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1. INTRODUCTION 
 
This report presents the results of preliminary and final design phase geotechnical investigations, 
laboratory testing, engineering evaluations and geotechnical design recommendations prepared by Haley 
& Aldrich, Inc. (Haley & Aldrich) for McFarland-Johnson (M-J) for the proposed replacement of the 
U.S. Route 1 Bypass Bridge over Route 236 in Kittery, Maine (refer to Sheet 1, Project Locus). 
 
1.1 Existing Site Conditions 

 
1.1.1 Existing Bridge Structure 
 
The existing bridge carries U.S. Route 1 Bypass (four lanes) over Route 236 (two lanes), immediately 
northwest of the traffic circle at the intersection of Route 236 and Route 1.  Based on our review of 
historic bridge plans provided by M-J (refer to Appendix C), the existing bridge structure was 
constructed in 1942 and is approximately 47-ft long and 71 to 74-ft wide.  The bridge structure is a 
single span, supported on approximately 19-ft tall abutments.  We understand that the abutments are 
supported by shallow “footings” bearing on bedrock.  These footings appear to have been constructed 
by placing concrete in depressions or trenches in the rock.  Approximately 25-ft long wingwalls retain 
embankment fill behind the abutments. 
 
According to the historic drawings, the existing Route 236 roadway section consists of 18 in. of gravel 
base, constructed directly on bedrock and “ledge debris.”  
 
1.1.2 Terrain 
 
U.S. Route 1 Bypass is located on 5 to 10-ft high embankments approaching the existing bridge.  The 
existing ground surface along the top of the embankments is relatively level, ranging from 
approximately El. 45 to El 46.  The embankments slope down to approximately El. 35 to El. 40, at 
1.5H:1V to 2H:1V slopes.  The ground surface slopes down again to Route 236, which is at 
approximately El. 27 to El. 28 beneath the bridge. 
 
Refer to Sheet 2, Site and Subsurface Exploration Location Plan, for existing site conditions, and 
Sheet 3, Interpretive Subsurface Profile, for a graphic interpretation of existing ground surface along 
the U.S. Route 1 Bypass baseline. 
 
1.2 Proposed Bridge Structure 
 
The replacement bridge will be a single-span structure, constructed along the same alignment as the 
existing bridge.  The bridge length will be increased to 60 ft to accommodate potential future sidewalks 
on either side of Route 236 and wider lanes within Route 236.  The bridge width will be increased from 
approximately 71 ft to approximately 90 ft. 
 
The vertical profile of U.S. Route 1 Bypass roadway will be raised slightly in the vicinity of the new 
bridge, to accommodate the depth of the new bridge structure and to increase the vertical clearance 
requirements beneath the bridge.  The current planned maximum raise-in-grade is approximately 3 ft.  
Currently no changes in vertical profile are planned for the portion of Route 236 adjacent to and below 
the existing bridge. 
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1.3 Horizontal Coordinate System and Elevation Datum 
 
Plan locations of test borings are reported as northing and easting coordinates relative to the Maine 
State Plane Coordinate System, North American Datum of 1983 (NAD 83), Maine 2000 West Zone 
(Refer to Sheet 4).  Elevations referenced herein are in feet and reference the North American Vertical 
Datum of 1988 (NAVD 88).  
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2. GEOLOGIC SETTING 
 
According to the Maine Geological Survey’s Kittery Quadrangle, Maine (1999), surficial geologic units 
mapped within the site vicinity and the region consist largely of Marine Nearshore Deposits and 
Presumpscot Formation.  However, the primary soils encountered in the test borings conducted at the 
site consisted of man-placed fill.  
 
The man-placed fill generally consisted of well graded sand with gravel and varying amounts of silt.  
Fill soils were encountered in all explorations conducted for this study. Blasted rock fill was 
encountered in one exploration overlying bedrock.  
 
Glaciomarine sediments of the Presumpscot Formation consisting of silt and clay with sand lenses were 
encountered beneath the fill in five of the test borings.  A thin layer of dense glacial till composed of a 
heterogeneous mix of sand, silt, and gravel was encountered beneath the Presumpscot Formation in two 
of the test borings. The glacial till directly overlies the bedrock surface. 
 
Bedrock at the site is mapped as Late Ordovician to Early Silurian age rocks of the Kittery Formation, 
part of the Merrimack Group.  These rocks are composed of metamorphosed shale, siltstone and 
sandstone, with variably thin to thick bedding and other well developed structural features such as 
folding and graded bedding (Hussey 1962).  Phyllite and slate were encountered in subsurface 
explorations at the site.  There are no mapped faults within the site and vicinity.  The closest mapped 
fault is the Portsmouth fault of Permian age, located approximately 2 miles south of the site (Bedrock 
Geology of the Kittery 1:100,000 Quadrangle, Maine and New Hampshire, 2008). 
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3. SUBSURFACE EXPLORATION PROGRAMS 
 
3.1 Historic Explorations by Others 
 
No subsurface explorations are shown on the historic plans for the original construction of the bridge 
(refer to Appendix C).  However the historic plans do indicate that relatively shallow bedrock was 
present at the existing abutments, and the bedrock may have been excavated or blasted to construct the 
existing bridge and Route 236 roadway section. 
 
3.2 Preliminary Phase Explorations by Haley & Aldrich 
 
Haley & Aldrich conducted a preliminary phase geotechnical exploration program at the site.  All test 
borings were drilled by Maine Test Borings of Hermon, Maine.  In total, seven borings were drilled 
along the existing and proposed bridge alignment in order to identify general subsurface conditions.  
“As-drilled” locations of the borings are shown on Sheet 2.  Coordinate location data and ground 
surface elevation at exploration locations are provided on individual test boring logs provided in 
Appendix A and are summarized in Table I and II (Sheet 4 and 5).  All soil and bedrock samples were 
classified in accordance with MaineDOT classification system and were preserved in glass jars and 
wooden boxes.  The samples that were not submitted for laboratory testing are available for review 
upon request.  Soil and bedrock samples are being stored at the Haley & Aldrich laboratory facility in 
Portland, Maine. 
 
A total of five borings (BB-KDH-101, BB-KDH-101A, BB-KDH-102, BB-KDH-105 and 
BB-KDH-106) were drilled in U.S. Route 1 Bypass.  Two borings (BB-KDH-103 and BB-KDH-104) 
were drilled in Route 236, as close as possible to the existing bridge.  Boring locations were laid out in 
the field by Haley & Aldrich by taping/pacing distances from existing site features.  “As-drilled” 
boring locations and ground surface elevations were determined in the field by MaineDOT using optical 
survey equipment. 
 
Subsurface explorations were drilled using a truck-mounted Mobile B53 drill rig.  Test borings were 
drilled to depths ranging from approximately 3 to 32 ft below ground surface (BGS) using 3.0-in. 
(NW-size) inside diameter (ID) steel casing or hollow stem augers (for shallow borings).  Soil samples 
were generally collected at standard, 5-ft intervals by driving a 1-3/8-in. ID split-spoon sampler with a 
140-lb hammer dropped from a height of 30 in., as indicated on the test boring logs.  Soil samples were 
collected continuously in borings conducted for the approach roadways and for the Route 236 pavement 
design.  Drilling and sampling were performed in accordance with MaineDOT specifications. 
 
Each drill rig was equipped with a standard rope and cathead and safety hammer per MaineDOT 
requirements (Appendix A of MaineDOT Geotechnical Drilling Contract Specifications, revised June 
2007).  A theoretical hammer efficiency factor of 0.6 was assumed for the rope and cathead/safety 
hammer system. 
 
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.  The 
energy-corrected SPT N-value (N60) is equal to the uncorrected N-value multiplied by the hammer 
efficiency factor divided by 0.6 (i.e., 60 percent theoretical hammer efficiency).  Both the raw blow 
count data and the corrected N-values are shown on the boring logs. 
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The two borings at the proposed bridge abutments (BB-KDH-101 and BB-KDH-106) and one of the 
borings in Route 236 (BB-KDH-103) sampled at least 5 ft of bedrock using a 2.0-in. (NQ-size) ID 
diamond-tipped core barrel.  Borings BB-KDH-101 and BB-KDH-106 were extended to depths of 13 to 
14 ft into bedrock to investigate the presence of fractured zones within the rock. 
 
Soil samples obtained during explorations were screened with a photoionization detector (PID) to assess 
the presence of volatile organic compounds (VOCs).  No elevated PID readings were detected in 
screened soil samples collected from these explorations. 
 
3.3  Final Design Phase Explorations by Haley & Aldrich 
 
Haley & Aldrich also conducted a final design phase geotechnical exploration program at the site after 
completion of preliminary design.  All test borings were drilled by Maine Test Borings of Hermon, 
Maine.  In total, four borings, fourteen auger probes and four hand auger probes were drilled along the 
existing and proposed bridge alignment in order to identify general subsurface conditions.  “As-drilled” 
locations of the borings are shown on Sheet 2.  Coordinate location data and ground surface elevation at 
exploration locations are provided on individual test boring logs provided in Appendix A and are 
summarized in Table I and II (Sheet 4 and Sheet 5).  All soil and bedrock samples were classified in 
accordance with MaineDOT classification system and were preserved in glass jars and wooden boxes.  
The samples that were not submitted for laboratory testing are available for review upon request.  Soil 
and bedrock samples are being stored at the Haley & Aldrich laboratory facility in Portland, Maine. 
 
Two borings (BB-KDH-202 and BB-KDH-203) and fourteen auger probes (BP-KDH-205 through 
BP-KDH-211 and BP-KDH-214 through BP-KDH-219A) were drilled in U.S. Route 1 Bypass. Two 
borings (BB-KDH-201 and BB-KDH-204) were drilled at proposed southwest and northeast wing wall 
locations respectively. Four hand auger probes (BP-KDH-212, BP-KDH-213 and BP-KDH-221, 
BP-KDH-222) were conducted at proposed southeast and northwest wing wall locations respectively.  
Exploration locations were laid out in the field by Haley & Aldrich by taping/pacing distances from 
existing site features.  “As-drilled” boring locations and ground surface elevations were determined in 
the field by MaineDOT using optical survey equipment. 
 
Subsurface explorations were drilled using a track-mounted Mobile B53 drill rig.  Test borings were 
drilled to depths ranging from approximately 6 to 17 ft below ground surface (BGS) using 3.0-in. 
(NW-size) inside diameter (ID) steel casing.  Soil samples were generally collected at standard, 5-ft 
intervals by driving a 1-3/8-in. ID split-spoon sampler with a 140-lb hammer dropped from a height of 
30 in., as indicated on the test boring logs.  Drilling and sampling were performed in accordance with 
MaineDOT specifications. 
 
Each drill rig was equipped with a standard rope and cathead and safety hammer per MaineDOT 
requirements (Appendix A of MaineDOT Geotechnical Drilling Contract Specifications, revised June 
2007).  A theoretical hammer efficiency factor of 0.6 was assumed for the rope and cathead/safety 
hammer system. 
 
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.  The 
energy-corrected SPT N-value (N60) is equal to the uncorrected N-value multiplied by the hammer 
efficiency factor divided by 0.6 (i.e., 60 percent theoretical hammer efficiency).  Both the raw blow 
count data and the corrected N-values are shown on the boring logs. 
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Bedrock core samples were obtained in borings BB-KDH-201 through BB-KDH-204 using a 2.0-in. 
(NQ-size) ID diamond-tipped core barrel.  Approximately 4.5 to 5.0 ft of rock core was recovered at 
each test boring location to assess the near surface condition of the bedrock. Refer to Appendix A for 
details of the bedrock core. 
 
Soil samples obtained during explorations were screened with a photoionization detector (PID) to assess 
the presence of volatile organic compounds (VOCs).  No elevated PID readings were detected in 
screened soil samples collected from these explorations. 
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4. GENERALIZED SUBSURFACE CONDITIONS 
 
The subsurface conditions encountered at the site consist of the following geologic units presented in 
order of increasing depth below ground surface: bituminous concrete/Portland cement concrete/fill, 
blasted rock, marine clay deposit, glacial till and bedrock.  Refer to Sheet 3 for a graphic interpretation 
of the subsurface soil conditions along the proposed project alignment and Table II (Sheet 5) for a 
summary of the soil units and encountered thicknesses.  A description of each soil unit is provided 
separately, below.  Detailed soil descriptions are provided on the test boring logs in Appendix A. 
 
Please note that the soil descriptions provided on the test boring logs, summarized below and shown on 
the geologic profile (Sheet 3) do not represent actual field conditions other than at the specific test 
boring locations.  The actual conditions will vary from those described and shown herein. 
 
4.1 Soil Unit and Bedrock Descriptions 
 
4.1.1 Bituminous Concrete/Portland Cement Concrete/Fill 
 
Bituminous concrete was encountered at ground surface in the Route 1 Bypass and Route 236 roadway 
borings and probes was approximately 10 to 13 in. thick.  Portland cement concrete was encountered in 
the Route 1 Bypass roadway borings below the bituminous concrete and was approximately 7 to 14 in. 
thick.  It is possible that the upper bituminous concrete is a pavement overlay installed sometime after 
initial roadway/bridge construction. 
 
