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Timothy S. Bryant, P.E.

Project Manager/Team Leader
Vanasse Hangen Brustlin, Inc.

6 Bedford Farms Drive, Suite 607
Bedford, New Hampshire 03110-6352

RE: PRELIMINARY GEOTECHNICAL INVESTIGATION
CLARK BRIDGE REPLACEMENT
MAINE ROUTE 102
TREMONT, MAINE
MAINE DOT WIN 19305.00

Dear Mr. Bryant:

Golder Associates Inc. (Golder) is pleased to submit this Preliminary Geotechnical Investigation report to
Vanasse Hangen Brustlin, Inc. (VHB) for the proposed Clark Bridge replacement carrying Maine Route
102 over Marshall Brook and abutting approach causeway improvements in Tremont, Maine. The report
presents the findings from our field investigation and laboratory testing programs, and summarizes our
preliminary geotechnical considerations for design in support of VHB’s Preliminary Design Report to be
submitted to the Maine Department of Transportation. Our work was completed in accordance with our
Project Contract with VHB executed April 25, 2012, and our proposal dated March 8, 2012.

It has been a pleasure working with VHB on this project and we are looking forward to providing our
services to VHB through final design. Please contact us if you have any questions concerning our report
or require additional geotechnical information.

Sincerely,

GOLDER ASSOCIATES INC.

Jay R. Smerekanicz, P.G.
Senior Consultant and Associate

Mark S. Peterson, P.E.
Senior Consultant and Associate
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1.0 INTRODUCTION

This report summarizes the results of Golder Associates Inc.’s (Golder’s) preliminary geotechnical
investigation for replacement of the Clark Bridge carrying Maine Route 102 over Marshall Brook in
Tremont, Maine (see Figure 1). The purpose of this report is to present soils and bedrock information at
the bridge and causeway approach embankments obtained from subsurface investigations, geophysical
investigations, and laboratory tests; discuss geotechnical considerations for the bridge foundations and
causeway embankments; and present recommended geotechnical parameters for design and
construction. Our work was completed in accordance with our original Project Contract executed April 25,
2012.

1.1 Background

The Maine Department of Transportation (MaineDOT) is planning to replace the existing Clark Bridge
carrying Maine Route 102 over Marshall Brook in Tremont, Maine, and widen the existing approach
causeways to accommodate a pedestrian walkway. Clark Bridge was constructed in 1924 to replace two
single span bridges, and is a 15-foot (ft) clear span cast-in-place concrete superstructure supported on
dry-laid stone masonry abutments. The bridge has a clear roadway width of 21 ft. Two causeways form
the west and east bridge approaches, and are about 20 and 100 ft long, respectively, as shown on Figure
2. According to the 1924 design drawings (see Appendix A), the causeways were to be constructed of
timber cribbing and stone fill, and the abutments and wingwalls were to be constructed of dry laid stone
blocks. The 1924 design drawings also show a timber span bridge about 18 ft long within the southeast
causeway. Overhead utilities exist on both sides of the roadway at the bridge approaches, and a
permanent United States Geological Survey (USGS) gauging station is located at the northwest corner of
the bridge. The bridge is subject to rapid, supercritical flows during ebb and flood tides, and a hydraulic
evaluation is required to assess the existing flow constrictions and hydraulic performance of replacement
alternatives with larger or multiple openings. VHB has subcontracted Northstar Hyrdro, Inc. of Winthrop,

Maine to conduct the hydrologic, hydraulic and scour analyses for the project.

According to MaineDOT" the concrete superstructure is in fair condition with extensive map cracking and
efflorescence visible on the underside. Map cracking, also called pattern cracking, is often caused by
surface drying shrinkage, restrained by underlying (or overlying in the case of a bridge deck) concrete that
shrinks less; expansion due to alkali-silica reaction; and restrained thermal contraction. MaineDOT also
concluded the stone masonry abutments are in poor condition, with evidence of scour undermining

portions of the abutments, resulting in movement of the stones in some courses of the abutment masonry.

' Maine Department of Transportation, June 1, 2011. Structure Inventory and Appraisal Sheet (English Units), Bridge
No. 3663, State Route 102, Tremont, Maine. Maintenance and Operations, Bridge Maintenance, 1 p.
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1.2  Site and Project Description

The site lies within the town of Tremont, located in the southwest portion of Mount Desert Island, Maine.
The roadway across the causeway and bridge is narrow, about 21 (on bridge) to 24 ft (on causeway)
inclusive of both lanes and thin shoulders, and the total length inclusive of both causeways and the bridge
is about 220 ft. The inboard and outboard slopes of the causeways are graded at about 1.75 horizontal to
1 vertical (1.75H:1V) grades, and are armored with rip rap stone typically varying from about 6 to 12
inches in size. The causeway crest and bridge grade lie about 6 to 7 ft above mean water elevation as
surveyed by VHB, and have an elevation of about 11 to 12 ft, NAVD88 datum. Right-of-way is limited to
about 33 ft on both sides of the roadway centerline (i.e., 66 ft in total width). Adjacent landowners include
Acadia National Park on both sides of the causeway, and the Town of Tremont elementary school
northwest of the causeway. Marshall Brook flows to the southwest, draining Bass Harbor Marsh into
Bass Harbor. The brook is tidally influenced, and the mean water elevation is approximately +5.5 ft mean
sea level (msl). The tidal variation is about 10 to 12 ft>. We observed that during low tide, the water level
at the bridge and causeway is governed by the water level draining from Marshall Brook under the bridge.
During high tide, the water level at the bridge is governed by the tide level, as the flow reverses and is

directed upstream.

The replacement bridge is currently planned to be either a 30-ft simple span bridge or a 50- to 60-ft span
bridge. Bridge replacement alternatives planned to be evaluated by VHB include: concrete rigid frame;
semi-integral or integral, precast-prestressed beam bridge; and single or multiple cell concrete box
culverts. We understand the new construction is planned to include 2 ft shoulders and a 5 ft wide
pedestrian walkway to the southwest side of the causeway and bridge. Accordingly, the replacement
bridge is planned to be about 31 to 32 ft wide and the causeway will be widened about 7 to 8 ft to the
southwest. To stay within the existing right-of-way the causeway fill slope on the sidewalk side
(southwest) needs to be steeply sloped at about 1.25H:1V or steeper. The current project schedule
includes completion of the Preliminary Design Report (PDR) in November 2012, PS&E completion in

January 2014, construction award in March 2014, and end of construction by September 2014.

2 http://freetidetables.com/sid/3320c7e4/tf/ttp/fmt/ttb, accessed July 17, 2012.
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2.0 GEOLOGIC SETTING

Regional surficial geologic mapping indicates the surficial soils are Pleistocene-aged emerged marine
sediments deposited in environment when relative sea level was higher than present®. The surficial soils
mapped on the west side of the brook consist of fine-grained sediments consisting of silt, clay and sand
laid down in quite-water environments on the sea floor. The surficial soils mapped on the east side of the
brook consist of undifferentiated sediments, comprised of marine sediments that have been mixed by

wave action and thus are difficult to distinguish as either coarse- or fine-grained.

Regional bedrock geologic mapping indicates the bedrock consists of light-colored volcanic tuffs and
metamorphosed siltstones and slates of the Silurian aged Cranberry Island Volcanic Series*®. The
bedrock beneath the site is mapped as the upper member of the series, consisting of brown felsites and
gray to brown dacite flows. The felsites have been mapped as a uniform, pink, very fine- to fine-grained

granite.6

3 Lowel, T.V. and Borns, H.W.Jr., 1988. Surficial Geology of Mount Desert Island — A Visitor's Guide to the Geology of Acadia
National Park, Maine Geological Survey, Bulletin 38, map scale 1:50,000.

4 Gilman, R.A., Chapman, C.A,, Lowel, T.V. and Borns, H.W.Jr., 1988. The Geology of Mount Desert Island — A Visitor's Guide to
the Geology of Acadia National Park. Maine Geological Survey, Bulletin 38, 50 p.

5 Graham, J., 2010. Acadia National Park: Geologic Resources Inventory Report. Natural Resource Report NPS/NRPC/GRD/NRR-
2010/232, National Park Service, Ft. Collins, Colorado, 63 p.

6 Lubick, N., 1994. The Silurian (?) Cranberry Island Volcanic Series on Mt. Desert Island, Maine. In Woodward, H.H., ed., The Keck
Geology Consortium, 7" Keck Symposium Volume, Beloit College, p. 25-28.
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3.0 PRELIMINARY SUBSURFACE INVESTIGATION

Golder’s field investigation comprised a three-phased investigation, consisting of a subsurface
geotechnical borehole investigation program (including laboratory testing); a geophysical survey
investigation program; and a bedrock mapping program. Prior to conducting the field work, we compiled
our site-specific “Health and Safety Plan” (HASP) for the field program based on our understanding of the
potential risks to which field personnel may be exposed while performing work in the project area. During
the borehole investigation program, a Golder field geotechnical engineer conducted surface
reconnaissance, monitored the drilling operations on a full-time basis, selected sample locations, and
logged the subsurface conditions encountered. During the geophysical investigation, a Golder senior
geologist observed and assisted the geophysical subconsultant during the surveys. For both the borehole
and geophysical surveys, the drilling subcontractor provided temporary lane closures to facilitate room to
conduct the work. Golder mapped bedrock outcrops visible in the vicinity of the bridge. The field program
was completed in accordance with “Level D” personal protection. The remainder of this section provides

a summary of the field investigations for these programs.

3.1  Subsurface Explorations

The subsurface exploration program included drilling six test borings and making a series of shallow hand
rod probes at the locations shown on Figure 2. The borings were drilled between May 14 and 16, 2012
by Maine Test Borings, Inc. (MTB), of Hermon, Maine using a Mobile B-53 truck-mounted rotary drill rig.
BB-TMB-101, BB-TMB-102 and BB-TMB-103 were advanced with solid stem augers to a depth of
approximately 3 feet before switching to HW spun casing to the bedrock surface and then rock coring with
a double—tube core barrel. Total boring depths ranged from 21.2 to 30.0 ft below ground surface (bgs) at
these three borings. BB-TMB-104, BB-TMB-105 and BB-TMB-106 were advanced to depths of 6.6 to
12.1 ft bgs with solid stem augers to approximately 5 ft and hollow stem augers to refusal with no rock
coring. At the completion of each boring, MTB removed the drilling tools and allowed the borehole to
partially collapse before backfilling the remaining open borehole with drill cuttings. The top 12 inches of

each borehole was filled with cold patch asphalt.

Standard Penetration Test (SPT) sampling was conducted in all six borings at intervals varying from
continuous to 5 ft. Three inch inner diameter (ID) split spoons were used to increase the soil recovery
and attempt to sample rock fill encountered underneath the roadway. Standard 1-3/8-inch ID split spoons
were driven 24 inches by a 140 pound hammer dropped 30 inches using a rope and cathead. Three inch
split spoons were driven 24 inches by a 300 pound hammer dropped 16 inches using a hydraulic safety
driver. Golder recorded the number of hammer blows required to advance the sampler at 6-inch
increments, lithologic descriptions, sample recovery lengths, and groundwater conditions. Drill behavior
during casing and auger advancement and cuttings observed during drilling were also recorded. Golder
collected soil samples from each SPT split spoon for visual identification and laboratory testing. After
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reaching bedrock refusal in BB-TMB-101, -102 and -103, MTB obtained 9.6 to 10 feet of NQ sized
bedrock core from these three borings. Groundwater measurements were taken within the borehole

casing at the time of drilling.

In June 2012 VHB completed a survey of the as-drilled locations and ground surface elevations for the
borings. The locations are reported as northing and easting coordinates (in feet) relative to the Maine
State Plane Coordinate System, North American Datum of 1983 (NAD 83), Maine 2000 East Zone.
Ground surface elevations are measured in feet and reference the North American Vertical Datum of
1988 (NAVD 88). Table 1 includes a summary of the boring information including as-drilled elevations,
station, offsets, coordinates, and boring depth. Station and offsets provided in Table 1 are from the

centerline of Route 102.

Details of the sampling methods used, field data obtained, and soil, bedrock and groundwater conditions
encountered are presented on the boring logs included in Appendix B. A hammer efficiency factor of 0.60
was used for the rope and cathead method in determining the Ngg corrections’ shown on the logs. Soils
were field classified in general accordance with ASTM D 2488 and Modified Burmister descriptions. A
description of the boring log symbols and terms used for the soil and rock descriptions precedes the
boring logs presented in Appendix B. Photographs of the rock core are included in Appendix C. Table 2

summarizes rock core descriptions and quality assessments.

3.2 Bedrock Mapping

Golder performed bedrock mapping on May 17, 2012 to provide additional information concerning
bedrock structure and quality. Three exposures of bedrock located on the southeast side of Marshall
Brook were mapped for the program (one downstream of the bridge and two upstream). At each outcrop
we described the lithology, evaluated the discontinuities, and collected representative rock samples. The
discontinuities consisted of joints, foliation planes and mineral veins. Data gathered at each outcrop

station are summarized in Appendix G.

In general, for a specific discontinuity to be noted and measured, it had to have a persistence greater than
three feet. This criteria produced a bias toward open or potentially unstable joint conditions and was
incorporated in the field measurements to avoid measuring insignificant discontinuities that would have
little influence on kinematic stability calculations (e.g., tight foliation planes). The following notes and

measurements were made for each discontinuity:

B type (i.e., joint, foliation or vein) B strength

B orientation (dip and dip direction) B surface roughness

! Standard Penetration Test N-values (blows per foot) corrected for hammer energy to determine an equivalent N value for a
hammer with 60% efficiency are designated as Ngo values. N values discussed in the report generally refer to corrected Neo values.

P:\Projects\2012\123-87440 VHB Tremont Bridge\700 Reports\Final Report\Preliminary Geotechnical Investigation.docx



December 2012 6 Project No.: 123-87440

B persistence (feet) B fracture shape
B aperture (inches) H water
B infilling material B fracture spacing (feet)

Orientation measurements were obtained with a Brunton geologic compass, with a magnetic declination
correction of 17 degrees west of true north, as indicated on regional United States Geological Survey

topographic maps. A total of 35 discontinuities were measured at the outcrops.

3.3 Geophysical Investigation

Golder subcontracted Hager-Richter Geoscience Inc. (HR) to conduct geophysical surveys at the site.
HR conducted the surveys on May 17, 2012 along roughly the 235 foot long section of Route 102 shown
on Figure 2 including the bridge and adjacent causeway approaches. The survey consisted of seismic
refraction to estimate subsurface geophysical properties and estimate depth to bedrock; and ground
penetrating radar (GPR) to investigate potential voids and other buried structures within the causeways.
Due to traffic concerns, the need for the seismic survey line to be straight, and the curve of the roadway,
the seismic survey could only be conducted in the northeast side of the roadway, i.e., the west bound
lane. As the GPR survey lines do not need to be exactly straight/perpendicular, HR conducted the GPR
survey over the whole roadway width at a longitudinal spacing of 5-ft, and a perpendicular spacing of
about 50-ft. Appendix F contains HR’s geophysical survey report including a description of the survey

methods performed, a presentation of findings, and an interpretation of results.
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4.0 LABORATORY TESTING

Golder subcontracted GeoTesting Express (GTX) of Acton, Massachusetts to perform the laboratory soil
and rock testing. Golder selected eight soil samples from the geotechnical borings for mechanical sieve
gradation and moisture content analyses for all samples according to ASTM methods. The gradation and
moisture content test results are summarized in Table 3 and laboratory data are presented in Appendix D.
Golder also selected four rock core samples for point load testing and two rock core samples for
unconfined compression testing in accordance with ASTM methods. The results of the rock core testing
are presented in Table 4 and Appendix E. Golder used the results of gradation tests to classify the soils
and estimate soil engineering properties. Golder used the results of the rock core tests to estimate

bedrock properties (in conjunction with the results of the bedrock mapping program).
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5.0 GENERAL SUBSURFACE CONDITIONS
5.1 Regional Geology

The site is located in the New Brunswick Highlands physiographic province of downeast Maine. Surficial
materials of the area consist of unconsolidated sediments of glacial and nonglacial origin, including glacial
till, and glaciofluvial, glaciolacustrine and marine clay deposits. Other deposits include marine sediments,
beach, talus and wetland deposits. Some of these sediments occur above current sea level due to crustal

rebound, the effect of the earth’s crust rising slowly after deglaciation.

The northwest portion of the site area is underlain by emerged marine sediments mapped as Quaternary-
age fine-grained sediments (blanket deposits of silt, clay and sand laid down in quiet water sea floor
environments. The southeast portion of the site area is underlain by undifferentiated emerged marine
sediments mapped as Quaternary-age marine sediments mixed by wave action, consisting of both
coarse- and fine-grained sediments. The underlying bedrock consists of the upper member Silurian-
Devonian Cranberry Island Series, consisting of light grained fine grained granitic rocks and dark gray

lava flows. These two distinct lithologies exist at the site, as described below.

5.2  Soil Conditions

Soils encountered at the borings were found to generally include asphalt and fill materials placed during
construction of the causeway and bridge abutments, and naturally occurring emerged marine sediments.
The underlying bedrock surface is interpreted to range from about 5 to 20 ft below the road grade as

shown on Figure 3 subsurface profile based on the test boring and geophysical data.

In general, our subsurface investigations determined that causeway fill materials are consistent with those
shown in the 1924 design drawings. These drawings show distinct areas where timber cribbing piers
separated with stone fill were intended to be constructed. Both stone fill and wood were obtained in
samples collected during the drilling program, and linear features interpreted as wooden structures were
found during the geophysical investigation. However the data generated from our investigation are not
detailed enough to corroborate or confirm the extent of the materials depicted and thus intended in the
1924 design drawings. But our investigation does suggest that the bedrock surface beneath the bridge
and causeways does not agree with that shown in the 1924 drawings, particularly a dip in the bedrock

beneath the northwest abutment.
The following sections describe the encountered soil and bedrock layers in more detail.

Asphalt Pavement
Asphalt pavement ranging from 6 to 10 inches (0.5 to 0.8 ft) thick was encountered in the six borings.
The asphalt pavement consists of two layers, and upper wearing coarse ranging from 4 to 7 inches (0.3 to

0.6 ft) thick; and an underlying base course ranging from 1 to 4 inches (0.1 to 0.3 ft) thick.

P:\Projects\2012\123-87440 VHB Tremont Bridge\700 Reports\Final Report\Preliminary Geotechnical Investigation.docx



December 2012 9 Project No.: 123-87440

Causeway Subgrade Fill

Sand and gravel subgrade fill materials ranging in thickness from 1.7 to 4.8 ft were encountered directly
beneath the asphalt pavement at the boring locations. The fill materials consist of light to dark brown,
red-brown and light brown-gray, medium dense to dense, damp, gravely, fine to coarse sand; sandy
coarse gravel; and silty fine sand. The subgrade fill is thinner closer to the abutments (about 1.8 ft thick),
and is thicker within the causeways (up to about 4.8 ft thick). Corrected SPT N-values® in the fill materials
ranged from 12 to 50+, with an average of 25, indicating a medium dense consistency; however, the high
50+ N-value is likely influenced by underlying rock fill and is therefore likely artificially high. Three grain
size analyses of this layer indicated AASHTO classifications of A-4, A-1-a and A-1-b; and GM, SM and
GW-GM under the Unified Soil Classification System (Unified). The measured water content of the tested

samples ranged from about 5 to 22 percent.

Rock Fill

Rock fill material was encountered in five of the six borings (BB-TMB-106 being the exception). Rock fill
ranged in thickness from 1.6 to 8.6 ft. The rock fill consists of boulders, cobbles, gray to dark green fine to
coarse gravels, with a trace of silt and trace to some fine to coarse sand. Sample recovery, even with the 3-
inch diameter split spoons, was poor. Cobbles up to 3 inches in diameter, and boulders up to 1 ft thick were
encountered during drilling. N-values ranged from 18 to 76, with an average of 37, indicating a dense
consistency; however, the high N-values are likely influenced by boulders and are therefore likely artificially
high. From visual identification the material has a GM Unified classification. The borehole log description of
the rock fill in boring BB-TMB-104 indicates the sand content of the auger cuttings generally decreased with
depth. Wood, interpreted to be from the timber cribbing used to construct the causeway and bridge

abutments, was encountered within the lower portion of the rock fill layer in boring BB-TMB-103.

Wood

Wood materials interpreted to be from timber cribbing were encountered in boring BB-TMB-103 from 9.0
to 10.4 ft bgs. The wood materials were returned to the surface while washing out the drill casing with a
roller bit. The wood did not appear to be rotten. Interpreted wood structures detected during the

geophysical survey are discussed in Section 5.5.

Emerged Marine Sediments

Emerged marine sediments were encountered in borings BB-TMB-103 and -106, beneath the rock fill and
subgrade fill materials, respectively. These sediments range in thickness from 1.8 to 7.3 ft at BB-TMB-
106 and 103, respectively, and consist of gray, blue-gray and dark gray, loose to very dense, fine to

coarse gravel, fine sandy silt, and silt. N-values ranged from 7 to 110, with an average of 56, indicating a

8 All subsequent references to SPT N-values in this report pertain to the energy corrected Ngo values shown on the boring logs in
Appendix A.
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very dense consistency. Three grain size analyses of this layer indicated AASHTO classifications of A-1-
a, A-1-b and A-4; and GM, SM and ML Unified classifications. The measured water content of the tested
samples ranged from about 11 to 47 percent. The emerged marine sediments beneath the current bridge
consist of coarser denser materials (fine to coarse gravel), and the marine sediments beneath the

southeast causeway consist of silts.

5.3 Bedrock

Bedrock was encountered in three borings as determined from rock core (BB-TMB-101, -102 and -103),
and suspected from drill rig/solid stem auger refusal and extrapolated exposed bedrock in the other three
borings. Bedrock surface depths are interpreted to be about 18.3 ft and 10.8 ft bgs at the west and east
abutments of the existing bridge, respectively. Along the east causeway approach the bedrock surface
rises to the east and varies from about 10.8 ft to 6.6 ft bgs. At the west causeway approach the bedrock
surface appears to rise from the west bridge abutment from about 18.3 to about 12.1 ft bgs at boring BB-
TMB-104 and to about 6.9 ft bgs at Sta. 15+00 based on the geophysical survey findings discussed in
Section 5.5. Based on bedrock outcrops on the east side of Marshall Brook, and in the rock core, two
lithologies are present beneath the site. Within boring BB-TMB-101 and in the bedrock exposures on the
east side of Marshall Brook, a dark pinkish gray, fine to medium grained granite gneiss is present. This
rock is strong (R4), moderately to slightly weathered and contains discontinuities close to closely spaced.
Thin basalt dikes and quartz veins cut through the rock. Laboratory testing indicates this rock type has a

compressive strength ranging from 26,800 to 37,000 pounds per square inch (psi).

Within borings BB-TMB-102 and -103, a dark gray to greenish black, very fine grained metavolcanic unit
was encountered. This rock is medium weak to strong (R3 to R4), moderately to highly weathered, with
close to very closely spaced discontinuities, with thin weak mineral coatings (e.g., chlorite and talc).

Laboratory testing indicates this rock type has a compressive strength ranging from 11,900 to 18,800 psi.

The nature of the contact between these lithologies is unknown at this time, but may either be
stratigraphic, dipping at a steep angle between borings BB-TMB-101 and -102, or due to a high angle
fault, also located between these two borings. An unmapped fault may be the plausible explanation,

providing a path of weakness in the bedrock for Marshall Brook to follow.

Golder used bedrock data collected from outcrop and rock core, and from laboratory testing to estimate
the rock mass rating (RMR) and geologic strength index (GSI) for use in assessing bedrock bearing
resistance for both bedrock lithologies encountered. The RMR for individual core runs is presented in
Table 2. The rock core based RMR within the granite gneiss lithology, i.e., bedrock southeast of the
southeast abutment ranges from 46 to 49 (average of 47.5). The rock core based RMR for individual core
runs within the metavolcanics lithology, i.e., bedrock beneath both abutments, ranges from 13 to 31

(average of 23.6). The rock core/outcrop based RMR and GSI for the granite gneiss lithology are 50 and
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45; the rock core/outcrop based RMR and GSI for the metavolcanics is 28 and 31. Appendix E contains

the calculations for estimating these ratings.

5.4  Groundwater

Groundwater levels measured in open boreholes in the borings during drilling ranged from Elevation +1.6
to +3.0 ft, which generally corresponds to the surface water level in Marshall Brook. However, as
Marshall Brook is tidally influenced, these groundwater levels likely fluctuate with a lag relative to the
tides. Groundwater levels fluctuate due to other natural variations, such as seasonal/climatic influences,

precipitation and temperature, and to other variations such as construction and groundwater pumping.

5.5 Geophysical Survey Results/Interpretation

A detailed discussion of the findings and interpretation of HR’s geophysical survey is presented in their
report included in Appendix F. The results of the seismic survey indicate undifferentiated seismic
velocities of the causeway fill and rock fill materials and emerged marine sediments overlying bedrock
range from 1,600 to 2,000 feet/second (ft/sec). Bedrock seismic velocities ranged from 12,500 ft/sec to
15,800 ft/sec. The seismic survey indicates bedrock depths range between 6.9 ft bgs beneath the
northwest causeway, to 15.8 ft bgs beneath the northwest abutment, to 7.3 ft bgs beneath the southeast
causeway. These results are generally consistent with the bedrock surface interpreted from the borehole

investigation.

The results of the GPR survey indicate a “possible shallow buried structure” exists between Station (Sta)
16+37 and 16+55.5 within the southeast causeway, approximately where a former timber span bridge is
shown on the 1924 design drawings. The GPR survey also detected three linear features near Sta
15+60, 16+22 and 16+63, interpreted to be edges of timber cribbing structures within or near the base of
the rock fill. Comparison with the 1924 drawings indicates the linear features at Sta 15+60 and 16+22
correlate with a timber crib area and an edge of timber cribbing, respectively. The feature at Sta 16+65

occurs in an area where no timber cribbing is shown on the 1924 design drawings.

The interpretation of the possible buried structure is consistent with an apparent opening that may have
been subsequently filled as shown in the 1924 drawing (see Appendix A). The drawing indicates a log
pier crib was constructed northwest of the northwest bridge abutment to support the northwest causeway.
The drawing also shows two crib piers separated by stone fill (about 45 ft long total) were placed
southeast of the southeast abutment to support the northwest side of the southeast causeway. An open
area about 18 ft long and supported by horizontal timber elements, presumably a previous inlet/outlet
structure for the brook, was constructed southeast of the two crib pier structures. Southeast of the open
area the drawing shows a field stone abutment and retaining walls. These structures appear to have

been placed on bedrock and constructed to elevations above high tide.
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The GPR also detected buried surfaces within the northwest and southeast ends of the causeways,
possibly representing the road base materials overlying rock fill. HR interpreted reflections in the GPR
data as surfaces between sand and gravel (i.e., causeway subgrade fill) overlying boulder and cobble fill
(i.e., rock fill). The depth of these surfaces (where detected) ranged from about 3 to 4 ft bgs.
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6.0 REPLACEMENT BRIDGE FOUNDATION CONSIDERATIONS

As indicated on the Figure 3 subsurface profile the bedrock surface is interpreted to be at, or in close
proximity to, the base of new abutments for a 30 foot span or 60 ft span replacement bridge centered
across the existing bridge location. Accordingly, technically feasible foundation systems for the
replacement bridge are considered to be limited to full height cantilever-type abutments and wingwalls on
spread footings bearing directly on bedrock or on a concrete seal, if required, bearing on bedrock.
Conventional stub abutments on spread footings constructed on mechanically stabilized earth (MSE) wall-
wrapped approach embankments are not considered feasible due to erosion risks of the MSE wall backfill
materials. Pile supported abutments are not considered feasible due to scour, fixity and lateral resistance

considerations.

The bedrock surface for the new east abutment is estimated to be at about Elev. 0 ft which is close to the
streambed grade of the adjacent Marshall Book. If the new west abutment is located in the vicinity of
boring BB-TMB-103 the bedrock surface is estimated to be at about Elev. -5 ft. Excavations in causeway
fill materials at both abutments are expected to encounter sand and gravel subgrade fills, gravel and
cobble rock fills and timber cribbing as described in Section 5.2. At the east abutment the bedrock
surface is estimated to be at the base of the timber crib rock fill. At the west abutment about 7 ft of
medium dense very dense fine to coarse gravel marine sediments will need to be removed below the

base of the timber crib rock fill to expose the bedrock surface.

The results of the seismic survey indicate undifferentiated bedrock seismic velocities range from 12,500
ft/sec to 15,800 ft/sec. These relatively high velocities, coupled with the high compressive strengths
determined from rock core laboratory testing indicate the bedrock is not rippable, i.e., cannot be
excavated with construction equipment such as an excavator. If rock needs to be removed for
foundations or other structures, close-in blasting or specialized non-blasting rock removal methods must

be used.
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7.0 CAUSEWAY WIDENING CONSIDERATIONS

The proposed widening of travel lanes and shoulders plus an addition of a 5 ft wide pedestrian walkway
on the south side of the bridge and southern crest of the causeway on both sides of the bridge will require
about a 7 to 8 ft widening of the causeway. The widening is currently planned to be made on the south
side of the causeway; however, right-of-way limits require the widened fill slope to be very steep, i.e.,
1.25H:1V or steeper. Feasible alternatives for widening the causeway crest are considered to include: a
moment slab supported on stable subgrade; a geo-grid (or other material) reinforced soil slope; and a
retaining wall structure with or without a sloping backfill surfaced with riprap extending up to finished road
grade. A number of different wall types could be considered including precast wall systems (e.g., T-Wall
and Doublewall), a cast-in-place cantilever wall, a geocell wall, and a gabion wall. The wall foundation
would need to bear directly on the bedrock surface and the wall backfill materials would need to be
designed to be free draining and stable from erosion under fluctuating tide cycles. Excavation
requirements into the existing causeway fill materials for reinforced slope and retaining wall alternatives
will need to be evaluated considering maintenance of traffic requirements. Design life requirements in the

salt water environment would also need to be considered.
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8.0 CLOSURE

The geotechnical information, test results and foundation considerations included in this report are
preliminary and provided for the exclusive use of VHB for development of the Preliminary Design Report
(PDR) for the replacement of the Clark Bridge in Tremont, Maine. The report was prepared in
accordance with generally accepted soil and foundation engineering practices. In the event that any
changes in the nature, design, or location of the proposed project are planned, Golder should be notified
to review the appropriateness of our conclusions and recommendations and to modify the
recommendations as appropriate to reflect the changes in design. Further, our analyses, and
recommendations are based in part on the subsurface explorations completed. Golder should be notified
if actual conditions encountered vary from those described in this report so that we may re-evaluate, and
if necessary, revise the recommendations made in this report. Upon completion of the PDR and selection
of a final bridge alignment, profile and span arrangement, geotechnical evaluations should be conducted

to provide final geotechnical design recommendations.

The professional services provided by Golder for this project included only the geotechnical aspects of the
subsurface conditions at this site. The presence or implications of possible surface and/or subsurface
contamination resulting from previous activities or uses of the site and/or resulting from the introduction
onto the site of materials from off-site sources are outside the terms of reference for this report and have

not been investigated or addressed.
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Table 1: Subsurface Exploration Locations
Preliminary Geotechnical Data Report
Clark Bridge
Tremont, Maine

MaineDOT WIN: 19305.00

Existing Borin

Test Boring Ground Surface g2 As-Drilled Locations®
. . .1 Depth Comments

Designation Elevation ft)

(ft-msl) (

Northing (ft) Easting (ft)
BB-TMB-101 11.2 21.2 153,296.02 2,172,345.66 |Bedrock at Elev. 0.4 ft-msl
BB-TMB-102 114 21.5 153,303.70 2,172,331.97 |Bedrock at Elev. 0.3 ft-msl
BB-TMB-103 11.9 30.0 153,317.75 2,172,305.90 |Bedrock at Elev. -6.4 ft-msl
BB-TMB-104 12.3 121 153,318.89 2,172,279.54 |Auger Refusal at Elev. 0.2 ft-msl
BB-TMB-105 10.5 6.6 153,261.04 2,172,384.42 |Auger Refusal at Elev. 3.9 ft-msl
BB-TMB-106 10.5 7.5 153,247.51 2,172,407.71 |Auger Refusal at Elev. 3.0 ft-msl
Notes:

1. As-drilled locations and elevations surveyed by VHB.
Coordinates reference the NAD83 (98) ME2000 West Zone coordinate system.
Elevations reference the North American Vertical Datum of 1988 (NAVD88).

2. Depth below roadway surface.
3. Boring logs presented in Appendix A.
Prepared By: MRH
Checked By: JRS
Reviewed By: MSP

4. ft=feet; msl=mean sea level.
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Table 2: Summary of Rock Core Quality
Preliminary Geotechnical Data Report
Clark Bridae
Tremont, Maine
MaineDOT WIN: 19305.00

Project No.: 123-87440

Existing Run TCR? ROD ® Intact Rock
Test Bori Ground Depth Below Rock
Dgzi n(;rtlir;a Surface No | Ground Surface | Length | Length Percent Length P t | Desi ti Weatheri St th Mass D ipti
g Elevation® . (@) ercent | Designation | Weathering | Streng Rating escription
(ft-msl) Start End (ft) (ft) (ft) 4
12.0 to 12.9 ft-bgs: Dark gray to greenish-black, very fine grained BASALT,
Moderately hard, moderately to slightly weathered, discontinuities close to very close,
Weathered moderately dipping to steep, rough to very rough, planar to irregular.
R1| 120 17.0 5.0 5.0 100% | 241 42% Poor to Slighty | R4 46 12.9t0 17.0 ft-bgs: Dark pinkish gray, fine to medium grained GRANITE
Weathered GNEISS, hard, moderately to slightly weathered, discontinuities close to very
BB-TMB-101 11.2 closely spaced, generally orthogonal, horizontal to vertical, planar, very rough
to smooth, contain calcite and manganese oxide.
Dark pinkish gray, fine to medium grained GRANITE GNEISS, hard,
Moderately - . -
Weathered moderately to slightly weathered, discontinuities close to very closely spaced,
R2| 17.0 21.2 4.2 4.2 100% 21 50% Poor to Slightl R4 49 |generally orthogonal, horizontal to vertical, planar, very rough to smooth,
Y contain calcite and manganese oxide. Thin basalt dike at 17.8 ft-bgs.,
Weathered ) ] ) .
approximately 1 inch thick and subhorizontal.
Moderately Dark gray to greenish-black, very fine grained METAVOLCANICS, hard,
R1| 115 165 5.0 42 83% 23 45% Poor Weathered R4 24 moderal\tely to slightly weathered, discontinuities close to very closgly spaced,
to Slightly subhorizontal to steep, smooth to very rough, planar to curved to irregular,
Weathered contain calcium carbonate, green talc, chlorite and fine grained pyrite.
Moderately Dark gray to greenish-black, very fine grained METAVOLCANICS, hard,
Weathered moderately to slightly weathered, discontinuities close to very closely spaced,
BB-TMB-102 11.4 R2| 16.5 19.8 3.3 32 98% 1.1 33% Poor to Slightly R4 22 |subhorizontal to steep, smooth to very rough, planar to curved to irregular,
Weathered contain calcium carbonate, green talc, chlorite and fine grained pyrite. Calcite
veins up to 1/4 inch thick common. Highly fractured zone 17.5 to 18 ft-bgs.
Moderately Dark gray to greenish-black, very fine grained METAVOLCANICS, hard,
R3| 198 215 17 14 85% 11 65% Fair Weathered R4 28 moderaltely to slightly weathered, discontinuities close to very closgly spaced,
to Slightly subhorizontal to steep, smooth to very rough, planar to curved to irregular,
Weathered contain calcium carbonate, green talc, chlorite and fine grained pyrite.
Moderately Dark gray to greenish-black, fine grained, METAVOLCANICS, moderately
R1l 200 25.0 5.0 30 60% 16 309, Poor Weat_hered R3 31 hard, slightly to moderately. weathered, highly fractured, discontinuities close
to Slightly to very closely spaced, horizontal to steep, rough to very rough, planar to
Weathered irregular, some calcite coating.
BB-TMB-103 11.9 Moderately Dark gray to greenish-black, fine grained, METAVOLCANICS, moderately
Weathered hard, slightly to moderately weathered highly fractured, discontinuities close
R2| 25.0 30.0 5.0 23 45% 0.3 7% Very Poor o Slightly R3 13 |to very closely spaced, horizontal to steep, rough to very rough, planar to
Weathered irregular, some calcite coating, highly to completely weathered zone from 24
to 24.5 ft-bgs.
Notes:

1. As-drilled elevations surveyed by VHB.

2. TCR = total core recovery. Total core recovery is the length of core recovered divided by the length of the run.

3. RQD = rock quality designation. RQD is the total length of core pieces recovered with a length greater than or equal to twice the core diameter (4
inches) measured along the core axis. The percent RQD is the total length of RQD measured versus the run length.

4. Rock Mass Rating System (Bieniawski, 1989) assigns numerical ratings to six parameters, including the strength of the intact rock, the RQD, the
discontinuity spacing, groundwater conditions, and orientation of discontinuities. These ratings are summed to give the RMR value. For the rating
adjustment for joint orientation, values of Fair (-7) were typically assigned for gently dipping, Fair to Unfavorable (-11) for moderately to steeply dipping,
and Unfavorable (-15) for steeply dipping discontinuity angles observed in the core samples. Correlation of geologic field mapping data of exposed rock
outcrops with the rock core samples and proposed foundation type may allow for a different rating adjustment for joint orientation, and thus a modification
to the RMR value shown on this table. Reference Appendix C for the RMR calculations.

