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1.0 INTRODUCTION

A multi-phase subsurface exploration program was conducted to evaluate the subsurface conditions at the
two-span bridge that crosses the Tannery (Bird) Brook in Norway, Maine. The subsurface information
collected was used to evaluate the existing bridge’s substructure for possible reuse and to provide
recommendations for the design and construction of the bridge substructure replacement.

1.1 Purpose of Report

This geotechnical report will serve to support the design and construction of the proposed bridge
rehabilitation work. Data collected during the explorations and laboratory testing programs are provided in
this document and were used in conjunction with available published subsurface information and historic

site data to develop the geotechnical design recommendations and construction considerations presented
herein.

1.2  Site Description

The existing bridge, identified as Bridge No. 3610, carries Main Street over the Tannery (Bird) Brook. The
location of the site is presented below in Figure 1 Project Locus Map. The existing bridge was constructed
in 1929 and consists of masonry abutments and a concrete center pier supporting a reinforced concrete
deck. The bridge is approximately 61 feet wide, 22 feet long, and has a clear span of about 9 feet from the
abutment to the center pier. According to an inspection report dated July 25, 2019, the existing bridge
carries a daily average traffic of about 11,655 cars and is experiencing advanced deterioration of its deck
and superstructure, while the substructure is deemed to be in fair condition with only minor section loss.
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Figure 1. Project Locus Map
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1.3 Proposed Construction

Given the deterioration of the existing bridge deck, as noted on the July 2019 inspection report, Maine DOT
is evaluating a full replacement of the existing bridge. The proposed replacement bridge will be a single-
span structural slab supported by deep foundations installed through the existing stacked granite
abutments. The existing center pier will be removed, and the existing stacked granite abutment faces will
be stabilized with a reinforced concrete facing. The proposed foundation support for the new bridge is
drilled in micropiles or spun pipe piles socketed in bedrock. The new foundation elements are expected to
carry primarily axial compression loads since the anticipated lateral loads are minimal.

1.4 Geotechnical Scope

A multi-phase study was conducted at the existing Tannery Brook Bridge. The first study was executed
between April 2021 and January 2022. The purpose of this study was to perform probes at the existing
Tannery Brook Bridge abutments and to collect data for analysis and reuse determination. AECOM
performed the following tasks:

1 Reviewed available surficial and regional geology information.
1 Marked the boring and probe locations in the field.

1 Engaged a drilling subcontractor, New England Boring Contractors of Derry, New Hampshire, to
advance the boring and probes at the site.

1 Provided a field representative to observe the explorations, collect soil samples, describe the soil
samples, and prepare field logs.

1 Selected soil samples for geotechnical laboratory testing to determine their classifications and
engineering design properties.

Performed engineering analyses and developed the geotechnical design recommendations; and

Prepared this Geotechnical Design Report which provides and summarizes the data collected,
presents the results of the foundation analyses, and provides the geotechnical recommendations
and construction considerations. The Geotechnical Design Report was submitted in January 2022.

Upon review of the initial data collected, a supplemental study was authorized by MaineDOT to collect
supplemental soil and rock samples for foundation evaluation. AECOM performed the following tasks from
May 2022 to August 2022 as part of the supplemental study:

Marked the boring and probe locations in the field.

Engaged a drilling subcontractor, New England Boring Contractors of Derry, New Hampshire, to
advance the supplemental borings at the site.

1 Provided a field representative to observe the explorations, collect soil and rock samples, describe
the soil and rock samples, and prepare field logs.

1 Engaged a geophysics subconsultant, NDT Corporation of Sterling, Massachusetts, to perform a
geophysical survey at the site.

1 Revised the engineering analyses and modified the geotechnical design recommendations, as
necessary; and

1 Updated the Geotechnical Design Report with revised foundation analyses, recommendations, and
construction considerations based on the data collected during the supplemental exploration. The
Geotechnical Design Report, Revision 1 was submitted in August 2022.

In September 2022, Phase Il of the proposed Tannery Brook Bridge replacement design was initiated,
which included evaluation of alternative foundation types and the preparation of this Final Geotechnical
Design Report that presents the results of the foundation analyses and provides the geotechnical
recommendations and construction considerations for the foundation alternatives.

September 2023
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1.5 Limitations

The data presented herein represent the conditions encountered at the specific locations and at the specific
times at which our explorations took place. It should be noted that, given that the subsurface exploration
program comprised of relatively small diameter, widely spaced borings and probes, variations in soil and
rock stratigraphy and characteristics, and groundwater conditions could appear evident at a later date. If
that is the case, it may be necessary to reevaluate the recommendations of this report.

Background information and other data have been furnished to AECOM by third parties, which AECOM
has used in preparing this report. AECOM has relied on this information as furnished and is neither
responsible for nor has confirmed the accuracy of this information. The geotechnical information presented
in this report is based on available information from previous investigations, and the data collected for this
project. The geotechnical information presented in this report should not be used for other projects or
purposes. Conclusions made from these data by others are their responsibility.

