
 

 

 
PRELIMINARY GEOTECHNICAL DESIGN REPORT 
U.S. ROUTE 1 VIADUCT BRIDGE REHABILITATION 
MAINEDOT WIN 19273.00 
BATH, MAINE 
 
 
 
 
 
 
 
 
 
 
 
by 
 
Haley & Aldrich, Inc. 
Portland, Maine 
 
 
 
 
 
 
for 
 
Maine Department of Transportation 
Augusta, Maine 
 
 
 
 
 
 
 
File No. 38751-030 
17 September 2013  
 



17 September 2013  
File No. 38751-030 
 
 
Maine Department of Transportation 
16 State House Station 
Augusta, Maine  04333-0016 
 
Attention: Laura Krusinski, P.E. 
  Senior Geotechnical Engineer 
 
Subject: Preliminary Geotechnical Design Report 
  U.S. Route 1 Viaduct Bridge Rehabilitation 
  MaineDOT WIN 19273.00 
  Bath, Maine 
 
Ladies and Gentlemen: 
 
This preliminary geotechnical design report (PGDR) presents the results of limited subsurface 
investigation and geotechnical laboratory testing programs, and also provides preliminary geotechnical 
design recommendations and geotechnical factors that could affect U.S Route 1 Viaduct Bridge (viaduct 
bridge) replacement/rehabilitation alternatives currently being considered.  This PGDR has been 
prepared in support of Figg Bridge Engineers, Inc. (Figg) Feasibility Study submission to the Maine 
Department of Transportation (MaineDOT).   
 
This work has been completed based on our mutually agreed upon work scope and in accordance with 
the provisions of our GCA Agreement with MaineDOT, No. CT20110614000000006492, and with our 
project-specific assignment letter dated 15 March 2013.   
 
ELEVATION DATUM 
 
Elevations referenced herein are in feet and reference the North American Vertical Datum of 1988 
(NAVD 88).  Please note that the historic viaduct bridge information presented and referenced herein 
references an assumed vertical datum.  The relationship between the assumed vertical datum and the 
NAVD 88 datum is discussed in subsequent sections of this report. 
 
PROJECT UNDERSTANDING 
 
Project Location and Existing Viaduct Bridge Structure 
 
The existing viaduct bridge carries U.S. Route 1 traffic and serves as the west approach to the 
Sagadahoc Bridge over the Kennebec River in Bath, Maine (see Figure 1, Project Locus).   
 
Based on our review of historic bridge plans provided by MaineDOT, it is our understanding that the 
existing viaduct bridge was originally constructed in 1957 and consists of an approximate 1,300-ft long, 
34-ft wide (two travel lanes, one in each direction), 20-span structure supported on two abutments and 
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19 piers.  The foundation support type for the abutments and piers is variable and consists of one of the 
following: 
 
 Cast-in-place concrete spread footings bearing on bedrock (i.e., Abutment 1, Piers 1, 2, 4, 8, 9 

and 13) 
 
 Cast-in-place concrete spread footings constructed on seal concrete, bearing on bedrock (i.e., 

Piers 3 and 14) 
 
 HP10x42 steel H-piles driven to glacial till or bedrock (i.e., Piers 5-7, 10-12, 15-19 and 

Abutment 2) 
 
A summary of existing viaduct bridge substructure types is provided for reference in Tables I and II, 
respectively.   
 
Based on our review of historic bridge plans it is unclear what allowable bearing pressure was used to 
design the footings that support the existing abutments/piers.  In addition, HP10x42 steel H-piles 
supporting the abutments/piers listed in Table II were designed based on “allowable loads” equal to 
67.6 kips (Abutment 2) and 92.6 kips, respectively.  Estimated pile lengths range from approximately 
15 to 55 ft.  Select piles supporting the viaduct bridge piers and Abutment 2 are battered at 4V:1H and 
5V:1H, respectively. 
 
Viaduct Bridge Replacement/Reconstruction Alternatives and Work Scope 
 
Based on discussions with you, it is our understanding that Figg has been retained by MaineDOT to 
evaluate bridge rehabilitation and replacement alternatives and to prepare conceptual drawings along 
with potential construction schedule options and estimated construction costs.  Based on our discussions 
with MaineDOT and Figg, it is our understanding that the Feasibility Study will evaluate the following: 
 
 Need to replace superstructure concrete and steel beams. 
 
 Concept for bridge deck replacement, including cast-in-place concrete and precast panels. 
 
 Need for pier repair and/or replacement and reuse potential of existing foundations. 
 
 Potential for shortening the bridge by removing existing spans and replacing them with 

earthfill.  Specifically, evaluating the potential for eliminating the superstructure between 
Abutment 1 and Pier 6, Pier 7 and Pier 14 and Pier 18 and Abutment 2 and replace with a 
vertical sided embankment to reduce access beneath the bridge, minimize viaduct bridge 
replacement costs or minimize future viaduct bridge maintenance costs. 

 
Depending on the alternative, we understand that staged construction and maintenance of U.S. Route 1 
traffic will be necessary during construction. 
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SUBSURFACE EXPLORATION PROGRAMS 
 
Historic Explorations 
 
The plan locations of the historic explorations (rod soundings and test borings) as well as logs providing 
information on subsurface conditions encountered in rod soundings and test borings are provided on 
historic drawings included in Appendices D and A, respectively.  Additional details are provided in the 
following sections of this report. 
 
A. Rod Soundings 
 
A preliminary subsurface investigation, consisting of rod soundings, was completed in late 1956 and 
early 1957.  Rod soundings were completed at the following existing substructure locations: Pier Nos. 
1, 3, 5, 9, 11, 16, 17 and 19.  No specific information was provided on the historic viaduct bridge 
drawings describing the means and methods used to advance the rod soundings.  However, based on 
our past project experience, it is likely that rod soundings were advanced by driving steel rods into the 
ground by dropping a standard-size weight from a known height.  The number of blows required to 
advance the steel rods in 1-ft increments is often recorded until a refusal surface is encountered.  All 
rod soundings were driven to refusal as shown on the historic bridge plans however, no information 
was provided that defines what refusal criterion was used to terminate the explorations.  Rod soundings 
were advanced from depths ranging from approximately 2.5 to 40.0 ft below historic ground surface 
(BGS), prior to existing viaduct bridge construction.  
 
B. Test Borings 
 
Upon completion of the preliminary subsurface investigation (i.e., the rod soundings), a supplemental 
investigation was conducted, which consisted of a minimum of 23 test borings, designated 1 through 
23.  Please note that the historic viaduct bridge plans indicate that more than 23 test borings were 
drilled however, logs were only provided for the first 23 test borings.  The test borings were drilled to 
confirm findings from the preliminary subsurface investigation and to collect samples of compressible 
soils.  Test borings were drilled at the following substructure locations: Abutment Nos. 1 and 2 and 
Pier Nos. 2, 4, 6-8, 10, 12-15 and 18. 
 
The test borings were drilled to depths ranging from approximately 4 to 60 ft BGS using steel casing of 
unknown diameter.  In-situ vane shear testing was conducted within and relatively undisturbed Shelby 
tube samples were obtained the marine silt/clay deposit.  In addition, each test boring, with the 
exception of boring nos. 3 and 21, 22 and 23, was advanced up to approximately 9 ft into bedrock.  
 
Recent Explorations 
 
Haley & Aldrich conducted a limited subsurface investigation at the site to provide general subsurface 
information at specific substructure locations that were identified as critical locations relative the 
viaduct bridge replacement/reconstruction alternatives being evaluated by Figg.  Three test borings, 
designated BB-BROV-101 through BB-BROV-103, were drilled at the following locations: 
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 BB-BROV-101: immediately northwest of Pier 6, drilled to investigate the potential for 
shortening the viaduct bridge by removing the superstructure between Abutment 1 and Pier 6 
and replacing it with normal-weight earthfill retained by vertical-sided retaining walls. 
 

 BB-BROV-102: immediately northeast of Pier 11, drilled to investigate the potential for 
shortening the viaduct bridge by removing the superstructure between Pier 7 and Pier 14 and 
replacing it with normal-weight earthfill retained by vertical-sided retaining walls. 

 
 BB-BROV-103: midway between Pier 18 and Pier 19, drilled to investigate the potential for 

shortening the viaduct bridge by removing the superstructure between Pier 18 and Abutment 2 
and replacing it with normal-weight earthfill retained by vertical-sided retaining walls. 

 
The as-drilled plan location and ground surface elevation of each test boring was determined upon 
completion of drilling by MaineDOT using GPS and/or optical survey equipment.  The as-drilled test 
boring locations are shown on Figure 2. 
 
Test borings were drilled by Maine Test Borings of Hermon, Maine and were monitored by a Haley & 
Aldrich geologist on 26 and 27 March 2013 using a truck-mounted Mobile Drill B-53 drill rig.  Test 
borings were drilled to depths ranging from approximately 17 to 54 ft BGS using 3.0-in. (NW-size) and 
4.0-in. (HW-size) inside diameter (ID) steel casing using cased/washed drilling methods.  Soil samples 
were collected continuously and/or at standard 5-ft increments by driving a 1-3/8-in. ID split-spoon 
sampler with a 140-lb hammer dropped from a height of 30 in., using a standard rope and cathead and 
safety hammer. 
 
The number of hammer blows required to advance the sampler through each 6 in. interval was recorded 
and is provided on the test boring logs.  The uncorrected SPT N-value is defined as the total number of 
blows required to advance the sampler through the middle 12 in. of the 24-in. sampling interval (blows 
per foot, bpf).  The energy-corrected SPT N-value (N60) is equal to the uncorrected N-value multiplied 
by the hammer efficiency factor divided by 0.60 (i.e., 60 percent theoretical hammer efficiency). 
 
A total of three, relatively undisturbed samples of cohesive soil (marine silt/clay) were obtained in test 
boring BB-BROV-103.  The samples were collected at various depths/elevations and were obtained by 
advancing a 3-in. outside diameter (OD) thin-wall Shelby Tube into the soil using a piston sampler.  
Please note that relatively undisturbed samples of marine silt/clay could not be obtained from test 
borings BB-BROV-101 and BB-BROV-102 due to the nature and consistency of the marine silt/clay 
encountered. 
 
In-situ vane shear tests were conducted in test borings BB-BROV-101 and BB-BROV-103.  Please note 
that in-situ vane shear testing could not be conducted in test boring BB-BROV-102, as judged by our 
field geologist, based on the nature and consistency of the marine silt/clay encountered.  In-situ vane 
shear tests were conducted with either a 55 mm by 110 mm or 65 mm by 130 mm Geonor rectangular 
vane (per MaineDOT requirements) attached to a 2-ft long, 12-mm diameter rod extension, attached to 
a string of 5/8-in. outside diameter (OD) hollow chrome-moly rods.  At each in-situ vane shear test 
location, the vane was pushed (by hand) until the bottom of the vane was approximately 1 to 2 ft below 
the bottom of the borehole.  The vane was then rotated at a rate of about 90 degrees per minute using a 
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calibrated torque wrench.  Results of the vane shear testing, including raw torque values and calculated 
shear strengths, are provided on the test boring logs in Appendix A and are shown graphically in Figure 
3. 
 
Each of the three test borings was advanced approximately 5 ft into bedrock using a 2.0-in. (NQ-size) 
ID diamond-tipped core barrel.  
 
EXISTING ROCK SLOPE MAPPING 
 
Haley & Aldrich collected rock mass data and photographed the exposed rock slope on the north side of 
the existing Route 1 Viaduct Bridge between Abutment 1 and Pier 6 on 4 April 2013.  While onsite, 
data on structural geologic properties (e.g., discontinuity dip and dip direction, infilling, visible 
seepage, persistence, aperture) and general rock mass properties (e.g. weathering/alteration, intact rock 
compressive strength) were collected.  As an integral part of our field evaluations, Haley & Aldrich 
utilized industry-accepted technical guidance criteria produced by the International Society for Rock 
Mechanics (ISRM).  The rock mass data that was collected was used to support our preliminary 
technical evaluations and develop the subsequent conclusions and preliminary design recommendations 
included herein.  The rock mass data that was collected is summarized in subsequent sections of this 
report and is also provided for reference in Appendix B. 
 
GENERALIZED SUBSURFACE CONDITIONS 
 
Subsurface soil, bedrock and groundwater conditions encountered in recent test borings are described in 
the following sections of this report. 
 
