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GEOTECHNICAL SUMMARY

The purpose of this report is to present subsurface information and make geotechnical
recommendations for the rehabilitation of the west abutment of Berwick Bridge over Salmon
Falls River between Berwick, Maine and Somersworth, New Hampshire. The following
recommendations are discussed in detail in the attached report:

Abutment Reuse and Rehabilitation - The existing east abutment and the rehabilitated west
abutment should be checked to insure that they meet current AASHTO LRFD Bridge Design
Specifications 6™ Edition 2012 (LRFD) standards for stability. The rehabilitated abutment
backwall shall be proportioned for all applicable load combinations including railroad loading
specified in LRFD and shall be designed for all relevant strength, extreme and service limit
states.

Additional lateral earth pressure due to construction surcharge or live load surcharge is
required for abutments if an approach slab is not specified. When a structural approach slab is
specified, reduction, not elimination, of the surcharge load is permitted. The live load
surcharge on abutments may be estimated as a uniform horizontal earth pressure due to an
equivalent height (heg).

Bridge seat modifications at both abutments includes placement of concrete to raise the
elevation of the existing bridge seat. The new bridge seat concrete will be doweled in to the
existing abutments both vertically and horizontally.

Construction Considerations — The Contractor will have to excavate the existing subbase
and subgrade fill soils in the west bridge approach. These materials should not be used to re-
base the new bridge approach. Excavated subbase sand and gravel may be used as fill below
subgrade level in fill areas provided all other requirements of MaineDOT Standard
Specifications 203 and 703 are met.
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1.0 INTRODUCTION

A limited subsurface investigation has been completed at the Berwick Bridge site on Sullivan
Street in Berwick, Maine and Market Street in Somersworth, New Hampshire. The purpose
of the subsurface investigation was to provide geotechnical data and recommendations for the
rehabilitation of the existing west bridge abutment on the New Hampshire side. This report
presents the geotechnical information obtained at the site for use by the design team and
bidding contractors.

The existing Berwick Bridge carries Sullivan Street in Berwick, Maine over the Salmon Falls
River to Market Street in Somersworth, New Hampshire and was constructed in 1963. In
1963 the east abutment (in Berwick) was reconstructed and the west abutment (in
Somersworth) was retained and modified to accommodate the new superstructure. The east
abutment and backwall are constructed of reinforced concrete founded on bedrock. The west
abutment is a stone masonry abutment with a reinforced concrete bridge seat and backwall.
The east abutment is in satisfactory condition with minor abrasion on the face of the abutment
and bridge seat. The west abutment stem is in good condition and the bridge seat is in fair
condition. The west abutment backwall is in serious condition with two horizontal cracks
across the entire backwall at mid-height. The top of the backwall is in contact with the top
flange of the girder and the backwall is out of plumb leaning toward the channel. The
structure has a span length of approximately 110 feet. The 2010 Maine Department of
Transportation (MaineDOT) maintenance inspection reports indicate that the bridge deck,
superstructure and substructures are all in fair condition (rating of 5). The Bridge Sufficiency
Rating is 66.1. The structure has a scour critical rating of “8 — stable above footing” meaning
that the foundations have been determined to be stable for the assessed or calculated scour
condition. Inspection records note that the bridge substructures are generally sound with no
scour or undermining. Misalignment of the downstream wall on the Maine side was noted.

The MaineDOT Bridge Program is proposing to rehabilitate this bridge. The project is
limited to replacing the bridge superstructure, rehabilitation of the west abutment backwall
and approximately 100 feet of approach work. Rehabilitation of the west abutment backwall
will require removal of the adjacent New Hampshire Northcoast Railroad track structure. The
New Hampshire Department of Transportation will replace the crossing in a separate project
at the same time. Rehabilitation of the backwall will require coordination with the railroad.
Phased construction with short road closures will be used during the rehabilitation
construction activities.

2.0 GEOLOGIC SETTING

Berwick Bridge carries US Route 9 across the Salmon Falls River at the New Hampshire state
line as shown on Sheet 1 - Location Map presented at the end of this report.

According to the Surficial Geologic Map, Somersworth Quadrangle, Maine, Open File No.
99-99, published by the Maine Geological Survey (1999) the surficial soils in the vicinity of
the site consist of stream alluvium and till. The stream alluvium is comprised of grey to
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brown fine sand and silt with some gravel deposited in flood plains along the flood plains of
modern rivers and streams. The till deposit is comprised of grey to grey-brown well graded
silt, sand, pebbles, cobbles and boulders. The till forms a blanket deposit over bedrock and is

inferred to underlie younger sediments.

According to the Bedrock Geologic Map of Maine published by the Maine Geological Survey
(1985) the bedrock in the vicinity of the site is identified as calcareous feldspathic sandstone
of the Berwick Formation.

3.0 SUBSURFACE INVESTIGATION

Subsurface conditions at the site were explored by drilling two (2) test borings. Test boring
BB-BSFR-101 was drilled in the roadway behind the existing New Hampshire abutment.
Test boring BB-BSFR-102 was drilled in front of the existing New Hampshire abutment
through the bridge deck. The boring locations and an interpretive subsurface profile depicting
the generalized soil stratigraphy at the New Hampshire abutment are shown in Sheet 2 -
Boring Location Plan and Interpretive Subsurface Profile found at the end of this report. A
transverse section depicting the generalized soil stratigraphy at the New Hampshire abutment
is shown in Sheet 3 - Interpretive Subsurface Transverse Section found at the end of this
report.