5. ft=feet; msl=mean sea level
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Table 3: Summary of Laboratory Soil Index and Classification Testing Results

Preliminary Geotechnical Data Report
Clark Bridge

Tremont, Maine
MaineDOT WIN: 19305.00

Existing Approximate
Test Boring Ground Sample Sample Depth Sample Sieve Minus Na.tural USCS Soil AASHTO Soil
Designation® Surfa.cez Number Below Ground Elevation No. 200 (%) Moisture Classification® | Classification®
Elevation Surface (ft) (ft-msl) Content (%)
(ft-msl)
BB-TMB-101 11.2 1D 0.5t02.5 10.7 t0 8.7 16.9 6.7 GM A-1-b
BB-TMB-103 1.9 3D 11to0 13 0.9to-1.1 10.2 10.7 GM A-1-a
5D 151015.5 -3.2t0-3.6 27.8 10.7 SM A-2-4
BB-TMB-104 12.3 2D 3to5 9.3t07.3 36.0 21.9 SM A-4
BB-TMB-105 10.5 1D 1t03 9.5t07.5 10.3 4.7 GW-GM A-1-a
BB-TMB-106 10.5 3D 5to7 551t03.5 52.9 46.6 ML A-4
Notes:
1. Test boring locations are shown on Figure 2, Boring Location Plan.
2. As-drilled locations and elevations surveyed by VHB.
Elevations reference the North American Vertical Datum of 1988 (NAVD88).
3. AASHTO and USCS symbols assigned based on field identification and interpretation of laboratory test results.
4. Laboratory test results for soil testing are provided in Appendix C.
5. Laboratory testing was performed by GeoTesting Express, Inc. of Acton, MA.
6. ft=feet; msl=mean sea level. Prepared By: MRH
Checked By: JRS
Reviewed By: MSP
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Table 4: Summary of Laboratory Rock Core Testing Results
Preliminary Geotechnical Investigation
Clark Bridge
Tremont, Maine

MaineDOT Win: 19305.00

Approximate . o
_— Uniaxial .
. Existing Ground Top of Bedrock Sample Depth Sample Depth Approximate axidt Point Load
Test Boring . . 23 Sample Below Ground Sample Compressive 5
. .1 | Surface Elevation Elevation” Below Top of : 2 Index Test
Designation Number Surface Elevation Strength
Bedrock
(ft-msl) (ft-msl) (ft) (ft) (ft-msl) (psi) (psi)
R1 2510 3.1 13.31t0 13.9 -2.1t0-2.7 - 26,800
BB-TMB-101 11.2 0.4 R2 741t07.8 18.2t0 18.6 -70to-7.4 31,567 -
R2 8.0t0 8.4 18.8 to 19.2 -7.6t0-8.0 - 37,000
BB-TMB-102 114 0.3 R2 8.1t085 19.210 19.6 -7.8t0-8.2 13,189 -
R1 251029 20.8t021.2 -8.9t0-9.3 - 11,900
BB-TMB-103 11.9 6.4 ° ° © ’
R2 291034 21.2t021.7 -9.3t0-9.8 - 18,800
Notes:
1. Test boring locations are shown on Figure 2, Boring Location Plan.
2. As-drilled locations and elevations surveyed by VHB.
Elevations reference the North American Vertical Datum of 1988 (NAVD88).
3. Top of bedrock refers to rock based on depth to casing refusal or observed rock surface in core barrel.
Notes concerning weathered rock, if present, are provided on the boring logs.
4. Test performed based on ASTM D7012 - Compressive Strength and Elastic Moduli on Intact Rock Core
Specimens Under Varying States of Stress and Temperatures.
5. Test performed based on ASTM D5731 - Point Load Index . Diameteral Test Type. Value listed is the
estimated compressive strength based on the point load index determined from the test.
6. Laboratory testing performed by GeoTesting Express, Inc.
7. Laboratory test results for rock core testing are provided in Appendix D. Prepared By: MRH
8. ft = feet; psi = pounds per square inch; msl=mean sea level. Checked By: JRS
Reviewed By: MSP
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1924 BRIDGE DRAWINGS
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APPENDIX B
BORING LOGS



UNIFIED SOIL CLASSIFICATION SYSTEM

TERMS DESCRIBING
DENSITY/CONSISTENCY

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

Groundwater level

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 o~ penetration resistance
(2} (little or no GP Poorly-graded gravels, gravel Modified Burmister System
c Z N . n P .
8 < fines) sand mixtures, little or no fines Descriptive Term Portion of Total
5579 trace 0% - 10%
T o® little 11% - 20%
B ge GRAVEL GM Silty gravels, gravel-sand-silt some 21% - 35%
- £ ° WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
29 5 FINES
L9 g ‘é (Appreciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance
23 T amount of mixtures. Cohesionless Soils N-Value (blows per foot)
2 fines) Very loose 0-4
2R Loose 5-10
2 g CLEAN SwW Well-graded sands, gravelly Medium Dense 11-30
§c SANDS SANDS sands, little or no fines Dense 31-50
s 2 < Very Dense > 50
o —
‘g‘ g 8 2 (little or no SP Poorly-graded sands, gravelly
=& g fines) sand, little or no fines.
o g — Fine-grained soils (more than half of material is smaller than No. 20(
§ 5] .§ sieve): Includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
€3S o SANDS SM Silty sands, sand-silt mixtures or silty clays; and (3) clayey silts. Consistency is rated according to sheal
c £ > P
g 2 WITH strength as indicated )
> c FINES Approximate
g % (Appreciable SC Clayey sands, sand-clay Undrained
=@ 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 witr Medium Stiff 5-8 500 - 1000 Thumb penetrates witt

SILTS AND CLAYS slight plasticity moderate effort
Stiff 9-15 1000 - 2000 Indented by thumb witt
FINE- CL Inorganic clays of low to mediur 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
o R length of core advance
I Z‘J “Minimum NQ rock core (1.88 in. OD of core)
8 K MH Inorganic silts, micaceous or
g 2 diatomaceous fine sandy or Correlation of RQD to Rock Mass Quality
RS SILTS AND CLAYS silty soils, elastic silts Rock Mass Quality RQD
S S Very Poor <25%
c c CH Inorganic clays of high Poor 26% - 50%
g:‘f _‘c: plasticity, fat clays. Fair 51% - 75%
£ Good 76% - 90%
£ g (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 (tresh, very slight, slight, moderate, mod. severe,
esired Soil Observations: (in this order) severe, etc.)

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

Maine Department of Transportation
Geotechnical Section
Key to Soil and Rock Descriptions and Terms
Field Identification Information

Recovery

Sample Container Labeling Requirements:
PIN Blow Counts
Bridge Name / Town Sample Recovery
Boring Number Date

Sample Number Personnel Initials

Sample Depth

January 2008
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Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-101

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 11.2 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVD88 Sampler: 2" and 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 2" SS, 300/16 3" SY

Date Start/Finish: 5/14-15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: N153296.02 E2172345.66 Casing ID/OD: HW Water Level*: 8.9

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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

WC = water content, percent
LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

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

MV = Unsuccessful Insitu Vane Shear Test attempt W1P/W2P = Weight of one/two person(s) 50 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
Laboratory
. < =4 = _ 3 o Testing
g % 8 é é < § g _E g Visual Description and Remarks ARAeSsﬁl.lt_SC/)
s| 2| ¢ S 252 _0C g 228 | § and
) g & E= 32 3 8| 28|as| & Unified Class.
[a} %] e n E nnns z z Om |WE| O
0 ‘ 0-0.3 ft. Asphalt wearing course
1D | 24/12 | 05-25 15/11/14/12 25 | 25 | sSA | 10 0305 % Apsphan banag coLTs G#238384
Top 1": Weathered asphalt base course A-1-b
0.6] WC=6.7%
Bottom 11": Light and dark brown, damp, medium dense, fine to
8. medium sandy GRAVEL, little silt, trace clay (Subgrade Fill). 20
HWa a=Advanced casing with HW spinning shoe.
Lost water at 3 ft., cobble fill at 3.5 ft based on drill behavior.
5 Intermittent water return to 5 ft.
2MD 24/0 50-7.0 7/7/26/9 33 33 No recovery, resampled with 3" spoon. Gray, damp 3" cobble, litfle
gravel, trace silt (Rock Fill).
Boulder approximately 7 to 8 ft. based on drill behavior. Cobble fill
below based on drill behavior. Intermittent water return 8 to 10 ft
I}
i 7
10 3D ”n 100-10.1 50-(1" o8 | p=Used 3" split spoon.
by (o 0.4 Gray, wet, coarse GRAVEL, trace coarse sand, trace silt (Rolcok8 ill).
\Q Top of Bedrock Elev. 0.4 ft.
R — 490 _ y Roller coned ahead to 12 ft.
R 60/60 | 12.0-17.0 RQD = 42% NQ-2 \\ Seam based on drill behavior 11.8 to 11. 9 ft.
Yy R1:12.0-12.9" Dark gray to greenish black, very fine grained _
\\Q BASALT, hard, moderately to slightly weathered, discontinuities PLT%_?G'BO
NN\ close to very close, moderately dipping to steep, rough to very rqugh, psi
15 \\ planar to irregular.
\ N 12.9-17.0": Dark pinkish gray, fine to medium grained GRANITE
I&\ GNEISS, hard, moderately to slightly weathered, discontinuities flose
N to very closely spaced, generally orthogonal, horizontal to vertical,
R2 50/50 | 17.0- 21.2 RQD = 50% \\ planar, very rough to smooth, contain calcite and manganese oxjde.
\\\: Rock Mass Quality = Poor
&\ R1: Core Times (min:sec) UCTqp=31,56
\\ y 12.0-13.0": (2:55) psi
\\ 13.0-14.0": (2:30) PLTq,=37,00
20 \\‘ 14.0-15.0" (2:15) psi
& 15.0-16.0": (2:40)
-10. 16.0-17.0": (3:30) Recovery = 100%
R2: Dark pinkish gray, fine to medium grained GRANITE GNEISS,
hard, moderately to slightly weathered, discontinuities close to very
closely spaced, generally orthogonal, horizontal to vertical, plangr,
very rough to smooth, contain calcite and manganese oxide. Thjn
basalt dike at 17.8 ft., approximately 1 inch thick and subhorizongal.
o5 Rock Mass Quality = Poor
Remarks:

1. CLD provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.

2. PLTq,

= Peak compressive strength estimated from Point Load Index Test.

3. UCTop = Peak compressive strength from Uniaxial Compressive Strength Test.

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.
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Boring No.: BB-TMB-101




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-101
Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :
Driller: Maine Test Borings Elevation (ft.) 11.2 Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVD88 Sampler: 2" and 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 2" SS, 300/16 3" SY
Date Start/Finish: 5/14-15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: N153296.02 E2172345.66 Casing ID/OD: HW Water Level*: 8.9

Hammer Efficiency Factor: 0.6

Hammer Type:

AutomaticC]

HydraulicC)

Rope & Catheadl

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,

MV = Unsuccessful Insitu Vane Shear Test attempt

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

W1P/W2P = Weight of one/two person(s)

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
s0.= (Hammer Efficiency Factor/60%)*N-uncorrected

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

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

Sample Information
— Laboratory
. £ g = 2 o Testing
] = ) £ < ° ] ) - Results/

- 4 [a] S o -
£ s é 2 e = S £ o _E 2 Visual Description and Remarks AASHTO
£| & = g 252 O o ol 8¢ s and
%) IS & < 3227 3 8| 88 |az| 8 Unified Class.
[a] [%] o nE mh &5 z z Om |WE| O
25 R2: Core Times (min:sec)

17.0-18.0"; (3:35)

18.0-19.0": (4:15)

19.0-20.0": (4:20)

20.0-21.0" (3:55)

21.0-21.2": Not timed. Recovery = 100%

21.3
Bottom of Exploration at 21.2 feet below ground surface.

30
35
40
45
50
Remarks:

1. CLD provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.

2. PLTq,

= Peak compressive strength estimated from Point Load Index Test.

3. UCTop = Peak compressive strength from Uniaxial Compressive Strength Test.

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.
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Boring No.: BB-TMB-101




Maine Department of Transportation |project: Clark Bridge Replacement Boring No.: BB-TMB-102
Soil/Rock Exploration Log . .
Location: Tremont, Maine .
US CUSTOMARY UNITS PIN: 19305.00
Driller: Maine Test Borings Elevation (ft.) 11.4 Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVD88 Sampler: 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS
Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: N153303.70 E2172331.97 Casing ID/OD: HW Water Level*: 8.8
Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll
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 PI = 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 W1P/W2P = Weight of one/two person(s) s0.= (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
. £ g = 2 o Testing
o = © £ < ° IS]
= z I3 [s] © S o c - Visual Description and Remarks Results/
E O [0} o) S S ) S 2 2 AASHTO
s| 2| & 2 252 _0O g gel% | § and
) g o E= 32LGE 3 8| ds|laz| = Unified Class.
[a) %) o nE nnh5s z z om|WE|] O
0 ‘ 0-0.4 ft. Asphal i
R ) a .4 ft. Asphalt wearing course.
1D 24/12 05-25 19/10/11/10 SSA 10.7] 0.4-0.5 ft Asphalt base course
3 inch spoon:
Top 3": Weathered asphalt base course
2D 1o 25-26 50-(17) HWa 8.9 9 Middle 8": Light brown, damp, sandy fine to coarse GRAVEL, Iitt e
K ®| \|silt (Roadway Base).

: Bottom 2": Gray, damp, coarse GRAVEL, litte fine to coarse sanfl,
little silt (Rock Fill).

2.5]

' ey

3 inch spoon:

No recovery. Rock fill based on drill behavior.
HWg=Advanced HW casing with spinning shoe. No blows perforned.
Lost water at 4 ft, loose based on drill behavior.
3 inch spoon:

No recovery, final blow drove spoon to 7.5 ft., hole stayed open for
4D.

6.5-7.5 ft: Loose based on drill behavior, lost water return.
Gray, wet, fine to coarse GRAVEL, trace silt (Rock Fill).
10 Dense at 8.5, lost water return.

3D 24/0 5.0-7.0 7/10/8/1

4D 24/3 75-95 14/12/6/10 -

It

o
"

5D 13/4 | 10.0-11.1 10/26/(50-1") o0 o | Gray and dark green, wet, fine to coarse GRAVEL, trace fine to ¢oarse
Rl | 60/50 | 11.5-16.5 RQD =45% no2 | 0P \\\\ sand (Rock FilD). 114
\ Top of Bedrock at Elev. 0.3 ft.
y Roller cone ahead to 11.5 ft. Water returned with casing at 11.5]ft.
\\ R1: Dark gray to greenish-black, very fine grained
\\t METAVOLCANICS, hard, moderately to slightly weathered,
I&\ discontinuities close to very close, subhorizontal to steep, smooth to
15 \\ y Vvery rough, plangr to curlved to _irregular_, contain calcium carbonfte,
\ green talc, chlorite and fine grained pyrite.
\ J Rock Mass Quality: Poor
R2 40/39 | 16.5-19.8 RQD = 33% L\\ R1: Core Times (min:sec)
\\ 11.5-12.5" (2:15)
Y 12.5-13.5' (1:50)
\\\‘ 13.5-14.5" (2:10)
NN 14.5-15.5" (2:30)
- =689 N\ 15.5-16.5" (6:25) Recovery = 83% _
20 R3 1007 | 198-214 RQD = 68% \\ R2: Dark gr(ay to)greenish-)tl)lack, very fine grained UCqu—S;L3,18
*\\“ METAVOLCANICS, hard, moderately to slightly weathered, p
Y discontinuities close to very close, subhorizontal to steep, smooth to
-10.1 very rough, planar to curved to irregular, contain calcium carbonfte,
green talc, chlorite and fine grained pyrite. Calcite veins up to 1/4 inch
thick common. Highly fractured zone 17.5 to 18 ft. deep.
Rock Mass Quality = Poor
R2: Core Times (min:sec)
16.5-17.5" (1:50)
25
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.
2. UCTop = Peak compressive strength from Uniaxial Compressive Strength Test.

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 present at the time measurements were made. Borin g No.: BB-TMB-102




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-102

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 11.4 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVD88 Sampler: 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: N153303.70 E2172331.97 Casing ID/OD: HW Water Level*: 8.8

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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
MV = Unsuccessful Insitu Vane Shear Test attempt

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
W1P/W2P = Weight of one/two person(s)

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
s0.= (Hammer Efficiency Factor/60%)*N-uncorrected

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

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

Sample Information
— Laboratory
. = g = _ B o Testing
g % 8 é é < 8;/ g o _E g Visual Description and Remarks ARAeSSﬂl_lt_sC/)
£l © £ = 252 _0o g ce2l8 | § and
%) 3 & < 3227 3 8| &8|laz| ¢ Unified Class.
[a} %] e n E nnns z z Om |WE| O
25 17.5-18.5" (3:35)
18.5-19.5" (2:50)
19.5-19.8" (0:30) Recovery = 98%
Core barrel plugged at 19.8 ft, picked up 7" of R1.
R3: Dark gray to greenish-black, very fine grained
METAVOLCANICS, hard, moderately to slightly weathered,
discontinuities close to very close, subhorizontal to steep, smooth to
very rough, planar to curved to irregular, contain calcium carbonfte,
green talc, chlorite and fine grained pyrite.
30 Rock Mass Quality = Fair
R3: Core Times (min:sec)
19.8-21.5" (4:15)
21.5
Bottom of Exploration at 21.5 feet below ground surface.
35
40
45
50
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.
2. UCTop = Peak compressive strength from Uniaxial Compressive Strength Test.

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

Boring
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No.: BB-TMB-102




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-103

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 11.9 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVD88 Sampler: 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15-16/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: N153317.75 E2172305.90 Casing ID/OD: HW Water Level*: 8.9

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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
MV = Unsuccessful Insitu Vane Shear Test attempt

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
W1P/W2P = Weight of one/two person(s)

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
s0.= (Hammer Efficiency Factor/60%)*N-uncorrected

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

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

Sample Information
— Laboratory
. é g = _ B o Testing
g % 8 é é < E;/ g o _E g Visual Description and Remarks ARAeSsﬁl.lt_SC/)
£l © £ = 252 _0o g ce2l8 | § and
%) 3 & < 3227 3 8| ds|laz| = Unified Class.
[a} %] e n E nnns z z Om |WE| O
0 ‘ Asphalt wearing course.
1D | 24/12 | 05-25 26/12/11/22 - SSA | 114 Asghalt bace g COUr
3 inch spoon:
Top 3": Weathered asphalt base course.
HW, | 9.4 : - 0.8
a > Bottom 8": Light brown, moist, fine to coarse SAND, little fine grgvel,
X \Iittle silt (Subgrade Fill).
L 2.5
4 Gravel and cobbles based on drill behavior. Lost water return at B ft.
5 ’ =Advanced HW casing with spinning shoe.
2D 24/3 5.0-7.0 6/10/28/11 - g_inch spoon:
Gray, damp, single 3" cobble, trace silt. Spoon bent during driving
(Rock Fill).
No return, cobbles based on drill behavior.
9.0l
Wood in wash at approximately 9 to 10.3 ft. No return at 10.4 ft.
10 10.4
11.0
3D 24/10 | 11.0-13.0 9/12/6/13 - 3 inch spoon: G#Az_i?:%
Gray, wet, fine to coarse sandy GRAVEL, little silt (Emerged Ma| ir\ﬁlczlo 7%
Sediments). :
" 9 3 inch spoon:
4D 24/7 | 13.0-159 48/39/50-5 ) 4% o 9%" Gray, wet, fine to coarse GRAVEL, some fine to coarse sand, litfle silt
96 %go °s| (Emerged Marine Sediments).
15 ‘ CR % |, = Drove N\W casing ) 538387
5D 6/6 | 15.0-15.5 110(6") HW4 °Re & 3 it’:\]SCfA tsugggr:_ed-gray at approximately 14.5 ft., alternates to que-gﬁﬁf_\._z_4
°d,8:§> Blue-gray, wet, fine to medium SAND, some silt, trace fine grave WC=10.7%
%, | (Emerged Marine Sediments).
@cmm% HW Casing bent at bottom, rods not fitting through NW casing.
6.4 o\% Driller removed NW casing and resumed spinning HW. 183
y| Top of Bedrock at Elev. -6.4 ft.
20 \\ Roller cone ahead to 20 ft. Casing not seating well at 19 ft.
R1 60/36 | 20.0 - 25.0 RQD = 32% NQ-2 N R1: Dark gray to greenish black, fine grained, METAVOLCANIC L Tpg=11,90
NN\ moderately hard, slightly to moderately weathered highly fractured, PS!
\\ discontinuities close to very close, horizontal to steep, rough to Bro.=18.80
\ rough, planar to irregular, some calcite coating. p%si ’
\\" Rock Mass Quality = Poor
\ \{ R1: Core Times (min:sec)
\\ 20.0-21.0" (2:05)
\ J 21.0-22.0" (2:20)
25 NN
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVB@BPEaRLTq

compressive strength estimated from Point Load Index Test.

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.
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Boring No.: BB-TMB-103




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-103

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 11.9 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVD88 Sampler: 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15-16/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: N153317.75 E2172305.90 Casing ID/OD: HW Water Level*: 8.9

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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
MV = Unsuccessful Insitu Vane Shear Test attempt

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
W1P/W2P = Weight of one/two person(s)

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
s0.= (Hammer Efficiency Factor/60%)*N-uncorrected

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

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

Sample Information
— Laboratory
) = =4 = 3 o Testing
S = @ £ S % o i - Results/
= z o S o -
£ = g o e = S £ _E 2 Visual Description and Remarks AASHTO
s| 2| & 2 252 _0O g gel% | § and
) g & E= 32 3 8| &8|laz| ¢ Unified Class.
[a} %] e n E nnns z z Om |WE| O
25 _ 22.0-23.0" (2:10)
R2 60/27 | 25.0-30 RQD = 7% NN 23.0-24.0 (2:40)
\\ 24.0-25.0" (5:30) Recovery = 60%
\ R2: Dark gray to greenish black, fine grained, METAVOLCANICS,
\\\ moderately hard, slightly to moderately weathered highly fractured,
% discontinuities close to very close, horizontal to steep, rough to Jery
\‘ rough, planar to irregular, some calcite coating, highly to completely
\_ weathered zone from 24 to 24.5 ft-bgs.
\ Rock Mass Quality = Very Poor
30 -18.1) R2: Core Times (min:sec)
25.0-26.0" (2:10)
26.0-27.0" (2:05)
27.0-28.0" (2:35)
28.0-29.0" (2:15)
29.0-30.0": (1:40) Recovery = 45%
30.0
Bottom of Exploration at 30.0 feet below ground surface.
35
40
45
50
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVB@BPEaRLTq

compressive strength estimated from Point Load Index Test.

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.
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Boring No.: BB-TMB-103




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-104

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 12.3 Auger ID/OD: 4.5" SSA/6.5" HSA

Operator: M. Porter Datum: NAVD88 Sampler: 2" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon

Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A

Boring Location: N153318.89 E2172279.54 Casing ID/OD: N/A Water Level*: Dry

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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
MV = Unsuccessful Insitu Vane Shear Test attempt

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
W1P/W2P = Weight of one/two person(s)

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
s0.= (Hammer Efficiency Factor/60%)*N-uncorrected

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

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

Sample Information
— Laboratory
. = % = _ B o Testing
~ R o O o
= P4 8 [a] © S < s d Visual Description and Remarks ARAeSSﬂl_lt_sC/)
E 3 c 3 \g/ @ E’ 8’ § 2 g 8 < and
) g & E= 32 3 8| 28|as| & Unified Class.
[a} %] e n E nnns z z Om |WE| O
0 QS‘A 0-0.4 ft.: Asphalt wearing course.
- 117 0.4-0.6 ft.: Asphalt base course
1D 24112 10-3.0 1rn2irle 19 19 Light brown, damp, medium dense, fine to medium SAND, son'1€
gravel, some silt (Subgrade Fill). Decreasing gravel with depth.
LK Light brown, damp, medium dense, SAND, some silt, trace gravél, G#238388
- XXX
2D 24/14 3.0-5.0 9/6/6/13 12 12 HSA :::::::: trace clay (Subgrade Fill). Al
RS WC=21.9%
5 55555
B XXXY  Red-brown, damp, silty fine SAND, trace organics (roots) (Subgrfade
3D 4/4 5.0-5.3 50-(4") - 6.9 !
.‘). Fill).
o 5.4]
N 8% Gravel and Rock fill at 5.4 ft. based on auger behavior.
} 4 Auger cuttings contain decreasing sand fraction with depth.
.}p Auger cuttings primarily broken rock/gravel at 8 ft.
-
e
10 e ¥ No recovery - dense rock fill
4D 1/0 10.0 - 10.1 50-(1") * ¢ '
oo .‘
0.2—=1\ Auger. refusal at Elev. 0.2 ft
12.4
Bottom of Exploration at 12.1 feet below ground surface.
15
20
25
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.

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 1

Boring No.: BB-TMB-

104




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-105

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 10.5 Auger ID/OD: 4.5" SSA/6.5" HSA

Operator: M. Porter Datum: NAVD88 Sampler: 2" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon

Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A

Boring Location: N153261.04 E2172384.42 Casing ID/OD: N/A Water Level*: Dry

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

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

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

MV = Unsuccessful Insitu Vane Shear Test attempt W1P/W2P = Weight of one/two person(s) s0.= (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
c £ -~ K Testing
_ g < § c g g §’ . - Results/
£ s g 2 e = E g o _E 2 Visual Description and Remarks AASHTO
| = £ s 252 _0O g ce2l8 | § and
) g o E= 32 3 8| %23|as| ¢ Unified Class.
a) %) a nE nwuHhs z z |Omn|WE|] O
0 QS‘A 0-0.4 ft.: Asphalt wearing course
- 9.5/ 0.4-0.7 ft.: Asphalt base course G#238386
' 4 1.0
- 24/8 10-30 19/21/1513 36 36 [ :E:i Top 1": Weathered asphalt base course A-l-a
XX Bottom 7": Light brown and gray, damp, dense GRAVEL, some §n&VC=4.7%
:::: to coarse sand, trace silt (Subgrade Fill).
2D 24/6 3.0-5.0 15/10/6/8 16 16 ‘ :gi Ligr;)t br(zjwn {;}Ind gray, fin_e toI coarze §ar1ndy GF\I’AVEL, trace silt
‘:’:‘:::: (Subgrade Fill'). Spoon tip plugged with gravel.
5 = 5.0
3D 8/4 5.0-5.7 5/(50-2") - HSA Brown, wet, coarse GRAVEL, some fine sand, little silt (Rock Fil
Il
Q/ Auger refusal at Elev. 3.9 ft.
6.6
Bottom of Exploration at 6.6 feet below ground surface.
10
- 15
- 20
25
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.

Page 1 of 1

Boring No.: BB-TMB-105

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.




Maine Department of Transportation Project: Clark Bridge Replacement Boring No.: BB-TMB-106

Soil/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS ' :

Driller: Maine Test Borings Elevation (ft.) 10.5 Auger ID/OD: 4.5" SSA/6.5" HSA

Operator: M. Porter Datum: NAVD88 Sampler: 2" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon

Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A

Boring Location: N153247.51 E2172407.71 Casing ID/OD: N/A Water Level*: Dry

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticC] HydraulicC) Rope & Catheatll

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,
MV = Unsuccessful Insitu Vane Shear Test attempt

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140lb. hammer

PP = Pocket Penetrometer WOR/C = Weight of rods or casing

W1P/W2P = Weight of one/two person(s)

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
50 = (Hammer Efficiency Factor/60%)*N-uncorrected

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

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

Sample Information
— Laboratory
. £ g = 2 o Testing
] = ) £ < ° ] ) - Results/
- P4 [a] 2 o -
£ = g o e = S £ _E 2 Visual Description and Remarks AASHTO
s| 2| & 2 252 _0O g gel% | § and
) g & E= 32 3 3| ge|las| o Unified Class.
[a} %] e n E nnns z z Om |WE| O
0 SS‘A 0-0.6 ft.: Asphalt wearing course
9.5 0.6-0.8ft.: Asphalt base course
1D | 2414 | 1.0-3.0 16/23/18/17 41 | 4 - - - 1.0
Light brown-gray, damp, dense, fine to medium SAND, some gravel,
little silt (Subgrade Fill).
Brown, damp, medium dense, fine to medium SAND, some silt, fjttle
2D 24/12 3.0-5.0 16/11/6/3 17 17 gravel (Subgrade Fill).
5 5.5[0582 - - ) 5.0 G#238389
3D 24/15 5.0-7.0 3/3/4/32 7 7 HSA .o ¢ o] Dark gray, wet, loose, fine to medium sandy SILT, little clay, trade Al
%g%m organics (bark and roots) (Emerged Marine Sediments). WC=46.6%
% 3] Gravel/broken rock based on auger behavior.
3.0° Auger Refusal at Elev. 3.0 ft.
7.5
Bottom of Exploration at 7.5 feet below ground surface.
10
- 15
- 20
25
Remarks:

1. MaineDOT provided coordinates of test boring locations in NAD83 (96) ME 2000 West Zone Coordinate System and ground surface elevations in NAVD88.

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.
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Boring No.: BB-TMB-106




APPENDIX C
ROCK CORE PHOTOGRAPHS



December 2012

Boring: Run:

BB-TMB-101 R1
Cored 5/15/12 R2
BB-TMB-102 R1
Cored 5/15/12 R2

R3

P:\Projects\2012\123-87440 VHB Tremont Bridge\700 Reports\Appendices\App C Rock Core Photos\120725 App C - Rock Core Photos.xlIsx

Depth:

12.0-17.0¢
17.0-21.2
11.5-16.5
16.5-19.8’
19.8-21.5

Row 4 = BB-TMB-102 Run 2: 16.5 - 19.5 ft-bgs and Run 3: 19.5 - 21.4 ft-bgs.

Recovery:
IN:
60/60”
50/50”
50/60”
39/40”
17/19”

APPENDIX C

Clark Bridge Replacement

Tremont, Maine

MaineDOT WIN: 19305.00

Photo No. 1

100%
100%
83%
98%
89%

RQD:
IN:
25/60”
25/50”
27/60"
13/40”
13/19”

42%
50%
45%
33%
68%

Row 1 = BB-TMB-101 Run 1: 12.0 - 17.0 ft-bgs.
Row 2 = BB-TMB-101 Run 2: 17.0 - 21.2 ft-bgs.
Row 3 = BB-TMB-102 Run 1: 11.5 - 16.5 ft-bgs.

Project No: 123-87440



December 2012 Project No: 123-87440

APPENDIX C
Clark Bridge Replacement
Tremont, Maine
MaineDOT WIN: 19305.00

Photo No. 2
Recovery: RQD:
Boring: Run: Depth: IN: %: IN: %:
BB-TMB-103 R1 20.0-25.0¢ 36/60” 60% 19/60” 32%
Cored 5/16/12 R2 25.0-30.0° 27/60” 45% 4/60” 7%

Row 1 = BB-TMB-103 Run 1: 20.0 - 25.0 ft-bgs.
Row 2 = BB-TMB-103 Run 2: 25.0 - 30.0 ft-bgs.
Row 3 = BB-TMB-103 Run 2: 25.0 - 30.0 ft-bgs continued.

P:\Projects\2012\123-87440 VHB Tremont Bridge\700 Reports\Appendices\App C Rock Core Photos\120725 App C - Rock Core Photos.xlIsx



APPENDIX D
LABORATORY TEST RESULTS OF SOIL SAMPLES



APPENDIX D
LABORATORY TEST RESULTS FOR SOIL SAMPLES

Presented in the following order

INDEX AND CLASSIFICATION TESTING:

MOISTURE CONTENT
GRAIN SIZE



INDEX AND CLASSIFICATION TESTING




MOISTURE CONTENT



Client: Golder Associates
P \ Project: VHB Tremont
GeoTesting Location: Tremont, ME Project No: GTX-11871
Boring ID: --- Sample Type: --- Tested By: jek
EXPRESS Sample ID:--- Test Date:  06/15/12 Checked By: jdt
Depth : Sample Id:  ---
Moisture Content of Soil - ASTM D 2216-05
Boring ID Sampie ID Depth Description Moisture
Content, %
BB-TMB-101 iD - Moist, dark brown silty gravel with 6.7
sand
BB-TMB-103 3D - Moist, gray gravel with silt and sand 10.7
BB-TMB-103 5D --- Moist, dark olive gray silty sand 10.7
BB-TMB-104 2D --- Moist, dark yellowish brown silty 21.9
sand
BB-TMB-105 iD -—- Moist, brown gravel with silt and 4.7
sand
BB-TMB-106 3D - Moist, very dark brown sandy silt 46.6

Notes: Temperature of Drying : 1100 Celsius

printed 6/15/2012 11:39:39 AM




GRAIN SIZE



Geolesting

EXPRESS

Client:

Golder Associates

Project: VHB Tremont

Location: Tremont, ME Project No: GTX-11871
Boring ID: BB-TMB-101 Sample Type: jar Tested By: jbr

Sample ID:1D Test Date: 06/04/12 Checked By: jdt

Depth : - Test Id: 238384

Test Comment:

Sample Description:

Sample Comment:

Moist, dark brown silty gravel with sand

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Sitt & Cay Size
- 453 378 16.9
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| Complies Coefficients
mm ~ Ds5 =28.3100 mm D30 =0.4276 mm
15in 37.50 100
Tin 25.00 78 Deso =8.8425 mm Dis=N/A
0.75in 15.00 69 DSO =2'9753 mm D10 =N/A
05in 12.50 &4
0375 9.50 1 Cy =N/A Cc =N/A
#4 4.75 55 Classification
#10 2.00 T3 ASTM N/A
#20 0.85 37
#40 0.42 30
#60 0.35 25 AASHTO Stone Fragments, Gravel and Sand
#100 0.15 21 (A-1-b (0))
#200 0.075 7

printed 6/15/2012 11:38:19 AM

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD




Client: Golder Associates
Project: VHB Tremont

- Location: Tremont, ME Project No: GTX-11871
Geolesting .

Boring ID: BB-TMB-103 Sample Type: jar Tested By: jbr
EXPRESS Sample ID:3D Test Date:  06/04/12 Checked By: jdt
Depth: --- Test Id: 238385

Test Comment: -
Sample Description:  Moist, gray gravel with silt and sand
Sample Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Sitt & Clay Size
- 53.4 36.4 10.2
Sieve Name | Sieve Size, | Percent Finer |Spec. Percent| Complies Coefficients
e Dgs =25.9278 mm D30 =0.7824 mm
15in 37.50 106
in 25.00 % Deo=10.3165 mm D15 =0.1605 mm
0.75in 15.00 78 Dsp =5.7699 mm D10 =0.0728 mm
0.5in 12.50 63
— - = Cu =141.710 Cc =0.815
#4 475 47 lassification
#10 7.00 37 ASTM N/A
#20 0.85 31
#40 0.42 25
760 0.25 ) AASHTO Stone Fragments, Gravel and Sand
#100 0.15 14 (A-1-a (0))
#200 0.075 10
Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED
Sand/Gravel Hardness : HARD

printed 6/15/2012 11:38:30 AM



Client: Golder Associates
Project: VHB Tremont

H Location: Tremont, ME Project No: GTX-11871
GeOTeStlng Boring ID: BB-TMB-103

Sample Type: jar Tested By: jbr
EXPRESS Sample ID:5D Test Date: 06/11/12 Checked By: jdt
Depth : --- Test Id: 238387

Test Comment: -
Sample Description:  Moist, dark olive gray silty sand
Sample Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
c
n
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1
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1
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1
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1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt &Clay Size
- 9.0 63.2 27.8
Sieve Name Sieve Size, | Percent Finer | Spec, Percent Complies Qggffigignﬁ
i Dg5 =3.5045 mm D30 =0.0955 mm
0.375in 9.50 100
) 2.75 31 D60 =0.9533 mm D15 =0.0163 mm
#10 2.00 74 D50 =0.4924 mm D10 =0.0068 mm
#20 0.85 58
F40 042 48 Cu =N/A Cc =N/A
#60 0.25 a1 lassification
#100 0.15 34 ASTM N/A
#200 0.075 28
- Particle Size (mm) Percent Finer Spec. Percent Complies
. 0.0324 19 AASHTO Sllty Gravel and Sand (A'2'4 (O))
--- 0.0213 16
0.0125 14
55085 = Sample/Test Description
TS 5 Sand/Gravel Particle Shape : ---
0.0045 8 Sand/Gravel Hardness : ---
0.0032 7
0.0014 3
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Client: Golder Associates
Project: VHB Tremont

GeoTesting Location: Tremont, ME Project No: GTX-11871

Boring ID: BB-TMB-104 Sample Type: jar Tested By: jbr
EXPRESS Sample 1D:2D Test Date:  06/08/12 Checked By: jdt
Depth: --- Test 1d: 238388

Test Comment: ---
Sample Description:  Moist, dark yellowish brown silty sand
Sample Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 5.0 59.0 ) 36.0
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| - Complies Coefficients
mm Dss=1.5117 mm D30 =0.0523 mm
0.375n 3.50 100
# 7.75 85 Deo =0.2468 mm D15 =0.0140 mm
#10 200 88 Dso=0.1488 mm D10 =0.0088 mm
#20 0.85 78
#40 042 ) Cu =N/A Cc =N/A
#60 0.25 60 1 ification
#100 0.15 50 ASTM N/A
#200 0.075 36
. Particle Size (mm) Percent Finer Spec. Percent Complies
0.0334 23 AASHTO Silty Soils (A-4 (0))
0.0214 8
0.0127 14 =
50051 % Sample/Test Description
o6 = Sand/Gravel Particle Shape : ROUNDED
0.0046 3 Sand/Gravel Hardness : HARD
0.0033 3
0.0016 1
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Geolesting

EXPRESS

Client: Golder Associates

Project: VHB Tremont

Location: Tremont, ME Project No: GTX-11871
Boring ID: BB-TMB-105 Sample Type: jar Tested By: jbr

Sample ID:1D Test Date: 06/04/12 Checked By: jdt

Depth: --- Test Id: 238386

Test Comment:

Sample Description:

Sample Comment:

Moist, brown gravel with silt and sand

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 47.6 421 10.3
Sieve Name | Sieve Size, | Percent Finer | Spec. Percent| - Complies Coefficients
mm Dgs =22.1065 mm D3g =0.9528 mm
i5in 37.50 100
Tin 35.00 ) D60 =8.1204 mm D15=0.1978 mm
0.75in 19.00 so D50 =4.0266 mm D10=0.0691 mm
G5in 12.50 6
YN 555 & Cuy =117.517 Cc =1.618
#4 275 52 Classification
#10 2.00 39 ASTM N/A
#20 0.85 25
#40 0432 21
#60 635 I AASHTO Stone Fragments, Gravel and Sand
#100 0.15 i3 (A-1-a (0))
#200 6.075 10
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Sample/Test Description
Sand/Gravel Particie Shape : ROUNDED

Sand/Gravel Hardness : HARD




PR
eolesting

EXPRESS

Client:

Golder Associates

Project: VHB Tremont

Location: Tremont, ME Project No: GTX-11871
Boring ID: BB-TMB-106 Sample Type: jar Tested By: jbr

Sample ID:3D Test Date: 06/08/12 Checked By: jdt

Depth : --- Test Id: 238389

Test Comment: -

Sample Description:
Sample Comment:

Moist, very dark brown sandy silt

printed 6/15/2012 11:39:21 AM

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 5.0 421 52.9
Sieve Name | Sieve Size, | Percent Finer |Spec. Percent| Complies Coefficients
mm Dg5=1.3628 mm D30 =0.0156 mm
0.5in 12.50 100
03751 5,50 99 Dso =0.1475 mm D15=0.0034 mm
#4 475 %5 Dsg =0.0623 mm D10 =0.0007 mm
#10 2.00 89
720 0.85 ) Cu =N/A Cc =N/A
#40 0.42 73 Classification
F60 0.25 57 ASTM N/A
#100 0.15 80
#200 0.075 53 .
- Particie Size (mm)|  Percent Finer Spec. Percent Complies AASHTO Silty Soils (A-4 (0))
- 0.0314 39
0.0203 33 - =
ST = Sample/Test Description
oo = Sand/Gravel Particle Shape : ROUNDED
0.0061 20 Sand/Gravel Hardness : HARD
0.0044 18
0.0032 14
0.0015 12




APPENDIX E
LABORATORY TEST RESULTS OF ROCK CORE SAMPLES
Presented in the following order

POINT LOAD STRENGTH INDEX
COMPRESSIVE STRENGTH AND ELASTIC MODULI
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POINT LOAD STRENGTH INDEX



Client: Golder Associates Test Date: 06/12/12
Project Name: VHB Tremont Tested By: jsc
Project Location Tremont, ME Checked By: mpd
GTX #: 11871 Sample Type: rock core
Point Load Strength Index of Rock by ASTM D 5731
Specimen | Specimen Failure . .
. Depth, Test Test Diameter Length Load Dez, De, Is, lssommy» Generall_zed Estlmate_d
Boring No. | Sample No. ft No Tvpe ©) L ®) o, ) ) F : Correction Compressive
’ : yp e e ’ in n. psi psi Factor, K Strength, psi
in. in. Ibs.
BB-TMB-101 R1 13.30-13.90 PLD - 1 | Diametral 2.00 6.09 4640 3.98 2.00 1166 1.006 1173 23 26,800
PLD -1 PLD -1
before after

Intact material failure

Notes:

Generalized correction factor, K, used to estimate the compressive strength based on the specimen diameter and ASTM D 5731 Table 1.
D, = the equivalent core diameter

Is = the uncorrected point load strength index

F = the size correction factor

lss0y = the size corrected point load strength index




Client:

Golder Associates Test Date: 06/12/12
Project Name: VHB Tremont Tested By: jsc
Project Location Tremont, ME Checked By: mpd
GTX #: 11871 Sample Type: rock core
Point Load Strength Index of Rock by ASTM D 5731
Specimen | Specimen Failure . .
. Depth, Test Test Diameter Length Load Dez' De, Is, lss0), Generall_zed Estlmate_d
Boring No. | Sample No. ft No Tyvoe o) L ® S . . F . Correction Compressive
’ ’ yp g g ’ n n. pst pst Factor, K Strength, psi
in. in. Ibs.
BB-TMB-101 R2 18.80-19.20 PLD - 2 Diametral 1.99 4.30 6378 3.96 1.99 1609 1.005 1617 23 37,000
PLD - 2 PLD - 2
before after

Intact material failure

Notes:

Generalized correction factor, K, used to estimate the compressive strength based on the specimen diameter and ASTM D 5731 Table 1.
D, = the equivalent core diameter

Is = the uncorrected point load strength index
F = the size correction factor
lss0y = the size corrected point load strength index




Client:

Golder Associates Test Date: 06/12/12
Project Name: VHB Tremont Tested By: jsc
Project Location Tremont, ME Checked By: mpd
GTX #: 11871 Sample Type: rock core
Point Load Strength Index of Rock by ASTM D 5731
Specimen | Specimen Failure . .
. Depth, Test Test Diameter Length Load Dez' De, Is, lss0), Generall_zed Estlmate_d
Boring No. | Sample No. ft No Tyvoe o) L ® S . . F . Correction Compressive
: : yp 7 0 ’ n n. psi psl Factor, K Strength, psi
in. in. Ibs.
BB-TMB-103 R1 20.80-21.20 PLD - 3 Diametral 1.99 4.77 2055 3.97 1.99 518 1.005 521 23 11,900
PLD -3 PLD -3
before after

Intact material failure

Notes:

Generalized correction factor, K, used to estimate the compressive strength based on the specimen diameter and ASTM D 5731 Table 1.
D, = the equivalent core diameter

Is = the uncorrected point load strength index
F = the size correction factor
lss0y = the size corrected point load strength index




Client:

Golder Associates Test Date: 06/12/12
Project Name: VHB Tremont Tested By: jsc
Project Location Tremont, ME Checked By: mpd
GTX #: 11871 Sample Type: rock core
Point Load Strength Index of Rock by ASTM D 5731
Specimen | Specimen Failure . .
. Depth, Test Test Diameter Length Load Dez' De, Is, lss0), Generall_zed Esumate_d
Boring No. | Sample No. ft No Tyvoe o) L ® S . . F . Correction Compressive
’ ’ yp g g ’ n n. pst pst Factor, K Strength, psi
in. in. Ibs.
BB-TMB-103 R2 21.20-21.70 PLD - 4 | Diametral 2.00 5.65 3248 3.98 2.00 815 1.006 821 23 18,800
PLD - 4 PLD - 4
before after

Intact Failure

Notes:

Generalized correction factor, K, used to estimate the compressive strength based on the specimen diameter and ASTM D 5731 Table 1.
D, = the equivalent core diameter

Is = the uncorrected point load strength index

F = the size correction

factor

lss0y = the size corrected point load strength index




COMPRESSIVE STRENGTH AND ELASTIC MODULI



Client:
Project Name:
Project Location:

Golder Associates
VHB Tremont
Tremont, ME

GTX #: 11871

Test Date: 6/8/2012
Tested By: daa
Checked By: mpd

Boring ID: BB-TMB-101
Sample ID: R2

Depth, ft: 18.19-18.56
Sample Type: rock core

Sample Description:

See photograph
Intact material failure

Compressive Strength and Elastic Moduli of Rock
by ASTM D 7012 - Method D

Stress vs. Strain

40000 ‘

Lateral Strain

30000

Axial Strain

/

20000

/

Vertical Stress (psi)

10000

0
-2000 -1000

0 1000

MicroStrain

2000 3000

Peak Compressive Stress:

31,567 psi

Stress Range, psi

Young's Modulus, psi

Poisson's Ratio

0-10000
10000-20000
20000-30000

11,200,000
11,800,000
11,900,000

0.19
0.22
0.25

Notes:

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.