Soil and Bedrock Conditions 
 
A. Bituminous Concrete/Man-Placed Fill 
 
A surficial layer of bituminous concrete was encountered at the ground surface in each test boring.  The 
thickness of the bituminous concrete ranged from 0.1 to 1.0 ft. 
 
A 2 to 3-ft thick (approximate) layer of man-placed fill was encountered in each test boring directly 
beneath the surficial layer of bituminous concrete.  In general, the man-placed fill soil consisted of the 
medium to fine SAND (SW) with varying amounts of silt and coarse sand and gravel.  Please note that 
historic boring no. 7 (drilled at the center of pier 12) encountered approximately 8 ft of coal and ash fill 
at the ground surface. 
 
The fill was medium dense to dense with SPT N60 values ranging from 13 to 50 blows per foot (bpf). 
 
B. Organic Deposit 
 
An approximate 5.5-ft thick layer of organic soil was encountered beneath the man-placed fill in test 
boring BB-BROV-103.  The soil consisted of SILT (ML) with varying amounts of fine sand and 
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woody/fibrous organic matter and was soft to medium stiff with SPT N60-values ranging from 2 to 5 
bpf. 
 
C. Marine Silt/Clay Deposit 
 
Marine silt/clay was encountered directly beneath the man-placed fill or organic soil in each test boring.  
The deposit ranged in thickness from approximately 5 ft (BB-BROV-101) to 38 ft (BB-BROV-103) and 
generally increased from west to east, towards the Kennebec River.   
 
In test borings BB-BROV-101 and BB-BROV-102 (thickness ranging from 5 to 7.5 ft), the deposit 
consisted of either mottled SILT (ML) with varying amounts of clay and fine sand or silty CLAY (CL) 
with fine sand.  The soil was medium stiff to hard with SPT N60 values ranging from 6 to 44 bpf. 
  
In test boring BB-BROV-103 (approximate 38-ft thickness) the upper 8.5 ft consisted of stiff to very 
stiff mottled clayey SILT (ML) to silty CLAY (CL).  The remaining portion of the deposit consisted of 
soft to medium stiff silty (CL).  In-situ vane shear test results within the lower portion of the deposit 
ranged from approximately 500 to 850 pounds per square foot (psf) and typically decreased with depth 
to approximately El. -15, as shown on the test boring logs and in Figure 3.  Below El. -15 the 
undrained shear strength is generally uniform with depth and equal to approximately 500 psf. 
 
D. Glacial Till 
 
A limited thickness of glacial till was encountered in test borings BB-BROV-101 and BB-BROV-103 
directly beneath the marine silt/clay layer and overlying bedrock.  The deposit ranged in thickness from 
approximately 2 to 3 ft and consisted of clayey, fine to medium SAND (SC/SM) with little coarse sand 
and gravel.   
 
Due to the limited thickness of glacial till encountered and pre-determined sampling intervals, limited 
SPT data was obtained.  Therefore, an accurate assessment of the density/consistency of the soil layer 
could not be determined. 
 
E. Bedrock 
 
As described above, bedrock was encountered and sampled in each test boring.  The top of bedrock 
surface varied from approximately 10 ft (BB-BROV-102) to 49 ft (BB-BROV-103) BGS, corresponding 
to El. 7 to El. -41.  As shown on the historic viaduct bridge drawings, the top of bedrock surface is 
variable and could be considered erratic along the length of the viaduct bridge.  The type of bedrock 
encountered was variable and generally consisted of the following: 
 
 Moderately hard, fresh to slightly weathered SCHIST of the Cape Elizabeth Formation.  

Primary joints were oriented at low to moderate angles, very close to closely spaced and were 
generally tight to open.  Joint surfaces were occasionally moderately weathered and silt coated. 
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 Moderately hard, slightly weathered GNEISS of the Cape Elizabeth Formation.  Primary joints 
were oriented at low to moderate angles, very close to moderately closely spaced and were 
generally tight to open.  Joint surfaces were occasionally silt coated. 

 
Rock quality designation (RQD) is a common parameter that is used to help assess the competency of 
sampled bedrock.  RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in 
length divided by the total length of recovered bedrock.  RQD values for bedrock encountered at the 
site ranged from 52 to 85 percent. 
 
Disclosed joint sets observed along the rock slope along the northerly side of the viaduct bridge and 
between Abutment 1 and Pier 6 generally trended in a northwest to northeast (primarily northeast) 
orientation with the strike varying from approximately N75oW to N87oE.  The dip of the rock mass 
varied between 22o and 90o (average of 69°) to the northeast, southeast, southwest and northwest (dip 
direction varied between 27 o and 348 o).  Water was visible seeping out of some of the exposed joints. 
 
Groundwater Conditions 
 
Water levels were measured in the recently completed boreholes at depths ranging from approximately 
12 to 14 ft BGS, prior to backfilling, as indicated on the test boring logs.   Please note that observation 
wells were not installed in any of the recently completed boreholes.  The water depths measured in the 
test borings may not be representative of actual groundwater levels and could have been influenced by 
drilling means/methods.  In addition, given the proximity of test boring BB-BROV-103 to the Kennebec 
River, we anticipate that the water level at this location may be tidally influenced.  In general, 
groundwater levels can be expected to fluctuate, subject to seasonal variation, local soil conditions, 
tide, topography and precipitation.  Water levels encountered during construction may differ from those 
summarized above. 
 
LABORATORY TESTING PROGRAMS 
 
Historic Laboratory Testing 
 
A laboratory testing program was undertaken on soil samples collected from the historic test borings 
drilled to support the original design and construction of the existing viaduct bridge.  The available 
laboratory test results indicate that the primary purpose of the previous testing was to assist in soil 
classification/identification and to determine engineering properties of representative cohesive (marine 
silt/clay) soil samples.  In general, laboratory testing was performed on disturbed and undisturbed 
marine silt/clay soil samples collected during drilling.  It is our understanding that all laboratory soil 
testing was performed by either the Maine State Highway Commission (MaineDOT) or the University 
of Maine Soils Engineering Lab in Orono, Maine.   
 
The testing of samples of marine silt/clay included the following: natural water content, Atterberg 
Limits, vane shear strength and incremental consolidation tests (used to determine compressibility and 
stress history characteristics).   
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Historic index testing and incremental consolidation test reports are provided on the test boring reports 
provided in Appendix A and in Appendix C, respectively. 
 
Recent Laboratory Testing 
 
A preliminary phase laboratory testing program was undertaken to assist in soil 
classification/identification and to determine engineering properties of representative cohesive (marine 
silt/clay) soil samples and bedrock samples collected during the field investigation.  In general, 
laboratory testing was performed on disturbed and undisturbed marine silt/clay soil samples collected 
during SPT and Shelby Tube sampling, respectively as well as on intact rock samples collected during 
rock core sampling.  All laboratory soil and rock testing was performed by GeoTesting Express of 
Acton, Massachusetts in accordance with applicable American Society for Testing Material (ASTM) 
testing procedures.  A summary of laboratory testing conducted for the different soil and rock types 
encountered in the test borings is provided below.   
 
The testing program on samples of marine silt/clay included three natural water content tests, three 
Atterberg Limits tests and three incremental consolidation tests (used to determine compressibility and 
stress history characteristics).  A summary of laboratory test results completed on collected samples of 
marine silt/clay is provided below. 
 
 Classification:   CL 
 Natural Water Content:  40% to 48%  
 Atterberg Limits:   

o Liquid Limit (LL):  37% to 41% 
o Plastic Limit (PL):  19% 
o Plasticity Index (PI): 18% to 22%  

 Total Unit Weight:  110 pounds per cubic foot (pcf) to 113 pcf 
 
The laboratory testing program also included two unconfined compressive strength tests on samples of 
bedrock core.  The results of these laboratory tests are summarized below. 
 

Test Boring 
No. 

Sample 
No. 

Top Depth 
(ft, BGS) 

Bottom Depth 
(ft, BGS) 

Peak Compressive 
Stress (psi) 

Bulk Density 
(pcf) 

BB-BROV-101 R1 14.6 15.0 2,321 174 
BB-BROV-102 R1 14.0 14.4 1,522 173 

 
Results of individual laboratory tests on soil and rock are provided for reference in Appendix C. 
 
COMPARISON OF HISTORIC AND RECENT TEST BORINGS 
 
As discussed in previous sections of this report, the viaduct bridge elevation information shown on the 
historic drawings references an assumed vertical datum and the relationship between the assumed datum 
and the NAVD 88 datum (current project vertical datum) is not known.  Given the amount of in-situ 
and laboratory testing that was conducted within and from samples collected from the historic test 
borings, determining the relationship between the two elevation datums was considered critical and 
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would enable the use of laboratory test results to supplement recent laboratory findings in the 
preliminary geotechnical engineering evaluations discussed herein. 
 
As a result, we were able to conduct a side-by-side comparison between test boring BB-BROV-103 and 
other historic test borings drilled in the immediate vicinity of Piers 18 and 19.  This area was selected 
due to the number of different soil units present, the thickness of overburden soil encountered (greater 
than at test borings BB-BROV-101 and BB-BROV-102) and the number of test borings drilled in the 
area.  Considering these factors increased the likelihood that the difference between the elevation 
datums could be determined by looking at individual soil unit thicknesses and material type and 
consistency assuming nothing has changed from the time the historic test borings were drilled to the 
present.  A comparison of soil stratigraphy between recent test boring BB-BROV-103 and historic test 
borings 17 and 21 (historic test borings nearest to BB-BROV-103) as interpreted from the test boring 
logs is provided below. 
 

Test  
Boring 
No.1 

Ground 
Surface 

Elevation2 

Approximate Strata Thickness3 (ft) 
Depth to 
Top of  

Bedrock 
 BGS 
(ft) 

Man-
Placed 

Fill 

Organic 
Deposit 

Marine 
Clay 

“Crust” 

Non-
dessicated 
Marine 
Clay 

 

Marine 
Sand/ 
Glacial  

Till 

BB-
BROV-

103 
7.8 3.0 5.5 8.5 29.8 2.2 49.0 

Boring 
No. 17 

56.2 3.0 5.5 10.5 31.0 10.5 57.5 

Boring  
No. 21 

55.5 4.0 5.0 10.0 30.0 11.0 60.0 
1 – See Figure 2 for plan location of test borings. 
2 – Ground surface elevation at test boring BB-BROV-103 references NAVD 88 vertical datum; ground 
     surface elevation at test borings 17 and 21 reference an assumed vertical datum. 
3 – Strata thicknesses are approximate and are based on Haley & Aldrich interpretation of historic test 
     boring logs. 

 
As shown above, the soil unit thicknesses interpreted from the historic test boring logs closely match 
those encountered in recent test boring BB-BROV-103 with the exception of the thickness of the 
granular soils encountered beneath the marine clay and the depth to top of bedrock BGS.  Based on the 
information summarized above, Haley & Aldrich judged that the subsurface conditions encountered in 
historic test boring 17 more closely matched the subsurface conditions encountered in recent test boring 
BB-BROV-103 and as a result, the ground surface elevation at each test boring location were 
approximately equal.  Therefore, the approximate relationship between the historic assumed vertical 
datum and the NAVD 88 datum is as follows:  
 

Assumed Historic Vertical Datum – 48 ft = Approximate NAVD 88 Vertical Datum 
 
Using the relationship shown above, the elevation of historic in-situ and laboratory vane shear strength 
and incremental consolidation test data was converted to the NAVD 88 vertical datum and compared to 
recent data as shown in Figure 3.  Given that the observed trends in undrained shear strength and 
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overconsolidation with depth were similar between historic and recent data, Haley & Aldrich judged 
that the relationship between the two elevation datums was appropriate and reliable for the intended 
use. 
 
STRENGTH AND COMPRESSIBILITY CHARACTERISTICS OF MARINE SILT/CLAY 
 
Please note that the stress history and compressibility characteristics of marine silt/clay soil discussed in 
this section of the report are relative to test boring BB-BROV-103 and the existing Abutment 2 area 
only. 
 
The stress-strain or compressibility characteristics of clay deposits are highly dependent upon their 
stress history.  Overconsolidation is a condition that results from the clay deposit having been exposed, 
at some time in the geologic past, to stresses greater than the present in-place stresses.  If the clay 
deposit is stressed within the limits of the maximum previous stress (i.e., maximum past pressure), the 
magnitude of consolidation settlement will be a function of the recompression ratio (RR) of the clay.  If 
the applied stress exceeds the maximum previous stress, the magnitude of consolidation settlement will 
be a function of the virgin compression ratio (CR).  Measured values of CR are typically 10 to 25 times 
greater than RR, and consolidation settlement is directly correlated with the value of CR or RR.  
Therefore, the estimated consolidation settlement for normally consolidated clay would be 10 to 25 
times greater than that of overconsolidated clay for the same stress increase.  A summary of the stress 
history and compressibility characteristics determined from incremental consolidation tests is provided 
below and is shown graphically in Figure 3.   
 

