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1.0 INTRODUCTION 

This report presents the results of GZA’s subsurface exploration and geotechnical evaluation for 
replacement of the Route 103 New Bridge in York, Maine.  Our services were provided in 
accordance with contract GCA No. U1210060627, GZA Work Plan Dated June 10, 2008 (revised 
July 31, 2008 and Contract Modifications 1 and 2, dated August 26, 2008 and September 2, 2008, 
respectively), and the attached Limitations contained in Appendix A of the report. 
 
1.1     OBJECTIVES AND SCOPE OF SERVICES 

The objectives of our work were to evaluate subsurface soil conditions and to provide 
geotechnical engineering recommendations for the proposed Route 103 New Bridge replacement.  
To meet these objectives, GZA completed the following Scope of Services: 
 

• Conducted a site visit to observe surficial conditions; and reviewed existing bridge plans, 
test boring data, and mapped surficial and bedrock geology of the site; 

• Coordinated and observed a subsurface exploration program consisting of seven test 
borings; 

• Conducted a laboratory testing program to evaluate engineering properties of the site 
soils; 

• Conducted geotechnical engineering analyses to evaluate foundations for the replacement 
bridge; 

• Developed geotechnical engineering recommendations including foundation alternatives 
and foundation design recommendations for the preferred foundation type(s); and 

• Prepared this report summarizing our findings and design recommendations. 

 
1.2     BACKGROUND 

New Bridge carries Route 103 over the York River in York, Maine, as shown in Figure 1, Locus 
Plan.  The existing bridge consists of a 490-foot long, 26-foot wide, steel girder, concrete deck 
structure.  The substructure consists of timber pile-supported abutments and timber pile bent piers 
at 26-foot spacing.  Every fourth pier is a double bent supporting a joint in the superstructure.   
 
The department intends to replace the bridge superstructure and foundations with a new 33-foot 
wide bridge consisting of seven 55- to 80-foot spans supported on two new integral abutments 
and six new piers.  It is anticipated that the replacement bridge alignment will generally match the 
existing bridge alignment, with a widened deck and five-foot wide sidewalk. It is anticipated that 
the replacement bridge will be supported on integral abutments with driven HP-pile foundations 
and pile bent piers bearing on concrete filled steel pipe piles or square prestressed concrete piles. 
Route 103 will be shut down completely during demolition and bridge replacement. 
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2.0 SUBSURFACE EXPLORATIONS 

2.1     PREVIOUS SUBSURFACE INVESTIGATION 

Design drawings of the existing bridge prepared by the State Highway Commission, Bridge 
Division, dated January 1955, were provided for GZA’s use. The drawings include logs of twelve 
test borings, completed in November 1955, drilled through the then-existing railroad 
embankments at each end, and at regular intervals along the riverbed in between.  The borings 
were drilled through about 40 to 80 feet of soil, which from the ground surface down consisted of 
embankment fill, peat, alluvial (primarily sand) deposits, marine silt and clay, sand and gravel, 
and dense glacial till.  Bedrock was confirmed at two locations beneath the riverbed at a depth of 
approximately 70 to 80 feet below ground surface.    
 
2.2     RECENT SUBSURFACE INVESTIGATION 

GZA completed a subsurface investigation program consisting of seven test borings.  One boring 
was completed at each abutment and five were completed at or near the proposed pier locations. 
The locations of the borings were determined approximately in the field by taping from existing 
features shown on the bridge plans. The boring locations are shown on Figure 2, Boring 
Location Plan. 
 
Approximate ground surface elevations at the abutment borings (BB-YYR-401 and BB-YYR-
406) were interpolated by GZA from the existing bridge survey provided by VHB. To estimate 
the approximate ground surface elevations at the remainder of the borings, GZA interpolated the 
bridge deck elevation from the existing conditions survey provided by VHB, then subtracted the 
measured distance from the bridge deck to the mud line.  Elevations referenced in this report are 
in feet and refer to North American Vertical Datum of 1988 (NAVD 1988).  Boring locations and 
ground surface elevations at the borings are approximate and are considered accurate only to the 
degree implied by the methods used to determine them. 
 
The borings were drilled to depths of 72 to 119 feet below ground surface and were terminated in 
bedrock. New Hampshire Boring, Inc. of Londonderry, New Hampshire coordinated utility 
clearance and provided drilling services.  Their work was completed between August 11 and 
September 15, 2008. GZA personnel monitored the drilling work and prepared logs of each 
boring that are included in Appendix B. 
 
The borings were drilled using 4-inch casing and drive-and-wash drilling techniques.  Standard 
penetration testing (SPT) and split-spoon sampling were performed at 5-foot typical intervals in 
the borings using a 24-inch sampler, a spooling-winch, and a safety hammer. The New 
Hampshire Boring standard penetration testing system used on this project was calibrated in 
October of 2008 and found to have an average energy transfer efficiency of 45 percent. A report 
on that calibration was provided under separate cover. All raw field N-values have been corrected 
to N60, the standard energy of a rope and cathead system. Thin wall tube samples were collected 
in fine-grained soils. Field vane shear tests were performed with a tapered vane (1.8-in. x 4.6-in.) 
in four of the seven boring locations at varying intervals in fine-grained soils. Calculations of the 
vane constant are included in Appendix E.  Two-inch diameter bedrock cores were obtained at 
each boring location. Core lengths of 7 to 15 feet were drilled to assess the nature of the bedrock. 
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3.0 LABORATORY TESTING 

GZA completed a laboratory soil and bedrock testing program to confirm visual soil 
classification, evaluate frost classification and scour parameters, and estimate engineering 
properties of the soils and rock. The program included ten gradation analysis / AASHTO 
Classification / Frost Classification / Unified Soil Classification System (USCS) assessments, 
seven sets of Atterberg Limits, and three one-dimensional consolidation tests on soil samples 
taken from the borings.  Three unconfined compression and modulus determinations were 
completed on selected bedrock samples. Results of the testing are included in Appendix C, and 
included on the boring logs in Appendix B. 
 

4.0 SUBSURFACE CONDITIONS 

4.1     SURFICIAL AND BEDROCK GEOLOGY 

Based on available literature, surficial geologic units mapped in the Route 103 New Bridge area 
include artificial fill, nearshore marine deposits, and Presumpscot Formation deposits. The 
following are brief descriptions of the geologic units: 
 

• The fill material is described as a mixture of till, sand, gravel, and rock along with other 
miscellaneous man-made fill material.   

• The nearshore marine deposits are described as thin, discontinuous till, water-deposited 
sediments, and/or wetland deposits overlying bedrock. These deposits are noted in coastal 
areas where glacial sediments were largely eroded and redeposited during glacial 
regression. Areas of bedrock outcrops are locally abundant.   

• The Presumpscot Formation deposits are described as massive to laminated, gray to 
bluish-gray silt and clay, which weathers to brownish or greenish-gray. This deposit 
locally may include minor sand and gravel and occurs as a blanket deposit over bedrock 
and older glacial sediments.  These sediments were deposited on the sea floor during late-
glacial marine submergence. 

• The southern abutment area is mapped as wetland and salt marsh deposits consisting of 
peat, muck, silt, and clay and is subject to tidal flooding. 

• According to the Bedrock Geologic Map of Maine (1985) and the Bedrock Geology of 
the Kittery 1:100,000 Quadrangle, Maine, and New Hampshire (2008), bedrock in the 
vicinity of the site consists of phyllite and quartzite, with basalt dikes and sills, and is 
mapped as the Kittery Formation. 

 
4.2     SUBSURFACE SOILS 

Six primary soil units: Embankment Fill, Marine Nearshore Deposits (including Channel 
Sediments, Gravel Sediments, and Sand Sediments), Clay, and Glacial Till were encountered at 
the recently completed test borings. The encountered thicknesses and generalized description, 
including USCS classification, in descending order from ground surface, are presented in the 
following table. Detailed descriptions of the materials encountered at specific locations are 
provided in the boring logs included in Appendix B. The soil units are also shown in relation to 
the bridge alignment on Figure 3, Interpretative Subsurface Profile.  
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GENERALIZED SUBSURFACE CONDITIONS 

Soil Unit 
Approx. 

Encountered 
Thickness (ft) 

Description 

Embankment Fill 24 
Loose to dense, brown, fine to coarse SAND, some to trace Gravel, 
some to trace Silt (USCS: GM, SM). Encountered in BB-YYR-401 
and BB-YYR-406. 

Marine Nearshore 
Deposits (Channel 

Sediments) 
17 to 20 

Medium dense to dense, brown fine to medium SAND, some to trace 
Silt, trace Gravel (USCS: SM). Encountered in BB-YYR-402 and 
BB-YYR-403. 

Clay 9 to 29 

Soft to very stiff, brown to dark gray, lean CLAY with little to some 
fine to medium SAND (variable amounts; typically bedding or 
layers), occasional Silt laminations, trace Gravel.  Trace shell 
fragments, roots, and wood pieces.  H2S odor noted in upper samples 
(USCS: CL, AASHTO: A-4, A-6, A-7, A-7-6) 
Encountered in all of the borings. 
Water Content Range (8 samples): 23% to 41%  
Plastic Limit Range (7 samples): 9 to 25 
Liquid Limit Range (7 samples): 25 to 46 
Plasticity Index (7 samples): 16 to 22 
Liquidity Index (7 samples): 0.29 to 0.94 (plastic behavior range) 
Field Vane Shear Strength Range: 2090 psf to greater than 6300 psf 
(initial), 315 psf to 2215 psf (remolded) 
Sensitivity Range (5 samples): 1.4 to 8 (low to medium sensitivity) 
Torvane Shear Strength Range (3 samples): 1160 psf to 2600 psf  

Marine Nearshore 
Deposits (Gravel) 30 

Loose to Dense, brown GRAVEL, some to trace fine to coarse Sand, 
trace Silt.  Probable old stream channel (USCS: GM-GP). 
Encountered in BB-YYR-404 only. 

Marine Nearshore 
Deposits (Sand) 3 to 51 

Medium dense to dense, gray, fine to medium SAND, some to trace 
Silt, little to trace Gravel (USCS: SM-SC).   Encountered in all of the 
borings. 

Glacial Till 38 to 56 
Medium dense to very dense, gray and brown, fine to coarse SAND 
and GRAVEL, some to little Silt with Cobbles and Boulders (USCS: 
SM, GP-GM). Encountered in all of the borings. 

 
4.3     GROUNDWATER 

All of the test borings except BB-YYR-401 and BB-YYR-406 were drilled in the York River 
where groundwater fluctuates with the tidal level. Water was introduced into the abutment 
borings during the drilling operations. As a result, stabilized groundwater levels were not 
determined.  Wet to saturated soil samples were encountered at a depth of approximately 10 feet 
in the abutment borings. Based on these data, groundwater levels at the abutments are anticipated 
to be on the order of 5 to 10 feet below existing grade. Groundwater levels fluctuate due to 
season, tides, precipitation, infiltration and construction activity in the area. Therefore, 
groundwater levels during and after construction are likely to vary from those encountered at the 
time of the test borings. 
 
4.4     BEDROCK 

Bedrock was cored in all of the test borings. Two rock types were encountered, phyllite and 
basalt. 
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The phyllite was described as hard, fresh to moderately weathered, fine-grained to aphanitic, and 
dark gray. Joints were very close to closely spaced, low angle to near-vertical, planar and smooth 
to rough and undulating, fresh and tight to partly open, with occasional quartz stringers.  The 
Rock Quality Designation (RQD) ranged from 0 to 85 percent, with an average of 24 percent. 
Laboratory testing yielded an unconfined compressive strength of 37 ksi and a secant modulus of 
7,600 ksi. 
 
The basalt was described as hard, fresh, fine- to medium-grained, and gray. Joints were close to 
widely spaced, dipping at low to moderate angles, planar, rough, fresh and tight to partly open, 
with occasional quartz stringers.  The RQD ranged from 0 to 61 percent, with an average of 37 
percent. Laboratory testing yielded an unconfined compressive strength of 35 ksi and a secant 
modulus of 10,000 ksi. 
 

5.0 ENGINEERING EVALUATIONS 

5.1     SCOUR CONSIDERATIONS 

Two soil units were encountered on the riverbed surface, Marine Nearshore Deposits (granular) 
and Clay. Laboratory testing was performed on selected samples to assist in scour evaluations. 
Gradation analyses were performed on the granular deposits and Atterberg Limits were 
performed on the cohesive soil. The testing results are summarized below. 
 

MARINE NEARSHORE DEPOSITS (GRANULAR) 

 BB-YYR-402 (1D) BB-YYR-403 (1D) 
D50 (mm) 0.52 0.53 
D95 (mm) 1.8 2.2 

 
Clay 

 BB-YYR-405A (1D) BB-YYR-405A (3D) 
Liquid Limit (LL) 45 25 

Plasticity Index (PI) 22 16 
 
5.2     SEISMIC CONSIDERATIONS 

Evaluation of the seismic site class was based on the N-Bar approach in accordance with 
AASHTO LRFD Bridge Design Specification, 4th Edition, 2007 with 2008 Interims (herein 
referred to as LRFD) Table C3.10.3.1-1.  N-bar is defined as the average, corrected SPT value for 
the upper 100 feet of the soil profile. For the New Route 103 Bridge site in York, N-bar exceeds 
15 blows per foot (bpf); therefore, the site should be assigned to Site Class D.   
 
The United States Geological Survey software Seismic Design Parameters Version 2.10 was 
provided with LRFD and was used to develop parameters for bridge design. Based on the site 
address, the software provided the recommended AASHTO Response Spectrum for a 7 percent 
probability of exceedence in 75 years.  These results are summarized as follows: 
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Site Class D - Fpga = 1.60, Fa = 1.60, Fv = 2.40 
Data are based on a 0.05 deg grid spacing. 
 Period  Sa 
 (sec)  (g) 
 0.0  0.155 As - Site Class D 
 0.2  0.298 SDs - Site Class D 
 1.0  0.106 SD1 - Site Class D 
 
Per LRFD Article 3.10.6 the site is assigned to Seismic Zone 1 based on a calculated SD1 of 
0.106. Seismic design requirements for multispan bridges in LRFD 4.7.4.4 indicate no seismic 
analysis is required for multispan bridges in Seismic Zone 1, however, minimum support length 
requirements per LRFD 4.7.4.4 and connection restraint requirements in LRFD 3.10.9.2 apply. 
Additional seismic analysis guidance is provided in the Maine DOT Bridge Design Guide (BDG) 
 
5.3     RESISTANCE FACTORS 

Resistance factors herein are based on LRFD Articles 6.5.4.2 and 10.5.5.2.3. The following table 
presents the resistance factors used for the Route 103 New Bridge. 
 

RESISTANCE FACTORS 

Condition Steel H-Pile Steel Pipe Pile Prestressed 
Concrete 

AASHTO LRFD 
Reference 

[Φc = 0.50]1 
(Φc = 0.70) 
(Φf =1.0) 

 
 6.5.4.2 

 [Φc = 0.60]1 
(Φc = 0.80) 
(Φf =1.0) 

 6.5.4.2 
Structural Limit State 

[Axial] 
(Combined Axial & Bending) 

  
TBD 2 5.5.4.2.1 

Horizontal Resistance of a Pile or Pile 
Group 1.0 1.0 1.0 Table 10.5.5.2.3-1 

Nominal Resistance of Single Pile in 
Axial Compression – Static Analysis 

Method 
0.45 0.45 0.45 

Table 10.5.5.2.3-1 
Norlund/Thurman 

Method 
Nominal Resistance of Single Pile in 

Axial Compression – Dynamic 
Analysis and Static Load Test 

Methods 

0.65 0.65 0.65 
Table 10.5.5.2.3-1 
Dynamic Test with 

Signal Matching 

Pile Drivability Analysis 1.0 1.0 1.0 Table 10.5.5.2.3-1 

1. Pile tips are recommended due to glacial till soils, therefore, severe driving conditions and 
associated resistance factors are used. 

2. Structural designer, VHB is responsible for evaluating combined stresses in precast concrete piles. 
 
The factor for Nominal Resistance of Single Pile in Axial Compression, Φdyn, will be used to 
establish the required nominal geotechnical resistance to which the foundation piles will be 
driven. This factor is specified in AASHTO Table 10.5.5.2.3 as 0.65 for the case where 
installation controls will include wave equation (WEAP) analysis and a dynamic method 
including dynamic measurements combined with signal-matching analysis. 
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5.4     SUMMARY OF CALCULATED PILE RESISTANCES 

We understand that the proposed bridge foundations will consist of integral abutments supported 
on ASTM A572, Grade 50, HP12x74 steel H-piles; and bent-type piers consisting of either                   
closed ended, concrete-filled, 24-inch diameter, ¾-inch wall thickness, ASTM A252 Grade 3 
steel pipe piles; or 24-inch, square, prestressed, concrete piles.  Based on the resistance factors 
noted above and the analyses described in subsequent sections, GZA evaluated the resistances for 
the proposed piles.  The results of those analyses are summarized in the table that follows.  
 

SUMMARY OF CALCULATED PILE RESISTANCES (KIPS) 

Condition 

ASTM A572 Grade 
50 (fy = 50ksi)     

HP 12x74 Steel H-
Pile 

ASTM A252,  
Grade 3 Steel (fy = 45ksi)  
24 x ¾-Inch, Closed-End, 
Concrete-Filled, Pipe Pile 

24-Inch Square 
Prestressed 
Concrete 
f’c = 6ksi 

Factored Axial Structural 
Resistance (No Bending) 

Hard-Driving  
545 1469                    

(ignoring concrete) 1397 

Factored Axial Resistance 
Based on Drivability 242 507 494 

Nominal Geotechnical 
Axial Resistance 372 780 760 

 
5.5     EVALUATION OF ABUTMENT FOUNDATIONS 

5.5.1     Abutment Type 

We understand that the abutments will consist of integral abutments, supported on steel HP 12x74 
piles.  The new abutments will be located approximately 15 feet behind the existing abutments.  
The existing pile-supported abutments will be demolished down to the level required by the 
replacement bridge design. The piles will be cut off, if necessary, and abandoned in place. 
 
5.5.2     Frost Protection 

Fill soils are anticipated to be present at the abutments, either as existing fill, or imported backfill. 
Based on the Maine DOT Bridge Design Guide (BDG), Section 5.2.1 the Freezing Index for the 
site is 1200, and with low-moisture content (<10%) soils, the estimated depth of frost penetration 
is 6 feet.   However, since integral abutments are proposed, an embedment of at least 4.0 feet 
should be provided in accordance with Figure 5.2 of the Maine DOT BOG. 
 
5.5.3     Abutment Soil Profile 

GZA developed the following representative subsurface profile for use in evaluating both 
abutment foundations.   
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STRATA 
DESIGNATION 

APPROX. 
BASE EL. 
(FT-NAVD 

88) 

APPROX 
THICKNESS 

(FT) 

REPRESENTATIVE Φ 
(°) OR SU (PSF) FOR 

LAYER 
DESCRIPTION 

Embankment Fill -2 20 34° 
Medium dense to dense, fine to 

coarse SAND, some Gravel, 
some to trace Silt. 

Clay -23 21 375 psf 

Layered hard to soft, brown to 
gray, Lean CLAY and SILT, and 

loose to medium dense fine to 
medium SAND, trace Gravel.  

Trace shell fragments. 

Marine Nearshore 
Deposits (Sand) -37 14 34° 

Medium dense to dense, gray, 
fine to medium SAND, some to 
trace Silt, little to trace Gravel. 

Glacial Till -80 43 42° 

Dense to Very dense, gray and 
brown, fine to coarse SAND and 

GRAVEL, some to little Silt, 
with Cobbles and Boulders. 

Bedrock -- -- -- 
Hard, fresh to slightly 

weathered, fine-grained, gray, 
PHYLLITE. 

 
5.5.4     Abutment Settlement 

The bridge designer, VHB, proposes a 10-inch grade raise at Abutment 1.  GZA evaluated the 
potential settlement anticipated due to the raise in grade. The settlement evaluation first 
considered the site-specific stress history of the lean clay deposits.  
 
Maximum past pressures were evaluated based on the three one-dimensional consolidation tests.  
Those results are interpreted to show maximum past pressures greater than 8 ksf in both tests 
from the very stiff upper crust (BB-YYR-401, U1 and U2); and on the order of 3.6 ksf in the 
deeper stiff material (BB-YYR-406, U2). Evaluation of the maximum past pressures relative to 
the calculated in-situ effective stresses indicates that the crust layer is heavily over consolidated 
(by more than 7 ksf) and the deeper material is over consolidated by about 0.6 ksf. 
 
The estimated stress increase due to an assumed 10-inch grade raise is about 0.1 ksf.  Since the 
in-situ stress plus the stress increase is less than the maximum past pressure throughout the soil 
profile, consolidation settlement will occur as recompression.   
 
Settlement of less than about ¼- inch is estimated to result from the 10-inch grade change. Due to 
the heavily over consolidated nature of the material and considering that settlement will occur as 
recompression, settlements are expected to occur rapidly as loads are applied. Due to the small 
magnitude of estimated settlement, settlement mitigation measures are not recommended. It is 
GZA’s opinion that settlement of this magnitude is not sufficient to initiate downdrag, therefore 
downdrag loads should not be considered in design of the pile foundations.  
 
5.5.5     Pile Loading Data 

VHB provided factored structural design loadings for use in pile foundation design via emails on 
October 22 and 26, 2008.  The loading data are provided in Appendix D, and summarized in the 
table below. 
 



 

09.0025577.00 Page 9 3/30/2009 

FACTORED ABUTMENT LOADS 
Load Combination PV* (kips) PH (kips) Longitudinal Thermal Deflection (in.)

Service I 865 6 0.9 
Strength I 1210 0 0.9 

Strength III 800 13 0.9 
*Load does not include pile self weight or downdrag.  Includes entire 
superstructure load plus weight of abutment. 

 
Preliminary design was completed assuming a 5-pile abutment. The required nominal axial 
geotechnical resistance was determined by distributing the Strength I factored load evenly over 
the 5 piles. The self-weight of the steel H-pile (on the order of 3 kips per pile) was ignored for 
preliminary analyses. 
 
5.5.6     Axial Pile Resistance 

Static pile resistances were calculated using the Norlund Method, based on standard penetration 
test results from the borings. The static geotechnical pile resistance evaluation provided an 
estimate of nominal geotechnical resistance, and friction distribution for use as inputs for wave 
equation analyses. The static analyses also indicated that the pile resistance would be derived 
primarily from side friction and end bearing in glacial till. Consequently, no reduction in axial 
resistance was applied for pile group interaction. As previously noted, potential settlement is not 
considered sufficient to initiate downdrag loads. 
 
5.5.7     Lateral Pile Resistance 

GZA completed a series of lateral pile capacity analyses to estimate probable HP-pile top 
deflections and bending stresses under strength limit state design loads.  Analyses were 
completed in the transverse and longitudinal directions, assuming that the strong (X-X) axes are 
oriented to resist transverse displacement. Deflection estimates assumed that the piles were driven 
into existing subgrade soils, and assumed that the pile locations would be predrilled to allow for 
greater displacement of the bridge abutment. For preliminary analysis purposes, it was assumed 
that the predrilling would go from the base of the pile cap to the top of the clay and that after the 
driving was completed, the holes would be backfilled with a compressible material that would 
limit load transfer to the subgrade.   
 
Fixity for a steel HP 12x74 pile was estimated for both fully embedded and predrilled pile 
lengths. For fully embedded pile the fixity was estimated to be 7.7 feet below bottom of pile cap 
when loaded in the strong (X-X) axis and 6.2 feet when loaded in the weak (Y-Y) axis. If the 
abutment pile locations were predrilled to the top of the clay stratum, fixity in the strong (X-X) 
axis was estimated to be 11.5 feet and in the weak (Y-Y) axis was estimated to be 8.7 feet below 
the clay surface. Fixity was determined according to LRFD methods outlined in Article 
10.7.3.13.4. 
 
GZA evaluated potential deflection and bending stress, using the Davisson and Robinson method 
referenced in LRFD Article C10.7.3.13.4, under the strength limit state loads, assuming the pile 
was fully fixed at both ends, that no soil reactions occurred in between, and that all piles were 
plumb. Results of the analyses are summarized in the table below.  
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STEEL H-PILE ESTIMATED DEFLECTIONS - ABUTMENTS 
Load 

Combination 
Abut 
No. Condition Fixity 

Depth (ft) 
Unsupported 
Length (ft) 

Top Deflection 
(in.) 

Bending Stress 
(ksi) 

7.7 (T) 7.7 (T) 0.01 (T) - Strength III 2 Fully 
Embedded 6.2 (L) 6.2 (L) 0.9 (L) 174 

11.5 (T) 26.5 (T) 0.4 (T) - Strength III 2 Predrilled 
8.7 (L) 23.7 (L) 0.9 (L) 12 

*T=Transverse Deflection - estimated by GZA using strength limit state lateral load. Does not  
        include deflection due to thermal loads. 
   L=Longitudinal Deflection - estimated by VHB due to thermal loads. 

 
The estimated transverse deflections are within the limits provided by Steve Hodgeton, P.E. of 
VHB, that is: less than ½-inch transverse.   
  