This geotechnical design report has been prepared for specific application to the proposed subject project
as presented herein in accordance with generally accepted geotechnical engineering practices. The
interpretations and evaluations presented in this report are based in part on information on the proposed
work made available prior to submission of the final design documents.

In the event that any changes in the nature, elevations, design, or locations of the proposed structure are
made during final design or during construction, the conclusions and recommendations presented herein
will no longer be applicable unless the changes are reviewed, and our conclusions and recommendations
are modified in writing.

September 2023
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2.0 SUBSURFACE CONDITIONS

2.1 Local Geologic Setting

Generalized descriptions of the surficial and bedrock geology that underlie the site area are provided below.

2.1.1 Surficial Geology

According to the Surficial Geology Map of the Norway Quadrangle (2008), glaciomarine deposits (Pmdo)
form the banks of the Tannery Brook in the bridge area (see Figure 2). The glaciomarine deposits are
mostly sand and gravel outwash underlain by glaciomarine clay and/or silt.

Figure 2. Surficial Geology Near Tannery Brook

The above map also indicates the area to be near stream alluvium deposits (Ha) which consist of sand,
gravel, silt, and organic sediment which was deposited on flood plains of modern streams.

2.1.2 Bedrock Geology

According to the Bedrock Geologic Map of Maine (1985), the overburden in the Tannery Brook Bridge area
is underlain by carboniferous muscovite-biotite granite. The bedrock geology in the Tannery Brook Bridge
vicinity is illustrated in Figure 3.
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Figure 3. Bedrock Geology Near Tannery Brook

2.2  Subsurface Exploration Program

An exploration program was conducted from April 12 to 14, 2021 at the Tannery Brook Bridge to collect
geotechnical data at the bridge. The program included six (6) non-sampling probes and two (2) test borings.
The probes (BP-NTB-101 through BP-NTB-106) and test borings (BB-NTB-101 and BB-NTB-102) were
drilled above or immediately adjacent to the bridge abutments. The locations of the probes and test borings
are shown on the Boring Locations Plan in Appendix A.

The exploration drilling was performed by New England Boring Contractors of Derry, NH. A track-mounted
Mobile B-53 drill rig equipped with an automatic hammer (ETR=86%) was used to perform the explorations.
Drive and wash techniques were used to advance the borings. The collected soil samples were logged
and preserved by an AECOM field representative. The test boring logs from the exploration program are
provided in Appendix A and photographs of the boring locations are provided in Appendix D.

2.2.1 Vacuum Excavation

The non-coring probes and test boring locations were vacuum excavated to a depth between 4 and 5 feet
below the existing ground surface in order to clear any near surface underground utilities prior to probing
or drilling.

2.2.2 Non-Sampling Probes

The non-sampling probe locations are shown on the Boring Locations Plan in Appendix A and in
photographs in Appendix D. The first probe of the eastern and western probe lines was located 3 feet away
from the joint observed in the pavement, with each subsequent probe located 3 feet further away from the
bridge.

Three (3) non-sampling probes (BP-NTB-101, BP-NTB-102, and BP-NTB-103) were performed on the
eastern side of the bridge to determine the widths and inclination angles of the abutment batter walls. The
eastern non-sampling probes were advanced by continuously driving hollow stem augers and were

September 2023
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terminated after the surface of the posterior abutment wall was encountered. The non-sampling probe
holes were backfilled with soil cuttings and the road surface was restored with asphalt cold patch.

Three (3) non-sampling probes (BP-NTB-104, BP-NTB-105, and BP-NTB-106) planned on the western side
of the bridge each encountered vacuum excavation refusal at a depth of approximately 4 feet. The vacuum
refusal occurred on large boulders.

2.2.3 TestBorings

A test boring was drilled on each side of the bridge. BB-NTB-101 was advanced in the northeast quadrant
of the bridge and BB-NTB-102 was advanced in the northwest quadrant of the bridge. The test borings
were sampled at 5-foot intervals using standard split-spoon samplers. Soil samples were described by the
AECOM field representative using the procedures outlined in the Unified Soil Classification System and
ASTM D2488 - Standard Practice for Description and Identification of Soils (Visual-Manual Procedure).
Representative soils from each collected split spoon sampler were stored in labelled glass jars.

Rock cores, sampled using an NX core barrel, were collected from both borings. Within BB-NTB-101 a
total of 9.7 feet of rock was cored and within BB-NTB-102 a total of 10.0 feet of rock was cored. The total
depths of borings at BB-NTB-101 and BB-NTB-102 were 26.7 and 24.0 feet, respectively. The test boring
holes were backfilled using soil cuttings and the road surface was restored with asphalt cold patch. A
photograph of the rock cores is presented in Appendix B.

2.2.4 Laboratory Testing

AECOM selected and submitted soil samples from the subsurface exploration for geotechnical laboratory
testing. The soil samples submitted were tested for gradation analyses (ASTM D6913) and for organic
content (ASTM D2974) where evidence of organics was observed. The laboratory testing was performed
by GeoTesting Express of Acton, MA. The laboratory testing results are presented on the test data sheets
in Appendix C.

