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1.0 INTRODUCTION 
 
The purpose of this Geotechnical Design Report is to present subsurface information and provide 
geotechnical design recommendations for the replacement of Williams #1 Bridge, which carries  
State Route 156 over Williams Brook in Farmington, Maine. This report presents the subsurface 
information obtained at the site during the subsurface investigation, foundation design 
recommendations, and geotechnical parameters for design of the new bridge structure. 
 
The existing structure was constructed in 1954 and consists of 20-foot span corrugated steel plate 
arch approximately 64 feet in length set on timber grillage. The previous structure (1931) was a 
timber bridge on granite stone crib abutments. According to the 2017 Maine Department of 
Transportation (MaineDOT) Bridge Inspection Report, the culvert is rated 4 (poor condition). 
The steel arch has corroded and shows scaling 1 foot above and below the waterline. There is 
minor section loss at the edges at the upstream ends. The structure has a NBI Sufficiency Rating 
of 70.0. The structure is due for full replacement in the 17/18/19 Workplan. 
 
The proposed replacement structure will be a 24-foot span by 11-foot rise precast concrete box. 
The concrete box culvert will have 1-foot tall precast headwalls and toe walls. The upstream and 
downstream ends of the culvert will be slope-tapered to match the 1.75H:V (horizontal:vertical) 
sideslopes. The box culvert will be installed approximately 3 feet into the streambed and 2 feet 
of special fill will be placed inside the bottom of the culvert to create a natural streambed. The 
box shall be installed on a 2-foot-thick layer of crushed stone that is reinforced with geogrid and 
wrapped in stabilization/reinforcement geotextile placed on the native soil subgrade. 
 
The new box culvert will be located on approximately the same horizontal and vertical alignment 
as the existing plate arch. The bridge replacement project will occur during a short bridge closure 
of approximately 30 days with a detour on state aid roads. 
 
2.0 GEOLOGIC SETTING 
 
Williams #1 Bridge carries State Route 156 over Williams Brook approximately .19 mile 
southeast of the Wilton town line, as shown on Sheet 1 – Location Map. 
 
The Maine Geological Survey (MGS) Reconnaissance Surficial Geology of the Farmington 
Quadrangle, Open File No. 86-29 (1986) indicates the surficial soil unit in the vicinity of the 
bridge is glacial stream deposits, which consist of sand and gravel, and are commonly buried by 
glaciomarine deposits. The glacial stream deposits have contacts to glacial till. Glacial till 
includes two varieties: basal till and ablation till. Basal till is typically fine grained and very 
compact with low permeability and poor drainage. Ablation till is typically loose, sandy, and 
stony with moderate permeability and fair to good drainage.  
   
The MGS Reconnaissance Bedrock Geology of the Farmington Quadrangle, Open-File No. 78-
16 (1978) cites the bedrock at the project site as the Anasagunticook Member of the Sangerville 
Formation, consisting of thinly interlaminated grey metasiltstone and dark grey metapelite and 
to a lesser extent, light grey, calcareous greywacke metasandstone bedded with grey 
metasiltstone and dark grey metapelite. 
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3.0 SUBSURFACE INVESTIGATION 

 
Two borings were drilled at the site: BB-FWB-101 was drilled west of the existing steel arch and 
boring BB-FWB-102 was drilled east of the structure, both in the westbound lane. The boring 
locations are shown on Sheet 2 – Boring Location Plan and Interpretive Subsurface Profile. 
 
Northern Test Boring (NTB) of Gorham, Maine, drilled the borings on February 15 and 16, 2018. 
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 
3 – Boring Logs. 
 
The borings were performed using solid stem auger and cased wash boring techniques. Soil 
samples were typically obtained 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 sum of the blows for the second and third 
intervals is the N-value, or standard penetration resistance. The NTB drill rig is equipped with an 
automatic hammer to drive the split spoon. The hammer was calibrated per ASTM D4633 
“Standard Test Method for Energy Measurement for Dynamic Penetrometers” prior to the 
borings in June 2017. All N-values discussed in this report are corrected values computed by 
applying an average energy transfer of 0.977 for both borings. The hammer efficiency factor 
(0.977) and both the raw field N-value and corrected N-value (N60) are shown on the boring logs.  
 
A MaineDOT geotechnical engineer logged the subsurface conditions encountered. The 
MaineDOT geotechnical engineer selected the boring locations and drilling methods, designated 
type and depth of sampling techniques, reviewed boring logs and identified field testing 
requirements. The borings were located in the field using taped measurements at the completion 
of the drilling program. 
 
4.0 LABORATORY TESTING 
 
A laboratory testing program was conducted on selected soil samples recovered from the borings 
to assist in soil classification, evaluation of engineering properties of the soils, and geologic 
assessment of the project site. Laboratory testing consisted of four standard grain size analyses 
with natural water contents, six grain size analyses with hydrometer, and six Atterberg limits 
tests. The results of soil tests are included as Appendix B – Laboratory Test Results. Moisture 
content information and other soil test results are also shown on the boring logs provided in 
Appendix A – Boring Logs. 
 
5.0 SUBSURFACE CONDITIONS 
 
Subsurface conditions encountered generally consisted of Fill, Stream Alluvium, 
Glaciomarine Clayey Silt, and Glacial Till. 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: 
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5.1 Fill 

 
A layer of fill was encountered in both borings. The thickness of the fill unit encountered was 
approximately 10 to 14 feet at the boring locations. The unit encountered generally consisted of: 
 

 Brown, damp, sand, some gravel, trace to little silt; 
 Brown, dry, fine to medium sand, trace silt, trace gravel; 
 Brown, moist, sandy silt, trace gravel.  

 
SPT N60-values in the layer ranged from 7 to 55 blows per foot (bpf), indicating the layer is 
medium stiff to very dense in consistency. Grain size analyses conducted on samples of the fill 
indicate the soil is classified as A-1-b and A-4 under the AASHTO Soil Classification System 
and SW-SM and CL under the Unified Soil Classification System (USCS). The natural water 
contents of the samples tested ranged from approximately 7 to 24 percent. 
 

5.2 Stream Alluvium 
 
A deposit of stream alluvium was encountered beneath the fill in boring BB-FWB-102. The 
thickness of the alluvial deposit encountered was approximately 5 feet at the boring location. The 
alluvial deposit encountered generally consisted of: 
 

 Brown, wet, silty fine sand, trace organics. 
 
A SPT N60-value in the alluvial deposit was 5 bpf indicating the soil is loose in consistency. 
 

5.3 Glaciomarine Deposit 
 
A glaciomarine deposit of clayey silt was encountered below the fill unit in BB-FWB-101 and 
below the stream alluvium in BB-FWB-102. The thickness of the deposit encountered was 
approximately 3 to 6 feet at the boring locations. The glaciomarine deposit encountered generally 
consisted of: 
 

 Grey, wet, clayey silt, trace sand; 
 Grey, wet, silt, some clay, trace sand, trace gravel.  

 
SPT N60-values in the layer ranged from 2 to 7 bpf, indicating the layer is soft to medium stiff in 
consistency. The remainder of SPT tests were conducted through soils disturbed by in-situ vane 
shear tests and therefore are invalid.  
 
Grain size analyses with hydrometer conducted on samples from the clayey silt deposit resulted 
in the material being classified as A-4 under the AASHTO Soil Classification System and ML 
and CL under the USCS. The natural water contents of the samples tested ranged from 
approximately 33 to 38 percent. 
 
