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Sheldon Bridge
Belfast, Maine
WIN 21666.00

1.0 INTRODUCTION

The purpose of this Geotechnical Design Repod @ésent subsurface information and provide
geotechnical design recommendations for the replaneof Sheldon Bridge, which carries Poors
Mill Road over Warren Brook in Belfast, Maine. $hieport presents the subsurface information
obtained at the site during the subsurface invatig, foundation design recommendations, and
geotechnical parameters for design of the new bredgicture.

The existing structure was constructed in 1954amsists of 21-foot span structural plate arch
on concrete, strip footings, approximately 65 feetength. According to the 2016 Maine
Department of Transportation (MaineDOT) Bridge esjion Report, the culvert is rated 4 (poor
condition) because of minor scaling and moderatengi The downstream side of the culvert
was reinforced with a concrete collar after the plates were damaged. The plate arch is
buckling on the upstream side and granite stormasifg the upstream headwall have fallen into
the channel. The footings are exposed up to &mc The structure has a FHWA Sufficiency
Rating of 68.7.

The proposed replacement structure will be a 21-4$pan by 9-foot rise precast concrete box
culvert on a 30-degree skew. The concrete boxeculvill have 1-foot tall precast headwalls
and toe walls extending one foot below calculawalis depth. The upstream and downstream
ends of the culvert will be slope-tapered to mabeh?H:1V (horizontal:vertical) sideslopes. The
box culvert will be embedded approximately 3 fegbithe streambed and 2 feet of special fill
will be placed inside the bottom of the culvericteate a natural streambed. The box shall be
placed on a 1-foot-thick leveling layer of GranuBorrow — Material for Underwater Backfill,
bearing on compacted native soils.

The new box culvert will be located on approximatéde same horizontal alignment as the
existing plate arch. Poors Mill Road will be cldsat the project site and traffic will be
maintained via a signed detour. The bridge rephere project will last one construction season.

2.0 GEOLOGIC SETTING

Sheldon Bridge carries Poors Mill Road over WarBgook approximately .93 miles west of
Marsh Road, as shown on Sheet 1 — Location Map.

The Maine Geological Survey (MGS) Surficial Geoldgap of Maine (2013) indicates the
surficial soil unit in the vicinity of the bridge ithe Presumpscot Formation, which consists of
glaciomarine silt, clay and sand. This soil uggitally overlies an irregular surface of glacial
till and may include areas of till exposed at theupd surface. Glacial till is a heterogeneous
mixture of sand, silt, clay and stones. Glacihiricludes two varieties: basal till and ablation
till. Basal till is typically fine grained and vergompact with low permeability and poor
drainage. Ablation till is typically loose, sandyd stony with moderate permeability and fair
to good drainage.

The Bedrock Geologic Map of Maine, MGS (1985), citke bedrock at the project site as the
Bucksport Formation consisting of biotite granofelgriayered with calc-silicate granofels.
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WIN 21666.00

3.0 SUBSURFACE INVESTIGATION

Subsurface conditions at the site were exploredrityng two test borings. Boring BB-BWB-
101 was drilled west of the existing arch and bpBB-BWB-102 was drilled east of the existing
steel arch. The test boring locations are shownSheet 2 — Boring Location Plan and
Interpretive Subsurface Profile.

Test borings BB-BWB-101 and BB-BWB-102 were drilled March 8, 2017 by S.W. Cole
Explorations, LLC. Details and sampling methoded,sfield data obtained, and soil and
groundwater conditions encountered are presentégtiboring logs provided iAppendix A —
Boring Logs and on Sheet 3 — Boring Logs.

The borings were performed using solid stem augased wash boring, and rock coring
techniques. Soil samples were typically obtaines-#ot intervals using Standard Penetration
Test (SPT) methods. During SPT sampling, the sampldriven 24 inches and the hammer
blows for each 6-inch interval of penetration aearded. The sum of the blows for the second
and third intervals is the N-value, or standardgpextion resistance. The S.W. Cole drill rig is
equipped with a 140-pound, rope and cathead harfatieig 30 inches. No correction of N-
values is required for the N-values obtained witd standard rope and cathead system where
common practice assumes rope and cathead systerasahtneoretical 60 percent hammer
efficiency. The theoretical hammer efficiency facthe N-values, and thest\values are shown

on the boring logs.

Bedrock was cored using an NQ-2" core barrel aedRbck Quality Designation (RQD) of the
cores calculated. A consultant geotechnical emginegged the subsurface conditions
encountered. The MaineDOT geotechnical engindectsel the boring locations and drilling
methods, designated type and depth of samplingniges, reviewed boring logs and identified
field testing requirements. The borings were ledan the field using taped measurements at the
completion of the drilling program.

40 LABORATORY TESTING

A laboratory testing program was conducted on setesoil samples recovered from the test
borings to assist in soil classification, evaluatiof engineering properties of the soils, and
geologic assessment of the project site. Laboyrdesting consisted of three (3) standard grain
size analyses with natural water content. Theltesf soil tests are included as Appendix B —
Laboratory Test Results. Moisture content infoioraaind other soil test results are also shown
on the boring logs provided in Appendix A — Boringgs.

Bedrock laboratory testing consisted of one unecmaficompression test with determination of
elastic moduli. The result of bedrock laborat@stts included in Appendix B — Laboratory Test
Results. Bedrock laboratory test information isoashown on the boring logs provided in
Appendix A — Boring Logs and on Sheet 3 — Boring$.o
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5.0 SuBSURFACE CONDITIONS

Subsurface conditions encountered generally consisted of granular fill soils and glacial till,
underlain by bedrock. The boring logs are provided in Appendix A — Boring Logs and on Sheet
3 — Boring Logs. A generalized subsurface profile is shown on Sheet 2 — Boring Location Plan
and Interpretive Subsurface Profile. The following paragraphs summarize the subsurface
conditions encountered:

51 Fill

A layer of fill was encountered in the borings. The thickness of the fill unit encountered was
approximately 16 to 19 feet at the boring locations. The unit encountered generally consisted of:

e Brown, moist to wet, medium sand, some to little gravel, little to trace silt;
e Grey, wet, sandy gravel, little silt;
e Brown, wet, gravel, trace sand, trace silt, with wood debris.

Based on drilling attitude, it is inferred that cobbles were present from approximately 2.9 to 3.5
feet below ground surface (bgs) and 14.4 to 15.3 feet bgs in BB-BWB-101.

SPT Neo-values in the layer ranged from 21 to 77 blows per foot (bpf), indicating the layer is
medium dense to very dense in consistency. One (1) grain size analysis resulted in the material
being classified as A-1-b under the AASHTO Soil Classification System and SM under the
Unified Soil Classification System (USCS). The natural water content of the sample tested was
approximately 10 percent.

5.2 Glacial Till

Glacial till was encountered beneath the fill in the borings. The thickness of the glacial till deposit
encountered ranged from approximately 3 to 7 feet thick at the boring locations. The glacial till
deposit generally consisted of:

e Brown, wet, fine sand, some silt, some coarse gravel;
e Brown, wet, medium sand, some silt, some fine gravel.

SPT Neo-values in the glacial till deposit ranged from 23 to 52 bpf indicating the soil is medium
dense to dense in consistency. Two (2) grain size analyses conducted on samples of the glacial
till resulted in the samples being classified as A-2-4 under the AASHTO Soil Classification
System and SM under the USCS. The natural water content of the samples tested ranged from
approximately 9 to 11 percent.



5.3 Bedrock

Sheldon Bridge
Belfast, Maine
WIN 21666.00

Bedrock was encountered and cored in borings BB-BWB-101 and BB-BWB-102. Table 1
summarizes approximate depth to bedrock, corresponding approximate top of bedrock elevation,
and RQD.

. Approximate

A Elevation of
Offset e Bedrock RQD

Boring Station Bedrock (R1,R2) (%)
(feet) (Feet) Surface
(feet)

BB-BWB-101 | 2+74.2 | 9.2 ftRt 23.5 120.1 87, 85
BB-BWB-102 | 2+96.4 | 9.5ftLt 22.4 121.7 73, 55

Table 1 — Summary of Approximate Bedrock Depth, Approximate Bedrock Elevation, and RQD

The bedrock at the site is identified as dark greenish-grey, metamorphic, gneiss, hard, very slight
weathering, joints/fractures are moderately dipping, close to moderately close, and healed, with
white calcite vein infilling. Detailed bedrock descriptions and the RQD core run are provided on
the boring logs on Sheet 3 — Boring Logs and in Appendix A — Boring Logs. One laboratory
unconfined compressive strength with elastic modulus test was conducted on one bedrock sample.
The testing yielded an unconfined compressive strength of 20,981 psi and a Young’s modulus
value of 7,320 psi.

54 Groundwater

Groundwater elevations were recorded at 11.4 feet bgs and 13.3 feet bgs in the borings at the
completion of the borings. Water was introduced into the boreholes during drilling operations.
Therefore, water levels may not represent stabilized groundwater conditions. Groundwater levels
will fluctuate with changes in river water elevation, seasonally, with precipitation, runoff, and
construction activities.

6.0 STRUCTURE ALTERNATIVES

Two alternatives with openings of at least 1.2 times the bankfull width (BFW) were considered
for the replacement bridge structure. The structure types and spans were:

e A 21-foot span precast concrete box, and
e Aluminum structural plate box culvert with wingwalls.

A 21-foot span precast concrete box culvert has the advantages of efficiency of installation, low
maintenance and lifecycle costs. An aluminum box culvert is efficient to install, because it can
be placed in sections, and the light-weight aluminum culvert does not require heavy equipment
to place. The precast concrete box culvert was chosen as the preferred alternative.
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Refer to the project Draft Preliminary Design Reép@DR), dated June 14, 2017 for more
information on the analysis and discussion of stmécalternatives. The bottom slab of the
precast concrete box culvert will be embedded thto streambed to accommodate 2 feet of
engineered streambed material creating a naturrebed, while maintaining the existing

thalweg.

7.0 GEOTECHNICAL DESIGN RECOMMENDATIONS

7.1  Precast Concrete Box Culvert Design

The proposed replacement structure will consist 1-foot span by 9-foot rise precast concrete
box culvert with slope-tapered inlet and outletlaallhe box culvert will have 1 foot tall precast

headwalls. To prevent undermining, the box culwélfthave inlet and outlet toe walls and riprap

aprons. The bottom slab of the box culvert will drabedded approximately 2 feet into the

streambed and 2 feet of engineered streambed alatéiibe placed inside the culvert to create

a natural streambed. The riprap apron should beedded 6 inches into the streambed and
covered with the engineered streambed materialdeige continuity of the natural streambed.

Precast concrete box culverts are typically supplésigned and are detailed on the contract
plans with only basic layout and required hydraolpening. The manufacturer selected by the
Contractor is responsible for the design of thecttire including determination of wall thickness,
haunch thickness, and reinforcement. The desigi §le in accordance with MaineDOT
Standard Specification 534 — Precast Structuralc@de, MaineDOT Bridge Design Guide
(BDG) Section 8 — Buried Structures, and Americassdtiation of State Highway and
Transportation Officials (AASHTO) Load ResistancadaFactor Design Bridge Design
Specifications, 7 Edition, 2014 with up to 2016 interim revisionsRED).