Test  
Boring 
No.1 

Sample 
No. 

Sample 
Elevation 

(ft, NAVD88) 

Stress History Compressibility2 
Existing Vertical 
Effective Stress 

(psf) 

Maximum  
Previous Stress2 

(psf) 
OCR2 CR RR 

Boring 
No. 19 

4U -20.7 2,040 2,600 1.3 0.224 0.025 

Boring 
No. 21 

5U -18.9 1,680 1,680 1.0 0.277 0.030 
6U -23.9 1,900 1,900 1.0 0.189 0.042 

BB- 
BROV- 

103 

1U -14.2 1,970 3,672 1.9 0.234 0.025 
2U -23.2 2,396 2,525 1.1 0.274 0.023 
3U -34.2 2,916 2,984 1.0 0.246 0.027 

1 – See Figure 2 for plan location of test borings. 
2 – Values shown are considered approximate and are based on interpretation of laboratory test results. 

 
The preliminary design overconsolidation profile is shown in comparison to the laboratory consolidation 
data and the existing effective overburden pressure in Figure 3.  The data indicates that the marine 
silt/clay in the vicinity of Abutment 2 is heavily overconsolidated (>1,500 psf) above El. -15 and 
becomes moderately overconsolidated between El. -15 and El. -20 (approximate).  The marine silt/clay 
deposit is judged to be normally consolidated below approximately El. -20.  The information shown in 
Figure 3 was used as the basis for the settlement analysis and results that are presented in subsequent 
sections of this report.     
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The undrained shear strength profile of the marine clay stratum was determined using in-situ vane shear 
tests conducted during drilling of the historic and recent test borings., The design undrained shear 
strength profile used in our global stability and settlement evaluations in the vicinity of Abutment 2 is 
shown in Figure 3.  This information was used as the basis for the slope stability evaluations and results 
that are presented in subsequent sections of this report. 
 
PRELIMINARY GEOTECHNICAL EVALUATIONS 
 
Preliminary geotechnical design recommendations for the subject project, as discussed and provided 
herein, were developed in accordance with the following documents: 
 
 AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, Sixth 

Edition, 2012 with Errata dated June 2012. 
 

 MaineDOT Bridge Design Guide (BDG), August 2003 with Interim Revisions through August 
2008. 

 
Furthermore, the preliminary design recommendations are based, in part, on the subsurface conditions 
encountered in the recently completed test borings.  It should be noted that only three test borings were 
drilled at select existing viaduct bridge substructure locations.  Variations in subsurface conditions are 
likely to exist transverse to the existing viaduct bridge structure.  Our evaluations are based on the 
assumption that subsurface conditions are somewhat uniform in these areas and similar to those 
encountered in the test borings. 
 
Existing Viaduct Bridge Foundations and Reuse Potential 
 
The viaduct bridge replacement/reconstruction alternatives presented in previous sections of the report 
assume that the existing substructures and foundation soils/rock can accommodate increases in loading, 
which could vary depending on the replacement/rehabilitation alternative selected, while still meeting 
minimum acceptable design requirements.  The following sections of this report summarize technical 
evaluations completed to assess the adequacy of the existing viaduct bridge foundations. 
 
A. Preliminary Substructure Loading 
 
Preliminary factored axial compressive loads (loads) for each existing viaduct bridge pier were 
developed by Figg and provided to Haley & Aldrich on 12 April 2013.  Please note that loads were not 
provided for Abutment 1 or Abutment 2.  The loads were developed for use in evaluating reuse 
potential of existing spread footing and steel H-pile abutment/pier foundations.  Based on the 
information provided by Figg we understand that the loads were developed based on the following: 
 
 Concrete segmental superstructure (9.33 kips/linear foot) 

 
 Two lanes of vehicular traffic with HL-93 truck loading at each pier 
 
 Live load (LL) factor = 1.75; dead load (DL) factor = 1.25 
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In general, the loads ranged from approximately 900 to 1,100 kips.  We understand that the loads 
provided by Figg are considered conservative, primarily based on the assumption of a replacement 
concrete segmental superstructure (versus rehabilitation of the existing superstructure). 
 
It should be noted that tensile loads, lateral loads and moments were not developed by Figg and 
therefore were not considered as part of the existing viaduct bridge foundation evaluations summarized 
in the subsequent sections of this report. 
 
B. Spread Footings 
 
As discussed in previous sections of the report and summarized in Table I, select viaduct bridge 
abutments and piers are supported by cast-in-place concrete spread footings bearing directly on bedrock 
or on seal concrete, bearing on bedrock.  Based on our review of historic bridge plans it is unclear what 
allowable bearing pressure (i.e., factored bearing resistance) was used to design the footings that 
support substructures listed in Table I.   
 
Based on the bedrock conditions encountered in the recent test borings and observed along the rock 
slope north of existing viaduct bridge and between Abutment 1 and Pier 6, we estimate that the 
adequacy of the existing spread footings can be evaluated based on a nominal bearing resistance equal 
to 44 kips per square foot (ksf).  In addition, the footings should be evaluated at the service limit state 
based on a presumptive bearing resistance equal to 60 ksf (AASHTO LRFD Table C10.6.2.6.1-1).  
Footings should also be evaluated at the strength limit state based on a factored bearing resistance equal 
to 20 ksf (=0.45).  Please note that resistance factor for extreme event limit state bearing resistance is 
equal to 1.0.  Therefore, the factored bearing resistance at this limits state is equal to the recommended 
nominal bearing resistance (44 ksf). 
 
Please note that the methodology outlined in AASHTO LRFD for determining bearing resistance of 
footings on bedrock is partially dependent on interpretive grading assigned to the recovered bedrock 
core in accordance with the Rock Mass Rating (RMR) System.  The collected rock mass data (discussed 
in previous sections of this report) was used to adjust the RMR to account for strike and dip 
orientations relative to the existing spread footing foundations. 
 
Based on the preliminary substructure loading information provided by Figg and the existing spread 
footing dimensions shown on the historic bridge plans and summarized on Table I, contact pressures 
were calculated and compared to the factored bearing resistance (20 ksf) at each pier location (please 
recall that loads were not provided for Abutment 1).  The resulting contact pressures were less than the 
factored bearing resistance and ranged from approximately 7 to 8 ksf.  As a result, from a geotechnical 
standpoint, it is our opinion that the existing spread footing foundations bearing on bedrock are capable 
of supporting the rehabilitated superstructure and meet minimum design requirements. 
 
Please note that tensile loads, lateral loads and moments were not considered as part of the existing 
viaduct bridge spread footing evaluations.  Therefore, we recommend that the adequacy of the existing 
spread footing foundations be re-evaluated once a preferred replacement/rehabilitation alternative has 
been selected and foundation loading has been developed and/or refined.  We recommend that the 
existing abutment/pier footings be evaluated for sliding and eccentricity during subsequent phases of 
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design in accordance with AASHTO LRFD Sections 10.6.3.4 and 11.6.3.3, respectively.  In addition, 
we recommend that the load and resistance factors provided in AASHTO LRFD Tables 3.4.1-1, 3.4.1-
2, and 10.5.5.2.2-1 be used when evaluating external stability. 
 
Depending on the magnitude of the loads, it may be possible that the existing spread footing 
foundations will not meet minimum acceptable design requirements and may require modification. 
 
C. Steel H-piles 
 
As discussed in previous sections of the report and summarized in Table II, select viaduct bridge 
abutments and piers are supported by HP10x42 steel H-piles.  In general, the existing piles were 
evaluated by 1) reviewing historic geotechnical reports, 2) comparing estimated pile tip elevations to 
soil stratigraphy and top of bedrock elevation at each pile-supported substructure location, and 3) 
comparing maximum pile loads shown on the historic bridge plans to the estimated pile loads based 
preliminary factored axial compressive loads provided by Figg. 
 
Based on our review of historic geotechnical reports we understand that piles were likely designed as 
end-bearing piles in/on bedrock.  In general, due to the nature and consistency of the overburden soils 
at each abutment/pier location, as indicated by steel drill casing resistance during historic test boring 
drilling, it was determined that the piles could be driven to/into bedrock.  The authors of the report 
specifically noted the potential for hard driving through surficial granular soil (believed to be man-
placed fill soil) in the vicinity of Abutment 2.  Based on our review of the historic test boring logs, we 
concur that the piles could have likely been driven to bedrock. 
 
In addition, pile cutoff elevation and estimated pile length information shown on the historic viaduct 
bridge drawings were used to calculate pile tip elevations and were compared to the top of bedrock 
elevations determined from historic rod soundings and test borings.  In general, the calculated pile tip 
elevations were found to be equal to or lower than the top of bedrock elevation and each abutment/pier 
location.  Please note that the estimated pile tip elevations are based on estimated pile lengths that were 
likely developed prior to construction.  We do not believe that as-built information (estimated pile 
lengths) is shown on the historic viaduct bridge drawings.  Therefore, the drawings likely reflect the 
design intent, as summarized above and any changes or difficulties that may have occurred during 
construction were not documented or not included in the reference reports and drawings. 
  
As discussed in previous sections of this report, historic viaduct bridge drawings suggest that abutment 
and pier piles were designed to resist maximum pile loads equal to 67.6 and 92.4 kips, respectively.  
Based on the preliminary substructure loading information provided by Figg (exclusive of Abutment 2) 
and the number of piles located within each abutment/pier pile group shown on the historic bridge plans 
and summarized on Table II, pile loads were calculated and compared to the existing maximum pile 
loads (67.6 and 92.4 kips).  The resulting pile loads ranged from approximately 55 to 69 kips.  As a 
result, from a geotechnical standpoint, it is our opinion that the existing pile-supported abutment/pier 
foundations are capable of supporting the rehabilitated superstructure and meet minimum design 
requirements.  Please note that corrosion was not considered as part of the preliminary evaluations. 
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Similar to the existing spread footing foundation evaluations summarized above, tensile loads, lateral 
loads and moments were not considered during evaluation of existing pile-supported pier substructures.  
Therefore, we recommend that the adequacy of individual pile groups be re-evaluated once a preferred 
replacement/rehabilitation alternative has been selected and foundation loading has been developed 
and/or refined to determine the impacts of combined loading.  Depending on the magnitude of the 
loads, it may be possible that the existing pile-supported abutment/pier foundations will not meet 
minimum acceptable design requirements and may require modification.  We recommend that non-
destructive testing and dynamic pile testing on a representative number of piles be considered for use in 
assessing existing pile integrity and estimating pile lengths and compression resistances during 
subsequent phases (preliminary/final design) of the project.   
 
Historic Settlement and Global Stability Evaluations 
 
Global stability and settlement evaluations were completed in the vicinity of Abutment 2 to support the 
original design and construction of the existing viaduct bridge. 
 
Settlement evaluations were completed for the existing retaining walls and the embankment behind 
Abutment 2 using the historic viaduct bridge plans included in Appendix D and the consolidation test 
data (stress history and compressibility characteristics) on samples of marine silt/clay obtained from test 
boring nos. 21 and 19, respectively.  The results of the historic settlement evaluations are summarized 
below. 
 
 Retaining Wall(s): settlement ranging from approximately 3 to 8.5 in. along the length of  

the wall(s) 
 

 Embankment:  settlement ranging from approximately 2.5 (3 months after fill 
placement) to 4.5 in. (“ultimate”) 

 
Based on the magnitude of predicted settlement, it was recommended that the retaining wall be 
supported on piles.  In addition, recommendations were made for embankment fill to be left in-place for 
6 to 9 months before final paving in an attempt to minimize post-construction settlement. 
 
Global stability evaluations were also completed modeling the approximate 15-ft raise in grade and 
utilizing the undrained shear strength data from test boring nos. 19 and 20.  The calculated factor of 
safety against rotational failure of the embankment was equal to 2.9 and was judged to “be sufficiently 
high to allow for even softer material which may exist between the borings.”  The proposed 
embankment was judged to be stable. 
 
Recent Global Stability and Settlement Evaluations 
 
Based on discussions with you, it is our understanding that Figg is evaluating the potential for 
shortening the existing viaduct bridge by removing existing spans and replacing them with earthfill 
retained by near vertical-sided mechanically-stabilized earth (MSE) walls.  Specifically, eliminating the 
superstructure between Abutment 1 and Pier 6, between Pier 7 and Pier 14, and between Pier 18 and 
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Abutment 2 are being investigated.  As part of the feasibility evaluations, global stability and settlement 
evaluations were completed at each location.  The evaluations and results are summarized below. 
 