In-situ vane shear tests were conducted with Geonor rectangular vanes in the clayey silt deposit. 
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A 55 x 110 mm vane was used. Occasionally vane shear tests could not be completed because 
the vane was unable to be pushed by hand to test depth; this is noted on the boring logs. Three of 
six successful vane shear tests conducted within the clayey silt layers measured undisturbed 
undrained shear strengths ranging from approximately 491 to 737, indicating the soil is soft to 
medium stiff in consistency. The remolded shear strengths at the test intervals ranged from 
approximately 89 to 156 psf. Based on the ratio of peak to remolded shear strength at all test 
intervals, the clayey silt has a sensitivity of approximately 5 and is classified as medium sensitive. 
 
Atterberg limits tests were conducted on six samples of the silty clay. Four of the tests resulted 
in the samples being classified as non-plastic. The results of the other two tests are summarized 
in Table 1: 
 

Boring No. and 
Sample No. 

Soil 
Description 

Water 
Content 

(%) 

Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Liquidity 
Index 

BB-FWB-101, 3D Clayey SILT 38.0 33 24 9 1.6 

BB-FWB-102, 4D Clayey SILT 38.0 32 23 9 1.7 

 

Table 1 – Atterberg Limits Test Results 
 
The plasticity indices of the samples indicate that the soil has medium plasticity (Burmister, 1949). 
The liquidity indices were 1.6 and 1.7.  Soils with liquidity indices in excess of 1 are on the verge 
of being a viscous liquid as the natural water content exceeds the liquid limit. Soils with liquidity 
indices in excess of 1 also have a high liquefaction potential. It can be inferred that overburden 
pressure and interparticle cementation are providing stability for these soils. Under these 
conditions the slightest disturbance causing remolding and has the potential to convert this type of 
soil deposit into a liquid. Liquidity index values greater than or equal to 1 are also indicative of 
soils that are unconsolidated and are commonly referred to as “quick.” 
 

5.4 Glacial Till 
 
Glacial till was encountered beneath the glaciomarine layer in both borings. The glacial till 
deposit encountered generally consisted of: 
 

 Grey, moist to wet, silt, little to some sand, trace to little gravel, trace to little clay; 
 Grey, wet, silty fine to medium sand, trace to little gravel; 
 Grey, moist, fine sandy silt; 
 Grey, wet, sandy silt, little gravel, wood fibers. 

 
SPT N60-values in the layer ranged from 7 to 116 bpf, indicating the layer is loose to very dense 
in consistency. Grain size analyses conducted on samples from the glacial till indicated the 
material is classified as A-4 under the AASHTO Soil Classification System and CL under the 
USCS. The natural water contents of the samples tested ranged from approximately 11 to 15 
percent. Both borings were terminated in the glacial till at a depth of 52 feet bgs without 
encountering bedrock. 
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5.5 Groundwater 

 
Groundwater elevations were recorded at 10.0 feet and 11.6 feet bgs in the boreholes 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 FOUNDATION 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: 
 

 A 24-foot span precast concrete box; 
 A 55-foot single span integral abutment bridge on H-piles driven to bedrock. 

 
A 24-foot span precast concrete box culvert has the advantages of efficiency of installation, low 
maintenance and low lifecycle costs. The precast concrete box culvert was chosen as the preferred 
alternative.  
 
7.0 GEOTECHNICAL DESIGN RECOMMENDATIONS 

 
7.1 Precast Concrete Box Culvert Design and Construction 

 
The proposed replacement structure will consist of a 24-foot span by 11-foot rise precast concrete 
box culvert with slope-tapered inlet and outlet walls. The box culvert will have 1 foot tall precast 
headwalls. To prevent undermining, the box culvert will have inlet and outlet toe walls and riprap 
aprons. The bottom slab of the box culvert will be embedded approximately 2 feet into the 
streambed and 2 feet of engineered streambed material will be placed inside the culvert to create 
a natural streambed. The riprap apron should be embedded into the streambed and covered with 
the engineered streambed material to provide continuity of the natural streambed. 
 
The box culvert will be constructed on an 18-inch thick layer of crushed stone reinforced with 
geogrid and wrapped in stabilization/reinforcement geotextile. An additional 6-inches of 
compacted bedding stone shall be placed on top of the geotextile-wrapped stone to facilitate 
sliding and fitting of precast box segments. Once the soil subgrade is prepared for the crushed 
stone mat construction, the stabilization/reinforcement geotextile should be hand-deployed on the 
prepared soil subgrade prior to installing the geogrid-reinforced stone mat.  Crushed stone shall 
meet the requirements of MaineDOT Standard Specification 703.22 – Type Underdrain Backfill 
material. The crushed stone shall be placed in maximum 8-inch thick lifts and each lift compacted 
with at least 4 passes of a walk-behind vibrator-type compactor (method of compaction 
approximating 97 percent of AASHTO T-108 maximum dry density). 
 
The geotextile shall meet Class 1 Stabilization/Reinforcement Geotextile meeting MaineDOT 
Standard Specification 722.01. Adjoining sections of the stabilization geotextile should be 
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overlapped by a minimum of 1 foot. 
 
Precast concrete box culverts are typically supplier-designed and are detailed on the contract 
plans with only basic layout and required hydraulic opening. The manufacturer selected by the 
Contractor is responsible for the design of the structure including determination of wall thickness, 
haunch thickness, and reinforcement. The design shall be in accordance with MaineDOT 
Standard Specification 534 – Precast Structural Concrete, MaineDOT Bridge Design Guide 
(BDG) Section 8 – Buried Structures, and American Association of State Highway and 
Transportation Officials (AASHTO) Load Resistance and Factor Design Bridge Design 
Specifications, 8th Edition, 2017 (LRFD). 
 
The loading specified for the design of the box culvert shall be Modified HL-93 Strength I, which 
increases the HS-20 design truck wheel loads by a factor of 1.25. The precast concrete box culvert 
shall be designed for all relevant strength and service limit states and load combinations specified 
in LRFD Article 3.4.1 and LRFD Section 12. The design should use Soil Type 4 as presented in 
the MaineDOT BDG Section 3.6 to design earth loads from the soil envelope. The backfill 
properties are as follows: ϕ = 32°, γ = 125 pcf. For vertical earth pressure, the maximum load 
factor for at rest earth pressure from LRFD Table 3.4.1-2 shall apply and wheel loads should be 
distributed through earth fills according to the provisions of LRFD Article 3.6.1.2.6. 
 

7.1.1 Precast Concrete Box Culvert Headwalls 
 
Concrete headwalls will be included in the culvert design to retain crushed stone slope protection 
and prevent stones from dropping or eroding into the waterway. Nominal 1 foot by 1 foot concrete 
headwalls are recommended. 
 

7.1.2 Precast Concrete Inlet and Outlet Walls  
 
The precast concrete box culvert’s outlet and inlet walls will be slope-tapered to match the 
1.75H:1V sideslopes of the roadway embankment. The left and right outlet walls will share the 
same base slab. The sloped walls are essentially retaining walls and shall be designed for all 
relevant strength and service limit states and load combinations specified in LRFD Articles 3.4.1, 
11.5.5, and 11.6. The inlet and outlet walls shall be designed to resist lateral earth pressures and 
forces resulting from creep, temperature, and shrinkage deformations of the concrete box culvert. 
Passive pressure resulting from the embedment of the box culvert and walls with engineered 
streambed, or any other material shall not contribute to resisting forces. 
 
Inlet and outlet walls that are fixed to the box culvert should be designed to resist movement 
using an at-rest earth pressure coefficient, Ko, of 0.47. Wingwall sections that are independent of 
the box culvert should be designed using the Rankine active earth pressure coefficient, Ka, of 
0.31 assuming a level backslope. Wingwall sections that are independent of the box culvert and 
have a backslope of 1.75H:1V should be designed using the Rankine active earth pressure 
coefficient of 0.56. See Appendix C – Calculations for supporting documentation. 
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7.1.3 Precast Concrete Toe Walls 
 
Toe walls shall extend below the bottom slab connecting the left and right walls at the inlet and 
outlet of the box culvert to prevent undermining per MaineDOT BDG Section 8.3.1. The inlet 
and outlet toe walls should extend a minimum of 1 foot below the maximum depth of scour. 
 