2.3 Supplemental Subsurface Exploration Program

A supplemental exploration program was conducted on May 18 and 19, 2022 at the Tannery Brook Bridge
to collect additional geotechnical data at the bridge abutments. The supplemental program included four
(4) test borings (BB-NTB-103, BB-NTB-104, BB-NTB-105, and BB-NTB-106). The test borings were drilled
through the existing bridge abutments and terminated within bedrock. The locations of the supplemental
test borings are shown on the Boring Locations Plan in Appendix A.

The exploration drilling was performed by New England Boring Contractors of Derry, NH. A track-mounted
Acker Soil Scout drill rig equipped with a manual drop hammer was used to perform the explorations. Drive
and wash techniques were used to advance the borings. The collected soil samples were logged and
preserved by an AECOM field representative. The test boring logs from the supplemental exploration
program are provided in Appendix A and photographs of the boring locations are provided in Appendix D.

2.3.1 Test Borings

Four (4) test borings were drilled through the existing abutments, two on each side of the bridge. BB-NTB-
104 and BB-NTB-106 were drilled on the west side of the bridge, while BB-NTB-103 and BB-NTB-105 were
drilled on the east side of the bridge. Core drilling techniques were used through the concrete footings and
stacked stone/boulder abutments. Abutment core samples were collected at each boring. The total depths
of borings BB-NTB-103, BB-NTB-104, BB-NTB-105, and BB-NTB-106 were 17.0, 15.2, 19.5, and 17.1 feet,
respectively. The test boring holes were backfilled using soil cuttings and the road surface was restored
with asphalt cold patch. A photograph of the abutment core samples is presented in Appendix B.

Soil samples were described by the AECOM field representative using the procedures outlined in the
Unified Soil Classification System and ASTM D2488 - Standard Practice for Description and Identification

September 2023
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of Soils (Visual-Manual Procedure). Representative soils from each collected split spoon sampler were
stored in labelled glass jars.

2.3.2 Supplemental Laboratory Testing

AECOM selected and submitted rock samples from the supplemental subsurface exploration for uniaxial
compressive strength testing with moduli, in accordance with ASTM D7012D. The laboratory testing was
performed by GeoTesting Express of Acton, MA. The laboratory testing results are presented in Appendix
C.

2.3.3 Geophysical Testing

Geophysical tests were performed by our geophysical subconsultant, NDT Corporation (NDT) of Sterling,
Massachusetts. The services performed onsite included ground penetrating radar, seismic refraction, and
sonic/ultrasonic reflection measurements at the bridge. The geophysical testing was performed on May 25,
2022. The results of the geophysical testing are described in NDT’s report dated June 10, 2022, which is
appended to this report.

2.4  Subsurface Conditions
2.4.1 Stratification

The surface and subsurface materials encountered during the subsurface exploration program are
described in the following subsections and are shown on the Generalized Subsurface Profile in Appendix
A.

Surficial Materials

Between 4 and 8 inches of asphalt were encountered at the ground surface at each of the boring locations.
At probe locations, asphalt was observed to range between 8 and 12 inches in thickness.

Existing Fill

The asphalt pavements encountered at the ground surface at borings BB-NTB-101 and BB-NTB-102 were
underlain by existing fill soils mainly comprised of silty sand or coarse sand, and poorly graded gravel. The
sand in the samples was observed to be fine to coarse grained while the silt was noted as nonplastic. The
gravel sample was observed to be fine to coarse grained with few fine to coarse grained sand. Traces of
bricks, roots, and cobbles were noted. The existing fill was observed to extend between 4 and 9 feet below
the existing ground surface. The only SPT N-Value for the fill was recorded as 73 blows per foot (bpf)
within the poorly graded gravel.

Note that boring BB-NTB-102 encountered a 6-inch concrete slab within the existing fill at a depth of 1 foot
from the existing ground surface.

Peat

A 5-foot-thick deposit of dark brown peat was encountered beneath the existing fill within boring BB-NTB-
101. The peat extended to a depth of 9 feet. The SPT N-Value for the peat was recorded as 2 bpf,
indicating a very soft deposit. Peat was not encountered in boring BB-NTB-102.

Glacial Till

A deposit consisting of light grey to grey sand, silt, and gravel, interpreted as glacial till, was encountered
beneath the peat in boring BB-NTB-101 and the existing fill in boring BB-NTB-102. The surface of the
glacial till was encountered at a depth of 9 feet in both borings. The glacial till samples were classified as
silty sand or well-graded sand with silt and gravel. The sand in these samples was observed to be fine to
coarse grained. The silt was nonplastic and the gravel, where present, was described as fine grained. The
glacial till extended to depths between 14 and 16 feet below the ground surface (bgs).

September 2023
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The SPT N-Values for the glacial till varied between 22 and 135, indicating a medium dense to very dense
deposit.

Bedrock

Bedrock was encountered in borings BB-NTB-101 and BB-NTB-102 at depths of 16 and 14 feet bgs,
respectively. Two 5-foot rock cores were able to be retrieved from each of the borings. The rock was
described as light grey to white, very hard, fresh Granite. The Rock Quality Designation (RQD) values were
recorded as 37% and 91% for the cores from boring BB-NTB-101, and as 97% and 67% for the cores from
boring BB-NTB-102. Borings BB-NTB-101 and BB-NTB-102 were terminated within the bedrock at depths
of 26.7 and 24 feet, respectively.