Visual Description:

See photographs

Client: Golder Associates Test Date: 6/5/2012
Project Name: VHB Tremont Tested By: daa
Project Location: Tremont, ME Checked By: mpd
GTX #: 11871

Boring ID: BB-TMB-101

Sample ID: R2

Depth: 18.19-18.56 ft

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-08

BULK DENSITY

DEVIATION FROM STRAIGHTNESS (Procedure S1)

1 2 Average
Specimen Length, in: 4.41 4.41 4.41 Maximum gap between side of core and reference surface plate:
Specimen Diameter, in: 1.99 1.99 1.99 Is the maximum gap < 0.02 in.? YES
Specimen Mass, g: 594.18
Bulk Density, Ib/ft® 165 Maximum difference must be < 0.020 in.
Length to Diameter Ratio: 2.2 Length to Di Ratio Tolerance Met? YES Straightness Tolerance Met? YES
END FLATNESS AND PARALLELISM (Procedure FP1)
END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in 0.00070 0.00070 0.00050 0.00050 0.00030 0.00020 0.00010 0.00000 0.00000 -0.00010 -0.00020 -0.00030 -0.00050 -0.00070 -0.00080
Diameter 2, in (rotated 90%) -0.00090 -0.00080 -0.00070 -0.00050 -0.00040 -0.00030 -0.00010 0.00000 0.00000 0.00010 0.00020 0.00040 0.00040 0.00060 0.00080
Difference between max and min readings, in:
0° = 0.00150 90° = 0.00170
END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in 0.00060 0.00060 0.00040 0.00040 0.00030 0.00020 0.00010 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00050 -0.00080 -0.00100
Diameter 2, in (rotated 90°%) -0.00090 -0.00080 -0.00070 -0.00050 -0.00040 -0.00020 -0.00020 0.00000 0.00000 0.00010 0.00020 0.00030 0.00040 0.00050 0.00060
Difference between max and min readings, in:
0° = 0.0016 90° = 0.0015
Maximum difference must be < 0.0020 in. Difference = + 0.00085
Flatness Tolerance Met? YES
X y =-0.00084x + 0.00003 X y =0.00092x - 0.00008
End 1 Diameter 1 End 1 Diameter 2 DIAMETER 1
0.00200 0.00200 End 1:
< £ Slope of Best Fit Line -0.00084
s 0.00100 5 0.00100 Angle of Best Fit Line: -0.04813
£ et —— £ st
k=1 T ——— ] —] End 2:
& 0.00000 & 0.00000 L
14 \ x Lt Slope of Best Fit Line -0.00081
F— / Angle of Best Fit Line: -0.04641
% -0.00100 % -0.00100 — ngle of Best Fit Line
O O Maximum Angular Difference: 0.00172
§ -0.00200 ® -0.00200
o -1.00 -0.75 -050 -025 000 025 050 075 1.00 o -1.00 -075 -050 -025 000 025 050 075 1.00
. . . . Parallelism Tolerance Met? YES
Diameter, in Diameter, in Spherically Seated
=-0.00081x - 0.00001 . y =0.00085x - 0.00011
End 2 Diameter 1 End 2 Diameter 2 DIAMETER 2
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line 0.00092
S  0.00100 S 0.00100 Angle of Best Fit Line: 0.05271
] : — £ —
s ~——— g — ] End 2:
o 0.00000 S o 0.00000 L
['4 4 __._4 Slope of Best Fit Line 0.00085
[} Angle of B Fit Line: .0487
% -0.00100 ~3 $ 000100 — ngle of Best Fit Line 0.04870
9 9 Maximum Angular Difference: 0.00401
S -0.00200 8 -0.00200
o -1.00 050 -0.25 0.00 025 050 0.75 1.00 a -1.00 -0.75 -0.50 -025 000 025 050 075 1.00
. . i i Parallelism Tolerance Met? YES
Diameter, in "
Diameter, in Spherically Seated
PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)
END 1 Difference, Maximum and Minimum (in.)  Diameter (in.) Slope Angle® Perpendicularity Tolerance Met? Maximum angle of departure must be < 0.25°
Diameter 1, in 0.00150 1.990 0.00075 0.043 YES
Diameter 2, in (rotated 90°) 0.00170 1.990 0.00085 0.049 YES Perpendicularity Tolerance Met? YES
END 2
Diameter 1, in 0.00160 1.990 0.00080 0.046 YES
Diameter 2, in (rotated 90°) 0.00150 1.990 0.00075 0.043 YES




Client:
Project Name:

Golder Associates
VHB Tremont

Project Location: Tremont, ME
GTX #: 11871

Test Date: 6/8/2012
Tested By: daa
Checked By: mpd

Boring ID: BB-TMB-101
Sample ID: R2

Depth, ft: 18.19-18.56

After cutting and grinding

After break




Client:
Project Name:
Project Location:

Golder Associates
VHB Tremont
Tremont, ME

GTX #: 11871

Test Date: 6/11/2012
Tested By: daa
Checked By: mpd
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Discontinuity failure

Compressive Strength and Elastic Moduli of Rock
by ASTM D 7012 - Method D

Stress vs. Strain
20000 ‘ ‘
Lateral Strain Axial Strain
15000
Z /
=
P
g
&
© 10000
2
5
>
5000
0
-2000 -1000 0 1000 2000 3000
MicroStrain
Peak Compressive Stress: 13,189 psi

Stress Range, psi

Young's Modulus, psi

Poisson's Ratio

0-4000
4000-8000
8000-12000

13,300,000
11,600,000
10,800,000

0.32
0.33
0.35

Notes:

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.




Visual Description:

See photographs

Client: Golder Associates Test Date: 6/8/2012
Project Name: VHB Tremont Tested By: daa
Project Location: Tremont, ME Checked By: mpd
GTX #: 11871

Boring ID: BB-TMB-102

Sample ID: R2

Depth: 19.20-19.57 ft

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-08

BULK DENSITY

DEVIATION FROM STRAIGHTNESS (Procedure S1)

1 2 Average
Specimen Length, in: 4.36 4.36 4.36 Maximum gap between side of core and reference surface plate:
Specimen Diameter, in: 1.99 1.99 1.99 Is the maximum gap < 0.02 in.? YES
Specimen Mass, g: 629.78
Bulk Density, Ib/ft® 177 Maximum difference must be < 0.020 in.
Length to Diameter Ratio: 2.2 Length to Di Ratio Tolerance Met? YES Straightness Tolerance Met? YES
END FLATNESS AND PARALLELISM (Procedure FP1)
END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in 0.00070 0.00060 0.00040 0.00040 0.00030 0.00010 0.00010 0.00000 -0.00010 -0.00020 -0.00030 -0.00050 -0.00070 -0.00090 -0.00120
Diameter 2, in (rotated 90%) 0.00020 0.00020 0.00020 0.00020 0.00010 0.00010 0.00010 0.00000 0.00000 -0.00010 -0.00010 -0.00030 -0.00040 -0.00050 -0.00060
Difference between max and min readings, in:
0° = 0.00190 90° = 0.00080
END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in 0.00060 0.00060 0.00050 0.00040 0.00030 0.00020 0.00010 0.00000 -0.00010 -0.00020 -0.00040 -0.00060 -0.00080 -0.00100 -0.00120
Diameter 2, in (rotated 90°%) 0.00030 0.00020 0.00020 0.00020 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00060
Difference between max and min readings, in:
0° = 0.0018 90° = 0.0009
Maximum difference must be < 0.0020 in. Difference = + 0.00095
Flatness Tolerance Met? YES
. =-0.00097x - 0.00009 . y =-0.00045x - 0.00006
End 1 Diameter 1 Y End 1 Diameter 2 DIAMETER 1
0.00200 0.00200 End 1:
< £ Slope of Best Fit Line -0.00097
= 0.00100 = 0.00100 Angle of Best Fit Line: -0.05558
£ ——— £
¥ 0.00000 T 0.00000 End 2:
g - e & Slope of Best Fit Line -0.00102
Angle of Best Fit Line: -0.05844
% -0.00100 = $ -0.00100
O O Maximum Angular Difference: 0.00286
§ -0.00200 ® -0.00200
o -1.00 -0.75 -050 -025 000 025 050 075 1.00 o -1.00 -075 -050 -025 000 025 050 075 1.00
. . . . Parallelism Tolerance Met? YES
Diameter, in Diameter, in Spherically Seated
=-0.00102x - 0.00011 . =-0.00047x - 0.00007
End 2 Diameter 1 End 2 Diameter 2 DIAMETER 2
0.00200 0.00200 End 1:
£ £ Slope of Best Fit Line -0.00045
g’a 0.00100 ? 0.00100 Angle of Best Fit Line: -0.02578
5 Sr— 5
§  0.00000 ——— §  0.00000 End 2:
4 . N @ *’% Slope of Best Fit Line -0.00047
) ) Angle of Best Fit Line: -0.02693
< -0.00100 2 -0.00100
9 9 Maximum Angular Difference: 0.00115
S -0.00200 8 -0.00200
o -1.00 050 -0.25 0.00 025 050 0.75 1.00 a -1.00 -0.75 -0.50 -025 000 025 050 075 1.00
. . i i Parallelism Tolerance Met? YES
Diameter, in "
Diameter, in Spherically Seated
PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)
END 1 Difference, Maximum and Minimum (in.)  Diameter (in.) Slope Angle® Perpendicularity Tolerance Met? Maximum angle of departure must be < 0.25°
Diameter 1, in 0.00190 1.990 0.00095 0.055 YES
Diameter 2, in (rotated 90°) 0.00080 1.990 0.00040 0.023 YES Perpendicularity Tolerance Met? YES
END 2
Diameter 1, in 0.00180 1.990 0.00090 0.052 YES
Diameter 2, in (rotated 90°) 0.00090 1.990 0.00045 0.026 YES
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CONSULTANTS IN GEOLOGY AND GEOPHYSICS
HAGER_R|CHTER 8 INDUSTRIAL WAY - D10

SALEM, NEW HAMPSHIRE 03079-5820

G EO S C | E N C E | N C TELEPHONE (603) 893-9944
y . FAX (603) 893-8313

June 19, 2012

File 12SG06
Jay R. Smerekanicz, P.G.
Senior Consulting Geologist and Associate Tel: 603-668-0880 Ext.23
Golder Associates, Inc. Fax: 603-668-1199
670 North Commercial Street., Suite 103 Cell: 603-493-6274
Manchester, New Hampshire 03101 Email: Jay Smerekanicz@golder.com

RE: Geophysical Survey
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

Dear Mr. Smerekanicz:

In this letter, we report the results of a geophysical survey conducted by Hager-Richter
Geoscience, Inc. (Hager-Richter) along a portion of State Route 102 in Tremont, Maine for
Golder Associates, Inc. (Golder) in May, 2012. The geophysical survey was performed in
support of a geotechnical investigation by Golder for the replacement of Clark Bridge carrying
State Route 102 over Marshall Creek.

INTRODUCTION

The Site is a portion of State Route 102 in Tremont, Maine that includes Clark Bridge.
The bridge is located approximately 700 feet northwest of the junction of Tremont Road (Route
102) and Flat Iron Road. The general location of the Site is shown in Figure 1. Clark Bridge,
built in 1924, is a two-lane bridge that carries State Route 102 over Marshall Creek, a tidal creek
that drains into Bass Harbor.

Clark Bridge is an approximately 15-foot long concrete span that rests on stone
abutments. According to the plans from 1924 provided by Golder, the foundation for the
northwest approach to the bridge is approximately 35 feet long and consists largely of timber
cribbing. The foundation for the approximately 105-foot long southeast approach is shown as
timber cribbing, stone fill, and fieldstone retaining walls, and appears to contain a second bridge
span, possibly constructed of timber. Timber cribbing, fieldstone retaining walls, and timber
spans were not observable at the time of the survey. Rather, the approaches appear to be cobble
and boulder embankment causeways. Figure 2 is a site plan showing the area of interest and the
limits of the geophysical survey.

In support of a geotechnical investigation of the site, Golder required information on the
depth and configuration of bedrock in the vicinity of the existing bridge, and if possible whether

SALEM, NEW HAMPSHIRE  FORDS, NEW JERSEY
www.hager-richter.com
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the timber cribbing, fieldstone retaining walls and timber spans are present in the core of the
causeways. Golder installed six borings (BB-TMB-101, BB-TMB-102, BB-TMB-103, BB-
TMB-104, BB-TMB-105, and BB-TMB-106) in the roadway near the bridge. Refusal on
bedrock or top of bedrock determined by coring was encountered at depths of approximately 6.5
feet to 18.3 feet below ground surface. Preliminary logs for the borings provided by Golder are
attached to this report in Appendix 1.

OBJECTIVE

The objective of the geophysical survey was to determine (1) the depth and configuration
of the bedrock surface and (2) whether timber cribbing, fieldstone retaining walls, and timber
spans are present in the core of the bridge approach causeways.

THE SURVEY

The geophysical survey was conducted using ground penetrating radar (GPR) and
seismic refraction methods. Michael Howley and Eric Rickert of Hager-Richter conducted the
geophysical survey on May 17, 2012. The fieldwork was coordinated with Mr. Jay
Smerekanicz, P. G., of Golder, who was on site for the duration of the survey and specified the
area of interest. Mr. Michael Henrick, also of Golder, was present for the initiation of the field
work and coordinated traffic control services. Data analysis and interpretation were completed
at the Hager-Richter offices. Original data and field notes will be retained in the Hager-Richter
files for a minimum of three years.

GPR data were acquired along traverses spaced two feet apart oriented parallel to the
travel lanes, and along traverses spaced 50 feet apart oriented perpendicular to the travel lanes.
The area of interest extended approximately 80 feet northwest and 140 southeast of Clark Bridge
along the paved roadway. In addition, seismic refraction profiling was conducted along one 235-
foot long seismic line located along the north shoulder of the roadway. Golder provided site
plans showing site features and surface topography. The locations of borings installed by Golder
were recorded using a differential corrected GPS. Figure 2 is a modified site plan showing the
limits of the area surveyed with GPR, the location of the seismic refraction line, and the other
site features.

EQUIPMENT

GPR. The GPR survey was conducted using a Sensors and Software Noggin SmartCart
Plus digital GPR system equipped with a survey wheel to trigger recording of data at equal
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horizontal distances. The GPR system was used with a 250 MHz antenna and a 60 nsec' time
window. The GPR data were processed using EKKO_Mapper 4™ software licensed by Sensors
and Software.

Seismic Refraction. For the seismic refraction survey, we used two 24-channel
Geometrics Geode digital seismographs, coupled to 48 geophones spaced 5 feet apart. Seven
shot points were used per seismic spread - three located internal to the spread, one at each end of
the spread, and two offset shots located in-line but outside of the spread of geophones. The
seismic source was a sledgehammer striking a metal plate. The seismic refraction data were
processed using IXRefraX™ software licensed by Interpex.

LIMITATIONS OF THE METHODS

HAGER-RICHTER GEOSCIENCE, INC. MAKES NO GUARANTEE THAT
THE DEPTH OF BEDROCK WAS ACCURATELY DETERMINED IN THIS
SURVEY. HAGER-RICHTER GEOSCIENCE, INC. IS NOT RESPONSIBLE
FOR DETERMINING THE DEPTH OF BEDROCK WHERE THE
INTERFACE CANNOT BE DETECTED BECAUSE OF SITE CONDITIONS.
THE BEDROCK DEPTHS DETERMINED SHOULD NOT BE USED FOR
CONTRACT BEDROCK REMOVAL QUANTITIES.

GPR. There are limitations of the GPR technique: (1) surface conditions, (2) electrical
conductivity and thickness of the subsurface layers, (3) electrical properties of the target(s), and
(4) spacing of the traverses. Of these restrictions, only the last is controllable by us in most
cases.

The condition of the survey surface can affect the quality of the GPR data and the depth
of penetration of the GPR signal. For exterior sites, a surface covered with obstacles such as
automobiles, dumpsters, thick leaf debris, materials piles, etc. limit the survey access. Similarly,
for interior sites, a surface covered with obstacles such as desks, benches, laboratory equipment,
etc. also limit access. Some floor coverings may limit the coupling of the GPR antenna with the
subsurface.

The electrical conductivity of the subsurface determines the attenuation of the GPR
signals, and thereby limits the maximum depth of exploration. The GPR signal does not
penetrate clay-rich soils or soils contaminated with road salt. In some cases, the GPR signal may
not penetrate below concrete pavement, and some asphalts are electrically conducting.

Ins, abbreviation for nanosecond, 1/1,000,000,000 second. Light and the GPR signal require about 1 ns to
travel 1 ftin air. The GPR signal requires about 3.5 ns to travel 1 ft in unsaturated sandy soil.
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A strong contrast in the electrical conductivities of the ground and the target (for
examples, UST, pipe, void, dry well, drum, contaminant plume) is required to obtain a reflection
of the GPR signal. If the contrast is too small, then the reflection may be too weak to recognize,
and the target can be missed.

Spacing of the traverses is limited by access at many sites, but where flexibility of
traverse spacing is possible, the spacing is adjusted on the basis of the size of the target.

Seismic Refraction. Like all geophysical methods, the seismic refraction method is
based on the assumption that the local geology is uncomplicated. In particular, the seismic
refraction method assumes that interfaces between geologic materials correlate with sharp
increases in seismic velocity and that the interfaces between geologic units are relatively flat-
lying. The method is not very sensitive to lateral variations within layers, and relatively subtle
features such as fracture zones within bedrock are generally difficult to detect unless there is a
topographic expression of the feature. The accuracy of the method is degraded in areas with
strong topographic relief and/or where the interfaces have apparent dips greater than about 20°.
In general, the standard error of depths determined is about 10% or 2 feet, whichever is greater.

Where two materials do not exhibit contrasting velocities, or where velocities gradually
increase with depth, a clear refracted signal is not generated, and the seismic refraction method
cannot be used to distinguish the two materials. In some cases, the "geophysical contact"
between materials with contrasting velocities does not correlate exactly with the "geologic
contact.” For example, where a highly weathered bedrock is overlain by a dense material such as
till, the velocity range of the weathered bedrock might overlap or approach the velocity range of
the till, and the two materials cannot be distinguished seismically.

RESULTS

The geophysical survey of the roadway in the vicinity of Clark Bridge consisted of a
ground penetrating radar (GPR) survey across the area of interest and a seismic refraction profile
along the shoulder of the road. The GPR survey was conducted in an area measuring 20-feet by
235-feet with traverses spaced 2 feet apart oriented parallel to the travel lanes, and along
traverses spaced 50 feet apart oriented perpendicular to the travel lanes. The seismic refraction
profile consisted of one 235-foot long seismic refraction survey line located on the north
shoulder of the roadway. The area surveyed with GPR and the location of the seismic refraction
line are shown in Figure 2. The interpretation of the GPR data are shown in Figure 3, and an
example GPR profile is shown in Figure 4. The results of the seismic refraction survey are
shown in profile form in Figure 5 and are listed in Table 1.

GPR. Apparent GPR signal penetration was generally fair to good across the area of
interest, with two-way traveltime reflections received for 45 to 50 ns of the 60 ns records
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recorded. Based on site-specific time-to-depth conversions for the GPR signal at the Site, the
GPR signal penetration is estimated to have been approximately 7 to 8 feet.

GPR reflections consistent with those expected for the top of bedrock are only evident in
the GPR records for the northwestern edge of the survey area. The depth of bedrock based on
boring logs provided by Golder ranges from 6.5 feet to 18.3 feet below ground surface. The
bedrock depths indicated by borings in most of the area of interest is either greater than the
effective penetration of the GPR signal, or the contrast between the bedrock surface and the
overlying soils is not sufficient to generate a detectable GPR reflection.

GPR reflections consistent with a shallow possible buried structure are present in the
GPR records, and the location of the possible structure is shown on Figure 3. The structure is
located approximately where the former timber span bridge is shown on the 1924 plans supplied
by Golder. Reflections indicating several other linear features are present in the GPR records
acquired at the site, and their locations are indicated on Figure 3. Reflections from a possible
buried surface are interpreted to be caused by the interface between the sand and gravel road bed
and the boulder and cobble fill beneath, as indicated in the boring logs. Reflections from the
interpreted interface are present northwest of Clark Bridge and southeast of the interpreted
timber span structure. Linear reflectors are present in the GPR records oriented perpendicular to
the roadway, and are Shown in Figure 3. The linear reflectors are interpreted as the edges of the
possible timber cribbing that is shown in the 1924 plans.

Figure 4 is an example GPR profile indicating the location of the Clark Bridge, the
interpreted buried structure, the linear features, and possible buried surface.

Seismic Refraction Survey. The seismic survey consisted of one 235-foot long seismic
refraction line. The location of the seismic line is shown in Figure 2. The results of the seismic
survey are shown in profile form in Figure 5 and are listed in Table 1.

The quality of the seismic refraction data ranges from good to excellent. A measure of
the accuracy of the data can be obtained by comparing the bedrock depths determined
seismically with depths reported from nearby borings that encountered refusals on assumed
bedrock, or comparing bedrock depths with results of other geophysical methods. For the
present survey, six borings (BB-TMB-101, BB-TMB-102, BB-TMB-103, BB-TMB-104, BB-
TMB-105, and BB-TMB-106) were drilled to refusal in the roadway within 30 feet north and
100 feet south of the bridge. The six borings encountered bedrock or refusal interpreted as
bedrock at depths ranging from approximately 6.5 feet to 18.3 feet below the road surface. The
locations of the borings along the seismic line and depth of bedrock determined from each boring
are shown on the seismic profile in Figure 5.

Materials with two distinct velocity ranges were detected at the Site. The upper material
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exhibits a velocity ranging from 1,600 to 2,000 feet per second (fps) and is interpreted to consist
of unsaturated and saturated soils and sediments. The lower material exhibits a velocity range of
12,500 fps to 15,800 fps and is interpreted to be competent bedrock. Where the top of bedrock is
highly fractured and/or deeply weathered, it might exhibit lower velocities that cannot be
detected as a distinct layer on the basis of the seismic refraction data. Thus, the top of rock
determined on the basis of seismic refraction data generally is the top of competent bedrock,
which might be located somewhat below the geologic contact between the overburden and
bedrock.

Comparison of seismic refraction data with results from the GPR survey are not possible
due to the lack of GPR reflections from bedrock for most of the area surveyed, as stated above.
Based on the good quality of the seismic data for this project and on the results from other
similar seismic refraction surveys, we estimate the accuracy (standard deviation) of the apparent
depths of competent bedrock determined by the seismic refraction survey in most locations to be
about £ 10% of the depth of bedrock, or + 2 feet), whichever is greater.

The seismic profile shown in Figure 5 does show that bedrock is deeper in the vicinity of
the existing bridge. The depth of competent bedrock along the seismic lines varies between
about 6 and 16 feet below ground surface. The elevation of competent bedrock along the seismic
refraction survey line varies between approximately 7 feet and -5 feet for a total relief of 12 feet.
The elevation of the road at discrete points along the seismic profiles was determined from the
plans supplied by Golder. Bedrock depths and elevations at station spacings of 5 feet along the
seismic line are listed in Table 1.

The profile shown in Figure 5 represents a non-unique model for bedrock elevation, and
the elevation of competent bedrock at any particular location between actual data points may
differ from that shown. Bedrock elevations based on additional data, such as additional borings
or seismic data, may differ significantly from those shown on the plates. The bedrock model
shown as profiles or listed as tabular data should not be used for contract bedrock removal
gquantities.

CONCLUSIONS

Based on the results of the geophysical survey conducted by Hager-Richter Geoscience,
Inc. along a portion of Route 102 at Clark Bridge in Tremont, Maine in May, 2012, we conclude
that:

. Depth of bedrock below the surveyed portion of the roadway varies between
about 6 and 16 feet and is deepest in the vicinity of Clark Bridge

. A shallow possible buried structure, possibly the former timber span bridge, was
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detected on the basis of GPR records

. Multiple linear features crossing the roadway, interpreted as the timber cribbing
used in construction of the causeways, were detected on the basis of GPR records

. A buried surface, interpreted as the interface between the roadbed material and
the boulder and cobble fill below, was detected on the basis of GPR records

LIMITATIONS

This letter report was prepared for the exclusive use of Golder Associates, Inc. (Client).
No other party shall be entitled to rely on this Report or any information, documents, records,
data, interpretations, advice or opinions given to Client by Hager-Richter Geoscience, Inc. (H-R)
in the performance of its work. The Report relates solely to the specific project for which H-R
has been retained and shall not be used or relied upon by Client or any third party for any
variation or extension of this project, any other project or any other purpose without the express
written permission of H-R. Any unpermitted use by Client or any third party shall be at Client's
or such third party's own risk and without any liability to H-R.

H-R has used reasonable care, skill, competence and judgment in the performance of' its
services for this project consistent with professional standards for those providing similar
services at the same time, in the same locale, and under like circumstances. Unless otherwise
stated, the work performed by H-R should be understood to be exploratory and interpretational
in character and any results, findings or recommendations contained in this Report or resulting
from the work proposed may include decisions which are judgmental in nature and not
necessarily based solely on pure science or engineering. It should be noted that our conclusions
might be modified if subsurface conditions were better delineated with additional subsurface
exploration including, but not limited to, test pits, soil borings with collection of soil and water
samples, and laboratory testing.

Except as expressly provided in this limitations section, H-R makes no other repre-
sentation or warranty of any kind whatsoever, oral or written, expressed or implied; and all
implied warranties of merchantability and fitness for a particular purpose, are hereby disclaimed.
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If you have any questions or comments on this letter report, please contact us at your
convenience. It has been a pleasure to work with you on this project. We look forward to
working with you again in the future.

Sincerely yours,
HAGER-RICHTER GEOSCIENCE, INC.

S ko) %w% |

Michael W. Howley Dorothy Richter, P.G.
Geophysicist President

Attachments: Table 1, Figures 1-5, Appendix A
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Table 1
Depth and Elevation of Bedrock from Seismic Refraction
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

P_rofile Easting Northing Bedrock Approximate_
Distance (feet) (feet) Depth Bedrock Elevation
(feet) (feet) (feet)
0 1023668.1 213777.5 6.9 7.1
5 1023672.5 213775.0 7.2 6.3
10 1023676.8 213772.6 7.3 6.1
15 1023681.2 213770.2 7.5 5.8
20 1023685.6 213767.7 7.9 5.3
25 1023690.0 213765.3 8.0 51
30 1023694.3 213762.8 8.4 4.6
35 1023698.7 213760.4 8.4 4.4
40 1023703.1 213758.0 9.1 3.6
45 1023707.5 213755.5 10.1 2.4
50 1023711.8 213753.1 11.0 1.3
55 1023716.2 213750.7 12.1 0.1
60 1023720.6 213748.2 13.0 -1.0
65 1023725.0 213745.8 13.9 -2.1
70 1023729.3 213743.3 14.6 -3.1
75 1023733.7 213740.9 15.4 -4.1
80 1023738.1 213738.5 15.8 -4.8
85 1023742.4 213736.0 15.5 -4.5
90 1023746.8 213733.6 14.0 -3.0
95 1023751.2 213731.1 12.9 -1.9
100 1023755.6 213728.7 11.8 -0.8
105 1023759.9 213726.3 11.5 -0.5
110 1023764.3 213723.8 11.3 -0.3
115 1023768.7 213721.4 11.2 -0.2
120 1023773.1 213719.0 11.2 -0.2
125 1023777.4 213716.5 11.0 0.0
130 1023781.8 213714.1 10.6 0.4
135 1023786.2 213711.6 10.6 0.4
140 1023790.6 213709.2 10.4 0.6
145 1023794.9 213706.8 10.2 0.7
150 1023799.3 213704.3 9.8 1.1
155 1023803.7 213701.9 9.3 1.6
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Table 1 continued
Profile . . Bedrock Approximate
Distance E(izggg N?fr;f;;)n g Depth BedrF()JF():k Elevation
(feet) (feet) (feet)
160 1023808.0 213699.4 8.9 1.9
165 1023812.4 213697.0 8.5 2.3
170 1023816.8 213694.6 8.3 2.4
175 1023821.2 213692.1 8.0 2.7
180 1023825.5 213689.7 8.0 2.7
185 1023829.9 213687.2 7.7 2.9
190 1023834.3 213684.8 7.6 3.0
195 1023838.7 213682.4 7.4 3.2
200 1023843.0 213679.9 75 3.1
205 1023847.4 213677.5 7.3 3.3
210 1023851.8 213675.1 7.2 3.4
215 1023856.2 213672.6 7.2 3.4
220 1023860.5 213670.2 7.4 3.2
225 1023864.9 213667.7 7.4 3.3
230 1023869.3 213665.3 7.3 3.4
235 1023873.7 213662.9 7.3 3.5

Estimated standard deviation of depth of interfaces for seismic lines is normally taken as 10% or 2 feet,
whichever is greater. Depths and elevations of bedrock determined here are for competent bedrock.
Heavily weathered or highly fractured bedrock may occur at shallower depths. Easting and Northing
coordinates for the seismic lines are given in feet in Maine State Plane East 1801 (NAD1983), and were
determined using differentially corrected GPS positions acquired at the time of the survey. Elevations are
relative to the surface elevations determined from site plans supplied by Golder.
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Figure 1
General Site Location
Clark Bridge Replacement Project
State Route 102, Tremont, Maine
NOTE: LOCATION File 12SG06 June, 2012
Modified from Google Earth aerial photograph. HAGER—RICHTER GEOSC|ENCE’ INC.
Salem, New Hampshire
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Figure 2

Site Plan
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

File 125G06 June, 2012
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Salem, New Hampshire




LEGEND
Y
\
') —> GPR TRAVERSE
V1 GPR TRAVERSE
/ —mm > SHOWN IN

FIGURE 4

POSSIBLE LINEAR
FEATURE

% POSSIBLE BURIED
% STRUCTURE

& BORING

SCALE (feet)

0 20 40

NOTE:

Modified from site plan provided by
Golder Associates, Inc., entitled
3DTopo_13Mar12.dwg.

Figure 3
GPR Survey & Interpretation
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

File 125G06 June, 2012

HAGER—RICHTER GEOSCIENCE, INC.
Salem, New Hampshire




NOTES:

1.

GPR data were acquired using a Sensors
and Software Noggin Smart Cart digital
GPR system with a 250 MHz antenna.

Estimated depths represent distance below
ground surface

Locations of GPR records shown in
Figure 3.
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Figure 4
Example GPR Record
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

File 125G0O6 June, 2012

HAGER—RICHTER GEOSCIENCE, INC.
Salem, New Hampshire
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NOTES:
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Estimated standard deviation of depth of bedrock
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The depths determined for bedrock are depths
of competent rock; weathered and/or fractured
bedrock might occur at shallower depths.

Surface elevations determined from plans
provided by Golder Associates, Inc., entitled
3DTopo_13Mar12.dwg.

Data were analyzed using the Generalized
Reciprocal Method.
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Figure S
Seismic Line
Clark Bridge Replacement Project
State Route 102, Tremont, Maine

File 125G06 June, 2012

HAGER—RICHTER GEOSCIENCE, INC.
Salem, New Hampshire




HAGER-RICHTER
Geophysical Survey GEOSCIENCE, INC.