7.1.4 Bearing Resistance 
 
The precast concrete box culvert will be installed on an 18-inch-thick layer of crushed stone that 
is reinforced with geogrid and wrapped in stabilization/reinforcement geotextile placed on the 
native soil subgrade. To facilitate sliding and fitting of adjacent box segments, the wrapped 
crushed stone mat shall be topped with 6 inches of compacted crushed stone. The bearing 
elevation of the crushed stone mat will be approximately Elev. 337 at the inlet and 336 at the 
outlet. The subgrade soils at this elevation are expected to be soft to stiff marine clayey silt.  
 
For a precast concrete box culvert with a base width of 26 feet, the factored bearing stress at the 
strength limit state shall not exceed the calculated factored bearing resistance of 2.0 kips per 
square foot (ksf). To control settlement, the factored bearing stress at the service limit state shall 
not exceed a bearing resistance of 1.5 ksf. Due to the large size of the concrete box culvert base, 
controlling deflection and not bearing resistance may govern the design. In no instance shall the 
bearing stress exceed the nominal structural resistance of the structural concrete which may be 
taken as 0.3f’c. See Appendix C – Calculations for supporting calculations. 
 

7.1.5 Modulus of Subgrade Reaction 
 
Large span precast box culverts can be viewed similarly to a mat foundation. A common approach 
to the design of precast box culverts is to use beam on elastic foundation theory to compute the 
soil-structure interaction and deflections. 
 
The modulus of subgrade reaction relates the box culvert bearing pressure to settlement and is 
often used in soil-structure interaction analyses. The modulus of subgrade reaction is dependent 
on many factors including the material properties and thickness of the bearing soils, geometry of 
the box culvert, and the stiffness of the box culvert. The box culvert shall be designed using a 
modulus of subgrade reaction, ks, equal to 28 pounds per cubic inch (pci). 
 

7.2 Settlement 
 
An approximately 3 to 6-foot thick deposit of soft marine clay was encountered at the proposed 
bottom slab elevation of box culvert. The soft deposit will undergo immediate and consolidation 
settlement in response to a net applied increase of vertical overburden pressure. Based on an 
estimated service limit state pressure of 1,500 psf for a 23-foot wide precast concrete box, and a 
net pressure increase of 500 psf, we estimate settlements on the order of 1-inch during the first 
year after construction and an additional 0.4-inch of long term settlement (i.e. secondary) over 
50 years. Should the net pressure increase approach 1500 psf due to the proposed box culvert, 1-
year consolidation settlement could potentially be on the order of 3-inches with an additional 0.4-
inch of long term, secondary settlement.  
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See Appendix C – Calculations for supporting documentation. 
  

7.3 Subgrade Preparation 
 
The marine clay layer encountered at the bearing elevation will easily become disturbed by 
construction activities. The excavation will require care to maintain bottom stability and bearing 
capacity. The following items will be necessary to maintain a stable excavation and bearing 
surface: 
 

 Construction phase dewatering is recommended to allow the bearing pad construction in 
the dry; 

 Use of a smooth-edged bucket and careful grade control will be necessary to avoid over 
excavation and/or disturbance of the subgrade; 

 Construct the box on an 18-inch thick layer of crushed stone layer reinforced with geogrid 
and wrapped in a heavy non-woven stabilization/ reinforcement geotextile, and topped 
with 6 inches of compacted crushed stone; 

 Hand-deploy the geotextile on the prepared clay subgrade prior to installing the geogrid-
reinforced stone mat.  
 

The crushed stone shall meet the requirements of MaineDOT Standard Specification 703.22 – 
Type Underdrain Backfill material. The crushed stone shall be placed in maximum 8-inch thick 
lifts and each lift compacted with at least 4 passes of a walk-behind vibrator-type compactor. 
 

7.4 Frost Protection 
 
Foundations placed on the native soils should be designed with an appropriate embedment for 
frost protection. According to MaineDOT BDG Figure 5-1, Maine Design Freezing Index Map, 
Farmington has an air design freezing index (DFI) of approximately 1870 F-degree days. A water 
content of 30% was used for fine grained soils. These components correlate to a frost depth of 
4.2 feet. A similar analysis was performed using Modberg software by the US Army Cold 
Regions Research and Engineering Laboratory (CRREL). For the Modberg analysis, Farmington, 
Maine has an air DFI from the Modberg database of approximately 2023 F-degree days. A water 
content of 30% was used. These components correlate to a frost depth of approximately 3.9 feet. 
 
Based on the MaineDOT BDG methodology it is recommended that foundations bearing on soil 
be designed with an embedment of approximately 4.2 feet for frost protection. See Appendix C – 
Calculations for supporting calculations. 
 
Riprap is not to be considered as contributing to the overall thickness of soils required for frost 
protection. 
 

7.5 Scour and Riprap 
 
The box culvert shall be constructed with integral concrete headwalls and wingwalls to retain 
stone slopes and prevent stone slope protection from dropping or eroding into the waterway. Inlet 
and outlet toe walls shall be provided that extend a minimum of 1 foot below the maximum depth 
of scour. Inlet and outlet toe walls shall also be protected with riprap aprons. The riprap shall be 
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underlain by a Class 1 erosion control geotextile and a 1-foot-thick layer of bedding material 
conforming to MaineDOT Standard Specification 703.19 – Granular Borrow Material for 
Underwater Backfill. The toe of the riprap sections shall be constructed 1-foot beneath the 
streambed elevation. The riprap slopes shall be constructed no steeper than a maximum 1.75H:1V 
extending from the edge of the roadway down to the existing ground surface. Riprap aprons will 
be installed at both ends of the culvert. 
 
Grain size analyses were performed on samples from the marine clay deposit to generate grain 
size curves for determining parameters to be used in scour analyses. The selected samples were 
judged to be similar in nature to the soils likely to be exposed to scour conditions. The following 
streambed grain size parameter can be used in scour analyses: 
 

Soil Unit Sample 
Sample 

Depth (ft) 
D50 (mm) 

Representative 
D50 (mm) 

Classification 

Marine 
Clay 

BB-FWB-101/3D 15-17 0.003 

0.003 Silt BB-FWB-102/4D 15-17 0.003 

BB-FWB-102/5D  20-22 0.005 

 
Table 2 - D50 of Representative Samples for Scour 

 
7.6 Seismic Design Considerations 

 
In conformance with LRFD Article 3.10.1, seismic analysis is not required for buried structures, 
except where they cross active faults. There are no known active faults in Maine; therefore 
seismic analysis is not required. 
 

7.7 Construction Considerations 
 
The box culvert will be constructed on a 2-foot thick layer of crushed stone reinforced with 
geogrid; the lower 18-inches of the crush stone mat shall be wrapped in 
stabilization/reinforcement geotextile. The geotextile should be hand-deployed on the prepared 
soil subgrade prior to installing the geogrid-reinforced stone mat. The crushed stone shall meet 
the requirements of MaineDOT Standard Specification 703.22 – Type Underdrain Backfill 
material. The crushed stone shall be placed in maximum 8-inch thick lifts and each lift compacted 
with at least 4 passes of a walk-behind vibrator-type compactor. The geotextile shall meet Class 
1 Stabilization/Reinforcement Geotextile meeting MaineDOT Standard Specification 722.01. 
Adjoining sections of the stabilization geotextile should be overlapped by a minimum of 1 foot. 
 
