negligible.

Frost Protection — Foundations placed on granular soils shall be founded a minimum of 6.5
feet below finish exterior grade for frost protection. This minimum embedment depth applies
only to foundations placed on soil and not those founded on bedrock.

Seismic Design Considerations — Seismic analysis is not required for multiple-span bridges
in Seismic Zone 1. Nevertheless, superstructure connections and bridge seat dimensions
shall be designed in accordance with LRFD requirements. The following are the Union
Street Bridge seismic design parameters:

= Peak Ground Acceleration coefficient (PGA) = 0.067¢g

= Design spectral acceleration coefficient at 0.2-second period, Sps = 0.233g
= Design spectral acceleration coefficient at 1.0-second period, Sp; = 0.105g
= Site Class D (stiff soil with 15 <N,y <50 blows per foot)

= Seismic Zone 1, based on an Sp; <0.15¢g

Construction Considerations —

Excavation
- Remove the old abutments and pier in their entirety. This will require staged
construction methods and may require earth support systems.
- Construction of new abutment, pier and retaining wall structures will require soil
excavation. Earth support systems may be required.

Subgrade Preparation
- The high fines and water contents of the native glacial till make this soil susceptible to
disturbance and rutting as a result of exposure to water or construction traffic. If
disturbance and/or rutting occur, the contractor should remove and replace the disturbed
soil materials and replace it with compacted granular borrow.
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- If any of the abutment or wing wall footings will be designed to bear on existing fill
soils, over-excavate the footing location 2 feet and replace the excavated soil with
granular borrow. Prior to placing the granular borrow, subject the fill subgrade soil to
Proctor testing and then compact the fill subgrade to 95% of the maximum dry density as
determined by AASHTO T-180. The contractor should subsequently place granular
borrow up to the proposed new subgrade level and compact it to 95% of the AASHTO T-
180 maximum dry density prior to constructing the footings.
Dewatering
- Control groundwater and surface water infiltration to permit construction in-the-dry.
- Cofferdams, temporary ditches, pumping from sumps, granular drainage blankets, stone
ditch protection, or hand-laid riprap with geotextile underlayment may be needed to divert
surface water or groundwater if significant seepage is encountered during excavation.
Reuse of Excavated Soil and Bedrock
- Do not use excavated existing subbase aggregate for pavement structure construction or
to re-base shoulders or for abutment and wall backfill soil. Excavated subbase sand and
gravel may be used as fill below subgrade elevation in fill embankment areas.
- Do not use excavated existing fill or native soils for fill anywhere beneath the pavement
structure, dressing slopes, abutments or walls. Use these soils to dress slopes only below
the bottom elevation of the shoulder subbase gravel.
- Silty native soils or existing fill soils may be used as common borrow in accordance with
MaineDOT Standard Specification Sections 203 and 703. It may be necessary to spread
out and dry portions of these soils that are excessively moist.
Embankment Fill Areas
- Bench existing fill slope soils in accordance with MaineDOT Standard Specification
203.09, Preparation of Embankment Area, where new fill slope extensions are constructed
over existing slopes.
Erosion Control
- Use MaineDOT Best Management Practices February 2008 to minimize erosion of fine-
grained soils found on the project site.
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1.0 INTRODUCTION

The Maine Department of Transportation (MaineDOT) plans to replace the Union Street
Bridge which carries Route 222 over Interstate 95 in the Town of Bangor, Penobscot County,
Maine. We show the project location on Sheet 1, Site Location Map, appended to this report.
We conducted subsurface investigations at the bridge site to develop geotechnical
recommendations for the structure replacement. This report summarizes our findings,
discusses our evaluation of the subsurface conditions and presents our geotechnical
recommendations for design and construction of the bridge foundations.

The existing simply supported two-span steel I-beam bridge was originally built in 1960.
The abutments were founded on spread footings formed and cast over native glacial till soil.
The bridge was rehabilitated with a new concrete wearing surface in 1980 and the steel
girders are currently in good condition. MaineDOT is considering bridge replacement due to
deck cracking, under-deck concrete spalling, pier and abutment cracks with some
delamination and efflorescence and corrosion of exposed rebar. Many of the bridges along
the 1-95 corridor in Bangor were constructed around the same time and a number of these
bridges have shown signs of Alkali-Silica-Reactivity (ASR). The bridge had a sufficiency
rating of 61.9 in 2009.

Preliminary design studies by Becker Structural Engineers, Inc. of Portland, Maine, have
identified cantilever-type abutments on spread footings to be the most practicable foundation
type for this site. The spread footings will be founded directly on compacted fill or native
glacial till soil. The proposed bridge will consist of a 184-foot, two-span steel girder
superstructure with a total width of 74 feet. The bridge will have a curb-to-curb width of 59
feet which will accommodate four 11-foot travel lanes, one 11-foot turning lane and two 2-
foot wide shoulders. The proposed bridge also includes two 6-foot wide sidewalks. The
current bridge replacement plans include profile changes of approximately 2 feet higher than
original grades at the center of the bridge and grading back down to original grade roughly
200 feet east and west of the bridge.

2.0 GEOLOGIC SETTING

The Union Street Bridge foundations and approaches are constructed onto the backslopes and
base of a large open cut in the native glaciated sediments. The highway cut was excavated
for the construction of twin northbound and southbound lanes for Interstate 95.

The Maine Geologic Survey (MGS) “Surficial Geology of Bangor Quadrangle, Maine,
Open-file No. 77-24” (1977) indicates that surficial soils in the vicinity of the Union Street
Bridge are predominantly glacial till deposits with nearby glacial-marine soil unit and
bedrock outcrop unit contacts. The glacial till is typically a heterogeneous mixture of sand,
silt, clay, and stones. Glacial-marine deposits generally consist of silt, clay, and sand,
commonly a clayey silt, but sand is abundant at the surface in some places.

According to the Maine Geologic Survey “Bedrock Geologic Map of Maine” (1985), the
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bedrock at the Union Street Bridge site consists of Silurian-Ordovician, calcareous

sandstone, interbedded sandstone and impure limestone. Locally the bedrock has been
identified as phyllite and metasandstone and is part of the Vassalboro Formation.

3.0 SUBSURFACE INVESTIGATION

We investigated subsurface conditions in the vicinity of the existing bridge by drilling eight
test borings, BB-BUS-101, BB-BUS-101A, BB-BUS-101B, and BB-BUS-102 through BB-
BUS-106. The approximate boring locations are shown on Sheet 2 Boring Location Plan,
found at the end of this report. We terminated all of the borings with bedrock cores except
BB-BUS 101 and BB-BUS-101A where drilling difficulties caused early termination of the
borings. MaineDOT drill rig and crew and the contract drill crew, Northern Test Borings of
Gorham, Maine, conducted the borings on May 18 through May 20, 2009. We present the
details and sampling methods used, field data obtained, and soil and groundwater conditions
encountered in the boring logs in Appendix A provided at the end of this report.

The MaineDOT geotechnical team member selected the boring locations and drilling
methods, designated the type and depth of sampling techniques, and identified field and
laboratory testing requirements. A geotechnical engineer or a MaineDOT New England
Transportation Technician Certification Program (NETTCP) Certified Subsurface Inspector
logged the subsurface conditions in the borings. The MaineDOT survey crew determined the
boring location coordinates in the field after the borings were completed. The survey
coordinates are based on the NAVD 88 datum.

The borings were drilled using solid stem auger and cased wash boring techniques. Soil
samples were obtained, where possible, at 5-foot intervals using Standard Penetration Test
(SPT) methods. The standard penetration resistances, or N-values, discussed in this report
are corrected for average hammer energy transfer. We compute the SPT Ngo-values by
applying an average hammer energy transfer factor of 0.84 and 0.678 to the raw field N-
values obtained with the MaineDOT and Northern Test Boring automatic hammers,
respectively. Bedrock was cored using an NQ-2 core barrel producing a 2.0-inch diameter
rock core.

4.0 LABORATORY TESTING PROGRAM

We conducted a laboratory soil testing program on selected samples recovered from the test
borings to evaluate soil classification and soil properties. We performed the soil laboratory
testing at the AASHTO accredited MaineDOT Soils Laboratory in Bangor, Maine.
Laboratory testing consisted of 26 standard grain size analyses with natural water content,
one with hydrometer analysis, and one Atterberg Limits test. We present the results of the
laboratory testing in Appendix B, Laboratory Test Data. The AASHTO and Unified Soil
Classification System (USCS) soil classification and water content data are also presented on
the boring logs in Appendix A.
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5.0 SuBSURFACE CONDITIONS

Regional surficial geology maps show that the bridge site is situated in an area where glacial
till deposits predominate with nearby glacial-marine soil unit and bedrock outcrop unit
contacts. The bridge itself is situated at the end of short fill extensions built into the I-95
highway cut. The approach embankment soil behind the existing bridge abutments is
predominantly granular fill overlying approximately 4.5 to 6.0 feet of glaciomarine clay-silt
which is underlain by approximately 24.5 to 49.4 feet of glacial till. The glaciomarine clay-
silt unit was absent in BB-BUS-101, BB-BUS-101A BB-BUS-104. Each of the abutment
borings also encountered and penetrated concrete approach slabs.

At the pier locations, we observed granular fill over approximately 17.3 to 34.6 feet of glacial
till. The glacial till overlies bedrock at all the abutment and pier boring locations. A
summary description of the subsurface conditions follows.

5.1 Granular Fill

We encountered granular fill to a depth ranging between approximately 4.5 and 13.3 feet
below ground surface (bgs) at the abutment locations. At the pier locations we observed
approximately 4.5 to 5.9 feet of granular fill. The granular fill consists of fine to coarse sand,
with some gravel to gravelly and trace to little silt, or fine to coarse sandy gravel with trace
silt, or fine to coarse sand and gravel with little silt. The SPT Ngp-values in the granular fill
ranged from 6 to 43 blows per foot (bpf) indicating that the unit is loose to dense in
consistency.

The granular fill samples selected for laboratory testing had water contents ranging between
approximately 2 and 5 percent. Grain size analyses conducted on selected samples of the fill
soils indicate that the soils are classified as A-1-a and A-1-b by the AASHTO Classification
System and GP-GM and SM under the Unified Soil Classification System.

5.2 Glaciomarine Silt and Clay

We encountered glaciomarine clay-silt beneath the approach fills in most of the abutment
borings, but we did not observe the clay-silt layer in BB-BUS-101, BB-BUS-101A and BB-
BUS-104. This soil unit consists of clay-silt with trace fine sand and gravel. The fine
grained soil unit is over-consolidated and slightly plastic. The thickness of the glaciomarine
sediments encountered ranged between approximately 4.5 and 6.0 feet. SPT Ngo-values
ranged from 11 to 22 bpf, indicating those deposits are stiff to very stiff in consistency. The
clay-silt sample subjected to Atterberg Limits testing had a liquid limit of 31, a plasticity
index of 9, and a natural water content of 21 percent. The second clay-silt sample tested had
a natural water content of 18 percent. Grain size analyses indicate that the soils are classified
as A-4 and CL or ML by the AASHTO and Unified Soil Classification Systems, respectively.
Below the glaciomarine clay-silt we encountered the glacial till soil unit.
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5.3 Glacial Till

The glacial till found in the borings generally comprised of silt with trace to some fine to
coarse sand and trace to some gravel with occasional to numerous cobbles. The glacial till
unit was often well bonded or cemented also. The thickness of this soil unit ranged between
approximately 24.5 to 49.4 feet at the abutment locations and approximately 17.3 to 34.6 feet
at the pier locations. SPT Ngp-values ranged from 7 to 101 bpf, indicating the till deposit is
loose to very dense in consistency. We observed the glacial till unit over bedrock in each of
the borings.

The glacial till samples had water contents ranging between approximately 9 and 16 percent.
Grain size analyses conducted on selected samples of the till soils indicate that the soils are
classified as A-4 by the AASHTO Classification System and ML or SM under the Unified
Soil Classification System.

5.4 Bedrock

We encountered bedrock at approximate depths ranging from 29.6 to 58.4 feet bgs at the
abutment locations and 21.8 to 40.5 feet bgs at the pier location. Regionally, the bedrock is
mapped by MGS as calcareous sandstone, interbedded sandstone and impure limestone of the
Vassalboro Formation. We visually identified the local bedrock cores at all the boring
locations as a grey, fine-grained, metasedimentary phyllite that is soft to moderately hard,
fresh to slightly weathered with close open joints. The bedrock contains fractures that are
oriented from horizontal to vertical and have minor silt in-filling and iron-staining. The
bedrock also contains numerous quartz and calcite seams 2 to 4 mm thick that often follow
foliation. We determined that the rock quality designation (RQD) of the bedrock ranged
from 7 to 100 percent which correlates to a very poor to excellent rock mass quality.

We also observed one metasandstone interbed in boring BB-BUS-103. The metasandstone
layer consisted of brown, fine-grained, highly weathered and soft rock, with very close and
open fractures from horizontal to vertical with significant silt in-filling and iron and
manganese staining. We observed a friable layer within the metasandstone interbed at 61.6
feet to 63.0 feet bgs. The RQD of the bedrock ranged from 7 to 15 percent indicating a very
poor rock mass quality. The table below summarizes the top of bedrock elevations at the
boring locations:
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Depth to Elev. of Apparent

Bedrock Bedrock Surface
Substructure Boring Station (feet bgs) (feet)
Abutment No. 1 | BB-BUS-103 | 4+13.1,23.7LT 58.4 95.7
Abutment No. 1 | BB-BUS-104 | 4+11.6, 16.1 RT 42.6 111.6
Abutment No. 2 | BB-BUS-101B | 6+36.8,22.7 LT 37.5 117.4
Abutment No. 2 | BB-BUS-106 | 6+26.7, 16.8 RT 29.6 125.2
Pier BB-BUS-102 | 5+11.2,38.0LT 40.5 943
Pier BB-BUS-105 | 5+11.4,36.2 RT 21.8 113.7

Bedrock Depth and Elevation at the Boring Locations

5.5 Groundwater

We observed the groundwater level at approximate depths ranging between 6.0 and 13.0 feet
bgs in borings BB-BUS-101, BB-BUS-101B, BB-BUS-102, BB-BUS-105 and BB-BUS-
106. However, the groundwater level will fluctuate with seasonal changes, runoff, and
adjacent construction activities.

For a more detailed description of the subsurface conditions, please refer to Appendix A,
Boring Logs attached to this report.

6.0 FOUNDATION ALTERNATIVES

Both rehabilitation and replacement options were initially considered. Rehabilitation options
were dismissed because rehabilitation would not solve the need for a fifth lane on the bridge,
nor would it correct the inadequate bridge under-clearance condition. Replacement options
included mechanically stabilized earth (MSE) supported semi-integral stub abutments,
integral abutments, and conventional spread footing substructures, and butted box beam or
welded steel girder superstructures.

MSE supported abutments were eliminated because of the surface area required to
accommodate the minimum 22-foot long reinforcing strips. Integral abutments were
dismissed because this site requires long U-shaped wingwalls contrary to the 10-foot
maximum length straight extension wingwalls allowed for integral abutments per BDG
Section 5.4.2.9. The butted box beams were eliminated because of difficulties
accommodating existing utility ducts, inability to follow the planned bridge vertical curve,
and expense. Consequently, the most practical and durable alternative is a welded steel
girder superstructure supported on full height cantilever abutments on conventional spread
footings. Section 7.0, Evaluation and Recommendations, of this report provides geotechnical
design recommendations for the full height cantilever abutments, the pier and retaining walls
on spread footings founded on compacted fill or native glacial till.




Union St. Bridge
Bangor, Maine,
PIN 16681.00

7.0 EVALUATION AND RECOMMENDATIONS

The preliminary bridge alternate selected for the Union Street Bridge replacement is a two-
span welded steel girder superstructure supported by full height cast-in-place cantilever
abutments and wingwalls on spread footings cast directly on compacted fill or native glacial
till. The new pier will also be founded on a spread footing cast directly on compacted fill or
native glacial till. The new bridge has a proposed total width of 74 feet and length of 184
feet. The design methodology used in the following evaluation is referenced from the
AASHTO LRFD Bridge Design Specifications, 5™ Edition, 2010.

7.1  Abutment and Wingwall Design

Abutments and wingwalls shall be proportioned for all applicable load combinations in
LRFD Articles 3.4.1 and 11.5.5 and shall be designed for all relevant strength, service and
extreme limit states. The design of project abutments and wingwalls founded on spread
footings at the strength limit state shall consider nominal bearing resistance, eccentricity
(overturning), lateral sliding and structural failure.

A sliding resistance factor, ¢., of 0.80 shall be applied to the nominal sliding resistance of
cast-in-place abutments and wingwalls founded on spread footings on compacted fill or
glacial till. Sliding computations for resistance to lateral loads shall assume a maximum
frictional coefficient of 0.55 at the concrete footing to soil interface. For footings on soil, the
eccentricity of loading at the strength limit state, based on factored loads, shall not exceed
one-quarter (1/4) of the footing dimensions, in either direction.

Service limit load conditions may control foundation design of the Union Street Bridge. A
resistance factor of 1.0 shall be used to assess spread footing design at the service limit state,
including: settlement, excessive horizontal movement and overall stability. The overall
global stability of a foundation is typically investigated at the Service I Load Combination
and a resistance factor, ¢, of 0.65. The foundations shall be constructed a minimum of 6.5
feet below exterior finished grade.

Cantilever-type abutments and wingwalls shall be designed as unrestrained meaning that they
are free to rotate at the top in an active state of earth pressure. Earth loads shall be calculated
using an active earth pressure coefficient, K, = 0.31, calculated using Rankine Theory for
cantilever-type abutments and wingwalls. See Appendix C — Calculations, for supporting
documentation. The designer may assume Soil Type 4 (BDG Section 3.6.1) for backfill
material soil properties. The backfill properties are as follows: ¢ = 32 degrees, y = 125 pcf.

Additional lateral earth pressure due to construction surcharge or live load surcharge is
required per Section 3.6.8 of the BDG for the abutments and wingwalls if an approach slab is
not specified. In the case where a structural approach slab is specified, reduction of the
surcharge loads is permitted per LRFD Article 3.11.6.5. The live load surcharge on walls
may be estimated as a uniform horizontal earth pressure due to an equivalent height of soil
(heq) of no less than 2.0 feet, per LRFD Table 3.11.6.4-1. The live load surcharge on
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abutments may be estimated as a uniform earth pressure due to an equivalent height of soil
(heg) taken from the table below:

Abutment Height heq
(feet) (feet)

5.0 4.0

10.0 3.0

>20.0 2.0

All abutment and wingwall designs shall include a drainage system behind them to intercept
any groundwater. Drainage behind the structure shall be in accordance with Section 5.4.1.4,
Drainage, of the BDG. The footing subgrade excavation should be protected from
disturbance by construction traffic or water-softening. We recommend that the contractor
place and compact a 12-inch thick layer of granular borrow over the excavated subgrade to
prepare the site for foundation construction and protect the native subgrade soil from
disturbance.