Clark Bridge Replacement Project
State Route 102, Tremont, Maine
File 12SG06 Page 11

APPENDIX A

Draft Boring Logs



G= Gra!n sze Analyms

Maine Department of Transportation |Project: Clark Bridge Replacement Boring No.: BB-TMB-101
Soil/Rock Exploration Log . .
c v UNIT Location: Tremont, Maine PIN: 19305.00
Driller: Maine Test Borings Elevation (ft.) 11 Auger ID/OD: 4.5inch
Operator: M. Porter Datum: NAVD8E8? Sampler: 2" and 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 2" SS, 300/16 3" SS
Date Start/Finish:  5/14-15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveyed Casing ID/OD: HW Water Level™: 8.9
Hammer Efficiency Factor: 0.6 Hammer Type: Automatic ] Hydraulic (O Rope & Cathead )
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength (psf) lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solld Stem Auger Ty = Pocket Torvana Shear Strength (psf) Wé water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone hfunconactad = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = Weight of 140tb. hammer Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity index

V= lnslm Vane Shaar Test, PP Pocket Psnalmmelsr WOR/C = Welght of mds or casmg Nso SPT N~uneormded oorracted fur hammer efﬁdancy
Insitu Va ear Te o 1P 0 fficiency F:
Sample Information
. Laboratory
. £ g = -~ | & 2 Testing
[«] ~ [7] = o
g E g ‘u:: e = E, g 5 ﬁ Visual Description and Remarks Al}\ess:th%/
| 8| 5| B. | g85.d |2 gl 52|5.|® i
& —_ 5] 3 as|la~
8| & | & SE 865585 | 2| 2| 8a|aEl & .
Y g 0-0.3 ft. Asphalt weari
. 9 .3 ft. Asphalt wearing course
1D 242 gg gg 15111412 % 2 RS 10.4 15 0.3-0.5 ft. Asphalt base course
05-25 l RXXXY \Top 1": Weathered asphalt base course
.5-2. 0.6
XXX Bottom 11": Light and dark brown, damp, medium dense, gravely fine
8.0 =X \to medium SAND, little silt, trace clay (Roadway Base).
’ 3.01
HWa ...’.0 Lost water at 3 ft., cobble fill at 3.5 ft based on drill behavior.
o 08| Intermittent water return to 5 f1.
[ 5 ° No recove: led with 3" i i
j ry, resampled with 3" spoon. Gray, damp 3" cobble, little
2MD 24/0 50-7.0 777126/9 33 33 } gravel, trace silt (Rock Fill).
W
e Boulder approximately 7 to 8 ft. based on drill behavior. Cobble fill
A below based on drill behavior. Intermittent water retumn 8 to 10 f1.
o
10 : " ECL e p=Used 3" split spoon.
Dy bt - ., 0.2 Gray, wet, coarse GRAVEL, trace coarse sand, trace silt (Rock Fill).
10.84
%‘ Top of Bedrock Elev. ___ft.
R1 | 6060 |120-17.0| RQD=42% NQ-2 RN e e
Q > 2 @ Seam based on drill behavior 11.8t0 11. 9 ft.
R1:
i\\\- Rock Mass Quality = Poor
A ‘ R1: Core Times (min:sec) .
15 12.0-13.0: (2:55) o [’ ﬁ\{:
13.0-14.0" (2:30) \ bt A
N 140-15.0: (2:15) | PAR
N \§ 15.0-16.0" (2:40)
R2 | 50/50 |17.0-212 RQD = 50% & 1130-170': (3:30) Recovery = 100%
DR Rock Mass Quality = Poor
N \\W R2: Core Times (min:sec)
17.0-18.0% (3:35)
- 20 ’\ 7 18.0-19.0" (4:15)
/ i\\ | 19.0-20.0" (4:20)
-10.2 S5 20.0-21.0' (3:55)
21.0-21.2" Not timed. Recovery = 100%-
21.24
Bottom of Exploration at 21.2 feet below ground surface.
| 25
Remarks:
Stratification lines represent approximate boundaries between soil types: transitions may be gradual Page 10f1
\‘IhV::le{’:gsv:I xga?:'h;‘:aug‘e:% r:aa:: r:rtn tg’r‘:!ess u:;‘rg :1‘1::; conditions stated. Groundwater fluctuations may occur due to conditions other Boring NO.: BB-TMB- 101




SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140lb. hammer

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Walt Tube Sample

MU = Unsuccessful Thin Wall Tubs Sample attempt

V= Insllu Vnne Shear Tast, PP = Podm Punetrumelsr

Sample lnformatlon

Maine Department of Transportation |Project: Clark Bridge Replacement Boring No.: BB-TMB-102

SalVRock Exploration Log Location: Tremont, Maine PIN: 19305.00
US CUSTOMARY UNITS * :

Driller: Maine Test Borings Elevation (ft.) 11 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVDS88? Sampler: 2" and 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: Not Surveyed Casing ID/OD: HW Water Level”: 8.8

Hammer Efflciency Factor: 0.6 Hammer Type:  Automatic 0 HydraulicO Rope & Cathead ®

Definitions: R = Rock Core Sample S, = Insitu Field Vane Shear Strength (psf) Sy(tab) = Lab Vane Shear Strength (psf)

WORIC Welqht of mds or aaalng

= watar content, percent

Ty = Pocket Torvane Shear Strangth (psf)
LL = Liquid Limit

= Unconfined Compressive Strength (ksf)
-uncorrecied = Raw fleld SPT N-value PL = Plastic Limit
Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index
Na = SPT N-uncormdad eorraded for hlmmar emdency G= Grnln Slze Anllysls

Laboratory

Pen./Rec. (in.)
Sample Depth
Blows (/6 in.)
Shear
Strength

(psf)

or RQD (%)
N-uncomrected
Nso

Casing

Blows

Testing
Resuilts/
AASHTO
and
Unified Class.

Visual Description and Remarks

Elevation
Graphic Log

(r)

©| Depth (ft.)
Sample No

19/10/11/10 SSA

i

24/12

0-0.4 ft. Asphalt wearing course.
0.4-0.5 ft Asphalt base course

e
W

p|ogo

w o
1]

Vv Ngo

(-3 W th &

1/0 50-1" HW,

3D 24/0 50-7.0 7/10/8/1 -

4D 24/3 75-95 14/12/6/10 -

5D 13/4 100-11.1 10-26-50/1" \

R1 60/50 | 11.5-16.5 RQD =45%

40/39 | 16.5-19.8 RQD =33%

19/17 [ 19.8-214 RQD = 68%

Top 3": Weathered asphalt base course

5258

0.8
Middle 8": Light brown, damp, sandy fine to coarse GRAVEL, little

ilt (Roadway Base).
Bottom 2" Gray, damp, coarse GRAVEL, litte fine to coarse sand,

little silt (Rock Fill).

oo
in

2.5

No recovery. Rock fill based on drill behavior.

HWg=Advanced HW casing with spinning shoe. No blows performed.
Lostwater at 4 ft, loose based on drill behavior.

No recovery, final blow drove spoon to 7.5 ft., hole stayed open for
4D.

6.5-7.5 ft: Loose based on drill behavior, lost water return.

Gray, wet, fine to coarse GRAVEL, trace silt (Rock Fill).

Dense at 8.5, lost water return.

o’ oy

Gray and dark green, wet, fine to coarse GRAVEL, trace fine to coarse]
sand (Rock Fill).

Top of Bedrock at Elev. ft.

gtl)ller cone ahead to 11.5 ft. Water returned with casing at 11.5 fi.
Rock Mass Quality: Poor

R1: Core Times (min:sec)
11.5-12.5" (2:15)

12.5-13.5" (1:50)

13.5-14.5" (2:10)

14.5-15.5" (2:30)

}1{‘55-16.5’: (6:25) Recovery = 83%

11.H

R

Wit

ey

Rock Mass Quality = Poor

R2: Core Times (min:sec)

16.5-17.5" (1:50)

17.5-18.5" (3:35)

18.5-19.5" (2:50)

19.5-19.8": (0:30) Recovery = 98%

ggre barrel plugped at 19.8 ft, picked up 7" of R1.

Rock Mass Quality = Fair
R3: Core Times (min:sec)
19.8-21.5" (4:15)

Bottom of Exploration at 21.5 feet below ground surface.

25
Remarks:

Stratification I nes represent approximate boundaries between soil typas; transitions may be gradual.

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
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Boring No.: BB-TMB-102




D = Split Spoon Sample

Maine Department of Transportation |Project: Clark Bridge Replacement Boring No.: BB-TMB-103

Soll/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00

Driller: Maine Test Borings Elevation (ft.) 11 Auger ID/OD: 4.5 inch

Operator: M. Porter Datum: NAVDS88? Sampler: 2" and 3" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15-16/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: Not Surveyed Casing ID/OD: HW Water Level": 8.9

Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic O HydraulicO Rope & Cathead &

Definitions: R = Rock Core Sample Su:'- Insitu Field Vane Shear Strangth (psf) 3&'5'"—"’ = Lab Vane Shear Strength (psf)

SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf) = water content, percent

MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qg = Unconfined Compressive Strangth (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone uncorrected = Raw fiald 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 Penetromaeter WOR/C = Welght of rods or casing Ngg = SPT N-uncorrected corracted for hammer efficiency G = Grain Size Analysls
MV = Unsuccessful [nsitu Vane Shear Test attemp 1PV = {Hamme (et ! = atio
Sample Information
py Laboratory
& ﬁ = — B 2 Testing
o - @ £ 2 E - Results/
ey 4 o < -
2 z § % 3 %, S £ o g 5 Visual Description and Remarks AASHTO
£ a = 2 R 2 £ § 5 and
Bl 5| 8 S o28%% | 2| B|83|&c| & Unified Class.
T -
1 1o | 24nm2 | 00-03 26/12/11/22 . SSA Asphalt wearing course.
§3H5 103 Asphalt base course.
5.9 Top 3": Weathered asphalt base course.
05-25 08l
HW, 85 Bottom 8": Light brown, moist, fine to coarse SAND, little fine gmvé],
a <1 \Iime silt (Roadway Fill).
3 2.5
o *"| Gravel and cobbles based on drill behavior. Lost water return at 3 ft.
‘ a=Advanced HW casing with spinning shoe.
L 5 e : . .
2D 2413 5.0-70 6/10/28/11 R ™ Gray, dnfnp, single 3" cobble, trace silt. Spoon bent during driving
$ 4 (RockFill).
%
°
% No return, cobbles based on drill behavior.
4
=
2.0k 9.0]
' Wood in wash at approximately 9 to 10.3 ft. No return at 10.4 ft.
F 10
0.6 10.41
0.0k 11.01
3D 24/10 | 11.0-13.0 9/12/6/13 - \ / Qg,a’gk Gray, wet, fine to coarse GRAVEL, little fine to coarse sand, little silt,
EM g| trace clay (Emerged Marine Sediments).
Q% ﬁ -]
%0 A I
" ] Gray, wet, fine to coarse GRAVEL, some fine to coarse sand, little silt|
4D 24/7 |13.0-150 48/39/50-5 - 44y, ; (Emerged Marine Sediments),
96 = Drove NW casing
L 15 r ash turns red-gray at approximately 14.5 ft., alternates to blue-gray.
5D 6/6 15.0-15.5 110-6" HW, Blue-gray, wet, fine sandy SILT, little fine gravel (Emerged Marine
Sediments).
HW Casing bent at bottom, rods not fitting through NW casing.
Driller removed NW casing and resumed spinning HW.
18.31
Top of Bedrock at Elev. __ ft.
Roller cone ahead to 20 ft. Casing not seating well at 19 ft.
- 20 .
_ R1
R1 60/36 | 20.0-25.0 RQD =32% NQ-2 Rock Mass Quality = Poor ‘,.4\ P
R1: Core Times (min:sec) oy B e \
20.0-21.0" (2:05) LY | i X}
21.0-22.0" (2:20) Wwe
22.0-23.0" (2:10)
23.0-24.0" (2:40)
24.0-25.0" (5:30) Recovery = 60%
25
Remarks:

Stratification lines represent approximate boundaries between soll types, transitions may be gradual.

* Water level readings have baen 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-TMB-103




Driller: Maine Test Borings
Operator: M Porter
Logged By: M. Hennick

Date Start/Finish: 5/15-16 12
Boring Location: Not Surveyed

Hammer Efficlenc Factor: 06

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 Samp e

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Welght of 140 b, hammer
WOR/C = Waight of rods or casing

Sam le information

Remarks:

Str lines rep pp boundaries between soil types; transitions may be gradual

Auger ID/OD: 4.5 inch

Sampler: 2" and 3" Spht Spoon
Hammer Wt./Fall: 300 16 3" SS
Core Barrel: NQ-2
Water Level™: 8.9
S, nsitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
Ty Pocket Torvane Shear Strength (psf) Wé = waler content, percent
qp Unconfined Compressive Strength (ksf} LE = Liquid Limit
uncorrected = Raw field SPT N-value PL = Plastic Limit
Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index
Ngo =~ SPT N-uncorrected cormacted for hammer efficlency G = Graln Size Analysls
e * =
Laboratory
Testing
. Results/
Visual Description and Remarks AASHTO
and
Unified Class.

* Water lavel reading have been made at times and under cond tions stated. Groundwater fluctuation may occur dus o conditions other

than those present at the time measurements were made



Maine Department of Transportation |Project: Clark Bridge Replacement Boring No.: BB-TMB-104
Sol/Rock Exploration Log Location: Tremont, Maine PIN: 19305.00

Driller: Maine Test Borings Elevation (ft.) 12.5 Auger ID/OD: 4.5" SSA/6.5" HSA
Operator: M. Porter Datum: NAVDS8? Sampler: 2" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon
Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A
Boring Location: Not Surveyed Casing ID/OD: N/A Water Level™: Dry
Hammer Efficlency Factor: 0.6 Hammer Type:  Automatic D) HydraulicO Rope & Cathead @
Definitions: R= R_od( Core Sample suf Insitu Field Vane Shear Strength (psf) s\;'(l,lib) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear Strength (psf} = water content, percent

qp = Unconfined Compressive Strength (ksf)
uncorracted = Raw field SPT N-value
Hammer Efficiency Factar = Annual Calibration Value
Ngo = SPT N-uncorrected corrected for hammer efficiency

LL = Liquld Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Welght of 140ib. hammer
WOR/C = Welght of rods or casing

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

| MV = sft A A 6 = C = Consolidation Test
Sample Information
— = — Laboratory
c En ) 3 Testing
Gy 2 e a 5 g E c §, Visual Description and Remarks pealtel
el 3| & ® g £ ¢ g o |8 |2 P AASHTO
5] g S =5 g5 9 2 £2|T & and
a E c E ~ 30T 3 3 S|las]| B
8l 8| & | 8¢ 25585 | 2| 288|828 nified Class.
0 g 0-0.4 fi.: Asphalt wearing course.
gg - gg CEl 1.9 0.4-0.6 fi.: Asphalt base course
e 3 0.6]
1D 24/12 10-3.0 712/1/6 2 19 3005] Light brown, damp, medium dense, fine to medium SAND, some
3] gravel, some silt. Decreasing gravel with depth (Roadway Base).
K
] K Light brown, damp, medium dense, fine to medium SAND, some silt
K 8 2 s 8
2D 24/14 3.0-50 9/6/6/13 12 12 | HSA RS (Roadway Base).
4
e
[ 5 Red-brown, damp, silty fine SAND, tra i d
i " i 71 3 p, silty fine , trace organics (roots) (Roadway
k)») 474 50-53 504 >, \Base). sl
o B
o o8] Gravel and Rock fill at 5.4 ft. based on auger behavior.
’ 4 Auger cuttings contain decreasing sand fraction with depth.
i' Auger cuttings mostly broken rock/gravel at 8 ft.
q
bt
- 10 e 0 10.0-10.1 501" @, o No recovery - dense rock fill.
- - s < Jﬁ
oo ]
0.4 “N Auger refusal at 12.1 fi, very hard.
12.14
Bottom of Exploration at 12.1 feet below ground surface.
F 15
m ‘.AM
v, ¥ ’ X :Aﬂ \3
F 20
25
Remarks:

Page 1 of 1
Boring No.: BB-TMB-104

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

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




D = Split Spoan Sample

MBD = Unsuccessful Split Spoon Sample attempt

U =Thin Wall Tube Sample

MU = Unsuccassful Thin Wall Tube Sample attempt

V =insitu Vsna Shear Test, PP Pod(et Penetmmeter
ccessful a e atte

RC = Raller Cone

SSA = Solid Stem Auger
HSA = Hollow Stem Auger

WOH = Welight of 140tb. hammer
WOR/C = Welght af rods or mscng
w

Ty = Pockst Torvane Shear Strength (psf)

qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
uncorected = Raw field SPT N-value PL = Plastic Limit
Hammer Efficiency Factor = Annual Calibration Value Pl = Plasticity Index

Ngo = SPT N-uncorrected comected for hammer efficency
r -

G = Grain Size Analysis

Maine Department of Transportation |Project: Ciark Bridge Replacement Boring No.: BB-TMB-105

Soil/Rock Exploration Log . .
US o TS Location: Tremont, Maine PIN: 19305.00

Driller: Maine Test Borings Elevation (ft.) 10.5 Auger ID/OD: 4.5" SSA/6.5" HSA

Operator: M. Porter Datum: NAVDS8? Sampler: 2" Split Spoon

Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon

Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A

Boring Locatlion: Not Surveyed Casing ID/OD: N/A Water Lovel™: Dry

Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic(J Hydraulic (] Rope & Cathead 3

Definitions: R = Rock Core Sample Sy = Insitu Fleld Vanse Shear Strength (psf) wélab) Lab Vane Shear Strength (psf)

water content, percent

than thosa present at the tme measurements were made.

Ss : ) cency F € = Consoligation Test
Sample tnformation T
Py - - aboratory
. £ g = _ g 2 ;esn?tgl
o ~ (] E= j€6) : esu
0 z j < o =
£ s g g e = 5 2 o 5 o Visual Description and Remarks AASHTO
gle| %] ¢ 2558 | 8| o|B2|%. | % and
€ — 3 % 3 d|la~| B i
&1 s | & 3E 25585 | 2| £|88|8<e] 5 e
0 e 0-0.4 ft.; Asphalt wearing course
gg . gf',- S 95 0.4-0.7 ft.. Asphalt base course
0.3 : o 1.04
1D 24/8 1.0-3.0 19/21/15/13 36 36 K Top 1": Weathered asphalt base course
’ & Bottom 7": Light brown and gray, damp, dense GRAVEL, some fine
IR to coarse sand, trace silt (Roadway Base).
D 24/6 3.0-5.0 15/10/6/8 16 16 K] Light brown and gray, fine to coarse sandy GRAVEL, trace silt. Spoon
": tip plugged with gravel (Roadway Base).
~
F 5 55K — 5.01
3D 8/4 50-5.7 5/50-2" - HSA 4 Brown, wet, coarse GRAVEL, some fine sand, little silt (Rock F||1)
T e
3.9 Augerrefusal atElev. __ ft.
—6.61
Bottom of Exploration at 6.6 feet below ground surface.
10
e s
~ 1 )
'y |
15
F 20
25
Remarks:
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 B Ol'i n g N o.: BB TIVB 1 0 5




Maine Department of Transportation | Project: Clark Brdee Replacement Boring No.: BB-TMB-106
Sai 0 . o
Us o Location: Tremont. Maine PIN: 19305.00
Driller: Maine Test Borings Elevation (ft.) 10.5 Auger ID/OD: 4.5" SSA/6.5" HSA
Operator: M. Porter Datum: NAVD38? Sampler: 2" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 140/30 Split Spoon
Date Start/Finish: 5/16/12 Drilling Method: Auger boring Core Barrel: N/A
Boring Location: Not Surveyed Casing ID/OD: N/A Water Level": 89
Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticJ Hydraulic (] Rope & Cathead &
Definitions: R = Rock Core Sample Sy = Insitu Field Vane Shear Strength (psf) Sy(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample S8A = Solid Stem Auger Tv Pocket Torvane Shear Strength (psf) = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-unmrmcted = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = Weight of 140ib. hammer Hammer Efficiency Factor = Annual Calibration Vaiue Pl = Plasticity Index
V= Insalu Vana Shear Test, PP Pockel Penetrome!er WORIC Welghl of rods or msmg NBO SPT N-uncomadad comacted for hammer efficiency G = Grain Size Analysis
My = a € 2 perso mer n PN-u = lidati
Sample Informatlon |
— Laboratory
. e % = = E - Testing
- -] = Q e = o 9 - - Results/
£ i g 3 e g E 2 o B 5 Visual Description and Remarks AASHTO
gl 8| 5| Bo | 2BEs8 | 2| 5|52|%. o
= (<] 7 Slo~| B
a & & BhE k5 &5 z Z | 8al|uE| o pLECHL LS
0 0.0-06 SSA 0-0.6 ft.: Asphalt wearing course
=it 9.5 0.6-0.8ft.: Asphalt base course
24/14 | 10-3.0 16-23-18-17 41 | 4 D—— — 1.0;
Light brown-gray, damp, dense, fine to medium SAND, some gravel,
little silt (Roadway Base).
Brown, damp, medium dense, fine to medium SAND, some silt, little
24/12 3.0-5.0 16-11-6-3 17 17 gravel (Roadway Base),
F 5 55K 5.0
24/15 50-70 3/3/4/32 7 7 HSA g °°d Dark gray, wet, loose, SILT, little clay, little fine sand, trace organics
l . 8° 5| (bark and roots) (Emerged Marine Sediments).
L
37B—=9 6.81
~ 3.0 Gravel/broken rock based on auger behavior.
. Auger Refusal at Elev. ___ft.
7.5
Bottom of Exploration at 7.5 feet below ground surface.
- 10
.
2\ |
Lot %
¢~
¢
- ] 5 %
F 20
25
arks:

than those presant at the time measurements were made.

Stratification i nes represent approximate boundaries between soil types; transitions may be graduat.

* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other
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Maine Department of Transportation
Soil/Rock Exploration Log

Project: Clurk Bridpe Replacement

Boring No.:

BB-TMB-101

US CUSTOMARY UNITS Location: Trcmont, Mae PIN: 19305.00
Driller: Naine Test Borings Elevation (ft.) 1 Auger ID/OD: 4.5 inch
Operator: AL Ponet Datum: NAVDER Sampler: 2" and 3" Split Spoon
Logged By: M. Henrteh Rig Type: Mobie B-53 Truck Hammer Wt./Fall: 140/30 2" S§, 300/16 3" S§
Date Start/Finish: 5H4-15/12 Drllling Method: Cased Wash Boringe Core Barrel: NQ-2
Boring Location: Not Surveyed Casing ID/OD: W Water Level": 89
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic Hydraulic O Rope & Cathead 12

Definitions

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample atlempt

V = Insitu Vane Shear Tesl, PP = Pocket Penelrometer

RC = Roller Cone

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

WOH = Weight of 140ib, hammer
WOR/C = Weight of rods or casing

MV = Unguccesstul Insitu Vane Shear Test attempt WIP/WZP = Waight of one/two pergon(s)

Sy = Insttu Field Vane Shear Strengih (psf)
Ty = Pocket Torvane Shear Strength (psf)

LL = Liquid Lima

p 9
N-uncorrecled = Raw field SPT N-vaiue
Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPTN. for
Ngg = {Hammar Efficien

c (ksf)
PL = Plastc Limit

Pl = Plasticity Index

G = Grain Size Anatysis
C = Consohdation Test

Factor/80%) N-uncorrected

Syflap) = Lab Vane Shear Strength (psf)
= waler content, percent

Sample Informatlon
Py Laboratory
: = o :
. =5 3 = @ Testing
] ~ £ = g Q A Results/
- z (=] § c
z = g N e = S g - 5 Visual Description and Remarks AASHTO
el S| 8 $88<2 | ¢8| 5| 583 and
= ScCoa 7 ) Q1= Unified Cla
3 & a BE DHHEE 4 Z | dm|uo= Class
0 < 0-0.3 fi. Asphalt wearing course
24/19 R 5 5 5 4 . Asplialt wearing co!
1D Hn2 gg (0;; 15/11/1an2 '5 23 554 104 10.3-0.5 fi. Asphalt base comse
5 A | Top 1": Weathered asphalt base course
05-25 0.6
Bottom 11": Light and dark brown, damp, medium dense, gravely fine
8.0 . to medium SAND, little silt, trace clay (Roadway Base).
o b — 3.0
HY¥a a-Advanced casing with HIW spinning shoe.
Lost water at 3 f1.. cobble fill at 3.5 fi based on drill behavior.
5 Intermittent water retum to 5 fi.
IMD 24/0 50-70 771269 33 33 No recovery, resampled with 3" spoon. Gray, damp 3" cobble, little
gravel, trace silt (Rock Fill).
Boulder approximately 7 to 8 fi. hased on drill behavior. Cobble fill
below based on dnll behavior. Intemuttent water retumn 8 1o 10 fi.
10 " et
R K w p=Used 3" split spoon.
3D " 100-10.1 S0 02 Gray, wet, coarse GRAVEL, tace comse sand, trace silt (Rock Fill),
10.8
i Top of Bedrock Elev. ft
o N Roller coned ahead to 12 fi.
R1 60,60 120-170 RQD = 42¢ N(-2
Q ° Seam based on drill behavior 11.8t0 11.9 fi.
R1.12.0-12.9": Dark gray to greenish black, very fine grained
i J BASALT. hard, moderately to slightly weathered. discontinuities
] ‘ close to very close, moderately dipping to steep, rough to very rough,
15 planar to irregular,
12.9-17.0": Dark pinkish gray. finc 1o medium grained GRANITE
i N OGNLISS, hard, moderately to slightly weathered, discontinuitics close
N\ ‘ to very closely spaced. generally orthogonal, horizontal to vertical,
R2 50,50 | 17.0-212 RQD = 50% planar, very rough to smooth, contain calcite and manganese oxide.
Rock Mass Quality = Poor
i Y RI: Core Times (min:sec)
\\\‘
20 \
VI NN
-10.2 : 0" (3:30) Recovery = 100%
R2: Dark pinkish gray, fine to medium grained GRANITE GNEISS,
hard, moderately to slightly weathered, discontinuities close to very
closcly spaced, generally orthogonal, horizontal to vertical, planar,
very rough to smooth, contain calcite and manganese oxide. Thin
basalt dike at 17.8 fi., approximately | inch thick and subhorizontal,
25 Rock Mass Quality = Poor
Remarks:
lines rep PP soil types; may be gradual Page 1 0of 2
* Water level readings have been made at tlimes and under stated. Gr may occur due lo conditions other . .
; Y Boring No.: BB-TMB-101

than those present at the time measurements were made

A-3)1s



Mainc Department of Transportation  {eroject: Clark ridge Replacement Boring No.: __BB-TMB-101__
Soil/Rock Exploration Log N ;
P Location: Tremont, Maine . 09103
US CUSTOMARY_UNITS PIN: 19305.00
Drlifer: Nlaine Test Bonngs Elevation (ft.) 1 Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVDRR Sampler: 2" and 3" Sphit Spoon
Logged By: M. Henrick Rig Type: Mobile 3-53 Truck Hammer Wt./Fall: 140 30 2" §8, 30016 3" S8
Date Start/Finish: 5/14-15112 Drilling Method: Cased Wash Bonng Core Barrel: NQ-2
Boring Locatlon: Not Surveyed Casing ID/OD: HW Water Level”: 8.9
Hammer Efficiency Factor: 0.6 Hammer Type: f\l“O"ulliC [m] Hydraulic O Rope & Cathead 13
Deofinitions R = Rock Core Sample = fnsitu Field Vane Shear Strength (psf) su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv Pocket Torvane Shear S|reng1h (psh WC = water confent, percent
MD = Unsuccessful Splt Spoon Sample atlempt HSA = Hollow Slem Auger Qg =L [of gth (ksf) LL = Liquid Limd
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw ﬁeld SPT N-value PL = Plastic Limit
MU = Unsuccessiul Thin Wall Tube Sample attempt WOH = Weight of 140ib. hammer Hammer Efficiency Faclur = Annual Cnhhrahun Value Pl = Plasticity Index
= Insitu Vane Shear Test, PP = Pocket Penetrometer WOR(C = Weight of rods or casing Nso SPT N: G = Grain Size Analysis
MV = Lingu ful Ingity Van  altem W18 i h( f one/tw ED {Hammer Efficiency Fac(orlGO%)'N uncorrected C = Consoldation Test
Sample Information
— Laboratory
> = o N
. £ a = 1} Testing
-l s 3 & £ g |3 - | 8 , o Resulls/
e S g Fa g £ ¢ 4 § o Visual Descriplion and Remarks AASHTO
i o Q =] =] = =
£l 2 £ s 252_0O g £2|% £ and
gl & 5 &3 f2egE S| 8|&é|la & Unified Class
[%] [ nE DHNHE6 zZ Z | Obd|WE
25 R2: Core Tumes (min:sec)
17.0-18.0": (3:35)
18.0-19.0" (::15)
19.0-20.0": (4:20)
20.0-21.0% (3.55)
21.0-21.2": Not timed. Recovery = 100%
21 21
Bottom of Exploration at 21.2 feet below ground surface.
F 30
F 35
40
45
30
Remarks:
Strati lines rep pproxi s soil types._ transitions may be gradual Page 2 of 2
* Water ievel readings have been made at times and under cond = stated G fi may occur due to conditions othar . .
than those presen?at the time measurements were made Y Bormg No.: BB-TMB-101

A-4/13



Maine Department of Transportation  |Project: Clark Bridge Replacement Boring No.: BB-TMB-102

Soil/Rock Exploration Log i R _
US CUSTOMARY UNITS Location: Tremont, Maine PIN: 19305.00

Driller: Maine Test Borings Elevation {ft.) 1} Auger ID/OD: 4.5 mch

Operator: M. Porter Datum: NAVDRY Sampler: 3" Split Spoon

Logged By: M. Henrick Rig Type: Muobile 3-53 Truck Hammer Wt./Fall: 300/16 3" SS

Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2

Boring Location: Not Surveyed Casing ID/OD: [RAY Water Level': 88

Hammer Efficiency Factor: 0.6 Hammer Type:  AwomaticO Hydauhic O 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 = Raller Cone

WOH = Weight of 140Ib. hammer

Sy = Insilu Field Vane Shear Strength (psf)
Ty = Pockel Torvane Shear Strength (psf)
Gp =L Comp gth (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Faclor = Annual Calibration Value

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

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

PP

stated.

“ Water level readings have been made at times and under
than those present at the time measurements were made.

may occur due to condtions other

V = Insitu Vane Shear Test, PP = Pocke! Penetrometer WOR/C = Weight of rods or casing Ngo = SPTN. for Y G = Grain Size Analysis
MV = Unsuccossiul Ingtu Vang Shear Tostattempt ______ W1P/W2P = Weight of onetwo person{s) __ Nag = (Hammer Efficiency Factor/60%):N-uncarrected ______C = Consolidation Test
Sample Information
— Laboratory
: = o i
S £ § = _ % 2 Testing
g ;’ g E’l e = § g - -§ ; Visual Description and Remarks Aiess;!:%
elg] 5| ¢ $85<9 || o |53 |35 and
- o~
a1 8| & | 82 | 25585 | 2| £ |3a|usld ned Ciase
0 0-0.4 fi. Asphalt wearing cowrse
D 112 S (; - gg 1910711710 S9A 10.3 04-0.5 1 \lxplmh base é;oursc
05-2% 3 inch spoon:
Top 3": Weathered asphalt base course
" . 0.8
D 0 33-26 o) ¥ 85 ? Middle 8 Light brown, damp, sandy fine to comse GRAVLEL, little
K .. ilt (Roadway Base).
%o Bottom 2": Gray, damp, coarse GRAVEL, litic fine to coarse sand,
SO linte sin (Rock Fim,
5 25
3D 24/0 50-70 7/10/8/1 - ) 3 inch spoon:
N No recovery. Rock fill based on drill behavior.
[y HW =Advanced HW casing with spinning shoe. No blows performed
oy Lost wider at 4 fi, loose based on drill behavior
4D 24/3 75-95 14/12/6/10 - @ ] 3inch spoon:
. No recovery. final blow drove spoon to 7.5 1., hole stayed open for
® b
.. 6.5-7.5 fi. Loose based on dnill behavior, lost water retum
¢ Gray. wet. fine to coarse GRAVLEL. trace silt (Rock Fill).
10 Dense at 8.5, lost water retum.
5D 1314 100-111 10/26/50(1") V/ 12 o | Gray and durk green, wet, fine to coarse GRAVEL, trace fine to conrsd
Rt | 6oso [115-165] RQD=45% a0 N s (Rack Fil) i
Top of Bedrock at Elev. fi.
Roller cone ahead to 11.5 1. Water returned with casing at 11.5 fi.
\ RE: Dark gray 1o greenish-back, very fine grained
METAVOLCANICS, hard, moderately to slightly weathered,
discontinuitics close to very close, subliorizontal to steep, smooth to
15 very rough, planar to curved to irregular, contain calcium carbonate,
ereen tale, chiorite and fine grained pyrite.
Rock Mass Quality: Poor
R2 | 40.4/39 | 165-199 RQD = 33% R1: Core Times (min:sec)
R3 20117 | 198-215 RQD = 68% \\ :25) Recovery = 83% .
20 R2: Dark gray to greenish-back, very fine grained
\ / NETAVOLCANICS, hard, moderately to slightly weathered,
Y discontinuities close to very close, subhorizontal to steep, smooth to
-105 | very rough, planar to curved to irregular, contain calcium carbonate,
preen tale. chiorite and fine grained pyrite. Calcite veins up to 14 inch
thick common. Highly fractured zone 17.5 to 18 fi. decp.
Rock Mass Quality = Poor
R2: Core Times (min:sec)
16.5-17.5" (1:50)
25
Remarks:
Stratification lines rep boundari soil types, transitions may be gradual Page 1 of 2

Boring No.: BB-TMB-102

A-5/8



Soil/Rock Exploration Log

Maine Department of Transportation

Project: Clark Bridge Replacement

Boring No.:

BB-TMB-102

US CUSTOMARY UNIT. Location: Tremont, Mane PIN: 19305.00
Driller: Naine Test Bonmges Elevation (ft.) B Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVDSR Sampler: 3" Split Spoon
Logged By: M. Hearick Rig Type: Mobile 18-53 Truck Hammer Wt./Fall: 30016 3" SS
Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveyed Casing ID/OD: HW Water Level”: 8.8
Hammer Efficlency Factor: 06 Hammer Type:  AwomaticO Hydraulic O Rope & Cathead ()

Defindions

D = Split Spoon Sample
MD = Unsuccessiul Split Spoon Sample attempt

U = Thin Wall Tube Sample

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

MV = Unguccassful Insitu Vane Shear Tast allgmp! W1IP/W2P = Waight of ong/two person{s)

PP = Pocket Penetrometer

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

RC = Roller Cone

WOH = Weight of 140Ib hammer
WORI/C = Werght of rods or casing

Sy = Insdu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)

Gp = L Ci

N-uncorrected = Raw field SPT N-value
Hammer Efficiency Factor = Annual Calibration Value

Ngg = SPTN

for
Ngn = (Hammer Efficiency Factor/60%)‘N-uncorrected

su(lnb) = Lab Vane Shear Strength (psf)
WC = waler conlent, percent

(ksh LL = Liquid Limit

PL = Plastic Lima

Pl = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

than those present at the time measurements were made

Sample Information
— Laboratory
R L o .
. c 3 = o o Testing
9 = 2 = £ ] ) - Results/
| 2 o o © E c = a
£ % $ r € ¢ = g o § 2 Visual Description and Remarks AASHTO
£| B = a 2852 _0 2 guels = and
g & § £ s28gE S| 8|z2s|az| £ Unified Class
[a] n o nE DHHES6 z Z |[om|mE g
25 17.5-18.5" (3:35)
18.5-19.5" (2:50)
19.5-19.8" (0:30) Recovery = 987
Core barvel plugged at 19.8 ft, picked up 7" of R1,
R3: Dark gray to greenish-back, very fine grained
METAVOLCANICS, hard, moderately to slightly weathered,
discontinuities ciose to very close, subhorizontal to steep, smooth to
very rough, planar to curved to inegular, contain calcium carbonate,
L 50 green talc, chiorite and fine grained pyrite.
7 Rock Mass Quality = Fair
R3: Core Thmes (min:sec)
19.8-21.5" (4:15)
21.54
Bottom of Exploration at 21.5 feet below ground surface.
[ 35
40
- 45
50
Remarks:
Suatification lines PP soil types, may be gradual Page 2 of 2
° Water level readings have been made at times and under ions stated fi may accur due to conditions other

Boring No.: BB-TMB-102

A-t/i1g



Maine Department of Transportation
Soil/Rock Exploration Log

Project: Clark Bridie Replacement

Boring No.: BB-TMB-103

US CUSTOMARY UNITS Location: Tremont. Maine PIN: 19305.00
Drlller: Maine Test Borings Elevation (ft.) 11 Auger 1D/OD: 4.5 inch
Operator: M. Porter Datum: NAVDSS Sampler: 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS
Date Start/Finish:  5/15-16/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveyed Casing ID/OD: HW Water Level”: 89
Hammer Efficiency Factor: 0.6 Hammer Type:  AuomaticO Hydraulic Rope & Cathead %)

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Spiit Spoon Sample attempl

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Walt Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

RC = Rolles 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)
Ty = Pockel Torvane Shear Strength (psf)
Qp = L Compi v g
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

(ksf)

Sy(tab) = Lab Vane Shear Strength (psf)
Wé = water content, percent

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

Ngg = SPT N. for

G = Grain Size Analysis

|_MV = Unguccessful Ingitu Vane Shear Testallompt _WIPMZP = Weight of one/iwo person(s)  Ngq = (Hammer Effiz.ency Factor/60%)°N-uncorect C = Consohdation Tast
- — Sample Information — Laboratory
g g E‘ = = 2 2 Testing

g % 3 e e ag, g - 5 -9' Visual Description and Remarks A’j\?ﬁ%

£| 2 & a 2529 e £217 £ and

IR 5o | 22E%% | 3| 8|83|:E2| 8 Unified Class

(%] a 0 = MO0 4 z om | w
0 ID 24012 00-03 26/12/11/22 . S§8A Asphalt wearing course.
= T PO it e ’ 10.3 Asphalt base course.
05-25 3 inch spoon:
Top 3": Weathered asphait base course.
W, | 8s - - — - 0.8
Bottom 8": Light brown, moist, fine to coarse SAND, little fine gravel
little silt (Roadway Fill). ,
25
Gravel and cobbles based on drill behavior. Lost water return at 3 ft
5 Advanced HW casing with spinning shoe.
2D 243 50-70 G/10/28/11 - inch spoon:
Gray, damp, single 3" cobble, tiace silt. Spoon bent during driving
(Rock Fill).
No retumn, cobbles based on drill behavior,
9.0
Wood in wash at approximately 9 10 10.3 fi. No retum at 10.4 f.
1o 0.6 10.4
0.0 H.o
3D 24/10 [ 110-13.0 9/12/6/13 - \ / o 3 inch spoon:
\ I’ Gray. wet, fine to coarse GRAVEL, little fine to coarse sand, little silt,
trace clay (Emerged Marine Sediments).
- N 3 inch spoon:
4D a4 130- 150 83950057 i H Gray. wet, fine to coarse GRAVEL, some fine 1o coarse sand, little silt
96 (Emerged Marine Sediments).
15 \, Drove NW casing
5D 6/6 15.0-15.5 H0(6") HYV, Wash tums red-gray at approximately 14.5 ft.. alternates to blue-gray
3 inch spoon:
Blue-gray, wet. fine sandy SILT, little fine gravel (Emerged Marine
Sedinents).
HW Casing bent at bottom, rods not fitting through NW casing.
Driller removed NW casing and resumed spinning HW.,
18.3
Top of Bedrock at Elev. ____ fi.

20 Roller cone ahead to 20 ft. Casing not seating well at 19 fi,

- Ri 60/36 | 200-25.0 ROD = 32% Nd .2 Ri: Dark gray to greenish black, fine grained, METAVOLCANICS,
moderately hard, slightly to moderately weathered highly fractured,
discontinuitics close to very close, horizontal to steep, rough to very
rough, planar to imregular, some caicite coating. highly to completely
weathered zone from 24 10 24.5 fi-bgs.

Rock Mass Quality = Poor
R1: Core Times (mun:sec)
20.0-21.0"; (2:05)
25
Remarks:
lines rep pp soil types; may be graduat Page 1 of 2

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

than those present at the time measurements were made.