The following items will be necessary to maintain a stable excavation and bearing surface: 
 

 Construction phase dewatering is recommended to limit disturbance and rutting of the 
clay and to allow the bearing pad construction in the dry. Cofferdams may be required to 
divert flow away from the new culvert location during construction.  
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 The contractor shall not operate heavy equipment over the excavated subgrade to 
minimize subgrade disturbance.  

 Use of a smooth-edged bucket and careful grade control will be necessary to avoid over 
excavation and/or disturbance of the clay subgrade. 

 The stabilization/reinforcement geotextile shall be hand-deployed on the prepared clay 
subgrade prior to installing the geogrid-reinforced stone mat.  

 
The soil envelope and backfill shall consist of Standard Specification 703.19 – Granular Borrow 
Material for Underwater Backfill with a maximum particle size of 4 inches. The granular borrow 
backfill should be placed in lifts of 6 to 8 inches thick loose measure and compacted to the 
manufacturer’s specifications. In no case shall the backfill soil be compacted less than 92 percent 
of the AASHTO T-180 maximum dry density. The precast concrete box culvert shall be installed 
in conformance with MaineDOT BDG Section 8 and MaineDOT Standard Specification Section 
534. 
 
Earthwork and excavations will expose sensitive, soft soils. These soils are susceptible to 
disturbance and rutting as a result of exposure to water or construction traffic. If disturbance or 
rutting occur, the Contractor shall remove and replace the materials with compacted granular 
borrow or crushed stone. 
 
Saturated soils and water seepage will be encountered during construction and in excavations. 
There may be localized sloughing and instability in some excavations and cut slopes. The 
Contractor should control groundwater and surface water infiltration using temporary ditches, 
sump pumps, granular drainage blankets, stone ditch protection, or hand-laid riprap with 
geotextile underlayment to divert groundwater and surface water. 
 
8.0 CLOSURE 
 
This report has been prepared for the use of the MaineDOT for specific application to the 
proposed replacement of Williams #1 Bridge in Farmington, Maine in accordance with generally 
accepted geotechnical and foundation engineering practices. No other intended use or warranty 
is expressed or implied. 
 
In the event that any changes in the nature, design, or location of the proposed project are planned, 
this report should be reviewed by a geotechnical engineer to assess the appropriateness of the 
conclusions and recommendations and to modify the recommendations as appropriate to reflect 
the changes in design. These analyses and recommendations are based in part upon a limited 
subsurface investigation at discrete exploratory locations completed at the site. If variations from 
the conditions encountered during the investigation appear evident during construction, it may 
also become necessary to re-evaluate the recommendations made in this report. 
 
It is recommended that a geotechnical engineer be provided the opportunity for a review of the 
design and specifications in order that the earthwork and foundation recommendations and 
construction considerations presented in this report are properly interpreted and implemented in 
the design and specifications. 
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37/22/12/6

4/7/7/6

WOH/WOH/1/2

Would not Push

7/7/7/9
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14

 55

 23
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HSA

43

40

40

62

a14

HYD

b30

c31

OPEN

HOLE

353.5

339.1

336.1

7" HMA.

0.6

Brown, damp, very dense, SAND, some gravel, trace silt,

(Fill).

Brown, damp, medium dense, SAND, some gravel, little

silt, (Fill).

a14 blows for 0.6 ft.

Hydraulic Push ahead from 14.5-19.5 ft bgs.

15.0

Grey, wet, soft, Clayey SILT, trace sand,

(Glaciomarine).

18.0

Failed 55x110 mm vane attempt, would not push.

b30 blows for 0.5 ft.

c31 blows for 0.5 ft.

Failed 55x110 mm vane attempt, would not push.

Grey, wet, very stiff, Sandy SILT, little gravel, wood

fibers.

G#271134

A-1-b, SW-SM

G#271135

A-4, ML

LL=33

PL=24

PI=9

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries

Route 156 over Williams Brook

Boring No.: BB-FWB-101

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 354.1 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 4+92.6, 10.0 ft Lt. Casing ID/OD: HW-4" Water Level*: 11.6 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 

Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis

MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 C = Consolidation Test
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Visual Description and Remarks

Laboratory

Testing 

Results/

AASHTO 

and 

Unified Class.

30

35

40

45

50

5D

6D

7D

8D

9D

24/6

24/11

24/9

16.8/9

22.8/18

25.00 -

27.00

30.00 -

32.00

35.00 -

37.00

40.00 -

41.40

45.00 -

46.90

5/7/7/7

11/11/10/12

10/8/11/14

17/43/50(4.8")

17/26/34/50(4.8)

14

21

19

---

60

 23

 34

 31

 98

Grey, wet, very stiff, SILT, some sand, little clay,

trace gravel, (Glacial Till).

Grey, wet, hard, SILT, little sand, little gravel,

little clay, (Glacial Till).

Similar to 6D.

Grey, wet, SILT, some sand, little gravel, (Glacial

Till).

Grey, wet, hard, SILT, little sand, little clay, trace

gravel, (Glacial Till).

G#271136

A-4, CL

Non-Plastic

G#271137

A-4, CL

Non-Plastic

G#271138

A-4, CL

55

60

65

70

75

10D 24/19
50.00 -

52.00
23/33/38/75 71 116

302.1

Grey, hard, fine Sandy Silt, (Glacial Till).

52.0

Bottom of Exploration at 52.0 feet below ground surface.

NO REFUSAL

Remarks:

Auto Hammer #377

Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 1

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

than those present at the time measurements were made. Boring No.: BB-FWB-101
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15
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25

1D

2D

3D

4D

V1

V2

V3

5D/A

MV

2.4/1

24/22

24/22

24/24

24/24

2.50 -

2.70

5.00 -

7.00

10.00 -

12.00

15.00 -

17.00

17.00 -

17.37

18.00 -

18.37

20.00 -

20.37

20.00 -

22.00

21.00 -

21.20

50(2.4")

14/2/2/1

2/1/2/1

1/WOR/1/WOR

Su=491/89 psf

Su=491/89 psf

Su=737/156 psf

WOH/WOH/4/4

Would not Push

---

4

3

1

4

  7

  5

  2

  7

HSA

HYD

PUSH

OPEN

HOLE

354.7

344.7

340.0

334.0

4" HMA.

0.3

Brown, dry, fine to medium SAND, trace silt, trace

gravel, (Fill).

Brown, moist, medium stiff, Sandy SILT, trace gravel,

(Fill).

10.3

Brown, wet, loose, Silty fine SAND, trace organics,

(Stream Alluvium).

15.0

Grey, wet, soft, Clayey SILT, trace sand,

(Glaciomarine).

55x110 mm raw torque readings:

V1: 11.0/2.0 ft-lbs

V2: 11.0/2.0 ft-lbs

55x110 mm vane raw torque readings:

V3: 16.5/3.5 ft-lbs

5D (20.0-21.0 ft bgs) Grey, wet, medium stiff, SILT,

some clay, trace sand, trace gravel.

21.0

5D/A 21.0-22.0 ft bgs) Grey, wet, loose, Silty fine to

medium SAND, trace gravel.

Failed 55x110 mm vane attempt, would not push.

G#271139

A-4, CL

G#271140

A-4, CL

LL=32

PL=23

PI=9

G#271141

A-4, CL

Non-Plastic

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries

Route 156 over Williams Brook

Boring No.: BB-FWB-102

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 355.0 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 5+26.2, 7.1 ft Lt. Casing ID/OD: HW-4" Water Level*: 10.0 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 

Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf)Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis

MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 C = Consolidation Test
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30

35

40

45

50

6D

7D

8D

9D

10D

24/7

24/5

24/10

24/11

24/20

25.00 -

27.00

30.00 -

32.00

35.00 -

37.00

40.00 -

42.00

45.00 -

47.00

4/5/6/6

5/7/8/11

10/18/23/25

8/13/15/13

19/26/30/35

11

15

41

28

56

 18

 24

 67

 46

 91

Similar to 5D/A, except medium dense with little

gravel.