Backfill within 10 feet of the abutments and wingwalls and side slope fill shall conform to
MaineDOT Specification 709.19, Granular Borrow for Underwater Backfill. This gradation
specifies 10 percent or less of material passing the No. 200 sieve. This material is specified
in order to reduce the amount of fines and to minimize frost action behind the structure and
below the approach slab.

If wingwalls are designed with step-up foundations constructed over pre-existing fill soil, the
fill soil shall be sampled and subjected to Proctor tests. The wingwall footing subgrade soil
shall then be compacted to 95% of the maximum dry density in accordance with AASHTO
T-180.

Abutment and wingwall design shall also consider extreme event load combinations relating
to vehicle collision, including bearing resistance, eccentricity (overturning), failure by sliding
and structural failure as discussed in Section 7.3, Vehicle Collision Extreme Event Design.

The abutment and wingwall footing elevations must be determined in the final design phase.
Although preliminary foundation elevations are presented in the Union Street Bridge PDR,
site conditions, construction staging, utilities or other final design considerations may require
establishment of footing elevations different than proposed in the preliminary design concept.

7.2 Pier Foundation Design

The pier foundation shall be proportioned for all applicable load combinations specified in
LRFD Articles 3.4.1 and 11.5.5 and shall be designed for all relevant strength, extreme and
service limit states. The pier foundation strength limit state design shall consider bearing
resistance, eccentricity (overturning), failure by sliding and structural failure. For sliding
analyses at the strength limit state, a sliding resistance factor of ¢., of 0.80 shall be applied to
the nominal sliding resistance of a pier founded on a spread footing on soil. A maximum
frictional coefficient of 0.55 at the soil-concrete interface should be assumed. For pier
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footings on soil, the eccentricity of loading at the strength limit state based on factored loads

shall not exceed one-quarter (1/4) of the footing dimensions, in either direction.

Service limit state load conditions may control foundation design at the Bangor Union Street
site. A resistance factor, @, of 1.0 shall be used to assess pier footing settlement, horizontal
movement, bearing resistance, sliding and eccentricity. The overall global stability of a
foundation is typically investigated at the Service I Load Combination and a resistance
factor, @, of 0.65. The foundations shall be constructed a minimum of 6.5 feet below exterior
finished grade.

The pier design shall also consider the extreme event load combination relating to vehicle
collision, including bearing resistance, eccentricity (overturning), failure by sliding and
structural failure as discussed in Section 7.3, Vehicle Collision Extreme Event Design.

The pier footing elevation must be determined in the final design phase. Although a
preliminary foundation elevation is presented in the Union Street Bridge PDR, site
conditions, construction staging, utilities or other final design considerations may require
establishment of a footing elevation different than proposed in the preliminary design
concept.

7.3 Vehicle Collision Extreme Event Design

Any abutment, pier or wingwall constructed within 30 feet of the edge of the roadway must
be protected from vehicular collision with barriers as specified in LRFD Article 3.6.5.1. If
barriers are not used, the abutment, pier or wingwall shall be designed for an equivalent static
force of 400 kips assumed to act in any direction in a horizontal plane at a distance of 4.0 feet
above the ground surface. The Extreme Event II limit state design check related to collision
by vehicles includes bearing resistance, eccentricity, sliding and structural failure. A
resistance factor @ = 1.0 is used for the Extreme Event II limit state as specified in LRFD
Article 11.5.7. The extreme event factored bearing resistances are presented in Section 7.4,
Factored Soil Bearing Resistances.

7.4  Factored Soil Bearing Resistance

Substructure spread footings shall be proportioned to provide stability against bearing
capacity failure. Application of permanent and transient loads are specified in LRFD Article
11.5.5. The stress distribution may be assumed to be a triangular or trapezoidal distribution
over the effective base as shown in LRFD Figure 11.6.3.2-2. The factored bearing resistance
for any structure founded on compacted fill or native glacial till shall be investigated at the
strength limit state using factored loads and a factored bearing resistance dependent on the
proposed footing width. The graph below shows the appropriate bearing resistance for
comparable effective footing widths, B’. These bearing resistances assume a bearing
resistance factor, ¢, for spread footings on soil of 0.45, based on bearing resistance
evaluation using semi-empirical methods.
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A service limit factored bearing resistance of 4 ksf may be used for preliminary footing
sizing and to control settlements when analyzing the service limit state load combination.
The service limit state loading conditions may control foundation design for the Bangor
Union Street Bridge project. See Appendix C, Calculations, for supporting documentation.

The extreme limit state factored bearing resistances are dependent on footing size. The graph
below shows the appropriate bearing resistance for comparable effective footing widths, B’.
These extreme event bearing resistances assume a factor, ¢, of 1.0 for spread footings on soil

as required by LRFD 11.5

7.
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In no instance shall the factored strength, service or extreme limit state bearing stress exceed
the nominal compressive resistance of the footing concrete, which may be taken as 0.3 f’c.
No footing shall be less than 2 feet wide regardless of the applied bearing pressure or bearing

material.
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7.5 Settlement

We estimate that settlement as a result of fill replacement and minor embankment fill
extensions over natural soils will be negligible. We have estimated that the total settlement
of a prepared subgrade consisting of compacted fill or native glacial till will be on the order
of 1 to 2 inches for conventional spreads footings. We estimate that differential settlement
will be on the order of 1 inch or less. In all cases above, this settlement is acceptable and will
occur during construction. We anticipate that post-construction settlement will be negligible.

7.6 Frost Protection

We have evaluated the potential frost depth at the site for footings placed on soil. Based on
State of Maine frost depth maps, BDG Figure 5-1, the site has a design-freezing index of
approximately 1730 F-degree days. Considering an assumed water content of 10 percent,
this correlates to a frost depth of 7.4 feet at this site. We also considered frost depth
projections computed by Modberg software developed by the US Army Cold Regions
Research and Engineering Laboratory. The results of the Modberg frost depth model
indicate a potential frost depth of 6.5 feet. Consequently, we recommend that any
foundations or leveling pads constructed on soil at this site be founded a minimum of 6.5 feet
below finished exterior grade. This minimum embedment applies only to foundations
constructed on soil and not those founded on bedrock.

7.7 Seismic Design Considerations

The replacement Union Street Bridge in Bangor will be a multiple span bridge over Interstate
95 which is on the National Highway System. The bridge may be considered “essential” or
“critical” according to the operational classifications of LRFD Article 3.10.5. LRFD Article
4.7.3.1 specifies that seismic analysis is not required for essential or critical multi-span
bridges in Seismic Zone 1. However, superstructure connections, bridge seat dimensions and
support lengths at expansion bearings should all be designed per LRFD Articles 3.10.9 and
4.7.4.4.

The following parameters were determined for the site from the USGS Seismic Parameters
CD provided with the LRFD Manual and LRFD Articles 3.10.3.1 and 3.10.6:

= Peak Ground Acceleration coefficient (PGA) = 0.067g

= Design spectral acceleration coefficient at 0.2-second period, Sps = 0.233g
= Design spectral acceleration coefficient at 1.0-second period, Sp; = 0.105g
= Site Class D (stiff soil with 15 <N,y < 50 blows per foot)

= Seismic Zone 1, based on an Sp; <0.15¢g
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7.8 Construction Considerations

7.8.1 Excavation

We anticipate that the existing abutments and pier will be removed in their entirety using
staged construction methods. Earth support systems, shoring or braced excavations may be
needed.

Construction of the new abutment structures, new pier and new retaining walls will require
soil excavation. Earth support systems may be required at the abutment locations. The pier
foundation excavation will require an internally braced earth support structure.

Surface water should be diverted from the foundation excavation throughout the period of
construction. We recommend removing any groundwater encountered at the base of the
foundation excavation by using a sump pump located in a corner of the excavation outside of
the foundation footprint.

7.8.2 Subgrade Preparation

The silty native soils at the site are susceptible to water softening, rutting and/or disturbance
as a result of exposure to water or construction activity. The contractor must protect the
subgrade from exposure to water and any unnecessary construction traffic. If disturbance
and/or rutting occur, we recommend that the contractor remove the disturbed soil materials
and replace it with compacted granular borrow.

If any of the abutment or wing wall footings will be designed to bear on existing fill soils,
over-excavate the footing location 2 feet and replace the excavated soil with granular borrow.
Prior to placing the granular borrow, we recommend that the contractor subject the fill
subgrade soil to Proctor testing and then compact the fill subgrade to 95% of the maximum
dry density as determined by AASHTO T-180. The contractor should subsequently place
granular borrow up to the proposed new subgrade level and compact it to 95% of the
AASHTO T-180 maximum dry density prior to constructing the footings.

7.8.3 Dewatering

The silty native glacial till soils at the site may become saturated and water seepage may
occur during construction potentially resulting in localized sloughing and instability in some
excavations and cut slopes. The contractor should control groundwater and surface water
infiltration to permit construction in-the-dry. We recommend that the contractor use
temporary ditches, sumps, granular drainage blankets, stone ditch protection, or hand-laid
riprap with geotextile underlayment to divert surface water and groundwater if significant
seepage is encountered during construction. We also recommend using French drains
daylighted to nearby ditches if significant seepage is encountered in the subgrade along the
construction areas.
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7.8.4 Reuse of Excavated Soil and Bedrock

The project plans call for excavation of the existing approach areas to achieve planned
grades. In the process, the contractor will excavate both the existing subbase gravel, and
subgrade fill soils. We do not recommend using the excavated subbase aggregate to re-base
the bridge approaches. Excavated subbase and any granular fill excavation may be used as
fill below subgrade elevation in fill embankment areas provided all other requirements of
MaineDOT Standard Specification Sections 203 and 703 are met.

We do not recommend using excavated native soils as fill directly beneath the pavement
structure. The silty native soils are typically susceptible to strength loss when wet or
disturbed. The excavated soils may be allowed as fill in accordance with the Standard
Specification 203 as shown on Standard Detail 203 (01). This soil may also be used for
dressing slopes, but only below the bottom elevation of the shoulder subbase gravel.

The native silty soils or existing fill soils may be used as common borrow in accordance with
MaineDOT Standard Specification Sections 203 and 703. Contractors should expect that
prior to placement and compaction it may be necessary to spread out and dry portions of
these soils that are excessively moist.

7.8.5 Embankment Areas Outside of Abutment/Wingwall Backfill Envelope

Embankment approach slopes that are created or extended as part of the bridge construction
effort should be designed as earth fill slopes no steeper than 2:1 (H:V). Slopes steeper than
2:1 (H:V) typically require reinforcement or rock fill surfacing.

We recommend that all new embankment fill be thoroughly and systematically compacted to
the full limit of the slope. Where new fill slope extensions are constructed over existing
slopes, we recommend benching the existing slope soils in accordance with MaineDOT
Standard Specification 203.09, Preparation of Embankment Area, to prevent creation of a
preferential slip plane under the new embankment fill.

7.8.6 Erosion Control Recommendations

The fine-grained soils along the project are susceptible to erosion. We recommend using
appropriate erosion control measures during construction as described in the MaineDOT Best
Management Practices February 2008 guidelines to minimize erosion of the fine-grained
soils at the site.

8.0 CLOSURE
This report has been prepared for use by the MaineDOT Bridge Program for specific

application to the replacement of the Union Street Bridge carrying Route 222 over Interstate
95 in Bangor, Maine. We have prepared the report in accordance with generally accepted
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soil 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 completed at discrete
locations on the project 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.

We recommend that we be provided the opportunity for a general review of the final design

drawings and specifications in order that we may verify that the earthwork and foundation
recommendations have been properly interpreted and implemented in the design.
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140%/30

Logged By: - Woreau

Rig Type:

Districh D-50 Trailer Hammer Wi./Fall: _ 1404/30

Logged By: B. Wilder

Rig Type:

CME_45¢ Hommer Wr./Fal 13

140%/30"

Dafe Start/Finisn: 5/19/03-5/21/03

oriliing

Verhadt

Cased Wash Boring

Care Barrelt No-2”

Date Stort/Finish: 5/18/09-5/18/03

Orii1ing Nethod:

Cased Wash Bor ing

No-2

Dafe Stort/Finish: 5/20/09-5/20/09

Driliing Nethad:

Cased Wash Boring Core Borrel: o~

Date Start/F intan: 5/20/091 1010014130

Ori11ing Nethod:

Cased Wash Boring Core Borre:

o2

Bor g Losat lon:

12092.3, 21.

L

Cosing 10/00: [

Water Leve %

Nore Observed

Boring Location: 124914+ 187 RT-

Cosing 10/0D: [

Vater Lovel*:

Noris Dbserved

Bor g Losat (o 13+80-9, 356 L1- Cosing

/01 Hn Water Love % 11,47 bge-

Boring Locotion:  13491.3, 38.6 Ri-

Casing 10/00: N0

Water Level*:

5.0' bgs.

Hommer Efficiency Foctor 0.84

Hammer Type:

Automatic

] Hydroulic O Rope & Gotnend O

Hommer Efficiency Fastor: 084

Hammer Typet

Automotic B Hydrauiic O Rope & Cotnead

Hammer Ef+iciency Factor: 0.68 Hormer

Type: hutonctic B Hydoulic O Rope & othood

Hommer_Efficiency Factor: 0.84

Hammer Type:

Automatic B Hydroutic O Rope & Cathead O
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FAVENENT -

. 60
Brown: dam, arave 1y, Tins fo medium SAND, trace sl

Concrere with re-bar from 1.12.07 bas.

s/a//8

- 00
Brown. domp. grovelly. fine 1o medium SAND. froce STt

50

QI1ve. moists STIFF, CLAY-SILT. frace fine sand, troce
Fine gravels (Glaciomorine)

Failed 16x32 mm vane attempts would not push.

5/4/8/8

25/16/1/18

6/6/1/9

9/8/5/9

1013014721

21.6/20

11/17/23/5003.61

24710

20/32/40/45

24715

1/17/19/50

11/a3/29/26

Brown, wety very stiff to hards SILT, some fine to
coarsa sands trace to |[ttle grovals (T11)

Falled 16x32 mm vone offempts would not push.

20.00-
rey. wet. very stiFf. SILT. soms fine 10 coorse sond.
race gravels (TilD).

Rol ler Coned anead fo 25.0° bgs.

rey. wet. very stiff. SILT. soms fine 10 coorss sond,
race gravels (Ti11).

Rol ler Coned onead fo ED.7D.8D.9D and 10D, took
samples, then drove casing 1o 53.0 bgs.

30,00,
Greys wef: hard, wel| bonded or cementsd, SILT. somg
Fine +o coorse sond. trace gravel. with occosiona
cobbles. (TT11),

Similar +o above.

Cabble from 36.8-37.0° bgs-

Similar to above-

Cabble from 45.0-45.3' bgs.
Similar to above-

Greys wety hards wel| bonded or cemented. SILT. some
ine to coorse sonds trace grovel, with occosional
Gobbles. (T111)

Roller Coned anead +o 53.0° bas.

56721

RoD = 15%

RiiComentad 1111 and Cobbles.

13:57) 60% Recovery
Cara Blockad

920 blows for 0.2
Casing REFUSAL at 58.2° bas. Washed chead 1o 584" bas.

Top of Bedrock of Elev. 95,7,

52 Bodrook ot 50-4' 1o 588" bos: aray,
LITE. moderately hard, sligntly waathered
ransiren reom nor faomiel o el oloee
Vish Ao <114 Tmofi 11 ing. numeroue quer 2 ond calsitd
eans 2-5 mn inick offon 2iona Toliation. Rock Macs
ality is very Poar. [Vassalboro Formation
. . 50,
R2 Bedrock af 58-8' fo 63.0° bgst Brawn, fine-graifed
nighly westhored, softs TWETASAMDSTONE, very closs
horizental to vertical. frioble fram
570" ogsr pens with argniFicent 3111 1
mmng. signitioant iron and mangoness staining, Ao
ry Poor. [Vossalboro Formation]

fine-orained

(§144) 100% Rocovery

R3Bedrock: Some as Gboves but no fridble zone. less
8itt in-f11|ing. Rack Mass uality is Very P
[Vassalboro Formation]

10’ (5139
67.0-68.0" (5:38) 100% Recovery

Bortom of Exploration of 68,00 feet below around
surface.

63209243
A4, cL

WE=20.5%
LL=31
PL

6v209244
4, WL
W=13.0%

69209245
Ad. N
WE=10.71

cs209245
A-d0 N
w1285

Less +han 100 psi down pressure on core barrel .

‘rasa srosr ot e 11m

# gore v rooutigs nov een mse a1 rires ang e canaitiens stots:
hon rarents vare e

STTOTITICOr TN 11 obreseTT GPpToTTa beTaAr 195 DeTYeEn 8011 TrpeRt franaitions moy o gramer -

Srounavotar f1usiuatiens oy cccur aus 1o condit ions otner|
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Boring No.:

BB-BUS-103

FAVENENT.

Sttt CFRIL)

Brown, daro. arovel Iys fine fo coorae SMD. [iTtle

Concrate with re-bor fram 2.0-2.8' bgs.

X

(Filn.

0;
Brown. domp. grovelly. +ine to coarse SAND. Iittle &1 Y]

-8

arsnn

to some fine fo coarse sand. frace fo
Tiin.

Su=4323 psf

1632 m rav toraus reading
VIt 27,5 Fr-

pUSh thry vane
Wr73/47

Went Open Hole: took samples every 5.0
70 then drove casing fo 35.0' bgs

/8812

1012018

9/8/10/16

20307

similar o above-

14/20/35/52

Similor +o bove.

12/22/29/38

Similor to above.

Wenthersd ADLK:

Top of Infact Bsdroek ot Elev. 111,27-
R1 Bedroo

Gres

tasedirontary PHILLITES

slian iy weathered.
+

nral 1o vertical - wi
Ting, quartz and calc: re. sea
Quality is Excellent. [vassa\bcro

RitCore Times (mintsec)
43,0-44.0° (2:47)

41.0-45.0" (2:00)
45.0-46.0" (2:30)
46,0-47.0° (2:35

A7,0-48:0"

DiTve. MOIST O Wet. MBATUM STIff 10 Nard. SILT, frace

Grey. wet. very stiff 4o hard. well bonded. SILT. some
Fine to coarse sand, trace +a ITHle gravels (TTII1.

Crey. wet. very &tiFf 1o hard. well bonded. SILT. some
fine to coarse sands frace to Iittle gravels (Tilll.

1,10 arey-blask fine-arained,
moderatel
Iractiros are  moderatoly, cmse,
n

150

ITttie gravel.

40450460 and

Fornm iun]

g) cover:
Bottom of Exploration at 48.00 feer
surface,

below around

Ga209247
A4 WL
C=13. 4

4209248
A4 W
2%

208248
A4y WL
wos11.1%

62209250
A4 M
we=11.87

246276
A4 WL
we=11.2%

oeprn ce10
sampl e No.

FAVEWENT -

15/15/23/10

Brown. domp. medium dansa 1o dansa. fine o coarse 209238

SAND. soms grovel. |ittie sTIT. (F

20/ | 24720 10131315

(20/A) 5.0-5.3 bas.