VHB provided a maximum imposed longitudinal displacement due to thermal loads equal to 0.9 
inches at the pile cap. GZA evaluated the bending stresses that would be induced by this 
magnitude of deflection at the pile cap. If the piles are to be driven directly into the embankment 
fill without predrilling, the estimated bending stress would be approximately 174 ksi. The 
estimated bending stress exceeds the yield stress of 50 ksi for Grade 50 steel, therefore other 
measures must be considered to reduce bending stress. GZA evaluated predrilling as a means to 
increase the depth to fixity and reduce bending stress.  We estimate that predrilling through the 
embankment fill down to the top of the clay would result in an estimated bending stress of about 
12 ksi. Based on these considerations, predrilling is recommended. Please refer to Section 6.3 for 
additional details.  
 
5.5.8     Preliminary Wave Equation Analysis 

A preliminary wave equation analysis was performed to assess drivability. The analysis used the 
previously described design soil profile.  The analyses were performed for a 5-pile configuration 
assuming a MKT DE 50B open-end diesel pile driving hammer with a manufacturer’s rated 
energy of 42,500 foot pounds, driving a 65-foot long HP12x74 steel H-pile.    
 
The factored side friction and end bearing resistances of the pile were estimated by GZA using 
the Norlund method and a resistance factor of Φ = 0.65. For a 372 kip nominal capacity 
(resistance factor of 0.65 applied to maximum factored Strength I load of 242 kips), the side 
friction represented approximately 30 percent of the total capacity.  Consequently, we used the 30 
percent side friction value for wave equation analysis.  
 
Results of the preliminary wave equation analysis indicate that the HP12x74 steel H-piles can be 
driven to a final penetration resistance of 10 blows per inch with a corresponding driving stress of 
approximately 27 kips per square inch (ksi), and an estimated stroke of about 8.0 feet. The 
anticipated driving stress is less than the driving stress limit of 45 ksi for ASTM A572, Grade 50 
steel.  
 
Based on the static analyses and wave equation analyses, we anticipate pile lengths in the range 
of about of 40 to 50 feet below the bottom of proposed pile cap elevation at each abutment.  The 
pile length estimates assume approximately 5-feet of penetration into the glacial till.  We 
anticipate that the piles will develop resistance through a combination of side friction and end 
bearing, with the tips bearing in dense glacial till.  Cast steel pile points should be used to prevent 
damage to the pile tips during driving. 
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5.6     EVALUATION OF PIER FOUNDATIONS 

5.6.1     Pier Foundation Type 

We understand that the proposed pier substructures will consist of pile bents with cast in place 
concrete caps.  Two alternative pile types, closed ended, concrete-filled, 24-inch diameter, ¾-inch 
wall thickness, steel pipe piles and 24-inch square prestressed concrete piles, were considered for 
this evaluation.   
 
5.6.2     Design Profiles 

GZA evaluated subsurface conditions and developed two representative design soil profiles for 
use in pier foundation evaluations. Pier profile A represents proposed southern piers 1 through 3, 
where clay overlies more competent granular soils.  Pier profile B represents proposed northern 
piers 4 through 6, where a thin very stiff clay layer is sandwiched between granular materials.  
The profiles are summarized in the tables that follow. 
 

PIER PROFILE A (PIERS 1 THROUGH 3) 
Strata 

Designation 
Approx. 

Base El. (ft-
NAVD 88) 

Approx. 
Thickness 

(ft) 

Representative Φ 
(°) or su (psf) for 

layer 
Description 

Clay 
-30 20 250 psf 

Soft, gray, Lean CLAY, some fine Sand 
(typically bedding or layers), trace Gravel.  

Trace shell fragments, roots, and wood pieces. 
Marine 

Nearshore 
Deposits 
(Sand) 

-80 51 33° 
Medium dense to dense, gray, fine to medium 

SAND, little to trace Silt, little to trace 
Gravel. 

Glacial Till 
-130 48 40° 

Medium dense to very dense, gray and brown, 
fine to medium SAND and GRAVEL, little 

Silt, with Cobbles and Boulders. 
Bedrock -- -- -- Hard, fresh to slightly weathered, fine-

grained, gray, BASALT or PHYLLITE. 
 

PIER PROFILE B (PIERS 4 THROUGH 6) 

Strata 
Designation 

Approx. 
Base El. (ft-
NAVD 88) 

Approx 
Thickness 

(ft) 

Representative Φ 
(°) or su (psf) for 

layer 
Description 

Marine 
Nearshore 
Deposits 
(Channel 

Sediments) 

-40 20 33 
Medium dense to dense, brown fine to 

medium SAND, some to trace Silt, trace 
Gravel. 

Clay -50 10 2000 psf 
Medium stiff to very stiff, gray, Lean CLAY, 
some fine Sand (typically bedding or layers), 

trace Gravel. 
Marine 

Nearshore 
Deposits 
(Sand) 

-55 5 36° 
Medium dense to dense, gray, fine to medium 

SAND, little to trace Gravel, little to trace 
Silt. 

Glacial Till -95 40 38° 
Medium dense to very dense, gray and brown, 

fine to medium SAND and GRAVEL, little 
Silt with Cobbles and Boulders. 

Bedrock -- -- -- Hard, fresh to slightly weathered, fine-
grained, gray, BASALT or PHYLLITE. 
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5.6.3     Pile Loading Data 

VHB provided factored structural design loadings for use in pile foundation design via email on 
October 22 and 26, 2008.  The loading data are provided in Appendix D, and summarized in the 
table below. 
 

FACTORED PIER LOADS 
Load Combination PV* (kips) PH1 (kips) PH2 (kips) Longitudinal 

Deflection due to 
thermal   (in.) 

Service I 1620 5 15 0.7 
Strength I 2255 5 0 0.7 

Strength III 1540 5 35 0.7 
Extreme I 1745 5 0 0 

*Load does not include pile or pile casing self weight.  Load includes entire 
superstructure load plus weight of pile cap. 
** Local pier and contraction scour not included per LRFD C3.4.1.  

 
The loads provided for the pier locations did not include pile self weight.  The factored self 
weight of each pile type can be estimated using the unit weights listed in the table below.  The 
tabulated values include the Strength load factor, DC, equal to 1.25. 
 

FACTORED PILE SELF WEIGHT 
Factored Unit Weight (lb/ft) Pile Type 

Above water Below water 
24-inch Diameter Concrete-Filled 

Steel Pipe Pile 
750 506 

24-inch square Prestressed Concrete 
Pile 

750 438 

 
The longest piles are anticipated at Pier 2.  Assuming 5 feet penetration into glacial till and 
including the factored self weight, the total factored loads are 779 kips per pile for the concrete 
filled steel pipe pile and 760 kips per pile for the prestressed concrete pile for the controlling 
Strength I load case.   
 
5.6.4     Axial Pile Geotechnical Resistance 

Static pile bearing resistance was calculated using the Nordlund Method, based on standard 
penetration test results from the borings.  The static pile resistance evaluation provided an 
estimate of nominal geotechnical capacity, and friction distribution for use as inputs for wave 
equation analyses.  The static analyses also indicated that the pile resistance would be derived 
primarily from side friction and end bearing in glacial till.  Consequently, no reduction in axial 
resistance was applied for pile group interaction.  No filling is anticipated in the river, 
consequently downdrag loads are not considered for the pier foundations. 
 
5.6.5     Lateral Pile Resistance – Concrete Filled Steel Pipe Pile 

GZA completed a series of lateral pile resistance analyses to evaluate pile top deflections under 
design loadings.  Analyses were completed in the transverse and longitudinal directions, 
assuming the outer piles of each bent are battered at a 2H:12V (toe out) batter, and the pile 
embedment begins at the present river bed level.   
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The controlling case for lateral loading was Strength III, equal to 60 kips per bent (transverse).  
The compressed batter piles are anticipated to provide most of the lateral reaction applied to each 
bent.  GZA estimated the lateral component of the batter pile reaction to be approximately 55 kips 
for the estimated 308 kips axial load plus 27 kips self-weight of the pile (least anticipated).  
Assuming this distribution of loads, approximately 1 kip per pile will be required to react 
transverse lateral loads in bending.   
 
Fixity for the concrete filled steel pipe pile was estimated to be 22 feet below mud line for design 
Profile A, where the surficial soils are clay.  For Profile B, where the upper soils are granular, 
fixity was estimated to be 12 feet below mud line.  Fixity was calculated according to LRFD 
methods outlined in Article 10.7.3.13.4.  Fixity was also calculated for the tallest pier under scour 
conditions at Profile B, assuming 15 feet of granular material loss due to scour.  Under scour 
conditions the depth to fixity was estimated to be 13 feet below the scoured mud line. 
 
GZA’s evaluation of fixity depth and lateral deflection used the assumptions that all the piles 
were plumb and that all lateral loads would be reacted in bending.  The deflections calculated 
using this approach are upper bound values, greater than would be calculated by including the  
beneficial effect of the batter pile.  Results of the analyses are summarized in the table that 
follows.     
 

ESTIMATED DEFLECTIONS 
24” DIAMETER, ¾” WALL, CONCRETE FILLED, STEEL PIPE PILE 

Load Combination Pier 
Bent 

Subsurface 
Soil Fixity Depth (ft) Unsupported 

Length (ft) Top Deflection (in.) 

0.5 (T) Strength III 1 Clay 22 351 

0.2 (L) 
1.4 (T) Strength III 3 Clay 22 522 

0.4 (L) 
1.1 (T) Strength III 4 Sand 12 47 
0.4 (L) 
1.1 (T) Extreme I 4 Sand 13 62 
1.1 (L) 

*T=Transverse Deflection; L=Longitudinal Deflection 
** Does not include deflection or load due to thermal effects. 
1. shortest pier – pier 6. 
2. longest pier – pier 3. 

 
VHB provided an estimated pile top deflection of 0.7 inches due to thermal loads.  The stresses 
due to induced thermal deformations were not included in this preliminary evaluation, but should 
be considered by the bridge designer during final design of the piles. 
 
The estimated transverse deflections are within the limits provided by Steve Hodgeton, P.E. of 
VHB, that is: less than 2-inches transverse at the longest pier, and less than 1-inch at the shortest 
pier.  Deflections for the Extreme I case (scoured) were estimated to be on the order of 1-1/8 inch.   
 
5.6.6     Preliminary Wave Equation Analysis – Concrete Filled 24-inch Diameter Steel Pipe Pile 

GZA performed a preliminary wave equation analysis using the previously described design soil 
Profile A, and an assumed MKT 70 DE70/50B, open-end diesel pile driving hammer with a 
manufacturer’s rated energy of 70,000 foot pounds.  The analysis assumed a 101-foot long 24-
inch diameter, ¾-inch wall thickness, steel pipe pile driven to bearing in glacial till.  The assumed 
pile length was based on the distance between the bottom of the proposed pile cap and an 
assumed pile penetration of approximately 5 feet into glacial till.   
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The side friction and end bearing resistances of the pile were estimated by GZA using the 
Nordlund method. The ultimate required geotechnical resistance was calculated as approximately 
779 kips for Profile A (Pier 2) (resistance factor of 0.65 applied to maximum factored Strength I 
load of 506 kips including factored self-weight of the pile).  This load will control the required 
nominal capacity since the longest piles are anticipated there.  The side friction at Pier 2 was 
estimated to be about 60 percent of the total capacity.  
 
For the assumed driving system, the preliminary wave equation analyses indicate that the 24-inch 
diameter, ¾-inch wall thickness, steel pipe piles can be driven to a nominal resistance of 779 kips 
with a final penetration resistance of 10 blows per inch and a corresponding driving stress of 
approximately 27 ksi, and an estimated stroke of about 8.5 feet.  The anticipated driving stress is 
less than the limiting driving stress of 40.5 ksi for ASTM 252, Grade 3 steel (45 ksi yield stress).  
Since the calculated final penetration resistance is in the range of about 5 to 14 and the calculated 
driving stress is well below the limit established by LRFD 10.7.8, the hammer system is judged to 
be appropriately sized for this project. 
 
Geotechnical pile resistance estimates and wave equation analyses indicate that the piles can be 
installed to the required nominal capacity by penetrating at least 5 feet into the glacial till stratum.  
Due to variability in the density of the glacial till, penetrations may vary by 10 feet or more 
locally.  Based on an assumed 5 to 10 feet of penetration into the glacial till bearing stratum, 
plumb pile lengths are anticipated to range from about 55 to 105 feet below the top of pile cap 
elevation.  Batter piles will be slightly longer.  
 
5.6.7     Lateral Pile Resistance – Prestressed Concrete Pile 

GZA completed a series of lateral pile resistance analyses to evaluate pile top deflections under 
the design loadings.  Analyses were completed in the transverse and longitudinal directions, 
assuming the outer piles of each bent are battered at a 2H:12V (toe out) batter, and the pile 
embedment begins at the present river bed level. 
 
The controlling lateral load was the same as for the concrete filled pipe piles, 60 kips per bent 
(transverse).  The estimated the lateral component of the batter pile reaction was assumed to be 
the same as previously noted, 55 kips.  It is estimated that about 1 kip per pile will be required to 
react lateral loads in bending.   
 
Fixity for the concrete pile was estimated to occur 21 feet below mud line for design Profile A, 
where the surficial soils are clay.  For Profile B, where the upper soils are granular, fixity was 
estimated to be 12 feet below mud line.  Fixity was estimated according to LRFD methods 
outlined in Article 10.7.3.13.4.  Fixity was also calculated for the tallest pier under Extreme I 
scour conditions at Profile B, assuming 15 feet of granular material loss due to scour.  Under 
scour conditions the depth to fixity was estimated to be 12 feet below scoured mud line.  Since 
the depth to fixity was only one foot less than for the pipe piles, the preliminary evaluations used 
the same fixity depths as the pipe pile evaluation.   
 
GZA’s evaluation of fixity depth and lateral deflection assumed that all the piles were plumb and 
that all lateral loads would be reacted in bending.  The bending stresses and deflections calculated 
using this approach are upper bound values, greater than would be calculated by including the 
beneficial effect of the batter pile.  Results of the analyses are summarized in the table that 
follows.     
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ESTIMATED DEFLECTIONS 
24-INCH SQUARE PRESTRESSED CONCRETE PILE 

Load Combination Pier 
Bent 

Subsurface 
Soil Fixity Depth (ft) Unsupported 

Length (ft) Top Deflection (in.) 

0.5 (T) Strength III 1 Clay 22 351 
0.2 (L) 
1.6 (T) Strength III 3 Clay 22 522 
0.5 (L) 
1.2 (T) Strength III 4 Sand 12 47 
0.4 (L) 
1.1 (T) Extreme I 4 Sand 13 63 
1.1 (L) 

*T=Transverse Deflection; L=Longitudinal Deflection 
** Does not include deflection or load due to thermal effects.  
1. shortest pier – pier 6. 
2. longest pier – pier 3. 
 

As with the concrete filled pipe piles, the stresses due to induced thermal deformations were not 
included in this preliminary evaluation but should be considered by the bridge designer during 
final design of the piles. 
 
The estimated transverse deflections are within the limits provided by Steve Hodgeton, P.E. of 
VHB, that is: less than 2-inches transverse at the longest pier, and less than 1-inch at the shortest 
pier.  Deflections for the Extreme I case (scoured) were estimated to be on the order of 1-1/8 inch.   
  
5.6.8     Preliminary Wave Equation Analysis – Prestressed Concrete Pile 

GZA performed a similar preliminary wave equation analysis to that previously described for the 
concrete filled steel pipe pile.  The analysis assumed an MKT 70 DE70/50B open-end diesel pile 
driving hammer with a manufacturer’s rated energy of 70,000 foot pounds and an 85-foot long 
24-inch square prestressed concrete pile, driven to bearing in marine sand.  The assumed pile 
length was based on the distance between the bottom of the proposed pile cap and an assumed 
pile penetration of approximately 55 feet into marine sand at Pier 2. 
 
The side friction and end bearing resistances of the pile were estimated by GZA using the 
Nordlund method. The nominal required geotechnical resistance was calculated as approximately 
760 kips for Profile A (Pier 2) (resistance factor of 0.65 applied to maximum factored Strength I 
load of 494 kips including the factored self weight of the pile).  This load will control the required 
nominal resistance since the longest piles are anticipated there.  The side friction at pier 2 was 
estimated to be about 75 percent of the total capacity.  
 
For the assumed driving system, the preliminary wave equation analyses indicate that the 24-inch 
square prestressed concrete piles can be driven to a nominal resistance of 760 kips with a final 
penetration resistance of 12 blows per inch and corresponding driving stresses of approximately 
1.7 ksi compression, and approximately 0.4 ksi tension and an estimated stroke of about 7.5 feet.  
The anticipated compression and tension driving stresses at end-of-driving are less than the 
limiting driving stresses of 4.4 ksi in compression and 1.2 ksi in tension for an assumed 6,000 psi 
28-day strength concrete pile with 700 psi prestress.   
 
Since the calculated final penetration resistance is in the range of about 5 to 14 and the calculated 
driving stresses are less than the maximum limits, the hammer system is judged to be 
appropriately sized for this project.  However, tension stresses will be much higher while the piles 
are penetrating the clay stratum because there is no significant tip resistance.  The contract 
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documents should require that the hammer be fueled down or prevented from firing until the pile 
tip penetrates underlying granular soils, to avoid overstressing the pile in tension. 
 
To limit driving damage, the pile tip detail should include a cast-in 1½-inch minimum thickness, 
steel end plate.   
 
Static pile analyses and wave equation analyses indicate that the piles can be installed to the 
required nominal resistance by penetrating at least 5 feet into the glacial till stratum.  Due to 
variability in the glacial till, penetrations may vary by 10 feet or more locally.  Based on an 
assumed 5 to 10 feet of penetration into the glacial till bearing stratum, plumb pile lengths are 
anticipated to range from about 55 to 85 feet below the top of pile cap elevation.  Batter piles will 
be slightly longer.  
 

6.0 GEOTECHNICAL RECOMMENDATIONS 

6.1     GENERAL 

GZA completed geotechnical engineering evaluations based on currently available subsurface 
exploration data, bridge construction plans, mapped surficial geology, and observation of visible 
conditions during a June 2008 site visit.   
 
6.2     RECOMMENDATIONS FOR INTEGRAL ABUTMENTS 

• The proposed replacement bridge abutments may be supported on HP12x74, ASTM 
A572 Grade 50 (50 ksi yield stress) steel H-piles driven to the required nominal 
resistance in glacial till.   

• The piles should be driven to a nominal geotechnical resistance of 372 kips in order to 
achieve the maximum factored axial pile load of 242 kips per pile, with a resistance 
factor of 0.65 applied.  

• Each abutment pile location should be predrilled from the bottom of pile cap level to the 
top of the lean clay stratum to redistribute and reduce bending stresses in the piles.  The 
estimated depth of predrilling is on the order of 10 feet at abutment 1 and about 15 feet at 
abutment 2.   

• The abutment piles should be driven in the predrilled holes, then the annular space 
backfilled with tire derived fuel (TDF) or other compressible material that will allow 
lateral movement of the piles. TDF consists of recycled tires shredded to a typical size of 
1 ½” or less. Temporary casings should be used to keep the holes open during driving. 
Alternatively, permanent casings could be installed either with or without compressible 
backfill.  

• We recommend that GZA perform further evaluation of TDF material focusing on 
laboratory gradation analysis and filter compatibility; and also perform more detailed 
analysis of the soil / structure interaction of the pre-drilled abutment piles under 
thermally-induced lateral displacements using a model such based on the COM624 
approach. 

• The proposed configuration with 5 piles per abutment and the piles oriented with the 
strong (X-X) axes resisting transverse bending is suitable for supporting the design lateral 
loadings, provided that predrilling is undertaken as noted.    
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• Abutment Pile lengths are anticipated to be in the range of 45 to 55 feet below the bottom 
of proposed pile cap.   

• Splices should be made in accordance with Maine DOT Standard Specification Section 
501.09 – Splicing Piles.  No splices should be allowed within 15 feet of the pile top. 

• A preliminary wave equation analysis was performed to evaluate pile drivability.  The 
analysis used a MKT 50B open-end diesel pile-driving hammer with a manufacturer’s 
rated energy of 42,500 foot pounds.  The results show that the assumed driving system can 
install a 45- to 55-foot long, HP12x74, ASTM A572 Grade 50 steel H-pile to the required 
bearing stratum and required nominal resistance with a final penetration resistance of about 
10 blows per inch, at a stroke of approximately 8.0 feet, and a maximum compressive 
driving stresses of about 27 ksi. 

• The preliminary wave equation results indicate that the piles can be installed to the 
required nominal geotechnical resistance, without exceeding allowable driving stresses. 
The final penetration resistance is within the preferred range of 5 to 14 blows per inch, 
indicating that the assumed hammer has adequate rated energy to drive the piles. 

• To limit driving damage, the steel H-piles should be fitted with protective driving tips in 
accordance with Maine DOT Standard Specification Section 501.10 – Pile Tips. 

• Backfill for the integral abutments should consist of granular borrow for underwater 
backfill in accordance with Maine DOT Standard Specification Section 703.19.  

• Foundation drainage should be provided in accordance with Sections 5.4.2.11 and 5.4.1.4 
of the Maine DOT BDG. The use of French drains or prefabricated drainage board on the 
uphill side of abutments and wing walls, combined with a series of 4-inch diameter weep 
holes placed through the wall, and spaced approximately 10-feet center-to-center should 
provide adequate drainage for the proposed abutments.  

 
6.3     RECOMMENDATIONS FOR BENT PIERS 

• The proposed replacement bridge piers may consist of either concrete filled 24-inch 
diameter, ¾-inch wall thickness, ASTM A252 Grade 3 (45 ksi yield stress) steel pipe 
piles or 24-inch square prestressed concrete piles (assumed 6,000 psi 28-day strength 
concrete and 700 psi effective prestress) driven to the required bearing resistance in dense 
glacial till.   

• The 24-inch diameter, ¾-inch wall thickness, steel pipe piles should be driven to a 
nominal resistance of 780 kips in order to achieve the maximum factored axial pile load 
of 694 kips plus an estimated factored self weight of 85 kips per pile, with a resistance 
factor of 0.65 applied.  

• The 24-inch square prestressed concrete piles should be driven to a nominal resistance of 
760 kips in order to achieve the maximum factored axial pile load of 694 kips plus an 
estimated factored self weight of 66 kips per pile, with a resistance factor of 0.65 applied. 

• Construction documents should require that the piles be driven to at least the minimum 
required tip penetration elevations shown in the table below, and to the required 
penetration resistance, as determined by wave equation analysis, dynamic load testing, 
and signal matching analysis.  For estimating purposes, it is anticipated that the piles will 
penetrate about 5 feet into the glacial till.  However we note that the till material is 
variable and therefore the actual penetration will likely exceed 10 feet at some locations. 
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PIER STA. 

MINIMUM REQUIRED 
TIP PENETRATION 

ELEVATION 
(FT NAVD 88) 

ESTIMATED TYPICAL 
TIP PENETRATION 

ELEVATION 
(FT NAVD 88) 

1 12+17.50 -51 -56 
2 12+97.50 -83 -88 
3 13+77.50 -73 -78 
4 14+57.50 -56 -61 
5 15+37.50 -50 -55 
6 16+17.50 -37 -42 

 
• The proposed configuration with 5 piles per bent, and the outside piles battered (toe out) 

2H:12V, is suitable for supporting the design lateral loadings.  The lateral component 
from the compressed batter pile is anticipated to react most of the transverse lateral 
loading with the remaining capacity coming from bending of the individual piles.  Based 
on the assumptions noted herein, anticipated lateral deflections are within allowable 
limits provided by the structural engineer, VHB.   

• Preliminary wave equation analyses were performed to evaluate pile-drivability.  An MKT 
70 DE70/50B open-end diesel pile-driving hammer with a manufacturer’s rated energy of 
70,000 foot pounds was evaluated for driving the unfilled steel pipe pile and the 
prestressed concrete pile options.  Analyses indicated that the assumed driving system could 
install a 55- to 101-foot long, 24-inch, ASTM A272 Grade III unfilled steel pipe pile or 24-
inch prestressed concrete pile (6,000 psi concrete with 700 psi effective prestress) to the 
required tip penetration elevation with final penetration resistances in the range of 9 to 13 
blows per inch.  Calculated maximum compressive driving stresses were about 27 ksi for the 
concrete filled steel pipe pile.  For the prestressed concrete pile, the calculated maximum 
driving stresses were 1.7 ksi in compression, and about 0.4 ksi in tension.   

• The preliminary wave equation results indicate that for the assumed pile driving system, 
the piles can be installed to the required nominal pile resistance, without exceeding the 
driving stress limits for both the unfilled steel pipe pile and the prestressed concrete pile 
options. Since the calculated final penetration resistance was in the range of about 5 to 14 
and the calculated driving stresses were within allowable limits, the hammer system is 
judged to be appropriately sized for this project.  

• For the prestressed concrete pile alternative, the contract documents should require that 
the hammer be fueled-down or prevented from firing until the pile tip penetrates 
underlying granular soils, to avoid overstressing the piles in tension. 

• To limit driving damage, the prestressed concrete pile tip detail should include a cast-in 
1½-inch minimum thickness, steel end plate. 

• The unfilled steel pipe piles should be fitted with 60-degree conical, cast steel points to 
protect them during driving.  

• Based on the Maine DOT BDG, steel pipe piles require a fusion-bonded epoxy protective 
coating applied to a minimum of 10 feet below the streambed or 2 feet below the total 
scour depth.  Cathodic protection should be used in addition to fusion-bonded epoxy 
coating due to the corrosive, salt water environment. Cathodic protection is not 
recommended at locations where the anodes will not remain submerged through the full 



 

09.0025577.00 Page 19 3/30/2009 

tide cycle (Pier 1 and Pier 6). At these locations, internal reinforcing steel should be 
provided to at least ten feet below the point of fixity to provide supplemental bending 
capacity should the steel shell be reduced by corrosion during the design life. 