Grey, moist, very stiff, fine Sandy SILT, (Glacial

Till).

Grey, moist, hard, SILT, little sand, little gravel,

little clay, (Glacial Till).

Similar to 8D, (Glacial Till).

Grey, moist, hard, SILT, little sand, trace gravel,

(Glacial Till).

G#271142

A-4, CL

Non-Plastic

G#271143

A-4, CL

55

60

65

70

75

11D 24/20
50.00 -

52.00
21/24/28/37 52  85

303.0

Grey, moist, hard, SILT, little sand, trace gravel,

(Glacial Till).

52.0

Bottom of Exploration at 52.0 feet below ground surface.

NO REFUSAL

Remarks:

Auto Hammer #377

Stratification lines represent approximate boundaries between soil types; transitions may be gradual. Page 1 of 1

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

than those present at the time measurements were made. Boring No.: BB-FWB-102
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UNIFIED SOIL CLASSIFICATION SYSTEM MODIFIED BURMISTER SYSTEM

MAJOR DIVISIONS
GROUP 

SYMBOLS TYPICAL NAMES

COARSE- CLEAN GW Well-graded gravels, gravel-
GRAINED GRAVELS GRAVELS sand mixtures, little or no fines.

SOILS
(little or no GP Poorly-graded gravels, gravel

fines) sand mixtures, little or no fines.

GRAVEL GM Silty gravels, gravel-sand-silt  Coarse-grained soils (more than half of material is larger than No. 200 

WITH mixtures. sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty, 
FINES clayey or gravelly sands.  Density is rated according to standard 

(Appreciable GC Clayey gravels, gravel-sand-clay penetration resistance (N-value).
amount of mixtures.

fines)

CLEAN SW Well-graded sands, gravelly
SANDS SANDS sands, little or no fines

(little or no SP Poorly-graded sands, gravelly
fines) sand, little or no fines.

Fine-grained soils (more than half of material is smaller than No. 200

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

(Appreciable SC Clayey sands, sand-clay Undrained 
amount of mixtures. Consistency of SPT N-Value Shear Field

fines) Cohesive soils (blows per foot) Strength (psf) Guidelines  
WOH, WOR,

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

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

FINE- CL Inorganic clays of low to medium great effort
GRAINED plasticity, gravelly clays, sandy Very Stiff 16 - 30 2000 - 4000 Indented by thumbnail

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* > 4 inches

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

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

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

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

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

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

HIGHLY ORGANIC Pt Peat and other highly organic Rock Type (granite, schist, sandstone, etc.)  
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)  

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

Desired Soil Observations (in this order, if applicable):  Geologic discontinuities/jointing:
Color (Munsell color chart)   -dip (horiz - 0-5 deg., low angle - 5-35 deg., mod. dipping -
Moisture (dry, damp, moist, wet)   35-55 deg., steep - 55-85 deg., vertical - 85-90 deg.)
Density/Consistency (from above right hand side)      -spacing (very close - <2 inch, close - 2-12 inch, mod.
Texture (fine, medium, coarse, etc.) close - 1-3 feet, wide - 3-10 feet, very wide >10 feet)
Name (sand, silty sand, clay, etc., including portions - trace, little, etc.)   -tightness (tight, open, or healed)
Gradation (well-graded, poorly-graded, uniform, etc.)   -infilling (grain size, color, etc.)
Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic)   Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)    
Structure (layering, fractures, cracks, etc.)   RQD and correlation to rock mass quality (very poor, poor, etc.)  
Bonding (well, moderately, loosely, etc., )    ref: ASTM D6032 and AASHTO Standard Specification for Highway 
Cementation (weak, moderate, or strong)    Bridges, 17th Ed. Table 4.4.8.1.2A
Geologic Origin (till, marine clay, alluvium, etc.)   Recovery (inch/inch and percentage)
Groundwater level   Rock Core Rate (X.X ft - Y.Y ft (min:sec))

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

TERMS DESCRIBING
DENSITY/CONSISTENCY

11 - 20
21 - 35

0 - 250 Fist easily penetratesVery Soft 

some
adjective (e.g. sandy, clayey) 

Very Dense 

Descriptive Term Portion of Total (%)
trace 0 - 10
little

> 50

Density of 
Cohesionless Soils 

Standard Penetration Resistance  
N-Value (blows per foot)

0 - 4

36 - 50

5 - 10
11 - 30
31 - 50

Very loose 
Loose 

Medium Dense 
Dense 
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Key to Soil and Rock Descriptions and Terms
Field Identification Information
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0

5

10

15

20

25

1D

2D

3D

MV

MV/4D

24/11

24/11

24/24

24/5

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

18.00 - 18.10

20.00 - 22.00

37/22/12/6

4/7/7/6

WOH/WOH/1/2

Would not Push

7/7/7/9

34

14

1

14

 55

 23

  2

 23

HSA

43

40

40

62

a14
HYD

b30

c31
OPEN

HOLE

353.5

339.1

336.1

7" HMA.
0.6

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

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

a14 blows for 0.6 ft.
Hydraulic Push ahead from 14.5-19.5 ft bgs.

15.0
Grey, wet, soft, Clayey SILT, trace sand, (Glaciomarine).

18.0
Failed 55x110 mm vane attempt, would not push.

b30 blows for 0.5 ft.
c31 blows for 0.5 ft.
Failed 55x110 mm vane attempt, would not push.
Grey, wet, very stiff, Sandy SILT, little gravel, wood fibers.

G#271134
A-1-b, SW-SM

WC=7.1%

G#271135
A-4, ML

WC=38.0%
LL=33
PL=24
PI=9

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-101

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 354.1 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 4+92.6, 10.0 ft Lt. Casing ID/OD: HW-4" Water Level*: 11.6 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

than those present at the time measurements were made. Boring No.: BB-FWB-101

D
e
p
th

 (
ft

.)

S
a
m

p
le

 N
o
.

Sample Information

P
e
n
./

R
e
c
. 

(i
n
.)

S
a
m

p
le

 D
e
p
th

(f
t.

)

B
lo

w
s
 (

/6
 i
n
.)

S
h
e
a
r

S
tr

e
n
g
th

(p
s
f)

o
r 

R
Q

D
 (

%
)

N
-u

n
c
o
rr

e
c
te

d

N
6
0

C
a
s
in

g
 

B
lo

w
s

E
le

v
a
ti
o
n

(f
t.

)

G
ra

p
h
ic

 L
o
g

Visual Description and Remarks

Laboratory
Testing 
Results/

AASHTO 
and 

Unified Class.

Page 1 of 3



25

30

35

40

45

50

5D

6D

7D

8D

9D

24/6

24/11

24/9

16.8/9

22.8/18

25.00 - 27.00

30.00 - 32.00

35.00 - 37.00

40.00 - 41.40

45.00 - 46.90

5/7/7/7

11/11/10/12

10/8/11/14

17/43/50(4.8")

17/26/34/50(4.8)

14

21

19

---

60

 23

 34

 31

 98

Grey, wet, very stiff, SILT, some sand, little clay, trace gravel,
(Glacial Till).

Grey, wet, hard, SILT, little sand, little gravel, little clay, (Glacial
Till).

Similar to 6D.

Grey, wet, SILT, some sand, little gravel, (Glacial Till).

Grey, wet, hard, SILT, little sand, little clay, trace gravel, (Glacial
Till).