The subsurface soil conditions along the existing viaduct bridge alignment will affect the planning and 
design of the rehabilitation and/or replacement alternatives being considered.  Removal of portions of 
the existing superstructure and replacement with retained earthfill could cause excessive vertical and 
lateral strains eventually resulting in a shear failure of the foundation soil and subsequent failure of the 
roadway (U.S. Route 1) as well as cause excessive post-construction vertical deformation (consolidation 
settlement) of the roadway.   
 
As a result, a series of two-dimensional and one-dimensional global stability and consolidation 
settlement evaluations, respectively, were completed to assess the feasibility of shortening the viaduct 
bridge in select areas by removing existing spans and replacing them with earthfill without having to 
utilize lightweight fill, staged construction or other ground improvement techniques.  Global stability 
evaluations were performed using the computer program Slide 6.0 to evaluate the likelihood of global 
stability failures at the site.  In addition, settlement evaluations in the vicinity of Pier 18 and Abutment 
2 were conducted using the computer program Settle 3D.   
 
Typical soil profiles were developed based on the subsurface conditions encountered in both the historic 
and recent test borings.  Soil properties used in the evaluations were developed from in-situ and/or 
laboratory test results (in the vicinity of Abutment 2; see Figure 3) or were assumed based on our 
experience (Abutment 1 to Pier 6 and Pier 7 to Pier 14).  Please recall that only three test borings were 
drilled at select existing viaduct bridge substructure locations and variations in subsurface conditions are 
likely to exist transverse to the existing viaduct bridge structure (direction that global stability 
evaluations were completed).  The evaluations are based on the assumption that subsurface conditions 
are somewhat uniform in these areas and similar to those encountered in the test borings. 
 
Results of global stability and settlement evaluations completed along different portions of the existing 
viaduct bridge and associated feasibility-level recommendations are summarized separately, below. 
 
A. Abutment 1 to Pier 6 
 

 Global Stability 
 

Stability evaluations were conducted parallel to the existing viaduct bridge baseline immediately 
downstation of Pier 5 and 6 where, based on our review of historic bridge plans, maximum 
raises in grade would be anticipated.  In general, maximum raises along this portion of the 
existing viaduct bridge alignment would vary from approximately 13 ft (Abutment 1) to 26 ft 
(Pier 6).  Please note that it is our opinion that conducting the stability evaluations parallel to 
the baseline at this location will result in a lower calculated factor of safety as compared to the 
transverse direction since the thickness of overburden generally increases from west to east, 
along the viaduct bridge alignment. 

 
Since laboratory or in-situ shear strength data within the marine clay was not available in this 
area, our evaluations assumed the undrained shear strength was equal to 1,000 psf, which was 



Maine Department of Transportation 
17 September 2013  
Page 16 
 
 

 

based on SPT N60 values within the deposit obtained from test boring BB-BROV-101.  In 
addition, a 250 psf live load surcharge within the limits of U.S. Route 1 was included in our 
model. 
 
The calculated factor of safety assuming that the existing viaduct bridge superstructure is 
replaced between Abutment 1 and Pier 6 or Pier 5 is approximately 1.3 and 1.7, respectively.  
The minimum required factor of safety as specified by both AASHTO LRFD and the 
MaineDOT Bridge Design Guide (BDG) for “embankments” under static conditions, which 
support structures is 1.5. 

 
 Settlement 

 
Test boring BB-BROV-101, drilled  immediately northwest of Pier 6, encountered 
approximately 5 ft of medium stiff to stiff SILT with sand and silty CLAY with sand.  In 
addition, historic test borings drilled at existing substructure locations between Abutment 1 and 
Pier 5 did not encounter marine silt/clay soil.  No historic or recent stress history or 
compressibility characteristic data was available for the marine silt/clay deposit present along 
this portion of the existing viaduct bridge alignment.  As a result, settlement evaluations were 
not completed at this location. 

 
 Feasibility-Level Recommendation 

 
As a result of the stability and settlement evaluations summarized above, we consider 
replacement of the existing viaduct bridge superstructure between Abutment 1 and Pier 5 with a 
vertical-sided normal weight earthfill embankment to be technically feasible.  We do not 
however consider replacement of the existing viaduct bridge superstructure between Pier 5 and 
Pier 6 with a vertical-sided normal-weight earthfill embankment to be technically feasible at this 
time without the use of ground modification or lightweight fill.   We recommend that filling 
between Pier 5 and Pier 6 be re-evaluated during preliminary and final design once additional 
subsurface information is collected and the strength, stress history and compressibility 
characteristics of the marine silt/clay deposit are better defined along this portion of the existing 
viaduct bridge alignment. 

 
B. Pier 7 to Pier 14 
 

 Global Stability 
 

Stability evaluations were conducted transverse to the existing viaduct bridge baseline 
immediately upstation (towards the river) of Pier 10 where, based on our review of historic 
bridge plans, maximum raises in grade would be anticipated.  Please note that global stability 
evaluations were not conducted at other locations between Pier 7 and Pier 14.  In general, the 
maximum raise in grade along this portion of the existing viaduct bridge alignment would be 
approximately 28 ft.  Please note that it is our opinion that conducting the stability evaluations 
transverse to the baseline at this location will result in a lower calculated factor of safety as 
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compared to the longitudinal direction since the existing foundations supporting Piers 9 and 11, 
which provide additional resistance, are not considered.   

 
Since very little undrained shear strength data was available within the marine clay deposit 
along this portion of the existing viaduct bridge alignment, we conducted a “sensitivity” 
analysis where the undrained shear strength of the marine clay was varied to see the range in 
calculated factors of safety and to understand how sensitive the factor of safety is to changes in 
undrained shear strength.  The undrained shear strengths used in the evaluations ranged from 
500 to 1,000 psf.  In addition, a 250 psf live load surcharge within the limits of U.S. Route 1 
was included in the model. 

 
The calculated factor of safety for the condition summarized above ranged from approximately 
0.7 to 1.3 for an upper layer of marine clay having an undrained shear strength equal to either 
500 or 1,000 psf.  The minimum required factor of safety as specified by both AASHTO LRFD 
and the MaineDOT Bridge Design Guide (BDG) for “embankments” under static conditions, 
which support structures is 1.5. 

 
 Settlement 

 
As described above, the stress-strain or compressibility characteristics of marine clay deposits 
are highly dependent upon their stress history.  No historic or recent stress history or 
compressibility characteristic data was available for the marine silt/clay deposit present along 
this portion of the existing viaduct bridge alignment.  As a result, a range in the potential 
magnitude of consolidation settlement was calculated for varying degrees of overconsolidation 
(1.0<OCR<4.0) between Pier 10 and Pier 12.  Please note that settlement evaluations were 
not conducted at other locations between Pier 7 and Pier 14.  The magnitude of stress increase 
within the marine clay deposit, as a result of the proposed fill placement, was estimated by 
assuming a maximum fill height equal to 28 ft with normal weight earthfill weighing 125 
pounds per cubic foot (pcf).  Since the combination of existing vertical effective stress and the 
stress increase caused by fill placement will be greater than the maximum past pressure within 
the marine clay deposit, depending on which OCR is used, the magnitude of consolidation 
settlement will be a function of both the recompression ratio (RR) and the virgin compression 
ratio (CR) of the clay.   

 
Estimates of settlement were at the center of the proposed fill area.  Estimates of the magnitude 
of ground surface settlement using normal weight earthfill range from approximately 1 ft to   
2.5 ft.  As discussed above, the estimated magnitude of settlement will occur as both 
recompression and virgin compression since the combination of existing vertical effective stress 
and estimated stress increase within the marine clay layer is greater than the maximum past 
pressure within the lower portions of the marine clay deposit.  As a result, we anticipate that 
some amount of post-construction settlement will occur without the use staged construction, 
lightweight fill and/or ground modification.   
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 Feasibility-Level Recommendation 
 

As noted above, global stability and settlement evaluations were only conducted in the vicinity 
of Pier 10 only.  Based on the stability and settlement evaluations summarized above, we do not 
consider replacement of the existing viaduct bridge superstructure in the vicinity of Pier 10 with 
a vertical-sided normal-weight earthfill embankment to be technically feasible without the use of 
ground modification or lightweight fill.   Additional feasibility-level recommendations for 
replacing other viaduct bridge spans between Pier 7 and Pier 14 are provided below and are 
based on inspection of the subsurface conditions encountered in the historic rod soundings and 
test borings.  We recommend that the feasibility-level recommendations summarized below be 
re-evaluated during the preliminary and/or final design phase(s) of the project. 
 

o Pier 7 to Pier 8 – replacement of viaduct bridge superstructure with normal weight 
earthfill is not considered technically feasible without the use of lightweight fill, 
staged construction or ground modification at this time. 

o Pier 8 to Pier 9 – replacement of viaduct bridge superstructure with normal weight 
earthfill is considered technically feasible at this time. 

o Pier 11 to Pier 13 – replacement of viaduct bridge superstructure with normal 
weight earthfill is not considered technically feasible without the use of lightweight 
fill, staged construction or ground modification at this time. 

o Pier 13 to Pier 14 – replacement of viaduct bridge superstructure with normal 
weight earthfill is considered technically feasible at this time. 

 
C. Pier 18 to Abutment 2 
 

 Global Stability 
 

Stability evaluations were conducted transverse to the existing viaduct bridge baseline 
immediately upstation (towards the river) of Pier 18 where, based on our review of historic 
bridge plans, maximum raises in grade would be anticipated.  In general, maximum raises in 
grade along this portion of the existing viaduct bridge alignment would vary from 
approximately 15 ft (Abutment 2) to 22 ft (Pier 18).  Please note that it is our opinion that 
conducting the stability evaluations transverse to the baseline at this location will result in a 
lower calculated factor of safety as compared to the longitudinal direction since the existing 
foundation piles supporting Piers 18 and 19, which provide additional resistance, are not 
considered. 

 
Organic and marine clay soils were modeled with the undrained shear strengths shown in 
Figure 3.  In addition, a 250 psf live load surcharge within the limits of U.S. Route 1 was 
included in the model. 

 
The calculated factor of safety for the condition summarized above is approximately 0.7.  The 
minimum required factor of safety as specified by both AASHTO LRFD and the MaineDOT 
Bridge Design Guide (BDG) for “embankments” under static conditions, which support 
structures is 1.5. 
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 Settlement 
 

As described above, the stress-strain or compressibility characteristics of marine clay deposits 
are highly dependent upon their stress history.  Based on the historic and recent laboratory test 
results, the maximum previous stress (i.e., maximum past pressure) within the marine clay 
deposit exceeds the existing vertical effective stress (1.0<OCR<3.5) as shown in Figure 3.  
The magnitude of stress increase within the marine clay deposit, as a result of the proposed fill 
placement, was estimated by assuming a maximum fill height equal to 22 ft with normal weight 
earthfill weighing 125 pounds per cubic foot (pcf).  Since the combination of existing vertical 
effective stress and the stress increase caused by fill placement will be greater than the 
maximum past pressure within the lower portions of the marine clay deposit, the magnitude of 
consolidation settlement will be a function of both the recompression ratio (RR) and the virgin 
compression ratio (CR) of the clay.   

 
Estimates of settlement were computed along the perimeter and within the “core” of the 
proposed fill area.  Estimates of the magnitude of ground surface settlement using normal 
weight earthfill range from approximately 9 in. at the corners up to 22 in. within the central 
portion of the fill area. 
 
As discussed above, the estimated magnitude of settlement will occur as both recompression 
and virgin compression since the combination of existing vertical effective stress and estimated 
stress increase within the marine clay layer is greater than the maximum past pressure within 
the lower portions of the marine clay deposit.  As a result, we anticipate that some amount of 
post-construction settlement will occur without the use staged construction, lightweight fill 
and/or ground modification.   
 
 Feasibility-Level Recommendation 

 
As a result of the stability and settlement evaluations summarized above, we do not consider 
replacement of the existing viaduct bridge superstructure between Pier 18 and Abutment 2 with 
a vertical-sided normal-weight earthfill embankment to be technically feasible without the use of 
ground modification or lightweight fill.    
 

CLOSURE 
 
We trust this information meets your present needs.  Please do not hesitate to contact us if you have any 
questions, comments or concerns related to information summarized in this report. 
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Sincerely yours, 
HALEY & ALDRICH, INC. 