Man-placed fill was encountered in the Route 1 Bypass and Route 236 roadway borings and likely in 
the roadway auger probes beneath the bituminous concrete and Portland cement concrete.  Man-placed 
fill was also encountered in all wingwall borings, auger probes and hand probes at ground surface. The 
fill consisted primarily of fine to medium SAND, little to trace coarse sand, some to trace gravel, trace 
silt OR silty SAND, trace coarse sand, trace gravel OR sandy GRAVEL. The only cohesive fill 
encountered was an approximate 1.5-ft thick fill layer containing reworked silty CLAY, little fine sand, 
trace coarse sand and gravel encountered beneath the granular fill in boring BB-KDH-201.  
 
Topsoil was encountered in borings BB-KDH-201 and BB-KDH-204 (overlying granular fill) and 
consisted of an approximately 0.5-ft thick layer of medium stiff to stiff SILT, little to trace fine sand. 
The thickness of the fill ranged from approximately 2 to 3 ft in Route 236, 9 to 16 ft in U.S. Route 1 
Bypass test borings and from 1 to 6 ft in the wing wall explorations. The fill was loose to dense with 
SPT N-values ranging from 8 to 65. 
 
4.1.2 Blasted Rock 
 
Highly fractured rock was encountered in boring BB-KDH-103 drilled in Route 236.  It is likely, in our 
opinion, that the fractured rock was caused by blasting activities that were needed to construct this 
section of Route 236, or to construct the existing abutments.  The “overblasted” fractured rock was 
1.5 ft thick and contained rock pieces with little sand and trace silt. 
 
4.1.3 Marine Clay Deposit 
 
A thin deposit of marine clay was encountered in borings BB-KDH-105, BB-KDH-201 through 
BB-KDH-204 drilled in the existing Route 1 Bypass bridge, roadway, and proposed east and west wing 
wall locations.  The deposit was approximately 2 to 5 ft thick, consisting of medium stiff silty CLAY 
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with sand lenses to hard, silty CLAY, little fine to coarse sand, little gravel, with occasional sand layers 
OR soft, SILT, trace fine to medium sand, trace clay, trace organics and SPT N-values ranging from 4 
to 58. 
 
4.1.4 Glacial Till 
 
Glacial till was encountered in boring BB-KDH-105 drilled in Route 1 Bypass approximately 100 ft 
north of the existing bridge and boring BB-KDH-201 drilled at the proposed west wing wall location.  
The deposit consisted of fine to medium SAND with little coarse sand, little gravel, little to trace silt. 
The deposit was approximately 2-ft thick, medium dense to very dense, with an SPT N-value ranging 
from 22 to 56. 
 
4.1.5 Weathered Bedrock 
 
A thin layer (0.2 to 2-ft thick) of weathered bedrock was encountered in six borings and three auger 
probes. The presence of weathered rock was identified primarily by drilling behavior and the presence 
of rock fragments in the drill wash water. 
 
4.1.6 Bedrock 
 
Bedrock or probable bedrock was encountered in each test boring, except BB-KDH-101A which was 
terminated on a shallow obstruction.  Bedrock was cored in four borings drilled at Route 1 Bypass 
bridge abutments (BB-KDH-101, BB-KDH-106, BB-KDH-202 and BB-KDH-203), one of the borings 
in Route 236 (BB-KDH-103) and in two borings drilled at the east and west wing wall locations 
(BB-KDH-201 and BB-KDH-204). 
 
The top of the bedrock surface in the test borings ranged from approximately 3 to 5 ft BGS (El. 22.6 to 
El. 25) in Route 236 and 10 to 19 ft BGS (El. 26.8 to El. 33.5) in U.S. Route 1 Bypass, and 6 to 12 ft 
BGS (El. 24.8 to El. 25.7) at the east and west wing wall locations. Bedrock encountered at the site 
consists of moderately hard to hard SLATE and hard to soft PHYLLITE. Highly fractured zones were 
encountered within the bedrock. 
 
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 the core run. RQD values for bedrock encountered at the site 
typically ranged between 30 and 85 percent.  However RQD values less than 30 percent (i.e. 0 to 24 
percent) were measured within 2 to 5 ft of the soil/rock interface in the borings drilled in the area we 
suspect blasting was previously conducted (i.e. BB-KDH-103 and BB-KDH-106). Low RQD values 
(0 to 14 percent) were also recorded in Boring BB-KDH-204 at the proposed east wing wall location 
which encountered a highly fractured, moderately severely weathered zone within 4.5 ft of the bedrock 
surface. 
 
It is our opinion that the presence of vertical and high angle joints contributes to the low RQD values. 
 
 
 

   8 



 
4.2 Groundwater Conditions 
 
Water was used in the drilling process; therefore actual groundwater levels were not determined in the 
explorations.  Groundwater levels can be expected to fluctuate, subject to seasonal variation, local soil 
conditions, topography and precipitation.  Water levels encountered during construction may differ 
from those observed in the test borings or observation wells. 
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5. LABORATORY TESTING PROGRAM 
 
A preliminary laboratory testing program was undertaken to assist in soil classification/identification 
and to determine engineering properties of representative rock samples collected during the field 
investigations.  In general, laboratory testing was performed on disturbed soil samples collected during 
SPT sampling or rock core samples.  All laboratory soil testing was performed by GeoTesting Express 
of Acton, Massachusetts.  Geotechnical laboratory testing was performed in accordance with applicable 
American Society for Testing Materials (ASTM) testing procedures.  Laboratory testing and results are 
summarized below.  Laboratory test results are provided in Appendix B. 
 
5.1 Preliminary Phase Laboratory Testing and Results 
 
The preliminary phase testing program included four grain size analyses (sieve only) and four 
unconfined compressive strength tests including elastic modulus determination on bedrock samples.  A 
summary of laboratory test results is provided below. 
 

Test 
Boring 

No. 

Soil 
Sample 

No. 

Sample 
Depth 

(ft) 

Percent Finer 
than #200 
Sieve (%) 

USCS 
Classification 

Strata 

BB-KDH-101 2D 5.0 to 7.0 15.1 SW Fill 
BB-KDH-102 2D 2.5 to 4.5 24.6 SM Fill 
BB-KDH-105 2D 3.5 to 5.0 15.5 GM Fill 
BB-KDH-106 2D 5.0 to 7.0 19.5 SM Fill 

 
Test 

Boring 
No. 

Rock 
Core 
No. 

Core 
Depth 

(ft) 

Peak 
Compressive 
Stress (psi) 

Young’s 
Modulus 

(psi)1 

Bedrock 
Type 

BB-KDH-101 R1 12.8 to 13.1 41,002 12,400,000 Slate 
BB-KDH-101 R2 15.7 to 16.0 30,720 12,200,000 Slate 
BB-KDH-106 R2 22.5 to 22.9 12,670 11,200,000 Phyllite 
BB-KDH-106 R5 30.3 to 30.7 14,797 13,400,000 Phyllite 

 
Note 1: Young’s modulus reported above is that calculated for low strains.  Young’s modulus values at other 
strains are provided in Appendix B. 
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6. GEOTECHNICAL DESIGN RECOMMENDATIONS 
 
Geotechnical design recommendations for the subject project were developed in accordance with the 
following documents: 
 
 AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, Sixth 

Edition, 2012 with June 2012 errata; and 
 MaineDOT Bridge Design Guide (BDG), August 2003 with Interim Revisions through August 

2008. 
 
6.1 Approach Embankment Design Considerations 
 
The maximum raise-in-grade of approach embankments is approximately 3 ft.  Bedrock at the site is 
relatively shallow and compressible materials are generally not present.  A thin (4.5-ft thick maximum) 
layer of marine clay and silt is present at several locations.  The material is typically medium stiff.  
Post construction settlement of the embankments due to consolidation of the marine clay is anticipated 
to be less than ¼ in.  Refer to Appendix D, Calculations, for supporting documentation. 
 
Elastic settlement of the existing granular materials present at the approach embankments will occur 
rapidly during placement of new embankment fill, prior to construction of the roadway section.  
Therefore we do not consider special embankment construction, such as lightweight fill, prefabricated 
vertical drain installation or a preload/surcharge program, to be required to limit post-construction 
settlements. 
 
6.2 Seismic Design/Liquefaction Considerations 
 
Based on the corrected SPT N60 values obtained from the test borings (since the soils are primarily 
granular), the site is considered Site Class “C” in accordance with LRFD Table 3.10.3.1-1.  Refer to 
Appendix D, Calculations, for supporting documentation. 
 
Since the deposits consist primarily of granular materials that are not saturated, it is our opinion that the 
site soils are not liquefaction susceptible. 
 
6.3 Bridge Abutment Foundation Design Recommendations 
 
As shown on the interpretive subsurface profile (Sheet 3), the subsurface conditions primarily consist of 
existing fill overlying bedrock.  The bedrock is considered suitable for support of the bridge 
superstructure.  Based on the depth to the suitable foundation bearing strata, we consider spread 
footings on intact bedrock to be the most practicable and cost effective foundation alternative. 
 
We recommend that soil, weathered rock, and disturbed rock (if encountered) be removed from beneath 
the proposed footings and replaced with lean concrete as needed prior to footing construction. 
 
Specific foundation design recommendations follow (refer to Appendix D, Calculations, for supporting 
documentation): 
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 Bearing Resistance 
 

– For the service limit state, mass concrete footings should be designed such that footing 
contact pressures do not exceed 30 kips per square foot (ksf).  At this pressure, it is 
estimated that settlement of footings bearing on bedrock will be less than 1 in. as stated 
in LRFD Article 10.6.2.6.1. 
 

– For the strength limit state, footings should be designed for a factored bearing 
resistance (based on Rock Mass Rating and Rock Type) of 45 ksf, using a resistance 
factor of 0.45. 

 
– For the extreme limit state, footings should be designed for a factored bearing 

resistance of 100 ksf, using a resistance factor of 1.0. 
 
 Sliding resistance between the base of the concrete and rock subgrade should be calculated 

using a coefficient of sliding friction of 0.7. 
 

– Resistance factor for the strength limit state should be 0.85 
 

– Resistance factor for the extreme event limit state should be 1.0 
 

– Values provided are in accordance with LRFD Table 10.5.5.2.2-1 
 
 Mass footings on bedrock require no minimum embedment depth in accordance with the BDG. 
 
6.4 Wingwall Foundation Design Recommendations 
 
The proposed wingwalls will consist of precast concrete modular gravity walls (e.g. T-Wall or 
DoubleWal).  We recommend existing fill be removed to expose the bedrock surface, and granular 
borrow be placed/compacted up to the proposed wingwall bearing elevation, if needed. 
 
Specific foundation design recommendations follow (refer to Appendix D, Calculations, for supporting 
documentation): 
 
 Bearing Resistance 
 

– For the service limit state, mass concrete footings should be designed such that footing 
contact pressures do not exceed 8 kips per square foot (ksf).  At this pressure, it is 
estimated that settlement of footings bearing on bedrock will be less than 1 in. as stated 
in LRFD Article 10.6.2.6.1. 
 

– For the strength limit state, footings should be designed for a factored bearing 
resistance (based on Rock Mass Rating and Rock Type) of 8 ksf for footing widths up 
to 8 ft, and 10 ksf for footing widths up to 14 ft, using a resistance factor of 0.45. 

 
– For the extreme limit state, footings should be designed for a factored bearing 

resistance of 18 ksf for footing widths up to 8 ft, and 22 ksf for footing widths up to 14 
ft, using a resistance factor of 1.0. 
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 Sliding resistance between the base of the concrete and granular fill subgrade should be 

calculated using a coefficient of sliding friction of 0.55. 
 

– Resistance factor for the strength limit state should be 0.8 
 

– Resistance factor for the extreme event limit state should be 1.0 
 

– Values provided are in accordance with LRFD Table 10.5.5.2.2-1 
 
6.5 Abutment and Wingwall Lateral Earth Pressure Recommendations 
 
Based on discussions with M-J and their evaluation of anticipated magnitude of lateral movement of the 
abutment, we recommend the abutment be designed using active earth pressures.  We recommend that 
abutments and wingwalls be designed for static lateral earth pressures using an equivalent fluid unit 
weight of 34 pounds per cubic foot (pcf) which assumes an active earth pressure coefficient of 0.275 
and a soil unit weight of 125 pcf.  This recommendation assumes the granular soil behind abutments 
and wingwalls will be drained and no unbalanced hydrostatic pressures will develop behind the 
abutments and wingwalls. 
 
In addition, walls should be designed for a live load surcharge equivalent to the earthfill height 
summarized in LRFD Tables 3.11.6.4-1 and 3.11.6.4-2.  A uniform lateral load equal to the surcharge 
times the lateral earth pressure coefficient should be applied to abutments and walls to account for the 
live load surcharge. 
 
If determined applicable by M-J, the walls and abutments should be designed for a uniform lateral load 
to account for seismic soil loading in accordance with LRFD Article A.11.1.  Based on the seismic site 
class (Site Class “C”), we recommend a uniform lateral load (in psf) equal to 19 times the wall height 
(in ft).  Note that this soil pressure includes both the static and seismic lateral earth loads. 
 
Refer to Appendix D, Calculations, for supporting documentation. 
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7. CONSTRUCTION CONSIDERATIONS 
 
7.1 Subgrade Preparation 
 
Prior to construction of the mass concrete footings bearing on rock, all existing soil, weathered 
bedrock, and disturbed bedrock should be removed.  If the intact bedrock is lower than the design 
bottom of foundation, backfill to the design elevation with concrete fill or structural concrete. 
 
Bedrock footing subgrades should be prepared as flat as practical, with all areas of the subgrade flatter 
than 6 horizontal to 1 vertical (6H:1V).  Where the slope of the bedrock surface exceeds 6H:1V, the 
bedrock surface should be benched. 
 