 
7.0 CONSTRUCTION CONSIDERATIONS 

Construction considerations are intended to provide a basis for design development and to 
identify significant issues that will impact project construction. These items are provided in the 
paragraphs that follow. 
 
7.1     PILE INSTALLATION CONTROL 

The contract documents should require that the pile installation be controlled by preconstruction 
wave equation analysis of the contractor’s proposed pile driving system, dynamic testing with 
signal matching of one pile at each abutment and one pile at each of the river piers.  The dynamic 
tests should be performed at the end of initial drive and during restrike at least 24 hours after end 
of initial driving to assess potential relaxation of the bearing soils. 
 
7.2     TEMPORARY LATERAL SUPPORT 

It is proposed to close down Route 103 and detour the traffic during bridge replacement.  As a 
result, we anticipate that excavations can be achieved using sloped open cut techniques.  It will be 
necessary to remove any portions of those existing foundations that would interfere with the 
proposed replacement abutment foundations.  We note that existing timber piles, concrete 
abutments and boulders are present at the site that could present obstructions to pile driving.  
 
7.3     DEWATERING 

Groundwater levels are expected to be near or below the bottom of footing levels during 
construction of the abutments. We anticipate that seepage inflow and precipitation entering 
excavations can be handled by open pumping from sumps installed in the bottoms of excavations. 
 
The contractor should be responsible for controlling groundwater, surface runoff, infiltration and 
water from all other sources by methods that preserve the undisturbed condition of the subgrade 
and permit foundation construction in-the-dry. Discharge of pumped groundwater should comply 
with all local, state, and federal regulations. 
 
7.4     REUSE OF EXISTING EMBANKMENT FILL 

Based on the results of gradation analyses performed on selected samples, the existing 
embankment fill does not meet the gradation requirements of Maine DOT Standard Specification 
Section 703.19 Granular Borrow for Underwater Backfill.  Therefore, the existing embankment 
fill is not suitable for use as backfill of the abutments.  It typically meets the gradation 
requirements of Maine DOT Standard Specification Section 703.19 Granular Borrow for 
Embankment Fill, and may be used as fill in embankment areas.  Portions of the material with 
fines content exceeding 20 percent may be used in side slopes or other areas that will not be 
beneath proposed pavements. 
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APPENDIX A 
 

LIMITATIONS 



 

 

 LIMITATIONS 
 
Explorations 
 
1. The analyses and recommendations in this report are based in part upon the data obtained 

from subsurface explorations. The nature and extent of variations between these explorations 
may not become evident until construction.  If variations then appear evident, it will be 
necessary to re-evaluate the recommendations of this report. 

 
2. The generalized soil profile described in the text is intended to convey trends in subsurface 

conditions. The boundaries between strata are approximate and idealized and have been 
developed by interpretations of widely spaced explorations and samples; actual soil 
transitions are probably more erratic. For specific information, refer to the boring logs. 

 
3. Water level readings have been made in the drill holes at times and under conditions stated 

on the boring logs. These data have been reviewed and interpretations have been made in the 
text of this report. However, it must be noted that fluctuations in the level of the groundwater 
may occur due to variations in rainfall, temperature, and other factors occurring since the 
time measurements were made. 

 
Review 
 
4. In the event that any changes in the nature, design, or location of the proposed structures are 

planned, the conclusions and recommendations contained in this report shall not be 
considered valid unless the changes are reviewed and conclusions of this report modified or 
verified in writing by GZA GeoEnvironmental, Inc. It is recommended that this firm be 
provided the opportunity for a general review of final design and specifications in order that 
earthwork and foundation recommendations may be properly interpreted and implemented 
in the design and specifications. 

 
Construction 
 
5. It is recommended that this firm be retained to provide soil engineering services during 

construction of the excavation and foundation phases of the work. This is to observe 
compliance with the design concepts, specifications, and recommendations and to allow 
design changes in the event that subsurface conditions differ from those anticipated prior to 
start of construction. 

 
Use of Report 
 
6. This soil and foundation engineering report has been prepared for this project by GZA 

GeoEnvironmental, Inc. This report is for design purposes only and is not sufficient to 
prepare an accurate bid.  Contractors wishing a copy of the report may secure it with the 
understanding that its scope is limited to design considerations only. 

 
7. This report has been prepared for this project by GZA GeoEnvironmental, Inc. for the 

exclusive use of the Maine Department of Transportation and their project team for 
specific application to the Route 103 New Bridge Replacement in York, Maine in 
accordance with generally accepted soil and foundation engineering practices. No 
Warranty, express or implied, is made. 



 

 

APPENDIX B – BORING LOGS 
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24/10

24/10

24/7

24/5

24/5

24/6

1.0 - 3.0

4.0 - 6.0

9.0 - 11.0

14.0 - 16.0

19.0 - 21.0

24.0 - 26.0

20-23-23-37

11-21-13-13

11-13-9-7

8-6-6-8

8-3-4-2

8-8-8-6

46

34

21

12

7

16

 35

 26

 16

  9

  5

 12

HP

36

27

27

27

30

NR

13

14

13

8

16

21

21

15

5

10

16

26

11

OH

21.1

-2.4

Asphalt (approximately 6")
0.5

Dense, Brown, fine to coarse SAND and Gravel, trace Silt, Dry.

Medium Dense, Brown, fine to coarse SAND and Gravel, trace Silt,
Moist.

Medium Dense, Brown, fine to coarse SAND, Some Gravel, Little Silt
(Shell fragments)

Loose, Brown, fine to medium SAND and Gravel, little Silt.

Loose, Brown, fine to coarse SAND and Silt, some gravel.

24.0
Stiff, Dark Gray, CLAY and fine Sand, Shell Fragments.

A-1-b, GM
WC=4%

A-1-b, SM
WC=13%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-401
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 21.6 Auger ID/OD: na

Operator: Greg/Gerry Michael Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/20/08-08/25/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta 16+76, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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:
HP=Hydraulic Push
NR=Not Recorded
OH=Open Hole

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-YYR-401
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50

U1

V1

U2

7D
V2

8D

V3

U3

9D

10D

11D

24/24

24/24

24/10

24/19

24/4

24/12

24/14

24/16

26.0 - 28.0

28.5 - 29.0

29.0 - 31.0

31.0 - 33.0
31.5 - 32.0

34.0 - 36.0

36.5 - 37.0

37.0 - 39.0

39.0 - 41.0

44.0 - 46.0

49.0 - 51.0

Su=>6300 psf

3-7-5-7
Su=>6300/4115psf

3-2-4-5

Su=5000/2215 psf

7-9-15-52

29-44-45-52

36-50-48-49

12

6

24

89

98

  9

  5

 18

 67

 74

OH

17

14

25

76

80

83

OH

-15.4

-22.4

CLAY

1.8 x 4.6 in tapered vane raw torque readings:
V1=>100 ft.- lbs.
Fine SAND and CLAY.

Loose, Brown, fine SAND, some Clay.
1.8 x 4.6 in tapered vane raw torque readings:
V2= >100/65 ft.-lbs. (Initial/remolded)

Medium Stiff, Gray, CLAY, little fine Sand.

1.8 x 4.6 in tapered vane raw torque readings:
V3= 79/35 ft.-lbs. (Initial/Remolded)

37.0
Brown, fine to medium SAND, some Clay and Silt.

Medium Dense, Top 8": fine to medium SAND, Iron Oxide staining.
Middle 2" : Gray, Silt and Clay layer  Bottom 2": Silt and Clay
laminations,   Iron Oxide staining.

44.0
Very Dense, Brown, fine SAND, some silt.

Very Dense, Brown, fine SAND, some silt.  Iron Oxide staining.

A-6, CL
WC=25%

LL=38, PL=19
PI=19

Tv=1.3 tsf
UW=124 pcf

A-6, CL
WC=23%

LL=32, PL=16
PI=16

Tv=1.15 tsf
UW=127 pcf

A-3, SM
WC=19%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-401
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 21.6 Auger ID/OD: na

Operator: Greg/Gerry Michael Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/20/08-08/25/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta 16+76, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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:
HP=Hydraulic Push
NR=Not Recorded
OH=Open Hole

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-YYR-401
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50

55

60

65

70

75

12D

13D

14D

15D

16D

24/14

24/15

24/11

24/9

24/5

54.0 - 56.0

59.0 - 61.0

64.0 - 66.0

69.0 - 71.0

74.0 - 76.0

19-38-45-54

17-22-18-18

23-28-30-30

30-34-31-29

23-49-33-43

83

40

58

65

82

 62

 30

 44

 49

 62

OH

43

42

58

56

64

OH

40

Very Dense, Brown, fine SAND, some silt.

Dense, Top: Brown, fine SAND, some silt. Middle Top: Gray, fine
SAND, some silt. Middle Bottom: Red/Brown, fine to coarse SAND,
some silt (Iron Oxide staining). Bottom: Brown, fine SAND, some silt.

Dense, Brown, fine to medium SAND, little Silt, little coarse Sand,
trace Gravel. Iron Oxide staining.

Dense, Brown fine to coarse SAND, little to some Silt, little Gravel.

Very Dense, Brown, fine to coarse SAND, little to some Silt, little
Gravel.

A-1-b, SM
WC=15%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-401
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 21.6 Auger ID/OD: na

Operator: Greg/Gerry Michael Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/20/08-08/25/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta 16+76, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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:
HP=Hydraulic Push
NR=Not Recorded
OH=Open Hole

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-YYR-401
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75

80

85

90

95

100

17D

18D

19D

20D

R1

24/9

24/11

15/7

24/15

60/54

79.0 - 81.0

84.0 - 86.0

89.0 - 90.3

94.0 - 96.0

99.5 - 104.5

26-99-95-76

52-80-75-68

70-90-100/3"

76-58-52-80

RQD = 48%

194

155

190

110

146

116

143

 83

71

72

46

68

42

36

65

80

84

OH

NQ -77.9

Very Dense, Top: Brown, fine to medium SAND. Bottom: Gray, Glacial
Till.

Very Dense, Brown, GRAVEL and fine to medium SAND, little Silt.

Very Dense,  Gray, fine to coarse SAND, some Gravel, little Silt.

Very Dense, Gray, fine to coarse SAND and SILT, little Gravel, little
Silt, fine Sand lenses, Possible re-worked Glacial Till.

99.5

A-1-a, GP-GM
WC=8%

A-4, SM
WC=9%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-401
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 21.6 Auger ID/OD: na

Operator: Greg/Gerry Michael Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/20/08-08/25/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta 16+76, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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:
HP=Hydraulic Push
NR=Not Recorded
OH=Open Hole

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-YYR-401
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100

105

110

115

120

125

R2 60/59 104.5 - 109.5 RQD = 85%

NQ

-87.9

Bedrock: Hard, fresh to slightly weathered, fine grained, Dark Gray
PHYLLITE. Joints are very close to close, high angle, planar, smooth,
fresh and tight to partially open. Occasional Quartz veins.
R1: Core Times (min)
99.5-100.5 (6)
100.5-101.5 (6)
101.5-102.5 (5)
102.5-103.5 (6)
103.5-104.5 (5)

Hard, fresh to slightly weathered, fine grained, Dark Gray PHYLLITE.
Joints are very close to close, low angle, planar, smooth, fresh and tight
to partially open. Occasional Quartz veins.
R2: Core Times (min)
104.5-105.5 (6)
105.5-106.5 (6)
106.5-107.5 (6)
107.5-108.5 (6)
108.5-109.5 (6)

109.5
Bottom of Exploration at 109.50 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-401
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 21.6 Auger ID/OD: na

Operator: Greg/Gerry Michael Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/20/08-08/25/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta 16+76, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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:
HP=Hydraulic Push
NR=Not Recorded
OH=Open Hole

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-YYR-401
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0

5

10

15

20

25

1D

2D

V1

U1

3D

V2

U2

4D

24/10

24/12

24/24

24/12

24/19

24/24

7.0 - 9.0

12.0 - 14.0

13.0 - 13.5

17.0 - 19.0

19.0 - 21.0

20.0 - 20.5

22.0 - 24.0

24.0 - 26.0

3-11-14-18

WOR-6-8-14

Su=5570/1265 psf

1-1-1-1

Su=2090/760 psf

4-9-14-18

25

14

2

23

 19

 11

  2

 17

HP

11

29

38

30

21

8

20

17

16

9

HP
-30.7

Mud line approximately 37 feet below top of bridge deck.

See Note 1.

Medium Dense, Brown, fine to medium SAND, trace Silt.

Medium Dense, Brown, fine to medium SAND, some Silt (laminations,
Gray Silt lenses)
1.8 x 4.6 in tapered vane raw torque reading:
V1= 88/20 ft.-lbs. (Initial/Remolded)

17.0

Stiff, Top 3": Brown, SILT and CLAY, Bottom 9": Gray, CLAY and
SILT
1.8 x 4.6 in tapered vane raw torque reading:
V2=33/12 ft.-lbs. (Initial/Remolded)

Medium dense, Top 8": Dark Gray, fine to medium SAND, trace Clay.
Middle 6": Light Brown, CLAY, some fine to medium Sand. Bottom

A-1-b, SM
WC=20%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-402
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -13.7 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/28/08-09/02/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 15+70, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 7 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-402
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25

30

35

40

45

50

V3

5D

6D

7D

8D

9D

24/12

24/12

24/12

24/3

24/9

25.0 - 25.5

27.0 - 29.0

32.0 - 34.0

37.0 - 39.0

43.5 - 45.5

47.0 - 49.0

Su=2785/1960 psf

8-13-23-31

26-21-25-20

21-22-25-21

14-13-14-16

31-32-22-17

36

46

47

27

54

 27

 35

 35

 20

 41

HP

22

30

40

37

45

43

40

38

38

40

67

71

67

72

70

71

10

33

48

51

OH

-40.7

-47.7

10": Gray, fine SAND and CLAY
1.8 x 4.6 in tapered vane raw torque reading:
V3= 44/31 ft.-lbs. (Initial/Remolded)

27.0
Medium Dense, Gray, fine SAND and SILT, trace Clay.

Dense, Gray, fine SAND, little Silt.

34.0

Dense, Brown, fine to coarse SAND and GRAVEL, little Silt.

Medium Dense, Brown, fine to coarse SAND, little Gravel, trace Silt.

Dense, Brown, fine to coarse SAND and GRAVEL, little Silt.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-402
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -13.7 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/28/08-09/02/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 15+70, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 7 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-402
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50

55

60

65

70

75

10D

11D

12D

13D

14D

R1

24/5

24/6

24/3

24/10

60/57

52.0 - 54.0

57.0 - 59.0

62.0 - 64.0

67.0 - 69.0

72.0 - 72.0

72.0 - 77.0

11-13-12-10

10-11-12-10

15-15-18-18

15-35-21-25

100/0"

RQD = 47%

25

23

33

56

 19

 17

 25

 42

60

62

36

46

52

50

49

37

52

47

49

50

55

54

60

65

70

85

84

95

100

113

NQ
-85.7

Medium Dense, Brown, GRAVEL and fine to coarse Sand, little Silt.

Medium Dense, Brown, GRAVEL and fine to coarse SAND, little Silt.

Medium Dense, Brown, GRAVEL and fine to coarse SAND, some Silt.

Dense, Gray, fine to coarse SAND, some Gravel, little Silt

72.0
Bedrock: Hard,  Fresh,  fine grained, Gray, BASALT.  Joints are close,
low angle, planar,  rough,  fresh, partially open.
R1: Core Times (min)
72-73 (7)
73-74 (7)
74-75 (6)

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-402
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -13.7 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/28/08-09/02/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 15+70, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 7 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-402
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75

80

85

90

95

100

R2 36/24 77.0 - 80.0 RQD = 0%

NQ

-93.7

75-76 (6)
77-78 (8)

Hard, Fresh, Fine grained, Gray BASALT. Joints are close, low angle to
moderately dipping, planar, rough, fresh, tight to partially open.
R2: Core Times (min)
77-78 (8)
78-79 (14)
79-80 (19)

80.0
Bottom of Exploration at 80.00 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-402
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -13.7 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/28/08-09/02/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 15+70, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 7 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-402
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0

5

10

15

20

25

1D

2D

3D

4D

V1

24/3

24/12

24/12

24/15

5.0 - 7.0

10.0 - 12.0

15.0 - 17.0

20.0 - 22.0

21.0 - 21.5

145-40-11-5

5-7-9-9

8-7-12-11

WOR-1-1-1

Su=2975/1900 psf

51

16

19

2

 38

 12

 14

  2

HP

33

17

18

18

23

30

30

29

26

27

20

15

10

10

11

20

17

12

13

11

-40.4

Mud line approximately 44 feet below top of bridge deck.

See Note 1.

Dense, Gray, fine SAND, little Silt, trace Gravel. (Pushed on piece of
gravel or cobble)

Medium Dense, Brown, fine to medium SAND, some Silt, trace Gravel.

Medium Dense, Brown, fine to medium SAND, some Silt, trace Gravel.
Occasional Gray Silt varves.

20.0
Very Stiff, Top 7": Gray, fine to medium SAND, some Silt. Bottom 8":
Gray, SILT.
1.8 x 4.6 in tapered vane raw torque reading:
V1= 47/30 ft.-lbs. (Initial/Remolded)

A-1-b, SM
WC=17%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-403
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -20.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/25/08-08/28/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 14+61, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 5 ft below mudline.
2. At 60 feet below mudline, heaving sand and gravel was observed 1 ft.  into casing. Advanced casing to 66.5 ft.
HP=Hydraulic Push; OH=Open Hole; NR=Not Recorded

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-YYR-403
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25

30

35

40

45

50

5D

6D

6AD

7D

8D

9D

24/7

24/0

24/6

24/10

24/11

24/5

25.0 - 27.0

30.0 - 32.0

32.0 - 34.0

35.2 - 37.2

40.0 - 42.0

45.0 - 47.0

4-17-18-18

10-10-12-12

15-21-25-33

17-19-21-20

17-18-22-15

35

22

46

40

40

 26

 17

 35

 30

 30

17

27

25

38

42

9

22

37

41

45

5

OH

25

51

56

58

58

OH

44

53

52

54

-50.4

-55.6

Very Stiff, Gray, Silty CLAY, little fine to medium Sand, trace Gravel.

30.0
No Recovery.

Medium Dense, Gray, fine to medium SAND,  little Silt.

35.2
Dense, Top 2": Gray, fine to medium SAND, trace Silt. Bottom 8":
Brown, fine to medium SAND, little Silt.

Medium Dense, Brown, fine to coarse SAND, some Silt, little Gravel
(Iron Oxide Staining)

Medium Dense, Brown, fine to coarse SAND and SILT, some Gravel.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-403
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -20.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/25/08-08/28/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 14+61, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 5 ft below mudline.
2. At 60 feet below mudline, heaving sand and gravel was observed 1 ft.  into casing. Advanced casing to 66.5 ft.
HP=Hydraulic Push; OH=Open Hole; NR=Not Recorded

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-YYR-403
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50

55

60

65

70

75

10D

11D

12D

13D

24/6

24/8

24/9

18/3

50.0 - 52.0

55.0 - 57.0

66.5 - 68.5

70.5 - 72.0

14-10-11-11

11-12-14-14

13-11-40-58

20-47-133/6"

21

26

51

180

 16

 20

 38

135

18

38

42

42

43

NR

35

38

67

89

40

90

98

90

85

OH

160

128

OH

219

190

206

Medium Dense, Brown, fine to coarse SAND, some Gravel, little Silt.

Medium Dense, Brown, fine to coarse SAND, some Silt, trace Gravel
(Iron Oxide Staining).
NR=Not Recorded

No Sample.

Top 6": Dense, Brown, fine to coarse SAND, some Silt, little Gravel.
Middle 2": Brown, GRAVEL, some fine Sand, little Silt. Bottom 1":
fine to coarse SAND and SILT, trace Gravel.
Heaving spoon pushed 6" before sample blow count.

Very Dense, Gray, GRAVEL and coarse SAND, trace Silt.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-403
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -20.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/25/08-08/28/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 14+61, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 5 ft below mudline.
2. At 60 feet below mudline, heaving sand and gravel was observed 1 ft.  into casing. Advanced casing to 66.5 ft.
HP=Hydraulic Push; OH=Open Hole; NR=Not Recorded

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-YYR-403
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75

80

85

90

95

100

R1

R2

60/45

60/28

76.0 - 81.0

81.0 - 86.0

RQD = 61%

RQD = 30%

NR

NQ
-96.4

-106.4

76.0
Bedrock: Hard, Fresh, fine to medium grained, gray,  BASALT. Joints
are close to wide, low angle, planar, rough, fresh, partially open. Quartz
deposits throughout.
R1: Core Times (min)
76-77 (6)
77-78 (6)
78-79 (6)
79-80 (4)
80-81 (7)

Hard, Fresh, fine grained, gray, BASALT.  Joints are close, low angle,
planar, rough, fresh, partially open to open.
R2: Core Times (min)
81-82 (4)
82-83 (2)
83-84 (5)
84-85 (6)
85-86 (10)

86.0
Bottom of Exploration at 86.00 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-403
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -20.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/25/08-08/28/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 14+61, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 5 ft below mudline.
2. At 60 feet below mudline, heaving sand and gravel was observed 1 ft.  into casing. Advanced casing to 66.5 ft.
HP=Hydraulic Push; OH=Open Hole; NR=Not Recorded

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-YYR-403
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15.0 - 17.0

20.0 - 22.0

9-6-3-4

8-7-7-7

10-11-11-10

9-3-3-4

9

14

22

6

  7

 11

 17

  5

HP

21

26

26

17

19

31

33

33

16

30

47

40

36

34

50

51

39

30

30

22
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-31.4

Mud line approximately 39 feet below top of bridge deck.

See Note 1.

Medium stiff. Top 6": Dark Gray/Black fine to medium SAND and
Shell Fragments. Bottom 6": Gray organic SILT and CLAY.

No recovery. See Note 2.

15.0
Medium Dense, Brown GRAVEL, little medium to coarse Sand, trace
Silt.

Loose, Brown, GRAVEL, trace fine to medium Sand.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-404
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -16.4 Auger ID/OD: NA

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/11/08-08/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 13+70, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 2 ft below mudline.
2. Sample 2D: Driller noted gravel,  twigs and wood while spinning the tri-cone.
3. Probable Boulders encountered between 65 to 69 feet; Casing bent during drilling; Removed casing and readvanced boring with a new piece of lead casing.
4. At 80 ft., Driller unable to collect sample due to sand heaving into 4" casing.
HP=Hydrualic Push, OH=Open Hole, NR=Not Recorded

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-YYR-404
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24/8

24/10

25.0 - 27.0

30.0 - 32.0

35.0 - 37.0

40.0 - 42.0

45.0 - 47.0

5-3-3-4

12-11-11-18

22-15-15-26

43-24-17-15

10-15-13-13

6

22
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41

28

  5

 17
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48

48

40
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OH

67

100

84

OH

50

47

42

42

51

68

97

100

-61.4

Loose, Brown,  GRAVEL,  little fine to medium Sand,  trace Silt.

Medium Dense, Brown, GRAVEL, some fine to medium Sand, trace
Silt.

Medium Dense, Brown, GRAVEL, some fine to medium Sand, little
Silt.

Dense, Brown, GRAVEL and fine to coarse SAND, little Silt.

45.0
Medium Dense, Brown, fine to coarse SAND, little Silt, trace Gravel.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-404
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -16.4 Auger ID/OD: NA

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/11/08-08/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 13+70, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 2 ft below mudline.
2. Sample 2D: Driller noted gravel,  twigs and wood while spinning the tri-cone.
3. Probable Boulders encountered between 65 to 69 feet; Casing bent during drilling; Removed casing and readvanced boring with a new piece of lead casing.
4. At 80 ft., Driller unable to collect sample due to sand heaving into 4" casing.
HP=Hydrualic Push, OH=Open Hole, NR=Not Recorded

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-YYR-404
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50
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10D

11D

12D

13D

14D

24/6

24/6

24/15

24/10

24/1

50.0 - 52.0

55.0 - 57.0

60.0 - 62.0

65.0 - 67.0

70.0 - 72.0

12-13-15-30

11-11-10-10

14-15-15-17

24-49-20-13

19-15-17-22

28

21

30

69

32

 21

 16

 23

 52

 24

92

94

105

100

97

84

97

110

115

100

109

105

114

114

101

OH

-76.4

Medium Dense, Brown, fine to coarse SAND, little Gravel, trace Silt.

Medium Dense, Gray, fine to medium SAND,  some Silt, trace Gravel.

60.0
Medium Dense, Brown, fine to medium SAND, some Silt, trace Gravel.

Very Dense, Gray, GRAVEL and fine to coarse SAND, trace Silt. See
Note 3.

Medium Dense, Piece of Gravel/Probable Broken Cobble.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-404
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -16.4 Auger ID/OD: NA

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/11/08-08/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 13+70, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 2 ft below mudline.
2. Sample 2D: Driller noted gravel,  twigs and wood while spinning the tri-cone.
3. Probable Boulders encountered between 65 to 69 feet; Casing bent during drilling; Removed casing and readvanced boring with a new piece of lead casing.
4. At 80 ft., Driller unable to collect sample due to sand heaving into 4" casing.
HP=Hydrualic Push, OH=Open Hole, NR=Not Recorded

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-YYR-404
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75

80

85

90

95

100

15D

16D

R1

24/8

7/4

60/35

75.0 - 77.0

95.0 - 95.6

96.5 - 101.5

24-36-35-21

134-60/1"

RQD = 58%

71  53 OH

100

>100

150

155

152

NR

NQ -112.9

Very Dense, Gray, GRAVEL, some fine to medium Sand, little Silt.