The borings were drilled on March 21 and 22, 2012 using the MaineDOT drill rig. Details
and sampling methods used, field data obtained, and soil and groundwater conditions
encountered are presented in the boring logs provided in Appendix A - Boring Logs and
graphically on Sheet 2 - Boring Location Plan and Interpretive Subsurface Profile found at the
end of this report.

The borings were drilled using solid stem auger and driven cased wash boring drilling
techniques. Soil samples were obtained where possible at 5-foot intervals using Standard
Penetration Test (SPT) methods. During SPT sampling, the sampler is driven 24 inches and
the hammer blows for each 6 inch interval of penetration are recorded. The standard
penetration resistance, N-value, is the sum of the blows for the second and third intervals.
MaineDOT drill rig is equipped with an automatic hammer to drive the split spoon. The
hammer was calibrated in March of 2010 and was found to deliver approximately 40 percent
more energy during driving than the standard rope and cathead system. All N-values
discussed in this report are corrected values computed by applying an average energy transfer
factor of 0.84 to the raw field N-values. This hammer efficiency factor (0.84) and both the
raw field N-value and the corrected N-value are shown on the boring logs. The bedrock was
cored in the borings using an NQ-2" core barrel and the Rock Quality Designation (RQD) of
the core was calculated.

The MaineDOT geotechnical team member selected the boring locations and drilling
methods, designated type and depth of sampling techniques, identified field and laboratory
testing requirements and logged the subsurface conditions encountered. A Northeast
Transportation Technician Certification Program (NETTCP) Certified Subsurface Inspector
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or the geotechnical team member logged the subsurface conditions encountered. The borings

were located in the field by use of a tape after completion of the drilling program.

Details and sampling methods used, field data obtained, and soil and groundwater conditions
encountered are presented in the boring logs provided in Appendix A — Boring Logs and on
Sheet 4 — Boring Logs, found at the end of this report.

4.0 LABORATORY TESTING

A laboratory testing program was conducted on selected samples recovered from test borings
to assist in soil classification, evaluation of engineering properties of the soils, and geologic
assessment of the project site. Laboratory testing consisted of six (6) grain size analyses and
natural moisture content determinations. The tests were performed in the MaineDOT
Materials and Testing Laboratory in Bangor, Maine. The results of this laboratory testing are
provided in Appendix B - Laboratory Data at the end of this report. Moisture content
information is also shown on the Boring Logs in Appendix A and on Sheet 4 - Boring Logs
found at the end of this report.

5.0 SUBSURFACE CONDITIONS

Subsurface conditions at the west abutment were explored both behind the abutment and in
the river in front of the abutment. Test boring BB-BSFR-101 was drilled in the roadway
behind the existing New Hampshire abutment. Test boring BB-BSFR-102 was drilled in the
river in front of the existing New Hampshire abutment through the bridge deck. A brief
summary description of the strata encountered in each boring is as follows:

5.1 Boring BB-BSFR-101 Soils

Pavement. A 7 inch thick layer of bituminous pavement was encountered at the boring
location.

Sand Fill. A layer of sand fill was encountered beneath the pavement in the boring. The
layer was approximately 9.0 feet thick and generally consisted of:

e Light brown, moist, fine to coarse sand, some silt, little gravel, and
e Brown, moist, fine to coarse sand, some silt, little gravel.

Corrected SPT N-values in the layer ranged from 11 to 28 bpf indicating that the layer is
medium dense in consistency. Two (2) grain size analyses were conducted on samples from
the layer. The moisture content of the samples ranged from approximately 7% to 8%. The
grain size analyses resulted in the soil being classified as an A-2-4 under the AASHTO Soil
Classification System and as an SM under the Unified Soil Classification System. Laboratory
test results can be found in Appendix B - Laboratory Data. This testing information is also
shown on the boring logs in Appendix A and on Sheet 4 - Boring Logs found at the end of
this report.



Berwick Bridge

Over Salmon Falls River

Berwick, Maine and Somersworth, New Hampshire

WIN 19274.00
Cobbles and Gravel. A layer of cobbles and gravel was encountered beneath the sand fill.
The layer was approximately 3.8 feet thick. No samples were taken within this layer. The

layer was described as very dense based on drill tool response to the soil.

Native Sand. A layer of native sand was encountered beneath the cobbles and gravel in the
boring. The layer was approximately 10.4 feet thick and generally consisted of:

e Olive brown, wet, silty, fine to coarse sand, little gravel, and
e Grey brown, wet, fine to coarse sand, some silt, some gravel.

Corrected SPT N-values in the layer ranged from 10 to 81 bpf indicating that the layer is loose
to very dense in consistency. Two (2) grain size analyses were conducted on samples from
the layer. The moisture content of the samples ranged from approximately 13% to 22%. The
grain size analyses resulted in the soil being classified as an A-4 or A-2-4 under the AASHTO
Soil Classification System and as an SM under the Unified Soil Classification System.
Laboratory test results can be found in Appendix B - Laboratory Data. This testing
information is also shown on the boring logs in Appendix A and on Sheet 4 - Boring Logs
found at the end of this report.