6209239
a4, W
we=10.2%

20/8) 5.9-1-0" b

Greys Mists STIFF 0 vary STIFF SILT, some fine to
Coarse sand. frace gravel. mottied. (Till)

6/5/6/7

Same as abover but wet affer 11.4° bgs. 64209240

Ay
Wo=12.8%

8112736

e _______a5
Sam as dbove but numerous ocbbles and bouiders after
14.5° bgs.

Washed ahsad o 20.0° bys. fhen drave cosing.

Greys wets nords well bondeds SILT. frace fine to
coarss sond ond aravel, (T111).

16/15/20/31

209241
Washed ahead +o 25.0' and 30.0°. tack samplea. +hen asa. M
o We=11.8%

drove casing to 29.0' bgs.

11/30/46/63

Grey. wet. hord. well bondad. SILT. trace fine to
coarse sand and gravels (Till).

Gréy: wef hard, wel I bondad: SICT+ some ine o coorss)

sana ana gravel. (Till)

15/20/29/39

6209242
44, M

we=a.37

Very dense cemented Till at 32.8' bgs: as evidenced by
art11 abt T ude

Failed somple ottempt. Washed ahead o bedrock ot 40.5'

56.4/41

.50,
Rol ler Coned oheod fhrough Weatherad BEDROCK from 40.5-]
41.5" bas.

-50
Top of oot Badrock of Elev. 83.3

R1 Bedrock: Grey, fine-grofned, merosedimentor:
PAYLLITES moderately nard, o1 gnt1y weathareds bub

Fol fation, Rock Nass Quality is Paar. [Vossalboro

Format

55452 (4140} 7% Recovery

Bottom of Exploration af 46.20 feef below around
surf

cer

Aoeptn 171
sanp 15 No.
510ws 176 1

PAVENENT -

5/6/1/1

Brown, damp
trace silte (Filll.

+ medium dense: fine +o coarse sandy GRAVEL

46277
~1-as G-
Wo2-4%

18141

5/13/14/14

gravels (Ti110.

5/13/16/24

Similar +o above.

Roller Coned ahead +o 13.0° bas,

13/18/27/30

similar to above.

218"

¥, wet, hord, SILT. goma ins fo couree Gund. frace

Grey, wet, hords SILT. soms fire 1o coarse sond, IMttie| 6=246273
ASa, N

Roller Coned ohead 1o 22.3' bgs, Bedrock sncountered ot
bgs.

50

246278
A0 N
we=11.1%

—-—am

Top of Bedrock ot Elev. 113,17,

R1 ond R2 Bedrock:

55)
26.3-27.3' (3110) 10D% Recovary

Re:Core Tims (minisoc)
. (2031

511
50) 100% Recovary

Grey to grey-black fine-groined,
metasedinentary PHYLLITE: soft Yo moderataly nord:
sh. fractures are close. fram harizontal to
voriteal uttn mnor ST1t in=f1111ng and iron staining.
thick

Boffom of Exploration af 32-30 feet below ground
surfa

Remar

Auto Hammer #143

0
T

=

300-400 psi down pressure on core barral.

AT IoaTIan 11nes Febr st GRoroXImaTs baundar T2 barwewm STl Typser franaTtians may be orodal-

* gorer 1ove readings nors bosn mods ot i ana ncsr centiens s4ared:
Inces presen ot Tha. 111a Meosranarls wars mode.
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Graundter flustuatiens may osour dus fo sonl s offer

Boring No.: BB-BUS-104

STra 1T Taation 11 reoressnt aoroxImate b Tss beTwoen So1 | fybes: fransi1icns nay be graoual -

® Jorer vl resuinas have boen me ot 91> nd Lnger condifens stared:
her hss prssent ot Ths 11ma MR Srents wers
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Greundarer flustuatTons may conur aus 1o sandTtTens ofner|

Boring No.: BB-BUS-102

SITariTicatien 11nes rebrasenT ophroxiTare DG Tes baTuem 5611 TYpeSt TranaITiens Moy b ol

* Woter_Ieval reoaings nove besn mess or 4iMmes ana indsr conai+ions stated.
o those brasent at e 11me easurarnt s mde.
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Boring No.

BB-BUS-105

STATE OF MAINE
DEPARTMENT OF TRANSPORTATION
IM-1668(100)E
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BRIDGE NO. 5797
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MAY 201

T.WHITE

M.MOREAU

PROJ. MANAGER
DESIGN-DETAILED
CHECKED-REVIEWED]
DESIGN2-DETAILED2
DESIGN3-DETAILED3
REVISIONS 1
REVISIONS 2
REVISIONS 3
REVISIONS 4

PENOBSCOT COUNTY

UNION STREET BRIDGE
OVERPASS 1-95
BORING LOGS

SHEET NUMBER




5/16/2011

Dote

Username: terry.white

: GEOTECH

ivision:

D

Filenome: ..,\msta\009_BORING L0OGS2.dgn

Department of Transportation
Us cusTowRY wnirs

Profects Unfon Strest Overpass 1-35 Boring No.

Location: Bangor. Maine PIN:

16681

BB-BUS 101

00

Department of Transportation

/Rock Exploration Lo
US_CUSTOMARY UNITS

Project:Union Street Overpass 1-95 Boring No.

Location: Bangors Matne PIN:

BB-BUS

01A

16681.00

Maine Department of Transportation
Sot Lok £x .
US_cusTouaRY UNITS

Project: Union Street Overpass [-95

Location: Bangor. Maine 3

Boring No.:

BB-BUS-1018

IN: 16681.00

Maine Department of Transportation
US CUSTONARY UNITS

Projest: Union Street Overpass 1-85

Locat ion: Bangar. Maine PN

Bor Ing No- :

: 16681.00

BB-BUS—106

Nor thern Test Borings Inc-

Elevation (F+.)  154.8

Auger_1D/00¢

5* Solid Stem

Nrck. Wike Datum:

NAVD B8 Sanp er:

Standard Spl i1 Spoon

Dri e Northern Test Borind: Inc.

Elevation (11 154.8

auger_10/o0:

5" Solia stem

Dri e Norfhiern Tast Bor Tng. Inc. Elavario

N (F1) 154.9

Augar_10/00¢

5° Sol1d stem

Dl ler Northern Test Boring, Inc.

Elevation (-] 154.8

Auger_L0/0D:

5" Solid Stem

Operator: Nick. Mike Dartum:

NAVD B8 Somp er:

Standard Sp1 1+ Spoon

operator: Niok, Nike Datum:

NAVD 8B

samp et

5tondord SpI Tt Spoon

Dperator: Nicks Mike Datum:

NAVD 88

Somp ler:

Stondard Sp! i1 Spoon

M._Woreau Rig Type

Districh 0-50 Trailsr Hamer Wt /Fal I+

1402/30"

Loggsd By: M. Norsou

Rig Typst

Distrion 0-50 Tral ler Warmar WF,/Fallt  140%/30

Logged By: M- Noreau/B. Wi Ider Rig Type

: Districh D-50 Trailer

Harmer Wt./Fal

140%/30"

Logged By: - Voreau

Rig Type:

Districh D-50 Traller

Hommer Wr-/Falls

T40m/30"

Date Start/F inisl

5/18/09-5/19/08

Dri117ng Metrodt

Cased Waen Boring

Core Borrel: WA

Dote Stort/Fintsh: 5/13/09-5/19/03

Driiiing Metrod:

Cosed Wash Bar fng Core Borrel: N

Date Start/Finish: 5/19/03, 5/21/08 0i1iing

Vathod: _Cazed Wash Bor ing

Core Barral: No2"

Date Start/Finish: 5/18/09-5/18/03

Dril1ing Method:

Cased Wash Boring

Core Borrel: -2

Borina

Locarion: __15+00.5, 21.6 L1-

Casing 10/00: i

Water Lovel*: 10,

0" bas.

Borfng Locatfon: _ 16+02 7 217 LT~

Casing 10/0D

NX - 3 in Water Level*:

Norie Dbser ved

Boring Locaffon: _ 15716.5, 206 L1. Casing [

0/00: 0

Water_Level

7.0 bos:

Boring Locotion:  15406.3. 18.9 AT.

cosing 10/o0: o

Vater Lavel®: 130 nas.

Harmar

Efficisncy Factor: 0,68

Automatic ® Hydraut fc O Rope 8 Cathead O

Hommer Efficioncy Factor: 068

Automatic B tydrauiic O Rope 8 Cathoad O

Hammer EFfiorency Foctor: 0.68 Wormer T

we__siomotio® Hyarauifc O

fops & Cotmesa O

Hammer_fficiency Factor: 0.68

Hammer Typos

Automatic B Hyaroutic O

Rope & Catheas O
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STATE OF MAINE
DEPARTMENT OF TRANSPORTATION
IM-1668(100)E
16681.00

BRIDGE NO. 5797

FRVEWENT ,

Browne oravel Iy SAND« [iHtle of [t (Fillb

Conorete Approach Slab.

grovel fo grovellys ITttie siite (FTIIL

8817

8/8/5/6

Some os cbove. but sTltler and wat ofter 11.0°

2
Brown. domp. medium dense. fine to coarse SAND. some

bas.

4s1/99

trace gravel. occasfonal cobbles. (Til1).

9/12/14/15

Cobbla costruction ot 18.6' bgs. ba

then drove casing 1o 200

20,00 -
P 10131017

Wore frequent cobbles betwean 18,0-25,0° baa.

73 biows for 0.5

14/3/14720

trace aravel. occasional cobbles. (Till).

Grey. wets very stiff, SILT, soms fine o coarse sand.
P

ok out cosing 1o
15.0' bgs. and continued with open hole 1o 25.0 bgs.
bgs.

Greye wets very stiffs SILT, some fine o coorse sond.

urface.

BE-BUS-101A

oo |
2

e

~00-

Botfom of Exploration af 27-00 feet below around

Cosing broke during advance Fo 25.0' . moved to 8oring

64203232
o

w1611

6203233
A4 W
we=14.5%

64203234
A4 WL
we=14.5%

arove and

Atterpted o wash oread 10 20-0° bgs.

Tonered Troug FaveTenT SoTT: Correre o Abarodn

RUbble Fill and Cobbles from 18.0-20.9" bgs-

Bottom of Exploration af 20.90 feef below ground
Wo Refusal-

Could not advance ber ing.

PAVEVENT -

Cravally SAND. (FIII1.

Auger through pavemsnt.

ond drTve ond wash casing 10 15,

11+ concrete approach slabs
o

Olive browns wete SILT,

(6lacicmar ine )

15/11/14/15

Grey. wet. very stiff. s
and gravels (Tii1)

10/10/15/18

Groy: wet, very stiff, S
and gravel. (Tiil)

Gréys wefs

Hemar

Auto Hommer #143

StrarTHTcation ines renrazant avoraximate baumdar Tes batvem a1l Typeat franeitians ey be aradal.

* Nater loval rendins hove bsan mds ot 1imes ond urdar conditions stotad
1an 1nose bresent ot e 11 Megsuremnta wers nods.
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Graundvoter fluctuations my ocur dus 1o condi Hens site

Boring No.: BB-BUS-101A

Auto Hommar =143

Ahran thoes

Srrariricarion inea reprasent opproximare sounsar

v rasainas e baen e o +ims o uner coorticns avaes.
et at 1 Firm maomurarmants

Tetveen co1 1 rypest ronaitiona may be oramuar.
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Graunawoter flustuot ens ray eceur aus to conditions ernar

Bor ing No.

BB-BUS-101

61111

Grey. wet. very stitf fo

5/13/36/10

Roller coned anead fo 38-
Bearcok encounter

Roller Coned anead to 25.

ery &
o 16 cbor e somd and o avel

Fine to coorse sond and gravels (T111)

Roller Coned anead to 30.

Raller Coned anead fo 3.

Simifar fo above. buf with cabbles.

at 37.5" bos.

ILT. some fine to caarse sand | G#208235

A-as WL
We=10,0%

ILT. 1itt1s fine to coarse sond| c#209236

[y
We=11.5%
0 bgs.

hard. SILT. 1itt1e ta sone

o bgs.
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UNIFIED SOIL CLASSIFICATION SYSTEM

TERMS DESCRIBING
DENSITY/CONSISTENCY

GROUP
MAJOR DIVISIONS SYMBOLS TYPICAL NAMES
Coarse-grained soils (more than half of material is larger than No. 200
COARSE- CLEAN GW Well-graded gravels, gravel- sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty
GRAINED | GRAVELS | GRAVELS sand mixtures, little or no fines clayey or gravelly sands. Consistency is rated according to standard
SOILS < penetration resistance
3o (little or no GP Poorly-graded gravels, gravel Modified Burmister System
c 2 . N . . P .
3 < fines) sand mixtures, little or no fines Descriptive Term Portion of Total
5 £ ’?3‘ trace 0% - 10%
E g Z little 11% - 20%
s 3 3 GRAVEL GM Silty gravels, gravel-sand-silt some 21% - 35%
£ 2% WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
2g g5 FINES
) g £ g (Appreciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance
£3 - amount of mixtures. Cohesionless Soils N-Value (blows per foot)
EZ fines) Very loose 0-4
SR Loose 5-10
8 g CLEAN sSw Well-graded sands, gravelly Medium Dense 11-30
§ g SANDS SANDS sands, little or no fines Dense 31-50
§ S < Very Dense > 50
g GEJ’ @S (little or no SP Poorly-graded sands, gravelly
=8 gz fines) sand, little or no fines.
o _f;j — Fine-grained soils (more than half of material is smaller than No. 20(
% 3 .q_ﬁ sieve): Includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
i ‘_g e SANDS SM Silty sands, sand-silt mixtures or silty clays; and (3) clayey silts. Consistency is rated according to sheai
g e 2 WITH strength as indicated
o c FINES Approximate
g % (Appreciable SC Clayey sands, sand-clay Undrained
=8 amount of mixtures. Consistency of SPT N-Value Shear Field
fines) Cohesive soils blows per foot Strength (psf) Guidelines
WOH, WOR, ) .

ML Inorganic silts and very fine Very Soft WOP, <2 0 - 250 Fist easily Penetrates
sands, rock flour, silty or clayey Soft 2-4 250 - 500 Thumb easily penetrates
fine sands, or clayey silts witt Medium Stiff 5-8 500 - 1000 Thumb penetrates witr

SILTS AND CLAYS slight plasticity moderate effort
Stiff 9-15 1000 - 2000 Indented by thumb witt
FINE- CL Inorganic clays of low to mediun great effort
GRAINED plasticity, gravelly clays, sandy Very Stiff 16 - 30 2000 - 4000 Indented by thumbnai
SOILS clays, silty clays, lean clays. Hard >30 over 4000 Indented by thumbnail
(liquid limit less than 50) with difficulty
oL Organic silts and organic silty Rock Quality Designation (RQD):
clays of low plasticity RQD = sum of the lengths of intact pieces of core* > 100 mm
P E length of core advance
B z *Minimum NQ rock core (1.88 in. OD of core)
3 3 MH Inorganic silts, micaceous or
g g diatomaceous fine sandy or Correlation of RQD to Rock Mass Quality
SRS SILTS AND CLAYS silty soils, elastic silts Rock Mass Quality ROD
E 2 Very Poor <25%
Ss CH Inorganic clays of high Poor 26% - 50%
£ £ plasticity, fat clays. Fair 51% - 75%
ts Good 76% - 90%
Eg (liquid limit greater than 50) OH Organic clays of medium to Excellent 91% - 100%
@ high plasticity, organic silts |Desired Rock Observations: (in this order)
Color (Munsell color chart)
Texture (aphanitic, fine-grained, etc.)
HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorphic, etc.)
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)
Weathering (fresh, very slight, slight, moderate, mod. severe,
Desired Soil Observations: (in this order) severe, etc.)

Color (Munsell color chart)

Moisture (dry, damp, moist, wet, saturated)

Density/Consistency (from above right hand side)

Name (sand, silty sand, clay, etc., including portions - trace, little, etc.)
Gradation (well-graded, poorly-graded, uniform, etc.)

Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic)
Structure (layering, fractures, cracks, etc.)

Bonding (well, moderately, loosely, etc., if applicable)

Cementation (weak, moderate, or strong, if applicable, ASTM D 2488)
Geologic Origin (till, marine clay, alluvium, etc.)

Unified Soil Classification Designation

Geologic discontinuities/jointing:
-dip (horiz - 0-5, low angle - 5-35, mod. dipping -
35-55, steep - 55-85, vertical - 85-90)
-spacing (very close - <5 cm, close - 5-30 cm, mod.
close 30-100 cm, wide - 1-3 m, very wide >3 m)
-tightness (tight, open or healed)
-infilling (grain size, color, etc.)
Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)
RQD and correlation to rock mass quality (very poor, poor, etc.)
ref: AASHTO Standard Specification for Highway Bridges
17th Ed. Table 4.4.8.1.2A

Groundwater level Recovery
. . Sample Container Labeling Requirements:
Maine Department of Transportation PIN Blow Counts

Geotechnical Section

Key to Soil and Rock Descriptions and Terms

Field Identification Information

Bridge Name / Town
Boring Number
Sample Number
Sample Depth

Sample Recovery
Date
Personnel Initials

January 2008




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-101

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS . -

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09-5/19/09 Drilling Method: Cased Wash Boring Core Barrel: N/A

Boring Location: 15+00.5, 21.6 Lt. Casing ID/OD: HW Water Level™: 10.0' bgs.

Hammer Efficiency Factor: 0.68 Hammer Type:  Automatic X Hydraulic [J Rope & Cathead (]

Definitions:
D = Split Spoon Sample

U = Thin Wall Tube Sample

V = Insitu Vane Shear Test,

MD = Unsuccessful Split Spoon Sample attempt

MU = Unsuccessful Thin Wall Tube Sample attempt
PP = Pocket Penetrometer

R = Rock Core Sample
SSA = Solid Stem Auger

HSA = Hollow Stem Auger
RC = Roller Cone

WOH = weight of 140lb. hammer

WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer effici

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent
LL = Liquid Limit
PL = Plastic Limit
Pl = Plasticity Index
ency G = Grain Size Analysis

Auto Hammer #149

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
lels | 2 . |B 2 e
o = [ £ < © 1 ) - Results
= z a] S o —
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ g £ B 252_0O g 2 2| = and
& g & E- LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 ! PAVEMENT.
SSA |154.27 0.531
Brown, gravelly SAND, little silt, (Fill).
1.801
Concrete Approach Slab.
3.201
Brown, damp, medium dense, fine to coarse SAND, some gravel to
gravelly, little silt, (Fill).
- 5
1D 24/3 5.00 - 7.00 8/8/7/7 15 17 58
54
54
70
52
[ 10 Same as above, but siltier and wet after 11.0' bgs.
2D 24/4  (10.00 - 12.00 8/8/5/6 13 15 37
37
28
o1 |14150ff 13.301
21
[ 15 Grey, wet, very stiff, SILT, some fine to coarse sand, trace gravel, G#209232
3D 24/20 [15.00 - 17.00 4/7/9/9 16 18 23 occasional cobbles, (Till). A-4, ML
WC=16.1%
26
4D 24/16 117.50 - 19.50 9/12/14/15 26 29 23 Cobble obstruction at 18.6' bgs, back out casing to 15.0' bgs. and G#209233
continued with open hole to 25.0' bgs, then drove casing to 20.0' bgs. A-4, ML
105 WC=14.5%
71
[ 20 More frequent cobbles between 18.0-25.0" bgs. G#209234
5D 24/18 |20.00 - 22.00 10/13/10/17 23 26 31 A-4, ML
a79 a79 blows for 0.6". WC=14.5%
OPTEN_
HOLE
25
Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made.