G#271136
A-4, CL

WC=13.7%
Non-Plastic

G#271137
A-4, CL

WC=13.3%
Non-Plastic

G#271138
A-4, CL

WC=11.3%

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-101

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 354.1 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 4+92.6, 10.0 ft Lt. Casing ID/OD: HW-4" Water Level*: 11.6 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

than those present at the time measurements were made. Boring No.: BB-FWB-101
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50

55

60

65

70

75

10D 24/19 50.00 - 52.00 23/33/38/75 71 116

302.1

Grey, hard, fine Sandy Silt, (Glacial Till).

52.0
Bottom of Exploration at 52.0 feet below ground surface.

NO REFUSAL

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-101

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 354.1 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 4+92.6, 10.0 ft Lt. Casing ID/OD: HW-4" Water Level*: 11.6 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

than those present at the time measurements were made. Boring No.: BB-FWB-101

D
e
p
th

 (
ft

.)

S
a
m

p
le

 N
o
.

Sample Information

P
e
n
./

R
e
c
. 

(i
n
.)

S
a
m

p
le

 D
e
p
th

(f
t.

)

B
lo

w
s
 (

/6
 i
n
.)

S
h
e
a
r

S
tr

e
n
g
th

(p
s
f)

o
r 

R
Q

D
 (

%
)

N
-u

n
c
o
rr

e
c
te

d

N
6
0

C
a
s
in

g
 

B
lo

w
s

E
le

v
a
ti
o
n

(f
t.

)

G
ra

p
h
ic

 L
o
g

Visual Description and Remarks

Laboratory
Testing 
Results/

AASHTO 
and 

Unified Class.

Page 3 of 3



0

5

10

15

20

25

1D

2D

3D

4D

V1

V2

V3
5D/A

MV

2.4/1

24/22

24/22

24/24

24/24

2.50 - 2.70

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

17.00 - 17.37

18.00 - 18.37

20.00 - 20.37
20.00 - 22.00

21.00 - 21.20

50(2.4")

14/2/2/1

2/1/2/1

1/WOR/1/WOR

Su=491/89 psf

Su=491/89 psf

Su=737/156 psf
WOH/WOH/4/4

Would not Push

---

4

3

1

4

  7

  5

  2

  7

HSA

HYD
PUSH

OPEN
HOLE

354.7

344.7

340.0

334.0

4" HMA.
0.3

Brown, dry, fine to medium SAND, trace silt, trace gravel, (Fill).

Brown, moist, medium stiff, Sandy SILT, trace gravel, (Fill).

10.3
Brown, wet, loose, Silty fine SAND, trace organics, (Stream
Alluvium).

15.0
Grey, wet, soft, Clayey SILT, trace sand, (Glaciomarine).

55x110 mm raw torque readings:
V1: 11.0/2.0 ft-lbs

V2: 11.0/2.0 ft-lbs

55x110 mm vane raw torque readings:
V3: 16.5/3.5 ft-lbs
5D (20.0-21.0 ft bgs) Grey, wet, medium stiff, SILT, some clay, trace
sand, trace gravel.

21.0
5D/A 21.0-22.0 ft bgs) Grey, wet, loose, Silty fine to medium SAND,
trace gravel.
Failed 55x110 mm vane attempt, would not push.

G#271139
A-4, CL

WC=24.2%

G#271140
A-4, CL

WC=38.0%
LL=32
PL=23
PI=9

G#271141
A-4, CL

WC=33.1%
Non-Plastic

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-102

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 355.0 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 5+26.2, 7.1 ft Lt. Casing ID/OD: HW-4" Water Level*: 10.0 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

than those present at the time measurements were made. Boring No.: BB-FWB-102
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25

30

35

40

45

50

6D

7D

8D

9D

10D

24/7

24/5

24/10

24/11

24/20

25.00 - 27.00

30.00 - 32.00

35.00 - 37.00

40.00 - 42.00

45.00 - 47.00

4/5/6/6

5/7/8/11

10/18/23/25

8/13/15/13

19/26/30/35

11

15

41

28

56

 18

 24

 67

 46

 91

Similar to 5D/A, except medium dense with little gravel.

Grey, moist, very stiff, fine Sandy SILT, (Glacial Till).

Grey, moist, hard, SILT, little sand, little gravel, little clay, (Glacial
Till).

Similar to 8D, (Glacial Till).

Grey, moist, hard, SILT, little sand, trace gravel, (Glacial Till).

G#271142
A-4, CL

WC=12.9%
Non-Plastic

G#271143
A-4, CL

WC=14.9%

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-102

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 355.0 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 5+26.2, 7.1 ft Lt. Casing ID/OD: HW-4" Water Level*: 10.0 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

than those present at the time measurements were made. Boring No.: BB-FWB-102
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50

55

60

65

70

75

11D 24/20 50.00 - 52.00 21/24/28/37 52  85

303.0

Grey, moist, hard, SILT, little sand, trace gravel, (Glacial Till).

52.0
Bottom of Exploration at 52.0 feet below ground surface.

NO REFUSAL

Maine Department of Transportation Project: Williams #1 Bridge #2980 carries Route
156 over Williams Brook

Boring No.: BB-FWB-102

Soil/Rock Exploration Log
Location: Farmington, Maine

US CUSTOMARY UNITS WIN: 21690.00

Driller: Northern Test Boring Elevation (ft.) 355.0 Auger ID/OD: 2.25-6.25"

Operator: Nadeau/Taylor Datum: NAVD88 Sampler: Standard Split Spoon

Logged By: A. Van Buskirk Rig Type: Dietrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 2/15/2018-2/16/2018 Drilling Method: HSA/Cased Wash Boring Core Barrel: N/A

Boring Location: 5+26.2, 7.1 ft Lt. Casing ID/OD: HW-4" Water Level*: 10.0 ft bgs.

Hammer Efficiency Factor: 0.977 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Peak/Remolded Field Vane Undrained Shear Strength (psf) Tv = Pocket Torvane Shear Strength (psf)

D = Split Spoon Sample SSA = Solid Stem Auger Su(lab) = Lab Vane Undrained Shear Strength (psf) WC = Water Content, percent

MD = Unsuccessful Split Spoon Sample Attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit

U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw Field SPT N-value PL = Plastic Limit

MU = Unsuccessful Thin Wall Tube Sample Attempt WOH = Weight of 140 lb. Hammer Hammer Efficiency Factor = Rig Specific Annual Calibration Value PI = Plasticity Index

V = Field Vane Shear Test,    PP = Pocket Penetrometer WOR/C = Weight of Rods or Casing N60 = SPT N-uncorrected Corrected for Hammer Efficiency G = Grain Size Analysis
MV = Unsuccessful Field Vane Shear Test Attempt WO1P = Weight of One Person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Auto Hammer #377

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

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

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

Laboratory Test Results 
  



Station Offset Depth Reference G.S.D.C. W.C. L.L. P.I.

(Feet) (Feet) (Feet) Number Sheet % Unified AASHTO Frost

4+92.6 10.0 Lt. 10.0-12.0 271134 1 7.1 SW-SM A-1-b 0
4+92.6 10.0 Lt. 15.0-17.0 271135 1 38.0 33 9 ML A-4 IV
4+92.6 10.0 Lt. 25.0-27.0 271136 1 13.7 -N P- CL A-4 IV
4+92.6 10.0 Lt. 30.0-32.0 271137 1 13.3 -N P- CL A-4 IV
4+92.6 10.0 Lt. 40.0-41.4 271138 1 11.3 CL A-4 IV
5+26.2 7.1 Lt. 5.0-7.0 271139 2 24.2 CL A-4 IV
5+26.2 7.1 Lt. 15.0-17.0 271140 2 38.0 32 9 CL A-4 IV
5+26.2 7.1 Lt. 20.0-21.0 271141 2 33.1 -N P- CL A-4 IV
5+26.2 7.1 Lt. 35.0-37.0 271142 2 12.9 -N P- CL A-4 IV
5+26.2 7.1 Lt. 45.0-47.0 271143 2 14.9 CL A-4 IV

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification

is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).