 
Bryan C. Steinert, P.E.                                       
Senior Geotechnical Engineer 

 
Wayne A. Chadbourne, P.E. 
Lead Geotechnical Engineer/Vice President 
 
Enclosures: 
 Table I - Existing Abutment/Pier Footing Summary 
 Table II - Existing Abutment/Pier Pile Summary 
 Figure 1 - Project Locus 
 Figure 2 - Site and Subsurface Exploration Location Plan 
 Figure 3 – Compressibility and Shear Strength Data for Marine Silt/Clay 
 Appendix A - Test Boring Logs 
 Appendix B - Existing Rock Slope Rock Mass Data 
 Appendix C - Laboratory Test Results 
 Appendix D - Historic Bridge Plans 
 Appendix E - Calculations 
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TABLE I
EXISTING ABUTMENT/PIER FOOTING SUMMARY
ROUTE ONE VIADUCT BRIDGE REPLACEMENT
MAINEDOT WIN. 19273.00
BATH, MAINE

Abutment 1 37 11 3 36.1 35.2 0.9
Pier 1 13 10 3 34.3 37.6 ‐3.3
Pier 2 13 10 3 31.5 36.0 ‐4.5
Pier 3 13 10 3 29.1 28.1 1.0
Pier 4 13 10 3 26.3 29.1 ‐2.8
Pier 8 13 10 3 17.5 18.6 ‐1.1
Pier 9 13 10 3 15.5 15.1 0.4
Pier 13 13 10 3 9.7 10.3 ‐0.6
Pier 14 13 10 3 8.0 6.7 1.3

Notes:
1 ‐ See Figure 2 for the plan location of each substructure location.
2 ‐ Dimensions and elevations taken from historic bridge plans, sheet nos. 33, 36, 37 and 38 of 148, dated January 1957 and adjusted to NAVD 88 vertical datum;
     width (B) measured transverse to viaduct bridge alignment; length (L) measured parallel to viaduct bridge alignment.
3 ‐ Taken from referenced historic test boring logs.  Elevations at rod sounding locations were scaled from historic profile.  Elevations adjusted to NAVD 88 vertical datum.

Individual Date
Prepared By: BCS 4/17/2013
Checked By: EFW 7/2/2013

Reviewed By: WAC 9/6/2013

rock excavation/concrete fill required
rock excavation required
concrete fill required

rock excavation/concrete fill required
rock excavation required
rock excavation required
concrete fill required
rock excavation required
rock excavation required

Substructure 
Location1

Bottom of        
Footing          

Elevation2

Approx.          
Top of Bedrock 

Elevation3

Footing Dimensions2

Length             
(L, ft)

Width              
(B, ft)

Thickness           
(t, ft)

Vert. Distance 
Above/Below 
Bedrock (ft)

Construction Considerations

Haley Aldrich, Inc.
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TABLE II
EXISTING ABUTMENT/PIER PILE SUMMARY
ROUTE ONE VIADUCT BRIDGE REPLACEMENT
MAINEDOT WIN. 19273.00
BATH, MAINE

Pier 5 HP10x42 16 16 14 4.0 23.9 15 8.9 14.6
Pier 6 HP10x42 16 16 14 4.0 21.5 25 ‐3.5 4.4
Pier 7 HP10x42 16 16 14 4.0 19.5 30 ‐10.5 ‐2.1
Pier 10 HP10x42 16 16 14 4.0 14.0 20 ‐6.0 2.1
Pier 11 HP10x42 16 16 14 4.0 12.5 15 ‐2.5 7.1
Pier 12 HP10x42 16 16 14 4.0 10.8 25 ‐14.2 ‐8.2
Pier 15 HP10x42 16 16 14 4.0 6.0 25 ‐19.0 ‐12.9
Pier 16 HP10x42 16 16 14 4.0 4.1 35 ‐30.9 ‐13.2
Pier 17 HP10x42 16 16 14 4.0 3.4 50 ‐46.6 ‐17.2
Pier 18 HP10x42 16 16 14 4.0 2.5 55 ‐52.5 ‐49.9
Pier 19 HP10x42 16 16 14 4.0 3.3 40 ‐36.7 ‐14.9

Abutment 2 HP10x42 19 35.3 10 4.0 4.6 35 ‐30.4 ‐22.9
Notes:
1 ‐ See Figure 2 for the plan location of each substructure location.
2 ‐ Dimensions and elevations taken from historic bridge plans, sheet nos. 33, 36, 37 and 38 of 148, dated January 1957 and adjusted to NAVD 88 vertical datum;
     width (B) measured transverse to viaduct bridge alignment; length (L) measured parallel to viaduct bridge alignment.
3 ‐ Taken from historic bridge plans, sheet nos. 36‐38 of 148, dated January 1957.

Individual Date
Prepared By: BCS 4/17/2013
Checked By: EFW 7/2/2013
Reviewed By: WAC 9/6/2013

Substructure 
Location1

Pile Cutoff 
Elevation2

Pile Type3
Total No. of 

Piles3
Pile Cap Dimensions2 (ft)

Width           
(B, ft)

Length           
(L, ft)

Thickness        
(t, ft)

Estimated Pile 
Length3 (ft)

Estimated Pile 
Tip Elevation2

Approximate Top 
of Bedrock 
Elevation

Haley Aldrich, Inc.
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ROUTE 1 VIADUCT BRIDGE REHABILITATION 
MAINEDOT WIN 19273.00 
BATH, MAINE 
 
 
SITE AND SUBSURFACE EXPLORATION 
LOCATION PLAN 
 
 
SCALE: NOT TO SCALE 
SEPTEMBER 2013                                                         FIGURE 2

PIER 1 PIER 2 PIER 3 PIER 4 PIER 5 PIER 6 PIER 7 PIER 8 PIER 9 PIER 10 PIER 11ABUTMENT 1 ABUTMENT 2PIER 12 PIER 13 PIER 15 PIER 16 PIER 17 PIER 18 PIER 19

NOTES: 
 
1.  LOCATIONS OF TEST BORINGS ARE APPROXIMATE AND WERE DETERMINED BY TAPING/PACING 
     DISTANCES FROM EXISTING SITE FEATURES. 
 
2.  SUBSURFACE EXPLORATIONS WERE MONITORED IN THE FIELD BY HALEY & ALDRICH, INC. 
 
3.  REFER TO APPENDIX A FOR TEST BORING LOGS AND APPENDIX C FOR HISTORIC BRIDGE 
     DRAWINGS.

PIER 14

BB-BROV-103

BB-BROV-102

BB-BROV-101

BB-BROV-101 DESIGNATION AND APPROXIMATE LOCATION OF TEST BORING DRILLED BY 
MAINE TEST BORINGS OF HERMON, MAINE ON 26 AND 27 MARCH 2013



 
 
 

NOTES: PROPOSED ROUTE 1 VIADUCT BRIDGE REPLACEMENT

1. Typical soil profile and in-situ vane test results from test boring BB-BROV-103 and Boring 17. MAINEDOT WIN 19237.00

2. Compressibility data from laboratory incremental consolidation tests performed on specimens of marine clay trimmed from Shelby tube samples obtained from test borings BB-BROV-103, 19 and 21. BATH, MAINE

3. Design undrained shear strength profile developed by establishing a best-fit curve through in-situ vane shear test data shown.
4. Design preconsolidation pressure profile established using estimated values of preconsolidation pressure (Pp) from incremental consolidation tests. COMPRESSIBILITY AND SHEAR STRENGTH
5. RR = Recompression Ratio; CR = Virgin Compression Ratio; Po' = Existing Effective Overburden Pressure DATA FOR MARINE SILT/CLAY IN THE

VICINITY OF ABUTMENT 2

NOT TO SCALE

APRIL 2013 FIGURE 3
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Recent Test Boring Logs 
  



TERMS DESCRIBING
UNIFIED SOIL CLASSIFICATION SYSTEM DENSITY/CONSISTENCY

MAJOR DIVISIONS
GROUP 

SYMBOLS TYPICAL NAMES
Coarse-grained soils (more than half of material is larger than No. 200

COARSE- CLEAN GW Well-graded gravels, gravel- sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty,
GRAINED GRAVELS GRAVELS sand mixtures, little or no fines clayey or gravelly sands.  Consistency is rated according to standard

SOILS penetration resistance.
(little or no GP Poorly-graded gravels, gravel Modified Burmister System

fines) sand mixtures, little or no fines Descriptive Term Portion of Total  
trace 0% - 10%
little 11% - 20%

GRAVEL GM Silty gravels, gravel-sand-silt some 21% - 35%
WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
FINES

(Appreciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance  
amount of mixtures. Cohesionless Soils N-Value (blows per foot)  

fines) Very loose 0 - 4
Loose 5 - 10

CLEAN SW Well-graded sands, gravelly Medium Dense 11 - 30
SANDS SANDS sands, little or no fines Dense 31 - 50

Very Dense > 50
(little or no SP Poorly-graded sands, gravelly

fines) sand, little or no fines.
Fine-grained soils (more than half of material is smaller than No. 200

sieve): Includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
SANDS SM Silty sands, sand-silt mixtures or silty clays; and (3) clayey silts.  Consistency is rated according to shear
WITH strength as indicated.
FINES Approximate 

(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 WOP, <2
sands, rock flour, silty or clayey Soft 2 - 4 250 - 500 Thumb easily penetrates
fine sands, or clayey silts with Medium Stiff 5 - 8 500 - 1000 Thumb penetrates with

SILTS AND CLAYS slight plasticity. moderate effort
Stiff 9 - 15 1000 - 2000 Indented by thumb with

FINE- CL Inorganic clays of low to medium 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 
length of core advance 

*Minimum NQ rock core (1.88 in. OD of core)

MH Inorganic silts, micaceous or 
diatomaceous fine sandy or Correlation of RQD to Rock Mass Quality

SILTS AND CLAYS silty soils, elastic silts. Rock Mass Quality RQD
Very Poor <25%

CH Inorganic clays of high Poor 26% - 50%
plasticity, fat clays. Fair 51% -  75%

Good 76% - 90%
(liquid limit greater than 50) OH Organic clays of medium to Excellent 91% - 100%

high plasticity, organic silts Desired Rock Observations: (in this order)   
Color (Munsell color chart)  
Texture (aphanitic, fine-grained, etc.)  

HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorphic, etc.)  
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)  

Weathering (fresh, very slight, slight, moderate, mod. severe,  

Desired Soil Observations: (in this order)  severe, etc.) 
Color (Munsell color chart)   Geologic discontinuities/jointing:
Moisture (dry, damp, moist, wet, saturated)   -dip (horiz - 0-5, low angle - 5-35, mod. dipping -  
Density/Consistency (from above right hand side)               35-55, steep - 55-85, vertical - 85-90)    
Name (sand, silty sand, clay, etc., including portions - trace, little, etc.)   -spacing (very close - <5 cm, close - 5-30 cm, mod.
Gradation (well-graded, poorly-graded, uniform, etc.)       close 30-100 cm, wide - 1-3 m, very wide >3 m)
Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic)   -tightness (tight, open or healed)
Structure (layering, fractures, cracks, etc.)   -infilling (grain size, color, etc.)  
Bonding (well, moderately, loosely, etc., if applicable) Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)    
Cementation (weak, moderate, or strong, if applicable, ASTM D 2488)  RQD and correlation to rock mass quality (very poor, poor, etc.)  
Geologic Origin (till, marine clay, alluvium, etc.)       ref: AASHTO Standard Specification for Highway Bridges
Unified Soil Classification Designation       17th Ed. Table 4.4.8.1.2A
Groundwater level   Recovery  

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

0 - 250 Fist easily PenetratesVery Soft 
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0

5

10

15

20

25

30

1D

2D

3D

4D
V1A

R1

24/12

24/22

24/22

24/22

59/59

1.0 - 3.0

4.3 - 6.3

6.3 - 8.3

8.3 - 10.3

12.3 - 17.2

6/7/6/25

4/6/6/5

6/6/6/5

1/2/3/3
Su>1940 psf

RQD = 59%

13

12

12

5

 13

 12

 12

  5

1
SSA

4

13

42

26(2.0")

26.4

23.1

21.1

18.1

15.4
15.1

10.2

-BITUMINOUS CONCRETE-

1.0
Brown, dry, medium dense, medium to fine SAND, little coarse sand,
trace silt, little gravel
-FILL-(SW)
Note:  Probable cobble from approximately 3.0 to 4.3 ft.