5.2 Boring BB-BSFR-102 Soils

Stream Alluvium. A layer of stream alluvium sand was encountered at the river bed surface.
The layer was approximately 8.7 feet thick and generally consisted of:

e Brown, wet, fine to coarse sand, some gravel, trace to little silt, occasional cobbles.

One corrected SPT N-value in the layer was 34 bpf indicating that the stream alluvium is
dense in consistency. Two (2) grain size analyses were conducted on samples from the
stream alluvium layer. The moisture content of the samples ranged from approximately 12%
to 27%. The grain size analyses resulted in the soil being classified as an A-1-b under the
AASHTO Soil Classification System and as an SW-SM or SM under the Unified Soil
Classification System. Laboratory test results can be found in Appendix B - Laboratory Data.
This testing information is also shown on the boring logs in Appendix A and on Sheet 4 -
Boring Logs found at the end of this report.

Cobbles and Boulders. A layer of cobbles and boulders was encountered beneath the stream
alluvium. The layer was approximately 3.7 feet thick. No SPT samples were taken within
this layer but the layer was cored with the NQ core barrel.

5.3 Bedrock

The bedrock was cored in both of the borings and was encountered at depths ranging from
23.2 feet below ground surface (El. 156.8 feet) in boring BB-BSFR-101 and 12.4 feet bgs (El.
152.5 feet) in boring BB-BSFR-102. The bedrock was observed to be dark grey to yellow -
green, fine grained, sandstone, with biotite mica and amphibole and numerous healed joints at
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0 to 20 degrees and 0 to 30 degrees. The RQD of the bedrock ranged from 0% to 100%
indicating that the rock is of very poor to excellent quality.

Table 1 summarizes approximate depths to bedrock, corresponding top of bedrock elevations
and RQD at the boring locations:

Boring Number Approximate Approximate RQD
Depth to Bedrock Bedrock Elevation

BB-BSFR-101 23.2 feet 156.8 feet 55 -100%

BB-BSFR-102 12.4 feet 152.5 feet 0-48%

Table 5.1 — Summary of Bedrock Depths, Elevations and RQD

5.4 Groundwater

Groundwater was observed at a depth of approximately 10.0 feet below ground surface in
boring BB-BSFR-101. The water levels measured upon completion of drilling are indicated
on the boring logs found in Appendix A. Note that water was introduced into the boreholes
during the drilling operations. It is likely that the water levels indicated on the boring logs do
not represent stabilized groundwater conditions. Additionally, groundwater levels are
expected to fluctuate seasonally depending upon the local precipitation magnitudes and
construction activity.

6.0 PROJECT ALTERNATIVES

In the Preliminary Design Report (PDR) developed for the MaineDOT Bridge Program by
Vanesse Hangen Brustlin, Inc. (VHB) of Bedford, NH, two (2) rehabilitation alternatives
were considered as follows:

e Replace bridge deck and railing.
e Replace bridge superstructure.

Both alternatives include rehabilitation of the existing west (New Hampshire) bridge
abutment. The option to replace the bridge superstructure was recommended. This option
will provide greater load capacity for the bridge, improved freeboard and better access for
maintenance and inspection. Access for rehabilitation of the west abutment is also improved
with this option. Bridge seat modifications will be required to accommodate the shallower
superstructure.

The design of the rehabilitation will be undertaken by VHB. The MaineDOT geotechnical
team will provide design assistance and specification development assistance to VHB as
needed during final design.
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7.0 GEOTECHNICAL RECOMMENDATIONS

Rehabilitation of the existing west abutment will include removal and reconstruction of the
abutment backwall and a precast concrete moment slab which will extend beneath the
adjacent railroad tracks. The existing bridge seats at both abutments will be modified to
accommodate a shallower superstructure.

7.1 Abutment Reuse and Rehabilitation

The existing east abutment and the rehabilitated west abutment should be checked to insure
that they meet current AASHTO LRFD Bridge Design Specifications 6™ Edition 2012
(LRFD) standards for stability. The rehabilitated abutment backwall shall be proportioned for
all applicable load combinations specified in LRFD Articles 3.4.1 and 11.5.5 including
railroad loading and shall be designed for all relevant strength, extreme and service limit
states.

Additional lateral earth pressure due to construction surcharge or live load surcharge is
required per Section 3.6.8 of the MaineDOT BDG for abutments if an approach slab is not
specified. When a structural approach slab is specified, reduction, not elimination, of the
surcharge load 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 (heg)
taken from Table 7-5 below:

Abutment Height heq
5 feet 4.0 feet
10 feet 3.0 feet
>20 feet 2.0 feet

Table 7.1 - Equivalent Height of Soil for Vehicular Loading
on Abutments Perpendicular to Traffic

Bridge seat modifications at both abutments includes placement of concrete to raise the
elevation of the existing bridge seat. The new bridge seat concrete will be doweled in to the
existing abutments both vertically and horizontally.