7.2 Bedrock Removal 
 
Up to 9 ft of bedrock removal will be required to construct the new abutments and wingwalls.  It is our 
opinion that either hoe ramming or controlled blasting methods are feasible for rock removal.  It is our 
understanding that the bridge will be taken out of service during the accelerated 30-calendar day 
construction duration.  Because of this, the maximum amount of time available to complete bedrock 
removal and maintain the accelerated schedule is less than ten days.  Based on our understanding of the 
plan and profile limits of rock removal required, it is our opinion that rock removal using controlled 
blasting methods could be completed close to, but slightly over, the desired 10-day time period.  In 
general it is our experience that hoe ramming will be slower than blasting and therefore we anticipate 
that rock removal using this method will require more than 10 days to complete. 
 
7.3 Construction Monitoring 
 
The geotechnical design and earthwork recommendations summarized herein are based on the known 
and predictable behavior of a properly engineered and constructed foundation.  Monitoring of the 
foundation and approach embankment construction activities is required to enable the geotechnical 
engineer to keep in contact with procedures and techniques used during construction.  Therefore, we 
recommend that an individual representing the design team, qualified by geotechnical training and 
experience be present at the site to provide monitoring during the approach embankment and foundation 
construction activities listed below: 
 
 Preparation of the footing bearing surfaces. 
 Placement and compaction of compacted fills. 
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8. LIMITATIONS OF RECOMMENDATIONS 
 
This report is prepared for the exclusive use of M-J and the MaineDOT relative to the U.S. Route 1 
Bypass Bridge over Route 236 in Kittery, Maine.  There are no intended beneficiaries other than M-J 
and the MaineDOT.  Haley & Aldrich shall owe no duty whatsoever to any other person or entity on 
account of the Agreement or the report.  Use of this report by any person or entity other than M-J and 
the MaineDOT for any purpose whatsoever is expressly forbidden unless such other person or entity 
obtains written authorization from M-J, MaineDOT, and from Haley & Aldrich. Use of this report by 
such other person or entity without the written authorization of M-J, MaineDOT, and Haley & Aldrich 
shall be at such other person’s or entity’s sole risk, and shall be without legal exposure or liability to 
Haley & Aldrich.   
 
Use of this Report by any person or entity, including by M-J and the MaineDOT, for a purpose other 
than the U.S. Route 1 Bypass Replacement Bridge over Route 236 in Kittery, Maine is expressly 
prohibited unless such person or entity obtains written authorization from Haley & Aldrich indicating 
that the Report is adequate for such other use.  Use of this Report by any other person or entity for 
such other purpose without written authorization by Haley & Aldrich shall be at such person’s or 
entities sole risk, and shall be without legal exposure or liability to Haley & Aldrich. 
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EXISTING GROUND SURFACE

(ALONG CENTERLINE)

PROPOSED GRADE

(ALONG CENTERLINE)

TEST BORING OR PROBE DESIGNATION

GROUND SURFACE ELEVATION AT TEST BORING OR PROBE

APPROXIMATE PERPENDICULAR OFFSET DISTANCE AND

DIRECTION MEASURED FROM PROPOSED CENTERLINE

CORRECTED STANDARD PENETRATION TEST (SPT) N-VALUE

(N60 BLOWS PER FOOT)

50 BLOWS, 4 INCHES OF PENETRATION

STRATA INTERFACE

PERCENT RECOVERY

PERCENT ROCK QUALITY DESIGNATION (RQD)

DENOTES BOTTOM OF EXPLORATION AT APPROXIMATE

DEPTH SHOWN

LEGEND:

NOTES:

1.      THE SUBSURFACE PROFILE IS LOCATED ALONG THE

PROPOSED ROUTE 1 BYPASS CENTERLINE.

2.      EXISTING AND PROPOSED GROUND SURFACE ELEVATIONS

ALONG THE SUBSURFACE PROFILE LINE WERE TAKEN FROM

THE ELECTRONIC FILE ENTITLED “PROFILE H&A.dgn,” PROVIDED 

BY MCFARLAND-JOHNSON ON 18 SEPTEMBER 2013.

3.      THE “AS-DRILLED” TEST BORING LOCATIONS AND GROUND

SURFACE ELEVATIONS WERE DETERMINED BY MAINEDOT

USING OPTICAL SURVEY EQUIPMENT UPON COMPLETION OF

DRILLING.

4.     LINES REPRESENTING CHANGES IN STRATA ARE BASED ON

LINEAR INTERPOLATION BETWEEN SUBSURFACE

EXPLORATIONS.  THESE INTERPRETED STRATA LINES DO NOT

REPRESENT ACTUAL FIELD CONDITIONS OTHER THAN AT

SPECIFIC EXPLORATION LOCATIONS.  ACTUAL FIELD

CONDITIONS ALONG THE SUBSURFACE PROFILE WILL VARY

FROM THOSE SHOWN.

5.      REFER TO APPENDIX A FOR TEST BORING LOGS.

6.      ELEVATIONS ARE IN FEET AND REFERENCE THE NORTH

AMERICAN VERTICAL DATUM OF 1988 (NAVD 88).
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TABLE I

SUMMARY OF SUBSURFACE EXPLORATIONS ‐ LOCATION DATA

U.S. ROUTE 1 BYPASS BRIDGE OVER ROUTE 236

MAINEDOT WIN 19283.00

KITTERY, MAINE

BB‐KDH‐101 885,366.8 97,820.9

BB‐KDH‐101A 885,367.8 97,822.4

BB‐KDH‐102 885,306.3 97,817.7

BB‐KDH‐103 885,320.6 97,893.9

BB‐KDH‐104 885,413.8 97,850.3

BB‐KDH‐105 885,443.9 97,948.5

BB‐KDH‐106 885,362.2 97,922.9

BB‐KDH‐201 885,303.2 97,863.0

BB‐KDH‐202 885,342.7 97,839.6

BB‐KDH‐203 885,396.4 97,899.3

BB‐KDH‐204 885,440.8 97,865.3

BP‐KDH‐205 885,294.0 97,879.0

BP‐KDH‐206 885,327.2 97,856.6

BP‐KDH‐207 885,331.9 97,864.7

BP‐KDH‐208 885,348.5 97,848.6

BP‐KDH‐209 885,354.2 97,829.7

BP‐KDH‐210 885,360.5 97,839.0

BP‐KDH‐211 885,368.5 97,827.5

BP‐KDH‐212 885,377.1 97,781.2

BP‐KDH‐213 885,388.2 97,786.3

BP‐KDH‐214 885,367.8 97,931.3

BP‐KDH‐215 885,380.5 97,901.9

BP‐KDH‐216 885,385.7 97,909.5

BP‐KDH‐217 885,390.9 97,890.1

BP‐KDH‐218 885,402.0 97,881.7

BP‐KDH‐219 885,408.9 97,891.9

BP‐KDH‐219A 885,407.6 97,890.2

BP‐KDH‐221 885,349.9 97,952.4

BP‐KDH‐222 885,357.1 97,959.4

NOTES:

1.  As‐drilled test boring locations are shown on Sheet 2, Site and Subsurface Exploration Location Plan.

2.  As‐drilled coordinates of test borings were determined by MaineDOT using optical survey equipment

     and reference NAD83, Maine 2000 West Zone coordinate system.

Prepared By: MLS 9/3/2013

Checked By: EFW 11/5/2013

Reviewed By: WAC 11/22/2013

Coordinates2

Easting Northing

Test

Boring

No.1

November 2013

Haley & Aldrich, Inc.
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TABLE II

SUMMARY OF SUBSURFACE EXPLORATIONS ‐ SUBSURFACE DATA

U.S. ROUTE 1 BYPASS BRIDGE OVER ROUTE 236

MAINEDOT WIN 19283.00

KITTERY, MAINE

Bituminous/

Portland Fill Marine Glacial Blasted Weathered

Cement Deposit Till Rock Bedrock

Concrete (Silt/Clay)

BB‐KDH‐101 45.3 Test Boring 1.6 10.2 NE NE NE NE 11.8 33.5 19.3

BB‐KDH‐101A 45.3 Test Boring 1.6 >1.4 (BOE) ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 42.3

BB‐KDH‐102 44.8 Test Boring 1.0 8.6 NE NE NE NE 9.6 35.2 35.2

BB‐KDH‐103 27.6 Test Boring 0.5 3.0 NE NE 1.5 NE 5.0 22.6 17.6

BB‐KDH‐104 27.7 Test Boring 0.5 1.9 NE NE NE 0.3 2.7 25.0 25.0

BB‐KDH‐105 46.5 Test Boring 1.4 11.6 2.0 2.0 NE 2.0 19.0 27.5 27.5

BB‐KDH‐106 45.7 Test Boring 1.2 16.3 NE NE NE 1.4 18.9 26.8 14.0

BB‐KDH‐201 37.2 Test Boring NE 5.5 4.5 2.2 NE 0.2 12.4 24.8 20.1

BB‐KDH‐202 45.6 Test Boring 1.6 7.4 4.1 NE NE 1.4 14.5 31.1 26.1

BB‐KDH‐203 46.2 Test Boring 2.5 11.5 2.5 NE NE 0.5 17.0 29.2 24.2

BB‐KDH‐204 32.1 Test Boring NE 4.0 2.4 NE NE NE 6.4 25.7 21.2

BP‐KDH‐205 36.7 Auger Probe NE ND ND ND ND ND 12.2 24.5 24.5

BP‐KDH‐206 45.3 Auger Probe 1.9 ND ND ND ND ND 14.2 31.1 31.1

BP‐KDH‐207 45.4 Auger Probe 2.2 ND ND ND ND ND 19.3 26.1 26.1

BP‐KDH‐208 45.7 Auger Probe 2.0 ND ND ND ND 0.6 19.3 26.4 26.4

BP‐KDH‐209 45.4 Auger Probe 1.5 ND ND ND ND 1.7 15.2 30.2 30.2

BP‐KDH‐210 45.6 Auger Probe 2.0 ND ND ND ND ND 19.8 25.8 25.8

BP‐KDH‐211 45.4 Auger Probe 2.6 ND ND ND ND ND 18.2 27.2 27.2

BP‐KDH‐212 37.4 Hand Probe NE 1.3 NE NE NE NE 1.3 36.1 36.1

BP‐KDH‐213 36.8 Hand Probe NE 0.8 NE NE NE NE 0.8 36.0 36.0

BP‐KDH‐214 45.9 Auger Probe 1.5 ND ND ND ND ND 13.7 32.2 32.2

BP‐KDH‐215 46.3 Auger Probe 2.0 ND ND ND ND ND 16.8 29.5 29.5

BP‐KDH‐216 46.3 Auger Probe 1.5 ND ND ND ND 0.3 16.5 29.8 29.8

BP‐KDH‐217 46.2 Auger Probe 2.0 ND ND ND ND ND 19.5 26.7 26.7

BP‐KDH‐218 46.1 Auger Probe 2.6 ND ND ND ND ND 17.6 28.5 28.5

BP‐KDH‐219 46.1 Auger Probe 1.5 ND ND ND ND ND 17.8 28.3 28.3

BP‐KDH‐219A 46.1 Auger Probe 4.1 (BOE) ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 42.0

BP‐KDH‐221 38.2 Hand Probe NE 0.7 NE NE NE NE 0.7 37.5 37.5

BP‐KDH‐222 39.4 Hand Probe NE 1.2 NE NE NE NE 1.2 38.2 38.2

NOTES:

1.  As‐drilled test boring locations are shown on Sheet 2, Site and Subsurface Exploration Location Plan.

2.  Ground surface elevations at test boring locations were determined in the field by MaineDOT using optical survey equipment

3.  Elevations are in feet and reference the North American Vertical Datum of 1988 (NAVD 88).

4.  "NE" indicates stratum was not encountered in test boring or probe.

5. ">" indicates stratum was not fully penetrated in test boring or probe.