The "Frost Susceptibility Rating" is based upon the 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

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

State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): Farmington
Boring & Sample

BB-FWB-101, 5D

BB-FWB-102, 2D

 Identification Number 

BB-FWB-101, 2D

Work Number: 21690.00

BB-FWB-101, 3D

BB-FWB-102, 5DA
BB-FWB-102, 4D

Classification

BB-FWB-101, 6D
BB-FWB-101, 8D

BB-FWB-102, 8D
BB-FWB-102, 10D

NP = Non Plastic

1 of 1



3" 2" 1-1/2" 1" 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

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

SAND, some gravel, little silt.

SILT, little sand, little gravel, little clay.

SILT, some sand, little clay, trace gravel.

Clayey SILT, trace sand.

7.1

11.3SILT, some sand, little gravel.

38.0

13.7

13.3

33 24 9

NP

NP

BB-FWB-101/2D

BB-FWB-101/8D

BB-FWB-101/3D

BB-FWB-101/5D

BB-FWB-101/6D

 

10.0-12.0

40.0-41.4

15.0-17.0

25.0-27.0

30.0-32.0

Depth, ftBoring/Sample No. Description W, % LL PL PI

����

����

����

����

����
����

SHEET 1

Farmington

021690.00

WHITE, TERRY A          3/28/2018

WIN

Town

Reported by/Date

10.0 LT

10.0 LT

10.0 LT

10.0 LT

10.0 LT

 

Offset, ft
4+92.6

4+92.6

4+92.6

4+92.6

4+92.6

Station



3" 2" 1-1/2" 1" 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

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Sandy SILT, trace gravel.

SILT, little sand, little gravel, little clay.

SILT, some clay, trace sand, trace gravel.

Clayey SILT, trace sand.

24.2

14.9SILT, little sand, trace gravel.

38.0

33.1

12.9

32 23 9

NP

NP

BB-FWB-102/2D

BB-FWB-102/10D

BB-FWB-102/4D

BB-FWB-102/5DA

BB-FWB-102/8D

5.0-7.0

45.0-47.0

15.0-17.0

20.0-21.0

35.0-37.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 2

Farmington

021690.00

WHITE, TERRY A  3/28/2018

WIN

Town

Reported by/Date

7.1 LT

7.1 LT

7.1 LT

7.1 LT

7.1 LT

Offset, ft
5+26.2

5+26.2

5+26.2

5+26.2

5+26.2

Station



Reference No.

271135

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 4+92.6 Offset, ft: 10.0 LT Dbfg, ft: 15.0-17.0

Boring No./Sample No.

BB-FWB-101/3D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm]

⅜ in. [9.5 mm] 100.0

¾ in. [19.0 mm]
½ in. [12.5 mm]

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm] 100.0
No. 4 [4.75 mm] 100.0
No. 10 [2.00 mm] 100.0

1 in. [25.0 mm]

No. 20 [0.850 mm]
No. 40 [0.425 mm] 99.6

No. 200 [0.075 mm] 98.9

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.64

Liquid Limit @ 25 blows (T 89), % 33
Plastic Limit (T 90), % 24
Plasticity Index (T 90), % 9

Water Content (T 265), % 38.0

[0.0230 mm] 93.7
[0.0148 mm] 91.1
[0.0087 mm] 88.5
[0.0065 mm] 80.7
[0.0050 mm] 67.7
[0.0027 mm] 49.4
[0.0012 mm] 39.0
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Reference No. 271135

WIN 021690.00

Station 4+92.6

Boring No./Sample No. BB-FWB-101/3D

TOWN Farmington

Sampled 2/12/2018

Water Content, % 38

Tested By BBURRDepth 15.0-17.0

Plastic Limit (T 90), % 24

Liquid Limit @ 25 blows (T 89), % 33

Plasticity Index (T 90), % 9



Reference No.

271136

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 4+92.6 Offset, ft: 10.0 LT Dbfg, ft: 25.0-27.0

Boring No./Sample No.

BB-FWB-101/5D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm]

⅜ in. [9.5 mm] 95.9

¾ in. [19.0 mm]
½ in. [12.5 mm] 100.0

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm] 93.7
No. 4 [4.75 mm] 92.0
No. 10 [2.00 mm] 85.1

1 in. [25.0 mm]

No. 20 [0.850 mm]
No. 40 [0.425 mm] 78.6

No. 200 [0.075 mm] 68.5

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.79

Liquid Limit @ 25 blows (T 89), %

Plastic Limit (T 90), %

Plasticity Index (T 90), % NP

Water Content (T 265), % 13.7

[0.0233 mm] 44.3
[0.0156 mm] 40.3
[0.0098 mm] 33.5
[0.0075 mm] 26.8
[0.0056 mm] 20.2
[0.0029 mm] 13.4
[0.0012 mm] 9.4



Reference No.

271137

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 4+92.6 Offset, ft: 10.0 LT Dbfg, ft: 30.0-32.0

Boring No./Sample No.

BB-FWB-101/6D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm]

⅜ in. [9.5 mm] 90.9

¾ in. [19.0 mm] 96.6
½ in. [12.5 mm] 93.5

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm] 88.4
No. 4 [4.75 mm] 86.7
No. 10 [2.00 mm] 82.6

1 in. [25.0 mm] 100.0

No. 20 [0.850 mm]
No. 40 [0.425 mm] 77.4

No. 200 [0.075 mm] 69.1

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.62

Liquid Limit @ 25 blows (T 89), %

Plastic Limit (T 90), %

Plasticity Index (T 90), % NP

Water Content (T 265), % 13.3

[0.0241 mm] 51.0
[0.0165 mm] 44.9
[0.0105 mm] 36.0
[0.0080 mm] 28.5
[0.0059 mm] 24.0
[0.0031 mm] 15.0
[0.0013 mm] 9.0



Reference No.

271140

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 5+26.2 Offset, ft: 7.1 LT Dbfg, ft: 15.0-17.0

Boring No./Sample No.

BB-FWB-102/4D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm]

⅜ in. [9.5 mm]

¾ in. [19.0 mm]
½ in. [12.5 mm]

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm]
No. 4 [4.75 mm]
No. 10 [2.00 mm] 100.0

1 in. [25.0 mm]

No. 20 [0.850 mm]
No. 40 [0.425 mm] 99.8

No. 200 [0.075 mm] 99.5

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.77

Liquid Limit @ 25 blows (T 89), % 32
Plastic Limit (T 90), % 23
Plasticity Index (T 90), % 9

Water Content (T 265), % 38.0

[0.0219 mm] 82.8
[0.0141 mm] 80.5
[0.0084 mm] 76.0
[0.0063 mm] 69.3
[0.0048 mm] 60.4
[0.0026 mm] 44.7
[0.0012 mm] 29.1
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Reference No. 271140

WIN 021690.00

Station 5+26.2

Boring No./Sample No. BB-FWB-102/4D

TOWN Farmington

Sampled 2/12/2018

Water Content, % 38

Tested By BBURRDepth 15.0-17.0

Plastic Limit (T 90), % 23

Liquid Limit @ 25 blows (T 89), % 32

Plasticity Index (T 90), % 9



Reference No.

271141

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 5+26.2 Offset, ft: 7.1 LT Dbfg, ft: 20.0-22.0

Boring No./Sample No.