7.2 Construction Considerations

The Contractor will have to excavate the existing subbase and subgrade fill soils in the west
bridge approach. These materials should not be used to re-base the new bridge approach.
Excavated subbase sand and gravel may be used as fill below subgrade level in fill areas
provided all other requirements of MaineDOT Standard Specifications 203 and 703 are met.



Berwick Bridge

Over Salmon Falls River

Berwick, Maine and Somersworth, New Hampshire
WIN 19274.00

8.0 CLOSURE

This report has been prepared for the use of VHB and the MaineDOT Bridge Program to
provide limited subsurface condition information at Berwick Bridge in Berwick, Maine and
Somersworth, New Hampshire. This report has been prepared in accordance with generally
accepted geotechnical engineering practices. No other intended use or warranty is expressed
or implied.

This report discusses limited soil explorations at discrete locations near the existing bridge
and a limited number of laboratory soil index tests. Maine DOT shall not be responsible for
the designer’s, bidder’s and/or contractor’s interpretations of or estimates or conclusions
drawn from the information contained in this report. Data provided may not be representative
of the subsurface conditions at locations other than the specific boring locations explored.
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U = Thin Wal | Tube Samle con - P n-valus U = Thin Wall Tubs Samla RC = Roller Cane N-unsorreoted = Rav field SPT N-valus

Wi = Unsucsessful Thin Wal | Tube Samols offemot [ tammer aot fbration Value i MU = Unsuccesstul Thin Wall Tube Saoie atterot WOH = woight oF 1401b. Famer Hammer E+1cisnoy Footor = Amual Callbration Valus  PI
V = INaTTy Vane Snear Testi PP = FockeT PeneiramarerVCR/C = wefanr of rods o casTng Ngp = SFT N-uncarecTod correcred for nammer sFficiency V = INST1U Vane Sheor Test. PP = PocKBt PanarromteIR/C = weignt of rods or Casing Ngp = SPT M-uncorrectea carrectea for namrer sfficiency
M = ursuicoeserul (naivy vane Sneor Test grearpr 1P = waiant of cne perace Nen = (nommer € ticiency FocTor/GOTm-uncorracteg G = Consoligation Test MY = Unsusosgsful lnaity Vons Sheer Test sttorpt 0P = voiant of e Neg = (Hormer € ¢¢ioiency Fastor /607 s-uncorracted ¢

onzol idation Test

- Sarp e Informatio - Somple_Information
Laboratary
Testing

: - Resul+s/
Visual Description ond Remarks Pyt

Laboratary

)

Resul ts/
AASHTO

STATE OF MAINE
DEPARTMENT OF TRANSPORTATION

Visual Description and Remarks

BRIDGE NO. 2068

ana and
ified Clas: Tfied Closs|

Pen. /Rec.
sampie Deptn
(Fr)

Blovs (/6

or ROD ()
N-uncorrected
Elsvation
Grophic Log
Sample Depth
or ROD (%)
N-uncorracted
Elevation
Crophic Log

Shear
Strength

Depth (ft.)
Sample No-
(pst)
Blovs (/6
Shear
Strangth
(psf)

oeptn 1.
sam e No.

77 Pavement Browns wets medium denas: Fine 10 coorse GAND. soms Gw244138
58 gravel. froce silt. occosional cobbles.
Light brown. moist. medium densee fine to coarse SAND.| G#e44134 Spoon was bending, only drove 1.0 f+.
8/9/11/3 some silt, Iittle gravel. A-2-4, SM
we=T.5%

Brown. moist. medium dense. fine to coarse SAND. soms | G#244135 Brown. wet. dense. fine fa coarse SAND. some gravel. | c#2a41ss
3/3/5/22 silts little grovel. A-2-4, SM o 18/22/12/31 ITtt1e silt, occasional cobbles- A-1-by SM
We=5.8% .

Broke WW Cosing. telescoped NW Casing af 5.0 Ft bas.
Roller Coned ahead fo 8.7 F+ bgs.

90 blows for 0.7 1.

ave
Roller Coned ahiead o 13.0 1 bgs.

11.7-12.7 £+ (2:15)

12.80 Reb = 0% Top of Bedrock at Elev. 152.5 f1.
© to coarse SAND, | C#244136 R11CON’ F1B8ArOCK: YellOW-greens fine grained,
3/3/4/5 1ittle gravel. A-d0 SM ROD = 48% SANDSTONE, joimts dipping of 30 fo 60 degrees.
we=21.7% (Berwick Formation).

Rock Mass Dual ity = Very Poor.

12.7-13.7 (2:46) 80% Recovery

R23Badrock: Similar to tboves changing to dark grey.
sligntly banded. SANDSTONE. with biotite mica and
amphibole. joints at 30 degrees.

P.E. NUMBER

SEPT 2013

T.WHITE

2:21

s)
4 12:20) 100% Recovery

Grey-brown. wet. very dense. fine fo coarse SAND. some| G#244137 1
12/18/40/38 silts some oravel. A-2-4, SM Bottom of Explaration af 18.70 feef below ground
we=12.5% surface.

K.MAGURE

-20

Top of Bedrock at Elev. 156.8 ff.