4.3
Brown-gray, dry to moist, stiff mottled SILT, trace fine sand
-MARINE DEPOSIT-(ML)

6.3
Brown-gray, moist, stiff, silty CLAY
-MARINE DEPOSIT-(CL)

Brown, moist, medium stiff, silty CLAY with sand layers
55x110 mm vane raw torque reading:
V1A:  >500 in/lbs

9.3
Brown, clayey, medium to fine SAND, little coarse sand, little gravel
-GLACIAL TILL-(SC/SM)

12.0
-WEATHERED BEDROCK-

12.3
Top of Bedrock at El. 15.1
Gray, medium to fine-grained chlorite, biotite, SCHIST with frequent
quartz and pegmatitic intrusions.  Moderately hard, slightly weathered
with occasional moderately weathered joints, low angle to moderately
dipping, one steep secondary joint, very close to close, tight to open
Rock Mass Quality=Fair
-CAPE ELIZABETH FORMATION-
Recovery=100%
R1 Core Times (min:sec):  12.3-13.3' (1:45); 13.3-14.3' (2:33);
14.3-15.3' (1:53); 15.3-16.3' (2:26); 16.3-17.2' (3:04)

17.2
Bottom of Exploration at 17.2 feet below ground surface.

GTX#300397
qp=2,321 psi

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-101

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 27.4 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: NW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-26-13/3-26-13 Drilling Method: NW Core Barrel: NQ-1.875 in.

Boring Location: E1131000, N393314 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: 11.8

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  qp=unconfined compressive strength; psf=pounds per square foot; psi=pounds per square inch.

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. Boring No.: BB-BROV-101
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0

5

10

15

20

25

30

1D

2D

3D

4D

5D

R1

24/6

24/14

24/22

24/20

20/2

62/62

0.5 - 2.5

2.5 - 4.5

4.5 - 6.5

6.5 - 8.5

8.5 - 10.2

10.7 - 15.9

18/16/7/6

5/10/11/16

9/10/10/10

13/14/20/21

9/16/28/40(3.0")

RQD = 85%

23

21

20

34

44

 23

 21

 20

 34

 44

SSA 16.8

14.7

7.2

6.5

1.3

-BITUMINOUS CONCRETE-
0.4

Brown, dry, medium dense, fine to medium SAND, some coarse sand,
trace silt, little gravel
-FILL-(SW)

2.5
Brown-gray, dry, very stiff, mottled clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Brown-gray, dry, very stiff, mottled clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Brown-gray, dry to moist, hard, clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Note:  Recovered 2-in. brown, dry, dense, weathered rock.

10.0
-WEATHERED BEDROCK-

10.7
Top of Bedrock at El. 6.5
Tan-white-gray, medium to fine-grained GNEISS.  Moderately hard,
slightly weathered, joints low angle to moderately dipping, few steep
secondary joints, very close to moderately close, tight to open,
occasional silt coatings on joint surfaces.
Rock Mass Quality=Good
-CAPE ELIZABETH FORMATION-
Recovery=100%
R1 Core Times (min:sec):  10.7-11.7' (2:08); 11.7-12.7' (1:08);
12.7-13.7' (1:19); 13.7-14.7' (1:31); 14.7-15.9' (1:00)

15.9
Bottom of Exploration at 15.9 feet below ground surface.

GTX#300397
qp=1,522 psi

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-102

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 17.2 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-26-13/3-26-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131318, N393408 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  qp=unconfined compressive strength; psf=pounds per square foot; psi=pounds per square inch.

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. Boring No.: BB-BROV-102
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0

5

10

15

20

25

30

1D

2D

3D

4D

5D

6D

7D

8D

9D

10D
V1A

U1

V2A

V2B

11D

V3A

V3B

24/12

24/10

24/24

24/24

24/24

24/24

24/12

24/24

24/18

24/24

24/24

0.5 - 2.5

2.5 - 4.5

4.5 - 6.5

6.5 - 8.5

8.5 - 10.5

10.5 - 12.5

12.5 - 14.5

15.0 - 17.0

17.0 - 19.0

19.0 - 21.0
19.6 - 20.0

21.0 - 23.0

23.6 - 24.0

24.6 - 25.0

25.0 - 27.0

28.6 - 29.0

29.6 - 30.0

6/20/30/6

3/2/2/1

1/1/1/1

2/2/3/5

3/5/7/8

13/12/14/12

4/5/6/7

3/4/5/4

1/2/2/2

WOH/WOH/WOH/
WOH

Su=855/20 psf

Su=700/95 psf

Su=640/115 psf

WOR/WOR/WOR/
WOR

Su=580/80 psf

Su=580/80 psf

50

4

2

5

12

26

13

9

4

 50
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  5

 12

 26

 13

  9

  4

SSA

36

35

34

43

49

45

43

40

38

40

51

45

39

40

34

44

40

27

19

13

7.7

4.8

-0.7

-9.2

-BITUMINOUS CONCRETE-
0.1

Brown, dry, dense, medium to fine SAND, little coarse sand, little
gravel, trace silt
-FILL-(SW)

3.0
Dark brown, moist, soft, SILT, little organics (woody/fibrous), trace
fine sand
-ORGANIC DEPOSIT-(ML)
Dark brown, moist, soft, SILT with organics, trace fine sand
-ORGANIC DEPOSIT-(ML)

Dark brown, moist, medium stiff, SILT with organics (fibrous), trace
fine sand
-ORGANIC DEPOSIT-(ML)

8.5
Brown-gray, moist, stiff, mottled clayey SILT with organics (fibrous)
-MARINE DEPOSIT-(ML)

Brown-gray, moist, very stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

Note:  Attempted field vane shear test at 12.0 ft, could not push.
Brown-gray, moist to wet, stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

Brown-gray, moist to wet, stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

17.0
Gray, moist to wet, medium stiff, silty CLAY (CL)
-MARINE DEPOSIT-(CL)

Gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)
55x110 mm vane raw torque readings:
V1A:  220/6 in-lbs

55x110 mm vane raw torque readings:
V2A:  178/26 in-lbs
V2B:  165/30 in-lbs
Dark gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V3A:  150/21 in-lbs

C#IP-1
WC=41.9%

LL=41
PL=19, PI=22

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-103

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 7.8 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-27-13/3-27-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131808, N393523 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  psf = pounds per square foot.

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. Boring No.: BB-BROV-103

D
e

p
th

 (
ft

.)

S
a

m
p

le
 N

o
.

Sample Information

P
e

n
./

R
e

c
. 

(i
n

.)

S
a

m
p

le
 D

e
p

th
(f

t.
)

B
lo

w
s
 (

/6
 i
n

.)
S

h
e

a
r

S
tr

e
n

g
th

(p
s
f)

o
r 

R
Q

D
 (

%
)

N
-u

n
c
o

rr
e

c
te

d

N
6
0

C
a

s
in

g
 

B
lo

w
s

E
le

v
a

ti
o

n
(f

t.
)

G
ra

p
h

ic
 L

o
g

Visual Description and Remarks

Laboratory
Testing 
Results/

AASHTO 
and 

Unified Class.

Page 1 of 2



30

35

40

45

50

55

60

U2

V4A

V4B

12D

V5A

V5B

U3

V6A

V6B

13D
R1

24/24

0/0
60/60

30.0 - 32.0

32.6 - 33.0

33.6 - 34.0

35.0 - 37.0

38.6 - 39.0

39.6 - 40.0

41.0 - 43.0

43.6 - 44.0

44.6 - 45.0

49.0 - 49.0
49.0 - 54.0

Su=600/40 psf

Su=660/115 psf

WOR/WOR/WOR/
WOR

Su=505/135 psf

Su=485/40 psf

Su=525/115 psf

Su=580/135 psf

50(0")
RQD = 52%

27

19

19

21

24

23

25

22

25

27

30

30

25

30

35

41

41

51

70

-39.0

-41.2

-46.2

V3B:  150/20 in-lbs
Gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V4A:  154/12 in-lbs
V4B:  170/32 in-lbs

Dark gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V5A:  130/34 in-lbs
V5B:  127/11 in-lbs

Gray, wet, soft to medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V6A:  137/31 in-lbs
V6B:  150/33 in-lbs

46.8
Note:  Sand and gravel observed in wash water at approximately
46.8 ft.
-PROBABLE GLACIAL TILL-

49.0
Top of Bedrock at El.-41.2
Gray, black and white, coarse to medium-grained pegmatitic SCHIST.
Moderately hard, fresh to slightly weathered, joints low angle to
moderately dipping, very close to close, tight to open, occasional
weathered joint surfaces and silt coatings.
Rock Mass Quality=Fair
Recovery=100%
R1 Core Times (min:sec):
49.0-50.0' (2:25); 50.0-51.0' (3:25); 51.0-52.0' (1:58);
52.0-53.0' (2:00); 53.0-54.0' (2:08)

54.0
Bottom of Exploration at 54.0 feet below ground surface.

C#IP-3
WC=47.7%

LL=38
PL=19, PI=19

C#IP-2
WC=40.6%

LL=37
PL=19, PI=18

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-103

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 7.8 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-27-13/3-27-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131808, N393523 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  psf = pounds per square foot.

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. Boring No.: BB-BROV-103
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38751-030 -Route 1 Viaduct Bridge Rehabilitation - Bath Me. 4 April 2013

04/04/13 - 1 04/04/13 - 2

04/04/13 - 3 04/04/13 - 4

Western end of the existing rock slope, looking north. Near the western end of the existing rock slope, looking north.

Central portion of the existing rock slope, looking northeast. Central portion of the existing rock slope, looking northeast.

Haley Aldrich, Inc.
G:\PROJECTS\38751 - MaineDOT Multi-PIN Support\030 - Sagadahoc Bridge Viaduct\Preliminary Design Report\Appendix C - Rock Mass Data\2013_0518_HAI_11086 GT WFR09 Photo Summary.xlsx Page 1 of 2



38751-030 -Route 1 Viaduct Bridge Rehabilitation - Bath Me. 4 April 2013

04/04/13 - 5 04/04/13 - 6

04/04/13 - 7 04/04/13 - 8

Near the eastern end of the existing rock slope, looking northeast. Eastern end of the existing rock slope, looking northeast.

Eastern half of the existing rock slope, looking northwest. View along the existing rock slope near the eastern end, looking west.

Haley Aldrich, Inc.
G:\PROJECTS\38751 - MaineDOT Multi-PIN Support\030 - Sagadahoc Bridge Viaduct\Preliminary Design Report\Appendix C - Rock Mass Data\2013_0518_HAI_11086 GT WFR09 Photo Summary.xlsx Page 2 of 2
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Historic Consolidation Test Results 
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OBJECTIVE:

Evaluate bearing resistance for existing bridge abutments/piers bearing on bedrock in accordance with AASHTO LRFD and the
MaineDOT Bridge Design Guide (BDG).

REFERENCES:

1 AASHTO LRFD Bridge Design Specifications 6th Edition 2012.
2 MaineDOT Bridge Design Guide 2003, with Interim Revisions through August 2008.
3 Report entitled, "Subsurface Investigations For Carlton Bridge and West Approach in Bath, Maine," prepared by the State

Highway Commission Soils Division, dated April 1957.
4 Historic bridge plans entitled, "Carlton Bridge Widening and West Approach between Bath & Woolwich, Sagadahoc County,

Maine," Sheet Nos. 36 through 39 of 148, prepared by the State Highway Commission Bridge Division, dated January 1957.

SUMMARY OF EXISTING BRIDGE STRUCTURE:

Based on review of historic information provided by MaineDOT (references 3 and 4), the existing viaduct bridge is supported
on two abutments and 19 piers.  Select abutments/piers are supported on spread footings.

SUMMARY OF BEDROCK DATA:

BEDROCK CORE DATA:

LABORATORY TEST DATA:

BEDROCK DESCRIPTION:

Moderately hard, slightly weathered, medium to fine-grained chlorite/biotite SCHIST with frequent quartz and pegmatite
intrusions.  Primary joints dipping at low to moderate angles, one steep secondary joint, occasional moderately weathered
joints, very close to closely spaced, tight to open.

Moderately hard, slightly weathered, medium to fine-grained GNEISS.  Primary joints dipping at low to moderate angles,
few steep secondary joints, very close to moderately closely spaced, tight to open with occasional silt coatings on joint
surfaces.

For additional details refer to test boring logs.