6. BOE indicates bottom of exploration, obstruction encountered.

7. ND indicates stratum thickness not determined, no samples were collected from the probes.

8. Strata thickness reported at probe locations was estimated based on drilling behavior.

Prepared By: MLS 9/5/2013

Checked By: EFW 11/5/2013

Reviewed By: WAC 11/22/2013

Approximate 

Elevation of 

Top of 

Bedrock/

Refusal2,3

Approximate 

Elevation of 

Bottom of 

Exploration2,3

Type of 

Exploration

Test

Boring

No.
1

Ground

Surface

Elevation2,3

Depth to 

Refusal (ft)

Approximate Strata Thickness4,5,6,7,8 (ft)

November 2013

Haley & Aldrich, Inc.
G:\PROJECTS\38239 ‐ Kittery Overpass Bridge\100\Final GDR\2013‐1122‐HAI‐Tables‐F.xlsx SHEET 5



 

 

APPENDIX A 
 

Test Boring Logs 
  



0

5

10

15

20

25

1D

2D

3D

R1

R2

R3

R4

R5

24/10

24/10

22/6

36/36

24/24

35/35

25/25

48/46

2.0 - 4.0

5.0 - 7.0

10.0 - 11.8

12.0 - 15.0

15.0 - 17.0

17.0 - 19.9

19.9 - 22.0

22.0 - 26.0

3/9/12/15

3/5/4/5

7/6/4/30(4")

RQD = 61%

RQD = 79%

RQD = 23%

RQD = 32%

RQD = 65%

21

9

10

 21

  9

 10

SSA

6

8

8

20

19

11

NQ Core

44.3

43.7

33.5

-BITUMINOUS CONCRETE-

1.0
-PORTLAND CEMENT CONCRETE-

1.6
Brown, dry, medium dense, fine to medium SAND, some gravel, little
coarse sand, trace silt
-FILL-(SP)

Brown, moist, loose, fine to coarse SAND, some gravel, little silt
-FILL-(SW)

Brown, wet, loose, fine to medium SAND, little coarse sand, silt and
gravel, greater silt content from 11.6 to 11.8 ft
-FILL-(SW)

11.8
Top of Bedrock at El. 33.5
Gray, aphanitic SLATE.  Hard, fresh to slightly weathered, occasional
moderately weathered joints.  Joints dipping at low to steep angles,
very close to close, tight to open, planar to stepped, smooth to rough,
highly fractured zone from approximately 14.8 to 15.0 ft.
Rock Mass Quality=Fair
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
12.0-13.0' (4:00), 13.0-14.0' (2:00), 14.0-15.0' (2:00)
Gray, aphanitic SLATE.  Hard, fresh to slightly weathered, occasional
moderately weathered joints.  Primary joints low angle with steep
secondary joints.  One vertical joint at approximately 16.5 ft. Oxidation
on some joint surfaces, very close to close, tight to open, planar to
stepped, smooth to rough.
Rock Mass Quality=Good
Recovery=100%
-KITTERY FORMATION-
R2 Core Times (min:sec):
15.0-16.0' (3:00), 16.0-17.0' (2:00)
Gray, aphanitic SLATE.  Hard, fresh to slightly weathered.  Joints
dipping at low and vertical angles, very close to close (highly
fractured), planar to stepped, smooth to rough, tight to open.
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R3 Core Times (min:sec):
17.0-18.0' (3:00), 18.0-19.0' (2:00), 19.0-19.9' (2:00)

G#230402
A-1-b, SW

UC
qp=41,002 psi

UC
qp=30,720 psi

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-101

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.3 Auger ID/OD: --

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-4-12 / 1-4-12 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885367, N97821 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: 11.2

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 NAD 83(96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  UC=unconfined compressive strength; modulus; psi=pounds per square in.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-101
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25

30

35

40

45

50

NQ Core
19.3

Gray, aphanitic SLATE.  Hard, fresh to slightly weathered.  Primary
joints dipping at low to moderate angles, very close to close, planar to
stepped, smooth to rough, tight to open.  Secondary vertical joints.
Oxidized joint surfaces.
Rock Mass Quality=Poor
Recovery=100%
-KITTERY FORMATION-
R4 Core Times (min:sec):
19.9-21.0' (2:00), 21.0-21.0' (3:00)
Gray, aphanitic SLATE.  Moderately hard, fresh to slightly weathered.
Joints dipping at low and steep angles, planar to stepped, smooth to
rough, tight to open. Oxidation on some joint surfaces, occasional
calcite coatings on joint surfaces.
Rock Mass Quality=Fair
Recovery=96%
-KITTERY FORMATION-
R5 Core Times (min:sec):
22.0-23.0' (3:00), 23.0-24.0' (2:00), 24.0-25.0' (3:00), 25.0-26.0' (2:00)

26.0
Bottom of Exploration at 26.0 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-101

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.3 Auger ID/OD: --

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-4-12 / 1-4-12 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885367, N97821 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: 11.2

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 NAD 83(96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  UC=unconfined compressive strength; modulus; psi=pounds per square in.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-101
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25

1D 12/3 2.0 - 3.0 3/19/5(0.0)

SSA
44.3

43.7

42.3

-BITUMINOUS CONCRETE-

1.0
-PORTLAND CEMENT CONCRETE-

1.6
Brown, dry, dense, fine to medium SAND, trace coarse sand, trace silt,
little gravel (concrete pieces)
-FILL-(SP)

3.0
Bottom of Exploration at 3.0 feet below ground surface.

Note:  Resistance at 3.0 ft (probable concrete), moved boring location
approximately 2.0 ft south.  See BB-KDH-101 test boring log.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-101A

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.3 Auger ID/OD: 2.5 in.

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-4-12 / 1-4-12 Drilling Method: SSA Drive Core Barrel: --

Boring Location: E885368, N97822 (See Plan) Casing ID/OD: -- Water Level*: Dry

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 NAD 83(96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  No elevated PID readings were detected during sample screening operations.

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-KDH-101A
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0

5

10

15

20

25

1D*

2D*

3D

4D

5D

24/18

24/12

24/5

24/7

10/11

0.5 - 2.5

2.5 - 4.5

4.5 - 6.5

6.5 - 8.5

8.5 - 9.3

31/28/21/19

17/11/7/5

6/15/15/7

7/7/6/5

9/50(4")

49

18

30

13

 49

 18

 30

 13

44.3
43.8
43.5

35.2

-BITUMINOUS CONCRETE-
0.5

Black, dry, dense, gravel size asphalt pieces
1.0

Gray, crushed stone - 0.75 in. stone size
1.3

Brown, moist, dense, fine to coarse SAND, some silt and gravel,
grading to little gravel at 3 to 3.5 ft
-FILL-(SM)

Brown, moist, dense, fine to coarse SAND, some gravel, trace silt
-FILL-(SW)

Brown, moist, fine to coarse SAND, some gravel, trace silt
-FILL-(SW)

Brown, moist, fine to medium SAND, some silt, little coarse sand,
some gravel grading to little gravel at 8.5 to 8.9 ft
-FILL-(SP-SM)
Note:  Auger refusal on probable bedrock at 9.6 ft.

9.6
Bottom of Exploration at 9.6 feet below ground surface.

G#230403
A-1-b, SM

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-102

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 44.8 Auger ID/OD: 2.5 ID

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-2.375/1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: S-140/30

Date Start/Finish: 1-3-12 / 1-3-12 Drilling Method: HSA Drive Core Barrel: --

Boring Location: E885306, N97818 (See Plan) Casing ID/OD: -- Water Level*: Dry

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.  *Indicates sample obtained with 3-in. OD split spoon driven with 140 lb. hammer.
2.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83(96) ME2000 West Zone coordinate system.
3.  Hammer consisted of rope and cathead and safety hammer.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-102
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0

5

10

15

20

25

1D*

2D*

R1

R2

R3

18/14

23/17

12/12

12/12

34/34

0.5 - 2.0

2.0 - 3.9

5.2 - 6.2

6.2 - 7.2

7.2 - 10.0

26/20/14

13/20/45/57

RQD = 0%

RQD = 0%

RQD = 24%

34

65

 34

 65

NQ Core

27.1
26.9

25.1

24.1

22.6

17.6

-BITUMINOUS CONCRETE-
0.5

0.75 to 2 in. crushed stone
0.7

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

2.5
Brown, wet, dense, fine to coarse SAND, some silt, trace gravel
-FILL-(SP)

3.5
Blasted rock pieces, little fine to coarse sand, trace silt
-BLAST ROCK-
Note:  Auger refusal at 5.0 ft.

5.0
Top of Bedrock at El. 22.6
Gray, aphanitic SLATE, moderately hard, slightly weathered, highly
fractured, low angle and steep to vertical joints, planar to undulating,
smooth to rough, open.
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
5.2-6.2' (2:00)
Gray, aphanitic SLATE, moderately hard, slightly weathered, highly
fractured, low angle and vertical joints, planar to undulating, smooth to
rough, open.
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R2 Core Times (min:sec):
6.2-7.2' (4:00)
Gray, aphanitic SLATE, moderately hard, slightly to moderately
severely weathered, highly fractured zone from approximately 9.5 to
10.0 ft. Joints dipping at low to steep angles with secondary vertical
joints, planar to undulating, smooth to rough, tight to open, oxidation
on some joint surfaces.
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R3 Core Times (min:sec):
7.2-8.2' (3:00), 8.2-9.2' (3:00), 9.2-10.0' (3:00)

10.0
Bottom of Exploration at 10.0 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-103

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 27.6 Auger ID/OD: --

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-2.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-5-12 / 1-5-12 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885321, N97894 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None Observed

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.  *Indicates sample obtained with 3-in. OD split spoon driven with 140 lb. hammer.
2.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83(96) ME2000 West Zone coordinate system.
3.  Hammer consisted of rope and cathead and safety hammer.
4.  No elevated PID readings were detected during sample screening operations.
5.  Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-103
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0

5

10

15

20

25

1D*

*2D

18/15

5/5

0.5 - 2.0

2.0 - 2.4

25/20/24

24(5")/6(0")

44  44 27.2
27.0

25.3
25.0

-BITUMINOUS CONCRETE-
0.5

0.75 to 1 in. crushed stone
0.7

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

2.4
Note:  Split spoon refusal at 2.4 ft, auger refusal on probable bedrock at
2.7 ft.

2.7
Bottom of Exploration at 2.7 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-104

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 27.7 Auger ID/OD: 2.5 in.

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-2.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: S-300/30

Date Start/Finish: 1-5-12 / 1-5-12 Drilling Method: SSA Drive Core Barrel: --

Boring Location: E885414, N97850 (See Plan) Casing ID/OD: -- Water Level*: Dry

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.  *Indicates sample obtained with 3-in. OD split spoon driven with 140 lb. hammer.
2.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83(96) ME2000 West Zone coordinate system.
3.  Hammer consisted of rope and cathead and safety hammer.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-104
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0

5

10

15

20

25

1D*

2D*

3D

4D

5D

6D

7D

8D

18/10

24/16

24/10

24/3

24/12

24/10

24/20

24/18

1.5 - 3.0

3.0 - 5.0

5.0 - 7.0

7.0 - 9.0

9.0 - 11.0

11.0 - 13.0

13.0 - 15.0

15.0 - 17.0

20/23/21

14/8/6/12

9/7/7/18

11/13/10/11

7/7/9/4

4/7/4/5

5/4/7/17

11/11/11/23

44

14

14

23

16

11

11

22

 44

 14

 14

 23

 16

 11

 11

 22

45.6
45.1

33.5

31.5

29.5

27.5

-BITUMINOUS CONCRETE-

0.9
-PORTLAND CEMENT CONCRETE-

1.4
Brown, dry, dense, fine to coarse SAND, little gravel (one 3 in.
diameter piece), trace silt
-FILL-(SW)
Brown, moist, medium dense, sandy GRAVEL, little silt
-FILL-(GM)

Brown, dry, medium dense, GRAVEL, some fine to coarse sand, trace
silt
-FILL-(GP)

Brown, dry, medium dense, fine to coarse SAND, little gravel, trace
silt
-FILL-(SW)
Note:  Missample, redrive spoon from 9 to 11 ft.

Gray, dry, medium dense, GRAVEL pieces, poor recovery
-FILL-(GP)

Brown, moist, medium dense, fine to medium SAND, little silt, little
gravel, trace coarse sand
-FILL-(SP-SM)
Brown, moist, medium dense, fine to medium SAND, little silt, little
gravel, trace coarse sand
-FILL-(SP-SM)

13.0
Gray-brown, mottled, moist, medium stiff, silty CLAY, few gray fine
sand lenses
-MARINE DEPOSIT-(CL)

15.0
Brown, moist, medium dense, fine to medium SAND, little coarse
sand, little gravel, trace silt
-GLACIAL TILL-(SP-SM)

17.0
Note:  Drill action and spoon refusal indicate strata change at 17.0 ft.
-PROBABLE WEATHERED BEDROCK-
Note:  Auger refusal on probable bedrock at 19.0 ft.

19.0
Bottom of Exploration at 19.0 feet below ground surface.

G#23404
A-1-b, GM

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-105

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 46.5 Auger ID/OD: 2.5 in.

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375/2.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: S-140/30

Date Start/Finish: 1-4-12 / 1-4-12 Drilling Method: HSA Drive Core Barrel: --

Boring Location: E885444, N97949 (See Plan) Casing ID/OD: -- Water Level*: Dry

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.  *Indicates sample obtained with 3-in. OD split spoon driven with 140 lb. hammer.
2.  As-drilled coordinates of test borings determined by MaineDOT and provided in NAD 83(96) ME2000 West Zone coordinate system.
3.  Hammer consisted of rope and cathead and safety hammer.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-105
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0

5

10

15

20

25

1D

2D

3D

4D

R1

R2

R3

24/15

24/6

24/5

24/3

24/24

41/34

25/25

1.0 - 3.0

5.0 - 7.0

10.0 - 12.0

15.0 - 17.0

19.0 - 21.0

21.0 - 24.4

24.4 - 26.5

25/22/15/12

6/6/5/4

5/5/4/7

46/7/6/5

RQD = 0%

RQD = 39%

RQD = 32%

37

11

9

13

 37

 11

  9

 13

SSA

11

12

13

13

13

5

10

15

21

23

45

10

10

39
NQ

44.7

43.7
43.5
43.2

28.2

26.8

-BITUMINOUS CONCRETE-

1.0
Gray-brown, dry, dense, fine to medium sand, trace silt
-FILL-(SP)

2.0
-BITUMINOUS CONCRETE-

2.2
Gray-brown, dry, dense, GRAVEL (0.75 in.), trace fine to coarse sand,
trace silt
-FILL-(GP)

2.5
Brown, dry, dense, fine to coarse SAND, trace silt
-FILL-(SW)
Brown, moist, medium dense, fine to coarse SAND, little gravel, little
silt
-FILL-(SM)

Brown, wet, loose, fine to medium SAND, little coarse sand, little
gravel, little silt
-FILL-(SP)

Note:  Pushed on cobble at 15.0 ft.
Brown, wet, medium dense, fine to coarse SAND, little gravel, trace
silt
-FILL-(SW)
Note:  Washed ahead of casing 15.0 to 19.0 ft.