+ bgs.
SARDSTONE. with

numerous healed joints dipping af 0 o 20 degrees and

0 to 30 degrees. (Berwick Formafion).

Rook Mass Quality = Falr.

RiiCore Times (minissc) Bridge Deck: 1” Pavement. 8” Concrefe.

23.8-24.8 f1 (2:15) Bridge Deck to Ground 15.1 ff.

Hemorkes

PROJ. MANAGER
DESIGN-DETAILED
CHECKED-REVIEWED]
DESIGN2-DETAILED2
DESIGN3-DETAILED3
REVISIONS 1
REVISIONS 2
REVISIONS 3
REVISIONS 4

27.8-28.8 Ft (2:20) 92% Recovery

ROD = 100% STratification |1nes represent OpproXimate boundaries bafween Soil 1ypes: fransitions ey be gradual. Pags 1 of 1

R2:Bedrock: Simflar to above. with some pyrfte.

* Water level readings hove besn mids af tines and undsr conditions stafed. Groundwater fluctuations my ooour dus fo oonditions other A
han those oresent at the time measurements were mde. Boring No.: BB-BSFR-102

32.8-33.8 Ft

146.20

.80
Bottom of Exploration at 33,80 feet below ground
surface.

YORK COUNTY

BORING LOGS

BERWICK BRIDGE
SALMON FALL RIVER

Stratiflcation |1nes represent pprox|mate boundar 1es between soi | Types: fransi1ions may be gradual. Page 1 of 1

BERWICK

+ Water lavel reaaings nave been mde Gt Timss and Under cONditiens Stated. Groundwater fILCHOTIoNS MOy ocoLr GUs To Gonditions otnar .
han those present at the time measurements were made. Boring No.: BB-BSFR-101

SHEET NUMBER
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UNIFIED SOIL CLASSIFICATION SYSTEM

TERMS DESCRIBING
DENSITY/CONSISTENCY

GROUP
MAJOR DIVISIONS SYMBOLS TYPICAL NAMES
Coarse-grained soils (more than half of material is larger than No. 200
COARSE- CLEAN GW Well-graded gravels, gravel- sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty
GRAINED | GRAVELS | GRAVELS sand mixtures, little or no fines clayey or gravelly sands. Consistency is rated according to standard
SOILS < penetration resistance
3o (little or no GP Poorly-graded gravels, gravel Modified Burmister System
c 2 . N . . P .
3 < fines) sand mixtures, little or no fines Descriptive Term Portion of Total
5 £ ’?3‘ trace 0% - 10%
E g Z little 11% - 20%
s 3 3 GRAVEL GM Silty gravels, gravel-sand-silt some 21% - 35%
£ 2% WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
2g g5 FINES
) g £ g (Appreciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance
£3 - amount of mixtures. Cohesionless Soils N-Value (blows per foot)
EZ fines) Very loose 0-4
SR Loose 5-10
8 g CLEAN sSw Well-graded sands, gravelly Medium Dense 11-30
§ g SANDS SANDS sands, little or no fines Dense 31-50
§ S < Very Dense > 50
g GEJ’ @S (little or no SP Poorly-graded sands, gravelly
=8 gz fines) sand, little or no fines.
o _f;j — Fine-grained soils (more than half of material is smaller than No. 20(
% 3 .q_ﬁ sieve): Includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
i ‘_g e SANDS SM Silty sands, sand-silt mixtures or silty clays; and (3) clayey silts. Consistency is rated according to sheai
g e 2 WITH strength as indicated
o c FINES Approximate
g % (Appreciable SC Clayey sands, sand-clay Undrained
=8 amount of mixtures. Consistency of SPT N-Value Shear Field
fines) Cohesive soils blows per foot Strength (psf) Guidelines
WOH, WOR, ) .

ML Inorganic silts and very fine Very Soft WOP, <2 0 - 250 Fist easily Penetrates
sands, rock flour, silty or clayey Soft 2-4 250 - 500 Thumb easily penetrates
fine sands, or clayey silts witt Medium Stiff 5-8 500 - 1000 Thumb penetrates witr

SILTS AND CLAYS slight plasticity moderate effort
Stiff 9-15 1000 - 2000 Indented by thumb witt
FINE- CL Inorganic clays of low to mediun great effort
GRAINED plasticity, gravelly clays, sandy Very Stiff 16 - 30 2000 - 4000 Indented by thumbnai
SOILS clays, silty clays, lean clays. Hard >30 over 4000 Indented by thumbnail
(liquid limit less than 50) with difficulty
oL Organic silts and organic silty Rock Quality Designation (RQD):
clays of low plasticity RQD = sum of the lengths of intact pieces of core* > 100 mm
P E length of core advance
B z *Minimum NQ rock core (1.88 in. OD of core)
3 3 MH Inorganic silts, micaceous or
g g diatomaceous fine sandy or Correlation of RQD to Rock Mass Quality
SRS SILTS AND CLAYS silty soils, elastic silts Rock Mass Quality ROD
E 2 Very Poor <25%
Ss CH Inorganic clays of high Poor 26% - 50%
£ £ plasticity, fat clays. Fair 51% - 75%
ts Good 76% - 90%
Eg (liquid limit greater than 50) OH Organic clays of medium to Excellent 91% - 100%
@ high plasticity, organic silts |Desired Rock Observations: (in this order)
Color (Munsell color chart)
Texture (aphanitic, fine-grained, etc.)
HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorphic, etc.)
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)
Weathering (fresh, very slight, slight, moderate, mod. severe,
Desired Soil Observations: (in this order) severe, etc.)