The loading specified for the design of the boxett shall be Modified HL-93 Strength I, which
increases the HS-20 design truck wheel loads bgctorf of 1.25. The precast concrete box
culvert shall be designed for all relevant strerggid service limit states and load combinations
specified in LRFD Article 3.4.1 and LRFD Section. 1Zhe design should use Soil Type 4 as
presented in the MaineDOT BDG Section 3.6 to desmth loads from the soil envelope. The
backfill properties are as follow$=32°,y = 125 pcf. For vertical earth pressure, the maxm
load factor for at rest earth pressure from LRFDI&8.4.1-2 shall apply and wheel loads should
be distributed through earth fills according to finevisions of LRFD Article 3.6.1.2.6.

7.1.1 Precast Concrete Box Culvert Headwalls

Concrete headwalls will be included in the cuhdssign to retain crushed stone slope protection
and prevent stones from dropping or eroding in®® waterway. Nominal 1 foot by 1 foot
concrete headwalls are recommended.

7.1.2 Precast Concretelnlet and Outlet Walls

The precast concrete box culvert’s outlet and mkgts will be slope-tapered to match the 2H:1V
sideslopes of the roadway embankment. The leftrigid outlet walls will share the same base
slab. The sloped walls are essentially retainiradlsvand shall be designed for all relevant
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strength and service limit states and load comiginatspecified in LRFD Articles 3.4.1, 11.5.5,
and 11.6. The inlet and outlet walls shall be glesil to resist lateral earth pressures and
deformations resulting from creep, temperature, simnkage of the concrete box culvert.
Passive pressure resulting from the embedmenteobtix culvert and walls with engineered
streambed, or any other material shall not conteilbol resisting forces.

Inlet and outlet walls that are fixed to the boxveunt should be designed to resist movement
using an at-rest earth pressure coefficient,df 0.47. Wingwall sections that are independent
of the box culvert should be designed using thekik@nactive earth pressure coefficient, &f
0.31 assuming a level backslope. Wingwall secttbasare independent of the box culvert and
have a backslope of 2H:1V should be designed ubm&ankine active earth pressure coefficient
of 0.46. See Appendix C — Calculations for sugpgrtiocumentation.

7.1.3 Precast Concrete Toe Walls

Toe walls shall extend below the bottom slab cotingdhe left and right walls at the inlet and
outlet of the box culvert to prevent undermining p&aineDOT BDG Section 8.3.1. The inlet
and outlet toe walls should extend a minimum addt below the maximum depth of scour.

7.1.4 Bearing Resistance

The precast concrete box culvert will be bedded dnafoot-thick layer of Granular Borrow —
Material for Underwater Backfill with a bottom ek#tion of approximately 130 feet. The
subgrade soils at this elevation are expected tiehee to very dense in consistency. These soils
are characterized as having adequate bearingaesest

For a precast concrete box culvert with a basehnofl23 feet, the factored bearing stress at the
strength limit state shall not exceed the calcdldéetored bearing resistance of 16.8 kips per
square foot (ksf). To control settlement, thedeetl bearing stress at the service limit statd shal
not exceed a bearing resistance of 5.0 ksf. Dtieettarge size of the concrete box culvert base,
controlling deflection and not bearing resistan@ymovern the design. In no instance shall the
bearing stress exceed the nominal structural eegistof the structural concrete which may be
taken as 0f&. See Appendix C — Calculations for supportingaktions.

7.1.5 Modulusof Subgrade Reaction

Large span precast box culverts can be viewed ailyito a mat foundation where the volume

of soil displaced by the foundation will resultarower net applied stress. A common approach
to the design of precast box culverts is to userbea elastic foundation theory to compute the
soil-structure interaction and deflections.

The modulus of subgrade reaction relates the btsertubearing pressure to settlement and is

often used in soil-structure interaction analysélse modulus of subgrade reaction is dependent
on many factors including the material propertied thickness of the bearing soils, geometry of

the box culvert, and the stiffness of the box culv@he box culvert shall be designed using a

modulus of subgrade reaction, &qual to 104 pounds per cubic inch (pci).
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7.2 Settlement

The granular fill unit encountered at the bearilayation is dense in consistency. These coarse-
grained materials undergo elastic, immediate, cesgion in response to an increase of vertical
overburden pressure. Little to no increase iniv@roverburden pressure is expected. As a
result, any settlement is anticipated to be snmadl\&ill occur relatively quickly.

Any loose or soft fill material encountered at shibgrade should be excavated in its entirety and
replaced with Granular Borrow — Material for Undater Backfill. The exposed subgrade shall
then be thoroughly compacted. With these provsigrost-construction settlement of the
replacement structure is anticipated to be minimal.

7.3  Subgrade Preparation

The box culvert shall be placed on a 1-foot-thapyelr of compacted Granular Borrow — Material
for Underwater Backfill. The compacted Granularma layer shall be placed on a subgrade
consisting of compacted, undisturbed soil. The ss@hcountered during the subsurface
investigation at the elevation of the bedding layenerally consisted of medium dense to dense
fill. Unsuitable soils (i.e. loose or soft soilf)encountered at the subgrade elevation, ancloos
or soft zones observed during compaction, shoulcEavated to expose competent, firm
material and replaced with compacted Granular Berrédny cobbles or boulders encountered
at the bearing elevation shall be removed and cedlavith compacted Granular Borrow.

7.4 Frost Protection

Foundations placed on the native soils should lsggded with an appropriate embedmfnt
frost protection. According to MaineDOT BDG Figuwrel, Maine Design Freezing Index Map,
Belfast has a design freezing index (DFI) of apprately 1450 F-degree days. A watentent

of 10% was used for coarse-grained soils. Thesgoaents correlate to a frost depth of 6.7
feet. A similaranalysis was performed using Modberg software byuB Army Cold Regions
Researcland Engineering Laboratory (CRREL). For the Modbemnalysis, Belfast, Maine has
a DFI fromthe Modberg database of approximately 950 F-dedmgs. A water content of 10%
was used. These components correlate to a frpsgt dé approximately 4.1 feet.

Based on the MaineDOT BDG methodology it is recomadeel that foundations bearing on soil
be designed with an embedment of approximatelye®¥for frost protection. See Appendix C
— Calculationdor supporting calculations.

Riprap is not to be considered as contributinghodverall thickness of soils required for frost
protection.

7.5  Scour and Riprap

The box culvert shall be constructed with integrahcrete headwalls and wingwalls to retain
stone slopes and prevent stone slope protectiamdropping or eroding into the waterwdmlet
and outlet toe walls shall be provided that ext@mnanimum of 1 foot below th@maximum depth
of scour. Inlet and outlet toe walls shall alsgbetected with riprapprons.
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The slopes shall be armored with a 3-foot-thickelagf riprap conforming to MaineDOT
Standard Specification Section 703.26 Plain anddHand Riprap. The riprap shall be underlain
by a Class 1 erosion control geotextile and a i-floick layer of bedding material conforming
to MaineDOT Standard Specification 703.19 — GraniBarrow Material for Underwater
Backfill. The toe of the riprap sections shall tenstructed 1-foot beneath the streambed
elevation. The riprap slopes shall be construstesteeper than a maximum 1.75H:1V extending
from the edge of the roadway down to the existimyigd surface. Riprap aprons will be installed
at both ends of the culvert.

7.6  Seismic Design Considerations

In conformance with LRFD Article 3.10.1, seismi@sysis is not required for buriedructures,
except where they cross active faults. There ar&nown active faults in Maindherefore
seismic analysis is not required.

77 Construction Consider ations

The box culvert will be bedded on a 1-foot-thickdkng layer of Granular Borrow. The saill
envelope and backfill shall consist of Standardc8jpation 703.19 — Granular Borrow Material
for Underwater Backfill with a maximum particle siaf 4 inches. The granular borrow backfill
should be placed in lifts of 6 to 8 inches thickde measure and compacted to the manufacturer’s
specifications. In no case shall the backfill S0 compacted less than 92 percent of the
AASHTO T-180 maximum dry density. The precast cete box culvert shall be installed in
conformance with MaineDOT BDG Section 8 and MaindD&andard Specification Section
534.

The proposed box culvert will be bedded on a 1-thatk layer of Granular Borrow with a bottom
of excavation elevatioof approximately 129.1 feet. Based on the soit®antered in the borings,
dense, coarse grained soils will be present aethistion.

The Contractor shall minimize disturbance to thbgsade surface and protect the subgrade
surface from any unnecessary construction trafiay cobbles or boulders encountered at the
bearing elevation shall be removed and replaced eaimpacted Granular Borrow — Material for
Underwater Backfill.

Soils may become saturated and water seepage maycbantered during construction and
excavations. There may be localized sloughing iasthbility in some excavations armdt
slopes. The Contractor should control groundwatersurface water infiltration usitgmporary
ditches, sump pumps, granular drainage blanketsestitch protection, or hand-laid riprap with
geotextile underlayment to divert groundwater amdage water.

8.0 CLOSURE

This report has been prepared for the use of thmeDT for specific application to the
proposed replacement of Sheldon Bridge in Belfdaine in accordance with generally accepted
geotechnical and foundation engineering practicéo other intended use or warranty is
expressed or implied.
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In the event that any changes in the nature, desidacation of the proposed project are planned,
this report should be reviewed by a geotechnicglraer to assess the appropriateness of the
conclusions and recommendations and to modifyegbhemmendations as appropriate to reflect
the changes in design. These analyses and recahati@rs are based in part upon a limited
subsurface investigation at discrete exploratocgtions completed at the site. If variations from
the conditions encountered during the investigadippear evident during construction, it may
also become necessary to re-evaluate the recomti@rslenade in this report.

It is recommended that a geotechnical engineerdaded the opportunity for a review of the
design and specifications in order that the eartkwand foundation recommendations and
construction considerations presented in this tegrer properly interpreted and implemented in
the design and specifications.
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) o R some silt, (Glacial Till).
e EL. 2.7
P
? g 120
,{ rap=73% /: Bedrock: Dark greenish-grey, metamorphic,
>» GNEISS, hard, very slight weathering, joints/fractures
,é are moderately dipping (35 to 55 degrees), close fo
? moderately close, and healed, with white calcite
vein infilling. /15
z Bucksport Formation
~ RQD=55%  Rock Mass Quality = Fair
zé R2: Bedrock: Similar to Rl: except, vertical fracture
-~ (85 fo 90 degrees) from 29 to 30.5 feef bgs.
BOE Bucksport Formation 110
BOE Rock Mass Quality = Fair
3-00 4-00 425
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BOE= BoTtom of Exploration

HORIZ 25

VERT 5
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Pavement Thickness, if applicable

Rock Quality Designation

ROD= 5+ Bedrock Core Sample

# No Refusal
NR

Refusal
)

PROFILE

o 25 50

0 10
SCALE

Note: This generalized interpretive soil profile is infended to convey
trends in subsurface conditions. The boundaries between strata
are approximare and idealized, and have been developed by
interpretations of widely spaced explorations and samples.
Actual soil and bedrock transitions may vary and are probably

more erratic. For more specific information refer to the exploration

/ogs.
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Date:2/9/2018

Username: Andrew.VanBuskirk

GEOTECH

Ivision:

D

. \MSTA\0OO7_BORING LOGST.dgn

Filename:

Maine Department of Transpor+ation |eroject: sheidon 8ridge (No. 5557 carries [BOT NG No.: __BB-BWB-101