Abutment Borings

At the abutment borings, BB-NTB-103 to BB-NTB-106, the asphalt pavements encountered at the ground
surface were underlain by concrete from the stub abutment footings. The concrete generally extended to
a depth ranging from about 4.9 to 5.3 feet bgs. The footings were resting on cobbles and boulders that
appeared to extend to bedrock. These borings were advanced through the cobbles and boulders using
core drilling techniques. Because the boulders and cobbles were not grouted, core recoveries were erratic
and generally low. Due to the shifting of the cobbles and boulders during drilling, a roller bit was used to
advance the boring in lieu of coring.

Each boring was advanced into bedrock with the roller bit. The depth to bedrock ranged from approximately
14.6 feet to 18 feet bgs and was inferred based on the rate of advancement of the roller bit and drill cuttings.
The depth to bedrock in the abutment borings is consistent with the bedrock depths in borings BB-NTB-
101 and BB-NTB-102.

2.4.2 Groundwater

Groundwater was encountered in boring BB-NTB-101 and was recorded at a depth of approximately 8.5
feet bgs at the time of drilling.

It should be noted that groundwater will fluctuate with precipitation, season, the water levels in Tannery
Brook, construction activities, run-off controls, and other factors. As a result, water levels during
construction may vary from those observed during the subsurface investigation.

September 2023
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3.0 GEOTECHNICAL RECOMMENDATIONS

Geotechnical engineering evaluations have been made on various aspects related to the substructure
foundation options for the proposed replacement bridge. In general, these recommendations have been
based on the results of subsurface investigations, laboratory testing results, and engineering evaluations
in accordance with the requirements of the AASHTO LRFD Bridge Design Manual, 9" Edition (AASHTO-
9) and the Maine DOT Bridge Design Manual (2003) with updates through 2018.

3.1 Foundation Recommendations

3.1.1 Abutment Geometry & Current Condition

Based on the probing findings, the existing abutments built in 1929 consist of mortared small granite blocks
at the face of the abutments, with large boulder and cobble backfill behind them. The supplemental borings
through the abutments substantiates the initial assessment that the abutments are constructed of stub
footing supported on large boulders and cobbles extending to bedrock.

Based on the pictures included in the inspection report from July 2019 and observations made in the field,
the existing abutments seem to be deteriorating as there is evidence of mortar loss and missing blocks from
the face of the abutments. The original abutments have been in place for over 90 years.

3.1.2 Foundation Alternatives

Several foundation systems were evaluated as possible options for support of the new substructures,
including precast box culverts with wingwalls, rock-socketed H-Piles, driven H-Piles, drilled micropiles,
drilled spun pipe piles, and reuse of the existing shallow foundations. The site conditions, construction
schedule, and proposed new bridge type limits the number of feasible foundations in consideration to
support the replacement bridge.

As noted above, the condition of the existing abutments is poor and major repairs are necessary to meet
current bridge design standards and extend the service life of the existing structure. Increased loads due
to the elimination of the central pier may exceed the geotechnical capacity of the existing foundations.
Therefore, we do not recommend supporting the new structure directly on the existing abutments.

A Dbridge type alternative consisting of precast concrete culvert with wingwalls is feasible, however, the
installation would require large areas to be excavated, groundwater control, and the use of a temporary
earth support system, making this foundation type inefficient in schedule and cost.

Driven H-piles are not recommended primarily for constructability concerns. First, the vibrations induced
by the driving process might disturb the nearby structures and utilities. Second, overhead utilities will make
installation of H-piles problematic. If H-piles are installed in a rock-socket, while feasible, it would be less
cost-effective than drilled micropiles and will have low overhead clearance limitations during construction.

Two (2) drilled foundation alternatives were considered to support the new abutments; drilled micropiles
and drilled spun pipe piles. Drilled micropiles socketed into bedrock can achieve the required axial and
lateral geotechnical resistance to meet the anticipated load demand and can be drilled in place with
relatively small equipment. Use of this foundation type would minimize impacts to adjacent utilities and
structures while having minimal disruption to traffic.

Spun pipe piles are small diameter, tip bearing foundation elements consisting of a permanent casing
bearing within bedrock and backfilled with grout. Spun pipe piles are designed to carry primarily axial
compression loads and therefore do not include any central reinforcement. These piles are designed to
provide tip resistance within bedrock and side resistance along the permanent casing is neglected. The
permanent casing is usually socketed into intact bedrock. Spun pipe piles are typically installed in less time
than traditional micropiles because a second drilling sequence is unnecessary due to the elimination of the
internal bar. Spun pipe piles require less material while achieving the required geotechnical resistances.

September 2023
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As such, we recommend a new structure span over the existing bridge and be supported on drilled spun
pipe piles. To maintain the stability of the abutments, we recommend the granite block and mortar abutment
faces are reinforced with a new concrete fascia that are bolted to the existing granite abutment faces. The
sections below provide recommendations for the preferred foundation option.