Color (Munsell color chart)

Moisture (dry, damp, moist, wet, saturated)

Density/Consistency (from above right hand side)

Name (sand, silty sand, clay, etc., including portions - trace, little, etc.)
Gradation (well-graded, poorly-graded, uniform, etc.)

Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic)
Structure (layering, fractures, cracks, etc.)

Bonding (well, moderately, loosely, etc., if applicable)

Cementation (weak, moderate, or strong, if applicable, ASTM D 2488)
Geologic Origin (till, marine clay, alluvium, etc.)

Unified Soil Classification Designation

Geologic discontinuities/jointing:
-dip (horiz - 0-5, low angle - 5-35, mod. dipping -
35-55, steep - 55-85, vertical - 85-90)
-spacing (very close - <5 cm, close - 5-30 cm, mod.
close 30-100 cm, wide - 1-3 m, very wide >3 m)
-tightness (tight, open or healed)
-infilling (grain size, color, etc.)
Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)
RQD and correlation to rock mass quality (very poor, poor, etc.)
ref: AASHTO Standard Specification for Highway Bridges
17th Ed. Table 4.4.8.1.2A

Groundwater level Recovery
. . Sample Container Labeling Requirements:
Maine Department of Transportation PIN Blow Counts

Geotechnical Section

Key to Soil and Rock Descriptions and Terms

Field Identification Information

Bridge Name / Town
Boring Number
Sample Number
Sample Depth

Sample Recovery
Date
Personnel Initials

January 2008




Maine Department of Transportation
Soil/Rock Exploration Log

Project: Berwick Bridge #2068 carries Route 9 over
Salmon Falls River

BB-BSFR-101

Boring No.:

US CUSTOMARY UNITS Location: Berwick, Maine WIN: 19274.00
Driller: MaineDOT Elevation (ft.) 180.0 Auger ID/OD: 5" Dia. Solid Stem
Operator: Giguere/Giles/Daggett Datum: NAVDS88 Sampler: Standard Split Spoon
Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"
Date Start/Finish: 3/21/12-3/22/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"
Boring Location: 301+68.4, 22.3 ft Rt. Casing ID/OD: NW Water Level*: 10.0 ft bgs.

0.84

Hammer Efficiency Factor:

Hammer Type:

Automatic X Hydraulic (]

Rope & Cathead [J

R = Rock Core Sample
SSA = Solid Stem Auger
HSA = Hollow Stem Auger
RC = Roller Cone

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer WOR/C = weight of rods or

WOH = weight of 140lb. hammer

Sy = Insitu Field Vane Shear Strength (psf)
T, = Pocket Torvane Shear Strength (psf)
ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

casing

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer efficiency
0 = (Hammer Efficiency Factor/60%)*N-uncorrected

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

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis

C = Consolidation Test

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N
Sample Information
— Laboratory
. = %_ = . E’ o Testing
[e] = o £ o 5]
= =z o a © & o c S Visual Description and Remarks Results/
= [ (7] [ = k=] o) S o K Q AASHTO
gl g S| ¢ 2589 | & e1% |5 and
8| s 5 S 2 528%¢® | 8|1 &3 ez| 8 Unified Class.
[=] [2) o n nww=o0 P4 P4 Om w O]
0 ! l7" Pavement
SSA | 179.42 0.58-
Light brown, moist, medium dense, fine to coarse SAND, some silt, G#244134
1D 24/17 1.00 - 3.00 8/9/11/9 20 28 little gravel. A-2-4, SM
WC=7.5%
iré0Ofpb—-H—H—""—""""""""">"—"—— — — — — — — 4.001
S Brown, moist, medium dense, fine to coarse SAND, some silt, little G#244135
2D 24/14 | 5.00 - 7.00 3/3/5/22 8 11 gravel. A-2-4, SM
WC=6.8%
moopr=y— — — — — — — — — — — 9.001
SPUN Very dense Cobbles and gravel.
- 10 CASE- Roller Coned ahead to 13.0 ft bgs.
7.0 - -—-—"—"—"—" — — — — — — — 12.801
Olive-brown, wet, loose, silty, fine to coarse SAND, little gravel. G#244136
3D 24/16 (13.00 - 15.00 3/3/4/5 7 10 A-4. SM
WC=21.7%
F 1S
163.00pf+++f—— — — — — — — — — — — — — — — — — 17.001
Grey-brown, wet, very dense, fine to coarse SAND, some silt, some G#244137
4D 24/18 (19.00 - 21.00 12/18/40/38 58 81 gravel. A-2-4, SM
[ 20 WC=12.5%
o \7 156.80 23.201
R1 60/55 23.80 - 28.80 RQD =55% NQ-2 Top of Bedrock at Elev. 156.8 ft.
Spun casing into Bedrock to 23.8 ft bgs.
, R1:Bedrock: Dark grey, fine grained, SANDSTONE, with numerous
S
Remarks:

than those present at the time measurements were made.