See Note 4.

Very Dense, light Gray.

96.5
Bedrock: Hard, Fresh, fine-grained, gray, BASALT. Joints are close to
moderate, low angle to moderately dipping, planar, rough, fresh and
tight.
R1: Core Times (min)
96.5-97.5 (8)
97.5-98.5 (6)
98.5-99.5 (6)

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-404
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -16.4 Auger ID/OD: NA

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/11/08-08/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 13+70, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 2 ft below mudline.
2. Sample 2D: Driller noted gravel,  twigs and wood while spinning the tri-cone.
3. Probable Boulders encountered between 65 to 69 feet; Casing bent during drilling; Removed casing and readvanced boring with a new piece of lead casing.
4. At 80 ft., Driller unable to collect sample due to sand heaving into 4" casing.
HP=Hydrualic Push, OH=Open Hole, NR=Not Recorded

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-YYR-404
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100

105

110

115

120

125

R2 24/6 101.5 - 103.5 RQD = 25%

NQ

-119.9

99.5-100.5 (6)
100.5-101.5 (6)

Hard, fresh, fine-grained, gray. BASALT. Joints are close to moderate,
low angle to moderately dipping, planar, rough, fresh and tight.
R2: Core Times (min)
101.5-102.5 (15)
102.5-103.5 (8)

103.5
Bottom of Exploration at 103.50 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-404
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -16.4 Auger ID/OD: NA

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/11/08-08/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 13+70, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 2 ft below mudline.
2. Sample 2D: Driller noted gravel,  twigs and wood while spinning the tri-cone.
3. Probable Boulders encountered between 65 to 69 feet; Casing bent during drilling; Removed casing and readvanced boring with a new piece of lead casing.
4. At 80 ft., Driller unable to collect sample due to sand heaving into 4" casing.
HP=Hydrualic Push, OH=Open Hole, NR=Not Recorded

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-YYR-404
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25

1D

2D

3D

U1

4D

24/6

24/11

24/16

24/16

24/5

6.0 - 8.0

11.0 - 13.0

16.0 - 18.0

19.0 - 21.0

21.0 - 23.0

WOH

1-1-2-2

3-2-1-1

7-11-13-12

3

3

24

  2

  2

 18

HP

31

37

37

33

-32.0

Mud line approximately 33 feet below top of bridge deck.

See Note 1.

Very Soft, Gray, CLAY, Shell fragments. Hydrogen Sulfide odor,
Organic.

Soft, Dark Gray, CLAY, Roots and Wood Pieces. Piece of Gravel,
Organic.

Soft, Gray, CLAY with approximately 2" thick fine Sand beds/layers.

Gray, fine SAND, some Silt and Clay.

20.0

Medium Dense, Gray, fine to medium SAND,   some Silt, trace Gravel.

A-7,CL
WC=41%

LL=45, PL=23
PI=22

A-4, CL
WC=24%

LL=25, PL=9
PI=16

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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25

30

35

40

45

50

5D

6D

7D

8D

8AD

9D

24/5

24/8

24/5

24/0

24/5

24/4

26.0 - 28.0

31.0 - 33.0

36.0 - 38.0

41.0 - 43.0

43.0 - 45.0

46.0 - 48.0

11-12-12-12

7-12-13-15

8-9-8-6

5-5-6-6

10-11-11-11

24

25

17

11

22

 18

 19

 13

  8

 17

38

29

39

37

43

51

23

27

31

33

40

28

40

44

44

45

50

53

63

75

80

66

67

68

79

Medium Dense, Gray, fine to medium SAND,  little Gravel, trace Silt.

Medium Dense, Gray, fine to medium SAND,  some Silt, trace Gravel

Medium Dense, Gray, fine to coarse SAND,  little Silt, trace Gravel.

Loose, Gray, fine to coarse SAND, some Gravel, Little Silt.

Medium dense, Gray, fine to medium SAND,  little Gravel, trace Silt.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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50

55

60

65

70

75

10D

11D

12D

13D

14D

24/5

24/12

24/6

24/12

24/5

51.0 - 53.0

56.0 - 58.0

61.0 - 63.0

66.0 - 68.0

71.0 - 73.0

10-13-11-11

10-18-26-16

8-9-8-9

5-6-5-7

6-14-13-11

24

44

17

11

27

 18

 33

 13

  8

 20

78

74

80

84

97

100

94

107

130

115

110

46

60

65

90

98

42

46

53

70

99

110

115

128

135

-83.0

Medium Dense, Gray, fine to medium SAND,  some Gravel, trace Silt.

Dense, Gray, fine to medium SAND, little Gravel, trace Silt.

Medium Dense, Gray, fine to coarse SAND,  trace Silt, trace Gravel.

Loose, Gray, fine to medium SAND, little Gravel, trace Silt.

71.0
Medium Dense, Gray, fine to medium SAND and Gravel.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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75

80

85

90

95

100

15D

16D

17D

R1

18D

24/8

24/7

6/6

60/6

5/5

76.0 - 78.0

81.0 - 83.0

88.0 - 88.5

90.0 - 95.0

96.0 - 96.4

35-20-18-15

34-34-24-17

90-50/0"

RQD = 0%

175/5"

38

58

 29

 44

164

132

134

108

124

151

111

110

167

181

215

>200

160

>100

131

215

Medium Dense, Gray, fine to medium SAND and Gravel.

Dense, Gray, GRAVEL, some fine to medium Sand, little Silt

See Note 2.

Very Dense, Gray, GRAVEL, some fine to medium Sand, little Silt

Cobbles/Boulders
R1: Core Times (min)
90-91 (3)
91-92 (2)
92-93 (2)
93-94 (2)
94-95 (3)

Very Dense, Gray, GRAVEL, some fine to medium Sand, little Silt

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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100

105

110

115

120

125

19D

R2

R3

3/3

60/1

56/42

106.0 - 106.3

111.0 - 116.0

123.0 - 127.7

125/3"

RQD = 0%

RQD = 32%

190

195

205

260

550

225

520

505

509

515

407

250

300

450

NR

NQ
-131.0

Very Dense, Gray, GRAVEL and coarse Sand.

Boulders and Cobbles.
R2: Core Times (min)
111-112 (2)
112-113 (1)
113-114 (2)
114-115 (2)
115-116 (2)

Wash Water: Boulders and cobbles, Gravel and Sand, Black, Gray,
White Rock chips.

119.0

Bedrock: Hard, Fresh, Fine grained, Gray, BASALT. Joints are close,
low angle to moderately dipping, planar, rough, fresh, tight to partially
open.
R3: Core Times (min)

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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125

130

135

140

145

150

NQ

-139.7

123-124 (5)
124-125 (4)
125-126 (5)
126-127 (10)

127.7
Bottom of Exploration at 127.70 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405A
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -12.0 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/02/08-09/10/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+95, 10.5 Rt Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 21 ft below mudline.
2. Probable boulders from 86 feet to 88 feet below ground surface, based on drilling behavior.
HP=Hydraulic Push
NR=Not Recorded

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-YYR-405A
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0

5

10

15

20

25

1D

2D

3D

4D

5D

24/4

24/24

24/24

24/24

24/24

4.0 - 6.0

10.5 - 12.5

14.0 - 16.0

19.0 - 21.0

24.0 - 26.0

1-1-1-1

1-7-11-15

4-6-8-9

WOH

WOH-1-1-1

2

18

14

2

  2

 14

 11

  2

HP Mud line approximately 20 feet below the top of bridge deck.

See Note 1.

Soft, Dark Gray, ORGANIC SILT, shell fragments

Stiff, Top 10": Gray, CLAY and SILT, laminated with 1/8-1/16" Silt
lenses. Bottom 14": Light brown, Clayey SILT.

Stiff, Light Brown, CLAY, Varves, Root Structure.

Very Soft, Dark Gray, CLAY and SILT

Soft, Gray, CLAY.

A-7-6, CL
WC=31%

LL=46, PL=25
PI=21

A-7-6, CL
WC=40%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405B
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -1.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/11/08-09/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+17 10.5 RT Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 35 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-405B
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25

30

35

40

45

50

6D

7D

24/13

24/8

29.0 - 31.0

49.0 - 51.0

5-4-9-14

8-13-18-22

13

31

 10

 23

HP

70

68

66

65

67

92

83

OH

-30.4

-50.4

29.0
Loose, Gray, fine SAND and SILT

49.0
Medium Dense, Brown, fine SAND, trace Silt.

LL=43, PL=21
PI=22

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405B
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -1.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/11/08-09/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+17 10.5 RT Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 35 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-405B
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50

55

60

65

70

75

8D 24/9 69.0 - 71.0 27-26-35-28 61  46

OH

44

45

40

39

37

98

65

68

64

69

79

83

76

83

84

76

84

100

77

85

85

Dense, Gray, fine to medium SAND, little Gravel.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405B
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -1.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/11/08-09/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+17 10.5 RT Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 35 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-405B
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75

80

85

90

95

100

R1

R2

R3

24/17

60/26

48/37

92.5 - 94.5

94.5 - 99.5

99.5 - 103.5

RQD = 0%

RQD = 6%

RQD = 16%

117

130

120

118

87

74

78

103

92

90

152

180

680

NQ -89.9

Boulders encountered during drilling.

88.5

Bedrock: Hard , Moderately weathered, Aphantic, Dark Gray,
PHYLLITE. Joints are very close, high angle, undulating, rough.
R1: Core Times (min)
92.5-93.5 (5)
93.5-94.5 (6)
Hard, Moderately weathered, Aphantic, Dark  Gray, PHYLLITE. Joints
are very close, high angle, undulating, rough.
R2: Core Times (min)
94.5-95.5 (4)
95.5-96.5 (10)
96.5-97.5 (10)
97.5-98.5 (9)
98.5-99.5 (5)

Hard, Moderately weathered, Aphantic, Dark  Gray, PHYLLITE. Joints

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405B
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -1.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/11/08-09/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+17 10.5 RT Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 35 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-405B
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100

105

110

115

120

125

NQ

-104.9

are very close, high angle, undulating, rough.
R3: Core Times (min)
99.5-100.5 (5)
100.5-101.5 (5)
101.5-102.5 (5)
102.5-103.5 (5)

103.5
Bottom of Exploration at 103.50 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-405B
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) -1.4 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 09/11/08-09/15/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: ST 12+17 10.5 RT Casing ID/OD: 4"/4.5" Water Level*: Tidal

Hammer Efficiency Factor: 0.45 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. Driller advanced 4" casing through bridge deck (5 1/8" asphalt; 5 7/8" concrete). Casing was advanced by own weight or hydraulic push to 35 ft below mudline.
HP=Hydraulic Push
OH=Open Hole

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-YYR-405B
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0

5

10

15

20

25

1D

2D

3D

4D

5D

6D

6AD

24/10

24/12

24/5

24/3

24/10

24/18

24/20

1.0 - 3.0

4.0 - 6.0

9.0 - 11.0

14.0 - 16.0

19.0 - 21.0

24.0 - 26.0

24.0 - 26.0

22-24-21-18

6-6-6-4

29-32-14-12

11-8-14-12

10-9-9-6

27-20-24-29

11-16-17-19

45

12

46

22

18

44
32

 34

  9

 35

 17

 14

 33
 24

10

20

17

15

OH

63

42

23

24

28

37

55

22

24

30

HP

OH

16.1

-2.4

Asphalt (approximately 6")
0.5

Dense, Light Brown, fine to coarse SAND and GRAVEL, little Silt,
Asphalt at top of sample. Dry.

Loose, Light Brown, fine to medium SAND and SILT, little Gravel.
Moist.

Dense, Brown, fine to medium SAND and SILT, some gravel.

See Note 1.

Medium Dense, Brown, fine to medium SAND and SILT, some Gravel.

19.0
Medium Dense, Gray, fine SAND and SILT, trace Clay.

Hard, Gray, SILT and CLAY.

A-1-b, SM
WC=5%

A-4, SM
WC=12%

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-406
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 16.6 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/15/08-08/20/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 11+60, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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. Driller noted an obstruction approximately 10 feet below ground surface. Retrieved casing. Readvanced boring.
2. Offset boring BB-YYR-406 approximately 3 feet north;  advanced boring to 24 feet below ground surface with no sampling, continued typical sampling interval below 24 feet.
3. Spoon refusal at 99.2 feet b.g.s.; Driller advanced roller cone to 100.5 feet to confirm possible bedrock and not boulder.
HP=Hydraulic Push; OH=Open Hole

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-YYR-406
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25

30

35

40

45

50

7D

MU1

8D

9D
V1

U2

10D

11D

12D

13D

24/24

24/24

24/24

24/24

24/24

24/20

24/14

24/11

29.0 - 31.0

33.0 - 35.0

35.0 - 37.0
35.5 - 36.0

37.0 - 39.0

39.0 - 41.0

41.0 - 43.0

44.0 - 46.0

49.0 - 51.0

8-11-14-16

-

3-2-3-4

WOR-1-2-4
Su=2530/315 psf

4-1-1-1

WOR-4-14-21

2-4-6-6

11-13-16-18

25

5

3

2

18

10

29

 19

  4

  2

  2

 14

  8

 22

OH

64

53

47

49

47

60

-23.4

See Note 2.

Very Stiff, Gray, SILT and CLAY.

Soft, Gray, CLAY and Silt/Clay laminations.

Very Stiff, Gray, SILT and CLAY laminated fine Sand lenses.
1.8 x 4.6 in tapered vane raw torque readings:
V1=40/5 ft.-lbs. (Initial/Remolded)

Soft. Top 8": Brown/Gray, fine SAND (6" layers), little Silt. Bottom
10": Gray, Silt and Clay.

40.0

Medium Dense, Gray, SILT and GRAVEL, some Clay, little fine to
medium Sand.

Loose, Gray, fine SAND and SILT.

Medium Dense, Brown, fine SAND, trace Silt, Iron Oxide staining.

CL
WC=31%

A-6, CL
WC=35%

LL=37, PL=18
PI=19

Tv=0.58 tsf
UW=120 pcf

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-406
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 16.6 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/15/08-08/20/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 11+60, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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. Driller noted an obstruction approximately 10 feet below ground surface. Retrieved casing. Readvanced boring.
2. Offset boring BB-YYR-406 approximately 3 feet north;  advanced boring to 24 feet below ground surface with no sampling, continued typical sampling interval below 24 feet.
3. Spoon refusal at 99.2 feet b.g.s.; Driller advanced roller cone to 100.5 feet to confirm possible bedrock and not boulder.
HP=Hydraulic Push; OH=Open Hole

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-YYR-406
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50

55

60

65

70

75

14D

15D

16D

17D

18D

24/12

24/9

24/11

24/12

24/12

54.0 - 56.0

59.0 - 61.0

64.0 - 66.0

69.0 - 71.0

74.0 - 76.0

9-18-22-26

27-31-27-29

31-30-28-21

19-20-26-27

28-38-41-43

40

58

58

46

79

 30

 44

 44

 35

 59

78

77

75

72

80

84

90

95

92

91

83

75

85

81

OH

-37.4 54.0
Dense, Brown, fine to medium SAND, trace Gravel, trace Silt.

Dense, Brown, GRAVEL, some fine to coarse Sand, little Silt.

Dense, Brown, fine to coarse SAND, some Silt, little Gravel.

Dense, Brown, fine to medium SAND, trace Gravel (Iron Oxide
staining), trace Silt.

Very Dense, Brown, fine to medium SAND, trace Gravel, trace Silt.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-406
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 16.6 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/15/08-08/20/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 11+60, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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. Driller noted an obstruction approximately 10 feet below ground surface. Retrieved casing. Readvanced boring.
2. Offset boring BB-YYR-406 approximately 3 feet north;  advanced boring to 24 feet below ground surface with no sampling, continued typical sampling interval below 24 feet.
3. Spoon refusal at 99.2 feet b.g.s.; Driller advanced roller cone to 100.5 feet to confirm possible bedrock and not boulder.
HP=Hydraulic Push; OH=Open Hole

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-YYR-406
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75

80

85

90

95

100

19D

20D

21D

22D

23D

24/12

24/10

24/10

24/11

2/2

79.0 - 81.0

84.0 - 86.0

89.0 - 91.0

94.0 - 96.0

99.0 - 99.2

25-31-27-31

46-44-29-27

23-24-34-48

36-34-21-21

100/2"

58

73

58

55

 44

 55

 44

 41

OH

>100

115

133

130

146

156

>100

-81.9

Dense, Brown, GRAVEL, some fine to medium Sand, little Silt.

Very Dense, Top 8": Brown, GRAVEL, some fine to medium Sand,
little Silt. Bottom 2": Gray, SILT.

Dense, Brown, GRAVEL, some fine to medium Sand, little Silt.

Dense, Brown, GRAVEL and fine to coarse SAND, little Silt.

98.5
Refusal. Rock fragment. SS Tip. See Remark 3.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-406
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 16.6 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/15/08-08/20/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 11+60, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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. Driller noted an obstruction approximately 10 feet below ground surface. Retrieved casing. Readvanced boring.
2. Offset boring BB-YYR-406 approximately 3 feet north;  advanced boring to 24 feet below ground surface with no sampling, continued typical sampling interval below 24 feet.
3. Spoon refusal at 99.2 feet b.g.s.; Driller advanced roller cone to 100.5 feet to confirm possible bedrock and not boulder.
HP=Hydraulic Push; OH=Open Hole

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-YYR-406
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100

105

110

115

120

125

R1

R2

R3

60/41

36/30

60/58

100.5 - 105.5

105.5 - 108.5

108.5 - 113.5

RQD = 8%

RQD = 0%

RQD = 28%

NQ -83.9

-96.9

100.5
Bedrock: Hard, fresh to slightly weathered, fine- grained, gray
PHYLLITE. Joints are very close, moderately dipping to vertical,
planar, smooth, tight.
R1: Core Times (min)
100.5-101.5 (6)
101.5-102.5 (6)
102.5-103.5 (5)
103.5-104.5 (9)
104.5-105.5 (5)

Hard, slightly weathered, highly fractured, fine-grained, gray,
PHYLLITE.
R2: Core Times (min)
105.5-106.5 (3)
106.5-107.5 (7)
107.5-108.5 (8)
Hard, fresh to slightly weathered, fine- grained gray, PHYLLITE. Joints
are very close to moderately spaced, moderately dipping to high angle,
planar, rough to smooth, fresh to discolored, partially open to tight,
occasional Iron Oxide staining. Extensive weathering, Quartz vane
noted at apporximately 110 feet.
R3: Core times (min)
108.5-109.5 (3)
109.5-110.5 (3)
110.5-111.5 (3)
111.5-112.5 (4)
112.5-113.5 (6)

113.5
Bottom of Exploration at 113.50 feet below ground surface.

Maine Department of Transportation Project: New Bridge, Route 103 Boring No.: BB-YYR-406
Soil/Rock Exploration Log Location: York, Maine
US CUSTOMARY UNITS PIN: 15110.00

Driller: New Hampshire Boring Elevation (ft.) 16.6 Auger ID/OD: na

Operator: Greg Datum: NAVD 88 Sampler: Standard Split Spoon

Logged By: Keith Rudman Rig Type: Truck Hammer Wt./Fall: 140#/30"

Date Start/Finish: 08/15/08-08/20/08 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 11+60, 10.5 Rt. Casing ID/OD: 4"/4.5" Water Level*: not observed

Hammer Efficiency Factor: 0.45 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. Driller noted an obstruction approximately 10 feet below ground surface. Retrieved casing. Readvanced boring.
2. Offset boring BB-YYR-406 approximately 3 feet north;  advanced boring to 24 feet below ground surface with no sampling, continued typical sampling interval below 24 feet.
3. Spoon refusal at 99.2 feet b.g.s.; Driller advanced roller cone to 100.5 feet to confirm possible bedrock and not boulder.
HP=Hydraulic Push; OH=Open Hole

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-YYR-406
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APPENDIX C – LABORATORY TESTING RESULTS 



















































 

 

APPENDIX D – FACTORED LOADS PROVIDED BY VHB









 

 

APPENDIX E – CALCULATIONS 





GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 1 of 12

CALC : EJB 12/22/08
CHECK: JRT

Abutment Axial Analysis

Steel H-Pile:

Factored Load Calculation
Factored capacity = required ultimate 
Resistance factor of = 0.65 Npiles 5:=

Load Pv 1210kip:=

Load Per Pile Ppile
Pv

Npiles
:= Ppile 242 kip=

Factored Load
Pf.pile

Ppile
0.65

:= Pf.pile 372 kip=

Profile A - controlling profile (longest pile length)

WEAP Analysis 
Run WEAP analysis based on half-plugged condition with 5ft of stick up and skin friction
distribution from S-Pile (pile length=60ft)
Skin friction approximately 30% of total capacity near top of till layer.
Section Area = 0.51 ft2 (73.8 in2)-Half Plugged

File      Hammer    Erated (ft-k)   Side Fric %   Quake   Blow/in   Req ULT (K)   Driving Stress (ksi)
side  toe

Abut-1A   MKT DE 50B           42.5                  30           0.1       0.1        10              372                        27   OK
Abut-2A   MKT DE 70B           59.5                  30           0.1       0.1        5                372                        33   possible too big

Filename: 1-23-09 axial calcs for 
abutments.xmcd

1/12 Printed: 9:33 AM-3/26/2009





















GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 2 of 12

CALC : EJB 12/22/08
CHECK: JRT

Design Profile- Sand 

Young's Modulus of Steel Es 29000 ksi⋅:=

Moment of Inertia HP 12 x 74 Ix 569 in4
⋅:= Ix 0.027 ft4=

Iy 186 in4
⋅:= Iy 0.009 ft4=

Abutment Lateral Analysis 

Load Applied at Top of Pile
Provided by VHB

PH Defined Below

Distance From Fixity to Top of Pile L Defined Below

Distance From Fixity to Top of Clay L1 Defined Below

Depth of Predrill L2 Defined Below

Young's Modulus of Steel Es 29000 ksi=

Allowable Deflections Given By VHB  ΔMax = 0.5 in for Transverse

ΔMax = 0.9 in for Longitudinal

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 3 of 12

CALC : EJB 12/22/08
CHECK: JRT

Case 1: Fully Supported

Calculate Fixity 

nh values   (LRFD Table C10.4.6.3-2)
Consistency Dry or Moist Submerged
Loose 0.417 0.208
Medium 1.11 0.556
Dense 2.78 1.39

 Soil medium to dense- conservative estimation use medium nh 0.556
ksi
ft

⋅:=

Ep Es:=

Fixity determined by LRFD 10.7.3.13.4 Fixityy 1.8
Ep Iy⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityy 6.16 ft=

Fixityx 1.8
Ep Ix⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityx 7.7 ft=

PH
110
5

kip:= 110 kip is total load divided by 5 piles

PH 22 kip=

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 4 of 12

CALC : EJB 12/22/08
CHECK: JRT

Calculate Displacement

Transverse 

Δmax
PH Fixityx

3
⋅

12 Es⋅ Ix⋅
:=

Δmax 0.09 in= < 0.5 in  OK

Longitudinal- Solve for P when Δmax = 0.9 in

If Δmax = 0.9
in

Pall
0.9 in⋅ 12⋅ Es⋅ Iy( )⋅

Fixityy
3

:=

Pall 145 kip=

Solve for Associated Pile Stress

M
Pall Fixityy( )⋅

2
:=

M 5337.68 in·kip=

Syy 30.4in3
:=

σ
M

Syy
:=

σ 176 ksi= YIELD

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 5 of 12

CALC : EJB 12/22/08
CHECK: JRT

Case 2: Predrill to Clay Layer (assume 15' predrill length)

Calculate New Fixity Based on Clay Layer

Undrained Shear Strength of Clay (ksf) Su 0.375:=

Soil Modulus for Clays Eclay Su 0.465⋅ ksi:=

Eclay 0.17 ksi=

Fixity determined by LRFD 10.7.3.13.4 Fixityx 1.4
Ep Ix⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityx 11.51 ft=

Fixityy 1.4
Ep Iy⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityy 8.7 ft=

PH
110
5

kip:= 110 kip is total load divided by 5 piles

PH 22 kip=

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 6 of 12

CALC : EJB 12/22/08
CHECK: JRT

Calculate Displacement

Transverse 

Lx Fixityx 15ft+:= Lx 26.51 ft=

Δmax
PH Lx

3
⋅

12 Es⋅ Ix⋅
:=

Δmax 3.6 in=

Longitudinal- Solve for P when Δmax = 0.9 in

If Δmax = 0.9 in

Ly Fixityy 15ft+:= Ly 23.7 ft=

Pall
0.9 in⋅ 12⋅ Es⋅ Iy( )⋅

Ly
3

:=

Pall 2.5kip=

Solve for Associated Pile Stress

M
Pall Ly( )⋅

2
:=

M 360 in·kip=

Syy 30.4in3
:=

σ
M

Syy
:=

σ 11.8 ksi=

Filename: 1-23-09 axial calcs for 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 7 of 12

CALC : EJB 12/22/08
CHECK: JRT

Case 3: Assume Backfill With Loose Sand After Predrill

Calculate New Fixity Based on Loose Sand

nh values   (LRFD Table C10.4.6.3-2)
Consistency Dry or Moist Submerged
Loose 0.417 0.208
Medium 1.11 0.556
Dense 2.78 1.39