011 /Rock Exploration Lo ~ Poors Mil | Road over Warren Brook

Soil/Rock Exploration Lo Location: Belfast. Maine

US CUSTOMARY UNITS WIN: 21666.00

Driller: S.W. Cole Explorations. LLC Elevation (f+.)  143.6 Auger 1D/0D: 5-inch Solid Stem
Operator: K. Honscom Datum: NAVD 88 Samp ler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Harmer Wi./Fall: 140#/30” and 300#/16"
Date Stort/Finish: 3/8/2017 Drilling Method: Cased Wash Boring Care Barrel: N2 (2-inch-diameter)
Boring Location:  Sta 2+74.2. 9.2 feet Rt. Casing 10/0D: HW 47/4.5" and NW 37/3.5" Water Level®: 13.3 feet bgs
Hammer Efficiency Factor: 060 Hammer Type: Automatic O Hydraulic O Rope & Cathead B
Definitions: R = Rock Cors Somle S, = Pek/Reralded F1e1d Vane Undrafred Shear Strengfh (psf) T, = Pocket Tarvane Sheor Strength (odf)
0 = 5pIit Spoon Sample SSA = Solid Stem Auger Su(ig) = Lab Vane Undrained Shear Strength (pst) WC = Watar Contant. percent
MD = Unsuccessful bl i+ Sooon Sample Atterot HSA = Hol low Stem Auger ap = Unconfined Combressive Strenath {ksf) LL = Liauid Limit

Thin Val | Tube Sample RC = Rol ler Cone N-uncarrected = Rav Field SPT N-value PL = Plastic Limit
Unsuccessful Thin Wal | Tube Somple Atterpt  WOH = Weight of 141b. Hammer Hommer Efficiency Factor = Rig Specific Amnual Calibration ValBs = Plasticity Index
Fleld Vane Shear Tests PP = Pocket PenetrometeIR/C = Welght of Rods or Cosing  Ngo = SPT N-uncorrected Corrected for Hammer EFficiency G = Grain Size Analysis
w = Fieid vane Shear Test Attemot __ WDIP = Weidnt of Gne Persen Ngo = (Hommer £+ficiency Faotor/60%#h-uncorr ected C = Consol idation Test
— Sample_Information
T - T Laboratory
~ = £ < R 2 g Testing
£ 2 g 3 e ¢ = 4 6 = Visual Description and Remarks Reeul fs/
< H S £ £ 2 o AASHTO
° & © & o 5 o b 2
£] 2 S 3z 25528 g S22 8
N 5 ¢ g 332% 5 o | 2d|ss| 8 Upified Class|
21 3 & 2T mhinlh = L 18| s
Y 4-inch—thick layer of pavement
sqa [143.3 PERRRI e Lo e of pavement 0.3
o0 - Brown. moist. very dense. SAND. some gravel. trace
10 23/20 202 31/39/38/100-5" 7 7 silts (Fill)
Cabble from 2.9 to 3.5 feet bgs.
5 500 - Similar to Sample 1D: except medium dense.
20 | 24/18 : 22/16/12/11 28 28 | 78
7.00
54
53
81
137
10 70,00 < Brown: wet, medium dense: medium SAND. some fine G#271103
| 248 1/11/12/16 23 23 | so oravel, Iittle silte (Fill). A-1-by SM
12.00
WC=10.0%
7
1R, — — — — — —— — — — —— — — — ——— — — ——— — 12. 0
193
204
200 Cobbles from 14.4 to 15.3 feet bgs.
15
m 5/3 1?:327 100-5" - oPEN Grey. wet. Sandy GRAVEL. |ittle silt. cobbles. (Fill).
Ny 127 .54
17.00 - Brown. wet. medium dense. medium SAND. some silt. some G#271104
so | 2414 | 11000 16/16/14/16 30 | 30| 3 fine gravel, (Glacial Till).
61
49
20 2000 = Similar to Sample 5D.
80 24/3 22.00 1a/11/12/19 23 23 22
30
64
R | soss7 | 23:80 - ROD = 877 190 [120.1 3.5
28.60 i Top of Bedrock af Elevation 120.1 feef.
RC from 23.5 to 23.6 feot bgs.
\\ Ri: Bedrock: Dark greenish-grey. metamorphic. GNEISS.
25 W hard. very slight weathering, joints/fractures are
moderately dipping (35 to 55 degrees), close o
W maderately close, and healed, with white calcite vein
infilling. Bucksport Formation
\ Rock Mass Oual ity
R1: Core Times (mi
X 23-5-24-6 feet 13:59)
24.6-25.6 feet (4:12)
R2 sos60 | 28:60 - RQD = 85% \ 25.6-26.6 feet (4:03)
33.60 26.6-27.6 feet (4:10)
27.6-28.6 feet (4:17)
W R2: Bedrock: Similar to R1.
30 Rock Moss Oual ity = Good
\\ R2: Core Times (min:sec)
28.6-29.6 feet (3135)
X 29-6730-6 feet (3:29)
30.6-31.6 fest (3:45)
VRY 31-6-3206 Feot (3:49)
32.6-33.6 feet (3:57)
N
110.0 -6
Bottom of Exploration af 33.6 feet below ground surface.
35
40
45
Q
Remarks:

-bgs = below existing ground surface (roadway)
~Sampler driven with 140% hommer with 30" drop

~Casing driven with 300% hammer with 16” drop
~Groundwater at 13.3 feet bgs with NW casing to 23.5 feet
—Groundwater level ot 9 feet bgs after pulling casing

Stratification Iines represent approximate boundaries between soi | typess fransitions moy be gradual.

* Water leval readings have been made of Times ond under condifions sfated. Groundwater fluetuations may oceur dus to cendifions afher

fhn those present ot the time measurements were mode.
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Boring No.: BB-BWB-101

Maine Department of Transportation |eroject:sneidon sricge (No. 5557) carries [BOr NG No.: __BB-BWB-102
s /Rock_Exploration Lo . Poors Mil | RO'Gd over Warren Brook
S01L/Rack Exploration Log Location: Belfast. Maine
US_CUSTOMARY UNITS WIN: 21666.00
Dri I ler: S-W. Cole Explorations: LLC Elevation (1.1  144.1 Auger 1D/0D: 5-inch Sol id Stem
Gperator: K. Hanscom Datum: NAVDSS Sampler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Hammer Wt./Fall: 140#/30" ond 300#/16"
Dote Start/Finish: 3/6/2017 Drilling Method: Cased Wash Boring Core Barrel: NO2 (2-inch-diameter)
Boring Location:  Sta 2+96.4. 9.5 feet Lt. Cosing 1D/0D: HW 47/4.5" Water Level*: 11.4 feet bos
Hommer Efficiency Factor: .60 Hammer Type: Automatic O Hydraulic O Rope & Cathead ®
Detinitionat R = Aok Core Sammls Sy = Peok/Remolded Fle1d Vane Undrained Shear STrength (psf] Ty = Pocket Tervans Shear Strengih (dF)
0 = Sp111 Spoon Sompls SSA = Salla Stem Auger Su1apy = Lab Vane Undrained Shear Strengtn (psf) WC = Water Content. percent
M2 = Unsuccessful Sl i+ Spoon Sable Attemot HSA = Hol low Stem Auger @ = Unconfined Camoressive Strenath tksf) LL = Liauid Limit
U = Thin vall Tube Sample RC = Roller Cone N-uncarrected = Rav Field SPT i-value PL = Plastic Limit
M = Unsuccessful Thin Nall Tube Sorple Attempt Weight of 1401b. Hammer Hommer Efficiency Factor = Rig Specific Amnual Calibration ValB = Plasticity Index
V = Field Vane Shear Test: PP = Pocket PenetrometemdR/C = Welgnt of Rods or Casing  Ngo = SPT N-uncorrected Corrected for Hammer EFficiency G = Grain Size Analysis
w = Fielg Vone Sheor Test Artemst ___WQIP = eignt of one Persan Neo = (Homer Efficiency Faotor/6D M -uncorr ected C = Consol idation Test
— Sample_[nformat ion
T - F] Laboratory
- = £ < 2 2 Testing
: 5 . g 2 - s Results/
b= 2 S 3 e o T 2 5 Visual Description and Remarks
< 8 S £ £ 2 o AASHTO
® & © 5 g 5 o b 2
£l e | : o gE558 2 celez| 5 o
a £ = Ex 66l % 5 o 9o | B& & Unified Class|
2 3 & i a2bhlh = I - i
6.5-inch—thick layer of povement.
s9A |143.6 B 0.5
o0 - Brown. moist. dense. SAND. some gravel. frace silt.
10 24/20 M 18/23/24/38 47 47 (Fith.
3.00
s 500 - Brown. moist, medium dense. SAND. |ittle gravel. little]
20 | 24718 200 15/12/9/8 21 21 | 85 silte (Filll.
73
64
61
Al
10 T0.00 - Brown, wet, dense. medium SAND. some fine gravel.
3D 2477 12200 10/14/727/11 41 41| s little silte (Fill).
53
73
42
38
15 129 BB — = — - — o 15.04
0 sasg | 15:00 - 55/23/9/14 32 32 | 15 Brown. wef. dense. GRAVEL. trace sand. frace silt. with
17.00 wood debris. (FI11).
120
131
140
125.1 .04
196
20 20,00 = Brown, wet, very denses fine SAND. some silt, some 6#271105
50 24/6 21/23/29/24 52 52 124 coarse gravel, (Glacial Till) . A-2-4y SM
22.00
We=9.1%
114
22.80 - _ 121.7 -4
i 60754 27.80 ROD = 73% ,l 8 Top of Bedrock at Elevation 121.7 feet. o1 ~ 20
W RC from 22.4 to 22.8 feet bgs. 5f poi
R1: Bedrock: Dark greenish-grey, metamorphic, GNEISS. psi
\ hard. very slight weathering. joints/fractures are
moderately dipping (35 to 55 degrees). close to
N moderately close. and healed. with white calcite vein
25 infilling. Bucksport Formation
WY Rock Mass auality = Fair
N\ R1: Core Times (minisec)
\\ 22.8-23.8 feet (5:06)
23.8-24.8 feet (4:33)
z 24.8-25.8 feet (4:28)
Re | eosgo | 2089 ROD = 55% N

32.80
\\

W

30 \

W
N

11.3

25.8-26.8 feet (4:20)
26.8-27.8 feet (3:47)

R2: Bedrock: Simiiar ta R1i except. vertical fracture
(85 fo 90 degrees) from 29 fo 30.5 feet bgs.
Buckspart Formation

Rock Mass Oual ity = Foir

R2: Core Times (min:sec)

27.8-28.8 feet (3:46)

28.8-29.8 feet (2:27)

29.8-30.8 feet (2:43)

30.8-31.8 feet (3:04)

31.8-32.8 feet (2:55)

Bottom of Exploration ot 32.8 feet below ground surac:

50
Remarks:

-bgs = below existing ground surface (bgs)
~Sampler driven with 140# hommer with 30° drop
~Casing driven with 300# hammer with 16“ drop
-Borehole coved ot 12 feet bas

Stratification Iines represent approximate boundories betwsen soil types: transitions moy be groduol .

* Nater level readings have been made of fimes ond Lnder conditions sfafed. Croundwater Fluctuations may ocour due fo conditions ofher

fhon those present ot the time measurements vere made.
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Boring No.: BB-BWB-102
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UNIFIED SOIL CLASSIFICATION SYSTEM

=T

MODIFIED BURMISTER SYSTEM
GROUP ) '
MAJOR DIVISIONS SYMBOLS TYPICAL NAMES

CO_A_R_SE— CLEAN GwW Well-graded graveis, gravel-
GRAINED | GRAVELS | GRAVELS sanc mixtures, little or no fines.
SOILS |-
{little or no GP Poorly-graded gravels, gravel
fines) sand mixtures, little or no fines.