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

Page 1 of 2
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Maine Department of Transportation Project: Berwick Bridge #2068 carrics Route 9 over | BOFing NoO.: BB-BSFR-101

Soil/Rock Exploration Log Location:Sallszlro\:;icFlinl\S/II;Ir;,:r WIN: 19274.00
US CUSTOMARY UNITS . :

Driller: MaineDOT Elevation (ft.) 180.0 Auger ID/OD: 5" Dia. Solid Stem

Operator: Giguere/Giles/Daggett Datum: NAVDS88 Sampler: Standard Split Spoon

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

Date Start/Finish: 3/21/12-3/22/12 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"

Boring Location: 301+68.4, 22.3 ft Rt. Casing ID/OD: NW Water Level*: 10.0 ft bgs.

Hammer Efficiency Factor: 0.84

Hammer Type:

Automatic X

Hydraulic (]

Rope & Cathead [J

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value

Ngo = SPT N-uncorrected corrected for hammer efficiency

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

LL = Liquid Limit

PL = Plastic Limit

Pl = Plasticity Index

G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngq = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
Laboratory
. E % = . E o Testing
= 2 3 a § - g é c 3 Visual Description and Remarks Aiessﬁllt%
~ o x K >~ 5 0O I} o S L
< Q = [=3 25 c 0O e £2 T s and
s| & 5 &= 322G | 8| 83| sz & Unified Class.
o [2) o 0w mwwm=2o0 z =z O m w O]
25 healed joints dipping at 0 to 20 degrees and 0 to 30 degrees, (Berwick
Formation).
Rock Mass Quality = Fair.
R1:Core Times (min:sec)
23.8-24.8 ft (2:15)
24.8-25.8 ft (2:00)
25.8-26.8 ft (2:20)
R2 60/60 [28.80 - 33.80 RQD = 100% 26.8-27.8 ft (2:00)
27.8-28.8 ft (2:20) 92% Recovery
R2:Bedrock: Similar to above, with some pyrite.
L 30 Rock Mass Quality = Excellent.
R2:Core Times (min:sec)
28.8-29.8 ft (1:30)
29.8-30.8 ft (1:30)
30.8-31.8 ft (2:00)
31.8-32.8 ft (2:10)
32.8-33.8 ft (2:20) 100% Recovery
146.20 33.801
Bottom of Exploration at 33.80 feet below ground surface.
F 35
- 40
45
50
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.

Page 2 of 2
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Maine Department of Transportation Project: Berwick Bridge #2068 carrics Route 9 over | BOFing No.: BB-BSFR-102
Soll/Rock Exploration Lag Location:Sal;?:\:/li(ljlinl\s/ll;g:r WIN: 19274.00
US CUSTOMARY UNITS . :
Driller: MaineDOT Elevation (ft.) 164.9 Auger ID/OD: N/A
Operator: Giguere/Giles/Daggett Datum: NAVDS88 Sampler: Standard Split Spoon
Logged By: B. Wilder Rig Type: CME 45C Hammer Wt./Fall: 140#/30"
Date Start/Finish: 3/21/12; 08:30-13:00 Drilling Method: Cased Wash Boring Core Barrel: NQ-2"
Boring Location: 302+06.1, 20.7 ft Lt. Casing ID/OD: HW & NW Water Level*: 10.0 ft from Deck to Water
Hammer Efficiency Factor: 0.84 Hammer Type:  Automatic X Hydraulic(] Rope & Cathead O

Definitions:

D = Split Spoon Sample

MD = Unsuccessful Split Spoon Sample attempt

U = Thin Wall Tube Sample

MU = Unsuccessful Thin Wall Tube Sample attempt

V = Insitu Vane Shear Test, PP = Pocket Penetrometer

R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = weight of 140lb. hammer
WOR/C = weight of rods or casing

Sy = Insitu Field Vane Shear Strength (psf)

T, = Pocket Torvane Shear Strength (psf)

ap = Unconfined Compressive Strength (ksf)
N-uncorrected = Raw field SPT N-value

Hammer Efficiency Factor = Annual Calibration Value
Ngg = SPT N-uncorrected corrected for hammer effici

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

WC = water content, percent
LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