17.5
Note:  Drill action and rock chips in wash water indicate strata change
at 17.5 ft.
-PROBABLE WEATHERED BEDROCK-

18.9
Top of Bedrock at El. 26.8
Gray, fine-grained to aphanitic, PHYLLITE. Hard, slightly to
moderately weathered, highly fractured joints dipping at moderate to
steep angles, secondary vertical joints,  very close to close, planar to
undulating,  smooth to rough, tight to open, occasional calcite veins
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
19.0-20.0' (4:00), 20.0-21.0' (5:00)
Gray, fine grained to aphanitic, PHYLLITE. Hard, slightly to
moderately weathered, highly fractured, joints dipping at low to

G#230405
A-1-b, SM

UC
qp=12,670 psi

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-106

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.7 Auger ID/OD: --

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-3-12 / 1-3-12 Drilling Method: SSA to 5.0 ft; NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885362, N97923 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  UC=unconfined compressive strength;  psi=pounds per square in.
4.  No elevated PID readings were detected during sample screening operations.
5.  Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-106
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25

30

35

40

45

50

R4

R5

31/27

31/28

26.5 - 29.1

29.1 - 31.7

RQD = 36%

RQD = 77%

NQ Core

14.0

moderate angles, secondary vertical joints,  very close to close, planar
to undulating,  smooth to rough, tight to open, occasional calcite veins.
Rock Mass Quality=Poor
Recovery=83%
-KITTERY FORMATION-
R2 Core Times (min:sec):
21.0-22.0' (5:00), 22.0-23.0' (5:00), 23.0-24.0' (4:00)
Gray, fine grained to aphanitic, PHYLLITE. Hard, slightly to
moderately weathered, highly fractured, joints dipping at low to
moderate angles, very close to close, planar to undulating, smooth to
rough, tight to open, occasional calcite veins. Secondary vertical joints
tight to open.
Rock Mass Quality=Poor
Recovery=100%
-KITTERY FORMATION-
R3 Core Times (min:sec):
24.4-25.4' (4:00), 25.4-26.5' (5:00)
Gray, fine grained to aphanitic, PHYLLITE. Hard, slightly to
moderately weathered, highly fractured, joints dipping at low to
moderate angles, very close to close, planar to undulating, smooth to
rough, tight to open, occasional calcite veins, one near vertical
secondary joint, discoloration on joint surfaces.
Rock Mass Quality=Poor
Recovery=87%
-KITTERY FORMATION-
R4 Core Times (min:sec):
26.5-27.5' (4:00), 27.5-28.5' (4:00), 28.5-29.1' (5:00)
Gray, fine grained to aphanitic PHYLLITE. Hard, slightly to
moderately weathered, highly fractured from approximately 29.1 to
29.5 ft.  Joints dipping at low to moderate angles, moderately close,
planar to undulating, smooth to rough, open, frequent calcite veins,
discoloration on joint surfaces.
Rock Mass Quality=Good
Recovery=90%
-KITTERY FORMATION-
R5 Core Times (min:sec):
29.1-30.1' (5:00), 30.1-31.7 (5:00)

31.7
Bottom of Exploration at 31.7 feet below ground surface.

UC
qp=14,797 psi

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-106

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.7 Auger ID/OD: --

Operator: B. Enos Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B53 Truck Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 1-3-12 / 1-3-12 Drilling Method: SSA to 5.0 ft; NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885362, N97923 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2.  Hammer consisted of rope and cathead and safety hammer.
3.  UC=unconfined compressive strength;  psi=pounds per square in.
4.  No elevated PID readings were detected during sample screening operations.

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-KDH-106
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0

5

10

15

20

25

30

1D

2D

3D

R1

24/8

24/14

24/12

56/56

0.0 - 2.0

5.0 - 7.0

10.0 - 12.0

12.4 - 17.1

2/5/3/3

7/12/11/17

15/25/31/52

RQD = 55%

8

23

56

  8

 23

 56

2

5

6

10

21

38

44

48

67

67

41

47

NQ Core

36.5

33.2

31.7

27.2

25.0
24.8

20.1

Dark brown, moist, medium stiff, SILT, little find sand
-TOPSOIL-(OH)

0.7
Brown, moist, fine to medium silty SAND, trace coarse sand, trace
gravel
-FILL-(SM)

4.0

Brown-rust-brown-gray, wet, very stiff, mottled, silty CLAY, little fine
sand, trace coarse sand and gravel
-FILL-(CL) (appears reworked)

5.5
Brown-rust-brown-gray, wet, very stiff, mottled, silty CLAY with
brown fine sand layers (3-in. thick)
-MARINE DEPOSIT-(CL)

10.0
Brown-rust-brown-gray, wet, very dense, fine to medium SAND, little
coarse sand, little silt, little gravel
-GLACIAL TILL-(SW)

12.2
-WEATHERED BEDROCK-

12.4
Top of Bedrock at El. 24.8
Gray, aphanitic PHYLLITE.  Hard, fresh to slightly weathered.  Joints
dipping at low and steep angles, very close to close, tight to open,
planar to stepped, smooth to rough, iron oxide on some joint surfaces,
occasional calcite veins.
Rock Mass Quality=Fair
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
12.4-13.4' (1:46), 13.4-14.4' (1:44), 14.4-15.4' (1:54), 15.4-16.4' (2:13),
16.4-17.1' (1:51)

17.1
Bottom of Exploration at 17.1 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-201

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 37.2 Auger ID/OD: --

Operator: T. Schaefer Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B-53 Bombardier Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 8-19-13/8-19-13 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885303, N97863 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None Observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.
3. No elevated PID readings were detected during sample screening operations.
4. Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-201
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0

5

10

15

20

25

30

1D

2D

R1

24/12

24/10

60/60

5.0 - 7.0

10.0 - 12.0

14.5 - 19.5

3/3/12/30

2/2/2/4

RQD = 85%

15

4

 15

  4

SSA

7

41

34

33

17

11

8

15

30(1.0")

NQ Core

44.6
44.0

36.6

32.5

31.1

26.1

-BITUMINOUS CONCRETE-

1.0
-CONCRETE-(with rebar)

1.6
Note:  Description from auger cuttings.
Brown, dry, fine to coarse SAND, some gravel, trace silt
-FILL-(SW)

Brown, moist, medium dense, fine to medium SAND, some gravel
(blast rock), trace coarse sand, trace silt
-FILL-(SW)

9.0

Dark brown,  moist, soft, SILT, trace fine to medium sand, trace clay,
trace organics
-MARINE DEPOSIT-(ML)

13.1
Note:  Advanced roller bit to 14.5 ft.  Seat casing at 14.0 ft.
-WEATHERED BEDROCK-
Note:  Weathered rock chips observed in wash water from 13.1 to 14.5
ft.

14.5
Top of Bedrock at El. 31.1
Gray, aphanitic PHYLLITE.  Hard, fresh to slightly weathered,
oxidation observed on some joint surfaces.  Joints dipping at low to
steep angles, very close to moderately close, tight to open, planar to
undulating, smooth to rough, frequent calcite veins, occasional healed
joints.
Rock Mass Quality=Good
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
14.5-15.5' (2:00), 15.5-16.5' (1:49), 16.5-17.5' (2:33), 17.5-18.5' (1:45),
18.5-19.5' (1:45)

19.5
Bottom of Exploration at 19.5 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-202

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 45.6 Auger ID/OD: --

Operator: T. Schaefer Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B-53 Bombardier Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 8-15-13/8-15-13 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885343, N97840 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None Observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.
3. No elevated PID readings were detected during sample screening operations.
4. Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-202
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0

5

10

15

20

25

30

1D

2D

3D

R1

24/12

24/4

24/20

60/60

5.0 - 7.0

10.0 - 12.0

15.0 - 17.0

17.0 - 22.0

3/2/3/3

16/7/7/8

10/9/19/50(5.0")

RQD = 50%

5

14

28

  5

 14

 28

SSA

5

6

20

36

20

33

23

14

14

29

42

45

NQ Core

45.2
44.7

42.7

41.7

32.2

29.7
29.2

24.2

-BITUMINOUS CONCRETE-

1.0
-CONCRETE-(with rebar)

1.5
Note:  Description from auger cuttings:
Brown, dry, fine to medium SAND, some gravel, little coarse sand,
trace silt
-FILL-(SW)

3.5
-CONCRETE-

4.5
Brown, moist, loose, fine to medium SAND, little coarse sand, little
silt, little gravel
-FILL-(SW)

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

14.0

Brown-gray mottled, wet, very stiff, silty CLAY, little fine to coarse
sand, little gravel (bedrock fragments)
-MARINE DEPOSIT-(CL)

16.5
-WEATHERED BEDROCK-

17.0
Top of Bedrock at El. 29.2
Note:  Advanced roller bit to 17.0 ft.  Seat casing at 17.0 ft.
Gray, aphanitic PHYLLITE. Hard, fresh to slightly weathered. Joints
dipping at low to steep angles, very close to close, tight to open, planar
to undulating, smooth to rough.
Rock Mass Quality=Poor
Recovery=100%
-KITTERY FORMATION-
R1 Core Times (min:sec):
17.0-18.0' (3:45), 18.0-19.0' (2:26), 19.0-20.0' (3:04), 20.0-21.0' (3:45),
21.0-22.0' (2:48)

22.0
Bottom of Exploration at 22.0 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-203

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 46.2 Auger ID/OD: --

Operator: T. Schaefer Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B-53 Bombardier Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 8-14-13/8-14-13 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885396, N97899 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None Observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.
3. No elevated PID readings were detected during sample screening operations.
4. Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-203
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0

5

10

15

20

25

30

1D

2D

R1

R2

24/4

18/8

42/42

12/12

0.0 - 2.0

5.0 - 6.5

6.4 - 9.9

9.9 - 10.9

2/5/7/9

5/8/50

RQD = 14%

RQD = 0%

12

58

 12

 58

PUSH

20

38

43

29(6.0")

NQ
Core

31.6

28.1

25.7

21.2

Dark brown, dry, stiff SILT, trace fine sand with roots
-TOPSOIL-(OH)

0.5
-FILL-(SM)

Note: Silt, sand and gravel observed in wash water 0-4.0 ft. Clay
observed in wash water 4.0-5.0 ft.

4.0

Brown, wet, hard, silty CLAY, trace fine and coarse sand (rock piece
in spoon tip)
-MARINE DEPOSIT-(CL)

6.4
Top of Bedrock at El. 25.7
Gray, aphanitic PHYLLITE.  Hard to soft, moderately severely
weathered, highly fractured, joints dipping at low and steep angles,
very close to close, open, planar to stepped, smooth to rough.
Rock Mass Quality=Very Poor
Recovery=100%
R1 Core Times (min:sec):
6.4-7.4' (1:32), 7.4-8.4' (1:35), 8.4-9.4' (1:42), 9.4-9.9' (1:58)
Gray, aphanitic PHYLLITE.  Hard, moderately severely weathered,
highly fractured, joints dipping at low and steep angles, very close,
open, planar to stepped, smooth to rough.
Rock Mass Quality=Very Poor
Recovery=100%
-KITTERY FORMATION-
R2 Core Times (min:sec):
9.9-10.9' (1:47)

10.9
Bottom of Exploration at 10.9 feet below ground surface.

Maine Department of Transportation Project: US Route 1 Bypass over Route 236 Bridge Boring No.: BB-KDH-204

Soil/Rock Exploration Log
Location: Kittery, Maine

US CUSTOMARY UNITS PIN: 19283.00

Driller: Maine Test Borings Elevation (ft.) 32.1 Auger ID/OD: --

Operator: T. Schaefer Datum: NAVD 88 Sampler: Split Spoon-1.375 in. ID

Logged By: M. Snow Rig Type: Mobile B-53 Bombardier Hammer Wt./Fall: NW-300/24; S-140/30

Date Start/Finish: 8-15-13/8-15-13 Drilling Method: NW Drive Core Barrel: NQ-2.0 in. ID

Boring Location: E885441, N97865 (See Plan) Casing ID/OD: NW-3.0 in. ID Water Level*: None Observed

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 NAD 83(96) ME2000 West Zone coordinate system.
2. Hammer consisted of rope and cathead and safety hammer.
3. No elevated PID readings were detected during sample screening operations.
4. Water was introduced during the drilling process, therefore actual groundwater conditions were not observed at the time of drilling.