Page 1 of 2

Boring No.: BB-BUS-101




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-101

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09-5/19/09 Drilling Method: Cased Wash Boring Core Barrel: N/A

Boring Location: 15+00.5, 21.6 Lt. Casing ID/OD: HW Water Level™: 10.0' bgs.

Hammer Efficiency Factor: 0.68

Hammer Type:

Automatic X

Hydraulic(

Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

Auto Hammer #149

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
= £ -~ B > Testing
=) = o = < © 5] ) - Results/
= z ) [a] [ o A
£ < g 0 e ¢ = £ o 5 2 Visual Description and Remarks AASHTO
£ g c g 252 =9 2 £2(¢g = and
g = & 3z 32epl 3 8| kelag| & Unified Class.
[a} [%] o n E nnhs z 4 Om |WE|] O
25 Grey, wet, very stiff, SILT, some fine to coarse sand, trace gravel,
6D 24/20 [25.00 - 27.00 14/9/14/20 23 26 occasional cobbles, (Till).
27.004
Bottom of Exploration at 27.00 feet below ground surface.
Casing broke during advance to 25.0', moved to Boring BB-BUS-101A
30
- 35
- 40
- 45
50
Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other . .
than those present at the time measurements were made. Borin g No.: BB-BUS-101




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-101A

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS . -

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09-5/19/09 Drilling Method: Cased Wash Boring Core Barrel: N/A

Boring Location: 15+02.7, 21.7 Lt. Casing ID/OD: NX-3in Water Level™: None Observed

Hammer Efficiency Factor: 0.68 Hammer Type:  Automatic X Hydraulic [J Rope & Cathead (]

Definitions:

D = Split Spoon Sample
MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test,

PP = Pocket Penetrometer

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)
ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
) < =3 = . g o Testing
- e} - © £ < S 9 ) - Results/
= z o a © - = 2 c Visual Description and Remarks
E @ & 2 S £ a 5 o S o AASHTO
sle| 5| ¢ 15558 | 5| o|gf|3.| ¢ s
c — =] —~ ] i
[ © o} T = oc 59 © cQo | o7 i Unified Class.
a} » o nE DHHE5 z zZ |Oon |WE| O
0 %] Augered through Pavement, Soil, Concrete and Approach Slab, drove
and washed to 15.0" bgs.
SRRKS
5
LK
KKK
QS
KKK
QK
KKK
LS
- 5 KRR
QS
KKKK
RS
KKK
K%
QS
K%
QS
KKK
QK
KKKK
LS
KKK
LS
KKKK
QRS
QKK
LK
L 10 3RS
S5
KRKK
QRS
KKKK
QS
KKK
LS
KKK
LS
KKK
LK
QS
LK
KKK
KKKK
QRS
3RS
CRRKS
KKKK
15 0K d h ahead t0 20.0' b
PeSede%e! Attempte to wash ahead to 20. gs.
SRS
S5
S
LK
RS
KKKK
QRS
QXS
5
136.80 - 18.001
Rubble Fill and Cobbles from 18.0-20.9' bgs.
- 20
133.90 20.90
Bottom of Exploration at 20.90 feet below ground surface.
Could not advance boring. No Refusal.
25
Remarks:
Auto Hammer #149
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 1
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other . .
than those present at the time measurements were made. B orin g NO . BB'B US'lOlA




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-101B

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS ' d

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.9 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau/B. Wilder Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09, 5/21/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 15+16.5, 20.6 Lt. Casing ID/OD: NW Water Level™: 7.0' bgs.

Hammer Type:

Hammer Efficiency Factor: 0.68

Automatic X

Hydraulic(

Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt
U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test, PP = Pocket Penetrometer

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)
ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P - 5 Laboratory
) 5 =4 = - 2 Testing
s 2| & 8 e 5 g g Visual Description and Remark Results/
£ = g . e < E E o 5 2 isual Description and Remarks AASHTO
el 8| 5| B 258-9 | £ g1t | 5 and
& 3 & = LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 ! PAVEMENT.
SSA |154.40 0.501
Gravelly SAND, (Fill).
::::::: Auger through pavement, soil, concrete approach slab, and drive and
::::::: wash casing to 15.0",
KKK
QK
KKK
LS
- 5 KRR
QS
K
KKK
LK
XK
147.90 B 7.001
FE Olive brown, wet, SILT, (Glaciomarine).
- 10
\ / 141.90 4 13.00]
[ 15 Grey, wet, very stiff, SILT, some fine to coarse sand and gravel, (Till). G#209235
1D 24/13 [15.00 - 17.00 15/11/14/15 25 28 13 A-4, ML
WC=10.0%
31
69
% I m®E--—-----—-—"—"—— — — — —]
110
[ 20 Grey, wet, very stiff, SILT, little fine to coarse sand and gravel, (Till). G#209236
2D 24/17 {20.00 - 22.00 10/10/15/18 25 28 72 A-4, ML
Roller Coned ahead to 25.0' bgs. WC=11.8%
73
66
o8 Grey, wet, very stiff to hard, SILT, little to some fine to coarse sand and |
1, (Till).
65 gravel, (Till)
25
Remarks:
Auto Hammer #149
400 Ibs down pressure on Core Barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than those presen?at the time measurements were made. Y BO” n g NO . BB'BUS'lOlB




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-101B

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.9 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau/B. Wilder Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09, 5/21/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 15+16.5, 20.6 Lt. Casing ID/OD: NW Water Level™: 7.0' bgs.

Hammer Efficiency Factor: 0.68 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
= £ -~ B > Testing
=) = o = < © 5] ) - Results/
= z ; a] = o —
£ < g 0 e ¢ = £ o 5 2 Visual Description and Remarks AASHTO
£ g c g 252 =9 2 £2(¢g = and
g = & 3z 32epl 3 8| R3|azs| ¢ Unified Class.
[a} [%] o nE nnhs z 4 Om |WE|] O
25 i i i
3D 24118 |25.00 - 27.00 6/7/7/11 14 16 2 Grey, wet: very stiff to hard, SILT, little to some fine to coarse sand and
gravel, (Till).
59 Roller Coned ahead to 30.0' bgs.
60
58
55
30 Roller Coned ahead to 35.0' bgs. G#209237
4D 24/4  {30.00 - 32.00 5/19/36/10 55 62 49 A-4, ML
WC=11.5%
54
79
78
75
- 35 mogzr - —"— — — — — — — — — 35.001
5D 3.6/3 |35.00 - 35.30 55(3.6") — i Similar to above, but with cobbles.
Roller Coned ahead to 38.0' bgs.
i % Bedrock encountered at 37.5' bgs.
117.40 & 37.501
‘ N Top of Bedrock at Elev. 117.4', ) ) )
R1 57.6/53 [38.00 - 42.80 ROD = 49% NO-2 \ R1 and R2 Bedrock: Grey to grey-black fine-grained, metasedimentary
Q 0 Q \\ | PHYLLITE, soft to moderately hard, slightly weathered, fractures are
close, from horizontal to vertical, with minor silt in-filling, numerous
L 10 \\\' quartz and calcite seams 2-4 mm thick often following foliation. Rock
I\ Q Mass Quality is Poor. [Vassalboro Formation]
N
\ J RZ1:Core Times (min:sec)
\\\ 38.0-39.0' (5:30)
N 39.0-40.0" (4:20)
R2 60/60 [42.80 - 47.80 RQD =26% \\ | 40.0-41.0' (4:40)
N 41.0-42.0" (5:50)
\% 42.0-42.8' (4:20) 92% Recovery
AN\ Core Blocked.
\\ ] R2:Core Times (min:sec)
L 45 N 42.8-43.8' (5:50)
\% 43.8-44.8' (6:30)
AN\ 44.8-45.8' (6:15)
\  45.8-46.8' (8:50)
\ \Q 46.8-47.8' (7:00) 100% Recovery
AN
107.10 47.80
Bottom of Exploration at 47.80 feet below ground surface.
50
Remarks:
Auto Hammer #149
400 Ibs down pressure on Core Barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 2
* \{xg;e&]lg\slgl g?:sdéﬂ?Zthti\éetitrz;fg%rgaastjti:rtrgr?tessﬁrz Lrl\!]w;jgélconditions stated. Groundwater fluctuations may occur due to conditions other B o ri n g NO - BB_B US-lOlB




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-102
Soil/Rock Exploration Log Location: Bangor, Maine
US CUSTOMARY UNITS ' ' PIN: 16681.00
Driller: Northern Test Boring, Inc. Elevation (ft.) 134.8 Auger ID/OD: 5" Solid Stem
Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon
Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"
Date Start/Finish: 5/20/09-5/20/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"
Boring Location: 13+90.9, 35.6 Lt. Casing ID/OD: HW Water Level™: 11.4' bgs.
Hammer Efficiency Factor: 0.68 Hammer Type:  Automatic X Hydraulic [J Rope & Cathead (]
Definitions: R = Rock Core Sample Sy, = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger ap = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test, PP = Pocket Penetrometer WORI/C = weight of rods or casing Ngg = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
_ z .g = . B o Testing
e} = © £ S 3] <} ) - Results/
= z [a] < o -
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ 2 £ g 252 _O g g 2| = and
) 5 & §= 2227¢C 3 8| &2 |az| & Unified Class.
a) %] o n E mnhe5 z z Om |WE|] O
0 |
SSA PAVEMENT. 070
K E
S
So%02e%0
s
;::2:2:2:1 Brown, damp, medium dense to dense, fine to coarse SAND, some G#209238
1D 24/12 2.00 - 4.00 15/15/23/10 38 43 ::::::::: gravel, little silt, (Fill). A-1-b, SM
L) WC=5.3%
Sosesesed
[R]
Sotereted
Sodeteted
oseseted
[2XXXX]
L 5 003030
20X (2D/A) 5.0-5.9 bgs.
2D/AB | 24/20 5.00 - 7.00 10/13/13/15 26 29 :0:::0:0:
i br] 5.901
(2D/B) 5.9-7.0' bs. (3;#_310?\%3_9
Grey, moist, stiff to very stiff SILT, some fine to coarse sand, trace _
. WC=10.2%
gravel, mottled, (Till).
[ 10 Same as above, but wet after 11.4' bgs. G#209240
3D | 24/15 |[10.00-12.00 6/5/6/7 11| 12| 62 A4, ML
WC=12.8%
67
99
112
121 % ****************** .501
L 15 9 Same as above but numerous cobbles and boulders after 14.5' bgs.
4D | 24/17 |[15.00-17.00 8/7/12/36 19 | 22| s3 E )
[F] Washed ahead to 20.0' bgs, then drove casing.
90 3 .E
128 E~
137 - — — — — —
i Grey, wet, hard, well bonded, SILT, trace fine to coarse sand and gravel,
145 ‘ag (Till).
[ 20 ,:; G#209241
5D 24124 120.00 - 22.00 16/15/20/31 35 40 49 ¥ Washed ahead to 25.0" and 30.0', took samples, then drove casing to 29.0] A-4, ML
E: bgs. WC=11.8%
84 .’g’
o E
91
118
25
Remarks:
Auto Hammer #149
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than those presen?at the time measurements were made. Y B orin g NO . BB'B US'102




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-102

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: Northern Test Boring, Inc. Elevation (ft.) 134.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/20/09-5/20/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 13+90.9, 35.6 Lt. Casing ID/OD: HW Water Level™: 11.4' bgs.

Hammer Efficiency Factor: 0.68 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency

WC = water content, percent
LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

Sy(lab) = Lab Vane Shear Strength (psf)

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information Laborat
— aboratory
c £ ~ B o Testing
=) = o = < © 5] ) - Results/
-~ ; S 9]
£ % g % e ¢ = £ 5 :_') Visual Description and Remarks AASHTO
£ = c = 252 _©O 2 2 218 = and
gl & S E- 3e8GC 5| 8| %3|2az| ¢ Unified Class.
[a} [%] o nE nnhs z 4 Om |WE|] O
25 i
6D oa/7 125.00 - 27.00 11/30/46/63 76 86 145 ?I’rﬁl); wet, hard, well bonded, SILT, trace fine to coarse sand and gravel,
243
277
262 | P e e —— — — — — — —]
Grey, wet, hard, well bonded, SILT, some fine to coarse sand and gravel,
‘ (Till).
OPEN
[ 30 HOLES G#209242
7D 24/8 (30.00 - 32.00 15/20/29/39 49 56 A-4, SM
WC=9.3%
Very dense cemented Till at 32.8' bgs, as evidenced by drill attitude.
[ 35 IE Failed sample attempt. Washed ahead to bedrock at 40.5' bgs.
MD 2/0  [35.00 - 35.17 50(1.2") 9
- 40
R‘C 94.30 40.501
‘ Roller Coned ahead through Weathered BEDROCK from 40.5-41.5' bgs.,
R1 56.4/41 [41.50 - 46.20 RQD =34% NQ@-2 | 93.30 41.501
] Top of Intact Bedrock at Elev. 93.3".
\ \\\ R1 Bedrock: Grey, fine-grained, metasedimentary PHYLLITE,
\\ ] moderately hard, slightly weathered, but highly weathered with iron and
Y| manganese staining between 42.6-43.6', fractures from horizontal to
\% vertical, close, open, with minor silt in-filling, numerous quartz and
\ \ calcite seams 2-5 mm thick along foliation. Rock Mass Quality is Poor.
L 45 \\ [Vassalboro Formation]
X
N R1: Core Times (min:sec)
88.60 41.5-42.5' (3:55)
42.5-43.5' (2:29) may be mud seam
43.5-44.5' (4:29)
44.5-45.5' (7:10)
45.5-46.2' (4:40) 73% Recovery
46.204
Bottom of Exploration at 46.20 feet below ground surface.
50
Remarks:
Auto Hammer #149
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 2
* Water level readings have b de at ti d und diti tated. Groundwater fluctuati due t diti th .
than those present at the fime measurements were made. o eons may eeeurae foraonciions ofer Boring No.: BB-BUS-102




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-103

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS ' d

Driller: MaineDOT Elevation (ft.) 154.1 Auger ID/OD: 5" Solid Stem

Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: B. Wilder/M. Moreau Rig Type: CME 45C Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09-5/21/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 12+92.9, 21.1 Lt. Casing ID/OD: NW Water Level™: None Observed

Hammer Efficiency Factor: 0.84 Hammer Type:  Automatic X Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of 140lb. hammer
WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngg = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
_ z .g = . B o Testing
e} = © £ S 3] <} ) - Results/
= z a S o 4
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ 2 £ g 252 _O g g 2| = and
& g & E- LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 I
SSA PAVEMENT. 0601
Brown, damp, gravelly, fine to medium SAND, trace silt.
1.10
Concrete with re-bar from 1.1-2.0" bgs.
2.001
Brown, damp, gravelly, fine to medium SAND, trace silt.
4.501
[ 5 Olive, moist, stiff, CLAY-SILT, trace fine sand, trace fine gravel, G#209243
1D 24/17 | 5.00 - 7.00 5/4/416 8 11 (Glaciomarine). A-4, CL
1 WC=20.5%
; LL=31
LB Failed 16x32 mm vane attempt, would not push. PL=22
MV 7.00 - 7.00 3 1 P1=9
145.10 % r[ 9.001
I A
10 E Brown, wet, very stiff to hard, SILT, some fine to coarse sand, trace to G#209244
2D 24/24 {10.00 - 12.00 5/4/8/8 12 17 20 little gravel, (Till). A-4, ML
WC=13.0%
32
] Failed 16x32 mm vane attempt, would not push.
MV 12.00 - 12.00 53 it
88
21
[ 15 G#209245
3D 24/16 [15.00 - 17.00 25/16/14/16 30 42 43 A-4, ML
WC=10.7%
55
69
69
- 20 P40ty —— — — — — — — — — — — —] 20.001
4D 24/5 [20.00 - 22.00 6/6/7/9 13 18 43 J4df Grey, wet, very stiff, SILT, some fine to coarse sand, trace gravel, (Till).
42 Roller Coned ahead to 25.0' bgs.
43
44
21
25
Remarks:
Less than 100 psi down pressure on core barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 3
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than those presen?at the time measurements were made. Y BO” n g NO . BB'BUS'103




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-103

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: MaineDOT Elevation (ft.) 154.1 Auger ID/OD: 5" Solid Stem

Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: B. Wilder/M. Moreau Rig Type: CME 45C Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/19/09-5/21/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 12+92.9, 21.1 Lt. Casing ID/OD: NW Water Level*: None Observed

Hammer Efficiency Factor: 0.84 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample
MD = Unsuccessful Split Spoon Sample attempt
U = Thin Wall Tube Sample
MU = Unsuccessful Thin Wall Tube Sample attempt
V = Insitu Vane Shear Test,

PP = Pocket Penetrometer

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)

N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngo = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
= £ -~ B > Testing
=) = o = < © 5] ) - Results/
- z 5 [a} & Q 3
£ < g 0 e ¢ = £ 5 2 Visual Description and Remarks AASHTO
£ = c = 252 =9 2 2 218 = and
gl & S E- 3e8GC 5| 8| %3|2az| ¢ Unified Class.
[a} n o nE nnhs z 4 Om |WE|] O
25 i i i
5D 2420 |25.00 - 27.00 9/8/9/9 17 24 2% Grey, wet, very stiff, SILT, some fine to coarse sand, trace gravel, (Till). (i#iosi\izll_e
:_ | Roller Coned ahead to 6D,7D,8D,9D and 10D, took samples, then drove | WC=12.8%
27 : casing to 53.0' bgs.
27 S
27 il
21 thtaad
- 30 124.10 q: ’% ****************** 30.001
6D 24/5 (30.00 - 32.00 10/13/14/21 27 38 25 ] Grey, wet, hard, well bonded or cemented, SILT, some fine to coarse
B sand, trace gravel, with occasional cobbles, (Till).
27
29
34
32
[ 35 Similar to above.
7D 21.6/20 (35.00 - 36.80| 11/17/23/50(3.6) 40 56 43
50
Cobble from 36.8-37.0" bgs.
49
50
41
[ 40 Similar to above.
8D 24/10 [40.00 - 42.00 20/32/40/45 72 101 44
39
40
45
85
[ 45 Cobble from 45.0-45.3' bgs.
9D 24/15 [45.30-47.30 11/17/19/50 36 50 63 Similar to above.
65
131
184
53
50
Remarks:
Less than 100 psi down pressure on core barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 3
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than tho\sle presén?at th\(e time measurem(lents were Lrlna\de. " Hnew et v oceur ey . Bori ng No.: BB-BUS-103