Deécrigtive Term Portion of Tota! (%]

“trace 0-10

little 11-20

some ‘ 21-35

adjective {e.g. sandy, clayey) 36-50

TERMS DESCRIBING

GRAVEL GM Silty gravels, gravel-sand-siit

(more than half of coarse
fraction is larger than No. 4
sleve size)

DENSITY/CONSISTENCY ot

Coarse-grained soils (rhore than half of material is larger than No. 200

{liquid lirit less than 50

QL Crganic silts and organic silty
clays of low plasticity.

WITH mixtures. siave): Includes (1) clean gravels; (2} silty or clayey gravels; and (3) silty.
= FINES clayey or gravelly sands. Density is rated according to standard
28 (Appraciable GC Clayey gravels, gravel-sand-clay penetration resistance (N-value).
L z amount of . mixtures. .
28 fines) Density of Standard Penetration Resistance
E2 Cohesionless Soils N-Value (blows per foot)
28 Very loose 0-4
2:2:3 CLEAN SW Well-graded sands, gravelly Loose 5-10
Se SANDS SANDS sands, little or no fines Medium Cense 41 - 30
S2 - - Dense 31-50
E g!) g g {little ar no SP Poorly-graded sands, gravelly Very Dense > 50
=5 gc fines) sand, little or no fines.
“; g = ’ Eine-grained sgils (more than half of material is smafler than No. 200
= E g sieve): Includes (1) inorganic and organic silts and clays; (2) gravelly, sandy
£Be SANDS SM Silty sands, sand-silt mixtures or siity clays; and {3) clayey siits. Consistency is rated according to unhdrained shear
ge % WITH strength as indicated.
= FINES . Approximate
E % {Appreciable SC Clayey sands, sand-clay ‘ Undrained
g amount of mixtures. Consistency of SPT N-Value Shear Field
fines) Cohesive soils  (blows per foot)  Strength {psf) Guidslines
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 siits with Medium Stiff 5-8 500 - 1000 Thumb penetrates with

SILTS AND CLAYS slight plasticity. moderate effort
Stiff 9-15 1000 - 2000 Indented by thumb with
FINE- CL Inorganic clays of low to medium great effort
GRAINED plasticity, gravelly clays, sandy Very Stiff 16 - 30 2000 - 4500 Indented by thumbna#
SOILS clays, sfity clays, lean clays. Hard =30 aver 4000 Indented by thumbnail

with difficuity

Rock Quality Designation.{RQD):

RQD (%)= sum of the lengths of intact pieces of core* > 4 inches
lengin of core advance

MH Inarganic silts, micaceous or
digtomaceous fine sandy or

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

Carrelation of RQD to Rock Mass Quality

of
=
£g
£
‘5§ SILTS AND CLAYS silty soils, elastic sits. Rock Mass Quality RQD %
E G Very Poor ] 25
:E CH Inorganic clays of high Poor 26-50
_.::TE plasticity, fat clays. Fair 51- 75
%@ Good 76 - 90
EE {iquid Jimit greater than 50) OH Organic clays of medium to Excellent S$1-100
] high plasticity, organic silts. |Desired Rock Observations {in this order, if applicable):
Coler (Munsell color chart)
Texture (aphanitic, fine-grained, etc.)
HIGHLY ORGANIC Pt Peat and other highly organic Rock Type (granite, schist, sandstone, efc.)
SOILS soils. Hardness {very hard, hard, mod. hard, eic.)

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

Desired Soll Observations (tn this order. It applicable):

Color (Munsell celor chart}

Moisture (dry, damp, moist, wet)

Density/Consistency (from above right hand side)

Texture (fine, medium, coarse, eic.)

Name (sand, silty sand, clay, etc., including portions - trace, litile, 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, eic., )

Cementation (weak, moderate, or strong)

Geologic Crigin (till, marine clay, alluvium, etc.)

Groundwater level

Geologic discontinuitiesfjointing:
-dip (horiz - 0-5 deg., low angle - 5-35 deg., mod. dipping -
35-55 deq., steep - 55-85 deg., vertical - §5-90 deg.)
-spacing {very close - <2 inch, close - 2-12 inch, mod.
close - 1-3 feet, wide - 3-10 feet, very wide >10 feet)
-tightness (tight, open, or healed)
-infilling (grain size, color, efc.}
Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)
RQD and correlation to rock mass quality (very poor, poor, etc }
raf: ASTM D6D32 and AASHTO Standard Specification for Highway
Bridges, 17th Ed. Table 4.4.8.1.2A
Recovery (inchfinch and percentage)
Rock Caore Rate {0 ft - Y. Y ft (minsec))

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

Sample Container Labeling Requirements:
WIN * Blew Counts
Bridge Name / Town Sample Recovery
Boring Number Date
Sample Numbper Personrnel |nifiais
Sample Depth

Gctaber 2016




Maine Department of Tr ansportation Project: Sheldon Bridge (No. 5557) carries Poors Boring No.: BB-BWB-101
Soil/Rock Exploration Log Location:Mll?lleilf?g:l\(/)I\;ﬁZva"m Braok
US CUSTOMARY UNITS WIN: 21666.00
Drilling Contractor: S.W. Cole Explorations, LLC Elevation (ft.) 143.6 Auger ID/OD: 5-inch Solid Stem
Operator: K. Hanscom Datum: NAVD 88 Sampler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Hammer Wt./Fall: 140#/30" and 300#/16"
Date Start/Finish: 3/8/2017 Drilling Method: Cased Wash Boring Core Barrel: NQ2 (2-inch-diameter)
Boring Location: Sta2+74.2, 9.2 feet Rt. Casing ID/OD: HW 4"/4.5" and NW 3"/3.5" Water Level*: 13.3 feet bgs

Definitions: D = Spilt Spoon Sample
S = Sample off Auger Flights

MU = Unsuccessful Thin Wall Tube Sample Attempt
R = Rock Core Sample

WO1P = Weight of 1 Person
Sy, = Peak/Remolded Field Vane Undrained Shear Strength (psf)

-Borehole caved at 10 feet bgs

-bgs = below existing ground surface (roadway)

-Sampler driven with 140# hammer with 30" drop

-Casing driven with 300# hammer with 16" drop
-Groundwater at 13.3 feet bgs with NW casing to 23.5 feet
-Groundwater level at 9 feet bgs after pulling casing

B = Bucket Sample off Auger Flights SSA = Solid Stem Auger Sy(lab) = Lab Vane Undrained Shear Strength (psf) LL = Liquid Limit
MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger ap= Unconfined Compressive Strength (ksf) PL = Plastic Limit
U = Thin Wall Tube Sample RC = Roller Cone N-value = Raw Field SPT N-value Pl = Plasticity Index
MV = Unsuccessful Field Vane Shear Test Attempt WOH = Weight of 140lb. Hammer Ty = Pocket Torvane Shear Strength (psf) G = Grain Size Analysis
V = Field Vane Shear Test, PP= Pocket Penetrometer  WOR/C = Weight of Rods or Casing WC = Water Content, percent = = Similar or Equal too C = Consolidation Test
Sample Information
— Laboratory
R ey .
. £ = = o Testing
o = O £ < o . - Results/
- z [a > 3
£ = g - 3 < E ° - E > Visual Description and Remarks AASHTO
£ = £ I 252 _0O N -2 ¢ £ and
2| § 5 §= sggqE S| 25|55 ¢ Unified Class.
[a} %] o nE nnh5 4 om|WE| O
0 e
ssa [14327 nchthick layer of pavement ozl
Brown, moist, very dense, SAND, some gravel, trace silt, (Fill).
1D 23/20 | 1.00-2.92 31/39/38/100-5" 7
Cobble from 2.9 to 3.5 feet bgs.
[ 5 Similar to Sample 1D; except medium dense.
2D 24/16 | 5.00-7.00 22/16/12/11 28 78
54
53
81
137
[ 10 Brown, wet, medium dense, medium SAND, some fine gravel, little silt, G#271103
3D 24/8 |10.00 - 12.00 11/1112/16 23 50 (Fil. A-1-b, SM
WC=10.0%
70
193
204 Elev. approx. 130 BOF
200 Cobbles from 14.4 to 15.3 feet bgs.
- 15
4D 5/3 [15.30- 15.72 100-5" -- | oFeEN Grey, wet, Sandy GRAVEL, little silt, cobbles, (Fill).
NW 127.10 : 16.501
g Brown, wet, medium dense, medium SAND, some silt, some fine gravel, G#271104
5D 24/14 |17.00 - 19.00 16/16/14/16 30 37 (Glacial Till). A-2-4,SM
WC=10.6%
61
49
[ 20 Similar to Sample 5D.
6D 24/9 (20.00 - 22.00 10/11/12/19 23 22
30
64
R1 60/57 |23.60 - 28.60 RQD =87% 100 [120.10 {<& \\ 23.501
NQ2 S Top of Bedrock at Elevation 120.1 feet.
% RC from 23.5 to 23.6 feet bgs.
25 R1: Bedrock: Dark greenish-grey, metamorphic, GNEISS, hard, very slight
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

Boring No.: BB-BWB-101




Maine Department of Tr ansportation Project: Sheldon Bridge (No. 5557) carries Poors Boring No.: BB-BWB-101
Soil/Rock Exploration Log Location:Mll?lleilf?g:l\(/)I\;ﬁZva"m Braok
US CUSTOMARY UNITS WIN: 21666.00
Drilling Contractor: S.W. Cole Explorations, LLC Elevation (ft.) 143.6 Auger ID/OD: 5-inch Solid Stem
Operator: K. Hanscom Datum: NAVD 88 Sampler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Hammer Wt./Fall: 140#/30" and 300#/16"
Date Start/Finish: 3/8/2017 Drilling Method: Cased Wash Boring Core Barrel: NQ2 (2-inch-diameter)
Boring Location: Sta2+74.2, 9.2 feet Rt. Casing ID/OD: HW 4"/4.5" and NW 3"/3.5" Water Level*: 13.3 feet bgs

Definitions: D = Spilt Spoon Sample

S = Sample off Auger Flights

B = Bucket Sample off Auger Flights

MD = Unsuccessful Split Spoon Sample Attempt

U = Thin Wall Tube Sample

MV = Unsuccessful Field Vane Shear Test Attempt

V = Field Vane Shear Test

PP= Pocket Penetrometer

MU = Unsuccessful Thin Wall Tube Sample Attempt
R = Rock Core Sample

SSA = Solid Stem Auger

HSA = Hollow Stem Auger

RC = Roller Cone

WOH = Weight of 140lb. Hammer

WORI/C = Weight of Rods or Casing

WO1P = Weight of 1 Person

Sy, = Peak/Remolded Field Vane Undrained Shear Strength (psf)
Sy(lab) = Lab Vane Undrained Shear Strength (psf)

ap= Unconfined Compressive Strength (ksf)

N-value = Raw Field SPT N-value

Ty = Pocket Torvane Shear Strength (psf)

WC = Water Content, percent = = Similar or Equal too

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

-bgs = below existing ground surface (roadway)

-Sampler driven with 140# hammer with 30" drop

-Casing driven with 300# hammer with 16" drop
-Groundwater at 13.3 feet bgs with NW casing to 23.5 feet
-Groundwater level at 9 feet bgs after pulling casing
-Borehole caved at 10 feet bgs