3.1.3 Drilled Spun Pipe Piles

Drilled spun pipe pile foundations may be installed through the existing stacked granite abutments and
support the bridge foundation loads by means of end bearing in rock. The spun pipe pile geotechnical
resistance may be computed using AASHTO-9 LRFD design guidance for drilled shaft end bearing
resistance in jointed rock. The factored static geotechnical axial compression resistance should be
computed using a resistance factor, (isir 0f 0.5, corresponding to micropile tip resistance on rock with no
load test, from AASHTO-9 Table 10.5.5.2.5-1.

The factored geotechnical axial compressive resistance of spun pipe piles, Rr, may be calculated from the
following formula from Article 10.8.3.5 of AASHTO-9, modified to neglect side resistance:

Y —eY —e Y —e r']a

where :
Rp = nominal pile tip resistance (kips)
gp = unit tip resistance of pile (ksf)
3qp = resistance factor
Ap = area of pile tip (ft?)

The nominal tip resistance was estimated using procedures presented in Article 10.8.3.5.4c of AASHTO-9
for jointed rock. The drilled shaft tip resistance on rock is governed by the frequency and condition of joints
in the bedrock. When the rock is jointed the tip resistance is computed using the geological strength index
(GSI) and Hoek-Brown failure criterion. Based on the condition of the rock cores collected at the Tannery
Brook Bridge, the rock is considered jointed and the GSI was determined by an AECOM Geologist. The
estimated GSI ranged from 30 to 82, so an average value of 50 was used in the rock strength evaluation.

The rock mass strength was estimated using the GSI in combination with the rock type (granite) and the
uniaxial compressive strength determined from laboratory testing. The laboratory uniaxial compressive
strength ranged from 14,719 psi to 19,098 psi. The lower uniaxial compressive strength value was used in
the static axial compression analysis.

The factored tip resistance on jointed rock was computed for a range of spun pipe pile sizes. The side
resistance of the spun pipe pile is neglected in the axial resistance because the socket installation utilizes
a ring bit that is larger than the outside diameter of the casing and no grout is placed between the casing
and wall of the socket. The tip resistance was computed for the shortest spun pipe pile anticipated at the
site, which corresponds to the west abutment. Table 1 presents the estimated spun pipe pile axial
compression resistance in jointed rock for various pile sizes.

Table 1: Estimated Spun Pipe Pile Axial Resistance — Jointed Rock

- Estimated Nominal Tip Factored Tip
i (IiDrl]e(x:rrr]])eter GSl Pl_;?ggeBthrWrrr]]i UCS, Intapt Resistance Resistance
' Rock (psi) (kips) (kips)
8.625 50 30 14,719 643 321
9.625 50 30 14,719 801 400
10.75 50 30 14,719 1000 500

Lateral foundation analyses were completed using the LPILE software by Ensoft, Inc., in conjunction with
factored single pile axial compression load of 230 kips, provided by the Project Structural Engineer, and
subsurface information obtained from the borings. The anticipated lateral loads on the proposed spun pipe
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piles are minimal, so the lateral response evaluation was executed to verify that the pile stress stays within
the elastic range under conventional lateral loads. The spun pipe pile was modeled as a grout-filled steel
casing socketed 5 feet into rock and subjected to 0.5-inch pile top displacement and 230 kips factored axial
load. The diameter of the pile was 9.625-inch with a wall thickness of 0.545-inch. Table 2 provides the
lateral response of 9.625-inch spun pipe piles subject to the above-mentioned loads.

Table 2: 9.625-inch Spun Pipe Pile Lateral Response

Pile-Head Max. Shear Max.
Pile Type Deflection BeD(;erTgkt(()ft) Force Moment -Ii—r?tlgillst(rkisii
(in) (kips) (in-kips)
9.625" x 0.545” wall 0.5 14.0 22.7 642.8 38.7
9.625" x 0.545” wall 1.0 14.0 53.2 1182.4 57.1

The casing was assumed to be N80 grade with a yield strength of 80 ksi. The grout was assumed to have
a yield strength of 4 ksi. The lateral response analysis demonstrates that the stress in the spun pipe pile
casing will be less than 90% of the casing yield strength. Fixity in the piles occurs approximately 2 feet
below the bedrock interface.

The bending moment capacity at the threaded casing joint was evaluated based on guidance provided in
the Federal Highway Administration reference manual NHI-05-039 Micropile Design and Construction,
dated December 2005. The maximum bending moment capacity at a joint location was computed and
compared to the estimated maximum bending moment at the approximate depth of threaded joint
developed in the lateral response analysis. For threaded joint located at 10 feet (typical) below the top of
pile the joint bending moment capacity is exceeded when the pile head deflection is greater than 0.5-inch.
If higher bending resistance is required, a larger casing section may be specified, or a smaller pipe may be
placed inside the casing and extended below the location of the moment at the joint.