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-103
Soil/Rock Exploration Log Location: Bangor, Maine
US CUSTOMARY UNITS ' ’ PIN: 16681.00
Driller: MaineDOT Elevation (ft.) 154.1 Auger ID/OD: 5" Solid Stem
Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon
Logged By: B. Wilder/M. Moreau Rig Type: CME 45C Hammer Wt./Fall: 140#/30"
Date Start/Finish: 5/19/09-5/21/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"
Boring Location: 12+92.9, 21.1 Lt. Casing ID/OD: NW Water Level*: None Observed
Hammer Efficiency Factor: 0.84 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [
Definitions: R = Rock Core Sample Sy, = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger T, = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger ap = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index
V = Insitu Vane Shear Test, PP = Pocket Penetrometer WOR/C = weight of rods or casing Ngo = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
. = g = N :“Uj o Testing
<} = © £ 9 3] s} ) s Results/
- z [a} & Q 3
£ < g 0 e ¢ = £ 5 2 Visual Description and Remarks AASHTO
£ = c = 252 =9 2 2 218 = and
g 5 5 E- 32LSFE 5| 8|83 |a| ¢ Unified Class.
[a} n o nE nnhs z 4 Om |WE|] O
50 %8 Grey, wet, hard, well bonded or cemented, SILT, some fine to coarse
10D 24/18 150.00 - 52.00 11/43/29/26 2 101 43 sand, trace gravel, with occasional cobbles, (Till).
Roller Coned ahead to 53.0' bgs.
53.001
R1 45.6/27 (53.00 - 56.80 RQD = N/A% R1:Cemented Till and Cobbles.
R1:Core Times (min:sec)
53.0-54.0" (3:15)
L 55 54.0-55.0" (3:08)
212 55.0-56.0' (3:28)
56.0-56.8' (2:52) 60% Recovery
Core Blocked
220 blows for 0.2'.
R2 |55.2/55.2|58.40 - 63.00 RQD =7% Casing REFUSAL at 58.2' bgs. Washed ahead to 58.4' bgs.
58.401
Top of Bedrock at Elev. 95.7".
- 60
R2 Bedrock at 58.4' to 58.8' bgs: Grey, fine-grained PHYLLITE,
moderately hard, slightly weathered, fractures from horizontal to
vertical, close, open, with minor silt in-filling, numerous quartz and
calcite seams 2-5 mm thick often along foliation. Rock Mass Quality is
\Very Poor. [Vassalboro Formation]
58.804
R2 Bedrock at 58.8' to 63.0' bgs: Brown, fine-grained, highly
R3 60/60 |63.00 - 68.00 RQD =15% weathered, soft, METASANDSTONE, very close fractures from
horizontal to vertical, friable from 61.6'-63.0' bgs, open, with significant
siltin filling, significant iron and manganese staining. Rock Mass
65 Quality is Very Poor. [Vassalboro Formation]
R2:Core Times (min:sec)
58.4-59.4' (5:52)
59.4-60.4' (5:16)
60.4-61.4' (4:34)
61.4-62.4' (4:33)
86.10 62.4-63.0' (6:44) 100% Recovery
' R3 Bedrock: Same as above, but no friable zone, less silt in-filling. Rock
Mass Quality is Very Poor. [Vassalboro Formation]
R3:Core Times (min:sec)
63.0-64.0' (7:53)
[ 70 64.0-65.0' (3:43)
65.0-66.0' (7:03)
66.0-67.0" (5:39)
67.0-68.0" (5:38) 100% Recovery
68.004
Bottom of Exploration at 68.00 feet below ground surface.
75
Remarks:
Less than 100 psi down pressure on core barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 3 of 3
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than tho\sle presén?at th\(e time measurem(lents were Lrlna\de. " Hnew et v oceur ey . Borin g No.: BB-BUS-103




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-104

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS ' d

Driller: MaineDOT Elevation (ft.) 154.2 Auger ID/OD: 5" Solid Stem

Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/18/09-5/18/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 12+91.4,18.7 Rt. Casing ID/OD: NW Water Level™: None Observed

Hammer Efficiency Factor: 0.84 Hammer Type:  Automatic X Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt
U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt
PP = Pocket Penetrometer

V = Insitu Vane Shear Test,

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

WOH = weight of 140lb. hammer
WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngg = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
_ z .g = . B o Testing
e} = © £ S 3] <} ) - Results/
= z a S o 4
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ 2 £ g 252 _O g g 2| = and
& g & E- LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 ! PAVEMENT.
SSA 115350 0.70]
Brown, damp, gravelly, fine to coarse SAND, little silt, (Fill).
1D 12/12 | 1.00 - 2.00 13/50
152.20: 2.001
Concrete with re-bar from 2.0-2.8" bgs.
151.40 2.801
Brown, damp, gravelly, fine to coarse SAND, little silt (Fill).
149.70 3 4.501
5 e Olive, moist to wet, medium stiff to hard, SILT, trace to some fine to G#209247
2D 24/18 5.00 - 7.00 4131212 5 7 A coarse sand, trace to little gravel, (Till). A-4, ML
] WC=13.4%
A i:
R
[ 10 Vi 2020 |10.00- 1011 Su=4323 nsf ; 10 6 16x32 mm raw torque readings: G#209248
.00 - 10. u= S . _ -
3D 10.00-12.00 push thry \Pnnn VL:27.5 ft-lbs V\fcfylglg_o/
WOH/3/4/5 18 0B
64
72
Went Open Hole, took samples every 5.0": 4D,5D,6D and 7D then drove
29 casing to 35.0' bgs.
- 15
4D 24/20 [15.00 - 17.00 8/8/8/12 16 22 23
21
19
21 |1570fEE— — — — — — — — — — — — — — — — — — — 18.501
18
[ 20 Grey, wet, very stiff to hard, well bonded, SILT, some fine to coarse G#209249
5D 24/24 12000 - 22.00 7/10/12/18 22 31 20 sand, trace to little gravel, (Till). A-4, ML
WC=11.1%
24
18
24
22
25
Remarks:
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than those presen?at the time measurements were made. Y BO” n g NO . BB'BUS'104




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-104

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: MaineDOT Elevation (ft.) 154.2 Auger ID/OD: 5" Solid Stem

Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/18/09-5/18/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 12+91.4,18.7 Rt. Casing ID/OD: NW Water Level*: None Observed

Hammer Efficiency Factor: 0.84 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

WOR/C = weight of rods or casing

Ngo = SPT N-uncorrected corrected for hammer efficiency

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
. = g = N :“Uj o Testing
<} = © £ 9 3] s} ) s Results/
- z [a} & Q 3
£ < g 0 e ¢ = £ o 5 2 Visual Description and Remarks AASHTO
£ g c g 252 =9 2 £2(¢g = and
| ® & e 32epl 3 8| R3|azs| ¢ Unified Class.
[a} [%] o nE nnhs z 4 Om |WE|] O
25 {35 Grey, wet, very stiff to hard, well bonded, SILT, some fine to coarse
6D 24/18 [25.00 - 27.00 9/8/10/16 18 25 30 sand, trace to little gravel, (Till).
28
32
38
25
[ 30 Similar to above. G#209250
7D 24/16 {30.00 - 32.00 7/12/13/17 25 35 30 A-4, ML
WC=11.8%
31
42
48
l
OPEN
[ 35 HOLES Similar to above.
8D 24/18 [35.00 - 37.00 14/20/35/52 55 7
[ 40 Similar to above. G#246276
9D 24/24 {40.00 - 42.00 12/22/29/38 51 71 A-4, ML
WC=11.2%
111.60 8 42,60,
111.20 Weathered ROCK.
R1 60/60 |43.00 - 48.00 RQD = 100% NQ-2 - - - 43.001
R1 Bedrock: Grey to grey-black fine-grained, metasedimentary
PHYLLITE, soft to moderately hard, slightly weathered, fractures are
L 45 moderately close, from horizontal to vertical, with minor silt in-filling,
quartz and calcite seams 2-4 mm thick. Rock Mass Quality is Excellent.
[Vassalboro Formation]
R1:Core Times (min:sec)
43.0-44.0' (2:47)
44.0-45.0' (2:00)
45.0-46.0' (2:30)
106.20 46.0-47.0' (2:35)
47.0-48.0' (2:46) 100% Recovery
48.001
Bottom of Exploration at 48.00 feet below ground surface.
50
Remarks:
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than tho\sle presén?at th\(e time measurem(lents were Lrlna\de. " Hnew et v oceur ey . Bori ng No.: BB-BUS-104




than those present at the time measurements were made.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other

Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-105
Soil/Rock Exploration Log Location: Bangor, Maine
US CUSTOMARY UNITS ' ' PIN: 16681.00
Driller: MaineDOT Elevation (ft.) 1355 Auger ID/OD: 5" Solid Stem
Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon
Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"
Date Start/Finish: 5/20/09; 10:00-14:30 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"
Boring Location: 13+91.3, 38.6 Rt. Casing ID/OD: NW Water Level™: 6.0 bgs.
Hammer Efficiency Factor: 0.84 Hammer Type:  Automatic X Hydraulic( Rope & Cathead [
Definitions: R = Rock Core Sample Sy, = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger ap = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test, PP = Pocket Penetrometer WORI/C = weight of rods or casing Ngg = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
_ z .g = . B o Testing
e} = © £ S 3] <} ) - Results/
= z a S o 4
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ 2 £ g 252 _O g g 2| = and
& g & E- LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 ! PAVEMENT.
SSA 113480 0.70]
Brown, damp, medium dense, fine to coarse sandy GRAVEL, trace silt, | G#246277
1D 24/15 | 2.00 - 4.00 5/6/717 13 18 (Fill). A-1-a, GP-GM
WC=2.4%
131.00 33 4.501
[ 5 ] Grey, wet, hard, SILT, some fine to coarse sand, trace gravel, (Till). G#246278
2D 24/16 | 5.00 - 7.00 7/9/14/11 23 32 A-4, ML
1 WC=11.1%
REf
B
12650t ———(—(—(—(—(—(— — — — — — — — — —9.001
[ 10 Grey, wet, hard, SILT, some fine to coarse sand, little gravel, (Till). G#246279
3D 24/14 [10.00 - 12.00 5/13/14/14 27 38 22 A-4, ML
WC=11.8%
36
60
73
61
15 Similar to above.
4D 24/24 [15.00 - 17.00 5/13/16/24 29 41 65
Roller Coned ahead to 19.0' bgs.
139
203 ]
370 ;
4 F| Similar to above.
5D 24/24 [19.00 - 21.00 13/18/27/30 45 63 104 3
[ 20 156 Roller Coned ahead to 22.3' bgs. Bedrock encountered at 21.8' bgs.
117 Ak
113.70 N\ 21.801
J Top of Bedrock at Elev. 113.7".
RL | 60/60 [2230-27.30]  RQD =66% NQ-2 N P
\\ R1 and R2 Bedrock: Grey to grey-black fine-grained, metasedimentary
\ \ PHYLLITE, soft to moderately hard, fresh, fractures are close, from
\ J horizontal to vertical, with minor silt in-filling and iron staining. Two
o5 Q\ N\ large calcite seams approximately 5 cm thick between 22.3' and 23.2'
Remarks:
300-400 psi down pressure on core barrel.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2

Boring No.: BB-BUS-105




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-105

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: MaineDOT Elevation (ft.) 135.5 Auger ID/OD: 5" Solid Stem

Operator: E. Giguere/C. Giles Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/20/09; 10:00-14:30 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 13+91.3, 38.6 Rt. Casing ID/OD: NW Water Level™: 6.0 bgs.

Hammer Efficiency Factor: 0.84

Hammer Type:

Automatic X

Hydraulic (] Rope & Cathead (]

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency
Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

Sample Information

Sample No.
Pen./Rec. (in.)
Sample Depth
(ft)

Blows (/6 in.)
Shear
Strength

or RQD (%)
N-uncorrected

& Depth (ft.)
(psf)

Ngo

Casing
Blows
Elevation
(ft.)

Visual Description and Remarks

Laboratory
Testing
Results/

AASHTO

and
Unified Class.

~~ Graphic Log

7
/

Z

R2 60/60 |27.30 - 32.30 RQD = 65%

.

124

72
-~

30

/-

72
-~

f////'//f/
iz

g%

£

103.20

bgs, two 3 cm thick calcite seams at 30.0" and 30.3" bgs, otherwise
numerous quartz and calcite seams 2-4 mm thick often following
foliation. Rock Mass Quality is Fair. [Vassalboro Formation]

R1:Core Times (min:sec)
22.3-23.3' (4:15)

23.3-24.3' (4:00)

24.3-25.3' (4:03)

25.3-26.3' (3:55)

26.3-27.3' (3:10) 100% Recovery

R2:Core Times (min:sec)
27.3-28.3' (3:03)

28.3-29.3' (3:05)
29.3-30.3'(3:07)
30.3-31.3'(3:57)

31.3-32.3' (3:50) 100% Recovery

32.304

35

L 40

- 45

50

Bottom of Exploration at 32.30 feet below ground surface.

Remarks:

300-400 psi down pressure on core barrel.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other

than those present at the time measurements were made.

Page 2 of 2

Boring No.: BB-BUS-105




Maine Department of Transportation  |project: Union Street Overpass 1-95 Boring No.: BB-BUS-106

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS ' d

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/18/09-5/18/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: 15+06.5, 18.9 Rt. Casing ID/OD: HW Water Level™: 13.0' bgs.

Hammer Efficiency Factor: 0.68 Hammer Type:  Automatic X Hydraulic [J Rope & Cathead (]

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of 140lb. hammer
WORI/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

Ty = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngg = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
P Laboratory
c ';_.EL - g o Testing
°] = [ £ < © 5] ) - Results/
= z > [a] < o -
£ = g o e = = £ .5 2 Visual Description and Remarks AASHTO
£ g £ B 252_0O g 2 2| = and
& g & E- LR 3 8| g2 |az| = Unified Class.
[a} [%] o n E nnhs z z Om |WE|] O
0 I
1D 14.4/8 | 0.50-1.70 40/29/31(2.4") SSA |154.30 PAVEMENT. 0.50
Grey and brown, damp, loose to very dense, fine to coarse SAND and
GRAVEL, little silt, (Fill).
1.70
139 Concrete Approach Slab from 1.7-2.8' bgs.
2.801
17
61
[ 5 Same as above, but all brown.
2D 24/9 5.00 - 7.00 7/10/9/12 19 22 40
37
48
44
38
[ 10 Same as above.
3D 24/3  [10.00 - 12.00 2/2/3/4 5 6 39
53
72
141.80 f3 13.001
73 b Grey, wet, very stiff, SILT, trace coarse sand and gravel,
(Glaciomarine).
4D 24/12 [14.70 - 16.70 6/8/11/11 19 22 as8
L 15 OPENJ qp=2.2 ksf G#246280
HOLE Tv=0.65x2.5=1,625 psf A-4, ML
a58 blows for 0.7'. WC=17.5%
137.30 i1 17.50]
Grey, wet, stiff to very stiff, SILT, some fine to coarse sand, trace gravel| G#246281
5D 24/12 (18.00 - 20.00 5/6/6/10 12 14 (Till). A-4, ML
WC=13.5%
- 20
6D 24/4  |20.00 - 22.00 4/5/6/8 11 12
25
Remarks:
Auto Hammer #149
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than those presen?at the time measurements were made. Y B orin g NO . BB'B US'106




Maine Department of Transportation Project: Union Street Overpass 1-95 Boring No.: BB-BUS-106

Soil/Rock Exploration Log Location: Bangor, Maine PIN: 16681.00
US CUSTOMARY UNITS : :

Driller: Northern Test Boring, Inc. Elevation (ft.) 154.8 Auger ID/OD: 5" Solid Stem

Operator: Nick, Mike Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: M. Moreau Rig Type: Dietrich D-50 Trailer Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/18/09-5/18/09 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: 15+06.5, 18.9 Rt. Casing ID/OD: HW Water Level™: 13.0' bgs.