Sample Information
— Laboratory
R ey .
. £ = = o Testing
o = O £ < o . - Results/
- z [a] >
£ P é ® 3 < E ° o é Z_; Visual Description and Remarks AASHTO
£l 8| ¢ | B £55<9% | T |gE|i |5 and
—~ o = > <] v~ © ifi
3| 8| & 8§ 265585 | 2 |Sa|uEl o Unified Class.
25 \\\_ weathering, joints/fractures are moderately dipping (35 to 55 degrees), close
\ N to moderately close, and healed, with white calcite vein infilling. Bucksport
Formation
\ | Rook Mass Quality = Good
Y R1: Core Times (min:sec)
N
L\} 23.6-24.6 feet (3:59)
24.6-25.6 feet (4:12)
R2 60/60 [28.60 - 33.60 RQD = 85% K \ 25.6-26.6 feet (4:03)
N 26.6-27.6 feet (4:10)
NN 27.6-28.6 fest (4:17)
) N R2: Bedrock: Similar to R1.
\ \ Rock Mass Quality = Good
\- R2: Core Times (min:sec)
NN 28.6-29.6 feet (3:35)
N 29.6-30.6 feet (3:29)
\ \Y 30.6-316 feet (3:45)
\ 316326 feet (3:49)
L\ N 32.6-33.6 feet (3:57)
110.00 -33.601
Bottom of Exploration at 33.60 feet below ground surface.
F 35
- 40
- 45
50
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
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Maine Department of Tr ansportation Project: Sheldon Bridge (No. 5557) carries Poors Boring No.: BB-BWB-102
Soil/Rock Exploration Log Location:Mll?lleilf?g:l\(/)I\;ﬁZva"m Braok
US CUSTOMARY UNITS WIN: 21666.00
Drilling Contractor: S.W. Cole Explorations, LLC Elevation (ft.) 144.1 Auger ID/OD: 5-inch Solid Stem
Operator: K. Hanscom Datum: NAVD88 Sampler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Hammer Wt./Fall: 140#/30" and 300#/16"
Date Start/Finish: 3/6/2017 Drilling Method: Cased Wash Boring Core Barrel: NQ2 (2-inch-diameter)
Boring Location: Sta2+96.4, 9.5 feet Lt. Casing ID/OD: HW 4"/4.5" Water Level*: 11.4 feet bgs

Definitions:

D = Spilt Spoon Sample

MU = Unsuccessful Thin Wall Tube Sample Attempt

WO1P = Weight of 1 Person

S = Sample off Auger Flights

B = Bucket Sample off Auger Flights

MD = Unsuccessful Split Spoon Sample Attempt
U = Thin Wall Tube Sample

MV = Unsuccessful Field Vane Shear Test Attempt

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

WOH = Weight of 140lb. Hammer

Sy, = Peak/Remolded Field Vane Undrained Shear Strength (psf)
Sy(lab) = Lab Vane Undrained Shear Strength (psf)

ap= Unconfined Compressive Strength (ksf)

N-value = Raw Field SPT N-value

Ty = Pocket Torvane Shear Strength (psf)

V = Field Vane Shear Test

PP= Pocket Penetrometer

WORI/C = Weight of Rods or Casing

WC = Water Content, percent = = Similar or Equal too

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

Sample Information

Sample Depth

(ft)

Sample No.
Pen./Rec. (in.)

Blows (/6 in.)

Shear

Strength
(psf)

or RQD (%)
N-value
Casing
Blows
Elevation

Visual Description and Remarks

Laboratory
Testing
Results/

AASHTO

and

Unified Class.

| Depth (ft.)

I
>

24/20 | 1.00- 3.00

18/23/24/38

2D 24/16 | 5.00-7.00

15/12/9/8

21 85

73

61

71

10

3D 24/7 [10.00 - 12.00

10/14/27/11

41 15

53

73

42

38

15

4D 24/9 [15.00 - 17.00

55/23/9/14

32 75

120

131

140 [
125.10¢

196

T
1§

==

S

F 20

5D 24/6  [20.00 - 22.00

21/23/29/24

o

52 124

T

N

S
G

114

cqal

SR
e g g
LRSS

AT

R1 60/54 [22.80 - 27.80

RQD = 73%

R

150
ND2

25

pEy
S

9:9.0.0.9.9.9.9.9.9, 0:0.9.9.0.9.0.9.9.9,
SIS IIIINIIIIIIIIIIIIIIIIIIIIIIIIIII NI NN

%

)
]

SERRRRRRK,

%a%"

029,000,999,
QRRRRIRI

b0,

6.5-inch-thick layer of pavement.
77777777777777777 7054,

Brown, moist, dense, SAND, some gravel, trace silt, (Fill).

Brown, moist, medium dense, SAND, little gravel, little silt, (Fill).

Brown, wet, dense, medium SAND, some fine gravel, little silt, (Fill).

Elev. approx. 130 BOF

Brown, wet, dense, GRAVEL, trace sand, trace silt, with wood debris, (Fill).

19.00{

Brown, wet, very dense, fine SAND, some silt, some coarse gravel, (Glacial
Till) .

22.401
Top of Bedrock at Elevation 121.7 feet.

RC from 22.4 to 22.8 feet bgs.

R1: Bedrock: Dark greenish-grey, metamorphic, GNEISS, hard, very slight
weathering, joints/fractures are moderately dipping (35 to 55 degrees), close
to moderately close, and healed, with white calcite vein infilling. Bucksport

G#271105

UCT gp =20,
981 psi

Remarks:

-bgs = below existing ground surface (bgs)

-Sampler driven with 140# hammer with 30" drop

-Casing driven with 300# hammer with 16" drop

-Borehole caved at 12 feet bgs

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

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

than those present at the time measurements were made.
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Boring No.: BB-BWB-102




Maine Department of Tr ansportation Project: Sheldon Bridge (No. 5557) carries Poors Boring No.: BB-BWB-102
Soil/Rock Exploration Log Location:Mll?lleilf?g:l\(/)I\;ﬁZva"m Braok
US CUSTOMARY UNITS WIN: 21666.00
Drilling Contractor: S.W. Cole Explorations, LLC Elevation (ft.) 144.1 Auger ID/OD: 5-inch Solid Stem
Operator: K. Hanscom Datum: NAVD88 Sampler: Standard Split Spoon
Logged By: N. Strout Rig Type: Diedrich D50 Hammer Wt./Fall: 140#/30" and 300#/16"
Date Start/Finish: 3/6/2017 Drilling Method: Cased Wash Boring Core Barrel: NQ2 (2-inch-diameter)
Boring Location: Sta2+96.4, 9.5 feet Lt. Casing ID/OD: HW 4"/4.5" Water Level*: 11.4 feet bgs

Definitions: D = Spilt Spoon Sample

S = Sample off Auger Flights

B = Bucket Sample off Auger Flights

MD = Unsuccessful Split Spoon Sample Attempt

U = Thin Wall Tube Sample

MV = Unsuccessful Field Vane Shear Test Attempt
V = Field Vane Shear Test

PP= Pocket Penetrometer

MU = Unsuccessful Thin Wall Tube Sample Attempt

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

WOH = Weight of 140lb. Hammer
WORI/C = Weight of Rods or Casing

WO1P = Weight of 1 Person

Sy, = Peak/Remolded Field Vane Undrained Shear Strength (psf)
Sy(lab) = Lab Vane Undrained Shear Strength (psf)

ap= Unconfined Compressive Strength (ksf)

N-value = Raw Field SPT N-value

Ty = Pocket Torvane Shear Strength (psf)

WC = Water Content, percent = = Similar or Equal too

LL = Liquid Limit

PL = Plastic Limit

PI = Plasticity Index

G = Grain Size Analysis
C = Consolidation Test

-bgs = below existing ground surface (bgs)

-Borehole caved at 12 feet bgs

-Sampler driven with 140# hammer with 30" drop
-Casing driven with 300# hammer with 16" drop

Sample Information
— Laboratory
. IS 2 = o Testing
o ~ ) £ o=
g E é E g = i, ® o -§ g Visual Description and Remarks AF;eSSﬂl.lt_Sc/)
£l 8| ¢ | B £55<9% | T |gE|i |5 _and
31 81 & | 82 | 26585 | 2 |Sa|uEl s Unified Class.
25 Formation
Rock Mass Quality = Fair
\ Y R1: Core Times (min:sec)
N 22.8-23.8 feet (5:06)
% 23.8-24.8 feet (4:33)
R2 60/60 [27.80 - 32.80 RQD = 55% 24.8-25.8 feet (4:28)
\ | 25.8-26.8 feet (4:20)
| 26.8-27.8 feet (3:47) .
\% R2: Bedrock: Similar to R1; except, vertical fracture (85 to 90 degrees) from
29 to 30.5 feet bgs.
L 30 \ Bucksport Formation
\ Rock Mass Quality = Fair
\ N R2: Core Times (min:sec)
27.8-28.8 feet (3:46)
\‘\\\‘ 28.8-29.8 feet (2:27)
| 29.8-30.8 feet (2:43)
11230 308-31.8 feet (3:04)
31.8-32.8 feet (2:55)
-32.801
Bottom of Exploration at 32.80 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.
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Boring No.: BB-BWB-102




Appendix B

Laboratory Test Results



State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): Belfast Work Number: 21666.00
Boring & Sample Station Offset Depth Reference | G.S.D.C.] W.C.J L.L. | P.I. Classification
Identification Number (Feet) (Feet) (Feet) Number Sheet % Unified | AASHTO| Frost
BB-BWB-101, 3D 2+74.2 | 9.2 Rt. | 10.0-12.0 | 271103 1 10.0 SM A-1-b Il
BB-BWB-101, 5D 2+74.2 [ 9.2Rt. | 17.0-19.0 | 271104 1 10.6 SM A-2-4 Il
BB-BWB-102, 5D 2+96.4 | 9.5Lt. | 20.0-22.0 | 271105 1 9.1 SM A-2-4 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
PI1 = Plasticity Index as determined by AASHTO 90-96 and/or ASTM D4318-98

lof1l

NP = Non Plastic
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B . )
Geolesting

EXPRESS

Client: Maine DOT

Project Name: Sheldon Bridge

Project Location: Belfast, ME

GTX #: 306175

Test Date: 3/24/2017

Tested By: trm/ric

Checked By: jsc

Boring ID: BB-BWD-102

Sample ID: R1

Depth, ft: 23.35-23.71

Sample Type: rock core

Sample Description: See photographs
Intact material and discontinuity failure

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress vs. Strain
40000 ‘ ‘
Lateral Strain Axial Strain
30000
3
e
-
g
&
g 20000 \ /
&
>
10000 ‘ /
0
-4000 -2000 0 2000 4000 6000 8000
MicroStrain
Peak Compressive Stress: 20,981 psi

One lateral strain gauge failed to record meaningful data. Poisson's Ratio reported based on results of a single lateral strain
gauge.

Stress Range, psi

Young's Modulus, psi Poisson's Ratio

2100-7700 6,730,000 0.08
7700-13300 7,370,000 0.20
13300-18800 7,320,000 0.45

Notes:

Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.
Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.
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Client: Maine DOT
/\_ Project Name: Sheldon Bridge

GQOTeStIng Project Location: Belfast, ME
EXPRESS GTX #: 306175

Test Date: 3/24/2017

Tested By: trm/rlc

Checked By: jsc

Boring ID: BB-BWD-102

Sample ID: R1

Depth, ft: 23.35-23.71

BB-BWD-102 R1 23.35-23.71 ft
g L
47 18 19 20 21 22 23 24 25 26 27 28 29 30 [[GNegh)
10 11, . 12N
TP it YT YT AR Y vy e

8 9
JdlﬁhlﬂﬂlhﬂL&d:hh|d|h|HJJH|HJ

After cutting and grinding

BB-BWD-102 R1 23.35-23.71 ft
It |n|t[uguu]n||]m||||||||||||||u|;.!|‘;=|i|||||||u|-'|su|='|=|==

8 20 21 22 23 24 25 26 27 28 29 30 [
11 i P

|'r|.'|.|I||i||i||I|IIJ.'_'.||||'|'IJ|'.'.I.I.'.'l.l.'.'.
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After break




Appendix C

Calculations



Earth Pressure



Sheldon Bridge 5557 Calculation of Earth Pressure A. Van Buskirk
Belfast 21666 November 2017
Checked by: LK 1/2018

Earth Pressure

Soil Parameters:
Assume existing material removed and replaced with material with properties similar to
Soil Type 4, MaineDOT BDG Section 3.6.1.