3.1.4 Drilled Micropiles

A micropile is a steel casing advanced into bedrock, then cleaned out, and a secondary drilling process
takes place to install an internal bar into bedrock in a smaller diameter hole. The micropile transfers axial
load through the casing plunge length to the grout-to-ground or grout-to-bedrock bond resistance.

Micropiles are a viable alternative to spun pipe piles at the Tannery Brook Bridge. Micropiles would derive
their resistance from side friction in the bedrock, as the tip resistance is typically ignored due to the
micropile’s small diameter. A minimum rock socket length of 7 feet below the casing is recommended,
which would result in pile tips approximately 20 to 25 feet bgs.

The micropile factored axial resistance is governed by either the pile structural resistance or the
geotechnical resistance of the soil and bedrock supporting the pile.

The factored geotechnical axial compressive resistance of embedded micropiles, Rr, may be calculated
from the following formula from Article 10.9.3.5 of AASHTO-9:
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Y —eY —e Y 4+ Y —e r']i‘) + e r']i‘)

where:
Rp = nominal pile tip resistance (kips)
Rs = nominal grout-to-ground/rock bond resistance (kips)
gs = unit grout-to-ground/rock bond resistance (ksf)
gp = unit tip resistance of pile (ksf)
3 = resistance factor
Ap = area of micropile tip (ft?)
As = area of the grout-to-ground bond surface (ft?)

Micropiles are frequently designed utilizing either side resistance or end bearing. In our experience,
mobilizing side resistance requires axial deformations on the order of 0.25 inches or less to mobilize full
side resistance. Design using side resistance also provides more flexibility in the field as rock sockets are
easily lengthened if additional resistance is required. End bearing resistance requires greater deformations
to mobilize resistance, often on the order of an inch of movement or more. End bearing micropiles also
require careful construction to properly clean the micropile socket of soil, enabling good contact between
the cement grout and the bedrock surface. Due to the differences in strain compatibility, we do not
recommend combining side resistance and end bearing resistance in drilled micropiles.

According to AASHTO Table 10.5.5.2.5-1, the factor for side resistance in rock is 0.55, the factor for uplift
resistance is 0.55, and the factor for axial end bearing resistance is 0.5. Each load factor may be increased
to 0.7 if a verification load test is performed. An axial analysis was performed based on the information
from the borings.

Our analyses of micropiles designed for side resistance uses a grout to ground bond resistance value of
200 psi within the rock socket. The factored single pile axial compression load is 230 kips. Assuming an
approximate 8.5-inch diameter rock socket, 7 feet long, results in an axial factored compressive resistance
of approximately 247 kips, and a factored uplift resistance of 247 kips. We recommend a verification test is
performed to confirm the design capacity of the micropile. Using the increased resistance factor of 0.7 for
load testing, the compression resistance is approximately 269 kips and the required socket length is 6 feet.
Additional load test considerations are provided in Section 4 of this report. Rock socketed micropiles should
incorporate a minimum plunge length of two feet into rock. Side resistance within the plunge length is
neglected.

Our analyses of micropiles designed for end bearing assumes the bearing value is limited due to the
strength of the cement grout, typically 5,000 psi, due to the quality of the bedrock encountered at the site.
Assuming an approximate 8.5-inch diameter bearing surface results in an axial factored compressive
resistance of approximately 355 kips. With an increased resistance factor of 0.7 for load testing, the
compression resistance increases to 497 kips.

Piles supporting the bridge substructures will be required to support lateral loads and overturning moments
resulting from design loads. Preliminary lateral foundation analyses were completed for a 9.625-inch
diameter micropile using the LPILE software by Ensoft, Inc., in conjunction with preliminary axial
compression loads and subsurface information obtained from the borings. The lateral response analysis
indicates that micropiles can achieve a lateral load resistance of 9.0 and 15.5 kips, corresponding to
displacement values of 0.5 inches and 1 inch at the pile head.

The bending moment capacity at the threaded casing joint was evaluated based on guidance provided in
the Federal Highway Administration reference manual NHI-05-039 Micropile Design and Construction,
dated December 2005. The maximum bending moment capacity at a joint location was computed and
compared to the estimated maximum bending moment at the approximate depth of threaded joint
developed in the lateral response analysis. For threaded joint located at 10 feet (typical) below the top of
pile the joint bending moment capacity is exceeded when the pile head deflection is greater than 0.5-inch.
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If higher bending resistance is required, a larger casing section may be specified, or a smaller pipe may be
placed inside the casing and extended below the location of the moment at the joint.

Note that the cast-in-place wall positioned in front of the existing abutments is also proposed along with the
micropile option. The CIP wall would reduce the lateral load demand on the proposed micropiles.

3.2 Lateral Earth Pressures

Abutments will be subject to soil lateral pressures from earth, line loads, traffic loads, seismic loads and
other loads, and hydrostatic pressures. The design lateral pressures should be calculated by adding earth
and water pressures, and surcharge pressures from structures near the proposed wall. Walls braced at
the top such that lateral deflections are not permitted or restricted, should be designed for an at-rest earth
pressure. Free standing walls not braced at the top may be designed for an active earth pressure, provided
lateral movements at the top of the wall are acceptable throughout the life of each wall.