 Soil Loose, Submerged- nh 0.208
ksi
ft

⋅:=

Ep Es:=

Fixity determined by LRFD 10.7.3.13.4 Fixityy 1.8
Ep Iy⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityy 7.5 ft=

Fixityx 1.8
Ep Ix⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityx 9.4 ft=

PH
110
5

kip:= 110 kip is total load divided by 5 piles

PH 22 kip=

Filename: 1-23-09 axial calcs for 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 8 of 12

CALC : EJB 12/22/08
CHECK: JRT

Calculate Displacement

Transverse 

Δmax
PH Fixityx

3
⋅

12 Es⋅ Ix⋅
:=

Δmax 0.2 in=

Longitudinal- Solve for P when Δmax = 0.9 in

If Δmax = 0.9 in

Pall
0.9 in⋅ 12⋅ Es⋅ Iy( )⋅

Fixityy
3

:=

Pall 80.1 kip=

Solve for Associated Pile Stress

M
Pall Fixityy( )⋅

2
:=

M 3602 in·kip=

Syy 30.4in3
:=

σ
M

Syy
:=

σ 118 ksi= YIELD

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 9 of 12

CALC : EJB 12/22/08
CHECK: JRT

Case 4: Reduced Loads From VHB

Calculate Fixity

nh values   (LRFD Table C10.4.6.3-2)
Consistency Dry or Moist Submerged
Loose 0.417 0.208
Medium 1.11 0.556
Dense 2.78 1.39

 Soil medium to dense- conservative estimation use medium nh 0.556
ksi
ft

⋅:=

Ep Es:=

Fixity determined by LRFD 10.7.3.13.4 Fixityy 1.8
Ep Iy⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityy 6.16 ft=

Fixityx 1.8
Ep Ix⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityx 7.7 ft=

PH
13
5

kip:= 13 kip is total load divided by 5 piles

PH 2.6kip=

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 10 of 12

CALC : EJB 12/22/08
CHECK: JRT

Calculate Displacement

Transverse 

Δmax
PH Fixityx

3
⋅

12 Es⋅ Ix⋅
:=

Δmax 0.01 in=

Longitudinal- Solve for P when Δmax = 0.9 in

If Δmax = 0.9 in

Pall
0.9 in⋅ 12⋅ Es⋅ Iy( )⋅

Fixityy
3

:=

Pall 145 kip=

Solve for Associated Pile Stress

M
Pall Fixityy( )⋅

2
:=

M 5338 in·kip=

Syy 30.4in3
:=

σ
M

Syy
:=

σ 175.6 ksi= YIELD

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 11 of 12

CALC : EJB 12/22/08
CHECK: JRT

Case 5: Reduced Loads Form VHB and Predrill to Clay Layer 
(assume 15' predrill length)

Calculate New Fixity Based on Clay Layer

Undrained Shear Strength of Clay (ksf) Su 0.375:=

Soil Modulus for Clays Eclay Su 0.465⋅ ksi:=

Eclay 0.17 ksi=

Fixity determined by LRFD 10.7.3.13.4 Fixityx 1.4
Ep Ix⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityx 11.51 ft=

Fixityy 1.4
Ep Iy⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

:=

Fixityy 8.7 ft=

PH
13
5

kip:= 110 kip is total load divided by 5 piles

PH 2.6kip=

Filename: 1-23-09 axial calcs for 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: NewBridge, Route 103
GZA Project No. 09.0025577.00

Abutment Pile Calculations Page 12 of 12

CALC : EJB 12/22/08
CHECK: JRT

Calculate Displacement

Transverse 

Lx Fixityx 15ft+:= Lx 26.51 ft=

Δmax
PH Lx

3
⋅

12 Es⋅ Ix⋅
:=

Δmax 0.4 in=

Longitudinal- Solve for P when Δmax = 0.9 in

If Δmax = 0.9 in

Ly Fixityy 15ft+:= Ly 23.7 ft=

Pall
0.9 in⋅ 12⋅ Es⋅ Iy( )⋅

Ly
3

:=

Pall 2.5kip=

Solve for Associated Pile Stress

M
Pall Ly( )⋅

2
:=

M 360 in·kip=

Syy 30.4in3
:=

σ
M

Syy
:=

σ 11.8 ksi=

Filename: 1-23-09 axial calcs for 
abutments.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 1 of 6

CALC : EJB 12/2/08
CHECK: JRT

Steel Bent Piers (24" steel pipe pile, 3/4" wall thickness, concrete filled):

Density of Concrete γc 150 pcf⋅:=

Density of Steel γs 492 pcf⋅:=

Section Area of Steel As 0.38 ft2⋅:=

Section Area of Concrete Ac 2.76 ft2⋅:=

Composite weight of Pile γPile In    lb/ft

Buoyant composite weight of pile γb.pile

Compressive strength of concrete fc 6 ksi⋅:=

Young's modulus of concrete Ec in ksi
Ec 33000

γc
1000pcf

⎛
⎜
⎝

⎞
⎟
⎠

1.5

⋅
fc
ksi

⋅

⎡⎢
⎢⎣

⎤⎥
⎥⎦

ksi⋅:=

Ec 4696 ksi=

Young's modulus of steel Es 29000 ksi⋅:=

Compute Composite Weight of Pile

γpile γc Ac⋅ γs As⋅+:=
γpile 601

lbf
ft

=

Compute Buoyant Composite Weight of Pile

γwater 62.4pcf:=

γb.pile γc γwater−( ) Ac⋅ γs γwater−( ) As⋅+:=
γb.pile 405

lbf
ft

=

Filename: 1-23-09 axial calcs for pier 
bents.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 2 of 6

CALC : EJB 12/2/08
CHECK: JRT

Factored Load Calculation
Factored capacity = required ultimate 
Resistance factor = 0.65 Npiles 5:=

Load Pv 2255kip:=

Load Per Pile Ppile
Pv

Npiles
:= Ppile 451 kip=

Factored Load
Pf.pile

Ppile
0.65

:= Pf.pile 694 kip=

Profile A - controlling profile (longest pile length)

WEAP Analysis 
Run WEAP analysis based on closed end condition with 30ft of pile in air (from deck to mudline)
and skin friction distribution from S-Pile (pile length=71ft)
Skin friction approximately 60% of total capacity near top of till layer.

Assume  water at mudline

Self weight (DC=1.25 per LRFD load factors)

Wpile 83ft γb.pile⋅ 18ft γpile⋅+:= Wpile 44 kip=

Totalload Pf.pile
Wpile 1.25⋅

0.65
+:= Totalload 779 kip=

EB @ top of glacial till layer = 1312 k Depth OK

File      Hammer    Erated (ft-k)    Side Fric %   Quake   Blow/in   Req ULT (K)   Driving Stress (ksi)
side  toe

Pier1A   MKT DE 70B             59.5                60                 0.1       0.1       17             779                        24   too small
Pier2A   MKT70DE70/50B      70                   60                 0.1       0.1       10              779                       27   OK

Filename: 1-23-09 axial calcs for pier 
bents.xmcd
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 3 of 6

CALC : EJB 12/2/08
CHECK: JRT

Profile B

WEAP Analysis 

Run WEAP analysis based on closed end condition with 40ft of pile in air (from deck to mudline)
and skin friction distribution from S-Pile (pile length=35ft)
Skin friction 30% of total capacity near top of till layer

Assume  water at mudline

Self weight (DC=1.25 per LRFD load factors)

Wpile 55ft γb.pile⋅ 20ft γpile⋅+:= Wpile 34 kip=

Totalload Pf.pile
Wpile 1.25⋅

0.65
+:= Totalload 760 kip=

File      Hammer    Erated (ft-k)      Side Fric %   Quake   Blow/in   Reg ULT (K)   Driving Stress ksi
side  toe

Pier1B   MKT DE 70B             59.5                  30                 0.1       0.1       11              760                        22   OK
Pier2B   MKT 70DE70/50B      70                    30                 0.1       0.1        9               760                        24   OK

EB @ top of glacial till layer is 757 k Depth OK

Filename: 1-23-09 axial calcs for pier 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 4 of 6

CALC : EJB 12/2/08
CHECK: JRT

Prestressed Concrete Bent Piers:

Density of Concrete γc 150 pcf⋅:=

Section Area of Concrete Ac 4 ft2⋅:=

Weight of Pile γPile in lb/ft

Buoyant weight of pile γb.pile

Compressive strength of concrete fc 6 ksi⋅:=

Young's modulus of concrete Ec in ksi
Ec 33000

γc
1000pcf

⎛
⎜
⎝

⎞
⎟
⎠

1.5

⋅
fc
ksi

⋅

⎡⎢
⎢⎣

⎤⎥
⎥⎦

ksi⋅:=

Ec 4696 ksi=

Compute Composite Weight of Pile

γpile γc Ac⋅:=
γpile 600

lbf
ft

=

Compute Buoyant Composite Weight of Pile

γwater 62.4pcf:=

γb.pile γc γwater−( ) Ac⋅:=
γb.pile 350

lbf
ft

=

Factored Load Calculation
Factored capacity = required ultimate 
Resistance factor = 0.65 Npiles 5:=

Load Pv 2255kip:=

Load Per Pile Ppile
Pv

Npiles
:= Ppile 451 kip=

Factored Load
Pf.pile

Ppile
0.65

:= Pf.pile 694 kip=

Filename: 1-23-09 axial calcs for pier 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 5 of 6

CALC : EJB 12/2/08
CHECK: JRT

Profile A - controlling profile (longest pile length)

WEAP Analysis 
Run WEAP analysis based on 24" concrete pile with 30ft of pile in air (from deck to mudline)
and skin friction distribution from S-Pile (pile length 55ft)
Skin friction 75% of total capacity near top of till layer

Effective Prestress σpre.eff 700psi:=

Allowable Compression σall 0.85 fc⋅ σpre.eff−( ):=

σall 4.4ksi=

Allowable Tension
σall.ten 6

fc
psi

psi⋅ σpre.eff+:=

σall.ten 1.16 ksi=

Assume  water at mudline

Self weight (DC=1.25 per LRFD load factors)

Wpile 67ft γb.pile⋅ 18ft γpile⋅+:= Wpile 34 kip=

Totalload Pf.pile
Wpile 1.25⋅

0.65
+:= Totalload 760 kip=

Total at 55 ft b.g.s. approximately 750 k (still
in sand)

Need to drive further to obtain
capacity

File      Hammer    Erated (ft-k)      Side Fric %   Quake   Blow/in   Reg ULT (K)   Driving Stress ksi
side  toe

CPier1A   MKT 70 DE70/50B    70                     75            0.1       0.1       12               760                  1.7 (compression)  OK
              0.4 (tension)

Filename: 1-23-09 axial calcs for pier 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: New Bridge, Route 103
GZA Project No. 09.0025577.00

Axial Load Calcs For Pier Bents Page 6 of 6

CALC : EJB 12/2/08
CHECK: JRT

Profile B

WEAP Analysis 
Run WEAP analysis based on 24" concrete pile with 40ft of pile in air (from deck to mudline)
and skin friction distribution from S-Pile (pile length 36ft)
Skin friction 40% of total capacity near top of till layer

Effective Prestress σpre.eff 700psi:=

Allowable Compression σall 0.85 fc⋅ σpre.eff−( ):=

σall 4.4ksi=

Allowable Tension
σall.ten 6

fc
psi

psi⋅ σpre.eff+:=

σall.ten 1.16 ksi=

Assume  water at mudline

Self weight (DC=1.25 per LRFD load factors)

Wpile 56ft γb.pile⋅ 20ft γpile⋅+:= Wpile 32 kip=

Totalload Pf.pile
Wpile 1.25⋅

0.52
+:= Totalload 770 kip=

Total capacity @ top of till =750 kips drive to criteria for capacity  
(additional approx 1' more)

File      Hammer    Erated (ft-k)      Side Fric %   Quake   Blow/in   Reg ULT (K)   Driving Stress ksi
side  toe

CPier1B   MKT70DE70/50B    70                     40                 0.1       0.1       13               770              1.6 (compression) OK
             0.34 (tension)

Filename: 1-23-09 axial calcs for pier 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 1 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Fixity Determination:

Unit Weight of Concrete γc 0.15:=

Compressive Strength of Concrete fc 6.0:=

Young's Modulus of Concrete Ec 33000 γc
1.5

⋅ fc⋅⎛
⎝

⎞
⎠ 1⋅ ksi:= Ec 4695.98 ksi=

Young's Modulus of Steel Es 29000 ksi⋅:=

Steel Bent Piers

Ep must be in ksi and I in ft^4
Eclay=0.465*Su (Su must be in ksf, results is in ksi)

Steel to Concrete Modulus Ratio n
Es
Ec

:= n 6.18=

Diameter of Pipe Pile φp 24 in⋅:=

Corrosion Loss per MDOT Bridge Design Guide c
1
8

in:=

Pile Wall Thickness wallp
3
4

in:=

Diameter of Concrete core φc φp 2 wallp⋅−:= φc 22.5 in=

Corrosion Calculations

Diameter of Corroded Pile φp.c φp 2 c⋅−:= φp.c 23.75 in=

Corroded Pile Wall Thickness wallp.c wallp c−:= wallp.c 0.625 in=

Moment of Inertia Calculations

Moment of inertia of concrete core Ic
π φc

4⎛
⎝

⎞
⎠⋅

64
:= Ic 12580.56 in4=

Is
π φp.c

4
φc

4
−⎛

⎝
⎞
⎠⋅

64
:= Is 3037.4 in4=Moment of inertia of steel pipe

Composite Moment of inertia It
Ic
n

Is+
⎛
⎜
⎝

⎞
⎟
⎠

:= It 0.24 ft4=

Filename: 1-23-09 fixity and lateral 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 2 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Profile A - Clay 

Undrained Shear Strength of Clay (ksf) Su 0.25:=

Soil Modulus for Clays Eclay Su 0.465⋅ ksi:=

Eclay 0.12 ksi=

Modulus of Elasticity of Pile Ep Es:=

Weak axis Moment of Inertia for Pile Iw It:=

Fixity determined by LRFD 10.7.3.13.4 Fixitys.clay 1.4
Ep Iw⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixitys.clay 22.01 ft=

Profile B - Sand 

nh values   (LRFD Table C10.4.6.3-2)
Consistency Dry or Moist Submerged
Loose 0.417 0.208
Medium 1.11 0.556
Dense 2.78 1.39

 Soil medium to dense- conservative estimation use medium nh 0.556
ksi
ft

⋅:=

Fixity determined by LRFD 10.7.3.13.4 Fixitys.sand 1.8
Ep It⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixitys.sand 11.93 ft=
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 3 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Square Concrete Bent Piers:

Dimensions of Concrete Pile b 24in:=

h 24in:=

Moment of Inertia Calculations

Moment of inertia of concrete Ic
b h3( )⋅

12
:=

Ic 1.33 ft4=

Ep must be in ksi and I in ft^4
Es=0.465*Su (Su must be in ksf, results is in ksi)

Profile A - Clay 

Undrained Shear Strength of Clay (ksf) Su 0.25:=

Soil Modulus for Clays Eclay Su 0.465⋅ ksi:=

Eclay 0.12 ksi=

Modulus of Elasticity of Pile Ep Ec:= Ep 4695.98 ksi=

Weak axis Moment of Inertia for Pile Iw Ic:= Iw 1.33 ft4=

Fixity determined by LRFD 10.7.3.13.4 Fixityc.clay 1.4
Ep Iw⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixityc.clay 21.33 ft=
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 4 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Profile B - Sand 

nh values   (LRFD Table C10.4.6.3-2)
Consistency Dry or Moist Submerged
Loose 0.417 0.208
Medium 1.11 0.556
Dense 2.78 1.39

 Soil medium to dense- conservative estimation use medium nh 0.556
ksi
ft

⋅:=

Fixity determined by LRFD 10.7.3.13.4 Fixityc.sand 1.8
Ep Iw⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixityc.sand 11.63 ft=
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 5 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Lateral Analysis 

Steel Bent Piers
Fixity of Steel Piles Profile A Fixitys.clay 22.01 ft=

Fixity of Steel Piles Profile B Fixitys.sand 11.93 ft=

Load Applied at Top of Bent Pier
Provided by VHB

PH2 Defined Below

Load Applied at Elevation 0 of Bent Pier
Provided by VHB

PH1 Defined Below

PH1.EQ Calculated BelowEquivalent Load Applied Top of Bent Pier
of PH1

Distance From Mudline to El. 0 L1 Defined Below

Distance From El. 0 to Top Of Bent Pier L2 Defined Below

Moment Length for PH1 L.3=Fixity+L1  

Unsupported Length Lu =Fixity+L1+L2

Young's Modulus of Steel Es 29000 ksi=

Allowable Deflections Given By VHB  ΔMax = 1 in at Shortest Pier
   2 in at Longest Pier

For Transverse

ΔMax = 0.7 in for Longitudinal

Filename: 1-23-09 fixity and lateral 
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 6 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 1
Profile A at Bent 3 

PH2
35
5

kip:= 7 is total load divided by 5 piles (Strength III)

PH1 5kip:= (Strength III)

Calculate PH1.EQ

L1 10ft:= L2 20ft:=

L3 Fixitys.clay L1+:=

Lu Fixitys.clay L1+ L2+:=

M1 PH1 L3⋅:= M1 160 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.08 kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.08 kip=

Δmax
P Lu

3⋅

12 Es⋅ It⋅
:=

Δmax 1.39 in= > 1 in  Check Pall

If Δmax = 1 in

Pall
1 in⋅ 12⋅ Es⋅ It( )⋅

Lu
3

:=

Pall 7.27 kip=

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Es⋅ It⋅
:=

Δmax 0.42 in= <0.7 in  OK
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 7 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 2
Profile A at Bent -Shortest Pier 

PH2
35
5

kip:= 7 is total load divided by 5 piles (Strength III)

PH1 5kip:= (Strength III)

Calculate PH1.EQ

L1 3ft:= L2 10ft:=

L3 Fixitys.clay L1+:=

Lu Fixitys.clay L1+ L2+:=

M1 PH1 L3⋅:= M1 125 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.57 kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.57 kip=

Δmax
P Lu

3⋅

12 Es⋅ It⋅
:=

Δmax 0.44 in= < 1 in  OK

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Es⋅ It⋅
:=

Δmax 0.15 in= <0.7 in  OK

If Assumed the imposed Δ=0.7in is in the same direction as the 5 kip load, then Δmax=0.15+0.7= 0.85in
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 8 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 3
Profile B at Bent 4-Longest Pier

PH2
35
5

kip:= 7 is total load divided by 5 piles (Strength III)

PH1 5kip:= (Strength III)

Calculate PH1.EQ

L1 20ft:= L2 15ft:=

L3 Fixitys.sand L1+:=

Lu Fixitys.sand L1+ L2+:=

M1 PH1 L3⋅:= M1 160 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.4kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.4 kip=

Δmax
P Lu

3⋅

12 Es⋅ It⋅
:=

Δmax 1.05 in= > 2 in  OK

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Es⋅ It⋅
:=

Δmax 0.34 in= <0.7 in  OK

If Assumed the imposed Δ=0.7in is in the same direction as the 5 kip load, then Δmax=0.34+0.7= 1.04in
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 9 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Lateral Analysis 
DID NOT REIVSE
OPTION WAS ELIMINATEDConcrete Bent Piers

Fixity of Concrete Piles Profile A Fixityc.clay 21.33 ft=

Fixity of Concrete Piles Profile B Fixityc.sand 11.63 ft=

Load Applied at Top of Bent Pier
Provided by VHB

PH2 Defined Below

Load Applied at Elevation 0 of Bent Pier
Provided by VHB

PH1 Defined Below

PH1.EQ Calculated BelowEquivalent Load Applied Top of Bent Pier
of PH1

Distance From Mudline to El. 0 L1 Defined Below

Distance From El. 0 to Top Of Bent Pier L2 Defined Below

Moment Length for PH1 L.3=Fixity+L1  

Unsupported Length Lu =Fixity+L1+L2

Young's Modulus of Concrete Ec 4696 ksi=

Allowable Deflections Given By VHB  ΔMax = 1 in at Shortest Pier
   2 in at Longest Pier

For Transverse

ΔMax = 0.7 in for Longitudinal
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GZA GeoEnvironmental, Inc
4 Free Street
Portland, ME 04101

Project: Route 103 Bridge
GZA Project No. 09.0025577.00

Lateral Analysis of Bent Piers Page 10 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 1
Profile A at Bent 3 

PH2
35
5

kip:= 7 is total load divided by 5 piles

PH1 5kip:=

Calculate PH1.EQ

L1 10ft:= L2 20ft:=

L3 Fixityc.clay L1+:=

Lu Fixityc.clay L1+ L2+:=

M1 PH1 L3⋅:= M1 157 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.05 kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.05 kip=

Δmax
P Lu

3⋅

12 Ec⋅ Ic⋅
:=

Δmax 1.51 in= > 1 in  Check Pall

If Δmax = 1 in

Pall
1 in⋅ 12⋅ Ec⋅ Ic( )⋅

Lu
3

:=

Pall 6.67 kip=

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Ec⋅ Ic⋅
:=

Δmax 0.46 in= <0.7 in  OK
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Project: Route 103 Bridge
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Lateral Analysis of Bent Piers Page 11 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 2
Profile A at Bent -Shortest Pier 

PH2
35
5

kip:= 7 is total load divided by 5 piles

PH1 5kip:=

Calculate PH1.EQ

L1 3ft:= L2 10ft:=

L3 Fixitys.clay L1+:=

Lu Fixitys.clay L1+ L2+:=

M1 PH1 L3⋅:= M1 125 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.57 kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.57 kip=

Δmax
P Lu

3⋅

12 Ec⋅ Ic⋅
:=

Δmax 0.5 in= < 1 in  OK

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Ec⋅ Ic⋅
:=

Δmax 0.17 in= <0.7 in  OK

If Assumed the imposed Δ=0.7in is in the same direction as the 5 kip load, then Δmax=0.17+0.7= 0.87in
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Lateral Analysis of Bent Piers Page 12 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Case 3
Profile B at Bent 4-Longest Pier

PH2
35
5

kip:= 7 is total load divided by 5 piles

PH1 5kip:=

Calculate PH1.EQ

L1 20ft:= L2 15ft:=

L3 Fixitys.sand L1+:=

Lu Fixitys.sand L1+ L2+:=

M1 PH1 L3⋅:= M1 160 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.4kip=

Calculate Displacement

Transverse 

P PH2 PH1.EQ+:= P 10.4 kip=

Δmax
P Lu

3⋅

12 Ec⋅ Ic⋅
:=

Δmax 1.19 in= > 2 in  OK

Longitudinal 

Δmax
PH1.EQ Lu

3⎛
⎝

⎞
⎠⋅

12 Ec⋅ Ic⋅
:=

Δmax 0.39 in= <0.7 in  OK

If Assumed the imposed Δ=0.7in is in the same direction as the 5 kip load, then Δmax=0.39+0.7=1.09in
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Lateral Analysis of Bent Piers Page 13 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Scour Analysis
Profile B at Longest Pier-Bent 4-with 15 feet of assumed Scour (Extreme I)

Scour Fixity of Steel Piles Profile A Fixitys.scour.clay Defined Below

Scour Fixity of Steel Piles Profile B Fixitys.scour.sand Defined Below

Scour Fixity of Concrete Piles Profile A Fixityc.scour.clay Defined Below

Scour Fixity of Concrete Piles Profile B Fixityc.scour.sand Defined Below

Load Applied at Top of Bent Pier
Provided by VHB

PH2 Defined Below

Load Applied at Elevation 0 of Bent Pier
Provided by VHB

PH1 Defined Below

PH1.EQ Calculated BelowEquivalent Load Applied Top of Bent Pier
of PH1

Distance From Mudline to El. 0 L1 Defined Below

Distance From El. 0 to Top Of Bent Pier L2 Defined Below

Moment Length for PH1 L.3=Fixity+L1  

Unsupported Length Lu =Fixity+L1+L2

Young's Modulus of Steel Es 29000 ksi=

Young's Modulus of Concrete Ec 4696 ksi=

Allowable Deflections Given By VHB  ΔMax = 1 in at Shortest Pier
   2 in at Longest Pier

For Transverse

ΔMax = 0.7 in for Longitudinal

ScourUndrained Shear Strength of Clay (ksf) Su 2:=

Scour Soil Modulus for Clays Eclay Su 0.465⋅ ksi:=

Eclay 0.93 ksi=
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Lateral Analysis of Bent Piers Page 14 of 14

CALC : EJB 12/22/08
CHECK: JRT 12/22/08

CHECK: JRT/CLS

Fixity Calculations

Fixitys.scour.clay 1.4
Es It⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:= Fixityc.scour.clay 1.4
Ec Ic⋅

Eclay

⎛
⎜
⎝

⎞
⎟
⎠

0.25⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixitys.scour.clay 13.09 ft= Fixityc.scour.clay 12.68 ft=

Fixitys.scour.sand 1.8
Es It⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:= Fixityc.scour.sand 1.8
Ec Ic⋅

nh

⎛
⎜
⎝

⎞
⎟
⎠

0.2⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

:=

Fixitys.scour.sand 11.93 ft= Fixityc.scour.sand 11.63 ft=

Assume Fixity at 13 feet for Scour Calculations

Bent Piers
PH1 5 kip=

PH2 0kip:= Therefore Longitudinal and Transverse Deflections Are Equal

Calculate PH1.EQ

L1 35ft:= L2 15ft:=

L3 13ft L1+:=

Lu L1 L2+ 13ft+:=

M1 PH1 L3⋅:= M1 240 ft·kip=

PH1.EQ
M1
Lu

:= PH1.EQ 3.81 kip=

Steel Concrete 

Δmax.s
PH1.EQ Lu

3⋅

12 Es⋅ It⋅
:= Δmax.c

PH1.EQ Lu
3⋅

12 Ec⋅ Ic⋅
:=

Δmax.s 0.93 in= Δmax.c 1.06 in=

Filename: 1-23-09 fixity and lateral 
calcs for piers.xmcd
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5

10

15
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25

1D

2D

3D

4D

24/24

24/6

24/2

24/20

5.00 - 7.00

10.00 - 12.00

16.00 - 18.00

20.00 - 22.00

7/15/12/16

4/3/4/4

5/3/1/4

2/WOH/WOH/WOH

27

7

4

---

SSA

18

19

27

18

26

2

11

10

12

12

16

11

19

30

40

9.78

-2.80

-9.80

-12.80

Pavement
0.420

Brown, damp, medium dense, fine to coarse SAND,  little gravel and silt, (Fill).