Hammer Efficiency Factor: 0.68 Hammer Type:  AutomaticX Hydraulic( Rope & Cathead [

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

RC = Roller Cone

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy, = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency

Sy(lab) = Lab Vane Shear Strength (psf)
WC = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
) z £ = . g Testing
o} ~ o = S S ) L Results/
= z a S o
£ < g 0 e ¢ = £ o 5 Visual Description and Remarks AASHTO
£ g c g 252 =9 2 £2(¢g and
& s 3 82 S2L% > | 3| 8a |3 Unified Class.
[a] [%) o n e nmnnao z z Om | W
25 i i i
D 24118 |25.00 - 27.00 719111/21 20 23 ?‘rrfl);) wet, stiff to very stiff, SILT, some fine to coarse sand, trace gravel (i#?iisl_z
WC=12.6%
Roller Cone ahead to 30.0' bgs. Bedrock encountered at 29.6" bgs.
\ / 125.20 29.601
[ 30 | V7 Spoon REFUSAL at 30.1' bgs, Weathered ROCK in spoon tip. Roller
8D 1.2/1 |30.00 - 30.10 64(1.2") o R\F Coned ahead into weathered rock to 31.1' bgs.
~ |123.70 31.101
R1 60/60 [31.10 - 36.10 RQD = 18% NQ-2 \§ Top of Intact Bedrock at Elev. 123.7".
AN
\\\ R1 Bedrock: Grey, fine-grained, moderately hard, PHYLLITE, slightly
\ weathered, fractures horizontal to vertical, close, tight to open with
\\‘ minor silt in-filling. Rock Mass Quality is Very Poor. [Vassalboro
\ \\\ Formation]
\ N
L 35 R1:Core Times (min:sec)
\\‘: 31.1-32.1' (5:44)
N 32.1-33.1' (5:14)
118.70 33.1-34.1' (4:45)
34.1-35.1' (4:42)
35.1-36.1' (4:30) 100% Recovery
36.101
Bottom of Exploration at 36.10 feet below ground surface.
- 40
45
50
Remarks:
Auto Hammer #149
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 2 of 2
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other .
than tho\sle presén?at th\(e time measurem(lents were Lrlna\de. " Hnew et v oceur ey . Borin g No.: BB-BUS-106




Appendix B

Laboratory Test Data



State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): Bangor Project Number: 16681.00
Boring & Sample Station Offset Depth Reference | G.S.D.C.] W.C.] L.L. | P.I. Classification

Identification Number (Feet) (Feet) (Feet) Number Sheet % Unified |AASHTO] Frost
BB-BUS-101, 3D 15+00.5 |21.6 Lt.| 15.0-17.0 | 209232 1 16.1 ML A-4 [\
BB-BUS-101, 4D 15+00.5 |21.6 Lt.| 17.5-19.5 | 209233 1 14.5 ML A-4 \Y
BB-BUS-101, 5D 15+00.5 |21.6 Lt.| 20.0-22.0 | 209234 1 14.5 ML A-4 [\
BB-BUS-101B, 1D | 15+16.5 |20.6 Lt.| 15.0-17.0 | 209235 1 10.0 ML A-4 \Y
BB-BUS-101B, 2D | 15+16.5 |20.6 Lt.| 20.0-22.0 | 209236 1 11.8 ML A-4 [\
BB-BUS-101B, 4D | 15+16.5 |20.6 Lt.| 30.0-32.0 | 209237 1 11.5 ML A-4 \Y
BB-BUS-102, 1D 13+90.9 |35.6 Lt.| 2.0-4.0 209238 2 5.3 SM | A-1-b Il
BB-BUS-102, 2D/B | 13+90.9 |35.6 Lt.| 5.9-7.0 209239 2 10.2 ML A-4 \Y
BB-BUS-102, 3D 13+90.9 |35.6 Lt.| 10.0-12.0 | 209240 2 12.8 ML A-4 [\
BB-BUS-102, 5D 13+90.9 |35.6 Lt.| 20.0-22.0 | 209241 2 11.8 ML A-4 \Y
BB-BUS-102, 7D 13+90.9 |35.6 Lt.| 30.0-32.0 | 209242 2 9.3 SM A-4 Il
BB-BUS-103, 1D 12+92.9 |21.1Lt.| 5.0-7.0 209243 3 20531 1] 9 CL A-4 \Y
BB-BUS-103, 2D 12+92.9 |121.1 Lt.| 10.0-12.0 | 209244 3 13.0 ML A-4 [\
BB-BUS-103, 3D 12+92.9 |21.1 Lt.| 15.0-17.0 | 209245 3 10.7 ML A-4 \Y
BB-BUS-103, 5D 12+92.9 |21.1 Lt.| 25.0-27.0 | 209246 3 12.8 ML A-4 [\
BB-BUS-104, 2D 12+91.4 |18.7Rt.| 5.0-7.0 209247 4 13.4 ML A-4 \Y
BB-BUS-104, 3D 12+91.4 118.7 Rt.| 10.0-12.0 | 209248 4 16.2 ML A-4 [\
BB-BUS-104, 5D 12+91.4 118.7 Rt.| 20.0-22.0 | 209249 4 11.1 ML A-4 \Y
BB-BUS-104, 7D 12+91.4 118.7 Rt.| 30.0-32.0 | 209250 4 11.8 ML A-4 [\
BB-BUS-104, 9D 12+91.4 |18.7 Rt.| 40.0-42.0 | 246276 4 11.2 ML A-4 \Y
BB-BUS-105, 1D 13+91.3 |38.6 Rt.] 2.0-4.0 246277 5 2.4 GP-GM| A-1-a 0
BB-BUS-105, 2D 13+91.3 |38.6 Rt.| 5.0-7.0 246278 5 11.1 ML A-4 \Y
BB-BUS-105, 3D 13+91.3 |38.6 Rt.| 10.0-12.0 | 246279 5 11.8 ML A-4 [\
BB-BUS-106, 4D 15+06.5 |18.9 Rt.| 14.7-16.7 | 246280 5 17.5 ML A-4 Y
BB-BUS-106, 5D 15+06.5 |18.9 Rt.| 18.0-20.0 | 246281 5 13.5 ML A-4 [\
BB-BUS-106, 7D 15+06.5 |18.9 Rt.| 25.0-27.0 | 246282 5 12.6 ML A-4 \Y

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification
is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).
The "Frost Susceptibility Rating” is based upon the MaineDOT and Corps of Engineers Classification Systems.

GSDC = Grain Size Distribution Curve as determined by AASHTO T 88-93 (1996) and/or ASTM D 422-63 (Reapproved 1998)
WC = water content as determined by AASHTO T 265-93 and/or ASTM D 2216-98
LL = Liquid limit as determined by AASHTO T 89-96 and/or ASTM D 4318-98

PI = Plasticity Index as determined by AASHTO 90-96 and/or ASTM D4318-98

10of1




State of Maine Department of Transportation

GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
100 3" 174" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001 0
| | | |
90 - | | : : 10
| | | |
T T T T
80 M ~ ‘ 20
| | -
‘ ‘ =
e 70 HH b ~ 30 &b
20 | e o
L ‘ ‘ ‘ L =
2 0 [ S — ~E w0z
= | — — — H— | s | T |
Q ) ) ) ) ) ) ) ) ) \‘ \ g
R A A \ i \ \ \ so =
= | | | | | | | | | | | | | | | | .a
E T 1 T T T T T T T T T T T T T T 3
=) ! I 7 7 1 ! R ! ! ! ! 60 X
Q | | | | | | | | | | | | | | | | =
Q T 1 T T T T T T T T T T T T T T :
= )
oY S | s | \ T i i i i 7 g
| i - - H— | - | | | | =
20 \ -l 1 1 Tl \ I i i i i 30
| | | | | | | | | | | | | | | |
T 1 T T T T T T T T T T T T T T
10 \ 1 1 1 11 \ 1 i i i i 9
| | | | | | | | | | | | | | | |
T 1 T T T T T T T T T T T T T T
0 \ 1 1 1 11 \ 10 i i i i 100
76.2 508  38.1 254 19.05 127  p53 635 475 2.36 2.00 118 0.85 0426 0.25 0.15 0.075 0.05 0.03 0.005
100 10 1 0.1 0.01 0.001
Grain Diameter, mm
le Sle Sle Sle N
’\ GRAVEL ,‘\ SAND ,“ SILT ,‘\ CLAY ,‘
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI PIN
+ BB-BUS-101/3D 15+00.5 216 LT 15.0-17.0 SILT, some sand, trace gravel. 16.1 016681.00
¢ BB-BUS-101/4D 15+00.5 216LT 17.5-19.5 | SILT, some sand, trace gravel. 145 Town
] BB-BUS-101/5D 15+00.5 216LT 20.0-22.0 | SILT, some sand, trace gravel. 145
Bangor
[ ) BB-BUS-101B/1D 15+16.5 206 LT 15.0-17.0 SILT, some sand, some gravel. 10.0
A BB-BUS-101B/2D 15+16.5 206LT 20.0-22.0 | SILT, little sand, little gravel. 11.8 Reported by/Date
X BB-BUS-101B/4D 15+16.5 206LT 30.0-32.0 | SILT, some gravel, some sand. 15 WHITE, TERRY A 8/31/2009

SHEET 1




State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
3 2" 1-1/2" 172" 3/8" 174" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001
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76.2 50.8 38.1 254 19.05 127 ps3 635 475 2.36 2.00 118 0.85 0426 0.25 0.15 0.075 0.05 0.03 0.005
100 10 1 0.1 0.01 0.001
Grain Diameter, mm
le Sle Sle Sle N
’\ GRAVEL ,‘\ SAND ,“ SILT ,‘\ CLAY ,‘
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI PIN
+ BB-BUS-102/1D 13+90.9 356 LT 2.0-4.0 SAND, some gravel, little silt. 53 016681.00
< BB-BUS-102/2D/B 13+90.9 356 LT 5.9-7.0 SILT, some sand, trace gravel. 10.2 Town
. BB-BUS-102/3D 13+90.9 356 LT 10.0-12.0 SILT, some sand, trace gravel. 12.8
Bangor
[ ) BB-BUS-102/5D 13+90.9 356LT 20.0-22.0 SILT, trace sand, trace gravel. 1.8
A BB-BUS-102/7D 13+90.9 356LT 30.0-32.0 | SILT, some gravel, some sand. 9.3 Reported by/Date
% WHITE, TERRY A 8/31/2009

SHEET 2




State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
3 2" 1-1/2" 12 38" s #4 #8 #10 #16  #20 #40 #60  #100 #200 005  0.03 0.010 0.005 0.001
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76.2 50.8 38.1 254 19.05 127 ps3 635 475 2.36 2.00 118 0.85 0426 0.25 0.15 0.075 0.05 0.03 0.005
100 10 1 0.1 0.01 0.001
Grain Diameter, mm
¢ S Sk S N
A GRAVEL T SAND T SILT T CLAY i
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI PIN
+ BB-BUS-103/1D 12+92.9 21.1LT 5.0-7.0 CLAY-SILT, trace sand, trace gravel. 20.5 31 22 9 016681.00
< BB-BUS-103/2D 12+92.9 211LT 10.0-12.0 SILT, some sand, little gravel. 13.0 Town
B BB-BUS-103/3D 12+92.9 211LT 15.0-17.0 SILT, some sand, trace gravel. 10.7 Bangor
[ ) BB-BUS-103/5D 12+92.9 211LT 25.0-27.0 SILT, some sand, trace gravel. 12.8 S
A Reported by/Date
X WHITE, TERRY A 8/31/2009

SHEET 3



State of Maine Department of Transportation

GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
u 2" 1-1/2" 1" 34" 172" 3/8" 174" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001
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100 10 1 0.1 0.01 0.001
Grain Diameter, mm
le Sle Sle Sle 5|
’\ GRAVEL "\ SAND ,“ SILT "\ CLAY "
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI PIN
+ BB-BUS-104/2D 12+91.4 18.7 RT 5.0-7.0 SILT, some sand, trace gravel. 13.4 016681.00
¢ BB-BUS-104/3D 12+91.4 18.7 RT 10.0-120 | SILT, some sand, trace gravel. 16.2 T
[ BB-BUS-104/5D 12+491.4 18.7 RT 20.0-22.0 | SILT, some sand, little gravel. 1.1
- Bangor
[ ) BB-BUS-104/7D 12+91.4 18.7 RT 30.0-32.0 SILT, some sand, little gravel. 1.8
A BB-BUS-104/9D 12+91.4 18.7 RT 40.042.0 | SILT, some sand, trace gravel. 11.2 Reported by/Date
X WHITE, TERRY A 8/31/2009

SHEET 4




State of Maine Department of Transportation

GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
100 2" 1-1/2" 1" " 1/2" 38" 1/4"  #4 #8 #10 #16  #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001 0
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76.2 508  38.1 254 19.05 127  p53 635 475 2.36 2.00 118 0.85 0426 0.25 0.15 0.075 0.05 0.03 0.005
100 10 1 0.1 0.01 0.001
Grain Diameter, mm
le Sle Sle Sle N
’\ GRAVEL "\ SAND ,“ SILT "\ CLAY "
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI PIN
& BB-BUS-105/1D 13+91.3 38.6 RT 2.0-4.0 Sandy GRAVEL, trace silt. 24 016681.00
¢ BB-BUS-105/2D 13+91.3 38.6 RT 5.0-7.0 SILT, some sand, trace gravel. 111 Town
] BB-BUS-105/3D 13+91.3 38.6 RT 10.0-120 | SILT, some sand, little gravel. 1.8 Bangor
[ ) BB-BUS-106/4D 15+06.5 189 RT 14.7-16.7 SILT, trace sand, trace gravel. 17.5
A BB-BUS-106/5D 15+06.5 18.9 RT 18.020.0 | SILT, some sand, trace gravel. 135 Reported by/Date
X BB-BUS-106/7D 15+06.5 189 RT 25.0-27.0 | SILT, some sand, trace gravel. 12.6 WHITE, TERRY A 8/31/2009

SHEET 5




Maine DOT, Materials Testing & Exploration, 219 Hogan Road, Bangor, Maine 04401

SAMPLE INFORMATION

Boring No./Sample No.

Reference No.

GEOTECHNICAL TEST REPORT

Central Laboratory

209243

BB-BUS-103/1D

Sample Description
GEOTECHNICAL (DISTURBED)

Sample Type: GEOTECHNICAL

Location: OTHER

PIN: 016681.00 Town: Bangor

Station: 12+92.9

Offset, ft:
Sampler: WILDER, BRUCE H

TEST RESULTS

Received
8/18/2009

Sampled
5/19/2009

21.1 LT Dbfg, ft: 5.0-7.0

Sieve Analysis (T 88)

Direct Shear (T 236)

Miscellaneous Tests

Shear Angle, °

Liquid Limit @ 25 blows

0,
Wash Method Initial Water Content, % L 8; L
Normal Stress, psi
SIE\gE [SSIITE Pa;/;ing Wet Density, Ibs/ft® Plastic Limit (T 90), %
" Dry Density, Ibs/ft? 22
3in. [75.0 mm] Specimen Thickness, in Plasticity Index (T 90), %
1in. [25.0 mm] 9
s .-
;‘ !n. [122 mm Consolidation (T 216) Specific Gravity, Corrected to
Al [I225 ‘Trimmings, Water Content, % | | 20°C (T 100)
% in. [9.5 mm] 2,67
n - () .

ain. 159 m) o Initial | Final |\alotl'cI StA' Loss on Ignition (T 267)
No. 4 [4.75 mm] 99.9 . _ Gl | sl — 9 o
No. 10 [2.00 mm] 99.8 Water Content, % Pmin oss, % H20. %
No. 20 [0.850 mm] Dry Density, Ibs/ft® Pp
No. 40 [0.425 mm] 99.3 Void Ratio Pmax Water Content (T 265), %
No. 60 [0.250 mm] Saturation, % Cc/C'c 20.5
No. 100 [0.150 mm] :
No. 200 [0.075 mm]  97.1 Vane Shear Test on Shelby Tubes (Maine DOT)
0.0263 mm 2. Depth 3 In. 6 In. Water L .
[0 0175 ] 23 2 taken in U. Shear | Remold | U. Shear | Remold |Content, Descrlptl\c;n ?f Ma.lt_elgalgantilfled A
[0. mmj . tube, ft | tons/ftz | tons/ftz | tons/ftz | tons/ft? % arious Tube Teptis
[0.0106 mm] 74.8
[0.0078 mm] 65.9
[0.0056 mm] 59.9
[0.0029 mm] 44.9
[0.0013 mm] 29.9
Comments:

AUTHORIZATION AND DISTRIBUTION

Reported by: FOGG, BRIAN
Paper Copy: Lab File; Project File; Geotech File

Date Reported: 8/25/2009



TOWN Bangor Reference No. 209243
PIN 016681.00 Water Content, % 20.5
Sampled 5/19/2009 Plastic Limit 22
Boring No./Sample No. BB-BUS-103/1D Liquid Limit 31
Station 12+92.9 Plasticity Index 9
Depth 5.0-7.0 Tested By BBURR
FLOW CURVE 17
32 0\
31.6
i 31.2
2 \J 25
(e}
O
B 31.0
< 308 \
30.4
\35
30
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Appendix C

Calculations



Union Street Bridge By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681

ABUTMENT AND WINGWALL ACTIVE AND PASSIVE EARTH PRESSURE:

Rankine Theory - Active Earth Pressure from MaineDOT Bridge Design Guide
Section 3.6.5.2, pg. 3-7

Either Rankine or Coulomb may be used for long-heeled cantilever walls where the failure
surface is uninterrupted by the top of the wall stem. In general, use Rankine though.

Soil angle of internal friction: ¢ := 32deg
Slope angle of backfill soil from horizontal: 3 := Odeg
2
_ ¢
Ka:=tan{45deg — | —
2 Ko = 0.31

Rankine Theory - Passive Earth Pressure from Bowles 5th Edition Section 11-5, pg 602
Soil angle of internal friction: ¢ := 32deg

Slope angle of backfill soil from horizontal: 3 := 0deg

cos(B) +1/ cos(8)° - cos(6)*
cos(B) — \/cos(ﬁ)2 - <:os(c1>)2 Ko _rank = 3.25

Kp_rank =

Coulomb Theory - Active Earth Pressure from MaineDOT Bridge Design Guide
Section 3.6.5.2, pg. 3-7

For gravity walls , semi-gravity walls, prefabricated modular walls, and cantilever walls and abutments with
short heels where wall and backfill interface friction is considered, use Coulomb Theory

Angle of back face of wall: o= 90deg

Soil angle of internal friction: ¢ := 32deg

Slope angle of backfill soil from horizontal: 3 := Odeg

5= =0
sin(a + ¢)°

Ka:=

; - 2
Sin(a)z.sin(a_ 6)(1 +\/S|n(d) + 6)'S|n((]) - B)J

sin(a — 8)-sin(B + ) Ka=0.31




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

Checked by:

By: Mike Moreau
April 2011
LK May 2011

Coulomb Theory - Passive Earth Pressure from MaineDOT Bridge Design Guide

Section 3.6.6, pg. 3-8
Angle of back face of wall:
Soil angle of internal friction:

Friction angle between fill and wall:
From LRFD Table 3.11.5.3-1, pg. 3-74, & ranges from 17 to 22

Angle of backfill from horizontal:

sin(a— ¢)2

sin(¢ + 8)-sin(¢ — B)JZ

sin(a — 8)-sin(B + o)

Kp =

sin(a)-sin(o + 5).(1 -J

FROST PROTECTION
Method 1:

From the Maine Design Freezing Index Map:
DFI = 1730 degree-days

o= 90deg
¢ := 32deg
8 := 20deg
3 := 0deg
Kp = 6.89

Any Foundations Will Be Backfilled With Coarse-Grained Soils With Wn = 10%

From the 2003 Bridge Design Guide Table 5-1:

Frost_depth := [0.3:(90.1in — 87.5in) + 87.5in]
Frost_depth = 88.28-in
Frost_depth = 7.36-ft

Method 2: o

Project Location: Orono, Maine
Air Design Freezing Index 1588 F-days

N-Factor = 0.80
Surface Design Freezing Index = 1270 F-days

Mean Annual Temperature 43.5 deg F

Design Length of Freezing Season 132 days

Layer

#:Type t wE d cf cu KE Ku L

1-Coarse 77.4 10.0 125.0 28 34 2.0 1.6 1,800

t = Layer thickness, in inches.

w% = Moisture content, in percentage of dry density.

d = Dry density, in lbs/cubic ft.

Cf = Heat Capacity of frozen phase, in BTU/ (cubic ft degree F).
Cu = Heat Capacity of thawed phase, in BTU/ (cubic ft degree F).
Kf = Thermal conductiwvity in frozen phase, in BTU/ (ft hr degree) .
Ku = Thermal conductiwity in thawed phase, in BTU/ (ft hr degree) .
I. = Latent heat of fusion, in BTU / cubic ft.

AR AR R R R A A AR R AR R A A R A A A AR A A R A R A R R AR R R kA R R R AR kA Rk R w Rk

Total Depth of Frost Penetration = 6.45 ft = 77.4 in.
R L L L L T L T e T e

Use 6.5 feet




Union Street Bridge By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681

BEARING RESISTANCE ON COMPACTED FILL ORTILL SOILS:

LRFD Table C10.6.2.6.1-1, Pg 10-66 (Based on NAVFAC DM 7.2) - "Presumptive Bearing Resistances for
Spread Footing Foundations at the Service Limit State"

Bearing Material Consistency in Place Bearing Resistance Recommend
(kips per sq. foot) Value

Inorganic Silt, Sandy Very stiff to hard 4108 6 ksf

or Clayey Silt Medium stiff to stiff 2t0 6 3 ksf

(ML, MH) Loose lto2 1 ksf

Recommend Service Limit State bearing resistance of 4.0
ksf to control settlements and for preliminary footing sizing.