ency G = Grain Size Analysis

MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person Ngg = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test
Sample Information
— Laboratory
. = %_ = . é o Testing
= ® £ ° o - -
= =z o a © < o c - Visual Description and Remarks Results/
= ® 9} © = £ A 5 o o © AASHTO
gl e | £ 5 252 _0 S 2e| s g and
8| s 5 S 2 528%¢® | 8|1 &3 ez| 8 Unified Class.
[=] [2) o (2 =2 mwwn=2o0 zZ P4 Om w O]
0 : Brown, wet, medium dense, fine to coarse SAND, some gravel, trace G#244138
1D 12/9 0.00 - 1.00 6/30 - 43 silt, occasional cobbles. A-1-b, SW-SM
60 Spoon was bending, only drove 1.0 ft. WC=26.9%
66
w6190kt —-""—"—"—"— — — — — 3.001
92
47
[ S Brown, wet, dense, fine to coarse SAND, some gravel, little silt, G#244139
2D 24/16 | 5.00-7.00 18/22/12/31 34 48 38 occasional cobbles. A-1-b. SM
Broke HW Casing, telescoped NW Casing at 6.0 ft bgs. Roller Coned | WC=12.2%
150 ahead to 8.7 ft bgs.
29
260 blows for 0.7 ft.
Rl 60/48 |[8.70 - 13.70 60
NQ-2+ R1:Cobbles and Boulders.
R1:Core Times (min:sec)
- 10 8.7-9.7 ft (2:00)
% ¥ 9.7-10.7 ft (3:05)
‘c;" 10.7-11.7 ft (1:30)
< 11.7-12.7 ft (2:15)
& o
AL
RQD = 0% 152.50 12.401
Top of Bedrock at Elev. 152.5 ft.
_ R1:Con't:Bedrock: Yellow-green, fine grained, SANDSTONE, joints
R2 60/60 [13.70 - 18.70 RQD =489 > >
Q & dipping at 30 to 60 degrees, (Berwick Formation).
Rock Mass Quality = Very Poor.
| 12.7-13.7 (2:46) 80% Recovery
15 R2:Bedrock: Similar to above, changing to dark grey, slightly banded,
SANDSTONE, with biotite mica and amphibole, joints at 30 degrees.
Rock Mass Quality = Poor.
R2:Core Times (min:sec)
13.7-14.7 ft (3:25)
14.7-15.7 ft (3:25)
15.7-16.7 ft (3:00)
16.7-17.7 ft (2:25)
146.20 17.7-18.7 ft (2:20) 100% Recovery
18.701
L 50 Bottom of Exploration at 18.70 feet below ground surface.
25
Remarks:
Bridge Deck: 1" Pavement, 8" Concrete.
Bridge Deck to Ground 15.1 ft.
Broke casing in river, had dive team come in on 3/22/12 to help locate and pull casing out of the river, casing is out of the river.
Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 10f1
* Water level readings have been made at times and under conditions stated. Groundwater fluctuations may occur due to conditions other -
than those presen?at the time measurements were made. Y Bori ng No.: BB-BSFR-102
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State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): Berwick Work Number: 19274.00
Boring & Sample Station Offset Depth Reference | G.S.D.C.] W.C.| L.L. | P.I. Classification
Identification Number (Feet) (Feet) (Feet) Number Sheet % Unified | AASHTO] Frost
BB-BSFR-101, 1D | 301+68.4 [22.3 Rt.| 1.0-3.0 244134 1 7.5 SM A-2-4 Il
BB-BSFR-101, 2D | 301+68.4 [22.3 Rt.[ 5.0-7.0 244135 1 6.8 SM A-2-4 Il
BB-BSFR-101, 3D | 301+68.4 [22.3 Rt.| 13.0-15.0 [ 244136 1 21.7 SM A-4 Il
BB-BSFR-101,4D | 301+68.4 |22.3 Rt.| 19.0-21.0 | 244137 1 12.5 SM A-2-4 Il
BB-BSFR-102, 1D | 302+06.1 [20.7 Lt.| 0.0-1.0 244138 1 26.9 SW-SM| A-1-b 0
BB-BSFR-102, 2D | 302+06.1 [20.7 Lt.| 5.0-7.0 244139 1 12.2 SM A-1-b Il

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 MaineDOT 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 NP = Non Plastic

PI = Plasticity Index as determined by AASHTO 90-96 and/or ASTM D4318-98

10of1




State of Maine Department of Transportation

GRAIN SIZE DISTRIBUTION CURVE

SIEVE ANALYSIS HYDROMETER ANALYSIS
US Standard Sieve Numbers Grain Diameter, mm
" 2" 1-1/2" " 3/4" 1/2" 3/8" 1/4"  #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001
100 0
| YJ\\ R W NN | | | | | | | | | |
T 1 4\ | T T T T T T T T T T T
90 \ — T \ 1 \ \ \ \ 10
| | | | | | | | | | |
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60 P~ 40 >
>, e [ | 1 e e S | | -
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Grain Diameter, mm
le Sle Sle Sle 5|
’\ GRAVEL ,‘\ SAND ,“ SILT ,‘\ CLAY "
UNIFIED CLASSIFICATION
Boring/Sample No. Station Offset, ft Depth, ft Description W,%| LL PL | PI WIN
& BB-BSFR-101/1D 301+68.4 223RT 1.0-3.0 SAND, some silt, little gravel. 7.5 019274.00
¢ BB-BSFR-101/2D 301+68.4 223RT 5.0-7.0 SAND, some silt, little gravel. 6.8 Town
] BB-BSFR-101/3D 301+68.4 223RT 13.0-150 | Sy SAND, ltte gravel. 21.7 Berwick
[ ) BB-BSFR-101/4D 301+68.4 223 RT 19.0-21.0 SAND, some silt, some gravel. 12.5
A BB-BSFR-102/1D 302+06.1 207LT 0.0-1.0 SAND, some gravel, trace silt. 26.9 Reported by/Date
X BB-BSFR-102/2D 302+06.1 207LT 5.0-7.0 SAND, some gravel, little silt. 12.2 WHITE, TERRY A 9/19/2013
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