Boring No.: BB-TMB-103

A-¥/18



. g . 4 - 1 By
Maine Department of Transportation | Project: cluk Bridee Replacement Boring No.: BB-TMB-103
SaillRock Exploration Log "
e Location: Tremont, Nine . ¢ g
US CUSTOMARY UNITS PIN: 19305.00
Driller: Maine Test Borings Elevation (ft.) il Auger ID/OD: 4.5 inch
Operator: M. Potter Datum: NAVDES Sampler: 3" Split Spoon
Logged By: M. Henrick Rig Type: Molnie B-53 Truck Hammer Wt./Fall: 300/16 3" SS
Date Start/Finish:  5/15-16/12 Drilling Method: Cased Wash Borig Core Barrel: NQ-2
Boring Location: Not Surveyed Casing 1D/OD: HW Water Level": 8.9
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic 0 Hydraulic O Rope & Cathead £
Definitions R = Rock Core Sample Sy, = Instu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength {psf)
D = Split Spoon Sample SSA = Sohd Stem Auger Ty = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger ap =\ J Compi gth (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 attempl WOH = Weight of 140lb hammer Hammer Efficiency Faclor = Annual Calibration Value Pt = Plasticity index
V = Insitu Vane Shear Test, PP = Pockel Penetrometer WOR/C = Werght of rods or casing Ngg = SPTN. for iency G = Grain Size Analysis
MV = Unguccassful Insitu Vane Shear Test attempt W1P/W2P = Weight of one/two pergon(s) g0.= (Hommer Efficiency Factor/80%)“N-uncorrected C = Consoldation Test
Sample Information
— = Laboratory
[3 B - 3 Testing
g = s £ £ 9 g Results/
- 4 ; o < - i ipti
z 2 g S - s g o 5 . Visual Description and Remarks AASHTO
| ¢ € B ¢5 2_g o £t s | £ and
& g = 289 3 31| b~ Unified Class
3l & & B E BHHIE 2| 2|83 w2 S
2 21.0-22.0" (220
3 R2 60,27 1250-300 RQD = 7% 33 0.23.0" z, IO;
23,0-24.0' (2:40)
24.0-25.0'. (5.30) Recovery = 60%
R2: Dark gray to greenish black, fine prained, METAVOLCANICS,
moderately hard. slightly to moderately weathered highly fractured,
NP discontimuities close 1o very close, horizontal to steep, rough to very
/ rough, planar to irregular, some calcite conting, highly to completely
. 190 weathered zone from 24 to 24.5 fi-bys.
30 ° Rock Mass Quality = Very Poor
R2: Core Times (min:sec)
25.0-26.0" (2:10)
26.0-27.0" (2:05)
27.0-28.0" (2:35)
28.0-29.0" (2:15)
29.0-30.0" (1:40) Recovery = 45%
30.04
35 Bottom of Exploration at 30,0 feet below ground surface,
L 3
F 40
45
0
Remarks:
Steatification lines rep pproxi i soil types, i may be gradual, Page 2 of 2
* Water level readings have been made at times and under conditions stated. Groundwaler fluctuations may occur due to conditions other . . .
than those presen?a! the time measurements were made. Borlng No.: BB-TMB-103

A-8/18



A aN8

M D oy
e efe ~m o wo 9 MUY s ¥
by 4> ) “opy®
ﬁw& %« &lg.m.u
R O e Nl thadey R e BOL .o
.\«J:v\s\.\rv\“{utﬁ Y 2 add \.aﬁ.&tﬂ\ .&“ *
i w4 (- »~ 4 Y Wi \OS\ITQ\}U ° 88 0T 39
ot fl) 4 o pewd oo gt - I
(-2 .M
_.&_w.ww.ww I\ A\«Q .i).«m_ Aol -4
.W.wa ‘07,490 M AT 89 M
JEUSE PR~ 20 S I B o LT 4]
e L e I B At < e
" : = K ,
Greg qp s DRI YW hay ek L e e
- 552 +.1E 22 ok Ve oz _§9a
. R TN P A IR
(] bﬂ' ‘a.
h\..ﬂN > + .m—.\b . .
2 _{
A= A% e~
.s.ﬁ.vu .8 )
Sy b fyeed 4
oy 9wl 40 201- gy 94
8
AT~ yod pad dH — 8 $0.89
N 3o d- ﬁ.:ﬂig ok a) lr_v . w2 « '8 b
Vrpal g nwes 3y ob AORY '
r e ) {Yopod v 35 ol S0 27D
38, <~ YT, .mw\rv—aé J.Sm»' ..1%;9— - -8
- K rvopird g~ BEZ7s LS |

phne & —¢ Ut g



i) L Tws Ty 123 4 Fdde VBTt

w, W T AR
(WESE ) BN Lwr
+ Y VN
é W 1) Lo bep
£
Y
N Lag 9} Sz0 P
S{_ ~s ) S0 by
‘T A
3 Csad 1 by
g ~s 14 by
~e gz by
g Ml; 1) b L/P
2
:“ ~5 4 ' | (\10
— l\""’
w s |
~5 T Z ""‘W\’
L2 J—«-
Iy ~s U e fpe
® ‘
T Y Ao Ay
mg ! P
Y L s
s N ¢
Yo J . <y
¢ b Ly
e 7 " “¥
d Vit s 9

/\v\
Yo
Pyw

‘-n_/n 1

Yo

Yowt

S| Arr mopmvnam

fowm
Yot
y\ owr

Y

fowm

v

_s._'i
~=y
-5

1T{1 %1

1

Y/

1\\ v

<

S50 S oetie ¢ vh
Wy ¢ WL ek £ LU
ey 81 a0 ¢ £ 1T
a7 S Mo & VT
feonf  T7
oz 8wl @ £ 9
Wez el a5t £ vi
L7 B A i
Moz ol 28 i ¢ 4!
JNeZ 4 gl A < 11
o> & 251 1 = <!
ez b Py 2§ £ ¥
HPgm- v 20
oy 6 g 4§
IE T U NI ¥ =1
\
o> § e W & u
ey et b e o el
e 8 M7 <
SN ns 11‘9 748 <
Ni &z tho ot £
S1e 48 blez pg £
- ‘f7 z 5 £
A ¢
209 o A2 8 <
(@ o 4 o ¢
s 4{,0, 4 £+ ﬁ 2
' L Y \
A L
Xt | 05.__
Y

A-1o/ip



125~ 8F {d= Viw Vte’m«:[»r

SHE) 2 The

3@
I
& =
¥ 5
22
59_—9—
""é\
M
o N IN
en(A .
N =
- R Ky
J o
’*L'_E\r'f
V\i~
Nooe by
- o
8= -
w ] € -2
g
w§
2
v g
g
hady
" b7
lq
Py s M
(W)
\

1.3s

2 so
V263 by

V\*\\ -

4
1d

u - 7d

“d

-y

o
A
o
.£'a
A4

Po

1

Pt

Y o

24}

29
al’e

’ila

Svro ¢
AR [T
."1 SYARY
&2 8y
& S8z 8¢
. U \Lg S§
NI L T
, 7t 0o
[
V1 zZ b
& 2t

e
o b
da

e_hh)nhhhh\"\"hh

c

A

]
~
Qo

;'Ttg‘géi;\‘ﬁi‘Z}:

RE



S %
S .
- ....'l &c’.ﬁli\b-
N [ S
. o
o BPSNE. -
—~ !
s )
~
e’ \nl'
N %
C .8
- ey ey
Py .
- ) -
.
5
F.
—c
. /s_

P B
-
Y
. )
e,
L]
-3
> Rt v

. o
v £ ﬁwﬁ?.
A ..‘m!-‘.\ R |
. . |
Ceew
T
o N .,‘\ |
P O B
ij.. \a...ﬂ.-nl/ »& .a.lx.w, p (M.NQA
kg oA : \
w \ l W(,‘. , IHW.sM,\ - o
ST . ,\! -z \r .
S x
. v
v .
?. ) e
’
| -
s .

o
7
P
-
- ———
—
-
v 4
-
e
-'-
-
.

g g
« . %
. .
o, . B
e
| >
t -
£ B B
a .
’ -
o .
g -
— *



N

T &I e b .
S

<




| jo | abey

Aq paxwoayd

$3}E0SSY J3plon) WY €5 01 ZLOZ/EL/L XS BlEp domino | pem zsul 21 2021

SO B HINY L0ssuonEmieD 00Na5pUg WowWsI L BHA OpPL8-EZINZL0DSIRI0Id o

S3YIUI =Ut 1}39) = Y
aj6ue uonowy > saaibap o¢ = ybiH

s38168p 0¢ > s16ue uonouy > saaibap gz = wnipsy
saa16ap oz > ajbue uonouy = Mo

.SMolio} se steudjew Bulyul jo Ybuans Jeays (z)

yuou anyj Jo ysam saaiBap £ SI aus Jog uoneuldap onaubeyy (1)

L.\\_:.._._.PX Aq pasedaig 7&1@”“ SHON
&) Ap Jeueyd yloows wnipaw zpenb 20 [ [t St 18 uof 13
Sl Aip leued yoows wnipaw auou (81] 2z Lze gee 68 uof vE
¥0 fp | seueid-seinbau ybnoy wnipaw zyenb €0 0z 161 14%4 08 juof ee
€0 Aap Jeueyd yroows wnipaw auou 10> 0z 861 512 88 ol (4%
Sl Aip Jeuetd-panind yioows wnipaw auou L0 £ 892 582 SS ol Le

€ Aip Jteueid yioows wnipaw auou 10> [+ rie Lee S8 ol 0e
SL0 dwep Jeueyd ybnoi wnipaw auou 10> oL €0¢ oze 18 uof 62
b4 Ap seue|d-1einBain y6nos wnipaw auou 10> [ 74} FA 4! 8 ol [-74
1o Aip | seueid-seinBau yoows wnipa zpenb L-40 0z Sz 2ee S8 juof Lz
! EL) Jseuerd yloows wnipaw auou 10> 9 8562 -7k 4 ¥ juof 9z

1 1om seueyd yjoows wnipaw auou 10> £ 8v2 592 17 juof (14
z EL) Jeueyd yioows mo| 19ne16 aun/pues S0 SlL £0¢ oze 18 juiof ¥2

L Ap teued yjoows wnipaw auou L'0> € sz 262 8L uof £z

l Kp Jeueyd yloows wnipaw auou 10> Gl 9l €€ €8 juof 44
S0 Aip Jeueyd ybnou uby suou 10> sz 852 612 1L luiof 1z
$Z'0 1om Jeved yjoows wnipaw auou 10> S 291 6.1 €L juof 0z
S0 Aip teued woows wnipaw auou 10> 0L ISl 894 S8 juof 64
Sl oM teueyd Hioows  |wnIpaw-mo) auou 10> I 12 vee 68 juiof 81
I fp Jeueyd yoows wnipaw auou 10> oL SlE zee €L juiof Ll

} Ap Jeugid woows wnipaw auou 10> S 18l 861 98 jutof al
20 Aip Jeueyd yloows wnpaw auou 10> £ SEl 251 a9 juof SL
¥ Aip Jeueyd yroows wnipaw auou 10> ¥ L ¥61 08 ol 4!
L Ap Jeueld yroows wnipaw auou 10> S 8Le see 28 jutof £l
S0 fp Jeueyd yioows wnjpaw auou 10> ¥ vel 151 £8 ol 4!
2z dwep Jeueyd yioows wnipaw auou 10> S ¥8l 102 WL uiof L
b4 dwep | Jeuejd-tejnbain ybnos L1aa ybiy auou 10> 02 Pe 66¢ . jutof ol
(M1] dwep Jeueyd yioows wnipaw auou 10> S 861 S1Z 68 juof 6
4] Aip teueyd yioows wnipaw auou L0 +Gl so¢ 443 z8 juiof 8
S0 fp Jeueyd yioows wnipaw auou 10> S oe 34 68 juof L
L 18m Jeueyd yloows wnipaw auou G20 +0§ 192 ¥82 ¥8 juof 9
[+ Ap Jeueyd yloows wnipaw auou - 1> €61 oLz v of [
1 Kip Jeueyd yloows wnipaw auou zZ0 +01 1] %4 122 18 juiof ¥
¥0 Aap Jeueld yioows wnjpaw (¢)aoyo L0 +0§ 89 S8 68 juof £
80 Aip Jeuerd yjoows wnipai auou 10 +01 881 50z €L ol z
z0 Aip Jeueyd yoows wnipaw auou [X¢] +9 44" 191 S8 juof |
] adeys ssauybnoy [u] i) [seaibap] [seaabap] [sa04B8p] adA) al
Buideds | sajem ainjoes4 aJeung gwibuans Buipyuy ainuady dauslsissad |, YUON PUD dig Anuguoasig

ainjoeay aueld eye1s [ REYILENT
uoniaaig dig | uondseng dig

0by.18-€C1 "3y JNO

INIVIN LNOWIYL

103royd LNJW3DVId3IY 3909 YHv1D

AYVININNS ALINNILNOOSIA
L 37avl

gz Anr

A- 1418



2oe4
Bumaip jo seasbaq
06 pue Gp uIyuaA
panoid saueld €€

uoN2a1107) Seig ON

(Jamain woly Aeme pajoanp)
06 '0 = |ewlopN aoe4
jo abunid s puas)

8[0412 JA)N0 e
2Je / saue|d xew G
ayug uaseddy

A-15/)g



sauju3 G
$8j0d G€
alaydsiwep 1amo

8|buy |enb3

%EPe0 €1 = JU0D XBW
uoI}231107) seig oON

% 0S'€L
% 00¢clL
% 0G OL
% 006
% 0G'L
%009
% 0S¥
%00¢€
% 05 |
% 000

eaie 9, 0’| lad [ejo) Jo 9
SUOHEIUIU0T)
Jaysi4

A-16/18



sauul Ge
sejod G¢
alaydsiwey lamo
9|6uy |1Bnb3

%CPED €1 = U0 Xeiy
uoy221109 Seig oN

% 00 £¢ ~ 00 22
% 001¢~000¢
% 006l ~008!L
% 00 L1 ~ 0091
% 00SlL ~00 ¥
% 00€ElL ~002!
%00l ~000!
%006 ~008
%00, ~009
% 006G ~00V
%00¢ ~00¢
%00t ~000

Bale 9, 0’| 1ad (.0} Jo o4
suoneuasuo)
Jaysi4

A-1¥/18



sauju3 Gg

s8lod G¢
a1aydsiwey 1Mo

9|buy [enb3
G90 / 20 w g
a8l /1L w ¢
19¢ / 94 w ¢
v0C / 68 w ¢
Sle / 98 w
uondanqQ / dig af

suoneusiLO

A-13/19



TABLE 4.1 The Rock Mass Rating System (Geomechanics Classification of Rock Masses)®
A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of Values
Point load strength For this low range uriaxial
S?rength of index (MPa) 10 410 24 t2 compre ive te t s proferred
1 intact rock
material Uniaxial compressive
strength (MPa) 250 100 250 50 100 25 50 5 25 15 1
Rating 15 12 7 4 2 1 0
2 Drill core quality RQD (%) 90 100 75 90 50 75 25 50 25
Rating 20 17 13 a8 3
3 Spacing of discontinuities 2m 06 2m 200 600 mm 60 200 mm 60 mm
Rating 20 15 10 8 3
Slickens ded surfaces
Very rough surfaces Slightly rough surfaces Slightly rough surfaces or Soft gouge 5 mm thick
. Not continuous Gouge mm thick 4
4 Condition of discontinuities . Separation 1 mm Separation 1 mm
No separation Slightly weathered walls | Highly weathered wal or Separaton 5 mm
Unweathered wall rack antly 9y Separation 1 5 mm Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10 m
tunnel length None 10 10 25 25 125 125
(Umin)
or or or or or
5| Groundwater Joint water
Ratig __Pressure
Maijor principal 0 0.1 01 02 02 05 0
stress
or or or or or
General conditions Completely dry Damp Wet Dr pping Flowt g
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS
Irke and Dip One.nl von of Very Fav r bl Favorab e Fr Unfavorable Very Unfavorab e
D continuties
Tunnels and nes 0 2 5 10 12
Rt gs Foundat ons 0 2 7 15 25
Slope 5 25 50 60
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 10 81 80 61 60 41 40
Class no. | N I v \)
Descrniption Very good rock Good ro Farr k Poor rock Very poor rock
D. MEANING OF ROCK MASS CLASSES
Class no. ! ] n v v
Average stand-up time 20 yr for 15-m span 1 yr for 10-m span 1 wk for 5-m span iChfor25m pn 30 minfori-m pn
Cohesion of the rock mass (kPa 400 300 400 200-300 100 200 100
ton angl of the rock mass (deg) 45 3 -4 25 5§ 1 15
Aft r Bieniawski (1979).
At mBar 13
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Table 3.6 Classification of rock material strengths (ISRM, 1981)

Compressive strength 63

Grade Description Field identification Approximate range of compressive
strength
MPa (p.s.1)
Ré6 Extremely Specimen can only be chipped with >250 (>36 000)
strong rock geological hammer
RS Very strong rock Specimen requires many blows of 100-250 (15 000-36 000)
geological hammer to fracture it
R4 Strong rock Specimen requires more than one 50-100 (7 000-15 000)
blow with a geological hammer to
fracture it.
R3 Medium weak Cannot be scraped or peeled with a 25-50 (3 500-7 000}
rock pocket knife; specimen can be
fractured with single firm blow of
geological hammer
R2 Weak rock Can be peeled with a pocket knife; 5-25 (725-3 500)
shallow indentations made by firm
blow with point of geological
hammer
R1 Very weak rock Crumbles under firm blows with point 1-5 (150-725)
of geological hammer; can be
peeled by a pocket knife
RO Extremely weak Indented by thumbnail 0.25-1 (35-150
rock
S6 Hard clay Indented with difficulty by thumbnail >0.5 (>70)
S§ Very stiff clay Readily indented by thumbnail 0.25-0.5 (35-70)
S4 Stiff clay Readily indented by thumb but 0.1-0.25 (15-35)
penetrated only with great difficulty
S3 Firm clay Can be penetrated several inches 0.05-0.1 (7-15)
by thumb with moderate effort
S2 Soft clay Easily penetrated several inches by 0.025-0.05 (4-7)
thumb
S1 Very soft clay Easily penetrated several inches by fist <0.025 (<4)

shown in Table 3.6. The letter designations (RO
etc.) can be used on drill logs and field mapping
sheets to record the rock strength values (Appen-
dix II).

3.3.1 Compressive strength of intact rock

The compressive strength of intact rock can readily
be measured using either a compression machine or

a point load tester (Fig. 3.11(a)). The compression
machine gives the more precise results but 1t is
necessary to prepare the samples in the manner
described in Section 3.2.1 on modulus testing.
Estimation of compressive strength with the
pomnt load testing equipment has the advantage
that tests can be conducted on lengths of unpre-
pared core in axial and diametral directions, as
well as on irregular lumps of rock (ISRM, 1985).

C-2/2



96 Rock strength properties and their measurement

Table 4.3 GSI values characterizin blocky rock
and discontinuity condition

masses on the basis of particle interlockin

oliation and discontinuity condition

Table 4.4 GSI values charactenizing sch t e metamorphic roc massesonthe b s of f

VEF
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GSI FOR HETEROGENEOUS ROCK M
(Mannos P. and Hoek E., 2000)
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RMR Calculation:

1 ‘2'3‘37"{4‘

7 ot ¥

Classification Paramenters

1 2 3 4 5
Strength Spacing of | Condition of | Ground | Rating Adjustment for joint
Boring: Run: of rock RQD joints Joints water orientation RMR:

1 0 8 3 22 - -3 @ /b
8B-TMB-101

2 12 |0 3 22 . -3 4494

1 8 9 é lo « -5 24
BB-TMB-102 2 ] 3 3 Lo 4 -5 & 27

3 9 13 3 Yo 4 =15 & 23

1 5 3 3 22 d -5 0 31
BB-TMB-103

2 3 3 ] 5 4 -5 L13

RMR evaluated by JRS, 07/12/12



TABLE 4.1 The Rock Mass Rating System (Geomechanics Class ficat'~~ ~¢ OD~nl faccacid

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter /Z £ F Z_
Swenath of Point load strength 4 For this tow range, uniaxial
. rength of index (MPa) A—rr compre sive test Is preferred
ntact rock
material Uniaxial compressive
strength (MPa) 250 100 250 5-25 15
Rating 15 12 2 1
2 Drill core quality RQD (°q) 90 to00 75 90 25
Rating 20 17 - 3
3 Spacing of discontinuities 2m 06 2m 20 -600 mm 60 200 mm 60 mm
Rating 20 15 10 8 5
Slckens ded urfaces
Very rough surlaces . or gou S mm thick
5 Not continuous Slightly rough surfaces Shghtly rough urf es Gouge 5 mm thck o
4 Condition of discontinuities . Separation 1t mm Separation 1 mm
No separation Slightly weathered walls Highly weather d wa or Sep raton 5 mm
Unweathered wall rack gntly gnly Separation 1 5 mm Con nuou
Continuous
Rating 30 25 20 10 0
Inflow per 10 m
tunnel length None 10 10 25 125
(L/min)
or or or r
5 Groundwater Joint water
Rato _Pressure
Mayor principal 0 o1 01 02 05
stress
or or or
General conditions Completely dry D mp Wt Dripping Flow g
Ratn 15 10 4
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS
Stke anq Dip Qrieplallons of Very Favor ble Favorabl Fr Unf vor bl V sy Unfavorab
Discontinuities
Tunnels and m ne 0 2 5 10 12
Ratings Foundation 0 2 7 1 -25
Slopes 0 5 25 6
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 81 0 61 0 41 40 2 0
Class no. | 1] 1] \ v
Descnption Very good rock Good rock F rrock Poor rock V ry poor rock
D. MEANING OF ROCK MASS CLASSES
Class no. | L[} n [\ v
Average tand-up time 20yrfor1 m p 1 yrfor 10-m pan wkifor -m pn Whior 5m pn Omn rimpn
Cohesion of the rock ma s (kPa 400 300 400 00 o0 00 200 100
Fricio n | ofte o kmass eg 4 35 5 25 35 1

After Biemaw ki (1979).
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Table 11.2 Grain size scale -

A=)
A«-h/

Description Gram size

Boulders

Cobbles 60 200 mm (2.4-7.9in)
Coarse gravel 20 60mm (0.8-0.24in)
Medium gravel  6-20mm (0.2-0.81in)
Fine gravel 2 6mm (0.1-0.2in)
Coarse sand 0.6-2 mm (0.02-0.1in)

Medium sand
Fine sand

Sile, clay 0.06 mm ( 0.002in)

200 600 mm (7.9-23.6in)

0.2-0.6 mm (0.008-0.02 in)
0.06-0.2 mm (0.002-0.008 in

Table I1.3 Classification of rock materal strengths

D

Grade

Ré
RS

R4

R3

R1
RO
S6
SS
S4
S3
S2

S1

Description

F eld identsfication

xtremely strong rock ~ Spec men can only be chipped with

V ry strong rock

Strong rock

Medium weak rock

Weak rock

Very weak rock
Extremel weak rock
Hard clay

Very tiff cla

Stiff clay

Firmcl y

Soft clay

Very soft clay

geological hammer.

Spe imen requires many blows of
seological hammer to fracture it.

Specimen requires more than one
blow with a geological hamm r to
fracture it.

Cannot be scraped or peeled with 1
pocket knife specimen can be
fractured with single firm blow of

eolog cal hammer.

Can be peeled with a pocket knuf

hallow indentations made by firm
blow with point of geolo 1cal
hammer.

Crumbles under firm blows with
point of geological hammer; can be
peeled by a pocket knife.

Indented by thumbnail.

Indented with difficulty by
thumbnail.

Readily indented by thumbnail.

Readily indented by thumb but
penetrated only with great
difficulty.

Can be penetrated several inche by
thumb with mod rate effort.

Ea ily penet ated evcral inche by
thumb.

Easily penetrated sever linche b
fit

Approxmmate Ran eof

compressive
(MPa)

250
100-250

50-100

25 50

5-25

1-5
0.25~1

0.5
0.25 0.5
01025
0 05-0.1
0.025 0.05

002

stren th
pst

36 000
15,000-36 000

000-15 000

3500-7000

725-3500

150-725

35 150
70

35 70

15 5

7 15

4




Z

Table 3.6 Classification of ro k matenial strength (ISRM, 1981

Compressu e strength 6

Grade Description Fi ld identsfi ati n Approxmmnate ra ige of compiessive
strength
MPa (p-s.1)
R Extremely Specimen can only be chipped w'th >250 (>36 000)
strong rock geolog cal hammer
R Very strong ro k Specimen requires many blows of 100 250 (15 000-36 000
geology al hammer to racture t
R4 Strong rock Specimen requires more than one 50 100 (7 000-15 000
blow with a geological hammer to
fracture it.
Medium weak Cannot be scraped or peeled with a 25-50 3500 000
rock pocket knife; specimen can be
fractured with single firm blow of
geological hamme
Weak rock Can be peeled with a pocket kn fe; 2 (725-3 500
shallow indentations made by firm
blow with point of geological
hammer
Ve y weak rock Crumbles under firm blows with point 15 150- 25
of geological hammer; can be
peeled by a pocket knife
RO Extremely weak Indented by thumbnail 0.25 (35-150)
rock
Sé6 Hard clay Indented with difficulty by thumbnail >0 5 ( 70)
S5 Very suff clay Readily indented by thumbn | 02505
S4 Suff clay Readily indented by thumb but 0.1-0 25
penetrated only with great difficuley RiF b,
S3 Firm clay Can be penetrated several inches 0.05 0
by thumb with moderate effort /!| T
S2 Soft clay Easily penetrated several 1 che by 0.025-0 05
thumb
S1 Very soft clay Easily penetrated everal nche by fi t <002

shown in Table 3.6. The letter designations (RO
etc.) can be used on dnll lo
sheets to record the rock strength values (Appen-

dix II).

3.3.1 Compressive strength of intact rock

The compressive strength of intact rock can readily
be measured using either a compression machine or

and field m ppn  machine

a point load t ster (Fig. 3.11(a)). The compression
ives the more precise results but it is
necessary to prepare the samples in the manner

described 1n Section 3.2.1 on modulus testing.
Estimation of compressive strength with the

point load testing equipment has the advanta e
that tests can b conducted on lengths of unpre
pared core in axial and diametral directions as
well as on irreg lar lump of rock (ISRM, 1985).

AT Pesmear <
REE 3

c 1/1,
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Soil/Rock Exploration Log

Maine Department of Transportation

Project: Clark Bridpre Replucement

Boring No.:

BB-TMB-101

US CUSTOMARY UNIT Location: 1remont, Maine PIN: 19305.00
Driller: Maine Test Botings Elevation (ft.) 1 Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVDSS Sampler: 2" and 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fail: 140/30 2" 88, 300/16 3" 88
Date Start/Finish:  5/14-15/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveyed Casing 1D/OD: HW Water Level™: 8.9
Hammer Efficiency Factor: 06 Hammer Type:  Awomatic D Hydroulic O Rope & Cathead ix)

Definitions

D = Splil Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessiul Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer
MV = Unsu ul Ingitv Vane Shear T mpt

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Holtow Stem Auger

RC = Rolles Cone

WOH = Weight of 140Ib, hammar
WORI/C = Weight of rods or casing
WiP. = Weight of ong/iw

Sample Information

n

Sy = Insitu Field Vane Shear Strength (psf)
Ty = Pocket Torvane Shear Strength (psf)

LL = Liquid Limit

qp =1\ p g

hfuncurre:tad = Raw field SPT N-value
Hammer Efficiency Faclor = Annual Calbration Value
Ngp = SPTN.
Ngg = (Hammer Efficien

Sample Depth

Sample No.
PenJRec. (in.)
(ft)

Blows (/6 in.)

Depth (ft.)

or RQD (%)
N-uncomected
Neo

Casing

Elevation
Graphic Log

(ft.)

(ksf)
PL = Plastic Limit

Pt = Plasticity Index

G = Grain Size Analysis
C = Consclidation Test

for hammer
*N-uncorrected

Faclor/st

Sy, taby = Lab Vane Shear Strength (psf)
= waler content, percent

Visual Description and Remarks

Laboratory
Testing
Resuits/

AASHTO

and

Unified Class

=
I~
by

12 00-03

B3 35

=
~

9
“

> |Blows

(53
w
w

S

O~

05-25

H

2MD 50-70

1172619

33

10.0-10.1

S0(1")y,

Ri 60/60 | 120-170

RQD = 42%

50/50 | 17.0-212

RQD = 50%

25

I
S

K

*® ° .:t. o .0.

o
a

13
.

2\

/

-10.2

0-0.3 f. Asphait wearing course
0.3-0.5 ft. Asphait base course
Top 1": Weathered asphalt base course

0.6
Bottom 11" Light and dark brown, damp, mediun dense, gravely fine
to medium SAND, little silt, trace clay (Roadway Base),

3.0
a~Advanced casing with HW spinning shoe.
Lost water at 3 ft., cobble fill at 3.5 ft based on drill behavior.
Intermittent water retum to 5 1.
No recovery, resampled with 3" spoon. Gray, damp 3" cobble, little
gravel, trace silt (Rock Fill).

Boulder approximately 7 to 8 R. based on drill behavior, Cobble fill
below based on drill behavior. Intermittent water retumn 8 10 10 fi,

b=Used 3" split spoon.
Gray. wet, coarse GRAVEL, trace coarse sand, trace silt (Rock Fill).
108

Top of Bedrock Elev. fl.
Roller coned ahead to 12 fi.

Scam based on drill behavior 11.810 11. 9 f

RI:12.0-12.9" Dark gray to greenish black, very finc grained
BASALT, hard, moderately 1o slightly weathered, discontinuitics
close to very close, moderately dipping to steep, rough to very rough
planar to irregular.

12.9-17.0": Dark pinkish gray, fine to medium grained GRANITE
GNIISS, hard, moderately to stightly weathered. discontinuities close
to very closely spaced, generally orthogonal, horizontal to vertical
planar, very rough to smooth, contain calcite and manganesc oxide
Rock Mass Quality = Poor

Ri: Core Times (inin:sec)

12.0-13.0" (2:55)

13.0-14.0" (2:30)

14.0-15.0" (2:15)

15.0-16.0" (2:40)

16.0-17.0": (3:30) Recovery = 100%

R2: Dark pinkish gray, fine to medium grained GRANITE GNEISS
hard, moderately to slightly weathered, discontinuities close to very
closcly spaced, generally orthogonal, horizontal 1o vertical, planar
very rough to smooth, contain calcite and manganese oxide. Thin
basalt dike at 17.8 ft.. approximately 1 inch thick and subhorizontal
Rock Mass Quality = Poor

Remarks:

Stratification lines rep

PP!

soil types, may be gradual.

* Water level readings have been made at times and under
than those present at the time measurements were made.

stated.

may occur due to conditions other

Page 1 of 2

Boring No.: BB-TMB-

101
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Soil/Rock Exploration Log

Maine Department of Transportation

Project: Cluk Bridge Replacement

Boring No.:

BB-TMB-101

US CUSTOMARY UNITS Location: Tremont, Maine PIN: 1 9305.00
Driller: Maine Test Bonngs Elevation (ft.) 1 Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVDSS Sampler: 2" and 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile 13-53 Truck Hammer Wt/Fall: 140/30 2" 88, 300/16 3" S8
Date Start/Finish:  5/14-15/12 Drilling Method:  Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveyed Casing 1D/OD: HW Water Level™: 89
Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticO Hydraulic O Rope & Cathead (1)

Definitions

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sampte attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Instu Vane Shear Test, PP = Pocket Penelrometer

R = Rock Core Sample

SSA = Sohd Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140Ib hammer
WORIC Weight of rods or casing

Sy = Insttu Field Vane Shear Strength (psf)
Pocket Torvane Shear Strength (psf)

Ty=

dC

gp =1L

g
N-uncorrected = Raw r ield SPT N-value
Hammer Efficiency Factor = Annual Callbmnon Value Pl=

Nog = SPTN

(ks

u(lab) = Lab Vana Shear Strength (psf)
Wé = water content, percent

LL = Liquid Lirmit

PL = Plastic Limit

Plasticity Index

G = Grain Size Analysis

MV = Unguccassful Ingitu Vane Shear Test attgmpt WIP/W2P = Weight of onentwo person(s) Ngn = (Hammer Efficiency Fugurl§%)'N -uncorrected C = Consolidation Test
e T T TO e 9 Anemel el Aer = Weight of onefiwo pergon(s) |
Sample Information
— Laboratory
N £ he} "
\ € 5 = ] 2 Testing
) = £ 3 o i - Resuits/
= Z 8 e c ] esu
£ ' § F e s S g o 5 ° Visual Description and Remarks AASHTO
gl B S| B. | B3EsS |E| 5| fsl5.]% and
= 828%C 3 @ 5|y~ Unified Class
8| 3| & | 8 | =bads | 2| 2|8a[82| 8 ¢
25 R2: Core Times (min:sec)
17.0-18.0": (3:35)
18.0-19.0": (4:15)
19.0-20.0": (4:20)
20.0-21.0": (3:55)
21.0-21.2": Not timed. Recovery = 100%
21,24
Bottom of Exploration at 21.2 feet below ground surface.
30
F 35
F 40
45
50
Remarks:
lines rep pp soil types, transitions may be gradual. Page 2 of 2
“ Waler level readings have been made at times and under stated f ions may occur due to conditions other -
than those presen?al the time measurements were made. 4 Bormg No.: BB-TMB-101
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Soil/Rock Exploration Log

Maine Department of Transportation

Project: Clark Bridge Replacement

BB-TMB-102

Boring No.:

US CUSTOMARY UNIT Location: Tremont, Maine PIN: 19305.00
Driller: Maine Test Botngs Elevation {ft.) 11 Auger ID/OD: 4.5 inch
Operator: M. Ponter Datum: NAVDSR Sampler: 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300/16 3" SS
Date Start/Finish: 5/15/12 Drilling Method: Cased Wash Bonng Core Barrel: NQ-2
Boring Location: Not Surveyed Casing 1D/OD: HW Water Level”: 8.8
Hammer Efficiency Factor: 0.6 Hammer Type:  Automatic ™ Hydraulic O Rope & Cathead (X

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sampte

MU = Unsuccessful Thin Walt Tube Sample atlempt

V = Insitu Vane Shear Test, PP = Pockel Penelrometer

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)
Ty = Pockel Torvane Shear Strength (psf)

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

gth (ksf) LL = Liquid Limit

qp=l‘

p
N-uncorrected = Raw field SPT N-value
Hammer Efficiency Factor = Annual Calibration Value

PL = Plastic Limit
Pt = Plasticity Index

WOR/C = Weight of rods or casing

Ngg = SPTN

for h G = Grain Size Analysis

MV = Unsuccesstul Ingitu Vane Shear Test attempt WIPAV2P = Weight of gne/two person(s) Ngo = (Hammer Efficiency Factot/60%)°N-uncorected C = Consolidation Tes!
Sample Information
pay Laboratory
£ ° :
P £ § < = 5_0, 2 Testing
;:: 3 g g e ¢ §, g o 5 Z_;' Visual Description and Remarks A'j\essslT%
slel S| ¢ $88<° | 2| |58 |5 and
sla | & | 8 | z558s | 2| 2|8z |ug|d nfed Ciass
0 / 0-0.4 . Asphalt wearing cowrse.
1D Wiz 82- 2‘,‘ 191101110 534 10.3 104-0.5 1t I\IS])IIHII base cbumsc
05-25 | 3 inch spoon:
. |I!|Tnp 3" Weathered asphait base course i
“ ! "y - —0.
20 1o %3 36 S0 ¥ 83 ? {[Middle 8": Light brown, damp, sandy fine to coarse GRAVEL, lite
K .. l,sdl__gRoady\'u‘\' Base).
oo Bottom 2°: Gray, damp, conrse GRAVEL Titte finc to coarse sand,
&% llitle silt (Rock Fill).
L 5 L - 2.5
3D 24/0 50-70 71081 - ) 3 inch spoon:
o No recovery. Rock fill based on drill behavior,
L™ HW =Advanced HW casing with spinning shoe. No hlows performed
o, Lost water at 4 ft, loose based on drill behavior,
4D 24/3 75-95 14/12/6/10 - ® 1 3inch spoon:
e No recovery, final blow drove spoon to 7.5 fi., hole stayed open for
e 4D.
.. 0.5-7.5 ft: Loosc hased on drill behavior, lost water retum.
13 Gray, wet, fine to coarse GRAVEL, trace silt (Rock Fill),
10 Dense at 8.5, fost water retum.
5D 134 {100- 113 10/26/50(1") / ¢ o | Gray and dark green, wet, fine to coarse GRAVEL, trace fine to coarsd
RI | 6050 |115-165|  RQD=45% o | IR s (Rock Fil. i
Top of Bedrock at Elev. fl.
Roller cone ahead to 11.5 . Water retumed with casing at 11.5
\ R1: Dark gray to greenish-back, very fine grained
METAVOLCANICS, hard, moderately to slightly weathered,
discontinuities close to very close, subhorizontal to steep, smooth to
L 15 very rough, plana to curved to irregular, contain calcium carbonate,
\ green tale, chiorite and fine grained pyrite.
Rock Mass Quality: Poor
R2 | 404359 | 165-199 RQD =33% R1: Core Times (min:sec)
\\ 11.5-12.5": (2:15)
12.5-13.5" (1:50)
13.5-14.5" (2:10)
14.5-15.5" (2:30)
R3 2017 | 198-215 RQD = 68% \\ 15.5-16.5" (6:25) Recovery = 83% .
L 20 R2: Dark gray to greenish-back, very fine grained
\ / METAVOLCANICS, hard, moderately to slightly weathered,
discontinuities close 1o very close, sublorizontal to steep, smooth to
-10.5 very rough, planar to curved to irregular, contain calcium carbonate,
green tale, chiorite and fine grained pyrite. Calcite veins up to 1/4 inch
thick common. Highly fractured zone 17.5 to 18 &. deep.
Rock Mass Quality = Poor
R2: Core Times (min:sec)
16.5-17.5" (1:50)
28
Remarks:
Stratification lines pp! b soil types; may be gradual Page 1 of 2
\t/h\l:tne‘rr::::l ;:;2:?:‘ r:ﬁ\éeuz‘e::‘ :\::uer :rln leu;‘ess :enr: lr‘v?::; conditions stated. Groundwater fluctuations may occur due to conditions other BO ri n g NO.: BB-TMB- 102
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Sail/Rock Exploration Log

Maine Department of Transportation

Project: Cluk B3ndpe Replacement

Boring No.:

BB-TMB-102

MD = Unsuccessful Spit Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket! Penetrometer

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140lb, hammes
WOR/C = Weight of rods or casing

MV = Unguccessful Insdu Vane Shoar Test altempt WIPMW2P = Waight of one/two parson(s)

LL = Liquid Limit

:r = p
-uncorrecied = Raw field SPT N-vaiue
Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-

Ngg = (Hammar Efficiency Factor/80%)*N.uncorrected

(ksf)
PL = Plastic Lima

P! = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

for hammer

US CUSTOMARY UNITS Location: Tremont, Maine PIN: 19303.00
Driller: Maine Test Bonngs Elevation (ft.) " Auger ID/OD: 4.5 inch
Operator: M. Porter Datum: NAVDS8 Sampler: 3" Split Spoon
Logged By: M. Henrick Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300116 3" SS
Date Start/Finish: 5/15112 Drilling Method: Cased Wash Boring Core Barrel: NQ-2
Boring Location: Not Surveved Casing ID/OD: HW Water Level”: 8.8
Hammer Efficiency Factor: 06 Hammer Type:  AutomaticO Hydraulic O Rope & Cathead (4
Definitions R= R_ock (;o:a Sample su_= Insitu Field Vane Shear Strength (psf) \%‘élab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Ty = Pocket Torvane Shear‘ Strength (psf) = water content, percent

than those present at the time measurements were made

Sampie Information
— = Laboratory
) 5 = = 2 2 Testing
o] = @ £ z © - - Results/
- z Q © 35 c |
£ e é ° € £ = g o 5 m Visual Description and Remarks AASHTO
£| 8 < 2 g B 2_9 ] £ g ] g and
& ] = 289X 3 3|8 o~ nifie
8l & & A= 26585 | 2| 2|8z |wZ|d Jnified Class.
25 17.5-18.5" (3:35)
18.5-19.5" (2:50)
19.5-19.8" (0:30) Recovery = 98%
Core barrel plugged at 19.8 &, picked up 7" of R1.
R3: Dark gray 1o greenish-back. very fine grained
METAVOLCANICS, hard, moderately to slightly weathered,
discontinuities close to very close, subhorizontal to steep. smooth to
very rough, planar to curved to irregular, contain caloium carbonate,
L 30 ereen tale, chionte and fine grained pyrite,
b Rock Mass Quality = Fair
R3: Core Times (imin:sec)
19.8-21.5" (4:15)
2] 54
Bottom of Exploration at 21.5 feet below ground surface.
- 35
40
F 45
S0
Remarks:
Stratification lines pp sail types; may be gradual. Page 2 of 2
* Water leve! readings have been made at times and under stated. may occur due to conditions other

Boring No.: BB-TMB-102
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St atifica ion Lines

ater level readings have been made at times and under
han those present at the time measurements were made

soil types,

stated

may be gradua!

may occur due to conditions other

Visual Description and Remarks

Page 1 of 2

Boring No.: BB-TMB 103
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Maine Department of Transportation | Project: Crark Bridge Replacement Boring No.: BB-TMB-103

Soil/Rock Exploration Log R o _
US CUSTOMARY UNIT Location: Tremont, Maine PIN: 19305.00

Driller: Maine Test Bonngs Elevation (ft.) K Auger 1D/OD: 4.5 inch

Operator: M. Porter Datum: NAVDEY Sampler: 3" Split Spoon

Logged By: M. Hennck Rig Type: Mobile B-53 Truck Hammer Wt./Fall: 300116 3" SS

Date Start/Finish:  5/15-16/12 Drilling Method: Cused Wash Boring Core Barrel: NQ-2

Boring Location: Not Surnveyed Casing ID/OD: HwW Water Level™: 8.9

Hammer Efficiency Factor: 0.6 Hammer Type:  AutomaticO Hydiawhe O Rope & Cathead (3

Definitions

0 = Split Spoon Sample

MO = Unsuccessful Spit Spoon Sample attempt

U = Thin Walt Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pockel Penetrometer

R = Rock Core Sample

SSA = Sohd Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140lb. hammer

WOR/C = Weigh! of rods or casing

MV = Unguccassiul Ingitu Vane Shear Test altempt W1P/W2P = Weight of ong/two person(s) Ngg = (Hammer Efficiency Factor/80%)°N-uncorrected

Sy = Insitu Field Vane Shear Strength (psf)
Ty = Pochet Torvane Shear Strength (psf)

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

(ksf) LL = Liquid Lemit

qp=l

Compressive g
N-uncorrecied = Raw field SPT N-value
Hammer Efficiency Factor = Annual Calibration Value

PL = Plastic Limit
Pl = Plasticity Index

Ngg = SPT N

G = Grain Size Analysis
C = Consolidation Test

for hammer

than those present at the lime measurements were made.