Nominal and Factored Bearing Resistance for spread footings on glacial till at
the Strength Limit State:

Assumptions:

1. Footings will be embedded 6.5 feet for frost protection.

Df = 6.5ft
2. Assumed parameters for soils:
Assume till
Moist unit weight: ~Nm := 120pcf
Saturated unit weight: sat := 130pcf
Soil angle of internal friction: ns = 34

Undrained shear strength (cohesion): ¢, := Opsf
3. Use Terzaghi strip equations as L > B
Depth to Groundwater table based on boring data: D, := 0-ft

Unit weight of water: Nw = 62.4pcf




Union Street Bridge
Over Interstate 95

By: Mike Moreau

April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
Effective Stress at the footing bearing level: eff_str = Dw'¥m + (Df - DW)-(wsat - ww)
Qeff_str = 0.44-ksf
Assume footing width: 10
12
B:= ft
14
16
Terzaghi Shape Factors from Table 4-1, p. 220 sc:=1.0
For strip footing:
sy:=1.0
Meyerhof Bearing Capacity Factors For ¢ = 34 deg Bowles 5th Ed. Table 4-4 pg. 223
N := 42.14 Ng:= 29.4 N, :=31.1
Nominal Bearing Resistance per Terzaghi equation Bowles 5th Ed. Table 4-1 pg. 220
Onom = Cns'Nc-Sc + eff str'Ng + 0-5('Ysat - ’YW)'B'N’Y'S’Y
234
25.5 -
Unom 276
29.7
Resistance Factor from LRFD Table 10.5.5.2.2-1 pg. 10-32: dp:=0.45
Ofac = Anom" Pb
10.5
(15 The Strength Limit State Factored Bearing Resistances
Gfac = 12.4 for Abutment and Pier Footings 10-16 feet wide.
13.4



Union Street Bridge By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681

LRFD Strength Limit State Bearing
Resistance vs Footing Width

14 | |
13.5
o ~
€% 13
T =
12.5
s
8 § 12 -
52 115 |
Lﬁt o1
10.5
10

Effective Footing Width, B' (ft)

Nominal and Factored Bearing Resistance for spread footings on glacial till at
the Extreme Limit State considering vehicle collison force CT:

Onom from above:

23.4 10
25.5 sf ; B 12 .
= -ks or =
fnom =1 7 6 14
29.7 16
Resistance Factor from LRFD Article 11.5.7 pg. 11-12: ¢:=1.0
Ofac = Anom" ¢
23.4 10
255 ksf  f B 12 ft
= -ks or =
el 576 14
29.7 16



Union Street Bridge

By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681

SEISMIC EVALUATION:

Determine Site Class in Accordance with LRFD Section 3.10
Use Nayg Method, Table C3.10.3.1-1

Weakest Column has Most Soil: BB-BUS-103 (except Avg fill thickness)

Fill Layer - 7 ft Avg, Ngg from other bores 17 + 15+ 43 + 29 + 18

Determine Ngoayg for Fill: 5 =244

Silt Layer - 4 ft 11
Determine Ngoayg:
Upper Till Layer - 21 ft 17+42+ 18+ 24

: ! =25.25
Determine Nggayg: 4

Lower Till Layer - 28 ft 38+ 56+ 101+ 50+ 101

: ) =69.2
Determine Nggayg: 5

Rock Layer - 40 ft
Navg for Rock = 100 100

Table C3.10.3.1-1
100

)3

Determine Ny, for 100 ft Column =43

15 < Np4 < 50, Site Class D, LRFD Table 3.10.3.1-1, Pg. 3-85

The following parameters were determined for the site from the USGS Seismic Parameters
CD provided with the LRFD Manual and LRFD Articles 3.10.3.1 and 3.10.6:

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
AASHTO Spectrum for 7% PE in 75 years
State - Maine
Zip Code - 04401

Zip Code Latitude = 44.821200
Zip Code Longitude = -068.785700
Site Class B
Data are based on a 0.05 deg grid spacing.
Period Sa
(sec) (a9)
0.0 0.067 PGA - Site Class B
0.2 0.146 Ss - Site Class B
1.0 0.044 S1 - SiteClassB

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
Spectral Response Accelerations SDs and SD1
State - Maine
Zip Code - 04401
Zip Code Latitude = 44.821200
Zip Code Longitude = -068.785700
As = FpgaPGA, SDs = FaSs, and SD1 =Fv51
Site Class D - Fpga= 1.60, Fa= 1.60, Fv= 2.40
Data are based on a 0.05 deg grid spacing.

Peried Sa

(sec) ()
0.0 0.108 As - Site Class D
0.2 0.233 SDs - Site Class D
1.0 0.105 SD1 - Site Class D




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

Checked by:

By: Mike Moreau
April 2011
LK May 2011

SETTLEMENT ANALYSIS:

Settlement at Abutments and Pier, Granular Method 1:

Schmertmann's Method,
Foundation Engineering Handbook,

2nd Ed. p.179
0.5B

2B

S,=CC,(0 - o Z (/) x Az

contact

Eg = 320 (N+15) kPa, Say 300ksf

10
Aksf B 12 ft E
= 4ks = .

Jallow 14 s
16

d := 6.5ft ~ := 130pcf

q:=d-~ q = 845.psf

C,=1-05 Lj Cy=0.87

Gallow — d
Cr=1 For all Maine Soils

Note: o'y, = yB for Rectangular and y0.5B for Square or Circular Footing

zp

z below footing

Square Or Circular Footing

4B

zp

Z below footing

Rectangular Footing, For L/B > 10

Bowles 5th Edition, p.316

:= 300ksf

This case: 1300

1560
1820
2080

ovyp:=7B O'yp =

AQ = allow — 9 Aq = 3155 psf

0.66
AqQ o = 0.64
Tvp 0.63
0.62

l;p:=0.5+0.1-

-psf




Union Street Bridge

By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
Calculate Z (IZ/ES) X Az
Assume this project has average uniform Eg, L/B>10
Esl = ES
ESl = 300-ksf ESZ = ESl ES3 = ESl ES4 =0 ESS =0
0.43
S
0.2+ Iy 0.42 I21
Iy = —— I,1 = Az1 = 12ft IZESAz; .= | —Az1
2 0.42 Es1
0.41
0.33
_—
Izp 0.32 I,o
I, = — l,o = Az2 = 36ft IzESAzy .= | — Az2
2 0.32 Es2
0.31
_—
lz3
l3:=0 l3 =0 Az3 = Oft IZEsAzz = (L.Azsj
Ess
0.02 0.04
0.02 | #3 0.04 | #3 ft>
IzZEsAzq = — IZEsAz, = — IzESAz3 =0-—
0.02 | kip 0.04 | kip kip
0.02 0.04

Calculate Settlement

Se =[C1-Co(daliow — 4)-(1ZESAZ; + 1ZESAZ, + 1zEsAz3) |12

1.85
1.82
1.79
1.77

in
ft



Union Street Bridge By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681

Settlement at Abutments and Pier, Granular Method 2:

Settlement at Abutments

Estimate Settlement for Footing On Soil Using Hough Method:
Ref. LRFD Section 10.6.2.4.2, pg. 10-56

Abutment 1 Assumptions Based on BB-BUS-103, BB-BUS-104:

1) Assume footing will be constructed 20 feet below ground surface (bgs) (~ 7ft below breastwall Finish
Grade, Elev. 134 ft)

2) No ground water observed; Assume ground water at footing base elev 134 ft

3) Soil depth below Abut 1 footing Elev 134 ranges from 23 to 38 ft - Use 38 ft (more settlement)

4) Use four 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000

5) Assume Footing Width = 12ft

SPT Ngg values from BB-BUS-103, and 104:

At 21 feet bgs: 18, 31 => Ngpavg = 25
At 26 feet bgs: 24, 25 => Ngpavg = 25
At 31 feet bgs: 38, 35 => Ngoavg = 37
At 36 feet bgs: 56, 77 => Ngoavg = 67
At 41 feet bgs: 101, 71 => Ngoavg = 86
At 46 feet bgs: 50 => Nggayg = 50
At 51 feet bgs: 101 => Ngoavg = 101
~t == 130pcf w = 62.4pcf ) =v%—w ~' = 67.6-pcf
40-ksf
At 21 feet:  oyq = - 20ft + ~'- 11t 01 = 2.67-ksf Cni= O.77-|og( Oks j
Oo1
CNl =0.91 N160Avg = CN1'25 =23
40-ksf
At 26 feet: gy, = - 20ft + ~'- 61t 0g2 = 3.01-ksf Cn2 = 0.77-Iog( j
02
CN2 = 0.87 N160Avg = CN2'25 =22
23+ 22
For Layer 1: Nlgoavgl == (—;) =23
40-ksf
At 31 feet: o43:=~-20ft + A" 11ft o043 = 3.34-ksf Cn3 = 0.77-|Og( j
003

CN3 =0.83 N160Avg = CN3'37 =31




Union Street Bridge

By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
40-ksf
At 36 feet: g4 := V- 20ft + 4'-16ft 04 = 3.68-ksf Cna = 0.77-Iog( S j
Oo4
CN4 =0.8 NlGOAVg = CN4'67 =53
31+53
For Layer 2: Nlgoavgz = (—er) =42
40-ksf
At 41 feet: og5:= - 20ft + v-21ft o5 = 4.02-ksf Cns = O.77-Iog( S j
Oo5
CNS =0.77 NlGOAVg = CN5~86 =66
40-ksf
At 46 feet:  ogyg:= - 20ft + v'-26ft oo = 4.36-ksf Cne = O.77-Iog( S j
Oo6
CNG =0.74 NlGOAVg = CN6'50 =37
66 + 37
For Layer 3: Nlgoavgs == (;2) =52
40-ksf
At51 feet: og47:= N 20ft +~"-31ft  og7 = 4.7-ksf Cn7 = 0.77-Iog( j
Oo7
CN7 =0.72 NlGOAvg = CNTlOl =72
For Layer 4: Nlgoavgs == 72

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59

Layer 1:

Layer 2:

Layer 3:

Layer 4:

Nlgoavgr = 23
Nlgoavge = 42
N1goavgs = 52

N 160Avg4 =72

0.8
0.45
0.3
0.2

10

C'1:=82
C',:=138
C':=177
C',:=280
82
138
C:=
177
280




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

Checked by:

By: Mike Moreau
April 2011
LK May 2011

3.2
1.8
Aoy, = 4ksf-| Aoy = -ksf
1.2
0.8

For the First Layer:
0o =" 20ft+~'-z

2.94

- 3.61
Similarly: 0o = -ksf

4.29

4.97

0.46826

1 0o+ Aoy
— | H = - 0.15263
AR: {H (c) 'og( = ﬂ AH = in

0.07262
0.0278

AHtoTaL == 0.47-in + 0.15-in + 0.07in + 0.03in

AHTOTAL = 0.72-in

Abutment 2 Assumptions Based on BB-BUS-101, BB-BUS-101B, BB-BUS-106:

1) Assume footing will be constructed 20 feet bgs (~ 7ft below breastwall Finish Grade, Elev. 134 ft)
2) Ground water ranges between 7 ft and 13 ft; Use 7 ft bgs (worst case)
3) Soil depth below Abut 1 footing Elev 134 ranges from 10 to 18 ft - Use 18 ft (more settlement)
4) Use two 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000

5) Assume Footing Width = 12ft

SPT Ngg values from BB-BUS-101, 101B and 106:

At 21 feet bgs: 26, 28, 12 => Ngoavg = 22
At 26 feet bgs: 26, 16, 23 => Ngpavg = 22
At 31 feet bgs:31, 62 => Ngoavg = 47
~t == 130pcf w = 62.4pcf ) =%—w

At 21 feet:  oqp = N 7Tt + ' 14ft Op1 = 1.86-Kksf
Cny = 1.03 Nlgoavg := Cn1-22 = 23

At 26 feet: gy ==~ 71t + '~ 191t Og2 = 2.19-ksf
Cn2 =0.97 Nlgoavg := Cn2-22 = 21

11

~' = 67.6-pcf

40-ksf

CNl = 077|Og
Oo1

Cn2 = 077|Og(4

J




Union Street Bridge

By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
23+21
For Layer 1: Nlgoavgl == (;2) =22
40-ksf
At 31 feet:  og3:= - 71t + ~'-24ft 0o3 = 2.53-ksf Cn3 = 0.77-|Og( Oks j
003
CN3 =0.92 N160Avg = CN3'47 =43
For Layer 2: Nlgoavgz = 43

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59

Layer 1: N160Avgl =22 Cll =82
Layer 2:  Nlgpayg = 43 C'y:=142
5 10 0.8 82
Z:= ft H:= -ft | = C' =
15 10 0.45 142
3.2
Aoy, = 4ksf-| Aoy = -ksf
1.8

For the First Layer:
O =" /ft+~-13ft+~"2z

Similarly:

1 0o+ Aoy
= H. =1 = v 0.58352
AH: {H (C) Iog( o ﬂ AH = ( j.in

0.18205

AHTOTAL :=0.58-in + 0.18-in

AHTOTAL = 0.76-in

12




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

Checked by:

By: Mike Moreau
April 2011
LK May 2011

Pier Assumptions Based on BB-BUS-102, BB-BUS-105:

1) Assume footing will be constructed ~ 7 feet bgs (~ Finish Grade, Elev. 134 ft)
2) Ground water ranges between 6 ft and 11 ft; Use 6 ft bgs (worst case)

3) Soil depth below Pier footing Elev 129 ranges from 15 to 35 ft - Use 35 ft (more settlement)

4) Use four 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000
5) Assume Footing Width = 12ft

SPT Ngg values from BB-BUS-102 and 105:

At 6 feet bgs: 29, 32
At 11 feet bgs: 12, 38
At 16 feet bgs: 22, 41
At 21 feet bgs: 40, 63
At 26 feet bgs: 86

At 31 feet bgs: 56

=> Ngpavg = 31
=> Ngoavg = 25
=> Ngoavg = 32
=> Ngpavg = 92
=> Ngoavg = 86
=> Nggavg = 96

At 36 feet bgs: Missed SPT Use => Ngoayg = 56

~t == 130pcf w = 62.4pcf

At 6 feet: o, == ~;-6ft

Cnp = 1.32

At11feet: oy =~ 6ft + ~'-5ft

Cnp = 1.2

For Layer 1:

At 16 feet:  oy3 := ~-6ft + '~ 10ft

Cni = 1.11

At 21 feet:  ogy := -6t + ~'- 15ft

Cnz = 1.04

For Layer 2:

At26 feet o= Yp6ft+ 20t og5=2.13-ksf  Cpypi= 0.77-Iog(

Nlgoavgl =

Nlgoavgz ==

001 = 0.78-ksf
N160Avg = CN1'31 =41
Og2 = 1.12-ksf

NlGOAVg = CN2'25 =30

(41+30)
> =

NlGOAvg = CN1'32 =35

N160Avg = CN2'52 =54

(35 + 54)
2

13

() =t = Yw v' = 67.6-pcf

CNl = 077'09(

CNZ = 077|Og(4

36

093 = 1.46-ksf Cni= O.77-Iog(

Ogq4 = 1.79-ksf Cno = 077'09(

=45




Union Street Bridge

By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
CNl =0.98 N160Avg = CN1~86 =84
40-ksf
At 31 feet: oy := - 6ft + ~'-25ft Oop = 2.47-ksf Cn2 = O.77-Iog( S j
Oo6
CNZ =0.93 NlGOAVg = CN2~56 =52
84 + 52
For Layer 3: Nlgoavgs == (;2) =68
40-ksf
At 36 feet:  og7 := ~-6ft + ~'-30ft 0g7 = 2.81-ksf Cn3 = O.77-Iog( j
Oo7
CN3 =0.89 NlGOAvg = CN3‘56 =50
For Layer 4: N1goavgs == 50

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59

Layer 1: Nlgpayg1 = 36
Layer 2: NlGOAvgz =45
Layer 3: Nlgpaygs = 68
Layer 4: NlGOAVg4 =50
5 10
15 10
Z:= ft H:=
25 10
35 10
Aoy := 4ksf-|

For the First Layer:

0o :="¢6.5ft+~'-z

14

C'1:=120
C'pi= 147
C'1:=252
C',:= 168
0.8 120
0.45 147
~ft = ! =
0.3 252
0.2 168
3.2
1.8
Aoy = -ksf
1.2
0.8




Union Street Bridge By: Mike Moreau

Over Interstate 95 April 2011
Bangor, Maine Checked by: LK May 2011
PIN 16681
Similarly: 118
1.86
0o = -ksf
2.54
3.21
0.56879
1 oo + Aoy
=|H| = - - 0.24007
AH: {H (C) Iog[ o ﬂ AH - in
0.08015
0.06901

AHtoTaL == 0.57-in + 0.24-in + 0.08in + 0.07in
AHTOTAL =0.96-in

OK, Say 1 to 2 inches of immediate
elastic settlement below footing on soil.

15




. Department of Transportation Mike Moreau, PE
I\/I al n e D OT Bridge Program — Geotechnical Section Phone: 624-3365

16 State House Station FAX: 624-3491
Augusta, Maine 04333-0016 email: michael.moreau@maine.gov
Solls Report 2011-10 Addendum #1
To: Bryson Welch, PE, Steve Bodge, PE
Cc: Laura Krusinski, PE, TEDOCS
Author: Mike Moreau, PE
Doc Type: 24
Date: May 22, 2013
Bridge #: 5797
Route: 222
PIN: 16681.00
Town: Bangor

Subject: Soils Report No. 2011-10
Revised Service Limit State Bearing Resistance

The following revisions are made to the Geotechnical Design Report for the Replacement of Union Street
Bridge over 1-95, Bangor, Maine, Soils Report No. 2011-10.

Background

Becker Structural Engineers, Inc., Portland, Maine, have been contracted by the Department to provide
final design services for the Union Street Bridge. During the final design process, Becker used the
presumptive factored service limit bearing resistance of 4 ksf presented in our preliminary Soils Report No.
2011-10, dated May 12, 2011 to size foundation spread footings. Becker determined that a footing size of
16.5 feet was required based on that bearing resistance. Becker asked whether a higher factored service
limit bearing resistance might be used to reduce the required footing width. Although a footing width of
16.5 feet is acceptable, a footing this size will be more difficult to construct in the restricted 1-95 median
area.

Revised Bearing Resistance Analysis

Allowable settlement controls spread footing foundation design at this site. We reviewed and refined our
settlement analysis to determine what bearing resistances resulted in acceptable levels of settlement.
Based on our refined analysis, we estimate that the total settlement of a prepared subgrade consisting of
compacted fill or native glacial till at the elevations proposed in the 90% plan submittal will be on the order
of 1 to 1-1/2 inches for conventional spreads footings with factored service limit bearing resistances up to
6.0 ksf. This settlement is acceptable and will occur during construction. Revised supporting calculations
are attached.