Brown, wet, loose, fine to coarse SAND, little gravel and silt, (Fill).

13.000

Grey, wet, very loose, fine to coarse silty SAND, trace gravel and sea shells.

20.000
Grey, wet, very soft, SILT, some fine sand, little clay, trace gravel, medium to

coarse sand and sea shells.

23.000

G#176641

A-4, CL-ML

WC=36.8%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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25

30

35

40

45

50

5D/MV

6D

7D

8D
V1

V2

9D
V3

V4

24/20

24/23

24/22

24/24

24/24

25.00 - 27.00

30.00 - 32.00

35.00 - 37.00

40.00 - 42.00
40.64 - 41.00

41.64 - 42.00

45.00 - 47.00
45.64 - 46.00

46.64 - 47.00

4/7/10/13

3/2/3/3

2/2/1/WOH

Push thru vane
Su=259/125 psf

Su=478/67 psf

Push thru vane
Su=192/67 psf

Su=237/71 psf

17

5

3

69

69

69

63

69

78
aWA

70

64

64

50

52

52

50

38

32

62

45

44

48

50

87

68

60

40

47

-17.80

Olive, wet, very stiff, SILT, little fine sand, (Presumpscot upper crust).

Attempt 55x110 mm vane: could not push

28.000

Grey, wet, medium stiff, SILT, some clay, trace fine sand, mottled.
aWashed ahead of casing.

Grey, wet, very loose, fine silty SAND, uniform, dilatent.

Grey, wet, soft, clayey SILT, trace fine sand layers, black staining.

55x110 mm vane raw torque readings:

V1 = 5.8/2.8 ft-lbs

V2 = 10.7/1.5 ft-lbs

Similar to above, very soft.

55x110 mm vane raw torque readings:

V3 = 4.3/1.5 ft-lbs

V4 = 5.3/1.6 ft-lbs

G#176642

A-6, CL

WC=31.7%

LL=34

PL=20

PI=14

G#176643

A-4, CL

WC=36.8%

LL=28

PL=19

PI=9

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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50

55

60

65

70

75

10D
V5

V6

MD
V7

V8

11D
V9

V10

12D
V11

V12

13D
V13

V14

24/24

24/0

24/24

24/24

24/24

50.00 - 52.00
50.64 - 51.00

51.64 - 52.00

55.00 - 57.00
55.64 - 56.00

56.64 - 57.00

60.00 - 62.00
60.64 - 61.00

61.64 - 62.00

65.00 - 67.00
65.64 - 66.00

66.64 - 67.00

70.00 - 72.00
70.64 - 71.00

71.64 - 72.00

Push thru vane
Su=437/80 psf

Su=603/76 psf

Push thru vane
Su=545/76 psf

Su=571/58 psf

Push thru vane
Su=518/89 psf

Su=491/94 psf

Push thru vane
Su=603/143 psf

Su=621/165 psf

Push thru vane
Su=763/89 psf

Su=643/214 psf

73

84

85

69

69

94

57

47

34

31

49

40

41

38

32

52

41

46

40

50

74

61

61

58

53

Grey, wet, soft to medium stiff, clayey SILT with occasional fine sand layers,

black staining.
55x110 mm vane raw torque readings:

V5 = 9.8/1.8 ft-lbs

V6 = 13.5/1.7 ft-lbs

No recovery, similar soils on spoon, medium stiff.

55x110 mm vane raw torque readings:

V7 = 12.2/1.7 ft-lbs

V8 = 12.8/1.3 ft-lbs

Grey, wet, soft to medium stiff, SILT, some clay, with little fine sand layers,

black staining.
55x110 mm vane raw torque readings:

V9 = 11.6/2.0 ft-lbs

V10 = 11.0/2.1 ft-lbs

Similar to above, medium stiff.

55x110 mm vane raw torque readings:

V11 = 13.5/3.2 ft-lbs

V12 = 13.9/3.7 ft-lbs

Grey, wet, medium stiff, clayey SILT, little fine sand with fine sand layers.

55x110 mm vane raw torque readings:

V13 = 17.1/2.0 ft-lbs

V14 = 14.4/4.8 ft-lbs

G#176644

A-4, CL-ML

WC=28.0%

LL=23

PL=17

PI=6

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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75

80

85

90

95

100

14D
V15

MV

15D

16D

17D

R1

24/3

24/20

24/24

24/6

60/60

75.00 - 77.00
75.64 - 76.00

76.20 - 76.20

80.00 - 82.00

85.00 - 87.00

90.00 - 92.00

94.80 - 99.80

WOR/4/5/6
Su=808/304 psf

28/58/54/24

WOR/8/11/10

18/4/14/9

RQD = 31%

9

112

19

18

64

55

62

73

128

78
bWA

52

39

25

26

62

66

55

55

98

115

79

82

93

c156
NQ

-74.80

-84.60

-89.60

Similar to above, medium stiff.

55x110 mm vane raw torque readings:

V15 = 18.1/6.8 ft-lbs

MV = could not push

Grey, wet, very stiff, SILT, some fine sand, trace clay.
bWashed Ahead of Casing.

85.000
Grey, wet, medium dense, fine silty SAND, uniform.

Grey, wet, medium dense, fine to coarse silty SAND, little gravel.

c156 blows for 0.4'.

94.800
Bedrock: Grey, medium grained, diorite with prominent orthoclase crystals.

R1:Core Times (min:sec)

94.8' -   95.8' (5:05)

95.8' -   96.8' (5:50)

96.8' -   97.8' (6:10)

97.8' -   98.8' (6:05)

98.8' -   99.8' (5:15) Recovery=100%

99.800

G#176645

A-2-4, SM

WC=21.5%

G#176646

A-4, CL-ML

WC=18.2%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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100

105

110

115

120

125

Bottom of Exploration at 99.80 feet below ground surface.

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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25

1D

2D

3D

4D

24/4

24/9

24/17

24/16

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

20.00 - 22.00

6/6/17/22

2/6/11/7

6/8/5/7

2/2/2/2

23

17

13

4

SSA

24

14

18

17

17

37

24

23

23

24

9.62

-4.80

-9.80

Pavement
0.580

Brown, damp, medium dense, fine to coarse SAND, little gravel and silt, (Fill).

Brown, wet, medium dense, fine to coarse SAND, little gravel and silt, (Fill).

15.000
Grey, wet, medium dense, fine silty SAND with sea shells.

20.000
Grey, wet, soft, fine sandy SILT, little clay, trace gravel and medium to coarse

sand with sea shells.

G#176647

A-4, CL-ML

WC=31.6%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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25

30

35

40

45

50

5D

V1

6D

7D
V2

V3

24/24

24/14

24/24

25.00 - 27.00

27.64 - 28.00

30.00 - 32.00

40.00 - 42.00
40.64 - 41.00

41.64 - 42.00

1/WOH/WOH/2

aSu=1964/- psf

8/4/7/9

Push thru vane
Su=446/67 psf

Su=393/49 psf

---

11

32

31

36

88

126

45

44

38

39

34

34

38

38

32

30

62

50

37

34

30

34

30

32

31

30

-16.80

-21.80

Grey, wet, soft, SILT, little clay, trace fine sand.

27.000
55x110 mm vane raw torque readings:

V1 = 44/-- ft-lbs
aVane reached maximum torque reading without shearing, no remolded was

attempted.

Olive, wet, stiff, SILT, (Presumpscot upper crust).

32.000

Grey, wet, soft, clayey SILT, trace fine sand, black staining.

55x110 mm vane raw torque readings:

V2 = 10.0/1.5 ft-lbs

V3 = 8.8/1.1 ft-lbs

G#176648

A-4, ML

WC=45.5%

LL=37

PL=33

PI=4

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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50

55

60

65

70

75

8D
V4

V5

9D
V6

V7

10D
V8

V9

24/24

24/24

24/24

50.00 - 52.00
50.64 - 51.00

51.64 - 52.00

60.00 - 62.00
60.64 - 61.00

61.64 - 62.00

70.00 - 72.00
70.64 - 71.00

71.64 - 72.00

Push thru vane
Su=540/71 psf

Su=330/54 psf

Push thru vane
Su=241/112 psf

Su=536/98 psf

Push thru vane
Su=937/250 psf

Su=558/134 psf

54

41

39

35

33

37

35

33

33

34

73

56

53

45

42

48

40

45

38

34

52

47

47

46

41

Grey, wet, soft, silty CLAY with trace fine sand layers and black staining.

55x110 mm vane raw torque readings:

V4 = 12.1/1.6 ft-lbs

V5 = 7.4/1.2 ft-lbs

Similar to above, soft to medium stiff.

55x110 mm vane raw torque readings:

V6 = 5.4/2.5 ft-lbs

V7 = 12.0/2.2 ft-lbs

Grey, wet, medium stiff, clayey SILT, little fine sand.

55x110 mm vane raw torque readings:

V8 = 21.0/5.6 ft-lbs

V9 = 12.5/3.0 ft-lbs

G#176649

A-6, CL

WC=40.0%

LL=32

PL=20

PI=12

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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75

80

85

90

95

100

11D
MV

12D

13D

14D

24/14

24/24

24/24

24/6

75.00 - 77.00
75.20 - 75.20

80.00 - 82.00

90.00 - 92.00

99.00 -

101.00

1/1/8/13

WOR/WOR/7/11

11/7/11/8

13/28/13/11

9

7

18

41

44

46

48

56

53

87

76

72

71

67

81

166

138

157

184

90
bWA

81

58

53

82

103

66

64

70

64

-70.80

Grey, wet, loose, fine SAND, some silt, little clay, trace medium sand, uniform.
Attempt 55x110 mm vane: could not push

Grey, wet, soft, silty CLAY with black staining from 80.0-81.0' bgs.

81.000
Grey, wet, loose, silty fine SAND, uniform from 81.0-82.0' bgs.

Grey, wet, medium dense, fine silty SAND, uniform.
bWashed Ahead of Casing to 98.1' bgs.

Grey, wet, dense, fine to coarse silty SAND.

G#176650

A-4, SC-SM

WC=20.3%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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100

105

110

115

120

125

R1 46/46
105.50 -

109.33
RQD = 88%

51

86

194

c214
dWA

NQ -95.30

-99.10

c214 blows for 0.8'.

dWashed Ahead to 105.5' bgs.

105.500
Bedrock: Grey, medium grained, diorite with prominent orthoclase crystals. At

108.3 ft bgs (El. -98.1) change to dark grey/green quenched andesite porphyry.

R1:Core Times (min:sec)

105.5' -    106.5' (5:05)

106.5' -    107.5' (7:30)

107.5' -    108.5' (7:20)

108.5' -    109.33' (8:20) Recovery=100%

Core Blocked
109.300

Bottom of Exploration at 109.30 feet below ground surface.

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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State of Maine 
Department of Transportation 
Bridge Program - Geotechnical 
16 State House Station 
Augusta, Maine 04333-0016 

Kate Maguire, PE 
Phone:  624-3415 
FAX:  624-3491 
email:  kate.maguire@maine.gov 

Addendum #1 
To: File 
cc: TEDOCS 
From:  Kate Maguire, PE 
Date: January 14, 2009 
Re: Soils Report No. 2004-21 
 Geotechnical Design Report 
 For the Replacement of 
 Station 34 Bridge  
 Over Tidal Estuary 
 York, Maine  
PIN: 15111.00 

=============================================================== 
 
The following changes are made to the Geotechnical Design Report for the Replacement 
of Station 34 Bridge Over Tidal Estuary York, Maine Soils Report No. 2004-21: 
 
1.  Throughout the document, replace Project Identification Number (PIN) 11066.00 with 
PIN 15111.00. 
 
2.  Throughout the document, replace Fed No. AC-BH-1106(600)X with Fed No. BH-
1511(100)X. 
 
3.  Replace the Table on page 6 of the report text with the following table which gives the 
correct Top of Rock Elevation for boring BB-YR34-101: 
 

Location Ground 
Elevation  

Depth to Rock 
bgs 

Top of Rock 
Elevation 

Rock Quality 
Designation 

BB-YR34-101 
Abutment #1 

10.2 ft 94.8 ft -84.6 ft 31% 

BB-YR34-102 
Abutment # 2 

 10.2 ft 105.5 ft -95.3 ft 88% 

 
4.  Replace the third paragraph of Section 7.2 on page 8 of the report text with the 
following text which corrects the Soil Type reference given: 
 
The Designer may assume Soil Type 4 (BDG Section 3.6.1) for retaining wall backfill 
material soil properties.  The backfill properties are as follows: φ = 32 degrees, γ = 125 
pcf, and a soil-concrete friction coefficient of 0.45. 
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5.  Replace Sheet 2 – Boring Location Plan and Interpretive Subsurface Profile with the 
attached Sheet 2 which has been updated with current station information. 
 
6.  Replace Sheet 3 - Boring Logs with the attached Sheet 3 which has been updated with 
current station information. 
 
7.  Replace Appendix A - Boring Logs with the attached pages which have been updated 
with current station information. 
 
8.  Replace Appendix B – Laboratory Data with the attached pages which have been 
updated with current station information. 
 







   

   

 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Boring Logs 



0

5

10

15

20

25

1D

2D

3D

4D

24/24

24/6

24/2

24/20

5.00 - 7.00

10.00 - 12.00

16.00 - 18.00

20.00 - 22.00

7/15/12/16

4/3/4/4

5/3/1/4

2/WOH/WOH/WOH

27

7

4

---

SSA

18

19

27

18

26

2

11

10

12

12

16

11

19

30

40

9.78

-2.80

-9.80

-12.80

Pavement
0.420

Brown, damp, medium dense, fine to coarse SAND,  little gravel and silt, (Fill).

Brown, wet, loose, fine to coarse SAND, little gravel and silt, (Fill).

13.000

Grey, wet, very loose, fine to coarse silty SAND, trace gravel and sea shells.

20.000
Grey, wet, very soft, SILT, some fine sand, little clay, trace gravel, medium to

coarse sand and sea shells.

23.000

G#176641

A-4, CL-ML

WC=36.8%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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25

30

35

40

45

50

5D/MV

6D

7D

8D
V1

V2

9D
V3

V4

24/20

24/23

24/22

24/24

24/24

25.00 - 27.00

30.00 - 32.00

35.00 - 37.00

40.00 - 42.00
40.64 - 41.00

41.64 - 42.00

45.00 - 47.00
45.64 - 46.00

46.64 - 47.00

4/7/10/13

3/2/3/3

2/2/1/WOH

Push thru vane
Su=259/125 psf

Su=478/67 psf

Push thru vane
Su=192/67 psf

Su=237/71 psf

17

5

3

69

69

69

63

69

78
aWA

70

64

64

50

52

52

50

38

32

62

45

44

48

50

87

68

60

40

47

-17.80

Olive, wet, very stiff, SILT, little fine sand, (Presumpscot upper crust).

Attempt 55x110 mm vane: could not push

28.000

Grey, wet, medium stiff, SILT, some clay, trace fine sand, mottled.
aWashed ahead of casing.

Grey, wet, very loose, fine silty SAND, uniform, dilatent.

Grey, wet, soft, clayey SILT, trace fine sand layers, black staining.

55x110 mm vane raw torque readings:

V1 = 5.8/2.8 ft-lbs

V2 = 10.7/1.5 ft-lbs

Similar to above, very soft.

55x110 mm vane raw torque readings:

V3 = 4.3/1.5 ft-lbs

V4 = 5.3/1.6 ft-lbs

G#176642

A-6, CL

WC=31.7%

LL=34

PL=20

PI=14

G#176643

A-4, CL

WC=36.8%

LL=28

PL=19

PI=9

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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50

55

60

65

70

75

10D
V5

V6

MD
V7

V8

11D
V9

V10

12D
V11

V12

13D
V13

V14

24/24

24/0

24/24

24/24

24/24

50.00 - 52.00
50.64 - 51.00

51.64 - 52.00

55.00 - 57.00
55.64 - 56.00

56.64 - 57.00

60.00 - 62.00
60.64 - 61.00

61.64 - 62.00

65.00 - 67.00
65.64 - 66.00

66.64 - 67.00

70.00 - 72.00
70.64 - 71.00

71.64 - 72.00

Push thru vane
Su=437/80 psf

Su=603/76 psf

Push thru vane
Su=545/76 psf

Su=571/58 psf

Push thru vane
Su=518/89 psf

Su=491/94 psf

Push thru vane
Su=603/143 psf

Su=621/165 psf

Push thru vane
Su=763/89 psf

Su=643/214 psf

73

84

85

69

69

94

57

47

34

31

49

40

41

38

32

52

41

46

40

50

74

61

61

58

53

Grey, wet, soft to medium stiff, clayey SILT with occasional fine sand layers,

black staining.
55x110 mm vane raw torque readings:

V5 = 9.8/1.8 ft-lbs

V6 = 13.5/1.7 ft-lbs

No recovery, similar soils on spoon, medium stiff.

55x110 mm vane raw torque readings:

V7 = 12.2/1.7 ft-lbs

V8 = 12.8/1.3 ft-lbs

Grey, wet, soft to medium stiff, SILT, some clay, with little fine sand layers,

black staining.
55x110 mm vane raw torque readings:

V9 = 11.6/2.0 ft-lbs

V10 = 11.0/2.1 ft-lbs

Similar to above, medium stiff.

55x110 mm vane raw torque readings:

V11 = 13.5/3.2 ft-lbs

V12 = 13.9/3.7 ft-lbs

Grey, wet, medium stiff, clayey SILT, little fine sand with fine sand layers.

55x110 mm vane raw torque readings:

V13 = 17.1/2.0 ft-lbs

V14 = 14.4/4.8 ft-lbs

G#176644

A-4, CL-ML

WC=28.0%

LL=23

PL=17

PI=6

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101

D
e
p
th

 (
ft

.)

S
a
m

p
le

 N
o
.

Sample Information

P
e
n
./

R
e
c
. 

(i
n
.)

S
a
m

p
le

 D
e
p
th

(f
t.

)

B
lo

w
s
 (

/6
 i
n
.)

S
h
e
a
r

S
tr

e
n
g
th

(p
s
f)

o
r 

R
Q

D
 (

%
)

N
-v

a
lu

e

C
a
s
in

g
 

B
lo

w
s

E
le

v
a
ti
o
n

(f
t.

)

G
ra

p
h
ic

 L
o
g

Visual Description and Remarks

Laboratory
Testing 
Results/

AASHTO 
and 

Unified Class.

Page 3 of 5



75

80

85

90

95

100

14D
V15

MV

15D

16D

17D

R1

24/3

24/20

24/24

24/6

60/60

75.00 - 77.00
75.64 - 76.00

76.20 - 76.20

80.00 - 82.00

85.00 - 87.00

90.00 - 92.00

94.80 - 99.80

WOR/4/5/6
Su=808/304 psf

28/58/54/24

WOR/8/11/10

18/4/14/9

RQD = 31%

9

112

19

18

64

55

62

73

128

78
bWA

52

39

25

26

62

66

55

55

98

115

79

82

93

c156
NQ

-74.80

-84.60

-89.60

Similar to above, medium stiff.

55x110 mm vane raw torque readings:

V15 = 18.1/6.8 ft-lbs

MV = could not push

Grey, wet, very stiff, SILT, some fine sand, trace clay.
bWashed Ahead of Casing.

85.000
Grey, wet, medium dense, fine silty SAND, uniform.

Grey, wet, medium dense, fine to coarse silty SAND, little gravel.

c156 blows for 0.4'.

94.800
Bedrock: Grey, medium grained, diorite with prominent orthoclase crystals.

R1:Core Times (min:sec)

94.8' -   95.8' (5:05)

95.8' -   96.8' (5:50)

96.8' -   97.8' (6:10)

97.8' -   98.8' (6:05)

98.8' -   99.8' (5:15) Recovery=100%

99.800

G#176645

A-2-4, SM

WC=21.5%

G#176646

A-4, CL-ML

WC=18.2%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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100

105

110

115

120

125

Bottom of Exploration at 99.80 feet below ground surface.

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/3/04-3/3/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+03.4, 6.8 Rt. Casing ID/OD: HW Water Level*: 9.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-101
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0

5

10

15

20

25

1D

2D

3D

4D

24/4

24/9

24/17

24/16

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

20.00 - 22.00

6/6/17/22

2/6/11/7

6/8/5/7

2/2/2/2

23

17

13

4

SSA

24

14

18

17

17

37

24

23

23

24

9.62

-4.80

-9.80

Pavement
0.580

Brown, damp, medium dense, fine to coarse SAND, little gravel and silt, (Fill).

Brown, wet, medium dense, fine to coarse SAND, little gravel and silt, (Fill).

15.000
Grey, wet, medium dense, fine silty SAND with sea shells.

20.000
Grey, wet, soft, fine sandy SILT, little clay, trace gravel and medium to coarse

sand with sea shells.

G#176647

A-4, CL-ML

WC=31.6%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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25

30

35

40

45

50

5D

V1

6D

7D
V2

V3

24/24

24/14

24/24

25.00 - 27.00

27.64 - 28.00

30.00 - 32.00

40.00 - 42.00
40.64 - 41.00

41.64 - 42.00

1/WOH/WOH/2

aSu=1964/- psf

8/4/7/9

Push thru vane
Su=446/67 psf

Su=393/49 psf

---

11

32

31

36

88

126

45

44

38

39

34

34

38

38

32

30

62

50

37

34

30

34

30

32

31

30

-16.80

-21.80

Grey, wet, soft, SILT, little clay, trace fine sand.

27.000
55x110 mm vane raw torque readings:

V1 = 44/-- ft-lbs
aVane reached maximum torque reading without shearing, no remolded was

attempted.

Olive, wet, stiff, SILT, (Presumpscot upper crust).

32.000

Grey, wet, soft, clayey SILT, trace fine sand, black staining.

55x110 mm vane raw torque readings:

V2 = 10.0/1.5 ft-lbs

V3 = 8.8/1.1 ft-lbs

G#176648

A-4, ML

WC=45.5%

LL=37

PL=33

PI=4

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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50

55

60

65

70

75

8D
V4

V5

9D
V6

V7

10D
V8

V9

24/24

24/24

24/24

50.00 - 52.00
50.64 - 51.00

51.64 - 52.00

60.00 - 62.00
60.64 - 61.00

61.64 - 62.00

70.00 - 72.00
70.64 - 71.00

71.64 - 72.00

Push thru vane
Su=540/71 psf

Su=330/54 psf

Push thru vane
Su=241/112 psf

Su=536/98 psf

Push thru vane
Su=937/250 psf

Su=558/134 psf

54

41

39

35

33

37

35

33

33

34

73

56

53

45

42

48

40

45

38

34

52

47

47

46

41

Grey, wet, soft, silty CLAY with trace fine sand layers and black staining.

55x110 mm vane raw torque readings:

V4 = 12.1/1.6 ft-lbs

V5 = 7.4/1.2 ft-lbs

Similar to above, soft to medium stiff.

55x110 mm vane raw torque readings:

V6 = 5.4/2.5 ft-lbs

V7 = 12.0/2.2 ft-lbs

Grey, wet, medium stiff, clayey SILT, little fine sand.

55x110 mm vane raw torque readings:

V8 = 21.0/5.6 ft-lbs

V9 = 12.5/3.0 ft-lbs

G#176649

A-6, CL

WC=40.0%

LL=32

PL=20

PI=12

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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75

80

85

90

95

100

11D
MV

12D

13D

14D

24/14

24/24

24/24

24/6

75.00 - 77.00
75.20 - 75.20

80.00 - 82.00

90.00 - 92.00

99.00 -

101.00

1/1/8/13

WOR/WOR/7/11

11/7/11/8

13/28/13/11

9

7

18

41

44

46

48

56

53

87

76

72

71

67

81

166

138

157

184

90
bWA

81

58

53

82

103

66

64

70

64

-70.80

Grey, wet, loose, fine SAND, some silt, little clay, trace medium sand, uniform.
Attempt 55x110 mm vane: could not push

Grey, wet, soft, silty CLAY with black staining from 80.0-81.0' bgs.

81.000
Grey, wet, loose, silty fine SAND, uniform from 81.0-82.0' bgs.

Grey, wet, medium dense, fine silty SAND, uniform.
bWashed Ahead of Casing to 98.1' bgs.

Grey, wet, dense, fine to coarse silty SAND.

G#176650

A-4, SC-SM

WC=20.3%

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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100

105

110

115

120

125

R1 46/46
105.50 -

109.33
RQD = 88%

51

86

194

c214
dWA

NQ -95.30

-99.10

c214 blows for 0.8'.

dWashed Ahead to 105.5' bgs.