Lateral earth pressure design parameters presented in the following table assume horizontal grades in front
of and behind the walls:

Table 3: Retaining Wall Design Parameters

Total Unit Friction Ko, At-Rest Ka, Active Kp’garfﬁlve
Material Weight Angle Earth Pressure | Earth Pressure Pre&slsure
(pcf) (degrees) Coefficient Coefficient Coefficient
Granular Borrow or
Granular 125 32 0.47 0.31 3.25
Underwater Backfill

3.3  Seismic Design Criteria

In accordance with AASHTO-9, Section 3.10, the seismic criteria are as follows:

1 Site Class: D

1 Peak Ground Acceleration (PGA): 0.09¢
1 Spectral Response Acceleration at short period (Ss): 0.19¢
1 Spectral Response Acceleration at 1 sec. (S1): 0.048 g
91 Site Coefficient Fpga (Table 3.10.3.2-1): 1.6

91 Site Coefficient Fa (Table 3.10.3.2-2): 1.6

1 Site Coefficient Fv (Table 3.10.3.2-3): 2.4

1 Adjusted PGA, As 0.144
1 Adjusted Spectral Response SDS: 0.304 g
1 Adjusted Spectral Response SD1: 0.115¢

Based on the boring information, the site soils are not susceptible to liquefaction. The site classifies as
Seismic Zone 1 with an Sp1 < 0.15g.

3.4 Seismic Pressure

In accordance with AASHTO LRFD Bridge Design Manual, Table 3.10.6-1, bridges located in areas where
the horizontal acceleration coefficient is less than or equal to 0.15 will be assigned to Seismic Zone 1.
According to Section 3.10.9.1, a seismic analysis is not required for single-span bridges and bridge located
in Seismic Zone 1.
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4.0 CONSTRUCTION CONSIDERATIONS

The purpose of this section is to discuss geotechnical related construction issues for the planned bridge
replacement.

4.1 Foundation Installation

The spun pipe piles may be installed using similar equipment and procedures as those used for micropile
construction. The Contractor may be required to use a drilling technique that can penetrate obstructions.
Based on the results of the geotechnical exploration, the granular deposits encountered on site will become
unstable in unsupported drill holes. Therefore, the use of steel casings during drilling to control ground
losses will be required.

The Contractor should submit their proposed installation procedures, including construction procedures and
sequencing, material specifications, equipment specifications, quality control documentation method and
criteria, and safety monitoring procedures, for approval by the Geotechnical Engineer of record a minimum
of 10 business days prior to the start of construction. The rock bearing surface should be verified by an
experienced geologist prior to grouting and the entirety of the pile installation should be inspected by a
gualified geotechnical engineer or geologist.

The grout level should be maintained at the top of the element and monitored to ensure that the grout flow
is unobstructed and completely fills the drill hole. Piles should be grouted as soon as possible and on the
same day after drilling is completed. Subsequent piles should not be drilled near elements that have been
grouted until the grout has had sufficient time to harden.

At a minimum, the following information should be recorded during installation:

1 Measurements of pile lengths (including top and tip elevations of constructed piles), casing lengths,
and diameters.

Measurement of grout volumes.

Depth of bearing layer surface, and embedment into the bearing layer.

During pile construction, all pile installation records should be provided to the Geotechnical Engineer of
record on a daily basis.

If micropiles are selected and installed as the preferred foundation type, center bar reinforcing steel should
be inserted in the open drill hole prior to grouting. If the micropile holes are over drilled, the annulus between
the design pile diameter and the drill hole diameter must be filled with grout placed during the installation
of the micropile, in order to ensure that full contact is established between the grout and surrounding ground.

Should the final design utilize micropiles deriving capacity through side resistance, an uplift load could be
performed. This method is advantageous as the pile test load is developed by jacking the pile against the
ground.

4.2  Utility Replacement

We understand that Norway Water is considering replacement of the existing 10-inch diameter, cast iron
water line that is buried beneath Tannery Brook with a larger 12-inch diameter water line. In our opinion,
this water line could be replaced safely and with less disruption to the bridge and roadway if pipe bursting
is used. This method opens the existing pipe and forces it outward using a bursting tool, which is pulled
through the existing pipe while pulling the replacement pipe behind it. This method can pull in a variety of
replacement pipe types including ductile iron pipe, concrete pipe, and HDPE pipe. Ideally, the water line
would be replaced prior to installation of the foundations. If the replacement pipe is installed after foundation
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installations are completed, we recommend that a clear space of at least 18 inches be maintained between
the foundations and the water line.

The existing gravity sewer may also be replaced by Norway Wastewater. The existing 14-inch diameter
asbestos sewer is concrete encased and passes through the stream channel. Due to the proximity of the
sewer to the center line of the road and the relatively shallow depth of the sewer, an open cut would be
required to replace the existing pipe. An open cut may require the partial removal of the existing granite
block abutment, the diversion of Tannery Brook to allow construction in the dry, and installation of shoring
along the roadway and possibly at the abutment to limit the excavation size and impact on adjacent utilities
and structures. Due to the vibration associated with any shoring installation and partial removal of the
abutment walls there is risk that the mortar between blocks left in place could crack and de-bond from the
blocks, leaving the walls in a weakened state.