Recommendations
Based on our refined analysis, we recommend that a factored bearing resistance of 6.0 ksf be used to
analyze the service limit state and for footing sizing to control settlement.

Attach: Revised Calculations

lofl



Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

SETTLEMENT ANALYSIS:

Settlement at Abutments and Pier, Granular Method 1:

Schmertmann's Method,
Foundation Engineering Handbook,

2nd Ed. p.179
05B ,K— Ly
2B
S =CC _ 2 | /E XAZ- z below footing
© ! 2(qcontact q)[ (Z S) N Square or Circular Footing, For L/B =1
10
12
Qallow := 6.0ksf B:= 14 ft
16
d := 6.5ft ~ := 130pcf
q:=d-~ q = 845psf
C¢=1—05(——£L—J Cq=0.92
Qallow — 4
Co:=1 For all Maine Soils

4B

z below footing

Rectangular Footing, For L/B > 10

Note: o'y, =vB + q for Rectangular and y0.5B + q for Square or Circular Footing
This case, discount sloping fill in front of abutment (predicts most settlement)

o'vp:=7B
AQ = Jaliow — 9
Al
lpp = 0.5+ 0.1 [ =2
a'vp

1300
1560
1820
2080

Aq = 5155-psf

0.7
0.68
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Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

Calculate 2 (IZ/ES) X Az

Consevative Profile on This project has Two Eg Layers:

Es = 2750 (N)kPa, N =12 =>Say 500ksf Bowles p.316

So 6 Feet of Eg = 500 ksf Under Footing

Es =40000 + 1050 (N) kPa, N =22 => Say 1260ksf
So 34 Feet of Eg = 1260 ksf Below Weaker Till Above

Bowles p.316

(Note Several Eqns Evaluated)

(Note Some Locations Have Thinner Till Above Bedrock, So This Is Conservative)

Use Schemertmann Curve For Rectangular Footing L/B>10

Use I, = 0.7 (Predicts Most Settlement)

Es1 := 500ksf
|, e 221050
2
l,o := 0.61
l,3:=0.35
o3

|ZESAZ1 =0.004-—
kip

Calculate Settlement

Se = [C1-Co:(aliow — )-(1zZEsAzZq + IzEsAz, + IzEsAz\o,)]~12if—rt1

Se = 0.82-in

Eqp:= 1260ksf

l,1 = 0.35

l,, = 0.61

l3 = 0.35

|ZESA22 = 0002k—
|

Eq3:= 1260ksf

Az1 = 6ft
Az2 = 4ft
Az3 = 30ft

IzEsAzz = 0.01-—

Say 1 inch

s1

IZEsAzy = (;—1.&1)

e

|
IZEsAZy = (Eﬁ -Asz
s2

e

s3

|
IZEsAzg = (Eﬁ -Az3j




Union Street Bridge By: Mike Moreau

Over Interstate 95 May 2013
Bangor, Maine Checked by:_ LK May 2013
PIN 16681

Settlement at Abutments and Pier, Granular Method 2:

Settlement at Abutments

Estimate Settlement for Footing On Soil Using Hough Method:
Ref. LRFD Section 10.6.2.4.2, pg. 10-56

Abutment 1 Assumptions Based on BB-BUS-103, BB-BUS-104:

1) Assume footing will be constructed 20 feet below ground surface (bgs) (~ 7ft below breastwall Finish
Grade, Elev. 131 ft)

2) No ground water observed; Assume ground water at footing base elev 131 ft

3) Soil depth below Abut 1 footing Elev 131 ranges from 23 to 38 ft - Use 38 ft (more settlement)

4) Use four 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000

SPT Ngg values from BB-BUS-103, and 104:

At 21 feet bgs: 18, 31 => Ngoavg = 25

At 26 feet bgs: 24, 25 => Neoavg = 25

At 31 feet bgs: 38, 35 => Ngoavg = 37

At 36 feet bgs: 56, 77 => Ngoavg = 67

At 41 feet bgs: 101, 71 => Ngpavg = 86

At 46 feet bgs: 50 => Ngoavg = 50

At 51 feet bgs: 101 => Ngoavg = 101

A= 130pcf ~w := 62.4pcf (V) ="~ Yw ' = 67.6-pcf

At21feet:  ooq:= - 20ft + 1t Oo1 = 2.67-ksf Cnpi= 0.77-|09(40kaj
Oo1

CN1 =0.91 N160Avg = CN1'25 =23

At 26 feet: gy =~ 20ft + ~'-6ft  Gop = 3.01-ksf Cn2i= 0.77-|og(40'k3fj
002
CN2 =0.87 N160Avg = CN2'25 =22
For Layer 1: N1goavgt == @ =23
40-ksf
At 31feet: og3:= - 20ft + ~'-11ft  0o3 = 3.34-ksf Cn3 = O.77-Iog( 0-ks j
03

CN3 =0.83 N160Avg = CN3'37 =31



Union Street Bridge
Over Interstate 95
Bangor, Maine

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

PIN 16681
At 36 feet:  oq4:= - 20ft + - 16ft 004 = 3.68-ksf Cng = 0.77-|09(40.ka]
Oo4
Cng=0.8 N160Avg = Cng-67 = 53
For Layer 2: N160avg2 = (31 ;53) — 42
At41feet: oo5:=20ft + -21ft  oo5=4.02-ksf  Cys:= o_77.|og(40'k3f]
005
CN5 =0.77 N160Avg = CN5'86 = 66
At46 feet: oog:= - 20ft + -26ft  0og = 4.36-ksf  Cyg:= o_77.|og(40'k3f]
006
CN6 =0.74 N160Avg = CN6'50 =37
For Layer 3: N1g0avg3 = (66 er 37) _ 5
40-ksf
At51feet: oo7i=~w20ft+ ' 31ft  og7=4Tksf  Cpyi= 0.77.|09( g Sj
Oo7
Cn7=0.72 N160Avg :=Cn7:101 =72
For Layer 4: N1g0Avgs = 72

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59
Assume B = 12 to reference Boussinesq Stress Contours for | values below per LRFD Fig. 10.6.2.4.1-1

Layer 1: N160Avg1 =23
Layer 2: N160AV92 =42
Layer 3: N160Av93 =52

Layer 4: N160Avg4 =72

5 10 0.8

15 10 0.45
Z:= ft H:= -ft | =

25 10 0.3

35 10 0.2

C'1:=82
C'y:= 138
C'1:=177
C'y:= 280
82
| 138
177
280




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

Aoy = 4ksf|

Aoyyg 5:= 4.5ksf-|

Aoys0:= 5ksf-|

AO‘V5_5 := 5.5ksf:|

Aoygo = 6ksf-|

For the First Layer:

0o ="t 20ft + 'z

Similarly: 0o =

3.2
1.8

Aoy = -ksf
1.2

0.8

3.6
2.0
1.4
0.9

7
;
i

-ksf

4.4
2.5
1.7
1.1

-ksf

4.8
2.7
1.8
1.2

-ksf

-ksf




Union Street Bridge By: Mike Moreau

Over Interstate 95 May 2013
Bangor, Maine Checked by:_ LK May 2013
PIN 16681

For Ao, = 4.0ksf

0.46826

1 0o+ Aoy
— | H|— | " 0.15263
AH: {H (C') Iog[ oo j:| AH = -in

0.07262
0.0278

AHtotaL == 0.47-in + 0.15-in + 0.07in + 0.03in

AHTOTAL =0.72-in

For Ao, = 4.5ksf

0.50838

1 0o+ A0y 5
—|H.|— ™ 0.16801
AR: {H (c) 'Og[ o0 ﬂ AH = in

0.08056
0.031

AHTOTAL :=0.51:in+ 0.17-in + 0.08in + 0.03in
AHTOTAL =0.79:in

For Ao, = 5.0ksf

0.54612

1 0o+ Aoys g
—|H.—. ™ 0.18279
AH: {H (C) log( o ﬂ AH - i

0.08829
0.03415

AHtoTaL == 0.55:in + 0.18:in + 0.09in + 0.03in
AHtoTaL = 0.85:in

For Ao, = 5.5ksf

0.58175

1 0o+ Acys5
— | H.l— . - 0.19701
AR {H (C) 'Og( o ﬂ AH = in

0.09582
0.03724

AHrotaL = 0.58-in + 0.20-in + 0.10in + 0.04in

AHTOTAL =0.92-in




Union Street Bridge By: Mike Moreau

Over Interstate 95 May 2013
Bangor, Maine Checked by:_ LK May 2013
PIN 16681

For Ao, = 6.0ksf

0.61548

1 0o+ Aoy 0
) ogl 2o 20ve0 0.21071
AR {H (C) 'Og( o ﬂ AH = in

0.10316
0.04028

AHtoTaL = 0.62-in + 0.21-in + 0.10in + 0.04in

AHTOTAL = 0.97-in

Summary Settlements At Abutment 1 Varying Ao, For B ~ 12 ft

Ao, (ksf) A (in)
4.0 0.72
4.5 0.79
5.0 0.85
5.5 0.92
6.0 0.97

Abutment 2 Assumptions Based on BB-BUS-101, BB-BUS-101B, BB-BUS-106:

Assume footing will be constructed 20 feet bgs (~ 7ft below breastwall Finish Grade, Elev. 135 ft)
Ground water ranges between 7 ft and 13 ft; Use 7 ft bgs (worst case)

Soil depth below Abut 1 footing Elev 135 ranges from 10 to 18 ft - Use 18 ft (more settlement)
Use two 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000

~— — ~— ~—

1
2
3
4

SPT Ngg values from BB-BUS-101, 101B and 106:

At 21 feet bgs: 26, 28, 12 => Ngoavg = 22
At 26 feet bgs: 26, 16, 23 => Ngoavg = 22
At 31 feet bgs:62 => Ngoavg = 62
~t:= 130pcf w = 62.4pcf ) = —w ' = 67.6-pcf

Oo1

40-ksf
At21feet: ogq =y 7ft+~14ft oo =1.86-ksf  Cyqpi= O.77-Iog( 0 Sj

CN1 =1.03 N160Avg = CN1'22 =23

At26 feet: ooz := - 7ft +~'-19ft Oo2 = 2.19-ksf Cne = 0.77-|09(40.ka]

T02
CN2 =0.97 N160Avg = CN2'22 =21

(23 + 21)
2

For Layer 1: N1goavg1 = =22




Union Street Bridge By: Mike Moreau

Over Interstate 95 May 2013
Bangor, Maine Checked by:_ LK May 2013
PIN 16681

At 31 feet: o3 := ¢ 71t + ~'- 241t 003 = 2.53-ksf Cn3 = 0.77-|og(
003

40- ksfj

CN3 =0.92 N160Avg = CN3'62 =57

For Layer 2: N1goavg2 = 57

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59
Assume B = 12 to reference Boussinesq Stress Contours for | values below per LRFD Fig. 10.6.2.4.1-1

Layer 1: N160Avg1 =22 C'41:=82

Layer 2: N160AV92 =57 C'z =197

5 10 0.8 82
Z:= ft H:= -ft | = C':=
(15] (10) (0.45j (197]

3.2
Aoy := 4ksf-| Aoy = ksf
1.8
3.6
AO‘V4.5 = 4.5ksf-1 AGV4.5 = -ksf
20
4.0
AO‘V5.0 := 5ksf-| AO’VS'O = ( j.ksf
23
4.4
AO‘V5.5 = 5.5ksf-| AGVS.S = ( jksf
25
4.8
Aoye.o = 6ksf-| Aoy o = (2 7j.ksf
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For the First Layer:
oo =" Ift+~"13ft+~"z

Similarly:
213
0o = -ksf
2.8

For Ao, = 4.0ksf

1 0o+ Aoy
=|H|—| - 0.58352
AH: {H (C) Iog[ o ﬂ AH = ( j.in

0.13123

AHTOTAL :=0.58-in + 0.13-in

AHTOTAL =0.71-in

For Ao, = 4.5ksf

1 0o+ ACy45
=|H | — " 0.62954

0.14385

AHTOTAL :=0.63:in + 0.14-in

AHTOTAL =0.77-in

For Ao, = 5.0ksf

1 0o+ Adys0
=1 L) 1og| 2 20v00 0.67245
AH: {H (C) Iog[ - ﬂ AH z( j.in

0.1559

AHTOTAL :=0.67-in+ 0.16-in

AHTOTAL = 0.83-in




Union Street Bridge
Over Interstate 95
Bangor, Maine

PIN 16681

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

For Ao, = 5.5ksf

1 0o+ Aoys5
—|H | —. B A 0.71264

0.16743

AHTOTAL :=0.71-in + 0.17-in

AHTOTAL = 0.88-in

For Ao, = 6.0ksf

1 Op + AGVG.O
—H. . - 0.75045
AH: {H (Cj Iog( o ﬂ AH = ( j.in

0.17847

AHTOTAL =0.75-in + 0.18:in

AHTOTAL =0.93:in

Summary Settlements At Abutment 2 Varying Ao, For B ~ 12 ft

Ao, (ksf) A (in)
4.0 0.71
4.5 0.77
5.0 0.83
55 0.88
6.0 0.93
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PIN 16681

Pier Assumptions Based on BB-BUS-102, BB-BUS-105:

1) Assume footing will be constructed ~ 7 feet bgs (~ Finish Grade, Elev. 128.5 ft)

2) Ground water ranges between 6 ft and 11 ft; Use 6 ft bgs (worst case)

3) Soil depth below Pier footing Elev 128.5 ranges from 15 to 35 ft - Use 35 ft (more settlement)
4) Use four 10 ft layers for settlement analysis per FHWA NHI-00-045, August 2000

SPT Ngg values from BB-BUS-102 and 105:

At 6 feet bgs: 29, 32 => Ngoavg = 31
At 11 feet bgs: 12, 38 => Ngoavg = 25
At 16 feet bgs: 22, 41 => Ngoavg = 32
At 21 feet bgs: 40, 63 => Ngoavg = 52
At 26 feet bgs: 86 => Ngoavg = 86
At 31 feet bgs: 56 => Ngoavg = 56

At 36 feet bgs: Missed SPT Use => Ngoayg = 56

~t:= 130pcf ~w = 62.4pcf ) = —w ~' = 67.6-pcf

At6 feet:  o,q = -6ft o1 = 0.78-ksf Cry = 0.77-Iog(40'k8fj

Oo1

CN1 =1.32 N160Avg = CN1'31 =41

At11feet:  oqp =y 6Tt + ~'-5it Gop = 1.12:ksf  Crpim 0_77.|og(40~ksfj

002
CN2 =1.2 N16OAVg = CN2'25 =30

(41 + 30)
2

For Layer 1: N1goavg1 = = 36

40-ksf
At 16 feet: oo3:= y6ft+~10ft  0o3=1.46-ksf  Cpq:= 0.77-Iog( 0 Sj

003
CN1 =1.11 N160Avg = CN1~32=35

40-ksf
At21feet o4 = NBft+ 15t 0os=1.79-ksf  Cppi= 0.77-Iog( 0 Sj

Oo4
CNZ =1.04 N160Avg = CN2'52 =54

(35 + 54)
2

For Layer 2: N1g0Avg2 = =45

At26feet: oo5:=yBft+ 20t o5 =213 ksf  Cni:= 0.77.|09(40.ka)

Oo5

11
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CN1 =0.98 N160Avg = CN1'86 =84

At31feet: oog:i=yOBft+ 725t oop=247ksf  Cnpi= o.77.|09(40.k3fj
T06
Cn2=0.93  Nlgoayg:= Cnz-56 = 52
4 + 52
For Layer 3: N1goavg3 = (84 +52) er 52) =68
At 36 feet: 047 := - 6ft + ' 30ft 007 = 2.81-ksf Cn3 = 0.77-|og(40'k3fj
Oo7

CN3 =0.89 N160Avg = CN3~56 =50

For Layer 4: N1goavgs = 50

Calculate Settlement

Use Well Graded Silty Sand and Gravel curve, Figure 10.6.2.4.2-1, pg 10-59
Assume B = 12 to reference Boussinesq Stress Contours for | values below per LRFD Fig. 10.6.2.4.1-1

Layer 1: N160Avg1 =36 C'1 =120
Layer 2: N1goavg2 = 45 C'y:= 147
Layer 3: N160AV93 = 68 C'1 = 252
Layer 4: N160Avg4 =50 C'2 =168
5 10 0.8 120
15 10 0.45 147
z:= ft H:= -ft |:= C':=
25 10 0.3 252
35 10 0.2 168
3.2
1.8
Aoy = 4ksf-| Aoy = -ksf
1.2
0.8
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Bangor, Maine

PIN 16681

By: Mike Moreau
May 2013

Checked by:_ LK May 2013

Aoyy.5:= 4.5ksf| Aoy4s =
Aoys o= Sksf-| Aoysg =
Aoys5:= 5.5ksf| Aoys 5=
Aoy o= Bksf:| Aoyg o=

For the First Layer:

0o :="6.5ft+~"2z

Similarly: 118

1.86
Op = -ksf
2.54

3.21

sne|ra(=5]

3.6
2.0
1.4
0.9

4.0
2.3
1.5
1.0

4.4
2.5
1.7
1.1

4.8
2.7
1.8
1.2

-ksf

-ksf

-ksf

-ksf

0.56879
0.24007

AH =

0.08015
0.06901
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Checked by:_ LK May 2013

AHroT1AL := 0.57-in + 0.24-in + 0.08in + 0.07in
AHTOTAL =0.96-in

For Ao, = 4.5ksf

0.60672

1 0o+ ACy45
—|H.l = - 7 0.26122
AR: |:H (C') Iog( oo j:| AH = -in

0.08829
0.07665

AHtotaL = 0.61-in + 0.26-in + 0.09in + 0.08in

AHTOTAL =1.04-in

For Ao, = 5.0ksf

0.6416

1 0o+ Adys g
— | H.l— . 0 0.28119
AH: {H (C) Iog( o H AH - in

0.09613
0.0841

AHtoTAL = 0.64-in + 0.28-in + 0.10in + 0.08in

AHTOTAL =1.1-in

For Ao, = 5.5ksf

0.67388

1 0o+ A0ys55
—|H.—. - 0.30009
AH {H (C) Iog( o ﬂ AH - in

0.10367
0.09138

AHtotAL = 0.67-in + 0.30-in + 0.10in + 0.09in

AHTOTAL =1.16-in
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For Ao, = 6.0ksf

0.70393

1 0o+ Adyg0
Al ogl 2o 20ve0 0.31803
AR {H (C) 'Og( o0 ﬂ AH = in

0.11096
0.0985

AHtotaL == 0.70-in + 0.32:in + 0.11in + 0.10in

AHTOTAL =1.23-in

Summary Settlements At Pier Varying Ao, For B ~ 12 ft

Ao, (ksf) A (in)
4.0 0.96
4.5 1.04
5.0 1.10
5.5 1.16
6.0 1.23

OK, Say 1 to 1.5 inches of immediate elastic settlement
below Abutment or Pier footings on soil.
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