54.0

14.4 1,522 173

Rock Core 
Length (ft)

4.9

5.0

Recovery RQD
in. % in. %

Bottom Depth   
(ft, BGS)

59 100%

BB-BROV-102 R1 14.0

Test Boring No.

BB-BROV-101
BB-BROV-102
BB-BROV-103

R1

R1

Top Depth     
(ft, BGS)

Sample No.

12.3

49.0

Subject Abutment/Pier Footing Bearing Resistance Evaluation Checked By EFW

Client Maine Department of Transportation Date 4/8/2013

Project Route 1 Viaduct Bridge Replacement - Bath, Maine Computed By BCS

CALCULATIONS File No.

Sheet 1 3

38751-030

59%
R1 10.7 15.9 5.2 62 100% 53 85%

17.2 35

60 100% 31 52%

BB-BROV-101 R1 14.6 15.0 2,321 174

Test Boring No. Sample No.
Top Depth     
(ft, BGS)

Bulk Density         
(pcf)

Peak Compressive 
Stress (psi)

Bottom Depth   
(ft, BGS)
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BEARING RESISTANCE EVALUATION:

SERVICE LIMIT STATE:

Determine service limit state bearing resistance based on presumptive values provided in Table C10.6.2.6.1-1 (attached).

For foliated metamorphic rock (schist) values range from 60 to 80 kips per square foot (ksf).

For service limit state design use 60 ksf (low end of range).

STRENGTH LIMIT STATE:

Calculate upper and lower bound nominal bearing resistance for spread footings bearing on bedrock in accordance with
Section 10.8.3.5.4c.

Intact/Tightly Jointed Rock: upper bound value

qp = 2.5 x qu (Eqn. 10.8.3.5.4c-1)

Where: qu = unconfined compressive strengh of rock (ksf)

From previous page, 1.522 ksi < qu < 2.321 ksi…… average = ksf

qu = ksf

qp = ksf

Jointed Rock: lower bound solution

qp = ((s)1/2 + (m(s)1/2 + s)1/2) x qu (Eqn. 10.8.3.5.4c-2)

Where: s,m = fractured rock mass parameters specified in Table 10.4.6.4-4.

parameters s and m are a function of rock quality as determined use the Rock Mass Rating (RMR) system.
Determine rock quality in accordance with Tables 10.4.6.4-1 and 10.4.6.4-2 (see attached spreadsheet summary).

For SCHIST and GNEISS bedrock assume Rock Types B and E, respectively.  Say Rock Type B is predominant….

38751-020

Subject Abutment/Pier Footing Bearing Resistance Evaluation

CALCULATIONS File No.

Sheet 2 3

Checked By EFW

Client Maine Department of Transportation Date 4/8/2013

Computed By BCSProject Route 1 Viaduct Bridge Replacement - Bath, Maine

277

692

277

BB-BROV-101 R1
BB-BROV-102 R1

59 31
85 50

Test Boring No. Sample No. RMR
Recovery 

(%)
RQD       
(%)

52 31BB-BROV-103 R1

100%
100%
100%
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BEARING RESISTANCE EVALUATION: (CONT.)

STRENGTH LIMIT STATE: (CONT.)

Jointed Rock: lower bound solution

Calculate rock mass constants (m and s) directly from Eqns. 18 and 19 (Hoek and Brown, 1988)

m / mi = e^((RMR-100/14))…. m = mi x e^((RMR-100)/14)

s = e^((RMR-100)/6))

For Rock Type B and intact rock from Table 1 (Hoek and Brown, 1988)….. mi =

Calculate m for RMR = (average of 31 and 50)

m =

s =

qp = ((s)1/2 + (m(s)1/2 + s)1/2) x qu (Eqn. 10.8.3.5.4c-2)

qp = ksf

Based on review of rock core samples, rock more closely resembles "jointed rock" condition.  However, the  
calculated nominal bearing resistance appears low based on experience.  Compare to the presumptive summarized
previously.  Calculate average of presumptive value and nominal value for "jointed rock"….

Calculate average nominal bearing resistance = ksf

Resistance factor for bearing resistance of footings on rock,  =

Calculate factored bearing resistance = ksf

Recommend abutment footings bearing on bedrock be designed based on a factored bearing resistance
(Strength Limit State) equal to 20 ksf.

EXTREME EVENT LIMIT STATE:

Recommend abutment footings bearing on bedrock be designed based on a factored bearing resistance
(Extreme Event Limit State) equal to 44 ksf.

0.000054

10

41

0.15

0.45

41.4

18.6

Subject Abutment/Pier Footing Bearing Resistance Evaluation Checked By EFW

Client Maine Department of Transportation Date 4/8/2013

Project Route 1 Viaduct Bridge Replacement - Bath, Maine Computed By BCS

CALCULATIONS File No.

Sheet 3 3

38751-020

11.4



Reference Elev. x G/S Core Barrel Type NQ

□ Mudline Diam. 2

Project Datum NAVD 88
1 of 1

Project Name Drilling Contractor page page

Project Location Drill Rig Type File Number

Client Haley & Aldrich Rep. Date

Core 
Run ID From To From To

Est. 
Strength

RMR 
Rating In. % In. %

RMR 
Rating 1° Set 2° Set

RMR 
Rating 1° Set 2° Set

RMR 
Rating

Joint 
Adjust.

R1 12.3 17.2 15.1 10.2 334 2 59 100% 34 58% 13 2 in 12 in 10 6 -7 7 31

R1 10.7 15.9 6.5 1.3 219 2 62 100% 53 85% 17 2 in 39 in 25 6 -7 7 50

R1 49.0 54.0 -41.2 -46.2 277 2 60 100% 31 52% 13 2 in 12 in 10 6 -7 7 31

Strength of Intact Rock Mass Drill Core Quality from RQD

UCS Range of Values RMR Rating RQD RMR Rating General Groundwater Conditions RMR Rating

>4320 ksf >30,000 psi 15 100% - 90% 20 1. ▪Very rough surfaces 25 Completely dry 10
2160 - 4320 ksf 15,000 - 30,000 psi 12 90% - 75% 17     ▪Not continuous Moist only or interstitial water 7
1080 - 2160 ksf 7,500 - 15,000 psi 7 75% - 50% 13     ▪No separation (tight) Water under moderate pressure 4
520 - 1080 ksf 3,611 - 7,500 psi 4 50% - 25% 8     ▪Hard wall rock in joint Severe water flow/infiltration/problems 0
215 - 520 ksf 1,495 - 3,611 psi 2 <25% 3 2. ▪Slightly rough surfaces 20
70 - 215 ksf 486 - 1,495 psi 1     ▪Opening/separation <0.05 in.
20 - 70 ksf 138 - 486 psi 0     ▪Hard joint wall rock

3. ▪Slighty rough surfaces 12
Approximate Rock Strength Field Guidelines     ▪Opening/separation <0.05 in. Adjustment for Joint Orientation (foundations only)

    ▪Soft joint wall rock RMR Rating

Extremely weak rock 36 - 145 psi Indents by thumbnail (stiff fault gouge) > 10 ft 30 4. ▪Slickensided surfaces or 6 Very Favorable 0
Very weak rock 145 - 725 psi Crumbles under firm blow with pick point 3 ft - 10 ft 25     ▪Gouge <0.2 in. thick or Favorable -2
Weak rock 725 - 3,625 psi Shallow indentations with firm blow of pick 1 ft - 3 ft 20     ▪Joints open 0.05 - 0.2 in. Fair -7
Medium strong rock 3,625 - 7,250 psi Specimen fractured with single firm blow 2 in. - 1 ft 10     ▪Continuous joints Unfavorable -15
Strong rock 7,250 - 14,500 psi Specimen requires more than one blow to fracture < 2 in. 5 5. ▪Soft gouge >0.2 in. thick or 0 Very Unfavorable -25
Very strong rock 14,500 - 36,250 psi Specimen requires many blows to fracture     ▪Joints open >0.2 in.
Extremely. strong rock > 36,250 psi Specimen can only be chipped with geological pick     ▪Continuous joints

Instructions: 1. Record data from individual rock core runs.  Using RMR criteria, enter RMR Ratings for each evaluation category (Strength, RQD, Joints, groundwater, etc.). 
2. Sum all RMR Ratings from shaded boxes into right hand column.   Value should be between 0 - 100. BB-BROV-101,102,103BORING NO:

Condition of Joints RMR Rating

Joint 
Spacing

RMR 
Rating

BB-BROV-102 Gneiss

BB-BROV-103 Schist

BB-BROV-101 Schist

38751-030

Maine Department of Transportation Marleigh Snow 4/19/2013

Boring Number

Depth (ft) Elev. (ft) Strength of Rock Mass Recovery RQD Joint Spacing Joint Condition
GW 

Rating

RMR 
Rating 
SumRock Type

Rock Mass Rating Field Data Sheet

AASHTO Geomechanics Classification of Rock Masses from Rock 
Core Recovery, for use with LRFD Design

Route 1 Viaduct Bridge Replacement Maine Test Borings

Bath, Maine Mobile Drill B-53 Truck-Mounted Drill Rig

Haley & Aldrich, Inc.
G:\PROJECTS\38751 - MaineDOT Multi-PIN Support\030 - Sagadahoc Bridge Viaduct\Evaluations\2012_1003_HAI_18234 Bearing Resistance.xlsx2012_1003_HAI_18234 Bearing Resistance.xlsx





0

5

10

15

20

25

30

1D

2D

3D

4D
V1A

R1

24/12

24/22

24/22

24/22

59/59

1.0 - 3.0

4.3 - 6.3

6.3 - 8.3

8.3 - 10.3

12.3 - 17.2

6/7/6/25

4/6/6/5

6/6/6/5

1/2/3/3
Su>1940 psf

RQD = 59%

13

12

12

5

 13

 12

 12

  5

1
SSA

4

13

42

26(2.0")

26.4

23.1

21.1

18.1

15.4
15.1

10.2

-BITUMINOUS CONCRETE-

1.0
Brown, dry, medium dense, medium to fine SAND, little coarse sand,
trace silt, little gravel
-FILL-(SW)
Note:  Probable cobble from approximately 3.0 to 4.3 ft.

4.3
Brown-gray, dry to moist, stiff mottled SILT, trace fine sand
-MARINE DEPOSIT-(ML)

6.3
Brown-gray, moist, stiff, silty CLAY
-MARINE DEPOSIT-(CL)

Brown, moist, medium stiff, silty CLAY with sand layers
55x110 mm vane raw torque reading:
V1A:  >500 in/lbs

9.3
Brown, clayey, medium to fine SAND, little coarse sand, little gravel
-GLACIAL TILL-(SC/SM)

12.0
-WEATHERED BEDROCK-

12.3
Top of Bedrock at El. 15.1
Gray, medium to fine-grained chlorite, biotite, SCHIST with frequent
quartz and pegmatitic intrusions.  Moderately hard, slightly weathered
with occasional moderately weathered joints, low angle to moderately
dipping, one steep secondary joint, very close to close, tight to open
Rock Mass Quality=Fair
-CAPE ELIZABETH FORMATION-
Recovery=100%
R1 Core Times (min:sec):  12.3-13.3' (1:45); 13.3-14.3' (2:33);
14.3-15.3' (1:53); 15.3-16.3' (2:26); 16.3-17.2' (3:04)

17.2
Bottom of Exploration at 17.2 feet below ground surface.

GTX#300397
qp=2,321 psi

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-101

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 27.4 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: NW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-26-13/3-26-13 Drilling Method: NW Core Barrel: NQ-1.875 in.

Boring Location: E1131000, N393314 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: 11.8

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  qp=unconfined compressive strength; psf=pounds per square foot; psi=pounds per square inch.

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. Boring No.: BB-BROV-101
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0

5

10

15

20

25

30

1D

2D

3D

4D

5D

R1

24/6

24/14

24/22

24/20

20/2

62/62

0.5 - 2.5

2.5 - 4.5

4.5 - 6.5

6.5 - 8.5

8.5 - 10.2

10.7 - 15.9

18/16/7/6

5/10/11/16

9/10/10/10

13/14/20/21

9/16/28/40(3.0")

RQD = 85%

23

21

20

34

44

 23

 21

 20

 34

 44

SSA 16.8

14.7

7.2

6.5

1.3

-BITUMINOUS CONCRETE-
0.4

Brown, dry, medium dense, fine to medium SAND, some coarse sand,
trace silt, little gravel
-FILL-(SW)

2.5
Brown-gray, dry, very stiff, mottled clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Brown-gray, dry, very stiff, mottled clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Brown-gray, dry to moist, hard, clayey SILT, trace fine sand
-MARINE DEPOSIT-(ML)

Note:  Recovered 2-in. brown, dry, dense, weathered rock.