Sample Information
—_ Laboratory
Py =1 o .
R < 5 z o Testing
<] = 3 £ 3 ] . Resuits/
= z a R c esu
z < g m 3 s = g - 5 Visual Descniption and Remarks AASHTO
£l 2 « 3 % 529 o £ g T and
a c —_ QT r [~ P
@ 2c=a 3 ® | n 2| 2= Unified Class.
[s) ] a SE BHBES zZ Z |Oom|TE
25 21.0-22.0: (2:20)
R2 60/27 ] 250-300 RQD = 7% 22.0-23.0 10)
23.0-24.0" (2:40)
24.0-25.0" (5:30) Recovery = 60%
R2: Dk gray to greenish black, fine grained, METAVOLCANICS,
moderately hard, slightly to moderately weathered highly fraciured.
X discontinuitics close to very close, horizontal to steep, rough to very
rough, planar to irregular, some calcite coating, highly to completely
. weathered zone from 24 to 24.5 fi-bgs.
30 Rock Mass Quality = Very Poor
R2: Core Times (min:sec)
25.0-26.0" (2:10)
26.0-27.0": (2:05)
27.0-28.0": (2:35)
28.0-29.0" (2:15)
29 0-30.0" (1:40) Recovery -~ 45%
30 04
15 Bottom of Exploration at 30.0 feet below ground surface.
L 5
- 40
- 45
1]
Remarks:
lines rep pp soil types may be gradual. Page 2 of 2
* Water level readings have been made at imes and under stated may occur due to conditions other . =
! Y Boring No.: BB-TMB-103
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NOAA's Geophysical Data enter - Geomagnetic Data

Page 1 of

NATIONAL GEOPHY | AL Sea cf earch NOAA
DA A CENTER Go
NOAA > NESD S > NGDC > Geomagn tism comments | prvacy policy

Estimated Value of Magnet'c Decl’ nation

‘nterest

Checkout ou new online calculators!
This calculator will b phas d out May 2012,

If you are unsure about your city’'s latitude and longitude, look it up online! In the USA try
entering your zip code in the box below or visit the U.S. G zetteer. Outside the USA try the
Getty Thesaurus.

Search for a place in the USA by Zip Code: Get Location

To compute the magnetic dec ination, you must enter the locat’'on and date of

Latitude: 44.25767 N S Longitude: 68.34935 E w

Enter Date (1900-2015): Year: 2012  Month (1 12). 5 Day (1-31): 17

Compute Declination

Enter Location: (latitude 90S to 90N, longitude 180W to 180E). See Instructions for details.

| ey

Southwest
Ha of

@

" g

[+ 4

Map data ©201 gle -

http: www ngdc noaa.gov/geomagmodel / u s calcDeclina 1on;jsessionid 98 4 2 AES .



NOAA's Geophysical Data Center - Geomagnetic Data Page 2 of 2

Compass shows the approximate bearing of the magnetic north (MN)

NOAA > NESDIS > NGDC > MGGD&STP > Geomagnetism Questions: gecmag.models@noaa.gov

NGDC Home | Contacts | Data | Disclaimers | Education | News | Privacy Policy | Site Map

D-13/33
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- o
Geolesting

e c

Client: Goider Associates
Project Name: VHB Tremont
Project Location: Tremont, ME
GTX #: 11871

Test Date: 6/8/2012
Tested By: daa

Checked By: mpd

Boring ID: BB-TMB-101
Sample ID: R2

Depth, ft: 18.19-18.56
Sample Type: rock core
Sample Description: See photograph

Intact material failure

Compressive Strength and Elastic Moduli of Rock
by ASTM D 7012 - Method D

Stress vs. Strain

40000 T T i
518 o N
Lateral Strain Axial Strain
- L ,
30000 {— —
z
i
&
% 20000
> |
10000 - =
° ]
-2000 1000
MicroStrain
Peak Compressive Stress: 31,567 psi

Stress Range, psi

Young's Modulus, psi

Poisson's Ratio

0-10000 11,200,000 0.19
10000-20000 11,800,000 0.22
20000-30000 11,900,000 0.25

Notes: Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

0-28/p
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Client: Golder Associates
Project Name: VHB Tremont
Project Location: Tremont, ME
GTX #: 11871

Test Date: 6/11/2012
Tested By:

Checked By:

Boring ID: BB-TMB-102
Sample ID:

Depth, ft: 19.20-19.57
Sample Type: rock core
Sample Description: See photograph

Discontinuity failure

Compressive Strength and Elastic Moduli of Rock

by ASTM D 7012 - Method D

Stress vs. Strain

20000
Lateral Strain Axial Strain
15000 |- 1 1 _ I
i
:
g 10000
>
5000 - '
0
-2000 1000 2000
MicroStrain
Peak Compressive Stress: 13,189 psi

Stress Range, psi

Young's Modulus, psi

Poisson's Ratio

0-4000
4000-8000
8000-12000

13,300,000
11,600,000
10,800,000

0.32
0.33
0.35

Notes

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed

Calculations assume samples are isotropic, which is not necessarily the case

p- /37



S3A 9200 S$6000°0 066°'T 06000'0 (.06 paIRI04) W1 ‘Z IRPWRIQ
SIA 250°0 06000°0 066'T 08100°0 w ‘TIRWNg
ZaN3
S3A 4390 9ouRSI|OL Ayueindipusdisd S3A €20°0 0v000°0 066°1 08000°0 {06 pP92I0) W ‘Z INFWRQ
S3A 5$50°0 $6000°0 0661 06100°0 v ‘TaRweq
oS2°0 T 3G 350w aunuedap jo abue wnwixew I FWRIFHOL AuRinIpuIdsad o9buy 0015 (w) g (fun IW pue L ‘WA 1aN3
(94008 ABWAINSEIW WSHAHIRIC] PUR SSIRL PUT WL PILINNLD) (3d aunp )} ALTUVIN: dd3d
PAEDS AlEdUIyds . sorouse
SIA  L1eW FURROL WSIRIRIRY I weueia . . rema . .
0L S0 050 620 000 GZO- 0S50 SIO- 001- o 00L SZ0 0S50 SZ0 000 SZO 0S50 SL0- 00} o
002000~ & E— - + - +— +— ~+ 002000~ =
ST100°0 1 30uBIBYIQ JeINBUY WLNERW o )
8
§ 00100 0
€6920°0- aur 34 1s2@ jo buy —l 001000 .m_ M
Lp000°0- UN ¥4 3599 40 3d0I5 2 pu3 000000 & 000000 8
: — a a
-3 3
8£520°0- “aun 14 150@ )0 Bybuy 001000 & T + 001000 @
$5000°0- aun 313 359G J0 9doIS s _ _ _ _ ;_ _ s
T pu3 002000 —L + - ——— 002000
2 ¥313NWVIQ Z J0yowelQg Z pu3y | sojpwRIqg 7 pu3
200000 - X24000°0- = A LLO0O'0 - XZ0L00'0- = 4
PAEIS AjIRouyds B B
s3I 239 WOURII0L WSIPYRIR uleweig ) sepeueig
001 S0 050 620 000 SZO- 0SO- SLO- 001 o 00t G40 080 SZO0 000 SZO0- 0SO- SLO- 001 =]
002000- & 002000~ E
98200°0 :30URRYIQ JeInbuy wiuxew e _ 2
100'0- = [
6850°0- “3ur1 313 1598 0 B{Buy 00 M 00100 0- 3
z0100°0- aur] 314 1599 0 300iS o 000000 3 i 000000 2
1z pu3 v r) 8 /i 8
3 —— a
85550°0- :aun .z.wonto_hi 001000 & 001000 &
£6000°0- JUr N4 359G Jo oS g _ g
T pu3 00200 0 002000
T ¥313WVIQ Jejewenq | puz JepWe
139 900000 - xsv0000- = & ¢ 000000 -xe60000-ak P 1a 1 pu3
SIA LW SOURIS[0] SSNTTS
5§6000°0 F = 22wiapq Ul 0Z00°0 > G ISHU VUILYIP WNUWIXRW
600070 =006 81000 =0
1u) 'sBUIPEa UNL pUR Xew UBIMIIQ INRBIAYIQ
09000°0- 05000°0- 0p000°0- 0€£000°0- 02000°0- 01000°0- 00000°0 00000°0 00000°0 00000°0 01000°0 02000°0 02000°0 02000'0 0£000°0 (:06 p1@30u) ¥t ‘7 ;Wera
02100°0- 00100°0- 080000 095000°0- 0v000°0- 02000°0- 01000°0- 00000°0 010000 02000°0 0€000°0 0r000°0 05000°0 095000°0 09000°'0 U ‘T RwWweq
$48°0 0sL°0 §29°0 005'0 SLED 0sZ'0 szt o 0000 sro- 0SZ°0- SLED- 005°0- §29°0- 0SL°0- S$L8°0- Zan3
08000°0 = 006 06100°0 =50
:u) ‘s6UIPRAI URL PUR XeW UIIMING IUIAYIA
09000°0- 05000°0- 0v000°0- 0£000°0- 010000+ 01000°0- 00000°0 00000°0 010000 01000°0 0100070 0Z000'0 0Z000°'0 02000°0 020000 {,06 pa1@I0u) Uy ‘7 sRBWerg
0Z100°0- 06000°0~ 0£000°0- 05000°0- 0£000°'0- 02000°0- 01000°0- 0000070 01000°0 0100070 0€000°0 0v000°0 0v000°0 09000°0 0400070 v ‘T19%wWwelq
§$48°0 0sL’0 §29°'0 005'0 SLE°0 0sz'o SZ1°0 00070 szr0- 0SZ°0- SLE°0- 005°0- 529°0- 0S4°0- §$£8°0- TaN3
(1d4 3:npao0.d) HSTIITIVHVA ANV SSINLVIS AN
S3A L19W IULI0L SIINYBIERS SIA $19W 9OURII|O ONEY JePuivlg 03 [33 oney Jaawerq 01 yibusy
W OZ0°0 > 3G ISNW FDUISYIP WNWIXTW F73 14 /41 ‘Ausuaq ing
8L'629 10 'ssew RIS
SIA &'U120'0 'S deB wruixew ayy 1 66'1 66'1 66°1 U RWRIAQ LRUPIS
:2121d FDCUNS INRIAI PUR AICT JO IPIS USIMIAG deb WnuKely oty of'p o'y Uy QU WU
abriany 4 1
(15 211pe00sd) SSINLHOTVELS WOY¥S NOLLVIAZQ ALISNIQ XN

80-£vSt Q WLSV A8 SNIWID3AS FHOD YD0Y 40 SIINVYITOL 3dVHS ANV TIVNOISNIWIG NV NOLLVNIWY313Q LHDIIM LINN

sydeaboiogd 395 T00NAN359Qq [enSIA

¥ LS'61-07°61 ‘\pdag S$S3IYdx
<] ‘Ql wdwes
201-9W1-88 :Qy Buuog m ﬂ
12811 X9 =_ mahcgcu
pdw 1A pad3yYD W ‘WouRsy ‘uoned0T 13foug (
eep 1Ag PRy WOWAIY GHA SAWeN 13f0ud
z102/8/9 WeQ 191 SINLPOSSY PIOD e

p-32/



/ﬁ\
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tEXPRESS

Client: Golder Associates

Project Name: VHB Tremont
Tremont, ME

GTX #: 11871

Test Date: 6/11/2012

Tested By: daa

Checked By: mpd

Boring ID: BB-TMB-102

Sample ID: R2

Depth, ft: 19.20-19.57

18
7
lml

IIIII[”II!IIHHHI T
19 20 21 22 23 24 25 28 27 20 20 30

8 9 10 11 1
|lllll|lll|lml:JllxlxhlllmlLlll.xlxlxlxhhlmlmlmhll,mhllhhlulzl’

After cutting and grinding

c.m.

After break

WV —33/33



Co or (Munsell color chart)

Mossture (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.)

P a ticity (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)
Geologrc Origin (till, manine clay, alluvium, etc.)

Unified Soil Classification Designation

Groundwater level

TERMS DESCRIBING
UNIFIED SOIL CLASSIFICATION SYSTEM DENS TY CONSISTENCY
GROUP
MAJOR DIVISIONS SYMBO S TYPICAL NA 1ES
C_a se-grained soi
C ARSL CLEAN GW Well graded gravels, gravel- siave ) Inctudes (1) ¢ K
GRAINED | GRAVEL GRAVELS nd nuxtures, itie or no fin » clayey or gravelly sa £‘F j
oIS sanetration resistanc
g ° [ GP Poorly-graded gravels, gravel
§ é tn ) sand mixtures It ort o lines Descrnipliv m ﬁ
£ T trac
5% ntth
- _% % GRAVE GM Sl gravels, a el-saxd 50
. 2oa WITH mixiures. 3 ‘ectve(eqg si
a8 ] FINES
29 2 § Approciabio GC Cayeygravels, ael andc y Densit lance
-é:’ 3 == an ount o mixtures. Cohesonle.s vy s Iv_value (blows per foot)
: fngs) Very loose 0-4
° g Loose 5 10
2o CLEAN Wel g 7d.d sands gravely Mediun Dense 11 30
§ < SANDS SANDS s ds littleorn fines Dense 1 50
<2 " Ve y Dense > 50
g g 2 o t in P P orly-graded sands gravelly
=3 § c « a d, Ittle or no fines
© ,_‘E“ — Fine-grained s _ils (more than half of matenal is smaller than No. 20¢
; 5 § - TTTT T strve : Includes (1) inorga ne and organic silts and clays (2) gravelly, sandy
g SANDS M . s d tmxure o sil - clays and (3) claye sils Con istency is rated according to shear
3 & WITH I ngth as indicated
293 9
- FINES Approximale
ZES %’ (Apprac ab SC Clayey sands sand clay Undrained
® a 1ount of mixtures. ons ste ey of SPT N-Value Shear Field
finas Cohe ve soils blows per foot Strength (psf) Guidelines,
WOH, WOR, .

M Inorganic sits and very fine ry Soft WOP., <2 0-250 Fist eastly Penctrates
sands, rock flour silty or clayey Sott 2-4 250 - 500 Thumb eastly penetrates
fine sands, or clayey silts witk ium Stiff 5-8 500 - 1000 Thumb penetrates witk

SILTS AND CLAYS 5 ‘ght plasticity moderale effort
Stiff 9-15 1000 - 2000  Indented by thumb witt
F NE- L norganic clays of low to mediun great effort
GRAINED plasticity gravelly clays, sandy V oy Suff 16 - 30 2000 - 4000 Indented by thumbnai
SOILS clays silty ctays lean clays Hard >30 over 4000 Indented by thumbnail
{ ould tan o with difficulty
e} Organic silts and organic silty [R_ck Quality Designation (RQDJ:
. cays of low p! ty RQD - sum of the lengths of intacl piece of core® > 100 mm
-8 length of core adv nce
© g "Minimum NQ rock core (1.88 in. OD of core)
S 3 organic silts, micaceous or
gz ‘atoma eous fine sandy or Correlation of RQD 1o Rock Ma s Quality
o & SILTS AND CLAYS ty solls clastic silts Rock Mass Qual ty RQD
o Very Poor <25
c e CH Inorganic clays of high Poor 26% - 50%
g2 lasticity fat clays Fair 51% - 75%
25 Good 76% - 90%
& g ( » Vit greator than 50) OH ganic clays of medium to Excellent 91% - 100%
@ gh plasticity, organc silts WDesired Rock Observations: (in this order)
Color (Munsell color chart)
Texlure (aphanitic. f ne-gra ned etc.)
HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorph'e, eic )
SOILS soils Hardness (very hard, hard mod hard elc.)
Weathenng (iresh, very slight, s ight moderate, mod. severe,
oil Observations: (i s order) severe, etc )

Geologic discontinuities/jomiing.
-dip (hor z - 0-5, low angle - 5-35, mod. dipping -

-tightness (light, open or healed)

-nfiling (grain size, color et

Formation (Waterville, Ellsworth. Cape E izabeth, el .)

RQD and correlation to rock mass qua "y (very poor, poor, etc.)
ref AASHTO Standard Specificat on for H'ghway Bridges
17thE . abled44812A
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Key to Soil and Rock Descriptions and Terms
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% Golder

Assoc1ates TECHNICAL MEMORANDUM

Date: July 9, 2015 Project No.:  123-87440 01
To: Tim Bryant Company: VHB
cc: Meg Melendy, Katy Bouchard

Email: tbryant@vhb.com, kbouchard@vhb.com

From: Mark Peterson

RE: SUPPLEMENTAL PRELIMINARY GEOTECHNICAL CONSIDERATIONS
FINAL PDR SUPPORT
CLARK BRIDGE REPLACEMENT PROJECT
TREMONT, MAINE
MAINEDOT WIN 19305.00

This memorandum summarizes the findings from supplemental geotechnical assessments for Vanasse
Hangen Brustlin, Inc.’s (VHB’s) final Preliminary Design Report (PDR) for the Clark Bridge replacement
project in Tremont, Maine. Golder completed a preliminary geotechnical investigation for the project in 2012*
in support of VHB'’s Preliminary Design Report® submittal in 2012. The purpose of this phase of work was to:
1), revisit bridge foundation support requirements for the west abutment accounting for construction
considerations; and 2), reconcile a preferred alternative for a retaining wall system or steep slope supporting
the south slope widening of the causeway. Our work was performed in accordance with our revised proposal
dated April 2, 2015 and our Agreement dated May 14, 2015.

PROJECT BACKGROUND

Clark Bridge carries State Route 102 over Marshall Brook in Tremont, Maine, and was constructed in 1924 to
replace two single span bridges. The bridge is a 15-foot (ft) clear span cast-in-place concrete slab
superstructure supported on dry-laid stone masonry abutments. Two narrow causeways with riprap surfaced
side slopes support the west and east bridge approachess, and are about 20 and 100 ft long, respectively.
According to the 1924 design drawings, the causeways were constructed of timber cribbing, with field stone

used for abutments and retaining walls, and quarried stone rubble masonry for fill materials.

! Golder Associates Inc. (2012). “Preliminary Geotechnical Investigation, Clark Bridge Replacement, Route 102, Tremont, Maine, MaineDOT WIN
19306.00", December 12, 2012.

2 Vanasse Hangen Brustlin, Inc. (2012). “Preliminary Design Report, Clark Bridge #3663, Tremont Road over Marshall Brook, Tremont, ME, WIN
19305.00”, October 30, 2012, Revised December 12 & 31, 2012.

3 For purposes of this Memorandum the project North is parallel to the alignment of Marshall Brook and Clark Bridge and the approach causeways are

referenced as an east-west orientation.
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Tim Bryant, VHB July 9, 2015
Clark Bridge Replacement 2 Project No.: 123-87440 01

Bridge replacement requirements include: 1), maintenance of one-lane of alternating two-way traffic
throughout construction; and 2), the new bridge cannot change water elevations or flushing rates in the marsh
north of the bridge. Recommendations for the bridge replacement discussed in the 2012 PDR? include a new
bridge with the same opening as the existing bridge, and a widened causeway for a sidewalk on both
approach roadways. The proposed roadway on the bridge and approaches includes two 11 foot paved lanes
with 4 foot shoulders with a 5 foot sidewalk on the widened south side. Current recommendations for the
bridge replacement include a 40 ft span prestressed concrete voided slab supported on precast full height
cantilever abutments and wingwalls on precast spread footings overlying cast-in-place subfootings bearing on
bedrock. Proposed abutments are located about 10 feet behind the existing dry-laid field stone abutments.
Widening the south side of the causeway must be completed within a limited right-of-way boundary, and can
conceivably be completed with a retaining wall or a steepened reinforced slope. In VHB's PDR? a
Prefabricated Concrete Modular Gravity Wall system (PCMG, e.g., T-Wall) was assumed for preliminary cost

estimating.

WEST ABUTMENT FOUNDATION SUPPORT CONSIDERATIONS

At the west abutment for the new bridge, cast-in-place concrete subfootings are planned to extend to the
bedrock surface at a point starting about 10 ft behind the existing dry-laid field stone abutments. The bedrock
surface in this area is interpreted to slope upward to the west (and possibly to the south also) from a low point
at about Elev. -5 ft (NAVD88 datum) underlying the existing abutment. The base of the existing west
abutment footing is unknown; however, it is possible that the footing may be supported on the layer of very
dense emerged marine sediments encountered at the test borings at about Elev 0 ft. Based on soll
resistance and frost penetration criteria, a shallower alternative foundation support grade on the very dense
gravel and sandy silt sediments at roughly Elev 0 ft was considered for the new west abutment. If considered
acceptable, the shallower foundation grade would facilitate the foundation excavation and avoid the risk of

undermining the existing abutment foundation during construction.

To assess the feasibility of a shallower foundation subgrade for the west abutment we examined the likely
shallowest possible sub-footing subgrade based on soil resistance, reviewed criteria in the MaineDOT Bridge
Design Guide regarding requirements for scour protection, and reviewed the 2012 Preliminary Hydrology,

Hydraulics and Scout Report®. Our conclusions from this assessment include the following:

1. The base of the new sub-footing would need to be founded on soil no higher than (and possibly
deeper than) Elev 0 ft based solely on the depth to satisfactory soil resistance. The bedrock surface
is estimated to be at about Elev -5 ft at the east edge of the new footing and roughly Elev -2 ft at the

west edge.

4 . . - .
Northstar Hydro, Inc. (2012). “Clark Bridge, Route 102, Tremont, Maine, Preliminary Hydrology, Hydraulics and Scout Report”, prepared for VHB, Inc. and
Maine Dept. of Transportation, Maine DOT WIN # 19305.00, Bridge #3663, October 29, 2012.
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Clark Bridge Replacement 3 Project No.: 123-87440 01

2.

MaineDOT’s Bridge Design Guide contains several references to footing depths on soil at bridge
abutments subject to scour. Section 5.3.4.4 indicates spread footings in soil within a stream crossing
should be located at least 6 ft below the thalweg of the waterway. Section 2.3.11.1 indicates that
footings for new bridges over “waterways” should be placed a minimum of 2 ft below the design flood
scour level, and that geotechnical analyses should assume that soils above the design scour level will
be removed and not available for support. Section 2.3.11.2 indicates a scour evaluation should be
performed if there is a history of scour at the existing bridge. Criteria for designed scour
countermeasures are provided, but only for design flows less than 8.8 feet per second (fps). Section
2.3.11.3 regarding riprap indicates that for bridges located immediately on the ocean, or when the
average velocity is greater than 12 fps and ice is a concern, heavy riprap 4 ft thick should be used.
Although heavy riprap is planned at the channel bed for the new Clark Bridge, it is not clear to us if
heavy riprap is considered an acceptable scour countermeasure for supporting the new abutment
footing on soil; and even if it is considered acceptable, we assume an analysis as described in

FHWA’s HEC-23° would be necessary to identify the required footing depth.

Scour calculations were not conducted as part of the preliminary hydraulics report* because it was
assumed the new abutments would be supported directly on bedrock as discussed in the preliminary
geotechnical report’. Based on modeling using data from a 1978 storm of record, the maximum flow

velocity at the existing bridge is estimated to be 13.6 fps.

While the design soil scour depth at the new abutment footing has not been analyzed and the
foundation configuration is unusual (because the existing footing and abutment wall will remain and
velocities at the new footings have not been estimated), we conclude that scour concerns would likely
require that the sub-footing for the new abutment be supported on bedrock. In addition, considering
that the bedrock surface is interpreted to be only about 2 ft or less below the west side of the sub-
footing, practical considerations dictate that the footing should be extended to the bedrock surface to

avoid foundation support risk for the new bridge.

The sloping rock surface in this area is interpreted to be steeper than 4H:1V and as indicated in the
MaineDOT’s Bridge Design Guide Section 5.3.4.2, will require benching at the sub-footing footprint to

provide a more level bearing surface. Mechanical rock excavation methods are recommended.

The temporary excavation support system for the west abutment foundation will need to satisfy
several requirements including: installation through timber crib and rockfill materials; satisfactory

lateral support for the existing abutment wall foundation; dewatered conditions; phased construction

5

Lagasse, P.F., Clopper, P.E., Pagan-Ortiz, J.E., Zevenbergen, L.W., Arneson, L.A., Schall, J.D. and Girard, L.G. (2009). “Bridge Scour and Stream
Instability Countermeasures, Volumes 1 and 2", Third Edition, Hydraulic Engineering Circular No. 23, FHWA-NHI-HEC-23, Federal Highway Administration,
Washington, DC.
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requirements; and accommodation of foundation support requirements for the adjacent return wall for

the widened causeway.

WALL SYSTEM ALTERNATIVES FOR CAUSEWAY WIDENING

Expanding the roadway travel lanes and shoulders and adding a sidewalk will widen the guardrail-to-guardrail
distance at the top of the causeway by about 11 ft, all of which is planned to be located on the south side of
the causeway. To support the added causeway fill and stay within the existing right-of-way (ROW), return
retaining walls are planned to extend about 75 ft east of the east abutment and 25 ft west of the west
abutment. The PDR? shows a preliminary section for the new wall including a 2 ft high 2H:1V slope from the
new guardrail down to the top of the new retaining wall at about Elev 11.5 ft. The location of the new retaining
wall is shown on the preliminary plans at about 15 ft south of the crest of the existing southern guardrail, and
about 10 ft north of the ROW. The design high tide level at the new wall is Elev. 5.4 ft (MHHW), and the

water level modeled for the 1978 storm of record condition® is Elev. 10.2 ft.

The preliminary retaining wall system illustrated in the 2012 PDR? is a PCMG wall (e.g., T-Wall). During the
current assessment we considered alternative wall systems and slope configurations that may be applicable
for the causeway return walls accounting for stability, the site tidal environment, MaineDOT’s Qualified
Products List (QPL) of Proprietary Retaining Wall Systems, construction sequencing, and cost. As part of this
effort we met with Laura Krusinski of MaineDOT on June 8, 2015 to discuss geotechnical considerations for
alternative retaining wall systems and the Department’s experience with walls located at coastal sites subject
to tidal fluctuations. Conclusions and recommendations from the current assessment are summarized as

follows:

1. Based on the interpreted bedrock surface profile at the causeway areas it appears that the bedrock
surface is located roughly within 1 to 3 ft of the mudline along the general alignment for the return
walls. Accordingly, we assume all return wall foundations will bear directly on rock. An exception
might be the eastern end of the west wall where the bedrock surface appears to dip and is overlain by
dense to very dense gravel and sandy sit; however, since the bedrock surface in this area is likely to
be within 2 to 3 ft (or less) of a wall footing subgrade on soil (assuming scour considerations do not
require deeper footings), it is prudent to assume the wall foundation will be extended to bedrock. At
the west end of the west wall the ground surface rises and there may be on the order of 7 ft of
overburden soil overlying the bedrock, but we recommend this short wall section also be supported
directly on bedrock. We note that the slope of rock (both longitudinal and transverse directions) at the
wall alignment is not well defined and likely varies from the rock surface profile shown in the

preliminary geotechnical report1 for the centerline of the causeway.

2. The configuration of the retaining wall sections will vary along the length of the walls due to changes

in the foundation subgrade (bedrock surface) and the finished road surface grade at the crest of the

150709 Golder memo for final PDR support r1.docx
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causeway. Our preliminary assessment indicates wall heights (assuming full height wall with no soil
back slope) may vary from about 10 ft to 12 ft for the return walls on the east and west causeways.
General design criteria for gravity walls and earth reinforced walls in this height range indicate the
wall width or width of reinforced soil would need to range from about 7 ft to 12 ft. depending on wall
type. The preliminary wall alignment and section included in the 2012 PDR? provides sufficient room
to accommodate these wall and backfill dimensions within the causeway section designated for
Phase 1 construction; however, the temporary bracing system supporting the north half of the
causeway fill will need to be laterally supported for most of its height. While the preliminary wall
alignment could be shifted further south and stay within the ROW, it is assumed at least 10 ft is

required in front of the wall for a 2H:1V riprap slope against the base of the wall.

3. Our assessment of feasible wall systems focused on proprietary precast wall systems assuming they
would be cost effective compared to a cast-in-place cantilever retaining wall. We conclude each of
the following wall systems (all of which are on the MaineDOT’s QPL) are feasible for application to
this project with appropriate provisions for backfill materials, filters to prevent loss of backfill soil from
fluctuating currents and tide cycles, and material properties suitable for a saltwater corrosive

environment:

a. T-Wall (The Neel Company): A Prefabricated Concrete Modular Gravity Wall (PCMG). This
wall has been the most common proprietary wall system used by the MaineDOT in coastal

environments subject to tide fluctuations and has reportedly performed well.

b. Doublewal (United Concrete Products, Inc.): A PCMG wall that could conceivably be used at
this site according to manufacturer’s literature, but we are not aware of an application where

it was used at a Maine coastal site

c. Redi-Rock Wall (Redi-Rock International): A Precast Concrete Block Gravity Wall (PCBG).
The Redi-Rock gravity wall appears to have an approximate height limit of about 10 ft for
application to this site based on a brief review of preliminary design guidelines provided by
the manufacturer. For higher walls the wall can be modified to a mechanically stabilized
earth (MSE) wall with geogrid reinforcement. We understand the MaineDOT has used Redi-
Rock walls (both gravity and MSE) at many sites, but not at a coastal environment with a

saturated backfill subject to tidal fluctuations.

d. Stone Strong Systems (Stone Strong, LLC): A Precast Aggregate-Filled Concrete Block
Gravity Wall (PACBG). The Stone Strong gravity wall appears to have an approximate height
limit of about 9 ft for application to this site based on a brief review of preliminary design
guidelines provided by the manufacturer. For higher walls the wall can be modified to a

mechanically stabilized earth (MSE) wall with geogrid reinforcement. We understand the

150709 Golder memo for final PDR support r1.docx
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Clark Bridge Replacement 6 Project No.: 123-87440 01

MaineDOT has used Stone Strong walls, but not at a coastal environment with a saturated

backfill subject to tidal fluctuations.

4. The applicability of Geosynthetic Reinforced Soil Integrated Bridge System (GRS-IBS) to this site was
assessed and discussed with MaineDOT. The GRS-IBS system is a FHWA sanctioned approach for
supporting a bridge abutment on a reinforced soil foundation. The reinforced soil foundation is similar
to MSE technology, and where the GRS system is used for wingwalls and return walls it is essentially
a MSE wall. MaineDOT has had favorable experience with two GRS-IBS installations to date (a third
is currently planned), but these included abutment support in addition to wingwall/return wall
applications, the abutments were built entirely in a single phase of construction, and the GRS walls
were not located in high water velocity sites. For the Tremont site the use of GRS-IBS does not
appear to be well-suited because the phased construction would prevent the use of the system for
abutment support. When considered solely for use as a retaining wall for the causeway widening we
believe there are uncertainties concerning resistance to backfill erosion/piping through or below the
facing elements at this site that apply to any MSE wall structure. We do not rule out the possibility
that these concerns could be accommodated in design and with diligent attention to detail during
construction; however, related added design/construction features may result in a less cost effective

wall system.

5. Reinforced Soil Slopes (RSS) were assessed on a conceptual level as an alternative to a wall system
for the causeway widening. Slopes on the order of 0.75H:1V are considered feasible at this site if the
design includes hard armor facing elements to resist design water velocities and wave action, as well
as design filter elements to prevent erosion/piping of the reinforced soil. Although we do not rule out
the possibility that suitable facing elements may be available from a manufacturer and a design could
be developed that properly addresses soil slope erosion/piping issues at this site, we consider these

concerns as unresolved risks requiring further evaluation.

6. A general comparison of construction prices was made for the wall systems described above based
on historical unit price data from 2012 to 2015 provided by MaineDOT and cost data for the 2015 T-
Wall system currently under construction for the Schoodic Loop Road Over Frazer Creek project at
Acadia National Park provided by VHB. The cost comparisons attempted to include similar items for
wall materials, backfill soils, excavation costs, riprap or stone in front of the walls, leveling pad and
labor for installation; however, it was not possible to confirm a consistent accounting of these items
for all of the projects included in the assessment. The results of the general cost comparison are as

follows:

150709 Golder memo for final PDR support r1.docx
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Tim Bryant, VHB July 9, 2015

Clark Bridge Replacement 7 Project No.: 123-87440 01
Average Wall
Source Wall Type Location Cost/SF of Wall
Face
MaineDOT T-Wall and Doublewal several (24) $67 - $69
MaineDOT Redi-Rock (gravity) several (19) $62 - $69
MaineDOT Stone Strong (gravity) several (5) $105 - $112
MaineDOT GRS-IBS North Haven Island $107
VHB T-Wall Schoodic Point $67

7. Based on favorable analogous past applications, a higher degree of confidence regarding a
resistance to backfill erosion/piping and stability under storm conditions, suitability to the phased
construction, and estimated cost, we conclude that the T-Wall system is the preferred alternative.
Other QPL wall systems discussed herein as feasible for application to this site should not be
considered unacceptable, but if proposed for use certain design issues should be thoroughly

assessed during final design and construction.

CLOSING

The geotechnical considerations included in this memorandum are preliminary and provided for the exclusive
use of VHB for development of the Preliminary Design Report (PDR) for the replacement of the Clark Bridge
in Tremont, Maine. The memorandum was prepared in accordance with generally accepted soil and
foundation engineering practices. Our analyses and recommendations are based in part on the subsurface
explorations completed. If actual conditions encountered vary from those described or referenced in this
memorandum, Golder should be notified so that we may re-evaluate, and if necessary, revise our conclusions
or recommendations. Upon completion of the final PDR and selection of a final bridge alignment, profile,
span arrangement, and causeway widening retaining wall system, geotechnical evaluations should be

conducted to provide final geotechnical design recommendations in a letter report..

Please contact us if you have questions or comments regarding the information summarized herein.
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Mr. Timothy S. Bryant, P.E.
Vanasse Hangen Brustlin, Inc.

500 Southborough Drive, Suite 105B
South Portland, Maine 04106

RE: GEOTECHNICAL RECOMMENDATIONS FOR FINAL DESIGN
CLARK BRIDGE REPLACEMENT PROJECT
TREMONT, MAINE
MAINEDOT WIN 19305.00

Dear Mr. Bryant:

Golder Associates Inc. (Golder) is pleased to submit this letter report to Vanasse Hangen Brustlin, Inc.
(VHB) for final geotechnical design recommendations in support of the 85% Design submittal for the Clark
Bridge replacement project in Tremont, Maine. Golder completed a preliminary geotechnical investigation
for the project! in support of VHB’s Preliminary Design Report? submittal in 2012 that provided the findings
of our subsurface investigation including boring logs, geophysical survey, laboratory test results, and an
interpreted subsurface profile, and geotechnical considerations for replacement bridge foundations and
causeway widening for use in preliminary design. In addition, Golder submitted a supplemental preliminary
geotechnical considerations memo?3 in July 2015 that evaluated causeway widening retaining wall
alternatives and foundation support requirements. This final design letter report presents recommended
geotechnical criteria for final design with regard to foundation bearing resistance, sliding, earth pressure,
seismic site class, filter and material requirements, embankment stability and construction considerations
and phasing. Subsurface information collected in 2012 and presented in our 2012 report! is referenced
herein but is not included in this report. Our work was performed in accordance with our revised proposal
dated April 2, 2015 and our Agreement dated May 14, 2015.