Unit weight ~ = 125-pcf
Internal friction angle ® = 32-deg
Cohesion c:= 0-psf

Outlet walls fixed to box - At-Rest Earth Pressure - Rankine Theory
Reference: Fang, Foundation Engineering Handbook 2nd ed. Pg. 224, Eq. 6.2
Formula for normally consolidated soils.

K, =1 —sin(})

K, = 0.47

Recommend: At-Rest Earth Pressure Coefficient, K,= 0.47

Outlet walls free to rotate - Active Earth Pressure - Rankine Theory

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 back face of wall.

For cantilver walls with horizontal backslope:
2
Ky = tan(45~deg - %)
K, =0.31

For a sloped 2H:1V backfill

B = Angle of fill slope to the horizontal B := 26.56-deg

cos(B) — \/cos( B)Z - cos(d))2
cos(8) + \ cos(B)” - cos()”

Kar_slope = cos(f3) Kar_slope =0.46

Pa is oriented at an angle of  to the vertical plane - See MaineDOT
Bridge Design Guide Figure 3-3 attached.

1 0of1
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6.1 AT-REST LATERAL PRESSURES

At-rest pressures exist in level ground, and develop under
long-term conditions as the soil is deposited and acted upon
by changes in the loading environment as caused by erosion,
glaciers, and physicochemical processes. At-rest pressures
rigorously only apply for walls that are placed into the ground
with a minimum of disturbance and that remain unmoved
during loading, or for unmoving, frictionless walls with a backfill
placed with a minimum of compactive effort. In practice such
conditions are rarely achieved. However, at-rest pressures are
still useful in design as either a baseline against which other
pressure states can be judged or as an assumed conservative
choice for the design loading.

At-rest effective lateral pressures are often assumed to follow
a linear distribution (Fig. 6.2), with the effective lateral pressure
o, taken as a simple multiple of the vertical effective pressure ¢’:

0% = Ko(0?) (6.1)

In homogeneous, dry soil with a constant K, and unit weight,
both the vertical and lateral pressures are linearly distributed.
With the presence of a water table, the at-rest pressure
distribution exhibits a break in slope at the water table,
reflecting the use of submerged unit weights to determine
vertical effective stresses (Fig. 6.2).

Our early concepts of the parameter K, were formed on the
basis of normally consolidated soils. Jaky (1944) proposed a
relationship between K, and the drained friction angle ¢’ for
normally consolidated soils:

(62

Numerous studies have confirmed the general validity of this
empirical equation (Brooker and Ireland, 1965; Mayne and
Kulhawy, 1982). However, results from laboratory experiments
and in-situ tests have shown that the K, value also varies as
a function of overconsolidation ratio (OCR) and stress history.
For the case of a soil that has been subjected to one or more
cycles of unloading, Schmidt (1966) proposed that K, can
be determined as a function of its value in the normally
consolidated state using the relationship

Koy = Ko (OCR)" (6.3)

in which K,, is the coefficient for unloading, K, is the
coefficient for the normally consolidated soil, and « is a
dimensionless coefficient. Experimental data have confirmed
this relationship, and Mayne and Kulhawy (1982) showed that,
for most soils, o can be taken as sin ¢'.

Soils that are overconsolidated and are in the process of
being reloaded pose a difficulty in that Equation 6.3 does not
apply. For this condition, a more complex equation is needed
as well as a full knowledge of the stress history of the soil
(Mayne and Kulhawy, 1982). For practical purposes, it may

TABLE 6.1 TYPICAL COEFFICIENTS OF LATERAL
EARTH PRESSURE AT REST.
Coefficient of Lateral Earth Pressure
Soil type OCR=1 OCR=2° 0OCR=5° OCR=10°
Loose sand 0.45 0.65 1.10 1.50
Medium sand 0.40 0.60 1.05 1.55
Dense sand 0.35 0.55 1.00 1.50
Silt 0.50 0.70 1.10 1.60
Lean clay, CL 0.60 0.80 1.20 1.65
Highly plastic 0.65 0.80 1.10 1.40
clay, CH

?Unloading cycle.

be enough to know that the K, during reloading falls about
halfway between that for unloading and normally consolidated
conditions. Also, K, might be directly determined through
in-situ testing methods.

Table 6.1 presents typical values for K, for a subset of soils.
For other conditions, K, values can be determined directly
from Equations 6.2 and 6.3, and/or using in-situ testing
techniques.

Because the K, value in a given soil often varies with depth,
and the soil types themselves may change with depth, the at-rest
lateral pressure distribution is typically not linear as shown
in Figure 6.2. Self-boring pressuremeter tests in clays with
overconsolidated profiles induced by desiccation have demon-
strated that the K, under such conditions decreases with depth
in the soil deposit and reaches a steady state where the
desiccation effects are no longer present (Clough and Denby,
1980).

6.2 ACTIVE AND PASSIVE LATERAL EARTH
PRESSURES

Most walls move, either by global shifting or by local
deformations. These movements cause adjustments to occur in
the earth loads and the pressure distributions. Conventional
means for assessing the effects of system movements are to set
them into the context of extreme conditions. These are referred
to as the active and passive earth pressure loadings.

6.2.1 Active Pressure

Assuming that a gravity wall with no friction on its face is
translated away from a soil mass that is initially at the at-rest
condition, then the soil mass adjacent to the wall will pass
into a failure state as shown in Figure 6.3. At this stage, the

Stress Stress
7 ]
14
|
g, |
T, ]
|3
9z
.
X
z
1] Ll
ox=Kooz ox=Kooz

Fig. 6.2 At-rest earth pressure distribution—homogeneous soil.
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Figure 3-2 Calculating 8 with Broken Backfill Surface

Rankine theory, as described in Section 3.6.5.2, may also be used for the
design of yielding walls, for a simplified analysis (at the Structural
Designer’s option). The use of Rankine theory will result in a slightly more
conservative design.

3.6.5.2 Rankine Theory

Rankine theory should be used for long-heeled cantilever walls. Refer to
AASHTO LRFD Figure C3.11.5.3-1 (a) for the definition of a long heeled
cantilever wall. For simplicity (at the Structural Designer’s option), Rankine
theory may also be used to compute lateral earth pressures on any yielding
wall listed in 3.6.5.1 Coulomb Theory, although its use will result in a slightly
more conservative design.

For these cases, interface friction between the wall backface and the
backfill is not considered. Rankine earth pressure is applied to a plane
extending vertically from the heel of the wall base, as shown in Figure 3-3.

For a horizontal backfill surface where p = 0°, the value of the coefficient of
active earth pressure (Rankine), K, may be taken as:

K,= tan2[45°—£)
2

where:

¢=  angle of internal soil friction {degrees), taken from Table 3-3.

B=  angle of backfill to the horizontal (degrees), as shown in
Figure 3-3.

For a sloped backfill surface where B > 0°, the coefficient of active earth
pressure (Rankine), K;, may be taken as:

cos 3 ——../cos2 p~cos’ ¢

K, =cos -
cosﬁ+Jcoszﬁ—cosz¢

August 2003 3-7
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Figure 3-3 Rankine Theory

The resultant earth pressure force, P,, is oriented at an angle, 3, as shown if

Figure 3-3. The resultant acts at a distance, H/3, from the base of the
footing.

For situations with a broken backfill surface, the active earth pressure
coefficient, Ka, may be determined using a B value adjusted per AASHTO

LRFD Figures 3.11.5.8 -1 through 3, or substituted with g*, as shown in
Figure 3-2.

3.6.6 Coulomb Passive Lateral Earth Pressure Coefficient

Values of the coefficient of passive lateral earth pressure, K;, may be taken

from Figures 3.11.5.4-1 and 2 in AASHTOQ LRFD or using Coulomb theory, as
shown below:

K = sin(a — ¢)°
p sing? -sin(a'+5)-(l-\/Sin(¢+§)'5in(¢+ﬂ) ]2

sin(e + &) - sin{ax + )

where:

a =  angle (degrees) of back of wall to the horizontal as shown in Figure
3-1.

¢ = angle of internal soil friction (degrees), taken from Table 3-3.

August 2003 3-8
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Belfast, Sheldon Bridge Bearing Resistance Calculation by A. Van Buskirk
21666.00 Precast Box Culvert November 2017
Checked by LK 1/2018

Objective:
Estimate the factored bearing resistance for a box culvert bearing on soil at the Service Limit State and
Strength Limit State.

1. Limited lab data
2. Soil engineering properties based on correlations to SPT N-values

Assumptions:

1. The box culvert's embedment into the streambed is conservatively assumed as 1 foot, which accounts for
the possible scouring away of 1 foot of special fill.

The one foot thick layer of proposed Granular Borrow bedding material is neglected.

The proposed bearing elevation is approximately 130 feet.

Proposed finish roadway grade elevation is approximately 143.4 feet.

Proposed precast concrete box base is 23" wide.

The subsurface conditions present at the proposed bearing elevation in the borings are representative of
the conditions for the entire site. Use design N-value of 30 bpf for the consistency of the soils encountered
at the box bearing elevation, based on BB-BWP-101 5D.

7. The bottom of the box culvert will be submerged for the structure's design life.

Ok wN

1. Estimate the factored bearing resistance at the Service Limit State:

The use of presumptive values may be used when sufficient knowledge of geological conditions at or near the
structure site exists. AASHTO LRFD Table C10.6.2.6.1-1 provides presumptive bearing resistances for spread
footings when a settlement limited bearing resistance is appropriate. For more information see NavFac DM 7.2,
May 1983, Foundations and Earth Structures, Table 1, p. 7.2-142.

Type of Bearing Material | Consistency in Place Bearing Resistance (ksf)
Ordinary Recommended
Range Value of Use

Fine to medium sand, Medium dense to
silty or clayey medium to d 4-8 5

ense
coarse sand

The lower fill unit is medium dense to dense in consistency. Recommend 5 ksf to
limit settlement to 1.0 inch for Service Limit State Loads

2. Estimate the factored bearing resistance at the Strength Limit State:

Assumed Foundation Width, Depth, and Water Surface

B = 23ft

Dy = 1.0-ft
Dy = 0-ft

N = 62.4-pcf

Total unit weight of the soil above the base slab/soil envelope

MaineDOT Bridge Design Guide p.
Yabove = 125'pCf 3-3
Soil Type 4
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Belfast, Sheldon Bridge Bearing Resistance Calculation by A. Van Buskirk
21666.00 Precast Box Culvert November 2017
Checked by LK 1/2018

Foundation soils:

Foundation soils based on BB-BWB-101 5D

~14:= 121-pcf Das, Principles of Geotechnical Eng. 7th Ed. p. 59:
Table 3.2 Dry, dense angular sand - dry unit weight

Weat = 091 Moisture content of BB-BWB-102 5D.

A g 1= ~{1d.(1 + W) Das, Principles of Geotechnical Eng. 7th Ed. p. 59:

~1 132.pef Table 3.1 Unit weight relationships
sat = ‘pc

Ndesign =30
& = 36-deg Kulhawy and Mayne, Manual on Estimating Soil Properties p.