10.0
-WEATHERED BEDROCK-

10.7
Top of Bedrock at El. 6.5
Tan-white-gray, medium to fine-grained GNEISS.  Moderately hard,
slightly weathered, joints low angle to moderately dipping, few steep
secondary joints, very close to moderately close, tight to open,
occasional silt coatings on joint surfaces.
Rock Mass Quality=Good
-CAPE ELIZABETH FORMATION-
Recovery=100%
R1 Core Times (min:sec):  10.7-11.7' (2:08); 11.7-12.7' (1:08);
12.7-13.7' (1:19); 13.7-14.7' (1:31); 14.7-15.9' (1:00)

15.9
Bottom of Exploration at 15.9 feet below ground surface.

GTX#300397
qp=1,522 psi

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-102

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 17.2 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-26-13/3-26-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131318, N393408 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  qp=unconfined compressive strength; psf=pounds per square foot; psi=pounds per square inch.

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. Boring No.: BB-BROV-102
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0

5

10

15

20

25

30

1D

2D

3D

4D

5D

6D

7D

8D

9D

10D
V1A

U1

V2A

V2B

11D

V3A

V3B

24/12

24/10

24/24

24/24

24/24

24/24

24/12

24/24

24/18

24/24

24/24

0.5 - 2.5

2.5 - 4.5

4.5 - 6.5

6.5 - 8.5

8.5 - 10.5

10.5 - 12.5

12.5 - 14.5

15.0 - 17.0

17.0 - 19.0

19.0 - 21.0
19.6 - 20.0

21.0 - 23.0

23.6 - 24.0

24.6 - 25.0

25.0 - 27.0

28.6 - 29.0

29.6 - 30.0

6/20/30/6

3/2/2/1

1/1/1/1

2/2/3/5

3/5/7/8

13/12/14/12

4/5/6/7

3/4/5/4

1/2/2/2

WOH/WOH/WOH/
WOH

Su=855/20 psf

Su=700/95 psf

Su=640/115 psf

WOR/WOR/WOR/
WOR

Su=580/80 psf

Su=580/80 psf

50

4

2

5

12

26

13

9

4

 50

  4

  2

  5

 12

 26

 13

  9

  4

SSA

36

35

34

43

49

45

43

40

38

40

51

45

39

40

34

44

40

27

19

13

7.7

4.8

-0.7

-9.2

-BITUMINOUS CONCRETE-
0.1

Brown, dry, dense, medium to fine SAND, little coarse sand, little
gravel, trace silt
-FILL-(SW)

3.0
Dark brown, moist, soft, SILT, little organics (woody/fibrous), trace
fine sand
-ORGANIC DEPOSIT-(ML)
Dark brown, moist, soft, SILT with organics, trace fine sand
-ORGANIC DEPOSIT-(ML)

Dark brown, moist, medium stiff, SILT with organics (fibrous), trace
fine sand
-ORGANIC DEPOSIT-(ML)

8.5
Brown-gray, moist, stiff, mottled clayey SILT with organics (fibrous)
-MARINE DEPOSIT-(ML)

Brown-gray, moist, very stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

Note:  Attempted field vane shear test at 12.0 ft, could not push.
Brown-gray, moist to wet, stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

Brown-gray, moist to wet, stiff, mottled clayey SILT to silty CLAY
-MARINE DEPOSIT-(ML/CL)

17.0
Gray, moist to wet, medium stiff, silty CLAY (CL)
-MARINE DEPOSIT-(CL)

Gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)
55x110 mm vane raw torque readings:
V1A:  220/6 in-lbs

55x110 mm vane raw torque readings:
V2A:  178/26 in-lbs
V2B:  165/30 in-lbs
Dark gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V3A:  150/21 in-lbs

C#IP-1
WC=41.9%

LL=41
PL=19, PI=22

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-103

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 7.8 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-27-13/3-27-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131808, N393523 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  psf = pounds per square foot.

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. Boring No.: BB-BROV-103
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30

35

40

45

50

55

60

U2

V4A

V4B

12D

V5A

V5B

U3

V6A

V6B

13D
R1

24/24

0/0
60/60

30.0 - 32.0

32.6 - 33.0

33.6 - 34.0

35.0 - 37.0

38.6 - 39.0

39.6 - 40.0

41.0 - 43.0

43.6 - 44.0

44.6 - 45.0

49.0 - 49.0
49.0 - 54.0

Su=600/40 psf

Su=660/115 psf

WOR/WOR/WOR/
WOR

Su=505/135 psf

Su=485/40 psf

Su=525/115 psf

Su=580/135 psf

50(0")
RQD = 52%

27

19

19

21

24

23

25

22

25

27

30

30

25

30

35

41

41

51

70

-39.0

-41.2

-46.2

V3B:  150/20 in-lbs
Gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V4A:  154/12 in-lbs
V4B:  170/32 in-lbs

Dark gray, wet, medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V5A:  130/34 in-lbs
V5B:  127/11 in-lbs

Gray, wet, soft to medium stiff, silty CLAY
-MARINE DEPOSIT-(CL)

55x110 mm vane raw torque readings:
V6A:  137/31 in-lbs
V6B:  150/33 in-lbs

46.8
Note:  Sand and gravel observed in wash water at approximately
46.8 ft.
-PROBABLE GLACIAL TILL-

49.0
Top of Bedrock at El.-41.2
Gray, black and white, coarse to medium-grained pegmatitic SCHIST.
Moderately hard, fresh to slightly weathered, joints low angle to
moderately dipping, very close to close, tight to open, occasional
weathered joint surfaces and silt coatings.
Rock Mass Quality=Fair
Recovery=100%
R1 Core Times (min:sec):
49.0-50.0' (2:25); 50.0-51.0' (3:25); 51.0-52.0' (1:58);
52.0-53.0' (2:00); 53.0-54.0' (2:08)

54.0
Bottom of Exploration at 54.0 feet below ground surface.

C#IP-3
WC=47.7%

LL=38
PL=19, PI=19

C#IP-2
WC=40.6%

LL=37
PL=19, PI=18

Maine Department of Transportation Project: U.S. Route 1 Viaduct Bridge Replacement Boring No.: BB-BROV-103

Soil/Rock Exploration Log
Location: Bath, Maine

US CUSTOMARY UNITS PIN: 19273.00

Driller: Maine Test Borings Elevation (ft.) 7.8 Auger ID/OD: --

Operator: M. Porter Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile Drill B-53 Truck Hammer Wt./Fall: HW-300#/24 in.-SS 140#/30 in.

Date Start/Finish: 3-27-13/3-27-13 Drilling Method: HW Core Barrel: NQ-1.875 in.

Boring Location: E1131808, N393523 (See Plan) Casing ID/OD: HW-4.0 in. ID Water Level*: 14.2

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = 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 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 WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

1.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD83 (96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  psf = pounds per square foot.

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. Boring No.: BB-BROV-103
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Existing Foundation 
Evaluations 

  





 

 

Settlement and Stability 
Evaluations 

  



1.71.7

 250.00 lbs/ft2

1.71.7

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Cohesion
Type

Water
Surface Ru

Abutment/Pier Concrete 150 Infinite strength None 0

Bedrock 170 Infinite strength None 0

Proposed Embankmnet Fill 125 Mohr‐Coulomb 0 32 None 0

Exis ng Fill 118 Mohr‐Coulomb 0 28 None 0

Marine Clay 120 Undrained 1000 Constant None 0

Marine Sand 120 Mohr‐Coulomb 0 30 None 0

Safety Factor
0.0
0.3
0.5
0.8
1.0
1.3
1.5
1.8
2.0
2.3
2.5
2.8
3.0
3.3
3.5
3.8
4.0
4.3
4.5
4.8
5.0
5.3
5.5
5.8
6.0+

15
0

10
0

50
0

38850 38900 38950 39000 39050 39100 3915

Analysis Description Span 1-5 Infill Parallel to Baseline
Company Haley & Aldrich, Inc.Scale 1:406Drawn By Bryan C. Steinert, P.E.
File Name 2013_0423_HAI_Abutment 1 Longitudinal_Pier 5.slimDate 4/23/2013, 9:33:14 AM

Project

Route 1 Viaduct Bridge Replacement

SLIDEINTERPRET 6.024



1.31.3

 250.00 lbs/ft2 250.00 lbs/ft2

1.31.3

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Cohesion
Type

Water
Surface Ru

Abutment/Pier Concrete 150 Infinite strength None 0

Bedrock 170 Infinite strength None 0

Proposed Embankmnet Fill 125 Mohr‐Coulomb 0 32 None 0

Exis ng Fill 118 Mohr‐Coulomb 0 28 None 0

Marine Clay 120 Undrained 1000 Constant None 0

Marine Sand 120 Mohr‐Coulomb 0 30 None 0

Safety Factor
0.0
0.3
0.5
0.8
1.0
1.3
1.5
1.8
2.0
2.3
2.5
2.8
3.0
3.3
3.5
3.8
4.0
4.3
4.5
4.8
5.0
5.3
5.5
5.8
6.0+

15
0

10
0

50
0

38850 38900 38950 39000 39050 39100 39150

Analysis Description Span 1-5 Infill Parallel to Baseline
Company Haley & Aldrich, Inc.Scale 1:406Drawn By Bryan C. Steinert, P.E.
File Name 2013_0423_HAI_Abutment 1 Longitudinal_Pier 6.slimDate 4/23/2013, 9:33:14 AM

Project

Route 1 Viaduct Bridge Replacement

SLIDEINTERPRET 6.024



1.01.0

W

 250.00 lbs/ft2

1.01.0

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Cohesion
Type Water Surface Hu Type Ru

MSE Embankment 125 Mohr‐Coulomb 0 32 Water Surface Constant

Exis ng Fill 118 Mohr‐Coulomb 0 28 Water Surface Constant

Organic Deposit 112 Undrained 500 Constant None 0

Marine Clay 1 120 Undrained 1000 Constant None 0

Marine Clay 2 115 Undrained 500 Constant None 0

G:\PROJECTS\38751 - MaineDOT Multi-PIN Support\030 - Sagadahoc Bridge Viaduct\Evaluations\2013_0423_Pier 18 Span 19 Transverse.slim

Safety Factor
0.0
0.3
0.5
0.8
1.0
1.3
1.5
1.8
2.0
2.3
2.5
2.8
3.0
3.3
3.5
3.8
4.0
4.3
4.5
4.8
5.0
5.3
5.5
5.8
6.0+

10
0

50
0

-5
0

-100 -50 0 50 100 150 20

Analysis Description Span 19/20 Infill Transverse to Baseline
Company Haley & Aldrich, Inc.Scale 1:377Drawn By Bryan C. Steinert, P.E.
File Name 2013_0423_Pier 18 Span 19 Transverse.slimDate 4/23/2013, 12:44:06 PM

Project

Route 1 Viaduct Bridge Replacement

SLIDEINTERPRET 6.024



1
2

.8

2
2

.4

1
2

.8

8.
6

1
5

.3

8.
6

8.
6

1
5

.3

8.
6

Material Name Color
Unit Weight

(kips/ft3)

Sat. Unit
Weight

(kips/ft3)
Es (ksf) Eur (ksf) Material Type Cc/Cce Cr/Cre OCR

Existing Fill 0.118 0.118 396.823 208.9

Organic Deposit 0.11 0.11 Non-Linear 0.2 0.02 1

Marine Clay 1 0.113 0.113 Non-Linear 0.2 0.02 2.5

Marine Clay 2 0.11 0.11 Non-Linear 0.2 0.02 1.35

Marine Clay 3 0.11 0.11 Non-Linear 0.2 0.02 1.1

Marine Clay 4 0.113 0.113 Non-Linear 0.2 0.02 1

10
0

50
0

-5
0

-1
00

-50 0 50

Total Settlement (in)
 0.0
 2.5
 5.0
 7.5
 10.0
 12.5
 15.0
 17.5
 20.0
 22.5
 25.0

max (stage):  22.4 in
max (all):    22.4 in

Data Type:  Total SettlementStage 1

Analysis Description Span 19/20 Infill W/Normal Weight Earthfill
Company Haley & Aldrich, Inc.Drawn By Bryan C. Steinert, P.E.
File Name2013_0423_HAI_Route 1 Viaduct Bridge Span 19-20 Infill.s3zDate 4/23/2013, 1:12:04 PM

Project

Route 1 Viaduct Bridge Replacement

SETTLE3D 2.016