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-KDH-204
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Row 1 (Top): BB-KDH-101, R1: 12.0-15.0 ft below ground surface (BGS)/ BB-KDH-101, R2 (Top): 15.0-17.0 ft BGS 
Row 2: BB-KDH-101, R2 (Bottom) 15.0-17.0 ft BGS/ BB-KDH-101, R3: 17.0-19.9 ft BGS  
Row 3: BB-KDH-101, R4: 19.9-22.0 ft BGS 
Row 4: BB-KDH-101, R5: 22.0-26.0 ft BGS  
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Row 1: BB-KDH-103, R1: 5.2-6.2 ft BGS, BB-KDH-103, R2: 6.2-7.2 ft BGS, BB-KDH-103, R3: 7.2-10.0 ft BGS 
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Row 1: BB-KDH-106, R1: 19.0-21.0 ft BGS, BB-KDH-106, R2: 21.0-24.4 ft BGS 
Row 2: BB-KDH-106, R3: 24.4-26.5 ft BGS, BB-KDH-106, R4:26.5-29.1 ft BGS 
Row 3: BB-KDH-106, R5: 29.1-31.7 ft BGS  
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                 Row 1: BB-KDH-203, R1: 17.0-22.0 ft BGS 

                 Row 2: BB-KDH-202, R1: 14.5-19.5 ft BGS 

                 Row 3: BB-KDH-204, R1: 6.4-9.9 ft BGS, BB-KDH-204, R2: 9.9-10.9 ft BGS 

                 Row 4: BB-KDH-201, R1: 12.4-17.1 ft BGS 
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Client: Haley & Aldrich, Inc.
Project: U.S. Route 1 Bypass over Route 236 Bridge
Location: Kittery, ME Project No: GTX-11547
Boring ID: BB-KDH-101
Sample ID:S2
Depth : 5-7 ft

Sample Type: bag
Test Date: 02/20/12
Test Id: 230402

Tested By: jbr
Checked By: jdt

Test Comment: ---
Sample Description: Moist, brown silty sand with gravel
Sample Comment: ---

printed 2/23/2012 8:09:12 AM

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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% Cobble

---

% Gravel

31.0

% Sand

53.9

% Silt & Clay Size

15.1

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

25.00

19.00
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2.00

0.85

0.42
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88
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20

15

Coefficients
D   =10.5974 mm85

D   =2.2318 mm60

D   =0.9949 mm50

D   =0.2968 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

Classification
ASTM N/A

AASHTO Stone Fragments, Gravel and Sand 
(A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD



Client: Haley & Aldrich, Inc.
Project: U.S. Route 1 Bypass over Route 236 Bridge
Location: Kittery, ME Project No: GTX-11547
Boring ID: BB-KDH-102
Sample ID:S2
Depth : 2.5-4.5 ft

Sample Type: bag
Test Date: 02/17/12
Test Id: 230403

Tested By: jbr
Checked By: jdt

Test Comment: ---
Sample Description: Moist, brown silty sand with gravel
Sample Comment: ---

printed 2/23/2012 8:10:58 AM
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---

% Gravel

33.3

% Sand

42.1

% Silt & Clay Size

24.6

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

25.00

19.00

12.50

9.50

4.75

2.00

0.85
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Coefficients
D   =11.5746 mm85

D   =2.5480 mm60

D   =1.0100 mm50

D   =0.1538 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

Classification
ASTM N/A

AASHTO Stone Fragments, Gravel and Sand 
(A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD



Client: Haley & Aldrich, Inc.
Project: U.S. Route 1 Bypass over Route 236 Bridge
Location: Kittery, ME Project No: GTX-11547
Boring ID: BB-KDH-105
Sample ID:S2
Depth : 3.5-5.0 ft

Sample Type: bag
Test Date: 02/17/12
Test Id: 230404

Tested By: jbr
Checked By: jdt

Test Comment: ---
Sample Description: Moist, brown silty gravel with sand
Sample Comment: ---

printed 2/23/2012 8:11:32 AM

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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% Cobble

---

% Gravel

42.5

% Sand

42.0

% Silt & Clay Size

15.5

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

25.00

19.00

12.50

9.50

4.75

2.00

0.85

0.42
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Coefficients
D   =19.0760 mm85

D   =5.4351 mm60

D   =3.0941 mm50

D   =0.6474 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

Classification
ASTM N/A

AASHTO Stone Fragments, Gravel and Sand 
(A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD



Client: Haley & Aldrich, Inc.
Project: U.S. Route 1 Bypass over Route 236 Bridge
Location: Kittery, ME Project No: GTX-11547
Boring ID: BB-KDH-106
Sample ID:S2
Depth : 5-7 ft

Sample Type: bag
Test Date: 02/20/12
Test Id: 230405

Tested By: jbr
Checked By: jdt

Test Comment: ---
Sample Description: Moist, brown silty sand with gravel
Sample Comment: ---

printed 2/23/2012 8:12:06 AM

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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% Cobble

---

% Gravel

20.8

% Sand

59.7

% Silt & Clay Size

19.5

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

19.00

12.50

9.50
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Coefficients
D   =8.0402 mm85

D   =0.9331 mm60

D   =0.4930 mm50

D   =0.1867 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

Classification
ASTM N/A

AASHTO Stone Fragments, Gravel and Sand 
(A-1-b (0))

Sample/Test Description
Sand/Gravel Particle Shape : ROUNDED

Sand/Gravel Hardness : HARD













Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-101

Sample ID: R1

Depth, ft: 12.77-13.14

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 41,002 psi

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

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

Compressive Strength and Elastic Moduli of Rock

by ASTM D 7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

The graph above does not include all data up to the peak stress value.  The strain gauges failed before the peak 

stress value was recorded.

See photographs                                                      

Intact material failure
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Client:  Haley & Aldrich, Inc. Test Date: 2/22/2012

Project Name: U.S. Route 1 Bypass over Route 236 Bridge Tested By: daa

Project Location: Kittery, ME Checked By: mpd

GTX #:  11547

Boring ID: BB-KDH-101

Sample ID: R1

Depth: 12.77-13.14 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00080 -0.00070 -0.00050 -0.00040 -0.00030 -0.00020 -0.00010 0.00000 0.00010 0.00020 0.00030 0.00040 0.00050 0.00060 0.00070

Diameter 2, in (rotated 90
o
) -0.00030 -0.00040 -0.00030 -0.00020 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010 0.00020 0.00020

Difference between max and min readings, in: 

0° = 0.00150 90° = 0.00060

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00080 -0.00080 -0.00070 -0.00060 -0.00040 -0.00030 -0.00020 0.00000 0.00000 0.00010 0.00020 0.00030 0.00040 0.00050 0.00060

Diameter 2, in (rotated 90
o
) -0.00030 -0.00030 -0.00030 -0.00030 -0.00030 -0.00020 -0.00010 0.00000 0.00000 0.00010 0.00010 0.00010 0.00020 0.00020 0.00020

Difference between max and min readings, in: 

0° = 0.0014 90° = 0.0005

Maximum difference must be < 0.0020 in. Difference = + 0.00075

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:
Slope of Best Fit Line 0.00084
Angle of Best Fit Line: 0.04813

End 2:
Slope of Best Fit Line 0.00084
Angle of Best Fit Line: 0.04813

Maximum Angular Difference: 0.00000

Parallelism Tolerance Met? YES
Spherically Seated

DIAMETER 2

End 1:
Slope of Best Fit Line 0.00033
Angle of Best Fit Line: 0.01891

End 2:
Slope of Best Fit Line 0.00036
Angle of Best Fit Line: 0.02063

Maximum Angular Difference: 0.00172

Parallelism Tolerance Met? YES
Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00150 1.960 0.00077 0.044

Diameter 2, in (rotated 90
o
) 0.00060 1.960 0.00031 0.018 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00140 1.960 0.00071 0.041

Diameter 2, in (rotated 90
o
) 0.00050 1.960 0.00026 0.015

YES

4.38 4.38 4.38

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04

1 2 Average

YES

YES

1.96 1.96 1.96
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2.2
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Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-101

Sample ID: R1

Depth, ft: 12.77-13.14

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-101

Sample ID: R2

Depth, ft: 15.65-16.02

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 30,720 psi

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

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

See photographs                                                      

Intact material failure
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Compressive Strength and Elastic Moduli of Rock

by ASTM D 7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio
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Client:  Haley & Aldrich, Inc. Test Date: 2/22/2012

Project Name: U.S. Route 1 Bypass over Route 236 Bridge Tested By: daa

Project Location: Kittery, ME Checked By: mpd

GTX #:  11547

Boring ID: BB-KDH-101

Sample ID: R2

Depth: 15.65-16.02 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00090 -0.00080 -0.00070 -0.00060 -0.00040 -0.00030 -0.00010 0.00000 0.00000 0.00020 0.00030 0.00040 0.00050 0.00060 0.00070

Diameter 2, in (rotated 90
o
) -0.00050 -0.00040 -0.00030 -0.00020 -0.00020 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00010 0.00020 0.00020 0.00030 0.00030

Difference between max and min readings, in: 

0° = 0.00160 90° = 0.00080

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00080 -0.00070 -0.00060 -0.00040 -0.00030 -0.00020 -0.00010 0.00000 0.00010 0.00020 0.00030 0.00050 0.00050 0.00060 0.00080

Diameter 2, in (rotated 90
o
) -0.00050 -0.00050 -0.00040 -0.00030 -0.00030 -0.00020 -0.00010 0.00000 0.00010 0.00000 0.00000 0.00010 0.00010 0.00020 0.00020

Difference between max and min readings, in: 

0° = 0.0016 90° = 0.0007

Maximum difference must be < 0.0020 in. Difference = + 0.00080

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:
Slope of Best Fit Line 0.00094
Angle of Best Fit Line: 0.05386

End 2:
Slope of Best Fit Line 0.00088
Angle of Best Fit Line: 0.05042

Maximum Angular Difference: 0.00344

Parallelism Tolerance Met? YES
Spherically Seated

DIAMETER 2

End 1:
Slope of Best Fit Line 0.00043
Angle of Best Fit Line: 0.02464

End 2:
Slope of Best Fit Line 0.00042
Angle of Best Fit Line: 0.02406

Maximum Angular Difference: 0.00057

Parallelism Tolerance Met? YES
Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00160 1.960 0.00082 0.047

Diameter 2, in (rotated 90
o
) 0.00080 1.960 0.00041 0.023 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00160 1.960 0.00082 0.047

Diameter 2, in (rotated 90
o
) 0.00070 1.960 0.00036 0.020

YES

4.35 4.36 4.36

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04

1 2 Average

YES

YES

1.96 1.96 1.96

588.01
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2.2

YES
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Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-101

Sample ID: R2

Depth, ft: 15.65-16.02

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-106

Sample ID: R2

Depth, ft: 22.54-22.91

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 12,670 psi

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

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

See photographs                                                      

Intact material failure
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0-4000 11,200,000

0.19

Compressive Strength and Elastic Moduli of Rock

by ASTM D 7012 - Method D
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Client:  Haley & Aldrich, Inc. Test Date: 2/22/2012

Project Name: U.S. Route 1 Bypass over Route 236 Bridge Tested By: daa

Project Location: Kittery, ME Checked By: mpd

GTX #:  11547

Boring ID: BB-KDH-106

Sample ID: R2

Depth: 22.54-22.91 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00080 -0.00070 -0.00050 -0.00040 -0.00030 -0.00020 -0.00010 0.00000 0.00000 0.00020 0.00030 0.00040 0.00060 0.00070 0.00080

Diameter 2, in (rotated 90
o
) -0.00040 -0.00040 -0.00030 -0.00030 -0.00020 -0.00010 -0.00010 0.00000 0.00010 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010

Difference between max and min readings, in: 

0° = 0.00160 90° = 0.00050

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00090 -0.00090 -0.00080 -0.00060 -0.00050 -0.00040 -0.00020 0.00000 0.00000 0.00010 0.00020 0.00030 0.00040 0.00050 0.00060

Diameter 2, in (rotated 90
o
) -0.00040 -0.00040 -0.00040 -0.00030 -0.00020 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010

Difference between max and min readings, in: 

0° = 0.0015 90° = 0.0005

Maximum difference must be < 0.0020 in. Difference = + 0.00080

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:
Slope of Best Fit Line 0.00089
Angle of Best Fit Line: 0.05099

End 2:
Slope of Best Fit Line 0.00091
Angle of Best Fit Line: 0.05214

Maximum Angular Difference: 0.00115

Parallelism Tolerance Met? YES
Spherically Seated

DIAMETER 2

End 1:
Slope of Best Fit Line 0.00031
Angle of Best Fit Line: 0.01776

End 2:
Slope of Best Fit Line 0.00032
Angle of Best Fit Line: 0.01833

Maximum Angular Difference: 0.00057

Parallelism Tolerance Met? YES
Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00160 1.960 0.00082 0.047

Diameter 2, in (rotated 90
o
) 0.00050 1.960 0.00026 0.015 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00150 1.960 0.00077 0.044

Diameter 2, in (rotated 90
o
) 0.00050 1.960 0.00026 0.015

YES

4.35 4.36 4.36

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04

1 2 Average

YES

YES

1.96 1.96 1.96

581.51

168

2.2

YES
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Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-106

Sample ID: R2

Depth, ft: 22.54-22.91

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-106

Sample ID: R5

Depth, ft: 30.32-30.69

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 14,797 psi

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

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

Compressive Strength and Elastic Moduli of Rock

by ASTM D 7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

See photographs                                                      

Intact material failure
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Client:  Haley & Aldrich, Inc. Test Date: 2/22/2012

Project Name: U.S. Route 1 Bypass over Route 236 Bridge Tested By: daa

Project Location: Kittery, ME Checked By: mpd

GTX #:  11547

Boring ID: BB-KDH-106

Sample ID: R5

Depth: 30.32-30.69 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00040 0.00040 0.00040 0.00020 0.00010 0.00010 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00070

Diameter 2, in (rotated 90
o
) 0.00020 0.00020 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020 -0.00030 -0.00030 -0.00050 -0.00070

Difference between max and min readings, in: 

0° = 0.00110 90° = 0.00090

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00040 0.00030 0.00030 0.00020 0.00020 0.00010 0.00000 0.00000 0.00000 -0.00020 -0.00020 -0.00040 -0.00050 -0.00070 -0.00080

Diameter 2, in (rotated 90
o
) 0.00010 0.00010 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00060

Difference between max and min readings, in: 

0° = 0.0012 90° = 0.0007

Maximum difference must be < 0.0020 in. Difference = + 0.00060

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:
Slope of Best Fit Line -0.00059
Angle of Best Fit Line: -0.03380

End 2:
Slope of Best Fit Line -0.00065
Angle of Best Fit Line: -0.03724

Maximum Angular Difference: 0.00344

Parallelism Tolerance Met? YES
Spherically Seated

DIAMETER 2

End 1:
Slope of Best Fit Line -0.00046
Angle of Best Fit Line: -0.02636

End 2:
Slope of Best Fit Line -0.00039
Angle of Best Fit Line: -0.02235

Maximum Angular Difference: 0.00401

Parallelism Tolerance Met? YES
Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00110 1.960 0.00056 0.032

Diameter 2, in (rotated 90
o
) 0.00090 1.960 0.00046 0.026 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00120 1.960 0.00061 0.035

Diameter 2, in (rotated 90
o
) 0.00070 1.960 0.00036 0.020

YES

4.35 4.35 4.35

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D 4543-04

1 2 Average

YES

YES

1.96 1.96 1.96

585.35

170

2.2

YES

     Difference, Maximum and Minimum (in.)
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Client: Haley & Aldrich, Inc.