4-15:

Cohesion  ¢:=0 Table 4-3 & Figure N vs. phi

Nominal Bearing Resistance for Strength Limit States

Reference: Munfakh, et al (2001) LRFD Article 10.6.3.1.2a
Bearing Capacity Factors (Ref: LRFD Table 10.6.3.1.2a-1)

N, = 50.6
Nq =378
Nﬁr = 56.3

Shape Factors - per LRFD Table 10.6.3.1.2a-3
assume L= 2B

L:=2-B
B Nq
Se=1+|— || —
L N.
B
Syi=1-04|—

B
S, =1+ —-tan
q L ($)

s.= 1.4 sy =0.8 sq=14

N

Groundwater Coefficients - LRFD Table 10.6.3.1.2a-2

20f3




Belfast, Sheldon Bridge Bearing Resistance Calculation by A. Van Buskirk
21666.00 Precast Box Culvert November 2017
Checked by LK 1/2018

The highest anticipated groundwater level should be used in design.

Assume groundwater, or stream elevation, will be above the invert of the structure for the entire
design life.

Cuq=5 Cyy=105 c;:=0

Load Inclination factors
No knowledge of vertical and horizontal loads at this time. Use 1.0

ie=1.0 iy = 1.0 iq:= 1.0

Depth correction factors - only used when soils above the footing bearing elevation are as competent as the
soils beneath the footing level. Otherwise 1.0

LRFD Table 10.6.3.1.2a-4

D¢
— =0
B
Therefore : dg:=1.0
Terms

Nem = Neserig

Ngm = Ng'sq'dg-ig

Naym = Nysqiy

N = 69.5 Nym =45 Ngm = 51.5

Nominal Bearing Resistance (LRFD Eq 10.6.3.1.2a-1)
n = |:C1'Ncm + PYabove'Df'qu'Cwq + O'S'PYlsat'(B'NﬂYm;'CWAJ

qy = 37.4-ksf
Factored Bearing Resistance

by = 045

r = dn' Py

Recommend a limiting value for the factored bearing resistance of 16.8 ksf or 8.4 tsf, for box
bottom slabs 23 ft or greater on compacted granular fill.

30of3
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3.4 Construction Loads
The construction live load to be used for constructibility checks is 50 psf applied

over the entire deck area. Consideration should be given to slab placement
sequence for calculation of maximum force effects.

3.5 Railroad Loads

Railroad bridges should be designed according to the latest American Railroad
Engineering and Maintenance-of-Way Association specifications (AREMA,
2002), with the Cooper live loading as determined by the railroad company.

3.6 Earth Loads

3.6.1 General

Earth pressures considered for wall and substructure design must use the
appropriate soil weight shown in Table 3-3.

Table 3-3 Material Classification

Interface
internal | Soil Total | S0 °F | Eriction,
. ) Friction,
Soil | Soil Description Angle of Unit tan & Angle,
Type P Friction Weight Coall'lr::re,te Concrete
of Soil, § (pcf) to Soil io ?o:l
Very loose to loose silty sand and gravel
Very loose to loose sand 0% 0
1 Very loose to medium density sandy silt 29 100 0.35 19
Stiff to very stiff clay or clayey silt
Medium density silty sand and gravel
2 | Medium density to dense sand 33° 120 0.40 22°
Dense to very dense sandy silt
Dense to very dense silty sand and
3 gravel 36° 130 0.45 24°
Very dense sand
Granular underwater backfill o 0
4 Granular borrow 32 125 0.45 ‘_24
5 | Gravel Borrow 36° 135 0.50 27°

* The value given for the internal angle of friction (¢) for stiff to very stiff silty

clay or clayey silt should be used with caution due to the large possible
variation with different moisture contents.

August 2003
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Das, Principles of Geotechnical Engineering 7th ed.

Various Unit-Weight Relationships

3.4 Various Unit-Weight Relationships 59

In Sections 3.2 and 3.3, we derived the fundamental relationships for the moist unit weight,
dry unit weight, and saturated unit weight of soil. Several other forms of relationships that
can be obtained for vy, y,, and vy, are given in Table 3.1. Some typical values of void ratio,
moisture content in a saturated condition, and dry unit weight for soils in a natural state
are given in Table 3.2.

Table 3.1 Various Forms of Relationships for vy, y,, and vy,

Moist unit weight (y)

Dry unit weight (y,)

Saturated unit weight (y,,)

Given Relationship Given Relationship Given Relationship
w. G (1 + w)Gsyw Y (Gs + e)’)’w
bl 5 e - ) w -
1 +e Y 1 +w G 1+e
(Gs + 56)7711 Gs'}’w GS, n [(1 - I’l)G + n]y
S, G, e —_— G, e PR
1+e L +e G (1+wsat>
G (1 + w)Gyy, G, n Gyyo(l —n) o Wea 1 + w,G, Y
v G wG, Gov L+ e,
G,w,S — A e, w Y
1+ <WGS> o W /\ 1+e )
w,Gon Gyl = n)(1 + w) s " n(l + w)
N, Wey - )
S, Gs’ n Gsyw(l - n) + nS’Y’w e, w S eS‘yw t Wsat m
T (1 +e)w p
Yo Yar € Ya T (1 n e)vw
Vsat» € Vsat — 1+e
Yar 1 Ya + Yo
Ysar 1 Ysat — MY 1
(7sat - y?u)Gs Yar S <1 - G>yd * Yo
Ysatr Gs TG -1 s
( s ) Ya» Weat yd(l + wsat) |
Table 3.2 Void Ratio, Moisture Content, and Dry Unit Weight
for Some Typical Soils in a Natural State
Natural moisture
content in a Dry unit weight, y,
Void saturated
Type of soil ratio, e state (%) Ib /ft® kN/m?3
Loose uniform sand 0.8 30 92 14.5
Dense uniform sand 0.45 16 115 18
Loose angular-grained
silty sand 0.65 25 102 16
Dense angular-grained
silty sand 0.4 15 121 19
Stiff clay 0.6 21 108 17
Soft clay 0.9-14 30-50 73-93 11.5-14.5
Loess 0.9 25 86 13.5
Soft organic clay 2.5-3.2 90-120 38-51 6-8
Glacial till 0.3 10 134 21
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Kulhawy, Mayne, EPRI EL-6800: Manual on
Estimating Soil Properties for Foundation Design

Table 4-3

N VERSUS ¢y RELATIONSHIPS

Approximate 4-:13: (degrees)

N Value Relative
(lows/ft or 305 mm) Density (a) (b)
0 wa very loose < 28 < 30
4 to 10 loose 28 to 30 30 to 35
10 to 30 medium 30 to 36 35 to 40
30 to 50 dense 36 to 41 40 to 45
> 50 very dense > 41 > 45
a - Source: Peck, Hanson, and Thormburn (12), p. 310.
b - Source: Meyerhof (13), p. 17.
'é (0]
_gun
S3 20
= 36 degrees
& a0
oy u
z
=,
£ 60
28° Sz 36° 40° 44°

Friction Angle, Py,
Figure 4-12. N versus gm

Source: Peck, Hanson, and Thormburn (12), p. 310.

can be approximated as follows:

$te = tanl [0.1 + 0.38 log (qe/Gvo)]

(4-12)

Adjustments to this figure and equation for soils of different compressibility and

stress history should be made as described in Section 2.
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SECTION 10: FOUNDATIONS

10-71

(+1)

i =1- H
! V+cBLeotd,)

(10.6.3.1.2a-8)

n=[2+L/BY/(1+L/B)cos’ 0
+ [(2+B/L)/{(1+B/L)]sin" 0

(10.6.3.1.2a-9)

where:

B = footing width (ft)

L = footing length (ft)

H = unfactored horizontal load (kips)

¥V = unfactored vertical load (kips)

8 = projected direction of foad in the plane of the

footing, measured from the side of length L
{degrees)

It should further be noted that the resistance factors
provided in Article 10.5.5.2.2 were derived for vertical
toads. The applicability of these resistance factors to
design of footings resisting inclined load combinations
1s not cwrently known. The combination of the
resistance factors and the load inclination factors may be
overly conservative for footings with an embedment of
approximately Dr /B = 1 or deeper because the load
inclination factors were derived for footings without
embedment.

In practice, therefore, for footings with modest
embedment, consideration may be given to omission of
the load inclination factors.

Figure C10.6.3.1.2a-1 shows the convention for
determining the 6 angle in Eq. 10.6.3.1.2a-9.

Figure C10.6.3.1.2a-1—Inclined Loading Conventions

Table 10.6.3.1.2a-1—Bearing Capacity Factors N, (Prandtl, 1921), Nq (Reissner, 1924), and N, (Vesic, 1975)

or Nc Ng N, d)f Nc Nq Ny
0 5.14 1.0 0.0 23 18.1 8.7 8.2
1 24 1.1 0.1 24 19.3 9.6 9.4
2 5.6 1.2 0.2 25 20.7 10.7 10.9
3 59 L3 0.2 26 223 11.9 12.5
4 6.2 14 0.3 27 23.9 13.2 i4.5
5 6.5 1.6 0.5 28 25.8 14.7 16.7
6 6.8 1.7 0.6 29 27.9 16.4 19.3
7 7.2 1.9 0.7 30 30.1 18.4 22.4
8 7.5 2.1 0.9 31 32.7 20.6 26.0
9 7.9 23 1.0 32 355 232 30.2
10 8.4 2.5 1.2 33 38.6 26.1 352
11 8.8 2.7 i4 34 422 29.4 41.1
12 9.3 3.0 1.7 35 46.1 33.3 48.0
i3 9.8 3.3 2.0 36 50.6 37.8 56.3
14 10.4 3.6 23 37 35.6 42.9 66.2
15 11.0 3.9 2.7 38 61.4 48.9 78.0
16 11.6 4.3 3.1 39 67.9 56.0 923
17 12.3 4.8 35 40 75.3 64.2 109.4
18 13.] 53 4.1 41 33.9 73.9 130.2
19 139 5.8 4.7 42 93.7 854 155.6
20 14.8 6.4 5.4 43 105.1 99.0 186.5
21 I5.8 7.1 6.2 44 118.4 1153 2246
22 16.9 7.8 7.1 45 133.9 1349 271.8
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Belfast, Sheldon Bridge 5557 Modulus of Subgrade Reaction A. Van Buskirk
21666.00 November 2017
Checked by: LK 1/2018

Objective:
Estimate the modulus of subgrade reaction for the box culvert design

1. Limited lab data

Assumptions:

1. The proposed bearing elevation is approximately 130 feet.

2. Proposed finish roadway grade elevation is approximately 143.4 feet.

3. Proposed precast concrete box is 23.0 feet wide and 63.0 feet long (excluding slab connecting
wingwalls).

4. The subsurface conditions present at the proposed bearing elevation in the borings are
representative of the conditions for the entire site.