PROJECT DESCRIPTION

Clark Bridge carries State Route 102 over Marshall Brook in Tremont, Maine, and was constructed in 1924
to replace two single span bridges. The bridge is a 15-foot (ft) clear span cast-in-place concrete slab
superstructure supported on dry-laid stone masonry abutments. Two narrow causeways with riprap
surfaced side slopes support the west and east bridge approaches*, and are about 20 and 100 ft long,
respectively. According to the 1924 design drawings, the causeways were constructed of timber cribbing,
with field stone used for abutments and retaining walls, and quarried stone rubble masonry for fill materials.

As shown in VHB’s 60% Submission Drawings®, the design includes a new bridge with the same opening
as the existing bridge, and a widened causeway for a sidewalk on both approach roadways. The proposed

1 Golder Associates Inc. (2012). “Preliminary Geotechnical Investigation, Clark Bridge Replacement, Route 102, Tremont, Maine, MaineDOT WIN
19306.00”, December 12, 2012.

2 Vanasse Hangen Brustlin, Inc. (2012). “Preliminary Design Report, Clark Bridge #3663, Tremont Road over Marshall Brook, Tremont, ME, WIN
19305.00”, October 30, 2012, Revised December 12 & 31, 2012.

3 Golder Associates Inc. (2015). “Supplemental Preliminary Geotechnical Considerations Final PDR Support, Clarke Bridge Replacement Project,
Tremont, Maine, MaineDOT WIN 19305.00”, July 9, 2015.

4 For purposes of this letter the project North is parallel to the alignment of Marshall Brook and Clark Bridge and the approach causeways are referenced
as an east-west orientation.

5 Vanasse Hangen Brustlin, Inc. (2015). “Tremont Hancock County Clark Bridge Tremont Road over Marshall Brook, Project Length 0.08 mi. Bridge
Replacement Bridge No. 3663, Plan Impacts Complete 60% Submission, November 4, 2015.
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roadway on the bridge and approaches includes two 11 foot paved lanes with 4 foot shoulders with a 5 foot
sidewalk on the widened south side. Current recommendations for the bridge replacement include a 40 ft
span concrete slab supported on full height gravity abutments and wingwalls founded on spread footings
with underlying cast-in-place subfootings bearing on bedrock. Proposed new abutments are located about
10 feet behind the existing dry-laid field stone abutments. Widening the south side of the causeway must
be completed within a limited right-of-way boundary, and is proposed to be completed with a Prefabricated
Concrete Modular Gravity Wall system (PCMG, e.g., T-Wall) founded on spread footings and/or subfootings
bearing on bedrock. Phased construction is planned to maintain one-lane of alternating two-way traffic
throughout construction.

BRIDGE FOUNDATION ALTERNATIVES

Subsurface conditions at the site and described in our preliminary report include the presence of shallow
bedrock. Refer to the attached Figures 2 and 3, which are from our preliminary design report and show the
exploration locations and interpreted subsurface profile. Due to the presence of shallow bedrock, the most
effective foundation type for this site is full height cantilever-type abutments, wingwalls, and retaining walls
on cast-in-place spread footings founded directly on bedrock or on cast-in-place subfootings founded
directly on bedrock. For the purposes of this report, we assume all of the new abutments and walls will be
founded as recommended above and our recommendations and construction considerations apply to cast-
in-place spread footings founded directly on bedrock or on cast-in-place subfootings founded directly on
bedrock.

BRIDGE ABUTMENT SPREAD FOOTINGS ON BEDROCK

As discussed in our preliminary report and design memo, the bedrock in the area of the west abutment and
retaining wall is interpreted to slope upward to the west at an approximate slope of 4H:1V from a low point
at about Elev. -5 ft (NAVD88 datum) underlying the existing abutment. The bedrock in the area of the east
abutment and retaining wall is interpreted to slope more gradually upward to the east at an approximate
slope of 10H:1V from a low point at about Elev. 1 ft underlying the existing abutment.

Bearing Resistance: Based on the rock type, structure, unconfined compressive strength, and interpreted
Rock Mass Rating (RMR), we recommend a strength limit state factored bearing resistance of 12 ksf be
used for spread footings bearing on sound bedrock assuming the footing is bearing on a level rock surface.
In no instance shall the factored bearing stress exceed the factored compressive resistance of the footing
concrete. No footing shall be less than 2 feet wide regardless of the applied bearing pressure or bearing
material.

Sliding Resistance: Assuming the cast-in-place concrete abutment and retaining wall sub footings bear on
sound, clean bedrock, a sliding coefficient (tan 8) of 0.7 is recommended per AASHTO LRFD Table
3.11.5.3-1. Aresistance factor of 0.8 is recommended for sliding per MaineDOT Bridge Design Guide Table
5-3.

Settlement: As stated above, we assume that all bridge abutments and retaining walls will be founded on
cast-in-place spread footings founded directly on bedrock or on cast-in-place subfootings founded directly
on bedrock. As such, any settlement of the bridge abutments or retaining walls will be due to elastic
compression of the bedrock mass, and is estimated to be less than 0.5 inch.

Footing Subgrade Preparation: The nature, slope, and degree of fracturing in the bedrock bearing surface
will not be evident until the foundation excavations are made. The bedrock surface should be cleared of all
loose, fractured, and decomposed bedrock and soil. The final bedrock surface should be approved for
cleanliness and condition by the Resident prior to the placement of the footing concrete.

If portions of the sloping rock surface are steeper than 4H:1V, the footing subgrade will require benching to
provide a level bearing surface in accordance with MaineDOT’s Bridge Design Guide Section 5.3.4.2.
Mechanical rock excavation methods are recommended. Steps should be kept to a minimum, have a
vertical face, and extend for the full width of the footing. Each step should be a minimum of 2 feet or the

A ! Golder
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thickness of the footing, whichever is greater. The lower footing should support the upper footing at the
step.

FROST PROTECTION

We anticipate that the bridge abutments and retaining walls will be supported on cast-in-place spread
footings founded directly on bedrock or on cast-in-place subfootings founded directly on bedrock. As such,
heave due to frost is not a design concern and no requirements for minimum depth of embedment are
necessary.

SEISMIC DESIGN CONSIDERATIONS

As discussed in our preliminary report, a geophysical survey was performed over the subsurface profile for
the Clarke Bridge Replacement. The results of the geophysical seismic survey indicated seismic velocities
of the emerged marine sediments overlying bedrock range from 1,600 to 2,000 ft/sec. Bedrock seismic
velocities ranged from 12,500 ft/sec to 15,800 ft/sec. Based on the site class definitions presented in
AASHTO Table 3.10.3.1.1, the existing subsurface profile (overburden soils and bedrock) would result in a
Site Class C. However, since the abutments and retaining walls will be founded directly on bedrock, we
recommend that the site class can be increased to Site Class A.

EARTH PRESSURE

Lateral earth pressures will be applied to the backside of the abutment and retaining walls due to the weight
of the backfill and surcharge pressures from construction equipment and/or live loads. In addition, since
the abutments and retaining walls will be in a tidal environment, additional design and construction
measures should be considered. We recommend the earth pressure loads should be calculated based on
the following parameters/assumptions.

B Granular Underwater Backfill (MaineDOT Bridge Design Guide, Table 3-3): Unit weight of
soil = 125 pcf; angle of internal soil friction ¢ = 32.

B Active earth pressures will be applied to the T-wall or PCMG retaining walls. For a broken
backfill condition, the Coulomb active earth pressure is 0.33 assuming the friction angle &
between the backfill and the assumed vertical back face of the wall is 24 degrees in
accordance with the MaineDOT Bridge Design Guide, Table 3-3.

B An at rest earth pressure coefficient of 0.47 should be assumed for the abutments.

The passive resistance from any fill in front of the walls should be ignored.

B A surcharge load should be considered in accordance with the guidance provided in the
Maine Bridge Design Guide Section 3.6.8 and Table 3-4 and AASHTO 3.11.6.4. Based on
our review of the 60% design plans, a vehicular surcharge load is likely not required for the
retaining wall design since the traffic load will be a greater distance than one-half the wall
height away. However, the abutment design should include a surcharge load of at least
288psf (2.3ft*125pcf) for Abutment No. 1 (~17ft) and at least 375psf (3ft*125pcf) for
Abutment No. 2 (~10ft). The resulting horizontal pressure from the surcharge should be
applied with a uniform distribution over the height of the wall.

B Asrecommended by the MaineDOT Bridge Design Guide Section 3.6.2, the retaining walls
and abutments should be designed for a minimum 3 foot differential in water pressure
(above weep holes if present) due to a lag in the tidal influence.

B Based on the guidance provided in the MaineDOT Bridge Design Guide Section 5.6.5.2,
for walls located in water, the retaining walls and abutments should be backfilled with an
18-inch thick layer of crushed stone (MDOT 703.31) extending vertically along the inside
wall face and separated from the surrounding soils with a Class 1 erosion control geotextile
(MDOT 722.0). In addition, due to the potential for overtopping, similar filter criteria
(separation geotextile) should be provided for the backfill above the wall.

A ! Golder
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PCMG WALL

As discussed, VHB’s design includes installation of a prefabricated concrete modular gravity (PCMG) wall
(i.e., T-Wall) along the southern limit of the approach embankments. Golder understands that the PCMG
wall will be designed by the Contractor. The PCMG Wall design should be designed in accordance with
MaineDOT Standard Specification 674 for Prefabricated Concrete Modular Gravity Walls and the
MaineDOT Bridge Design Guide Chapter 3. Designs should be stamped by a Registered Professional
Engineer in the state of Maine and submitted to the Engineer for review. In addition, the PCMG wall design
should follow the following design criteria.

B The applied bearing pressure should not exceed 12 ksf for all walls bearing on sound
bedrock.

B A minimum 18-inch thick layer of crushed stone (MDOT 703.31) should extend vertically
along the inside wall face. The layer of crushed stone shall extend vertically from the
bottom course of the wall to the top course of the wall. The crushed stone shall be
separated from the surrounding backfill with erosion control geotextile (MaineDOT 722.03).
A minimum of 1.5 feet of overlap is required between adjacent lengths of geotextile.

B The Contractor may construct the PCMG using crushed stone (MaineDOT 703.31) as
backfill behind and between the the PCMG units. If using crushed stone for backfill, the
PCMG may be designed assuming a friction angle of 40 degrees for soil within the units.
Crushed stone should be placed and compacted in lifts to achieve a consistent dense
course as approved by the Engineer. The crushed stone shall be separated from the
surrounding backfill with erosion control geotextile (MaineDOT 722.03).

B Due to the potential for overtopping, similar filter criteria (separation geotextile) should be
provided for the backfill above the wall.

B Design the wall for a minimum 3 foot differential in water pressure due to a lag in the tidal
influence.

B Based on our review of the 60% design plans, a vehicular surcharge load is likely not
required for the retaining wall design since the traffic load will be a greater distance than
one-half the wall height away. However, relevance of applied surcharge loading per Maine
Bridge Design Guide Section 3.6.8 and Table 3-4 and AASHTO 3.11.6.4., should be re-
evaluated during final design.

B The PCMG walls shall consist of Class “LP” concrete and epoxy coated rebar.

B The precast concrete units shall contain calcium nitrate solution or equivalent, as approved
by the Engineer, to inhibit corrosion.

EMBANKMENT STABILITY

The current design includes widening the crest of both approach embankments to the north. This will be
accomplished by placing a layer of plain riprap over the existing embankment with new slopes ranging
between 1.5H:1V and 2H:1V. The riprap should be placed in accordance with the MaineDOT Standard
Detail 610(02) — Stone Scour Protection, including the installation of Class 1 non-woven erosion control
geotextile (standard specification 722.03) and a minimum 12 inch thick protective aggregate cushion
meeting the requirements of 703.29 granular borrow — material for underwater backfill.

It is assumed that the riprap shown along the southern edge of the approach embankments will be placed
directly in front of the proposed retaining wall or directly on top of bedrock. In the case that riprap will be
placed over soil, the MaineDOT Standard Detail for Stone Scour should be followed including a geotextile
and protective cushion. The plain riprap proposed along the southern limit will be placed at a slope of
2H:1V.

All riprap should be founded on a level bearing surface (presumably bedrock) and placed with the
appropriate erosion control measure detailed above. Based on an assumed internal friction angle of 41°

A ! Golder
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for riprap and a maximum slope of 1.5H:1V, the proposed riprap embankment widening will have an infinite
slope stability factor of safety of 1.3.

CONSTRUCTION CONSIDERATIONS AND PHASING

Construction of the Clark Bridge replacement will require a phased approach that maintains one-lane of
alternating two-way traffic throughout construction. Construction activities will likely include construction of
cofferdams and earth support systems to support the existing abutment foundations and approach fills
during construction and to control water flow during construction of subfootings and footings for the
abutments and walls. According to the 1924 design drawings, the causeways were constructed of timber
cribbing, with field stone used for abutments and retaining walls, and quarried stone rubble masonry for fill
materials. These materials may present difficulties for cofferdam and excavation support system
installations.

The base of the existing west abutment footing is unknown; however, it is possible that the footing may be
supported on the layer of very dense emerged marine sediments encountered at the test borings at about
El. 0 ft. The design requires that the existing abutments remain in place. The contractor should take
measures to avoid the risk of loss of soil support and undermining the existing abutment foundation during
construction.

The contractor should maintain the abutment and retaining wall excavations so that the foundations can be
constructed in the dry. The cleanliness and condition of the bedrock surface should be confirmed by the
engineer prior to placing concrete. Where foundations are constructed in the dry, the final bearing surface
should be washed with high pressure water and air prior to concrete being placed for the footing.

CLOSING

The geotechnical considerations included in this letter report are provided for the exclusive use of VHB for
development of the 85% Design Report for the replacement of the Clark Bridge in Tremont, Maine. Once
the 85% Design Drawings are completed, please provide a copy to Golder so that we can review the design
and provide comment as to the compliance with our design recommendations prior to development of the
100% drawings. This letter report was prepared in accordance with generally accepted soil and foundation
engineering practices. Design calculations supporting the recommendations provided in this letter report
are included as attachments. Our analyses and recommendations are based in part on the subsurface
explorations completed. If actual conditions encountered vary from those described or referenced in this
letter report, Golder should be notified so that we may re-evaluate, and if necessary, revise our conclusions
or recommendations.

Please contact us if you have questions regarding the information summarized herein.

Sincerely,

GOLDER ASSOCIATES INC.

W?@n (- mgﬁ V\/\l—XL )

Megan €. Melendy, PE Mark S. Peterson, PE
Senior Engineer Principal

Attachments  Figure 2 — Subsurface Exploration Locations
Figure 3 — Interpreted Subsurface Profile A-A
Supporting Design Calculations

MCM/drb

A ! Golder
.
P:\Projects\2012\123-87440 VHB Tremont Bridge\700 Reports\701 -Geotech Support for Final PDR\Final Letter Report\160305 Tremont Final Rec Letter mp_mcm.docx ASSOCIateS



POSSIBLE LINEAR

MARSHALL BROOK —=_-

EXISTING
BRIDGE

T X 051.0FT

=5/~ CAUSEWAY

= SOUTHEAST /|

10

" LEGEND

5 FT INDEX CONTOUR (FT MSL)
1 FT INDEX CONTOUR (FT MSL)

EDGE OF DRAINAGE WATERWAY

GUARDRAIL BEAM

LEDGE OUTCROP

RIGHT OF WAY

STATIONING ALONG CENTERLINE

GEOPHYSICAL SURVEY LOCATION

TREE LINE

BOULDER

DECIDUOUS TREES

‘Q BB-TMB-101 BORING LOCATION AND DESIGNATION
RIP RAP ARMOR
CROSS SECTION LOCATION AND DIRECTION
X 1FT ROCK PROBE LOCATION (APPROXIMATE) AND REFUSAL

DEPTH

REFERENCES & NOTES

1.) BASEMAP ELEMENTS FROM VHB, INC. DRAWING TITLED 3DTOPO_13MAR12.dwg. DATED
MAY 10, 2012.

ANSI|_B_FIGURE_LANDSCAPE

| Modified: mboisvert 07/26/2012 9:34 AM | Plotted: mboisvert 12/10/2012

J:\Drawings\2012\123-87440 VHB TREMONT BRIDGE\ST_A\12387440A002.dwg | Layout:

25

F)
EXISTING STONE

4

o

o]

14

o

=

<

5
| MASONRY ABUTMENT '}(f

~- EXISTING STONE
MASONRY WING

POSSIBLE BURIED
STRUCTURE FROM
GEOPHYSICAL SURVEY

STA. 16+37 TO 16+55.5

BB-TMB-102 POSSIBLE LINEAR FEATURE
FEATURE FROM Y > & | l FROM GEOPHYSICAL SURVEY
GEOPHYSICAL SURVEY STA. 16+63
STA. 15+60 BB-TIYIB-1 03 +00 BB-TMB-101 | 17+00
15+50 16+ 1 l — —
— ' [ POSSIBLE LINEAR FEATURE~_~
- - B-TMB-1
BB-TMB-1 04@ l FROM GEOPgE%SéI; d BB-TMB-105 @ 06
STA. 16+22

2.) BORINGS WERE LOCATED AND OBSERVED BY GOLDER AND DRILLED BY MAINE TEST
BORINGS, INC.

3.) BASIS OF BEARING IS MAINE GRID NORTH. HORIZONTAL DATUM IS MAINE 2000 EAST
ZONE NADS83 (1996).

4.) ELEVATIONS ARE IN FEET AND ARE REFERENCED TO NAVD88 (GEOID03).

5.) BRIDGE ABUTMENT AND WINGWALL EXTENTS FROM 1924 BRIDGE DRAWINGS (SEE
APPENDIX A).

BORING ID |NORTHING (FT) [EASTING (FT)|ELEVATION (FT-MSL)
BB-TMB-101| 153296.02 |2172345.66 11.19
BB-TMB-102| 153303.70 |2172331.97 11.42
BB-TMB-103| 153317.75 |2172305.90 11.89
BB-TMB-104| 153318.89 |2172279.54 12.27
BB-TMB-105| 153261.04 |2172384.42 10.45
BB-TMB-106| 153247.51 |2172407.71 10.46

20 0 20
SCALE FEET
A
REV DATE REVISION DESCRIPTION DES CADD CHK RvW
PROJECT VHB / MAINEDOT

CLARK BRIDGE REPLACEMENT, ROUTE 102
TREMONT, MAINE

TITLE

SUBSURFACE EXPLORATION LOCATIONS

_ PROJECT No. 123-87440 | FILE No. 12387440A002
DESIGN JRS 12/07/12 | SCALE AS SHOWN
Goldel. CADD MPB 12/07/12
¥ CHECK JRS 12/07/12 FlGURE 2
ASSOCiates REVIEW MSP 12/07/12




J:\Drawings\2012\123-87440 VHB TREMONT BRIDGE\ST_A\12387440A003.dwg | Layout: Profile A-A" | Modified: mboisvert 11/28/2012 6:03 PM | Plotted: mboisvert 12/10/2012

NORTHWEST SOUTHEAST N
o
O
POSSIBLE LINEAR FEATURE
POSSIBLE LINEAR FEATURE FROM FROM GEOPHYSICAL SURVEY POSSIBLE BURIED STRUCTURE
GEOPHYSICAL SURVEY STA. 16+22 FROM GEOPHYSICAL SURVEY BOE
STA. 15+60 CLARK BRIDGE STA. 16+37 TO 16+55.5
! v
15 — 15 =
ASPHALT Be B 104 BB-TMB-103 BB 8102 BB-TMB-105 __pOSSIBLE LINEAR FEATURE FROM
<WEAW 6FTLT BB-TMB-101 6FTRT GEOPHYSICAL SURVEY STA. 16+65 —
BB-TMB-106
\ _ N N 6FTLT
s R L 7FTRT
L N
N i - —
SUBGRADE FILL-LIGHT TODARK i+ = [ ] 23 [ 22 . (WEARING AND BASE Céﬁi’;ﬁg
BROWN, RED BROWN AND LIGHT : 19 g 257
BROWN-GRAY, MEDIUM DENSE TO S ——— \o
10 — DENSE, DAMP, GRAVELY FINE TO e N . PRTIR SET — —r 10
COARSE SAND, SANDY COARSE b S0+ = N
GRAVEL, AND SILTY FINE SAND 42 o B 25 SUBGRADE FILL - LIGHT TO DARK
Sy 41 BROWN, RED BROWN AND LIGHT
o BROWN-GRAY, MEDIUM DENSE TO
s DENSE, DAMP, GRAVELY FINE TO
| 41e] Do ey 16 17 COARSE SAND, SANDY COARSE
18 U GRAVEL, AND SILTY FINE SAND
ROCKFALL - DENSE 38 el
BOULDERS, . o Es
5 S aSHEeE N % " GoupRs, PRk g S Seeoumesiian o o
. TO DARK GREEN s COBBLES, AND GRAY ; ' —
s o 18 i any et nET o A,
COARSE GRAVEL Zinyny
BOE P
= % ///—BOE
WOOD H
= 76 GROUNDWATER
— B0+ LEVEL 8.9 FT.BGS. —_
= | 18 T4 T —————_ 5/15/1210:00 AM )
Cé) 0— < _ ’_/x/ (EBB TIDE) 0 g
T BOE EMERGED MARINE /T”’— -~ GROUNDWATER 3
| SEDIMENTS - GRAY, ‘ T LEVEL 8.8 FT.BGS. GRANITE GNEISS - DARK PINKISH —
w \ 89+ BLUE-GRAY AND 5/15/12 13:10 AM GRAY, FINE TO MEDIUM GRAINED L
Z Dﬁg@g;ﬁgéﬁgf F z » (EBB TIDE) GRANITE GNEISS (SILURIAN) E’
: o= o xn
3 : oo /9 2 ok 5
= METAVOLCANICS - DARK S 110 SILT (QUATERNARY) 7 27 =
< GRAY TO GREENISH BLACK, EZ <
E 5| VERY FINE GRAINED 5 a
- METAVOLCANICS (SILURIAN) - L
L % z L
82z 2
=P o=
7S
\/ | as
n Y x
g8 I
-10 — = Ty —— —
10 8|2 BOE BOE 10
-15 — FE: —-15
%%
1A A
BOE REV DATE
PROJECT
20 | | | | | | | | 20
15+00 15+25 15+50 15475 16+00 16+25 16+50 16+75 17+00 17+25 TITLE

STATION (FT)

LEGEND

BB-TMB-104

6 FTRT

BORING LOCATION, DESIGNATION AND OFFSET
N =BLOW COUNT (N60VALUE)
RQD = ROCK QUALITY DESIGNATION

BOE=BOTTOM OF EXPLORATION

OBSERVED GROUNDWATER LEVEL

INTERPRETED BEDROCK SURFACE FROM SEISMIC REFRACTION
SURVEY

5 0 5
SCALE VERTICAL SCALE FEET
20 0 20

SCALE HORIZONTAL SCALE FEET

REVISION DESCRIPTION CADD CHK

VHB / MAINEDOT

CLARK BRIDGE REPLACEMENT, ROUTE 102

TREMONT, MAINE

INTERPRETED SUBSURFACE

PROFILE A-A'

Golde;
Associa{es

PROJECT No. 123-87440 | FILE No. 12387440A003
DESIGN JRS 1207112 | scALE AS SHOWN
CADD MPB 12/07/12
CHECK JRS 12/07/12 FIGURE 3
REVIEW | MspP 12/07/12




Golder

Associates

SUBJECT Trewwz/w‘" C/ﬂuk BVt‘d e

F/V;agj
D-esign

JobNo. /72 -y (> |Madeby V¢ 1
25-g T4 Checked SM%

P"-SEISMIC — | nevowed ez b MsP o

Date 2/ /1 (/¢

of 2

= /AL UVAT SENS ML ISITE CUA

(¥

DK E= 4L

PR

L ¥ [RLoW] €O

>
«
i

QA+ tU 23038 r 227150/ Br 26+ 32 12

S Hlbrdi a7

'Y

(¢

D

L]

-4

DO

- I

L N

"
Ry,
l
T
\)}
3
N’
0
N
Ch
¥

S

Nl
i

(s 5D

=
e
c
N
W
S

\Y
A

/N

n

FMS /7

AN
1]

UL

oD 3 oA 1 e

S
™~
)
N
LV
3y
?
N
-
P,
s
\

A
Y




Golder
Associates

SUBJECT Trt/(kvwm/r aﬁ/k» Blfld")f, - %Zf}’!n

2N 2357940
> SELSMLe.

Made by MW
Checked JMP

Reviewed

Date

Sheet 2—

of

z]Ull e

2

i
[}

L |
Ao \

vy

Y
\
‘\

\/‘l{

N

\l

S~

a
3
g

R

NN

&
<
Y
n

g N

ANV L= 12D ffsee | 1] i
S BEDP sl
‘‘‘‘‘‘‘‘‘‘ N »

\V4

Lle




3-88

AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, SEVENTH EDITION, 2014

Table 3.10.3.1-1—Site Class Definitions

Site
Class

Soil Type and Profile

A

Hard rock with measured shear wave velocity, v, > 5,000 fi/s

B

Rock with 2,500 ft/sec < v, < 5,000 ft/s

C

Very dense soil and soil rock with 1,200 ft/sec < v, < 2,500 fi/s,
or with either N > 50 blows/ft, or 5, > 2.0 ksf

Stiff soil with 600 ft/s < v, < 1,200 ft/s, or with either 15 < N <50 blows/ft,
or1.0<75, <2.0ksf

Soil profile with ¥, < 600 fi/s or with either N < 15 blows/ft or 5, < 1.0 ksf, or any profile with more
than 10 ft of soft clay defined as soil with PI> 20, w > 40 percent and 5, < 0.5 ksf

Soils requiring site-specific evaluations, such as:

o Peats or highly organic clays (4 > 10 ft of peat or highly organic clay where H = thickness of soil)
e  Very high plasticity clays (H > 25 ft with PI > 75)
o  Very thick soft/medium stiff clays (H >120 ft)

Exceptions:

Where the soil properties are not known in sufficient detail to determine the site class, a site investigation
shall be undertaken sufficient to determine the site class. Site classes E or F should not be assumed unless the
authority having jurisdiction determines that site classes E or F could be present at the site or in the event that
site classes E or F are established by geotechnical data.

average shear wave velocity for the upper 100 ft of the soil profile

average Standard Penetration Test (SPT) blow count (blows/ft) (ASTM D1586) for the upper 100 ft of the
soil profile

average undrained shear strength in ksf (ASTM D2166 or ASTM D2850) for the upper 100 ft of the soil
profile

plasticity index (ASTM D4318)

moisture content (ASTM D2216)

&



Errrod

SUBJECT 777’//’101?4/’ ~(late Ende).e, — Descagn

Golder

Job No. |23~ & 74 4D

- BEAR /v -

Checked SMpP

Associates e el

Date Z//(/((

Sheet / of 3

A

N s o

AN

<
$
o

oo G

W
(3

T

N

=h

"

e Wﬁjﬁn o~ m-f(,

\‘1}‘5

(240 F’$i;

£33

DOV s

g

o .

&

QO




Golder sseer [yesmoryt- = Clarl Brolo.

F7 rred

Associates CBEAR A

Date 2,////@
Sheet 2. 013

Lausy

~
>

W

<= 23 ¢

o

QS

Ave 2 o 1;- §” (ore)

a‘i

J{*)f’?ﬁhe

1)
o
[Q]

i

N

s




Golder svseor T pesmon] - Clavte Bnolge. — 51580

Job No. Made by VVIM, Date 2/1///40 [

Assof:iates ol D A0 INT g::::d igﬁw Steet o 2

M= 26| || B [1BLE |~ Koek TYPE |E |

Tuit = 110000 ok,

-0
T
#
‘\)
N
S
~
W
!

i

[{]
\
~NJ




40

e

Qun
1 Note: Modified
i i analysis preseats
;(m*ﬁ)q“g qq only in Zone II

(see Equation
] 1 82b)
: 'J's' 5 f$q,
| | v}
i I

Zone I §ZoneX | Zonel
| §

Rock Mass Failure Criferion: c.=a;*J(mq‘,o-5+sq§}

Figure 39. Lower bound solution for bearing capacity
(Carter and Kulhawy, 1988).

across the interface must be maintained and therefore the
bearing capacity of the strip footing may be evaluated from
Equation 81 (with 05 =s%¢,) as

que =(m+5 g, (82a)

In an errata to Carter and Kulhawy (1988), Equation (82a)
was modified to the following:

Gur = (\/; + (m\/; +s)05 )q,, (82b)

A similar approach to the bearing capacity analysis of a
strip footing was proposed by Carter and Kulhawy (1988)
to be used for a circular foundation with an interface between
the two zones that was a cylindrical surface of the same diam-
eter as the foundation. In this axisymmetric case, the radial
stress transmitted across the cylindrical surface at the point of
collapse of the foundation may be greater than q,,\/; , without
necessarily violating either radial equilibrium or the failure cri-
terion. However, because of the uncertainty of this value, the
radial stress at the interface is also assumed to be qu\/; for the
case of a circular foundation. Therefore, the predicted (lower
bound) bearing capacity is given by Equations 82a and 82b.
The m and s constants are determined by the rock type and
the conditions of the rock mass, and selecting an appropriate
category is easier if either the Rock Mass Rating (RMR) sys-
tem or the Geological Strength Index (GSI) classification data
are available as outlined below. Both bearing capacity formu-
lations expressed in Equations 82a and 82b were investigated
in this study.

Report-

NCHP— S|

1.8 Rock Classification
and Properties

1.8.1 Overview

A rock mass comprises blocks of intact rock that are sep-
arated by discontinuities such as cleavage, bedding planes,
joints, and faults. Table 8 provides a summary of rock mass
discontinuity definitions and characteristics. These naturally
formed discontinuities create weakness surfaces within the
rock mass, thereby reducing the material strength. As previ-
ously discussed, the influence of the discontinuities upon the
material strength depends upon the scale of the foundation
relative to the position and frequency of the discontinuities
(Canadian Foundation Geotechnical Society, 2006).

This section provides a short review of rock mass classi-
fication/characterization systems and rock properties that are
relevant to the methods selected for bearing capacity evaluation.
Methods allowing engineering classification of rock mass are
reviewed including the Rock Mass index (RMi) system, RMR
system and the Hoek-Brown GSI.

1.8.2 Engineering Rock Mass Classification
1.8.2.1 Classification Methods

A number of classification systems have been developed
to provide the basis for engineering characterization of rock
masses. A comprehensive overview of this subject is pro-
vided by Hoek et al. (1995). Most of the classification sys-
tems incorporating various parameters were derived from
civil engineering case histories in which all components of
the engineering geological parameters of the rock mass were
considered (Wickham et al., 1972; Bieniawski, 1973, 1979,
1989; Barton et al., 1974). More recently, the systems have
been modified to account for the conditions affecting rock
mass stability in underground mining. While no single clas-
sification system has been developed for or applied to foun-
dation design, the type of information collected for the two
more common civil engineering classification schemes—the
Q system (Barton et al., 1974), used in tunnel design, and
RMR (Bieniawski, 1989), used in tunnel and foundation
design—are often considered. These techniques have been
applied to empirical design situations, where previous expe-
rience greatly affects the design of the excavation in the rock
mass. Table 9 outlines the many classification systems and their
uses. Detailed descriptions of the different systems and the
engineering properties associated with them are beyond the
scope of this work and are restricted to the methods relevant
to the current research.

The two most commonly used rock mass classification
systems today are RMR, developed by Bieniawski (1973) and
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order to permit construction of the models. Con-
sequently, our ability to predict the strength of
jointed rock masses on the basis of direct tests or
of model studies is severely limited.

In searching for a solution to this problem in ordeér
to provide a basis for the design of underground
excavations in rock, Hoek and Brown (1980a) felt

that some attempt had to be made to link the’

constants m and s of their criterion to measure-
ments or observations which could be carried out
by any competent geologist in the field. Recog-
nizing that the characteristics of the rock mass
which control its strength and deformation be-
haviour are similar to the characteristics which

had been adopted by Bieniawski (1974) and by

Barton, Lien and Lunde (1974) for their rock mass
classifications, Hoek and Brown (1980a) proposed
that these rock mass classifications could be used
for estimating the material constants m and 8.

Because of the lack of suitable methods for esti-
mating the strength of rock masses, the first table
relating rock mass classifications to material prop-
erties published by Hoek and Brown (1980a) was
widely accepted by the geotechnical community
and has been used on a large number of projects.
Experience gained from these applications showed
that the estimated rock mass strengths were rea-
sonable when used for slope stability studies in
which the rock mass is usually disturbed and loos-
ened by relaxation due to excavation of the slope.
However, the estimated rock mass strengths gen-
erally appeared to be too low in applications in-
volving underground excavations where the con-
fining stresses do not permit the same degree of
loosening as would occur in a slope.

In order to incorporate the lessons learned from
practical applications, Brown and Hoek (1988)
proposed a revised set of relationships between
the rock mass rating (RMR) from Bieniawski's
(1974) rock mass classification and the constants
m and s. Following Priest and Brown (1983),
the relationships were presented in the form of

ing equations:

& Disturbed rock masses :

m_ (RMR-—IOO)
e 14

(18)

: (RMR— 100) (19)

8 =exp 6

Undisturbed or interlocking rock masses:

m RMR — 100
;= P (T) - (20)
 szexp (RMRQ— 100) (21)
oo 8E

" where

m and s are the rock mass constants and
m; is the value of m for the intact rock.

Equations 18 to 21 have been used to construct
Table 1 which shows the approximate relationship
between rock mass quality and the Hoek-Brown
material constants. Note that the value of the
Tunnelling Quality Index Q from the NGI rock
mass classification by Barton, Lien and Lunde
(1974) has been calculated from the relationship
proposed by Bieniawski (1976) :

- RMR =9Log, Q + 44 (22)

Limitations on using failure criterion

Figure 1 illustrates a Jointed rock mass in to which
a tunnel has been mined. The circles adjacent to
the right hand wall of the tunnel enclose differ-
ent rock mass volumes and the comments on the
right hand side of the drawing indicate situations
to which the Hoek-Brown failure criterion can be
applied.

When the volume of rock under consideration is
small enough that it does not contain any struc-
tural discontinuities, equation 1 can be applied,
using the m and s values for intact rock. This
condition would apply to small scale specimens
which has been extracted for laboratory testing
or to the analysis of concentrated forces such as
those which may be exerted by an individual pick
on a tunnel boring machine cutter.

When the volume of rock being considered is such
that only a few structural discontinuities are con-
tained in this volume, the Hoek-Brown criterion
should not be used. The behaviour of this rock
is likely to be highly anisotropic and the Hoek-
Brown failure criterion, which is only applicable
to isotropic rock, will give erroneous results.
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Table 1 : Approximate relationship between rock mass quality’ and material constants

Disturbed rock mass m and s values

‘undisturbed rock mass m and s values

c 33
A e D [,2E)
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EMPIRICAL FAILURE CRITERION S 3 . § - 8 % 3 6 £ g 8 E%
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0. = uniaxial compressive strength e s 58 ° : 2 S s g g Z w7 e
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m and § are empirical constants. s % :. S § Yo &9 2 @ : 8 9 8 g
BUt | E8S |2853| S5 |88,
€23 £3e '&"Eae 22 Sz2E%
0o SE% |<waod| TES5 |S8S ¢
INTACT ROCK SAMPLES
Laboratory Size specimens free m| 7.0 10.00 15.00 17.00 G5.00)— W,
from discontinuities « s | 1.00 1.00 1.00 1.00 1.00
CSIR rating: RMR = 100 m 7.00 10.00 15.00 17.00 25.00
NGl rating: Q =500 s| 100 1.00 1.00 1.00 1.00
VERY GOOD QUALITY ROCK MASS
Tightly interlocking undisturbed rock m| 240 343 5.14 5.82 8.56
“with unweathered joints at 1 to 3m. s 0.082 0.082 0.082 0.082 0.082
CSIR rating: RMR = 85 m| 410 5.85 8.78 9.95 14.63
NGl rating: Q = 100 - s 0.189 0.189 0.189 0.189 0.189
GOOD QUALITY ROCK MASS
Fresh to slightly weathered rock, slightly m | 0575 0.821 1231 1.395 2.052
disturbed with joints at 1 to 3m. s 0.00293 0.00293 0.00293 0.00293 0.00293
CSIR rating: RMR = 65 m| 2006 2.865 4.298 4.871 7.163
NGI rating: Q = 10 s | 0.0205 0.0205 0.0205 0.0205 0.0205
FAIR QUALITY ROCK MASS
Several sets of moderately weathered m| 0.128 0.183 0.275 0.311 0.458
Joints spaced at 0.3 to Im. s 0.00009 0.00009 0.00009 0.00009 0.00009
CSIR rating: RMR = 44 m} 0947 ,1.353 2.030 2.301 3.383
NGl rating: Q =1 s 0.00198 0.00198 0.00198 0.00198 0.00198
POOR QUALITY ROCK MASS : Rre223y | DISTUEBED
Numerous weathered joints at 30-500mm, m| 0029 0.041 0.061 0.069 /0102 ¥ |RPMR=Z¢
some gouge. Clean compacted waste rock s 0.000003 0.000003 0.0060003 0.000003 | 0.000003
“~CSIR rating: RMR = 23 _ m| 0447 0.639 0.959 1.087 T W= 012 (
‘NGl rating: Q =017 s | 0.00019 0.00019 0.00019 0.00019 - 0.00019 3 =@ oocooty
VERY POOR QUALITY ROCK MASS
Numerous heavily weathered joints spaced m | 0.007 0.010 0.015 0.017 0.025
<50mm with gouge. Waste rock with fines. s | 0.0000001 | 0.0000001 | 0.0000001 [ 0.0000001 | 0.0000001
CSIR rating: RMR =3 m 0.219 0.313 0.469 0.532 0.782
NGI rating: Q = 0.01 s 0.00002 0.00002 0.00002 0.00002 0.00002
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Table 5-2 Bearing Resistance Factors

B Method/Soil/Condition Bearing

Resistance
Factor, @p

Theoretical method (Munfakh et al. 2001) in 0.50

clay

Theoretical method (Munfakh et al. 2001) in 0.45

sand using SPT

Semi-empirical methods (Meyerhof, 1957, 0.45

Terzaghi, Vesic) all soils .

Footings on rock 0.45 > 4

Plate Load Test 0.50

5.3.6 Settlement

The design of spread footings is frequently controlled by settlement at the
service limit state. It is advantageous to proportion spread footings at the
service limit state and check for adequate design at the strength and extreme
limit states.

Total and differential settlement should be evaluated. The total settlement
includes elastic settlement, primary consolidation, and secondary
compression. Elastic settlement results from the compression of the material
supporting the foundation or from reduction in pore space in nonsaturated
soils. Consolidation settlement occurs when saturated, fine-grained soils
experience an increase in stress. Some soils, after experiencing primary
consolidation settlement, continue to strain after excess pore-water pressures
are dissipated. This process is termed secondary compression, or “creep”.