If the sewer is replaced in an open cut, we recommend the following:

1 Pre-construction and post-construction survey of each bridge abutment and all structures within
250 feet of construction.

Vibration monitoring during construction using seismographs.

Installation of deformation monitoring points on the existing abutments and the adjacent structures.

One alternative for the replacement sewer could be to install the replacement sewer in an open cut at the
downstream end of the bridge. This will reduce the disruption to the roadway and eliminate the need to
demolish the existing abutment walls in the vicinity of the existing sewer main. To avoid issues with fish
passage, an inverted siphon design would be required to allow passage of the sewer below Tannery Brook.
We recommend this alternative be considered along with other site constraints to determine feasibility.

4.3 Subgrade Preparation

Loose or soft soils identified during the compaction of the subgrade should be excavated to a suitable
bearing stratum as determined by the field representative of AECOM. Grades should be restored by
backfilling with Granular Borrow, Gravel Borrow, or crushed stone.

To reduce the potential of increasing lateral pressures on either existing abutment walls to remain in place
or new abutment walls, fill placed within 3 feet of walls should be compacted using a small plate compactor
imparting a maximum dynamic effort of 4 kips. The fill within 3 feet of the abutment wall should be placed
in maximum 8-inch loose lifts.

When crushed stone is required in the drawings or it is used for the convenience of the contractor, it should
be wrapped in a geotextile fabric for separation except where introduction of the geotextile promotes sliding.

4.4  Subgrade Protection

The onsite soils are anticipated to be frost susceptible. If construction takes place during freezing weather,
special measures such as heat blankets or other measures should be taken to prevent the subgrade from
freezing. Excavations should be backfilled as soon as possible after construction. Soil used as backfill
should be free of frozen material, as should be the ground on which it is placed. Fill placement should be
halted during freezing weather.

4.5 Water Control

Temporary excavations that extend below El. 367.5 will require dewatering so that the work is conducted
in the dry. It is expected that dewatering may be accomplished by well points or with local filtered sump
pumps installed in low points of the excavation. Groundwater levels should be maintained at a minimum
of 2 feet below the bottom of excavations during construction. To reduce the potential for sinkholes
developing over sump pump pits after the sump pumps are removed, the crushed stone placed in the sump
pump pits should be wrapped in a geotextile fabric. Alternatively, the crushed stone should be entirely
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removed after the sump pump is no longer in use and the sump pump pit should be restored with suitable
backfill.

Dewatering systems for bridge construction should be designed by the Contractor’s professional engineer
registered in the State of Maine and submitted to the geotechnical engineer of record for review at least
two weeks prior to the start of construction. Discharge water must be managed in accordance with local,
state, and federal government requirements.

4.6 Soil Excavations

The Contractor will be responsible for the excavation in accordance with the applicable federal and state
laws and regulations, including OSHA.

The site soils should generally be considered Type “C” in accordance with OSHA and should have a
maximum allowable slope of 1.5 horizontal:1 vertical for excavations less than 20 feet deep. In areas where
the horizontal distance between the edge of any excavation and the bottom of existing structures is less
than twice the vertical distance between the bottom of the excavation and the bottom of the existing
structure, excavation support systems will be required to prevent the undermining of existing structures.
Major utilities may also be protected with temporary sheeting as determined by the contractor on a case-
by-case basis. Any excavation support system, if required, should be designed by the Contractor’s
professional engineer registered in the State of Maine.

4.7 Temporary Earth Support

Construction of a new bridge may require a temporary earth support system. The contractor should select
the excavation support type to fit the construction sequence, including the support of any utilities crossing
the bridge. The temporary earth support system should be designed by a professional engineer registered
in the state of Maine and engaged by the Contractor. The design should be submitted to the Geotechnical
Engineer of record for review at least two weeks prior to the start of construction.

4.8 Protection of Existing Utilities

Existing utilities may be encountered in the vicinity of the work. There are two existing utilities, a gravity
sewer and a waterline, that must remain in place in their current locations at the bottom of Tannery Brook.
Proper planning and protection measures should be implemented to protect the existing utilities and
minimize impacts accordingly.

4.9 Construction Monitoring

It is recommended that AECOM be retained to provide geotechnical engineering observation and
consultation services during construction to observe compliance with design and construction
recommendations and specifications.  The field representative would undertake the following
responsibilities:
91 Verify foundation installation procedures.
Observe and document foundation installation.
Monitor all excavation activities.
Monitor all SOE operations, if required.
Monitor all dewatering operations, if any.
Provide recommendations regarding re-use of on-site sails.
Observe and document the placement and compaction of fill materials.
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Additionally, the field representative would be present to verify and provide timely responses to the project
team in the event that the actual conditions encountered differ from those described herein.
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Appendix A

Boring Locations Plan, Generalized Subsurface Profile,

Test Boring Logs and Probe Logs
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