Project Name: U.S. Route 1 Bypass over Route 236 Bridge

Project Location: Kittery, ME

GTX #: 11547

Test Date: 03/02/12

Tested By: daa

Checked By: mpd

Boring ID: BB-KDH-106

Sample ID: R5

Depth, ft: 30.32-30.69

After cutting and grinding

After break
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OBJECTIVE:

Assess the seismic hazard at the site in accordance with the AASHTO Guide Specifications for LRFD Seismic Bridge
Design 2nd Edition 2011 and the MaineDOT Bridge Design Guide 2003 with interim revisions through August 2008.

METHODOLOGY:

1 Determine geographic location of the site (latitude-longitude coordinates).
2 Determine Site Class in accordance with Section 3.4.2.2 (N method for cohesionless soils) considering only test borings

drilled at proposed substructure locations.  These test borings were drilled into bedrock.
For sublayers with an SPT N-value equal to 0 bpf or in excess of 100 bpf, default values of 1 and 100 bpf were used,
respectively.

3 Determine Site Factors and Elastic Seismic Response Coeffecients based on (1) and (2) in accordance with Section
3.4.1.  Factors are determined using the AASHTO earthquake ground motion parameters application v. 2.10 for a seismic
event having a 7 percent probability of exceedence in 75 years.

4 Determine Seismic Design Category based on (3) in accordance with Section 3.5.

1.  GEOGRAPHIC LOCATION:

Determine latitude-longitude site coordinates using Google Earth.

Latitude = 43° 6' 5" North Convert to decimal degrees. Latitude = 43.1014° North
Longitude = 70° 44' 43" West Longitude = 70.7453° West

Subject Seismic Site Class & Design Parameters Checked By EK

Client Maine Department of Transportation Date 9/27/2013

Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

CALCULATIONS File No. 38239-100

Sheet 1 3
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2. SITE CLASS:

BB-KDH-101 (existing ground surface elevation)
BB-KDH-103 (existing ground surface elevation) BB-KDH-104 (existing ground surface elevation)

Total =
Total = Total =

BB-KDH-106 (existing ground surface elevation) BB-KDH-201 (existing ground surface elevation) BB-KDH-202 (existing ground surface elevation)

Total =
Total =

Total =

BB-KDH-203 (existing ground surface elevation) BB-KDH-204 (existing ground surface elevation)

Total =

Total =

100.0
-21.3 58.5 100 83.0

10053.2-16.0

100.0

32.1
Elevation      

(ft, NAVD 88)
Depth      

(ft, BGS)
3.5
2.9
93.6

21.6 6.0 58
11.0 14 5.0

21.2 16.0 28 3.5

100.0

46.2
Elevation      

(ft, NAVD 88)
Depth      

(ft, BGS)
N          

(bpf)
Thickness        

(ft)
Weighted SPT  N-

Value (bpf)
N          

(bpf)
Thickness        

(ft)
Weighted SPT  N-

Value (bpf)

4 4.1
-20.1 57.3 100 88.5

N          
(bpf)

Thickness        
(ft)

Weighted SPT  N-
Value (bpf)

21.6 6.0 15 7.4
4216.6 11.0

45.6
Elevation      

(ft, NAVD 88)
Depth      

(ft, BGS)

6.0 5 4.0
12

97

100.0

26.7 1.0 44 2.4
-23.5 51.2 100 97.6

27.7
Elevation      

(ft, NAVD 88)
Depth      

(ft, BGS)
N          

(bpf)
Thickness        

(ft)
Weighted SPT  N-

Value (bpf)

95
52.5 100

26.1 1.5 34 2.0
24.6

95.0
100.0

3.0 65 3.0
-15.3

27.6
Elevation      

(ft, NAVD 88)
Depth      

(ft, BGS)
N          

(bpf)
Thickness        

(ft)
Weighted SPT  N-

Value (bpf)

CALCULATIONS File No. 38239-100

Sheet 2 3

Weighted SPT  N-
Value (bpf)

45.3

Client Maine Department of Transportation Date 9/27/2013

Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

Subject Seismic Site Class & Design Parameters Checked By EK
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2. SITE CLASS: (CONT.)

Notes:
1.   For test boring locations where bedrock was encountered within 100 ft of ground surface/mudline, the thickness of the rock layer was adjusted so that the total thickness of material encountered at each test boring location is equal to 100 ft.
2.   For sublayers where the average SPT N60 value was in excess of 100 bpf a default value of 100 bpf was used in accordance with AASHTO LRFD.  Applicable cells are highlighted in orange.
3.   For sublayers where the SPT N60 value was equal to 0 bpf a default value of 1 bpf was used.  Applicable cells are highlighted in green.

Summarize weighted SPT N60 values for each test boring…. 3. SITE FACTORS & ELASTIC SEISMIC RESPONSE COEFFICIENTS:

Determine parameters using the Seismic Design Parameters v. 2.0 application developed by USGS and included in the
AASHTO LRFD Bridge Design Specifications.  The values summarized below are based on the AASHTO response spectra
for an event having a 7 percent probability of exceedance in 75 years.

Average =

In accordance with Table 1613.5.2 for SPT N > 50 bpf the site should be considered Site Class C.

Determine site factors and elastic seismic response coefficients based on geographic location and Site Class C.

95
97
43

38239-100

Client Maine Department of Transportation Date

Sheet 3 3
CALCULATIONS File No.

EK

Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

9/27/2013

62
42
46

Subject Seismic Site Class & Design Parameters Checked By

BB-KDH-103
BB-KDH-104
BB-KDH-106

53

65

Peak seismic ground acceleration coefficient on rock, PGA =
Site factor at zero-period on acceleration response spectrum, Fpga =

0.099
1.2

 Horizontal response sepctral acceleration coefficient at 1.0-s period modified by Fv, SD1 =
0.227
0.075

Horizontal response spectral acceleration coefficient at 0.2-s period modified by Fa, SDS =

BB-KDH-101

Test Boring No. Weighted SPT    
N-Value (bpf)

BB-KDH-201
BB-KDH-202
BB-KDH-203
BB-KDH-204 78

0.189
Horizontal response spectral acceleration coefficient at 1.0-s period on rock, S1 = 0.044

Design Parameter Design Value

Site Factor for long-period range of acceleration response spectrum, Fv = 1.70
Horizontal response spectral acceleration coefficient at 0.2-s period on rock, SS =

Site Factor for short-period range of acceleration response spectrum, Fa = 1.20
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OBJECTIVE:

Evaluate bearing resistance for proposed bridge abutments 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.

SUMMARY OF BEDROCK DATA:

BEDROCK CORE DATA:

LABORATORY TEST DATA:

BEDROCK DESCRIPTION:

Aphanitic SLATE.  Hard, fresh to slightly weathered.  Joints dipping at low to steep angles, very close to close,
tight to open, planar to stepped, smooth to rough.

Fine-grained to aphanitic PHYLLITE.  Hard, fresh to moderately weathered.  Joints dipping at low to steep angles,
very close to moderately close, planar to stepped, smooth to rough, tight to open.

For additional details refer to test boring logs.

17.0 2.0 24 100% 19 79%
15.0 22

35 101% 8

Rock Core 
Length (ft)

3.0

2.9

Recovery RQD
in. % in. %

61%

Subject Abutment Footing Bearing Resistance Evaluation Checked By BCS

Client Maine Department of Transportation Date 9/9/2013

Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

101% 8 24%

CALCULATIONS File No.

Sheet 1 3

38239-100

Test Boring No.

BB-KDH-101
BB-KDH-101
BB-KDH-101

R1

R3

Top Depth     
(ft, BGS)

Sample No.

12.0

17.0
R2 15.0

Bottom Depth  
(ft, BGS)

36 100%

46 96% 31 65%

23%

R1 12.8 13.1 41,002 171

Sample No.
Top Depth     
(ft, BGS)

Bulk Density        
(pcf)

Peak Compressive 
Stress (psi)

Bottom Depth  
(ft, BGS)

19.9
99% 8 32%R4 19.9 22.0 2.1 25BB-KDH-101

12 100% 0 0%
BB-KDH-103 R2 6.2 7.2 1.0 12 100% 0 0%
BB-KDH-103 R1 5.2 6.2 1.0
BB-KDH-101 R5 22.0 26.0 4.0

BB-KDH-103 R3 7.2 10.0 2.8

34 83% 16 39%BB-KDH-106 R2 21.0 24.4 3.4
BB-KDH-106 R1 19.0 21.0 2.0 24 100% 0 0%

34

BB-KDH-106 R3 24.4 26.5 2.1 25 99% 8 32%
27 87% 11 36%

BB-KDH-106 R5 29.1 31.7 2.6 28 90% 24 77%
BB-KDH-106 R4 26.5 29.1 2.6

56 99% 31 55%
BB-KDH-202 R1 14.5 19.5 5.0 60 100% 51 85%
BB-KDH-201 R1 12.4 17.1 4.7

60 100% 30 50%
BB-KDH-204 R1 6.4 9.9 3.5 42 100% 6 14%
BB-KDH-203 R1 17.0 22.0 5.0

0%

BB-KDH-106 R2 22.5 22.9 12,670 168

BB-KDH-204 R2 9.9 10.9 1.0

BB-KDH-101 R2 15.7

Test Boring No.

BB-KDH-101
16.0 30,720 170

170BB-KDH-106 R5 30.3 30.7 14,797

12 100% 0
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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 (slate) values range from 60 to 80 kips per square foot (ksf).
For weathered or broken bedrock values range from 16 to 24 ksf.

For service limit state design use the following: ksf (abutments)

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, 12.67 ksi < qu < 41.002 ksi…… average = ksi
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 slate and phyllite, assume Rock Type B.  Calculate m and s directly based on Hoek & Brown, 1988.

m/mi = exp ((RMR-100)/14)

where mi = m for intact rock

from Table 10.4.6.4-4, Rock Type B, m for intact rock = 10

therefore, m = 10 exp ((RMR-100)/14)

s = exp ((RMR-100)/6)

38239-100

Subject Abutment Footing Bearing Resistance Evaluation

CALCULATIONS File No.

Sheet 2 3

Checked By BCS

Client Maine Department of Transportation Date 9/9/2013

Computed By EFWProject U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine

3571

8,927

3571
25

30
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BEARING RESISTANCE EVALUATION: (CONT.)

STRENGTH LIMIT STATE: (CONT.)

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

abutment

abutment

abutment

abutment

abutment

wingwall

wingwall

wingwall

abutment

abutment

abutment

abutment

abutment

wingwall

abutment

abutment

wingwall

wingwall

At abutments:

qp (average):

qp (minimum):

qp (maximum):

Select qp: ksf (abutments)

Resistance factor for bearing resistance of footings on rock,  =

Calculate factored bearing resistance = ksf (abutments)

EXTREME EVENT LIMIT STATE:

Based on above calculation, qp = ksf (abutments)

Resistance factor for the extreme event,  =

Calculate factored bearing resistance = ksf (abutments)

Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

Checked By BCS

0.45

45

Subject Abutment Footing Bearing Resistance Evaluation

R3

R4

R5

BB-KDH-101 40.0 0.138 4.540E-05

0.374 4.682E-04

2.404E-04

Test Boring No. RMR

BB-KDH-101 50.0

CALCULATIONS File No.

Sheet 3 3

38239-100

Client Maine Department of Transportation Date 9/9/2013

BB-KDH-101 45.0 0.197 1.045E-04 201

BB-KDH-101 54.0

m s

0.281

Sample No.