105.500
Bedrock: Grey, medium grained, diorite with prominent orthoclase crystals. At

108.3 ft bgs (El. -98.1) change to dark grey/green quenched andesite porphyry.

R1:Core Times (min:sec)

105.5' -    106.5' (5:05)

106.5' -    107.5' (7:30)

107.5' -    108.5' (7:20)

108.5' -    109.33' (8:20) Recovery=100%

Core Blocked
109.300

Bottom of Exploration at 109.30 feet below ground surface.

Maine Department of Transportation Project: Station 34 Bridge over Tidal Estuary Boring No.: BB-YR34-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15111.00

Driller: MaineDOT Elevation (ft.) 10.2 Auger ID/OD: 4.5" SSA

Operator: C. Mann Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/9/04-3/9/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 32+92.5, 9.1 Lt. Casing ID/OD: NW Water Level*: 9.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

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

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other
than those present at the time measurements were made. Boring No.: BB-YR34-102
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APPENDIX B 
 

Laboratory Data 



Station Offset Depth Reference G.S.D.C. W.C. L.L. P.I.

(Feet) (Feet) (Feet) Number Sheet Unified AASHTO Frost

32+03.4 6.8 Rt. 20.0-22.0 176641 1 36.8 CL-ML A-4 IV

32+03.4 6.8 Rt. 30.0-32.0 176642 1 31.7 34 14 CL A-6 III

32+03.4 6.8 Rt. 40.0-42.0 176643 1 36.8 28 9 CL A-4 IV

32+03.4 6.8 Rt. 60.0-62.0 176644 1 28.0 23 6 CL-ML A-4 IV

32+03.4 6.8 Rt. 80.0-82.0 176645 1 21.5 SM A-2-4 II

32+03.4 6.8 Rt. 90.0-92.0 176646 1 18.2 CL-ML A-4 IV

32+92.5 9.1 Lt. 20.0-22.0 176647 2 31.6 CL-ML A-4 IV

32+92.5 9.1 Lt. 25.0-27.0 176648 2 45.4 37 4 ML A-4 IV

32+92.5 9.1 Lt. 50.0-52.0 176649 2 40.0 32 12 CL A-6 III

32+92.5 9.1 Lt. 75.0-77.0 176650 2 20.3 SC-SM A-4 III

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification

is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).

The "Frost Susceptibility Rating" is based upon the MDOT and Corps of Engineers Classification Systems.

GSDC = Grain Size Distribution Curve as determined by AASHTO T 88-93 (1996) and/or ASTM D 422-63 (Reapproved 1998)

WC = water content as determined by AASHTO T 265-93 and/or ASTM D 2216-98

LL = Liquid limit as determined by AASHTO T 89-96 and/or ASTM D 4318-98

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

BB-YR34-102, 5D

BB-YR34-102, 8D

BB-YR34-102, 11D

BB-YR34-101, 17D

 Identification Number 

BB-YR34-101, 4D

Project Number: 15111.00

BB-YR34-101, 6D

BB-YR34-102, 4D

Classification

State of Maine - Department of Transportation

Laboratory Testing Summary Sheet

Town(s): York
Boring & Sample

BB-YR34-101,8D

BB-YR34-101, 11D

BB-YR34-101, 15D
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State of Maine 
Department of Transportation 
Bridge Program - Geotechnical 
16 State House Station 
Augusta, Maine 04333-0016 

Kate Maguire, PE 
Phone:  624-3415 
FAX:  624-3491 
email:  kate.maguire@maine.gov 

Addendum #1 
To: File 
cc: TEDOCS 
From:  Kate Maguire, PE 
Date: January 14, 2009 
Re: Soils Report No. 2004-23 
 Geotechnical Design Report 
 For the Replacement of 
 Station 44 Bridge  
 Over Tidal Estuary 
 York, Maine  
PIN: 15112.00 

=============================================================== 
 
The following changes are made to the Geotechnical Design Report for the Replacement 
of Station 44 Bridge Over Tidal Estuary York, Maine Soils Report No. 2004-23: 
 
1.  Throughout the document, replace Project Identification Number (PIN) 11067.00 with 
PIN 15112.00. 
 
2.  Throughout the document, replace Fed No. AC-BH-1106(700)X with Fed No. BH-
1511(200)X. 
 
3.  Replace the third paragraph of Section 7.2 on page 7 of the report text with the 
following text which corrects the Soil Type reference given: 
 
The Designer may assume Soil Type 4 (BDG Section 3.6.1) for retaining wall backfill 
material soil properties.  The backfill properties are as follows: φ = 32 degrees, γ = 125 
pcf, and a soil-concrete friction coefficient of 0.45. 
 
5.  Replace Sheet 2 – Boring Location Plan and Interpretive Subsurface Profile with the 
attached Sheet 2 which has been updated with current station information. 
 
6.  Replace Sheet 3 - Boring Logs with the attached Sheet 3 which has been updated with 
current station information. 
 
7.  Replace Appendix A - Boring Logs with the attached pages which have been updated 
with current station information. 
 
8.  Replace Appendix B – Laboratory Data with the attached pages which have been 
updated with current station information. 







   

   

 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Boring Logs 



0

5

10

15

20

25

1D-A

1D-B

2D

3D

4D

5D

MV

24/20

24/16

24/17

24/16

24/20

2.00 - 4.00

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

20.00 - 22.00

22.40 - 22.40

16/31/12/9

3/3/8/15

5/5/3/7

4/2/2/4

1/1/WOH/1

43

11

8

4

1

SSA

25

36

33

30

28

15

15

28

29

19

35

35

28

22

19

9.98

-0.60

-4.60

-9.60

Pavement
0.420

(1D-A) (2.0-3.0) Brown, damp, dense, fine to coarse SAND, little silt, trace

gravel (Fill).

(1D/B) (3.0-4.0) Brown, damp, dense, fine to coarse SAND, some silt, little

gravel (Fill).

Brown, damp, medium dense, fine to coarse SAND, some silt, little gravel, old

pavement, (Fill).

11.000
Brown, wet, loose, fine to coarse SAND, little gravel, trace silt.

15.000
Grey, wet, soft, fine sandy SILT with sea shells.

20.000
Grey, wet, very soft, silty CLAY, trace fine sand and fine sand layers, trace

gravel. Stiffer at top of sample,  softer with depth.

55x110 mm vane raw torque readings:

MV= could not push.

G#176633

A-6, CL

WC=37.8%

Maine Department of Transportation Project: Station 44 Bridge over Tidal Estuary Boring No.: BB-YR44-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15112.00

Driller: MaineDOT Elevation (ft.) 10.4 Auger ID/OD: 4.5" SSA

Operator: G. Lidstone Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/1/04-3/1/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 41+92.7, 7.4 Rt. Casing ID/OD: HW Water Level*: 10.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

MV = Unsuccessful vane shear test attempt.

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-YR44-101
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25

30

35

40

45

50

6D

MV

7D

V1

MV

8D

MV

9D

10D

24/16

24/10

24/3

24/6

24/6

25.00 - 27.00

27.00 - 27.00

30.00 - 32.00

31.00 - 31.36

32.00 - 32.00

35.00 - 37.00

36.00 - 36.00

40.00 - 42.00

45.00 - 47.00

7/1/WOH/1

Push thru vane

Su=402/49 psf

1/5/8/6

3/WOH/3/7

22/10/12/11

1

13

3

22

40

27

23

21

19

42

33

29

31

36

55

38

27

23

38

48

36

28

48

124

93

79

116

132

260

-25.10

-29.60

-33.60

Grey, wet, very soft, silty CLAY, varved with sand lenses, trace gravel, trace

coarse sand.

55x110 mm vane raw torque readings:

MV= could not push.

Grey, wet, soft, silty CLAY, trace fine sand.

55x110 mm vane raw torque readings:

V1= 9.0/1.1 ft-lbs

MV = could not push

35.500
Grey, wet, medium dense, fine silty SAND, trace coarse sand.
55x110 mm vane raw torque readings:

MV= could not push.

40.000
Grey, wet, soft, SILT, little gravel, sand and clay, dilatent.

44.000

Grey, wet, medium dense, fine to coarse SAND, some gravel and silt, trace clay.

G#176634

A-6, CL

WC=38.3%

G#176635

A-6, CL

WC=47.2%

LL=33

PL=19

PI=14

G#176636

A-4, CL-ML

WC=24.2%

G#176637

A-2-4, SC-SM

WC=10.2%

Maine Department of Transportation Project: Station 44 Bridge over Tidal Estuary Boring No.: BB-YR44-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15112.00

Driller: MaineDOT Elevation (ft.) 10.4 Auger ID/OD: 4.5" SSA

Operator: G. Lidstone Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/1/04-3/1/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 41+92.7, 7.4 Rt. Casing ID/OD: HW Water Level*: 10.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

MV = Unsuccessful vane shear test attempt.

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-YR44-101
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50

55

60

65

70

75

MD

R1

2/0

60/52

50.00 - 50.17

54.50 - 59.50

60(0.2")

RQD = 68%

--- aWR

NQ

Core

-44.10

-49.10

Wash material in spoon
a Washed ahead and Roller coned ahead to 54.5' bgs through very dense grey

till.

54.500
Bedrock: Dark grey/green, fine grained, ANDESITE porphyry.

R1:Core Times (min:sec)

54.5' -  55.5' (18:20)

55.5' -  56.5' (10:00)

56.5' -  57.5' (10:10)

57.5' -  58.5' (9:10)

58.5' -  59.5' (9:05) Recovery=97%

59.500
Bottom of Exploration at 59.50 feet below ground surface.

Maine Department of Transportation Project: Station 44 Bridge over Tidal Estuary Boring No.: BB-YR44-101

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15112.00

Driller: MaineDOT Elevation (ft.) 10.4 Auger ID/OD: 4.5" SSA

Operator: G. Lidstone Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/1/04-3/1/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 41+92.7, 7.4 Rt. Casing ID/OD: HW Water Level*: 10.5' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

MV = Unsuccessful vane shear test attempt.

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-YR44-101
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0

5

10

15

20

25

1D

2D

3D

4D/MV

24/10

24/2

24/16

24/18

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

20.00 - 22.00

4/4/5/6

6/3/4/11

2/2/2/1

5/3/4/7

9

7

4

7

SSA

46

27

208

191

41

34

30

27

73

43

45

43

41

34

34

9.98

-3.60

-8.60

Pavement
0.420

Brown, damp, fine to coarse SAND, little gravel, trace silt, (Fill).

Brown, damp, loose, fine to coarse SAND,  some gravel, little silt, (Fill).

Brown, wet, loose, fine silty SAND, little gravel, trace medium to coarse sand,

(Fill).

Obstruction at 13.0' bgs. Roller coned through.

14.000

Grey, wet, soft, sandy SILT with broken shells.

19.000

Grey, wet, medium stiff, Silty CLAY, trace gravel and sand, mottled.

55x110 mm and 25.4x50.8 mm vane raw torque readings:

MV = could not push

G#176638

A-6, CL

WC=31.3%

LL=34

PL=20

PI=14

Maine Department of Transportation Project: Station 44 Bridge over Tidal Estuary Boring No.: BB-YR44-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15112.00

Driller: MaineDOT Elevation (ft.) 10.4 Auger ID/OD: 4.5" SSA

Operator: G. Lidstone Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/1/04-3/1/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 42+55.3, 8.4 Lt. Casing ID/OD: HW Water Level*: 10.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

MV = Unsuccessful vane shear test attempt.

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-YR44-102
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25

30

35

40

45

50

5D

V1

V2

6D

V3

MV

7D

8D
R1

24/24

24/18

1/1

1/0
50/50

25.00 - 27.00

26.00 - 26.36

27.00 - 27.36

30.00 - 32.00

31.00 - 31.36

32.00 - 32.00

35.00 - 35.08

36.00 - 36.08
36.90 - 41.07

Push thru vane.

Su=446/107 psf

Su=527/116 psf

WOH/WOH/11/12

Su=424/125 psf

80(0.1")

60(0.1")
RQD = 46%

---

11

---

---

46

29

32

30

33

59
WA

47

54

126

NQ

Core

-20.60

-26.50

-30.70

Grey, wet, soft, silty CLAY with black staining, occasional black fine to coarse

silty sand layers, trace gravel.

55x110 mm vane raw torque readings:

V1 = 10.0/2.4 ft-lbs

V2 = 11.8/2.6 ft-lbs

Washed ahead of Casing.

31.000
Grey, wet, stiff, clayey SILT, trace gravel and sand.

55x110 mm vane raw torque readings:

V3 = 9.5/2.8 ft-lbs

MV = could not push
Wash water changed to brown ± 33.0' bgs.

Grey, wet, dense, fine to coarse silty SAND, some gravel.

36.900
Bedrock: Grey/brown, fine grained, fractured, brecciated and metamorphosed

PHYLLITE.

R1:Core Times (min:sec)

36.9' -  37.9' (6:00)

37.9' -  38.9' (6:30)

38.9' -  39.9' (12:15)

39.9' -  40.9' (3:35)

40.9' -  41.07' (1:51) Recovery=100%
41.100

Bottom of Exploration at 41.10 feet below ground surface.

G#176639

A-6, CL

WC=42.8%

G#176640

A-4, CL-ML

WC=28.3%

LL=19

PL=15

PI=4

Maine Department of Transportation Project: Station 44 Bridge over Tidal Estuary Boring No.: BB-YR44-102

Soil/Rock Exploration Log
Location: York, Maine

US CUSTOMARY UNITS PIN: 15112.00

Driller: MaineDOT Elevation (ft.) 10.4 Auger ID/OD: 4.5" SSA

Operator: G. Lidstone Datum: NGVD Sampler: Standard Split Spoon

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

Date Start/Finish: 3/1/04-3/1/04 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: 42+55.3, 8.4 Lt. Casing ID/OD: HW Water Level*: 10.0' (Tidal)

Definitions: Definitions: Definitions:

D = Split Spoon Sample Su = Insitu Field Vane Shear Strength (psf) WC = water content, percent

MD = Unsuccessful Split Spoon Sample attempt Tv = Pocket Torvane Shear Strength (psf) LL = Liquid Limit

U = Thin Wall Tube Sample qp = Unconfined Compressive Strength (ksf) PL = Plastic Limit

R = Rock Core Sample Su(lab) = Lab Vane Shear Strength (psf) PI = Plasticity Index

V = Insitu Vane Shear Test WOH = weight of 140lb. hammer G = Grain Size Analysis
SSA = Solid Stem Auger WOR = weight of rods  WOC = weight of casing C = Consolidation Test

Remarks:

MV = Unsuccessful vane shear test attempt.

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-YR44-102
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APPENDIX B 
 

Laboratory Data 



Station Offset Depth Reference GSDC WC LL PI

(Feet) (Feet) (Feet) Number Sheet Unified AASHTO Frost

41+92.7 7.4 Rt. 20.0-22.0 176633 1 37.8 CL A-6 III

41+92.7 7.4 Rt. 25.0-27.0 176634 1 38.3 CL A-6 III

41+92.7 7.4 Rt. 30.0-32.0 176635 1 47.2 33 14 CL A-6 III

41+92.7 7.4 Rt. 40.0-42.0 176636 1 24.2 CL-ML A-4 IV

41+92.7 7.4 Rt. 45.0-47.0 176637 1 10.2 SC-SM A-2-4 III

42+55.3 8.4 Lt. 20.0-22.0 176638 2 31.3 34 14 CL A-6 III

42+55.3 8.4 Lt. 25.0-27.0 176639 2 42.8 CL A-6 III

42+55.3 8.4 Lt. 30.0-32.0 176640 2 28.3 19 4 CL-ML A-4 IV

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification

is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).

The "Frost Susceptibility Rating" is based upon the MDOT and Corps of Engineers Classification Systems.

GSDC = Grain Size Distribution Curve as determined by AASHTO T 88-93 (1996) and/or ASTM D 422-63 (Reapproved 1998)

WC = water content as determined by AASHTO T 265-93 and/or ASTM D 2216-98

LL = Liquid limit as determined by AASHTO T 89-96 and/or ASTM D 4318-98

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

BB-YR44-102, 5D

Classification

State of Maine - Department of Transportation

Laboratory Testing Summary Sheet

Town(s): York
Boring & Sample

BB-YR44-101, 7D

BB-YR44-101, 9D

BB-YR44-101, 10D

BB-YR44-102, 4D

 Identification Number 

BB-YR44-101, 5D

Project Number: 15112.00

BB-YR44-101, 6D

BB-YR44-102, 6D













 1 

State of Maine Department of Transportation 
Bridge Program - Geotechnical 
16 State House Station 
Augusta, Maine 04333-0016 

Kate Maguire, PE 
Phone:  624-3415 
FAX:  624-3491 
email:  kate.maguire@maine.gov 

Addendum #2 
To: Jeff Folsom, PE 
cc: Jim Wentworth, PE, TEDOCS 
From:  Kate Maguire, PE 
Date: February 13, 2009 
Re: York Station 44 Bridge 
 Estimated H-Pile Resistances and 
 LRFD Geotechnical Design Recommendations 
PIN: 15112.00 

 
The purpose of this addendum is to transmit estimated H-pile resistances and pile design 
recommendations for the replacement of the Station 44 Bridge in York, Maine.  A geotechnical 
report was published for this project in July 2004 (MaineDOT Soils Report No. 2004-23).  The 
design information included in the report was developed using Allowable Stress Design (ASD) 
methodology.  In 2006 MaineDOT adopted the use of Load Factor and Resistance Design (LRFD) 
design methodology.  The plans currently developed for design and construction of the Station 44 
Bridge require LRFD design methods.  This addendum should be used as a supplement to the 
original geotechnical report to aid in the design of the replacement structure. 
 
INTEGRAL ABUTMENT H-PILES: 
 
The use of stub abutments founded on a single row of driven integral H-piles is a viable foundation 
system for use at the site.  The piles should be end bearing, driven to the required resistance on or 
within the bedrock.  Piles may be HP 12x53, HP 14x73, HP 14x89 or HP 14x117 depending on the 
factored design axial loads.  Piles should be 50 ksi, Grade A572 steel H-piles.  Piles should be 
fitted with driving points to protect the tips and improve penetration. 
 
Pile lengths at the proposed abutments may be estimated based on Table 1 below: 
 

Location 
Depth to 
Bedrock 

From Ground 
Surface 

Ground 
Surface 

Elevation 

Top of 
Bedrock 
Elevation 

Rock Quality 
Designation 

Estimated 
Pile 

Length 

BB-YR44-101 
Abutment #1 54.5 feet 10.4 feet -44.10 feet 68% 55 feet 

BB-YR44-102 
Abutment #2 36.9 feet 10.4 feet -26.5 feet 46% 40 feet 

 
Table 1 – Estimated Pile Lengths for Piles Installed to Bedrock Surface 
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These pile lengths do not take into account the additional five (5) feet of pile required for dynamic 
testing instrumentation or any additional pile length needed to accommodate the Contractor’s leads 
and driving equipment. 
 
The designer shall design the H-piles at the strength limit state considering the structural 
resistance of the piles, the geotechnical resistance of the pile and loss of the lateral support due to 
scour at the design flood event.  The structural resistance check should include checking axial, 
lateral, and flexural resistance.  Resistance factors for use in the design of piles at the strength limit 
state are discussed below. 
 
The design of the H-piles at the service limit state shall consider tolerable horizontal movement of 
the piles, overall stability of the pile group and scour at the design flow event.  The design flood 
scour is defined in AASHTO LRFD Bridge Design Specifications 4th Edition (LRFD) Articles 
2.6.4.4.2 and 3.7.5.  Since the abutment piles will be subjected to lateral loading, piles should be 
analyzed for axial loading and combined axial and lateral loading as defined in LRFD Article 6.15.2. 
 
Strength Limit State Design: 
 
The nominal structural compressive resistance (Pn) in the strength limit state for piles loaded in 
compression shall be as specified in LRFD Article 6.9.4.1.  It is the responsibility of the structural 
engineer to calculate the column slenderness factor (λ) for the upper and lower portions of integral 
H-piles based on unbraced lengths and K-values from project specific L-Pile® analyses and 
determine the structural pile resistances.  Preliminary estimates of the factored structural axial 
compressive resistances of the four proposed H-pile sections were calculated using a resistance 
factor, φc, of 0.60 (good driving conditions) and a λ of 0. 
 
The nominal geotechnical compressive resistances of the H-pile sections in the strength limit state 
were calculated using Canadian Foundation Engineering Manual methods.  The factored 
geotechnical compressive resistances of the four proposed H-pile sections were calculated using a 
resistance factor, φstat, of 0.45. 
 
The drivability of the four proposed H-pile sections was considered.  The maximum driving stresses 
in the pile, assuming the use of 50 ksi steel, shall be less than 45 ksi.  As the piles will be driven to 
refusal on bedrock a drivability analysis to determine the resistance that must be achieved was 
conducted.  The resistance factor for a single pile in axial compression when a dynamic test is 
done given in LRFD Table 10.5.5.2.3-1 is φdyn= 0.65.  Per LRFD Article 10.5.5.2.3 the resistance 
factor 0.65 is reduced by 20% if it is applied to a nonredundant pile group, i.e., there are less than 
5 piles in a group.  In the event that fewer than 5 piles are used per abutment, the resistance factor 
of φdyn, = 0.52 shall be used. 
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The calculated factored axial compressive structural, geotechnical and drivability resistances of the 
four proposed H-pile sections for both abutments are summarized in Table 2 below.  Supporting 
calculations are included at the end of this addendum. 
 

Factored Axial Resistances for Abutment Piles at the Strength Limit State 

Pile Section Structural 
Resistance* 

Geotechnical 
Resistance 

Drivability 
Resistance 

ϕ=0.65 

Drivability 
Resistance 

ϕ=0.52 
HP 12 x 53 465 kips 236 kips 313 kips 251 kips 
HP 14 x 73 642 kips 297 kips 379 kips 303 kips 
HP 14 x 89 783 kips 361 kips 404 kips 323 kips 
HP 14 x 117 1032 kips 473 kips 449 kips 359 kips 

*based on preliminary assumption of λ=0 for the lower portion of the pile in only axial compression  
(no flexure). 

 
Table 2 – Factored Axial Resistances for Abutment Piles at the Strength Limit State 

 
LRFD Article 10.7.3.2.3 states that the nominal resistance of piles driven to point bearing on hard 
rock where pile penetration into the rock formation is minimal is controlled by the structural limit 
state.  However, the factored axial drivability resistance is less than the factored axial structural 
resistance and local experience supports the estimated factored resistance from the drivability 
analyses.  Therefore, it is recommended that the maximum factored axial pile load used in design 
for the strength limit state should not exceed the factored drivability resistances shown in Table 2 
above. 
 
Per LRFD Article 6.5.4.2, at the strength limit state, for H-piles in compression and bending, the 
axial resistance factor φc=0.7 and the flexural resistance factor φf =1.0 shall be applied to the 
combined nominal axial and flexural resistance of the pile in the interaction equation, (LRFD Eq. 
6.12.2.2.1-2).  The combined axial compression and flexure should be evaluated in accordance 
with the applicable sections of LRFD Articles 6.9.2.2 and 6.12.2.  The structural designer should 
evaluate the capacity of the pile in combined axial load and flexure when the loads and moments 
are calculated. 
 
Service and Extreme Limit States Design: 
 
For the service and extreme limit states resistance factors of 1.0 are recommended for structural 
and geotechnical pile resistances.  For preliminary analysis, the H-piles were assumed fully 
embedded and λ was taken as 0.  It is the responsibility of the structural engineer to recalculate 
the column slenderness factor (λ) for the upper and lower portions of the H-pile based on unbraced 
lengths and K-values from project specific L-Pile® analyses and determine structural pile 
resistances. 
 
The calculated factored axial structural, geotechnical and drivability resistances of the four 
proposed H-pile sections for both abutments are summarized in Table 3 below.  Supporting 
calculations are included at the end of this addendum. 
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Factored Axial Resistances for Abutment Piles at the Service/Extreme Limit 
States 

Pile Section Structural 
Resistance 

Geotechnical 
Resistance 

Drivability 
Resistance 

ϕ=0.65 

Governing 
Resistance 

 
HP 12 x 53 775 kips 524 kips 482 kips 482 kips 
HP 14 x 73 1070 kips 660 kips 583 kips 583 kips 
HP 14 x 89 1305 kips 803 kips 622 kips 622 kips 
HP 14 x 117 1720 kips 1052 kips 690 kips 690 kips 

*based on preliminary assumption of λ=0 for the lower portion of the pile in only axial compression  
(no flexure). 

 
Table 3 – Factored Axial Resistances for Abutment Piles at the  

Service and Extreme Limit States 
 
LRFD Article 10.7.3.2.3 states that the nominal resistance of piles driven to point bearing on hard 
rock where pile penetration into the rock formation is minimal is controlled by the structural limit 
state.  However, the factored axial drivability resistance is less than the factored axial structural 
resistance and local experience supports the estimated factored resistance from the drivability 
analyses.  Therefore, it is recommended that the maximum factored axial pile load used in design 
for the service and extreme limit states should not exceed the factored drivability resistance shown 
in Table 3 above. 
 