5. The bottom of the box culvert will be submerged for the structure's design life.

Estimate the subgrade modulus for the precast box culvert

Published values of subgrade modulus in submerged, medium dense, sand:

Bowles Foundation Analysis and Design, 5th ed. Table 9-1:
Range of modulus of subgrade reaction
Medium dense sand: kg = 35 - 295 pci

FHWA Geotechnical Engineering Circular (GEC) No. 6, Figure 8-3:
Range of modulus of subgrade reaction

Medium dense submerged coarse-grained soils: K, ,, 75 - 133 pci

v1
Das Principles of Foundation Engineering, 7th ed. Table 6.2:
Typical subgrade reaction values for 0.3 m x 0.3 m plate
Saturated medium dense sand: k 5 (k;) = 129-147 pci

Terzaghi Geotechnique, Vol. 5, No. 4, Table 1:
Values of vertical subgrade reaction for 1 ft x 1 ft plate on sand
Submerged sand, proposed: kg, = 92 pci

Many of the published ranges are wide or are unconservative for use in design. Use Terzaghi's
recommended value, kg, = 92 pci for a 1 ft x 1 ft plate and adjust to the dimensions of the box

culvert base. (Width B - 23 ft, Length L = 63 ft)

Square to rectangle base adjustment:

kgp == 133pci  B:=23.0ft L:=63.0ft Das, Principles of

Foundation Engineering,
ksl.[l s 0.5(5)} 7th Ed., Eqn. 6.44
k:= L

1.5

k = 105-pci
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B = FOOTING WIDTH SHALLOW FOOTINGS D = B
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z?'
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NOTES: I. NONPLASTIC SILT IS ANALYZED AS COARSE-GRAINED SOIL WITH MODULUS OF
ELASTICITY INCREASING LINEARLY WITH DEPTH.

2. VALUES OF K,, SHOWN FOR COARSE-GRAINED SOILS APPLY TO DRY OR MOIST MATERIAL
WITH THE GROUNDWATER LEVEL AT A DEPTH OF AT LEAST 1.5B BELOW BASE OF FOOTING.
F GROUNDWATER IS AT BASE OF FOOTING, USE Ky,/2 IN COMPUTING SETTLEMENT

Figure 8-3: Modulus of Subgrade Reaction (NAVFAC, 1986a)
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312 Chapter 6: Mat Foundations Das, Priciples of Foundation Engineering 7th Ed.

Equation (6.44) indicates that the value of k for a very long foundation with a width B is
approximately 0.67k g p).

The modulus of elasticity of granular soils increases with depth. Because the settle-
ment of a foundation depends on the modulus of elasticity, the value of k increases with
the depth of the foundation.

Table 6.2 provides typical ranges of values for the coefficient of subgrade reaction,
ky;(k,), for sandy and clayey soils.

For long beams, Vesic (1961) proposed an equation for estimating subgrade reaction,

namely,
12 ESB4 Es
k' = Bk = 0.65 E— 5
Eplp 1 — ug
or
k= o5 BB __E (6.45)
‘ Eplp B(1 — p3) '

where

E, = modulus of elasticity of soil

= foundation width

E; = modulus of elasticity of foundation material

I = moment of inertia of the cross section of the foundation

ol
|

1, = Poisson’s ratio of soil
MN 1Ib 2248091b 1 m? o4 ilb 1MN
_ # —_ —_— =
m* in® 1NN 61024 in? in® M3
Table 6.2 Typical Subgrade Reaction
Values, ko5(k;)
ko 3lkq) :
Soil type MIN/m? pcl
Dry or moist sand:
Loose 8-25 29-92
Medium 25-125 92 - 461
Dense 125-375 461 - 1382
Saturated sand:
Loose 10—15 37 -55
Medium 35-40 129 - 147
Dense 130-150 478 - 553
Clay:
Stiff 10-25 37-92
Very stiff 25-50 92 -184

Hard >50 > 184
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:the bending moments in piles which are acted upon by horizontal forces above the ground‘_:i
surface (Cummings, 1937) and of those in core-walls of earth- and rock-fill dams (Lofquis,
1951). ‘ .

Attempts have also been made to apply the theories to the solution of bulkhead problems
(Rifaat, 1935). Baumann (1935) used them for estimating the stresses in an anchored bulk-
head which had failed. Quite recently Blum (1951) proposed a procedure for the design of
anchored bulkheads by means of the theory of horizontal subgrade reaction. All these
investigations and design procedures were based on the tacit assumption that K’y in equation
(15) is identical with the coefficient of active earth pressure K,.. The error due to this assump-
tion may be quite important. :

K. TERZAGHI

EVALUATION OF COEFFICIENTS OF SUBGRADE REACTION

General procedure i s
The numerical values of the coefficients of subgrade reaction %; and % required for the ~
solution of engineering problems can either be estimated on the basis of published observa-
tional data or else they can be derived from the results of field tests to be performed on the
subgrade of the proposed structure. For practical purposes, rough estimates of these values
fully serve their purpose. :

Vertical subgrade veaction

As a basis for estimating the coefficient of subgrade reaction %, for beams and slabs, the
value E,; for a square plate with a width of 1 {t has been selected, because this value can, if
necessary, be determined by averaging the results of several loading tests in the field, at the .
site of the structure. e

If the subgrade consists of cohesionless or slightly cohesive sand, k, can be estimated on-"
the basis of the empirical values of &y given in Table 1. The density-category of the sand can
be ascertained by means of a standard penetration test or othe} i%c‘g}venient means. The-;
greatest error on the unsafe side results from using the proposed valte in the case of medium
sand if its real value is equal to the lower limiting value of 60 tons/cu.-{t. 3

Table 1.

Values of E;l in tons/cu. it for square plates, 1 £t X 1 it, or
beams 1 ft wide, resting on sand

-

/ Relative density of sand . ‘ Loose Medium ; Dense
Dry or moist sand, limiting values for E_“ 20-60 0-300 | 300-1,000
Dry or moist sand, proposed values 40 130 300
Submerged sand, proposed values 25 300

|

In order to investigate the influence of such an error on the results of the computation
of the bending moments in a beam, the maximum bending moment My, in the beam shown
in Fig. 1 was computed on the basis of both the assumed and the real value of £, for the
supporting sand. The value of My, for this beam is determined by equation (4). Itwas ..
found that the moment computed by means of the proposed value exceeds the actual bending
moment by not more than about 5%, :

Once ihe value £y has been selected, the value of A, to be used in the solution of a given

1ft3

lb o] 2000 b
1ton 1728 in°

EVAL

problem can be cor
headings. Expericn
sand is roughly equ:
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equation (8) 1
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Method 1:

The unit of k is kN/m>. The value of the coefficient of subgrade reaction is not a constant
for a given soil, but rather depends on several factors, such as the length L and width B of
the foundation and also the depth of embedment of the foundation. A comprehensive study
by Terzaghi (1955) of the parameters affecting the coefficient of subgrade reaction indi-
cated that the value of the coefficient decreases with the width of the foundation. In the
field, load tests can be carried out by means of square plates measuring 0.3 m X 0.3 m,
and values of k can be calculated. The value of k can be related to large foundations mea-
suring B X B in the following ways:

Foundations on Sandy Soils

For foundations on sandy soils,

B+ 03\*

where k5 and k = coefficients of subgrade reaction of foundations measuring 0.3 m X 0.3 m
and B (m) X B(m), respectively (unit is kN/m’).

Foundations on Clays

For foundations on clays,

(6.43)

K(KN/m®) = ks (KN/m’) [0'3 (m)]

B(m)

The definitions of k and k ;3 in Eq. (6.43) are the same as in Eq. (6.42).

For rectangular foundations having dimensions of B X L (for similar soil and ¢),

B

k = 15 (6.44)

where

k = coefficient of subgrade modulus of the rectangular foundation (L X B)
k(pxp = coefficient of subgrade modulus of a square foundation having dimension
of BX B
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Belfast Frost Penetration Analysis
21666.00

A. Van Buskirk
October 2017
LK 1/2018

Method 1 - MaineDOT Design Freezing Index (DFI) Map and Depth of Frost Penetration Table,

BDG Section 5.2.1.

From Design Freezing Index Map: Belfast, Maine
Case 1 - coarse grained granular fill soils W=10%

DFI; := 1400 d;:=79.2-in
DFI, := 1500 d, := 82.1in
Approximate DFI at project = 1450 find frost depth by interpolation:
DFI; := 1450
DFI; — DFI,)-(d, — d,
dy= d + ( 1 ) ds = 80.7-in
(DFL, - DFL))
Depth of Frost Penetration d; =6.7-ft

Method 2 - ModBerg Software

Examine foundations placed on coarse grained fill soils

-— ModBerg Results —

Project Location: Belfast, Maine

Air Design Freezing Index = 1188 F-days
N-Factor = 0.80

Surface Design Freezing Index = 950 F-days
Mean Annual Temperature = 455degF

Design Length of Freezing Season = 118 days

Layer
# Type t wd% d Cf Cu Kf Ku L

1-Coarse 49210.0105.0 23 28 1.1 1.0 1,512

t = Layer thickness, in inches.

w% = Moisture content, in percentage of dry density.

d = Dry density, in Ibs/cubic ft.

Cf = Heat Capacity of frozen phase, in BTU/(cubic ft degree F).
Cu = Heat Capacity of thawed phase, in BTU/(cubic ft degree F).
Kf = Thermal conductivity in frozen phase, in BTU/(ft hr degree).
Ku = Thermal conductivity in thawed phase, in BTU/(ft hr degree).
L = Latent heat of fusion, in BTU / cubic ft.

AEAEAHEATNARNITATATNANAETATAERNAANTNTNERTNNNETEET TN NN LN NEhd

Total Depth of Frost Penetration =4 10 ft = 49 2 |n

IRecommendatlon 6.7 feet for de51gn of foundations constructed on coarse grained soils

1 0of1
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Figure 5-1 Maine Design Freezing Index Map
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CHAPTER 5 - SUBSTRUCTURES

5.2 General

5.2.1 Frost

Any foundation placed on seasonally frozen soils must be embedded below
the depth of frost penetration to provide adequate frost protection and to
minimize the potential for freeze/thaw movements. Fine-grained soils with low
cohesion tend to be most frost susceptible. Soils containing a high percentage
of particles smaller than the No. 200 sieve also tend to promote frost
penetration. ‘

In order to estimate the depth of frost penetration at a site, Table 5-1 has been
developed using the Modified Berggren equation and Figure 5-1 Maine Design
Freezing Index Map. The use of Table 5-1 assumes site specific, uniform soil
conditions where the Geotechnical Designer has evaluated subsurface
conditions. Coarse-grained soils are defined as soils with sand as the major
constituent. Fine-grained soils are those having silt and/or clay as the major
constituent. [f the make-up of the soil is not easily discerned, consult the
Geotechnical Designer for assistance. in the event that specific site soil
conditions vary, the depth of frost penetration should be calculated by the
Geotechnical Designer.

Table 5-1 Depth of Frost Penetration

Design Frost Penetration (in)
Freezing Coarse Grained Fine Grained
Index | w=10% | w=20% | w=30% | w=10% | w=20% | w=30%
1000 66.3 55.0 47.5 47 1 40.7 36.9
1100 69.8 57.8 49.8 49.6 42.7 38.7
1200 73.1 60.4 52.0 51.9 447 40.5
1300 76.3 63.0 54.3 54.2 46.6 42.2
Interpolate, 1400 79.2 65.5 56.4 56.3 48.5 43.9
Design Freezing ~ ~ ~ ~|~ ~ 1500 ~ 1| 82.1 67.9 58.4 58.3 50.2 454
Index = 1450 1600 84.8 70.2 60.3 60.2 51.9 46.9
Frost Penetration = 80.7) 1700 87.5 72.4 62.2 62.2 53.5 48.4
1800 90.1 74.5 64.0 64.0 55.1 49.8
1900 92.6 76.6 65.7 65.8 56.7 51.1
2000 95.1 78.7 67.5 67.6 58.2 52.5
2100 97.6 80.7 69.2 69.3 59.7 53.8
2200 100.0 82.6 70.8 71.0 61.1 55.1
2300 102.3 84.5 724 72.7 62.5 56.4
2400 104.6 86.4 74.0 74.3 63.9 57.6
2500 106.9 88.2 75.6 75.9 65.2 58.8
2600 109.1 89.9 77.1 77.5 66.5 60.0

March 2014 5-3
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