Immediate or elastic settlement should be determined using the Service | Load
Combination, specified as unfactored dead load, plus the unfactored
component of live loads assumed to extend to the footing level. Time-
dependent settlements, i.e., primary consolidation and secondary compression
settlement may be determined using the unfactored dead load only. Other
factors that can affect settlement, such as embankment loading, lateral and/or
eccentric loading, and dynamic or earthquake loads should also be
considered, where applicable.

Differential settlement occurs when one load-bearing member of a structure
experiences total settlement of a different magnitude than an adjacent load-
bearing member. Transportation structures, especially bridges, are not
exceptionally tolerant of differential settlements. Deformation limitations will
form the upper bound of allowable differential settlements used to design
shallow foundations.

March 2014 5-16
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10-41

The foundation resistance after scour due to the
design flood shall provide adequate foundation
resistance using the resistance factors given in this
Article.

10.5.5.2.2—Spread Footings

The resistance factors provided in
Table 10.5.5.2.2-1 shall be used for strength limit state
design of spread footings, with the exception of the
deviations allowed for local practices and site specific
considerations in Article 10.5.5.2.

Note that not all of the resistance factors provided
in this Article have been derived using statistical data
from which a specific B value can be estimated, since
such data were not always available. In those cases,
where data were not available, resistance factors were
estimated through calibration by fitting to past allowable
stress design safety factors, e.g., the AASHTO Standard
Specifications for Highway Bridges (2002).

Additional discussion regarding the basis for the
resistance factors for each foundation type and limit
state is provided in Articles 10.5.5.2.2, 10.5.5.2.3,
10.5.5.24, and 10.5.5.2.5. Additional, more detailed
information on the development of the resistance factors
for foundations provided in this Article, and a
comparison of those resistance factors to previous
Allowable Stress Design practice, e.g, AASHTO
(2002), is provided in Allen (2005).

Scour design for the design flood must satisfy the
requirement that the factored foundation resistance after
scour is greater than the factored load determined with
the scoured soil removed. The resistance factors will be
those used in the Strength Limit State, without scour.

C10.5.5.2.2

Table 10.5.5.2.2-1—Resistance Factors for Geotechnical Resistance of Shallow Foundations at the Strength Limit State

Method/Soil/Condition Resistance Factor
Theoretical method (Munfakh et al., 2001), in clay 0.50
Theoretical method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance | ¢, Theoretical method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45

Footings on rock

{0455

Plate Load Test 0.55

Precast concrete placed on sand 0.90

Cast-in-Place Concrete on sand 0.80

Sliding P Cast-in-Place or precast Concrete on Clay 0.85
Soil on soil 0.90

Qep | Passive earth pressure component of sliding resistance 0.50

The resistance factors in Table 10.5.5.2.2-1 were
developed using both reliability theory and calibration by
fitting to Allowable Stress Design (ASD). In general, ASD
safety factors for footing bearing capacity range from 2.5 to
3.0, corresponding to a resistance factor of approximately
0.55 to 0.45, respectively, and for sliding, an ASD safety
factor of 1.5, corresponding to a resistance factor
of approximately 0.9. Calibration by fitting to ASD
controlled the selection of the resistance factor in cases
where statistical data were limited in quality or quantity.
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Cyup» Cy=  correction factors to account for the
location of the groundwater table as
specified in Table 10.6.3.1.2a-2 (dim)

Dy = footing embedment depth taken to the
bottom of the footing (ft)

The nominal bearing resistance, in ksf, for footings
on cohesionless soils based on CPT results may be taken
as:

g =ch(€ Zc J (10.6.3.1.3-2)
n 40 wq wy

where:

7. = average cone tip resistance within a depth
range B below the bottom of the footing
(ksf)

B = footing width (ft)

Cup» Cyy = correction factors to account for the
location of the groundwater table as
specified in Table 10.6.3.1.2a-2 (dim)

Dy = footing embedment depth taken to the

bottom of the footing (ft)
10.6.3.1.4—Plate Load Tests

The nominal bearing resistance may be determined
by plate load tests, provided that adequate subsurface
explorations have been made to determine the soil
profile below the foundation. Where plate load tests are
conducted, they should be conducted in accordance with
AASHTO T 235 and ASTM D119%4.

The nominal bearing resistance determined from a
plate load test may be extrapolated to adjacent footings
where the subsurface profile is confirmed by subsurface
exploration to be similar.

L — e

10.6.3.2—Bearing Resistance of Rock
10.6.3.2. 1—General

The methods used for design of footings on rock
shall consider the presence, orientation, and condition of
discontinuities, weathering profiles, and other similar
profiles as they apply at a particular site.

For footings on competent rock, reliance on simple
and direct analyses based on uniaxial compressive rock
strengths and ROD may be applicable. For footings on
less competent rock, more detailed investigations and

C10.6.3.1.4

Plate load tests have a limited depth of influence
and furthermore may not disclose the potential for long-
term consolidation of foundation soils.

Scale effects should be addressed when
extrapolating the results to performance of full scale
footings. Extrapolation of the plate load test data to a full
scale footing should be based on the design procedures
provided herein for settlement (service limit state) and
bearing resistance (strength and extreme event limit
state), with consideration to the effect of the
stratification, 1i.e., layer thicknesses, depths, and
properties. Plate load test results should be applied only
within a sub-area of the project site for which the
subsurface conditions, i.e., stratification, ~geologic
history, and properties, are relatively uniform.

C10.6.3.2.1

The design of spread footings bearing on rock is
frequently controlled by either overall stability, i.c., the
orientation and conditions of discontinuities, or load
eccentricity considerations. The designer should verify
adequate overall stability at the service limit state and
size the footing based on eccentricity requirements at the
strength limit state before checking nominal bearing
resistance at both the service and strength limit states.
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analyses shall be performed to account for the effects of
weathering and the presence and condition of
discontinuities.

The designer shall judge the competency of a rock
mass by taking into consideration both the nature of the
intact rock and the orientation and condition of
discontinuities of the overall rock mass. Where
engineering judgment does not verify the presence of
competent rock, the competency of the rock mass should
be verified using the procedures for RMR rating.

10.6.3.2.2—Semiempirical Procedures

The nominal bearing resistance of rock should be
determined using empirical correlation with the
Geomechanics Rock Mass Rating system. Local
experience shall be considered in the use of these semi-
empirical procedures.

The factored bearing stress of the foundation shall
not be taken to be greater than the factored compressive
resistance of the footing concrete.

10.6.3.2.3—Analytic Method

The nominal bearing resistance of foundations on
rock shall be determined using established rock
mechanics principles based on the rock mass strength
parameters. The influence of discontinuities on the
failure mode shall also be considered.

10.6.3.2.4—Load Test

Where appropriate, load tests may be performed to
determine the nominal bearing resistance of foundations
on rock.

10.6.3.3—Eccentric Load Limitations

The eccentricity of loading at the strength limit
state, evaluated based on factored loads shall not exceed:

e  One-third of the corresponding footing dimension,
B or L, for footings on soils, or 0.45 of the
corresponding footing dimensions B or L, for
footings on rock.

The design procedures for foundations in rock have
been developed using the RMR, rock mass rating
system. Classification of the rock mass should be
according to the RMR system. For additional
information on the RMR system, see Sabatini et al.
(2002).

C10.6.3.2.2

The bearing resistance of jointed or broken rock
may be estimated using the semi-empirical procedure
developed by Carter and Kulhawy (1988). This
procedure is bQWMMressive
strength of the intact rock core sample. Depending on
rock mass quality measured in terms of RMR system, the
nominal bearing resistance of a rock mass varies from a
small fraction to six times the unconfined compressive
strength of intact rock core samples.

C10.6.3.2.3

Depending upon the relative spacing of joints and
rock layering, bearing capacity failures for foundations
on rock may take several forms. Except for the case of a
rock mass with closed joints, the failure modes are
different from those in soil. Procedures for estimating
bearing resistance for each of the failure modes can be
found in Kulhawy and Goodman (1987), Goodman
(1989), and Sowers (1979).

C10.6.3.3

A comprehensive parametric study was conducted
for cantilevered retaining walls of various heights and
soil conditions. The base widths obtained using the
LRFD load factors and eccentricity of B/3 were
comparable to those of ASD with an eccentricity of B/6.
For foundations on rock, to obtain equivalence with
ASD specifications, a maximum eccentricity of B/2
would be needed for LRFD. However, a slightly smaller
maximum eccentricity has been specified to account for
the potential unknown future loading that could push the
resultant outside the footing dimensions.
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Table 3.11.5.3-1—Friction Angle for Dissimilar Materials (U.S. Department of the Navy, 1982a)

Friction Coefficient of
Angle, & Friction, tan &
Interface Materials (degrees) (dim.)
Mass concrete on the following foundation materials:
e Clean sound rock 35 0.70 <c———— 3F°
e Clean gravel, gravel-sand mixtures, coarse sand 29 to 31 0.55 to 0.60
e Clean fine to medium sand, silty medium to coarse sand, silty or clayey
gravel 24 t0 29 0.45 to 0.55
e Clean fine sand, silty or clayey fine to medium sand 19t0 24 0.34 to 0.45
»  Fine sandy silt, nonplastic silt 1710 19 0.311t0 0.34
®  Very stiff and hard residual or preconsolidated clay 221026 0.40 to 0.49
e  Medium stiff and stiff clay and silty clay 1710 19 031t00.34
Masonry on foundation materials has same friction factors.
Steel sheet piles against the following soils:
o  Clean gravel, gravel-sand mixtures, well-graded rock fill with spalls 22 0.40
e Clean sand, silty sand-gravel mixture, single-size hard rock fill 17 0.31
e  Silty sand, gravel or sand mixed with silt or clay 14 0.25
*  Fine sandy silt, nonplastic silt 11 0.19
Formed or precast concrete or concrete sheet piling against the following
soils:
2210 26 0.40 to 0.49
o Clean gravel, gravel-sand mixture, well-graded rock fill with spalls 17 to 22 0.31t00.40
e Clean sand, silty sand-gravel mixture, single-size hard rock fill 17 0.31
e  Silty sand, gravel or sand mixed with silt or clay 14 0.25
o  Fine sandy silt, nonplastic silt '
Various structural materials:
¢ Masonry on masonry, igneous and metamorphic rocks:
o dressed soft rock on dressed soft rock 35 0.70
o dressed hard rock on dressed soft rock 33 0.65
o dressed hard rock on dressed hard rock 29 0.55
e Masonry on wood in direction of cross grain 26 0.49
e Steel on steel at sheet pile interlocks 17 031

3.11.5.4—Passive Lateral Earth Pressure
Coefficient, k,

For noncohesive soils, values of the coefficient of
passive lateral earth pressure may be taken from
Figure 3.11.5.4-1 for the case of a sloping or vertical wall
with a horizontal backfill or from Figure 3.11.5.4-2 for the
case of a vertical wall and sloping backfill. For conditions
that deviate from those described in Figures 3.11.5.4-1 and
3.11.5.4-2, the passive pressure may be calculated by using
a trial procedure based on wedge theory, e.g., see Terzaghi
et al. (1996). When wedge theory is used, the limiting
value of the wall friction angle should not be taken larger
than one-half the angle of internal friction, ¢y .

For cohesive soils, passive pressures may be estimated
by:

C3.11.5.4

The movement required to mobilize passive pressure
is approximately 10.0 times as large as the movement
needed to induce earth pressure to the active values. The
movement required to mobilize full passive pressure in
loose sand is approximately five percent of the height of
the face on which the passive pressure acts. For dense
sand, the movement required to mobilize full passive
pressure is smaller than five percent of the height of the
face on which the passive pressure acts, and five percent
represents a conservative estimate of the movement
required to mobilize the full passive pressure. For poorly
compacted cohesive soils, the movement required to
mobilize full passive pressure is larger than five percent of
the height of the face on which the pressure acts.
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CHAPTER 5 - SUBSTRUCTURES

5.3.7 Overall Stability

The overall global stability of spread footings on or near an earth slope should
be investigated using Service | Load Combination and an appropriate
resistance factor. Where a slope supports or contains a structural element,
such as a spread footing supporting a wall or abutment, the resistance factor,
@, shall be taken as of 0.65

For foundations on spread footings constructed along rivers and streams,
scour of foundation materials is evaluated as specified in LRFD 2.6.4.4.2.
Extreme limit state design should check that the nominal resistance of the
footing and slope remaining after the scour due to the check flood for scour
can support the unfactored strength limit state loads with a resistance factor,
¢, of 1.0

The overall stability of retaining wall spread footings on or near a slope should
be evaluated using limiting equilibrium methods of analysis, which employ the
Modified Bishop, simplified Janbu, Spencer, or other generally accepted
methods of slope stability analysis.

5.3.8 Sliding

Failure by sliding should be investigated for all spread footings bearing on soil
or bedrock. Passive earth pressure exerted by fill in front of the footing should
be neglected in consideration that the soil may be removed as the result of
scour or during future construction, and in consideration that Isoils in front of
the footing will be subject to freeze-thaw weakening over time. If passive
pressure is included as part of shear resistance to sliding, consideration
should be made to possible removal of the soil in front of the foundation in the
future. If passive resistance is included in the resistance, its magnitude is
commonly taken as 50% of the maximum passive pressure resistance
computed using Rankine Passive resistance. This is the basis of a resistance
factor for passive resistance of ¢e, of 0.50.

The factored resistance against failure by sliding is taken as:
Rr = @R = @sRs + (PepRep
where:

Rn = nominal sliding resistance

¢s = resistance factor for shear resistance between soil and
foundation specified in Table 5-3.

Rt = nominal sliding resistance between soil and foundation

Pep = resistance factor for passive resistance = 0.50

Rep = Nnominal passive resistance of the soil available throughout
the design life of the structure.

March 2014 5-18
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Table 5-3 Resistance Factors for Sliding of Spread Footings at
the Strength Limit State

Soil/Condition Sliding
Resistance
Factor, o
Precast concrete on sand 0.90
Cast-in-place concrete on sand 0.80
Cast-in-place or precast concrete on clay 0.85
Soil on soil - 0.90
Cast-in-place concrete on rock (based on 0.80
reliability theory analysis of footings on sand) K
Cast-in-place concrete on rock (calibrated to ASD 0.90 P S *
Factor of Safety of 1.5)

Spread footings should be designed such that the factored resistance to
sliding, Ry, is greater than the factored force effects due to the horizontal
components of loads. Load factors selected should produce the extreme force
effect. The live load surcharge is not included over the heel. Specific
guidance for selection of load factors for sliding are provided in LRFD Figure

C11.5.6-2.
The nominal sliding resistance between footings and cohesionless soils is
taken as:
Rr=Vxtan$§
where:

tan & = tan ¢ for cast-in-place footings on soil
tan 3 = 0.80 tan ¢ for precast footings on soil
V = total vertical force

The coefficient of friction, tan ¢, for sliding should be as shown in Table 3-3 for
the soil type under the footing and LRFD Table 3.11.5.3-1.

The nominal sliding resistance between footings and silt and/or clay soils
should be taken to be the lesser of: (1) the undrained shear strength of the
silt/clay, or, (2) one-half of the normal stress on soil when the footing is
founded on at least 6 inches of compacted granular fill on silt/clay.

For footings on bedrock, the Geotechnical Designer will provide a coefficient of
friction for sliding. If smooth bedrock is present at the bearing elevation or if
the coefficient of sliding is insufficient to resist lateral forces, the bedrock
should be doweled to improve stability. When a footing is doweled into rock,
the dowels should be #9 reinforcing bars or larger and be embedded into the
footings and bedrock by depths determined by the Designer. The spacing of

March 2014 5-19
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10-41

5

The foundation resistance after scour due to the
design flood shall provide adequate foundation
resistance using the resistance factors given in this
Article.

10.5.5.2.2—Spread Footings

The resistance factors provided in
Table 10.5.5.2.2-1 shall be used for strength limit state
design of spread footings, with the exception of the
deviations allowed for local practices and site specific
considerations in Article 10.5.5.2.

Note that not all of the resistance factors provided
in this Article have been derived using statistical data
from which a specific § value can be estimated, since
such data were not always available. In those cases,
where data were not available, resistance factors were
estimated through calibration by fitting to past allowable
stress design safety factors, e.g., the AASHTO Standard
Specifications for Highway Bridges (2002).

Additional discussion regarding the basis for the
resistance factors for each foundation type and limit
state is provided in Articles 10.5.5.2.2, 10.5.5.2.3,
10.5.5.2.4, and 10.5.5.2.5. Additional, more detailed
information on the development of the resistance factors
for foundations provided in this Article, and a
comparison of those resistance factors to previous
Allowable Stress Design practice, e.g, AASHTO
(2002), is provided in Allen (2005).

Scour design for the design flood must satisfy the
requirement that the factored foundation resistance after
scour is greater than the factored load determined with
the scoured soil removed. The resistance factors will be
those used in the Strength Limit State, without scour.

Cl10.5.5.2.2

Table 10.5.5.2.2-1—Resistance Factors for Geotechnical Resistance of Shallow Foundations at the Strength Limit State

Method/Soil/Condition Resistance Factor

Theoretical method (Munfakh et al., 2001), in clay 0.50

Theoretical method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance | o Theoretical method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45

Footings on rock 0.45

Plate Load Test 0.55

Precast concrete placed on sand 0.90

Cast-in-Place Concrete on sand 0.80

Sliding - Cast-in-Place or precast Concrete on Clay 0.85
Soil on soil 0.90

(ep | Passive earth pressure component of sliding resistance 0.50

The resistance factors in Table 10.5.5.2.2-1 were
developed using both reliability theory and calibration by
fitting to Allowable Stress Design (ASD). In general, ASD
safety factors for footing bearing capacity range from 2.5 to
3.0, corresponding to a resistance factor of approximately
0.55 to 0.45, respectively, and for sliding, an ASD safety
factor of 1.5, corresponding to a resistance factor
of approximately 0.9. Calibration by fitting to ASD
controlled the selection of the resistance factor in cases
where statistical data were limited in quality or quantity.
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SUBJECT: Tremont Clark Bridge Replacement - Earth Pressures
Project Number: 123-87440
Project Name: Tremont Clark Bridge Replacement

Prepared by: MCM Checked by: SMP
Date: 2/17/2016 Reviewed by: fcr” L*Msp
Objective:
Calculate the earth pressure coefficients.
Method:
Methods described in the MaineDOT Bridge Design Guide, 2003 with 2014 updates; AASHTO LRFD Bridge Design Specifications, 7th
Ed, 2014 and NavFac DM 7.02.
References:
1. MaineDOT Bridge Design Guide, 2003 with 2014 updates.
2. AASHTO LRFD Bridge Design Specifications, 7th Ed, 2014.
3. VHB Tremont Hancock County Clark Bridge Tremont Road over Marshall Brook - 60% Submission drawings, November 4, 2015.
4. Golder figure titled "Interpreted Subsurface Profile A-A" included in Preliminary Geotechnical Investigation Report for Clark Bridge
Replacement, December 2012.
Calculations:

A.) Determine the at-rest earth pressure coefficient (for use at ABUTMENT WALLS)
Per AASHTO 3.11.5.2, for normally consolidated soils:

K, =1-sin ¢,
where:
K,  at-rest earth pressure coefficient
¢’y  angle of internal soil friction, deg 32
| (From MEDOT' Bridge Design Guide Table 3-3, Granular underwater backfill)
Ky= 0.470

B.) Determine the active earth pressure coefficient using Coulomb theory (FOR T-WALL or PCMG RETAINING WALLS)
Coulomb theory should be used for the design of gravity, semigravity, and prefabricated modular walls, in addition to cantilever walls and
abutments with short heels. Interface friction developing along the back face of the wall is considered with Coulomb.

K, = sin(a +¢)*
sin(a)® sin(ar—5) | 1+ \/ Sin(g+5)-sinp— )
sin(a — 6) -sin(f + )
where:

K, active earth pressure coefficient

o angle of backface of wall to the horizontal, deg (assume 90 because stepped blocks and 90
earth pressure will be applied to vertical faces)

¢ angle of internal soil friction, deg (From MEDOT Bridge Design Guide Table 3-3, 32
Granular underwater backfill)

B angle of backfill to the horizontal, deg (from VHB 60% design drawings, estimate 14
effect of finite sloping backfill)

) friction angle between fill and wall, deg (From MEDOT Bridge Design Guide Table 3- 24

3, Granular underwater backfill)

| K,= 0333 |

P:\Projects\2012\123-87440 VHB Tremant Bridge\600 Calculations\Earth Pressures, xlsx. Golder Associates Page 1of1
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CHAPTER 3 - LOADS

3.4 Construction Loads

The construction live load to be used for constructibility checks is 50 psf applied
over the entire deck area. Consideration should be given to slab placement
sequence for calculation of maximum force effects.

3.5 Railroad Loads

Railroad bridges should be designed according to the latest American Railroad

Engineering and Maintenance-of-Way Association specifications (AREMA,

2002), with the Cooper live loading as determined by the railroad company.

3.6 Earth Loads

3.6.1 General

Earth pressures considered for wall and substructure design must use the
appropriate soil weight shown in Table 3-3.

Table 3-3 Material Classification

Interface
Internal | Soil Total | SO°T- F | ‘Friction,
Soil . . Angle of Unit ! Angle,
Type Soil Description Friction Weight Cct::::raéte Concrete
of Soil, ¢ (pcf) to Soil to .‘;‘.ml
Very loose to loose silty sand and gravel
Very loose to loose sand 0% o
1 Very loose to medium density sandy silt 29 100 0.35 19
Stiff to very stiff clay or clayey silt
Medium density silty sand and gravel
2 | Medium density to dense sand 33° 120 0.40 22°
Dense to very dense sandy silt
Dense to very dense silty sand and
3 | gravel 36° 130 0.45 24°
Very dense sand
Granular underwater backfill o o
4 Granular borrow 32 125 0.45 24
5 | Gravel Borrow 36° 135 0.50 27°

/‘H
DesleN
PROPEPTIES

* The value given for the internal angle of friction (¢) for stiff to very stiff silty

PRESSVEE

August 2003

clay or clayey silt should be used with caution due to the large possible
variation with different moisture contents.

3-3




CHAPTER 3 - LOADS

For walls with a total wall height, H, greater than or equal to 5 feet, the
horizontal movement of the top of the wall due to structural deformation of the
stem and rotation of the foundation is sufficient to develop active conditions.

At-rest earth pressures are usually limited to bridge abutments to which
superstructures are fixed prior to backfilling (e.g. rigid frame bridges) or to
cantilever walls where the heel is restrained and the base/stem connection
prevents rotation of the stem.

3.6.5 Active Earth Pressure Coefficient

3.6.5.1  Coulomb Theory

& Coulomb theory should be used for the design of the following yielding
walls:

» Gravity shaped walls and abutments
= Semi gravity walls

* = Prefabricated modular walls with steep back faces (20° or
less measured from the vertical)

» Cantilever walls and abutments with short heels (refer to
AASHTO LRFD Figure C3.11.5.3-1 (a) for the definition of
short heel)

In all of these cases, interface friction (8) develops along the back face of
the wall. For horizontal or sloped backfill surfaces, the value of the
coefficient of active lateral earth pressure (Coulomb), K, may be taken as:

K - sin?(a + ¢)

a sinza-sin(a—a)'(l+‘fsm ¢+§).sin(¢_ﬁ) ]2

sin(a - 8)-sin(8+ )

a= angle (degrees) of backface of wall to the horizontal, as
shown in Figure 3-1.

¢=  angle of internal soil friction (degrees), taken from Table 3-3.

&= friction angle (degrees) between fill and wall, taken from
Table 3-3 for soil against concrete.

B=  angle of backfill to the horizontal (degrees), as shown in

Figure 3-1.

August 2003 3-5
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5=13¢ 023¢

L

P

Figure 3-1 Coulomb Theory

The resultant earth pressure force, P, is oriented at an angle, either § or

8+90°-a, as shown in Figure 3-1. The resultant acts at a distance, H/3, from
the base of the footing.

For situations with a broken backfill surface, the active earth pressure
coefficient, K,, may be determined using a B value adjusted per AASHTO
LRFD Figure 3.11.5.8.1-3 or substituted with B*, as shown in Figure 3-2.

Br=tan~' (h2H) ¥ ESTIMATE.
HFeel OF
’ FINTTE Swopive
OICLFILL -

USE UHR DES I/
———————————x—
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AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, SEVENTH EDITION, 2014

within the soil mass in accordance with Article 3.11.3.
Appropriate drainage provisions shall be provided to
prevent hydrostatic and seepage forces from developing
behind the wall in accordance with the provisions of
Section 11. In no case shall highly plastic clay be used for
backfill.

3.11.5.3—Active Lateral Earth Pressure
Coefficient, k,

Values for the coefficient of active lateral earth
pressure may be taken as:

.2 'e_l_ 7
= S,mz( , o) (3.11.5.3-1)
I" [sin” B 5in(6 — )]
in which:
. 7 + 6 . ,» _ 2
P | e [S000*O)sin(e; ~B) (3.11.5.3-2)
sin(0-68)sin(0+f)
where:
& = friction angle between fill and wall taken as
specified in Table 3.11.5.3-1 (degrees)
B = angle of fill to the horizontal as shown in
Figure 3.11.5.3-1 (degrees)
8 = angle of back face of wall to the horizontal as
shown in Figure 3.11.5.3-1 (degrees)
¢’ = effective angle of internal friction (degrees)

For conditions that deviate from those described in
Figure 3.11.5.3-1, the active pressure may be calculated by
using a trial procedure based on wedge theory using the
Culmann method (e.g., see Terzaghi et al., 1996).

of lateral earth pressures assuming the most unfavorable
conditions. See Article C3.11.1 for additional guidance on
estimating earth pressures in fine-grained soils. If possible,
cohesive or other fine-grained soils should be avoided as
backfill.

C3.11.5.3

The values of £, by Eq. 3.11.5.3-1 are based on the
Coulomb earth pressure theories. The Coulomb theory is
necessary for design of retaining walls for which the back
face of the wall interferes with the development of the full
sliding surfaces in the backfill soil assumed in Rankine
theory (Figure C3.11.5.3-1 and Article C3.11.5.8). Either
Coulomb or Rankine wedge theory may be used for long
heeled cantilever walls shown in Figure C3.11.5.3-1a. In
general, Coulomb wedge theory applies for gravity,
semigravity and prefabricated modular walls with
relatively steep back faces, and concrete cantilever walls
with short heels.

For the cantilever wall in Figure C3.11.5.3-1b, the
earth pressure is applied to a plane extending vertically up
from the heel of the wall base, and the weight of soil to the
left of the vertical plane is considered as part of the wall
weight.

The differences between the Coulomb theory currently
specified, and the Rankine theory specified in the past is
illustrated in Figure C3.11.5.3-1. The Rankine theory is the
basis of the equivalent fluid method of Article 3.11.5.5.

Silt and lean clay should not be used for backfill
where free-draining granular materials are available. When
using poorly draining silts or cohesive soils, extreme
caution is advised in the determination of lateral earth
pressures assuming the most unfavorable conditions.
Consideration must be given for the development of pore
water pressure within the soil mass in accordance with
Article 3.11.3. Appropriate drainage provisions should be
provided to prevent hydrostatic and seepage forces from
developing behind the wall in accordance with the
provisions in Section 11. In no case should highly plastic
clay be used for backfill.
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3.11.5.8.2—Internal Stability

The load factor vy, to be applied to the maximum load
carried by the reinforcement T, for reinforcement
strength, connection strength, and pullout calculations (see
Article 11.10.6.2) shall be E'V, for vertical earth pressure.

For MSE walls, 1, shall be taken as 1.

3.11.5.9—Lateral Earth Pressures for
Prefabricated Modular Walls

The magnitude and location of resultant loads and
resisting forces for prefabricated modular walls may be
determined using the earth pressure distributions presented
in Figures 3.11.5.9-1 and 3.11.5.9-2. Where the back of
the prefabricated modules forms an irregular, stepped
surface, the earth pressure shall be computed on a plane
surface drawn from the upper back corner of the top
module to the lower back heel of the bottom module using

% Coulomb earth pressure theory.
W—’—

C3.11.5.8.2

Loads carried by the soil reinforcement in
mechanically stabilized earth walls are the result of vertical
and lateral earth pressures which exist within the
reinforced soil mass, reinforcement extensibility, facing
stiffness, wall toe restraint, and the stiffness and strength of
the soil backfill within the reinforced soil mass. The
calculation method for T, is empirically derived, based
on reinforcement strain measurements, converted to load
based on the reinforcement modulus, from full scale walls
at working stress conditions. The load factor EV, on the
other hand, was determined in consideration of vertical
earth pressure exerted by a soil mass without inclusions,
and was calibrated to address uncertainties implied by
allowable stress design for external stability for walls. EV
is not directly applicable to internal reinforcement loads in
MSE walls, since the calibration of E¥ was not performed
with internal stability of a reinforced system in mind.

The use of EV for the load factor in this case should
be considered an interim measure until research is
completed to quantify load prediction bias and uncertainty.

C3.11.5.9

Prefabricated modular walls are gravity walls
constructed of prefabricated concrete elements that are in-
filled with soil. They differ from modular block MSE
structures in that they contain no soil reinforcing elements.
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3= friction angle between fill and wall (degrees), taken from Table 3-3
for soil against concrete.
B=  angle of backfill to the horizontal (degrees), as shown in Figure 3-1.

The resultant passive earth pressure force, Py, is oriented at an angle, 8, to
the normal drawn to the back face of the wall. The resultant passive earth
load should be assumed to act at a distance of H/3 measured from the bottom
of the footing.

3.6.7 Lateral Earth Pressures for Unconventional Retaining Walls

3.6.7.1 Mechanically Stabilized Earth Walls

For mechanically stabilized earth (MSE) walls, the resultant earth pressure,
P, should be calculated using the active earth pressure coefficient, K;, as
described in Section 3.6.5.1 Coulomb Theory. For sloping and broken
backfill surfaces, earth pressures should be calculated per AASHTO LRFD
Figures 3.11.5.8 - 1 thru 3.

<~ 3.6.7.2 Prefabricated Modular Walls

This category includes prefabricated concrete modular gravity (PCMG)
walls, metal bin walls, and gabion walls. Where the back of the
prefabricated modules form an irregular stepped surface, the earth pressure
should be computed on a plane surface drawn from the upper back corner
of the top module to the lower back heel of the bottom module using

>7 Rankine earth pressure theory. The magnitude and location of the resultant
?
( oufDW'b !

“earth loads may be determined using the earth pressure distributions
shown in AASHTO LRFD Figures 3.11.5.9 -1 and 2.

3.6.8 Surcharge Loads — Live Load Surcharge

A live load surcharge should be applied when traffic loads are located within a
horizontal distance equal to one-half of the wall height, H, behind the back of
the wall. H is defined as the total wall height, measured along a vertical plane
extending from the bottom of the footing up to the ground surface at the back
of the wall. The additional lateral earth pressure due to live load should be
modeled by a surcharge load equal to that applied by a height of soil, Heq,
defined in Table 3-3. The surcharge will result in the application of an
additional uniform, constant horizontal pressure on the back of the wall having
a magnitude P;, taken as:

F=H, 7K

where:
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The resultant lateral earth load due to the weight
of the backfill shall be assumed to act at a height of H/3
above the base of the wall, where H is the total wall height,
measured from the surface of the ground at the back
of the wall to the bottom of the footing or the top of the
leveling pad (for MSE walls).

/ )
3.11.5.2—At-Rest Lateral Earth Pressure
Coefficient, k,

or normally consolidated soils, vertical wall, and
level ground, the coefficient of at-rest lateral earth pressure
may be taken as:

k,=1-sin¢) (3.11.5.2-1)
where:

¢’y = effective friction angle of soil

k, = coefficient of at-rest lateral earth pressure

For overconsolidated soils, the coefficient of at-rest
lateral earth pressure may be assumed to vary as a function
of the overconsolidation ratio or stress history, and may be
taken as:

k, = (1-sin ¢',) (OCR)™"" (3.11.5.2-2)
where:
OCR = overconsolidation ratio

Silt and lean clay shall not be used for backfill unless
suitable design procedures are followed and construction
control measures are incorporated in the construction
documents to account for their presence. Consideration
must be given for the development of pore water pressure

earth pressure may act as high as 0.4H above the base of
the wall for a mass concrete gravity retaining wall, where
H is the total wall height measured from the top of the
backfill to the base of the footing, where the wall deflects
laterally, i.e., translates, in response to lateral earth
loading. For such structures, the backfill behind the wall
must slide down along the back of the wall for the retained
soil mass to achieve the active state of stress. Experimental
results indicate that the backfill arches against the upper
portion of the wall as the wall translates, causing an
upward shift in the location at which the resultant of the
lateral earth load is transferred to the wall (Terzaghi, 1934;
Clausen and Johansen et al., 1972; Sherif et al., 1982).
Such walls are not representative of typical gravity walls
used in highway applications.

For most gravity walls which are representative of
those used in highway construction, nongravity cantilever
retaining walls or other flexible walls which tilt or deform
laterally in response to lateral loading, e.g., MSE walls, as
well as walls which cannot translate or tilt, e.g., integral
abutment walls, significant arching of the backfill against
the wall does not occur, and the resultant lateral load due
to earth pressure acts at a height of H/3 above the base of
the wall. Furthermore, where wall friction is not considered
in the analysis, it is sufficiently conservative to use a
resultant location of H/3 even if the wall can translate.

C3.11.5.2

For typical cantilevered walls over 5.0 ft high with
structural grade backfill, calculations indicate that the
horizontal movement of the top of the wall due to a
combination of structural deformation of the stem and
rotation of the foundation is sufficient to develop active
conditions.

In many instances, the OCR may not be known with
enough accuracy to calculate %, using Eq. 3.11.5.2-2.
Based on information on this issue provided by Holtz and
Kovacs (1981), in general, for lightly overconsolidated
sands (OCR =1 to 2), k, is in the range of 0.4 to 0.6. For
highly overconsolidated sand, k, can be on the order of
1.0.

The evaluation of the stress induced by cohesive soils
is highly uncertain due to their sensitivity to shrink-swell,
wet-dry and degree of saturation. Tension cracks can form,
which considerably alter the assumptions for the estimation
of stress. Extreme caution is advised in the determination
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Assoc1ates TECHNICAL MEMORANDUM

Date: November 30, 2017 Project No.: 123-87440 02
To: Carl Ayers, Robert Blunt Company: VHB

cc: Meg Melendy, Mark Peterson

Email:  cayers@vhb.com, rblunt@vhb.com

From: Megan Melendy, Mark Peterson

RE: GEOTECHNICAL RECOMMENDATIONS FOR PHASE Il REDESIGN
CLARK BRIDGE REPLACEMENT PROJECT
TREMONT, MAINE
MAINEDOT WIN 19305.00

This memorandum summarizes our re-evaluation of our geotechnical recommendations for the redesigned
Clark Bridge. The Maine Department of Transportation (MaineDOT) has contracted with VHB to provide Phase
[l Engineering Services for the resign of the bridge carry Tremont Road over Marshall Brook in Tremont, Maine.
VHB has retained Golder Associates to provide Geotechnical Engineering Services during the redesign
process. Our work was performed in accordance with our revised proposal dated March 2, 2017 and our
Agreement dated April 14, 2017.

PROJECT BACKGROUND

Clark Bridge carries State Route 102 over Marshall Brook in Tremont, Maine, and was constructed in 1924 to
replace two single span bridges. Clark Bridge is a 15-foot (ft) clear span cast-in-place concrete superstructure
supported on dry-laid stone masonry abutments. Two narrow causeways with riprap surface side slopes
support the west and east bridge approaches, and are about 20 and 100 ft long, respectively. According to the
1924 design drawings, the causeways were constructed of timber cribbing, with field stone used for abutments

and retaining walls, and quarried stone rubble masonry for fill materials.

A replacement bridge design contract package was prepared and bid in June 2016 that included a 40-foot span
concrete slab bridge and phased construction to maintain one-lane of alternating two-way traffic throughout
construction. Golder prepared a Geotechnical Recommendations for Final Design, Clark Bridge Replacement
Project design memorandum on March 9, 2016 that included recommendations for incorporation into the June
2016 design contract package. We understand that the project was bid in 2016 and MaineDOT rejected all
bids. As part of their Phase Il engineering services, VHB has redesigned the project using an upstream offline
temporary bridge to maintain two lanes of traffic so the new bridge can be constructed all at once without staged

construction. The new redesigned bridge maintains the existing 15 ft clear span over Marshall Brook.

171130 golder memo for clark final design support.docx
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RE-EVALUATION OF GEOTECHNICAL RECOMMENDATIONS

Golder has reviewed the Plan Impacts Complete Submission Not for Construction drawing set dated August 4,
2017 (PIC) for Tremont, Maine Clark Bridge prepared by VHB. The partial drawing set included sheets 1, 3-
10, and 15-16 and included the preliminary plan view layout for the temporary bridge located upstream of the
existing bridge and a plan and profile view of the proposed bridge replacement and approach retaining walls.
The redesign bridge abutments are shown as bearing on bedrock, similar to the original June 2016 design. As
shown in the redesign, it is likely that the top of bedrock bearing elevation at the redesigned abutment locations
will be slightly lower than that shown for the original June 2016 design since the bedrock surface elevation is
interpreted to drop toward the center of the channel. Details for the temporary bridge foundation are not shown
however subsurface investigations performed during the preliminary design phase (2012) indicated that the top
of bedrock elevation will likely be higher at the temporary bridge location than were observed adjacent to the
existing bridge structure. Details for the redesigned approach prefabricated concrete modular gravity (PCMG)
retaining walls at both approaches were not included in the PIC drawing set provided to Golder, but we assume
the details will be similar to the original design since the locations of walls appear to be the same as the June
2016 design. The PCMG walls will need to be slightly longer to account for the shorter bridge span with the
redesign, and the walls will need to be supported on a sloping bedrock surface that deepens towards the
redesigned abutment locations. In addition, it appears that the precast block mat cannel lining included in the
June 2016 design was changed to heavy riprap in the PIC drawing set. We assume that issues relating to

prevention of soil erosion will be addressed in the final design plan set.

Based on review of VHB’s preliminary redesign plan set dated August 4, 2017 as detailed above, it is Golder’s
opinion that our geotechnical recommendations for the Clarke Bridge Replacement outlined in our March 9,
2016 letter would still apply to the Clark Bridge Redesign. Once a complete set of final design plans and

specifications are prepared by VHB, Golder will review for compliance with our recommendations.

CLOSING

The geotechnical considerations included in this memorandum are preliminary and provided for the exclusive
use of VHB for development of the Final Design Plans for the Phase Il redesign replacement of the Clark Bridge
in Tremont, Maine. The memorandum was prepared in accordance with generally accepted soil and foundation
engineering practices. Our recommendations are based in part on the subsurface explorations completed. If
actual conditions encountered vary from those described or referenced in this memorandum, Golder should be

notified so that we may re-evaluate, and if necessary, revise our conclusions or recommendations.

Please contact us if you have questions regarding the information summarized herein.
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