PILE INSTALLATION RECOMMENDATIONS: 
 
The Contractor is required to perform a wave equation analysis of the proposed pile-hammer 
system and a dynamic pile test at each abutment.  The first pile driven at each abutment should be 
dynamically tested to confirm capacity and verify the stopping criteria developed by the Contractor 
in the wave equation analysis.  The ultimate pile resistance that must be achieved in the wave 
equation analysis and dynamic testing will be the factored axial pile load divided by a resistance 
factor of 0.65.  Per LRFD Article 10.5.5.2.3 the resistance factor 0.65 is reduced by 20% if it is 
applied to a nonredundant pile group, i.e., there are less than 5 piles in a group.  In the event that 
fewer than 5 piles are used per abutment, the resistance factor of φdyn, = 0.52 shall be used.  The 
maximum factored pile load should be shown on the plans. 
 
Piles should be driven to an acceptable penetration resistance as determined by the Contractor 
based on the results of a wave equation analysis and as approved by the Geotechnical Engineer.  
Driving stresses in the pile determined in a drivability analysis shall be less than 45 ksi in 
accordance with LRFD Article 10.7.8.  A hammer should be selected which provides the required 
resistance when the penetration resistance for the final 3 to 6 inches is 8 to 15 blows per inch.  If 
an abrupt increase in driving resistance is encountered, the driving could be terminated when the 
penetration is less than 0.5-inch in 10 consecutive blows. 
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STUB ABUTMENTS AND WINGWALLS: 
 
Cast-in-place integral stub abutments and wingwalls shall be designed for all relevant strength, 
service and extreme limit states and load combinations specified in LRFD Articles 3.4.1 and 11.5.5.  
Since the abutments will be pile supported, design for resistance against sliding and overturning is 
not required.  The design of abutments at the strength limit state shall consider the pile group and 
structural failure.  The design of independent return wings at the strength limit state shall consider 
nominal bearing resistance and structural failure.  Strength limit state design shall also consider 
foundation resistance after scour due to the design flood. 
 
A resistance factor of φ=1.0 shall be used to assess abutment design at the service limit state 
including: settlement, horizontal movement, overall stability and scour at the design flood.  The 
overall global stability of the foundation should be investigated at the Service I Load Combination 
and a resistance factor,φ, of 0.65.  Extreme limit state design checks for abutments supported on 
piles shall include pile structural resistance pile geotechnical resistance, pile resistance in 
combined axial and flexure, and overall stability.  Resistance factors, φ, for the extreme limit state 
shall be taken as 1.0.  Extreme limit state design shall also check that the nominal resistance 
remaining after scour due to the design flood can support the unfactored strength limit state loads 
with a resistance factor of 1.0.  The unfactored strength limit state loads include any debris loads 
occurring during the flood event. 
 
Integral abutments and wingwall sections that are integral with the abutment should be designed to 
withstand a passive earth pressure state.  In designing for passive earth pressure associated with 
integral abutments, the Coulomb state is recommended.  Experience in designing wingwalls and 
integral abutments has shown that the use of the Coulomb passive earth pressure Kp=6.89 may 
result in uneconomical wall sections.  For this reason, consideration may be given to using a 
Rankine passive earth pressure, Kp=3.25 when designing integral abutments and integral wingwall 
extensions. 
 
Additional lateral earth pressure due to construction surcharge or live load surcharge is required 
per Section 3.6.8 of the MaineDOT BDG for the abutments when traffic loads are located within a 
horizontal distance equal to one-half of the wall height behind the back of the wall.  Use of an 
approach slab may be required per the MaineDOT BDG Sections 5.4.2.10 and 5.4.4.  When a 
structural approach slab is specified, reduction, not elimination, of the surcharge loads on 
abutments is permitted per LRFD Article 3.11.6.5.  The live load surcharge on abutments may be 
estimated as a uniform horizontal earth pressure due to an equivalent height (heq) taken from Table 
4 below: 
 

Abutment Height heq 
5 feet 4.0 feet 
10 feet 3.0 feet 
≥20 feet 2.0 feet 

 
Table 4 – Equivalent Height of Soil for Vehicular Loading  

on Abutments Perpendicular to Traffic 
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The Designer may assume Soil Type 4 (MaineDOT BDG Section 3.6.1) for backfill material soil 
properties.  The backfill properties are as follows: φ = 32 degrees, γ = 125 pcf. 
 
Conventional wingwalls shall be designed as unrestrained meaning that they are free to rotate at 
the top in an active state of earth pressure.  Earth loads shall be calculated using as active earth 
pressure coefficient, Ka of 0.307 calculated using Rankine Theory for cantilever wingwalls and Ka of 
0.276 calculated using Coulomb Theory for gravity shaped structures.  Additional lateral earth 
pressure due to construction surcharge or live load surcharge is required per Section 3.6.8 of the 
MaineDOT BDG for the wingwalls when traffic loads are located within a horizontal distance equal 
to one-half of the wall height behind the back of the wall.  In the situation a structural approach slab 
is specified, reduction of the surcharge loads is permitted per LRFD Article 3.11.6.4.  Use of an 
approach slab may be required per the MaineDOT BDG Sections 5.4.2.10 and 5.4.4.  The live load 
surcharge may be estimated as a uniform horizontal earth pressure due to an equivalent height of 
soil (heq) taken form Table 5 below: 
 

heq (feet) Wall Height (feet) 
Distance from wall backface to 

edge of traffic = 0 feet  
Distance from wall backface to 

edge of traffic ≥ 1 foot 
5 5.0 2.0 
10 3.5 2.0 
≥20 2.0 2.0 

 
Table 5 – Equivalent Height of Soil for Vehicular Loading  

on Retaining Walls Parallel to Traffic 
 
The Designer may assume Soil Type 4 (MaineDOT BDG Section 3.6.1) for backfill material soil 
properties.  The backfill properties are as follows: φ = 32 degrees, γ = 125 pcf.  Sliding 
computations for resistance to lateral loads shall assume a maximum allowable frictional coefficient 
of 0.45 at the soil-concrete interface. 
 
All abutment designs shall include a drainage system behind the abutments to intercept any water.  
Drainage behind the structure shall be in accordance with Section 5.4.1.4 Drainage, of the 
MaineDOT BDG.  French drains or geocomposite drainage board applied to the backsides of the 
abutments and wingwalls with weep holes will provide adequate drainage.  To avoid water intrusion 
behind the abutment, the approach slab should connect directly to the abutment.  Traffic and 
seasonal movements of integral abutments cause the fill behind the abutments to shift and self 
compact.  For this reason the approach slab should be supported on a sleeper slab placed outside 
the area expected to settle. 
 
Backfill within 10 feet of the abutments and wingwalls and side slope fill shall conform to Granular 
Borrow for Underwater Backfill - MaineDOT Specification 709.19.  This gradation specifies 10 
percent or less of the material passing the No. 200 sieve.  This material is specified in order to 
reduce the amount of fines and to minimize frost action behind the structure. 
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BEARING RESISTANCE: 
 
It is anticipated that the proposed abutment and wingwalls will be founded on driven H-piles.  In the 
event that a spread footing founded on fill soils is proposed for the site these shall be designed to 
provide stability against bearing capacity failure.  Applicable permanent and transient loads are 
specified in LRFD Articles 3.4.1 and 11.5.5.  The soil distribution may be assumed to be uniformly 
distributed over the effective base as shown in LRFD Figure 11.6.3.2-1. 
 
Bearing resistance for any structure founded on fill soils shall be investigated at the strength limit 
state using factored loads and a factored bearing resistance of 7 ksf for footings on fill soils.  The 
bearing resistance factor, φb, for spread footings on soil is 0.45 based on bearing resistance 
evaluation using semi-empirical methods.  A factored bearing resistance of 5 ksf may be used 
when analyzing the service limit state and for preliminary sizing of footings based on presumptive 
bearing resistance values.  The bearing resistance for spread footings shall be checked for the 
extreme limit state with a resistance factor of 1.0.  Supporting calculations are included at the end 
of this addendum. 
 
In no instance shall the factored bearing stress exceed the nominal resistance of the footing 
concrete, which is taken as 0.3f’c.  No footing shall be less than 2 feet wide regardless of the 
applied bearing pressure or bearing material.  Any organic material encountered shall be removed 
to the full depth and replaced with compacted Granular Borrow, MaineDOT 703.19. 
 
CLOSURE: 
 
This addendum has been prepared to provide LRFD H-pile resistances and geotechnical design 
recommendations for the design of a replacement structure at the Station 44 Bridge site in York, 
Maine.  It was prepared in accordance with generally accepted geotechnical and foundation 
engineering practices.  No other intended use is implied.  This addendum should be used as a 
supplement to the original geotechnical report to aid in the design of the replacement structure.  In 
the event that any changes in the nature, design, or location of the proposed project are planned, 
the recommendations should be reviewed by a geotechnical engineer to assess the 
appropriateness and to modify the recommendations as appropriate to reflect the changes. 
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York, Maine
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Abutment Foundations: Integral driven H-piles

Structural Resistance of H-piles by LRFD Design Methods
Axial Structural Resistance of H-piles  Ref: AASHTO LRFD Bridge Design 

 Specifications 4th Edition 2007
Look at the following piles:

Note: All matrices set up in this order

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

yield strength: Fy 50 ksi⋅:=H-pile Steel area: As

15.5

21.4

26.1

34.4

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in2
⋅:=

Nominal Compressive Resistance Pn=0.66λ*Fy*As: eq. 6.9.4.1-1

Where λ=normalized column slenderness factor

 λ=(Kl/rsπ)2*Fy/E eq. 6.9.4.1-3 λ 0:= as l unbraced length is 0 

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Pn 0.66λ Fy⋅ As⋅:= Pn

775

1070

1305

1720

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅=

STRENGTH LIMIT STATE:
Factored Resistance:

Strength Limit State Axial Resistance factor for piles in compression under good driving conditions:

From Article 6.5.4.2 ϕc 0.6:= good driving conditions

Factored Compressive Resistance:

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

eq. 6.9.2.1-1 Pf ϕc Pn⋅:= Strength Limit State
Pf

465

642

783

1032

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅=

SERVICE/EXTREME LIMIT STATES:

Service and Extreme Limit States Axial Resistance

Resistance Factors for Service and Extreme Limit States  φ = 1.0 LRFD 10.5.5.1 and 10.5.8.3

ϕ 1.0:=

Factored Compressive Resistance for Service and Extreme Limit States:

eq. 6.9.2.1-1 Pf ϕ Pn⋅:= HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Service/Extreme Limit
StatesPf

775

1070

1305

1720

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅=
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Geotechnical Resistance of H-piles by LRFD Design Methods
Assume piles will be end bearing on bedrock driven through overlying sand, silt and clay. 

Bedrock Type: 
Phyllite or Andesite RQD assume 55% and φ = 27 deg (Tomlinson 4th Ed. pg 139)

 Ref: AASHTO LRFD Bridge Design 
 Specifications 4th Edition 2007

Look at these piles:

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Note: All matrices set up in this order

Steel area: Pile depth: Pile width:

As

15.5

21.4

26.1

34.4

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in2
⋅= d

11.78

13.61

13.83

14.21

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in⋅:= b

12.045

14.585

14.695

14.885

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in⋅:=

Calculate pile box area:

Abox d b⋅( )
→⎯⎯

:= Abox

141.89

198.502

203.232

211.516

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in2
⋅=

End bearing resistance of piles on bedrock - LRFD code specifies Canadian Geotech Method 1985
(LRFD Table 10.5.5.2.3-1)  Canadian Foundation Manual 4th Edition (2006) Section 18.6.3.3.

Average compressive strength of rock core
from AASHTO Standard Spec for Highway Bridges 17 Ed.
Table 4.4.8.1.2B pg 64

qu for phyllite compressive strength ranges from 3500 to 35000 psi 
qu for andesite compressive strength ranges from 14000 to 26000 psi

use σcp 20000 psi⋅:=

Determine Ksp: From Canadian Foundation Manual 4th Edition (2006) Section 9.2

Spacing of discontinuities: c 36 in⋅:= Assumed based on knowledge of area bedrock

Aperture of discontinuities: δ
1
64

in⋅:= joints are assumed tight

Footing  width, b: HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

b

12.045

14.585

14.695

14.885

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

in⋅=
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Ksp

3
c
b

+

10 1 300
δ

c
⋅+⋅

:= Ksp

0.56333

0.51437

0.51263

0.50969

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

= Ksp includes a factor of safety of 3

Length of rock socket, Ls: Ls 0 ft⋅:= Pile is end bearing on rock

Diameter of socket, Bs: Bs 0 ft⋅:=

depth factor, df: df 1 0.4
Ls
Bs

⎛
⎜
⎝

⎞
⎟
⎠

+:= df 1= should be < or = 3 OK 

qa σcp Ksp⋅ df⋅:= qa

1622

1481

1476

1468

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

ksf⋅=

Nominal Geotechnical Tip Resistance, Rp:

Multiply by 3 to take out FS=3 on Ksp

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Rp 3qa As⋅( )
→⎯⎯⎯

:= Rp

524

660

803

1052

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅=

STRENGTH LIMIT STATE:

Factored Geotechnical Resistance at Strength Limit State:

Resistance factor, end bearing on rock (Canadian Geotech. Society, 1985 method): 

Nominal resistance of Single Pile in Axial Compression -
Static Analysis Methods, φstat

ϕstat 0.45:= LRFD Table 10.5.5.2.3-1

Rf ϕstat Rp⋅:= HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Strength Limit State
Rf

236

297

361

473

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅=

SERVICE/EXTREME LIMIT STATES:

Factored Geotechnical Resistance at the Service/Extreme Limit States:

Resistance Factors for Service and Extreme Limit States  φ = 1.0 LRFD 10.5.5.1 and 10.5.8.3

ϕ 1.0:=

HP 12 x 53
HP 14 x 73
HP 14 x 89
HP 14 x 117

Rfse ϕ Rp⋅:= Rfse

524

660

803

1052

⎛
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎠

kip⋅= Service/Extreme
Limit States

3 of 13



Station 44 Bridge
York, Maine
PIN 15112.00

By:  KMaguire
Checked by:  LK 2/11/09_

February 2009

Drivability Resistance of H-piles by per LRFD Design Methods

For steel piles in compression or tension 
σdr = 0.9 x φda x fy  (eq. 10.7.8-1)

Ref: LRFD Article 10.7.8

fy 50 ksi⋅:= yield strength of steel

resistance factor from LRFD Table 10.5.5.2.3-1
Pile Drivability Analysis, Steel pilesϕda 1.0:=

σdr 0.9 ϕda⋅ fy⋅:= σdr 45 ksi⋅= driving stresses in pile cannot exceed 45 ksi

Compute Resistance that can be achieved in a drivability analysis:

The resistance that must be achieved in a drivability analysis will be the maximum applied pile axial load
(must be less than the the factored structural resistance from above as this governs) 
divided by the appropriate resistance factor for wave equation analysis and dynamic test which will be
required for construction.

Strength Limit State:

Table 10.5.5.2.3-1 pg 10-37 gives resistance factor for dynamic test, φdyn: ϕdyn 0.65:=

Table 10.5.5.2.3-3 requires no less than 3 to 4 piles dynamically tested for a site with low to medium site variability.  

LRFD Article 10.5.5.2.3 requires that if less than 5 piles are used in a group, the resistance factor should be
reduced by 20% to reflect a higher target β value.

ϕdyn.reduced 0.65 0.8⋅:= ϕdyn.reduced 0.52=

Calculate resistances at strength limit state with both Φs for memo.

Service and Extreme Limit State:

LRFD Articles 10.5.5.1 (Service) and 10.5.5.3 (Extreme) resistance factors: ϕ 1.0:=
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Assume Contractor will use a MKT DE 42 hammer to install 12 x 53 piles

Pile Size = 12 x 53

Limited to blow count to 15 blows per inch

Rdr_12x53_nom 482 kip⋅:=

Strength Limit State:

Rdr_12x53_strength Rdr_12x53_nom ϕdyn⋅:=

Rdr_12x53_strength 313 kip⋅=

Rdr_12x53_strength_red Rdr_12x53_nom ϕdyn.reduced⋅:=

Rdr_12x53_strength_red 251 kip⋅=

Service and Extreme Limit State:

Rdr_12x53_servext Rdr_12x53_nom ϕ⋅:=

Rdr_12x53_servext 482 kip⋅=
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Assume Contractor will use a MKT DE 42 hammer to install 14 x 73 piles

Pile Size = 14 x 73

Limited to blow count to 15 blows per inch

Rdr_14x73_nom 583 kip⋅:=

Strength Limit State:

Rdr_14x73_strength Rdr_14x73_nom ϕdyn⋅:=

Rdr_14x73_strength 379 kip⋅=

Rdr_14x73_strength_red Rdr_14x73_nom ϕdyn.reduced⋅:=

Rdr_14x73_strength_red 303 kip⋅=

Service and Extreme Limit State:

Rdr_14x73_servext Rdr_14x73_nom ϕ⋅:=

Rdr_14x73_servext 583 kip⋅=
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Assume Contractor will use a MKT DE 42 hammer to install 14 x 89 piles

Pile Size = 14 x 89

Limited to blow count to 15 blows per inch

Rdr_14x89_nom 622 kip⋅:=

Strength Limit State:

Rdr_14x89_strength Rdr_14x89_nom ϕdyn⋅:=

Rdr_14x89_strength 404 kip⋅=

Rdr_14x89_strength_red Rdr_14x89_nom ϕdyn.reduced⋅:=

Rdr_14x89_strength_red 323 kip⋅=

Service and Extreme Limit State:

Rdr_14x89_servext Rdr_14x89_nom ϕ⋅:=

Rdr_14x89_servext 622 kip⋅=

7 of 13



Station 44 Bridge
York, Maine
PIN 15112.00

By:  KMaguire
Checked by:  LK 2/11/09_

February 2009

Assume Contractor will use a MKT DE 42 hammer to install 14 x 117 piles

Pile Size = 14 x 117

Limited to blow count to 15 blows per inch

Rdr_14x117_nom 690 kip⋅:=

Strength Limit State:

Rdr_14x117_strength Rdr_14x117_nom ϕdyn⋅:=

Rdr_14x117_strength 449 kip⋅=

Rdr_14x117_strength_red Rdr_14x117_nom ϕdyn.reduced⋅:=

Rdr_14x117_strength_red 359 kip⋅=

Service and Extreme Limit State:

Rdr_14x117_servext Rdr_14x117_nom ϕ⋅:=

Rdr_14x117_servext 690 kip⋅=
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Abutment and Wingwall Passive and Active Earth Pressure: 

For cases where interface friction is considered (for gravity structures) use Coulomb Theory

Coulomb Theory - Passive Earth Pressure from Maine DOT Bridge Design Guide
Section 3.6.6 pg 3-8

Angle of back face of wall to the horizontal: α 90 deg⋅:=

Angle of internal soil friction: ϕ 32 deg⋅:=

Friction angle between fill and wall:
From LRFD Table 3.11.5.3-1 range from 17 to 22 δ 20 deg⋅:=

Angle of backfill to the horizontal β 0 deg⋅:=

Kp
sin α ϕ−( )2

sin α( )2 sin α δ+( )⋅ 1
sin ϕ δ+( ) sin ϕ β+( )⋅
sin α δ+( ) sin α β+( )⋅

−
⎛
⎜
⎝

⎞
⎟
⎠

2
⋅

:=

Kp 6.89=

Rankine Theory - Passive Earth Pressure from Bowles 5th Edition Section 11-5 pg 602

Angle of backfill to the horizontal β 0 deg⋅:=

Angle of internal soil friction: ϕ 32 deg⋅:=

Kp_rank
cos β( ) cos β( )2 cos ϕ( )2

−+

cos β( ) cos β( )2 cos ϕ( )2
−−

:= Kp_rank 3.25=

Bowles does not recommend the use of the Rankine Method for Kp when β>0.
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Soil Type 4 Properties from MaineDOT Bridge Design Guide (BDG)

unit weight: γtype4 125 pcf⋅:=

Internal Friction Angle: ϕtype4 32 deg⋅:=

Cohesion: csand 0 psf⋅:=

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

β

β

Pa

Generally use Rankine for long heeled cantilever walls where the failure surface is un interrupted by the top
of the wall system.  The earth pressure is applied to a plane extending vertically up from the heel of the wall
base and the weight of the soil on the inside of the vertical plane is considered as part of the wall weight.
The failure sliding surface is not restricted by the top of the wall or the backface of the wall.  

For cantilever walls with horizontal backfill surface:

Ka_rankine tan 45 deg⋅
ϕtype4

2
−

⎛
⎜
⎝

⎞
⎟
⎠

2

:= Ka_rankine 0.307=

For cantilever walls with sloped backfill surface:

β = Angel of fill slope to the horizontal

β 0 deg⋅:=

Ka_rankine_slope
cos β( ) cos β( )2 cos ϕtype4( )2−−

cos β( ) cos β( )2 cos ϕtype4( )2−+
:= Ka_rankine_slope 0.307=

Pa is oriented at an angle of β to the vertical plane.
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Active Earth Pressure - Coulomb Theory 
from MaineDOT Bridge Design Guide Section 3.6.5.2 pg 3-5

For cases where the backface of the wall interferes with the development of a full sliding surface in the
backfill use Coulomb Theory.  

-  Coulomb Theory applies for gravity, semi-gravity, and prefab modular walls with steep back faces
-  Coulomb Theory applies to concrete cantilever wall with short heels where the sliding surface is      
   restricted by the top of the wall - the wedge of soil does not move.
 - Inter face friction is considered in Coulomb Theory

Angle of backface of wall to the horizontal: α 90 deg⋅:=

Choosing Friction Angle between fill and wall:

i.)   From LRFD Table 3.11.5.3-1 range from 17 to 22 - choose δ = 20 degrees
ii.)  From MaineDOT BDG Table 3-3 δ = 24 degrees
iii.) From LRFD Figure C3.11.5.3-1 - δ = 1/3 to 2/3 * Internal Friction Angle = 21.33 degrees

Use Friction Angle between fill and wall = δ 20 deg⋅:=

β = Angel of fill slope to the horizontal β 0 deg⋅:=

Internal Friction Angle: ϕtype4 32 deg⋅:=

Ka_coulomb
sin α ϕtype4+( )2

sin α( )2 sin α δ−( )⋅ 1
sin ϕtype4 δ+( ) sin ϕtype4 β−( )⋅

sin α δ−( ) sin β α+( )⋅
+

⎛
⎜
⎝

⎞
⎟
⎠

2

⋅

:=

Ka_coulomb 0.276=

Orientation of Coulomb Pa :
In the case of gravity shaped walls and prefab walls - Pa is oriented δ degrees up from a perpendicular•
line to the backface.
In the case of short heeled cantilever walls where the top of the wall interferes with the failure surface -•
Pa is oriented at an angle of 1/3 to 2/3 Φ to the normal of a vertical line extending up from the heel of
the wall.

11 of 13



Station 44 Bridge
York, Maine
PIN 15112.00

By:  KMaguire
Checked by:  LK 2/11/09_

February 2009

Bearing Resistance -  Fill Soils:
Part 1 - Strength Limit State Nominal and factored Bearing Resistance - Spread footing on fill

Assumptions: 1.  Footings will be embedded 4.0 feet for frost protection. Df 4.0 ft⋅:=

2.  Assumed parameters for fill soils: (Ref: Bowles 5th Ed Table 3-4) 

Saturated unit weight: γs 125 pcf⋅:=

Dry unit weight: γd 120 pcf⋅:=

Internal friction angle: ϕns 32 deg⋅:=

Undrained shear strength: cns 0 psf⋅:=

3.  Use Terzaghi strip equations as L>B

4.  Effective stress analysis footing on φ-c soil (Bowles 5th Ed. Example 4-1 pg 231)

Depth to Groundwater table: Dw 10 ft⋅:= Based on boring logs

Unit Weight of water: γw 62.4 pcf⋅:=

Look at several footing widths

B

2

4

6

8

10

⎛
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎠

ft⋅:=

Terzaghi Shape factors from Table 4-1 For a strip footing: sc 1.0:= sγ 1.0:=

Meyerhof Bearing Capacity Factors - Bowles 5th Ed. table 4-4 pg 223

For φ=32 deg Nc 35.47:= Nq 23.2:= Nγ 22.0:=

Nominal Bearing Resistance per Terzaghi equation (Bowles 5th Ed. Table 4-1 pg 220)

q Df( ) γs( )⋅:= q 0.5 ksf⋅= qnominal cns Nc⋅ sc⋅ q Nq⋅+ 0.5 γs( )B Nγ⋅ sγ⋅+:=

qnominal

14

17

20

23

25

⎛
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎠

ksf⋅= Resistance Factor: ϕb 0.45:=

AASHTO LRFD Table 10.5.5.2.2-1 

qfactored qnominal ϕb⋅:=

Based on these footing widths

qfactored

6.5

7.7

8.9

10.2

11.4

⎛
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎠

ksf⋅= B

2

4

6

8

10

⎛
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎠

ft⋅=

At Strength Limit State:

Recommend a limiting factored bearing resistance of 7 ksf for footings on fill soils
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Part 2 - Service Limit State

Presumptive Bearing Resistance for Service Limit State ONLY spread footings on fill soils

Reference: AASHTO LRFD Bridge Design Specifications Third Edition
Table C10.6.2.6.1-1 "Presumptive Bearing Resistances for Spread Footings at the 
Service Limit State Modified after US Department of Navy (1982)"

Type of Bearing Material:  Fine to medium sand, silty or clayey medium to coarse sand (SW, SM, SC)

Consistency In Place:  Medium dense

Bearing Resistance Ordinary Range (ksf):  4 to 8 ksf

Recommended Value of Use (ksf):  5 ksf

Based on an average N-value in the sand fill of 16 - Soils are medium dense 

Recommended Value of Use
for Service Limit State: 

qpres 5 ksf⋅:=
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