R1

R2

qp

298

408

135

BB-KDH-103 R1 40.0 0.138 4.540E-05 135

BB-KDH-101 50.0 0.281 2.404E-04 298

BB-KDH-103 R3 40.0 0.138 4.540E-05

135

135

BB-KDH-103 R2 40.0 0.138 4.540E-05

BB-KDH-106 R2 37.0 0.111 2.754E-05

72

107

BB-KDH-106 R1 32.0 0.078 1.197E-05

BB-KDH-106 R4 37.0 0.111 2.754E-05

107

107

BB-KDH-106 R3 37.0 0.111 2.754E-05

BB-KDH-201 R1 42.0 0.159 6.336E-05

477

159

BB-KDH-106 R5 56.0 0.432 6.534E-04

6.336E-05

217

159

100

1.0

BB-KDH-204 R2 21.0 0.035 1.913E-06

30

30

BB-KDH-204 R1 21.0 0.035 1.913E-06

BB-KDH-202 R1 46.0 0.211 1.234E-04

215

72

477

ksf

ksf

ksf

BB-KDH-203 R1 42.0 0.159

100

100



Reference Elev. 45.3 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 12.0 15.0 33.3 30.3 41,002 psi 15 36 100% 22 61% 13 <2 - 12 10 .004 - .1 12 -7 7 50

R2 15.0 17.0 30.3 28.3 30,720 psi 15 24 100% 19 79% 17 <2 - 12 10 .004 - .1 12 -7 7 54

R3 17.0 19.9 28.3 25.4 no test 15 35 101% 8 23% 3 <2 - 12 10 .004 - .1 12 -7 7 40

R4 19.9 22.0 25.4 23.3 no test 15 25 99% 8 32% 8 <2 - 12 10 .004 - .1 12 -7 7 45

R5 22.0 26.0 23.3 19.3 no test 15 46 96% 31 65% 13 <2 - 12 10 .004 - .1 12 -7 7 50

ave: 48

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.

Rock Mass Rating Field Data Sheet
AASHTO Geomechanics Classification of Rock Masses from Rock 

Core Recovery, for use with LRFD Design

U.S. Route 1 Bypass Bridge over Route 236 Maine Test Borings

Kittery, Maine Mobile Drill B-53 Truck-Mounted Drill Rig 38239-100

Maine Department of Transportation Marleigh Snow 9/9/2013

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

GW 
Rating

RMR 
Rating 
SumRock Type

BB-KDH-101 slate

BB-KDH-101 slate

BB-KDH-101 slate

BB-KDH-101 slate

BB-KDH-101 slate

BB-KDH-101BORING NO:

Condition of Joints RMR Rating

Joint 
Spacing

RMR 
Rating

Haley & Aldrich, Inc.
G:\PROJECTS\38239 - Kittery Overpass Bridge\100\Calculations\2013-1122-HAI-Abutment Bearing Resistance.xlsx2013-1122-HAI-Abutment Bearing Resistance.xlsx



Reference Elev. 27.6 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 5.2 6.2 22.4 21.4 no test 15 12 100% 0 0% 3 <2 - 4 10 .02 - .1 12 -7 7 40

R2 6.2 7.2 21.4 20.4 no test 15 12 100% 0 0% 3 <2 - 4 10 .02 - .1 12 -7 7 40

R3 7.2 10.0 20.4 17.6 no test 15 34 101% 8 24% 3 <2 - 8 10 .004 - .1 12 -7 7 40

ave: 40

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.

Rock Mass Rating Field Data Sheet
AASHTO Geomechanics Classification of Rock Masses from Rock 

Core Recovery, for use with LRFD Design

U.S. Route 1 Bypass Bridge over Route 236 Maine Test Borings

Kittery, Maine Mobile Drill B-53 Truck-Mounted Drill Rig 38239-100

Maine Department of Transportation Marleigh Snow 9/9/2013

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

GW 
Rating

RMR 
Rating 
SumRock Type

BB-KDH-103 slate

BB-KDH-103 slate

BB-KDH-103 slate

BB-KDH-103BORING NO:

Condition of Joints RMR Rating

Joint 
Spacing

RMR 
Rating

Haley & Aldrich, Inc.
G:\PROJECTS\38239 - Kittery Overpass Bridge\100\Calculations\2013-1122-HAI-Abutment Bearing Resistance.xlsx2013-1122-HAI-Abutment Bearing Resistance.xlsx



Reference Elev. 45.7 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 19.0 21.0 26.7 24.7 no test 7 24 100% 0 0% 3 <2 - 12 10 .004 - .1 12 -7 7 32

R2 21.0 24.4 24.7 21.3 12,670 psi 7 34 83% 16 39% 8 <2 - 12 10 .004 - .1 12 -7 7 37

R3 24.4 26.5 21.3 19.2 no test 7 25 99% 8 32% 8 <2 - 12 10 .004 - .1 12 -7 7 37

R4 26.5 29.1 19.2 16.6 no test 7 27 87% 11 36% 8 <2 - 12 10 .004 - .1 12 -7 7 37

R5 29.1 31.7 16.6 14.0 14,797 psi 7 28 90% 24 77% 17 12 - 40 20 .02 - .1 12 -7 7 56

ave: 40

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.

Rock Mass Rating Field Data Sheet
AASHTO Geomechanics Classification of Rock Masses from Rock 

Core Recovery, for use with LRFD Design

U.S. Route 1 Bypass Bridge over Route 236 Maine Test Borings

Kittery, Maine Mobile Drill B-53 Truck-Mounted Drill Rig 38239-100

Maine Department of Transportation Marleigh Snow 9/9/2013

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

GW 
Rating

RMR 
Rating 
SumRock Type

BB-KDH-106 phyllite

BB-KDH-106 phyllite

BB-KDH-106 phyllite

BB-KDH-106 phyllite

BB-KDH-106 phyllite

BB-KDH-106BORING NO:

Condition of Joints RMR Rating

Joint 
Spacing

RMR 
Rating

Haley & Aldrich, Inc.
G:\PROJECTS\38239 - Kittery Overpass Bridge\100\Calculations\2013-1122-HAI-Abutment Bearing Resistance.xlsx2013-1122-HAI-Abutment Bearing Resistance.xlsx



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 12.4 17.1 24.8 20.1 no test 7 56 99% 31 55% 13 <2 - 12 10 .004 - .1 12 -7 7 42

R1 14.5 19.5 31.1 26.1 no test 7 60 100% 51 85% 17 <2 - 40 10 .004 - .1 12 -7 7 46

R1 17.0 22.0 29.2 24.2 no test 7 60 100% 30 50% 13 <2 - 12 10 .004 - .1 12 -7 7 42

R1 6.4 9.9 25.7 22.2 no test 7 42 100% 6 14% 3 <2 - 12 5 .02 - .1 6 -7 7 21

R2 9.9 10.9 22.2 21.2 no test 7 12 100% 0 0% 3 <2 5 .02 - .1 6 -7 7 21

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.

Rock Mass Rating Field Data Sheet
AASHTO Geomechanics Classification of Rock Masses from Rock 

Core Recovery, for use with LRFD Design

U.S. Route 1 Bypass Bridge over Route 236 Maine Test Borings

Kittery, Maine Mobile Drill B-53 Bombardier-Mounted Drill Rig 38239-100

Maine Department of Transportation Marleigh Snow 9/9/2013

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

GW 
Rating

RMR 
Rating 
SumRock Type

BB-KDH-202 phyllite

BB-KDH-203 phyllite

BB-KDH-201 phyllite

BB-KDH-204 phyllite

BB-KDH-204 phyllite

BB-KDH-201, 202, 203, 
204BORING NO:

Condition of Joints RMR Rating

Joint 
Spacing

RMR 
Rating

Haley & Aldrich, Inc.
G:\PROJECTS\38239 - Kittery Overpass Bridge\100\Calculations\2013-1122-HAI-Abutment Bearing Resistance.xlsx2013-1122-HAI-Abutment Bearing Resistance.xlsx









of

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 gravel, gravel-sand mixture, medium dense to dense values range from 8 to 14 kips per square foot (ksf).
For coarse to medium sand, medium dense to dense values range from 4 to 8 kips per square foot (ksf).

For service limit state design use the following: ksf

STRENGTH LIMIT STATE:

Refer to attached table for calculation of strength limit state.

For walls with B up to 8 ft, qn = 18 to 20 ksf use: ksf
For walls with B up to 14 ft, qn = 22 to 25 ksf use: ksf

Resistance factor for bearing resistance of footings on rock,  =

Calculate factored bearing resistance = ksf for walls with B up to 8 ft
ksf for walls with B up to 14 ft

EXTREME EVENT LIMIT STATE:

Resistance factor for the extreme event,  = 1

Calculate factored bearing resistance = ksf for walls with B up to 8 ft
ksf for walls with B up to 14 ft

CALCULATIONS File No. 38239-100

Sheet 1 1
Client Maine Department of Transportation Date 11/22/2013
Project U.S. Route 1 Bypass Bridge over Route 236 - Kittery, Maine Computed By EFW

10

Subject Wingwall Footing Bearing Resistance Evaluation Checked By WAC

8

18
22

0.45

8

18
22





Project: U.S. Route 1 Bypass Bridge over Route 236, Kittery, Maine

Client: McFarland‐Johnson

Subject: Bearing Resistance of Wingwalls

File Number: 38239‐100

Date: 11/22/13

Prepared by: EFW

Checked by: WAC

Case  t (pcf) c (psf) Df (ft) Dw, (ft) B

Eccentricity 
(Applies to 
B only) = B' L L' N = f() Nc = f1() Nq = f2() N = f3() sc sq s

Depth 
Correction, 

Y or N? dq Cwq Cw Ncm Nqm Nm qn (psf) qn (ksf) RF RF×qn (ksf)

1 34 125 0 2 10 6 1.0 4.0 25 25 3.54 42.1 29.4 41.0 1.11 1.11 0.94 N 1.00 1.00 1.00 46.80 32.57 38.38 17,737 17.7 0.45 8.0
2 34 125 0 2 10 8 1.3 5.3 25 25 3.54 42.1 29.4 41.0 1.15 1.14 0.91 N 1.00 1.00 1.00 48.37 33.63 37.50 20,908 20.9 0.45 9.4
2 34 125 0 2 10 10 1.7 6.7 25 25 3.54 42.1 29.4 41.0 1.19 1.18 0.89 N 1.00 1.00 0.90 49.94 34.69 36.63 22,407 22.4 0.45 10.1
3 34 125 0 2 10 12 2.0 8.0 25 25 3.54 42.1 29.4 41.0 1.22 1.22 0.87 N 1.00 1.00 0.83 51.51 35.75 35.75 23,833 23.8 0.45 10.7
4 34 125 0 2 10 14 2.3 9.3 25 25 3.54 42.1 29.4 41.0 1.26 1.25 0.85 N 1.00 1.00 0.79 53.08 36.80 34.88 25,186 25.2 0.45 11.3

Notes:
1. Assumes maximum eccentricity less than B/6.

G:\PROJECTS\38239 - Kittery Overpass Bridge\100\Calculations\[2013-1122-HAI-Single Layer Bearing Capacity.xls]Original Calculations
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OBJECTIVE:

Caculate static and dynamic lateral earth pressures for bridge abutments and wingwalls in accordance with AASHTO LRFD
Bridge Design Specifications, 6th Edition, 2012 with 2012 Interim Revisions.

EVALUATION:

Static Lateral Earth Pressure:

Calculate static lateral earth pressure in accordance with Sections 3.11.5.1  and 3.11.5.3.

Summarize input parameters….

 = deg. radians
 = deg. radians
 = deg. radians
`f = deg. radians (value is assumed for granular borrow used to construct approach embankments)

Calculate coefficient ….  = Calculate coefficient of active lateral earth pressure…. ka =

Assume total unit weight of abutment backfill…. s = kips per cubic foot (kcf)

Summarize abutment heights from 50 percent design drawings…. zabut 1 = ft zabut 2 = ft

Calculate static lateral earth pressure at base of abutment wall…. pabut 1 = psf pabut 2 = psf
presented in terms of force per unit width of wall = lb/lf lb/lf

The static lateral earth pressure should be applied as a triangular distribution, linearly increasing from zero at the top of the 
wall to the bottom.  The resultant load acts at a height of H/3 above the base of the wall, where H is the total wall height.
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EVALUATION: (CONT.)

Dynamic Lateral Earth Pressure:

Calculate dynamic lateral earth pressure in accordance with Sections A11.3.1  and A11.5.1.

From "Seismic Site Class & Design Parameters" calculation package the site is categorized as Site Class E. 
Summarize relevant design parameters and calculate earthquake ground motion acceleration coeff. and horizontal seismic
acceleration coeff….

Fpga = Calculate As as the product of Fpga and PGA…. As =
PGA =

Assume a lateral wall displacement as follows…. d = in.

Calculate horizontal seismic acceleration coefficient, kh =

Summarize remaining input parameters….

kv = (assumed, typically equal to zero)
i = deg. radians

Calculate parameter MO…. degrees radians
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EVALUATION: (CONT.)

Dynamic Lateral Earth Pressure: (cont.)

Summarize all input parameters for calculation of seismic active earth pressure coefficient, KAE….

 = radians cos( - MO - 2 = 
 = radians cos(MO) =
`f = radians cos()2 =

i = radians cos( +  + MO) =
MO = radians sin( + ) =

sin( - MO - i) =
cos(i - ) = Calculate KAE =

Calculate the dynamic lateral earth pressure at the base of the abutment walls….

Assume total unit weight of abutment backfill…. s = kips per cubic foot (kcf)

Summarize abutment heights from 50 percent design drawings…. zabut 1 = ft zabut 2 = ft

kv = (assumed, typically equal to zero)

PAE(1) = lb/lf PAE(2) = lb/lf Note: PAE represents the total static and seismic active earth load per unit width

psf psf of wall.  This can be applied as a uniform pressure.

Live Load Surcharge:

Calculate the live load surcharge on abutments and wingwalls in accordance with Section 3.11.6.4.

Coefficient of active lateral earth pressure…. ka =

Assume total unit weight of abutment backfill…. s =

Since both abutments are greater than 20 ft, heq = ft

Calculate p = ksf
psf

The pressure should be applied uniformly distributed over the
entire height of the abutments/wingwalls.

2

0.0688
69
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0.125
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