BB-FWB-102/5D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm]

⅜ in. [9.5 mm] 97.9

¾ in. [19.0 mm] 97.9
½ in. [12.5 mm] 97.9

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm] 97.5
No. 4 [4.75 mm] 97.1
No. 10 [2.00 mm] 96.1

1 in. [25.0 mm] 100.0

No. 20 [0.850 mm]
No. 40 [0.425 mm] 95.1

No. 200 [0.075 mm] 92.2

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.78

Liquid Limit @ 25 blows (T 89), %

Plastic Limit (T 90), %

Plasticity Index (T 90), % NP

Water Content (T 265), % 33.1

[0.0227 mm] 80.1
[0.0151 mm] 75.3
[0.0093 mm] 65.9
[0.0069 mm] 58.9
[0.0051 mm] 51.8
[0.0028 mm] 33.0
[0.0012 mm] 21.2



Reference No.

271142

1 2  D e s e r t  R d ,  F r e e p o r t      M a i n e D O T  T E S T I N G  L A B O R A T O R I E S      2 1 9  H o g a n  R d ,  B a n g o r

Sample Description

GEOTECHNICAL (DISTURBED)

Sampler: ANDREW VAN

Location:

Sampled

2/12/2018

Received

2/28/2018

Miscellaneous Tests

Comments:

Station: 5+26.2 Offset, ft: 7.1 LT Dbfg, ft: 35.0-37.0

Boring No./Sample No.

BB-FWB-102/8D
Sample Type: GEOTECHNICAL

Depth 
taken in 
tube, ft tons/ft² tons/ft²

3 In.

tons/ft² tons/ft²

6 In. Water 
Content, 

%

Description of Material Sampled at the 
Various Tube Depths

Vane Shear Test on Shelby Tubes (Maine DOT)

Paper Copy:  Lab File; Project File; Geotech File

Reported by: GREGORY LIDSTONE Date Reported: 3/23/2018

S  A  M  P  L  E      I  N  F  O  R  M  A  T  I  O  N

A  U  T  H  O  R  I  Z  A  T  I  O  N       A  N  D       D  I  S  T  R  I  B  U  T  I  O  N

T  E  S  T     R  E  S  U  L  T  S

U. Shear Remold U. Shear Remold

Sieve Analysis (T 88)

3 in. [75.0 mm] 100.0

⅜ in. [9.5 mm] 86.1

¾ in. [19.0 mm] 92.3
½ in. [12.5 mm] 88.6

SIEVE SIZE
U.S. [SI]

%
 Passing

¼ in. [6.3 mm] 84.2
No. 4 [4.75 mm] 82.0
No. 10 [2.00 mm] 77.7

1 in. [25.0 mm] 95.1

No. 20 [0.850 mm]
No. 40 [0.425 mm] 72.6

No. 200 [0.075 mm] 63.4

No. 60 [0.250 mm]
No. 100 [0.150 mm]

Wash Method

GEOTECHNICAL TEST REPORT
Central Laboratory

Consolidation (T 216)
Trimmings, Water Content, %

Initial Final
Void
Ratio

%
Strain

Water Content, %

Dry Density, lbs/ft³

Void Ratio

Saturation, %

Pmin

Pp

Pmax

Cc/C'c

WIN/Town 021690.00 - FARMINGTON

Loss on Ignition, % (T 267)

Specific Gravity, Corrected to 20°C (T 100) 2.73

Liquid Limit @ 25 blows (T 89), %

Plastic Limit (T 90), %

Plasticity Index (T 90), % NP

Water Content (T 265), % 12.9

[0.0268 mm] 49.4
[0.0179 mm] 41.8
[0.0111 mm] 32.3
[0.0081 mm] 26.6
[0.0059 mm] 20.9
[0.0030 mm] 15.2
[0.0013 mm] 7.6
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Williams Bridge No. 2980
Farmington
WIN 21690.00

Calculation of Earth Pressure A. Van Buskirk
November 2018

Checked by:  _______

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 γ 125 pcf

Internal friction angle ϕ 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.

Ko 1 sin ϕ( )

Ko 0.47

Recommend: At-Rest Earth Pressure Coefficient, Ko= 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 cantilever walls with horizontal backslope:

Kar tan 45 deg
ϕ

2






2


Kar 0.31

For a sloped 1.75H:1V backfill

 = Angle of fill slope to the horizontal β 29.74 deg

Kar_slope cos β( )
cos β( ) cos β( )2 cos ϕ( )2

cos β( ) cos β( )2 cos ϕ( )2

 Kar_slope 0.56

Pa is oriented at an angle of  to the vertical plane - See MaineDOT
Bridge Design Guide Figure 3-3 attached.
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Farmington
Williams Bridge
WIN 21690.00

Bearing Resistance
Precast Box Culvert

By: AVB 12/2018
Checked by: LK 5/07/19 

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

 Given:
Limited lab data.1.
Soil strength properties based on correlations to SPT N-values.2.
Undrained shear strength from vane shear tests or correlations to N-values.3.

 Assumptions:
The box culvert's embedment into the streambed is conservatively assumed as 2 feet. Include 2 foot1.
crushed stone mat as Foundation Footing, therefore Foundation Depth is 4.0 feet
Crushed stone considered part of base slab 2.
The proposed bearing elevation slopes from El. 339 at inlet to 338 at outlet .3.
Bearing elevation of crushed stone mat is El. 337 at inlet and 336 at outlet. 4.
Proposed finish roadway grade elevation is approximately 354 feet.5.
Proposed precast concrete box has a span of 24 feet and a base of 26 feet wide. Use dimensions of6.
geogrid reinforced crushed stone mat as the Foundation Width, 26 + 3 = 29 feet
The bottom of the box culvert will be submerged for the structure's design life.7.

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 Range  Recommended 
Value of Use 

Inorganic silt, sandy or 
clayey silt, varved silt‐clay‐
fine sand (ML, MH) 

Soft  1‐2  1.5 

 
The Marine Clay (ML) deposit is soft to medium stiff in consistency.  Recommend 1.5 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 29ft

Df 4.0 ft

Dw 0 ft

γw 62.4 pcf

1 of 4



Farmington
Williams Bridge
WIN 21690.00

Bearing Resistance
Precast Box Culvert

By: AVB 12/2018
Checked by: LK 5/07/19 

Foundation soils:

γ1d 83 pcf Das, Principles of Geotechnical Eng. 7th Ed. p. 59: Table 3.2 
Soft Clay

wsat .38 Moisture contents of saturated samples BB-FWB-101 3D and
BB-FWB-102 4D

γ1sat γ1d 1 wsat  Das, Principles of Geotechnical Eng. 7th Ed. p. 59: 
Table 3.1 Unit weight relationships

γ1sat 114.5 pcf

Assume excavation for stone mud mat to Elev 336 to
337 use undrained shear strength from BB-FWB-102
V3 = 737 psf

ϕ 0 deg
Cohesion c1 737 psf

 Nominal Bearing Resistance for Strength Limit States: Terzaghi Method -    and c soil.  

Shape Factors for strip footing

sγ 1.0 sc 1.0 Bowles 5th Ed., p. 220 Table 4-1

Meyerhof Bearing Capacity Factors - (Ref: Bowles Table 4-4, 5th Ed. pg 223) for Marine Clay  =0

Nc 5.14 Nq 1 Nγ 0

Nominal Bearing Resistance per Terzaghi equation

q Df γ1sat γw  q 0.209 ksf Das Principles of Foundation Engineering 7th Ed. p. 142:
Eq. 3.16 Water table modification

qn c1 Nc sc q Nq 0.5 γ1sat γw  B Nγ sγ Bowles Foundation Analysis and Design 5th Ed. p. 220:
Table 4-1 Bearing-capacity Equations

qn 4 ksf

 Factored Bearing Resistance for strength limit stat es

Use a resistance factor per AASHTO LRFD Table 10.5.5.2.2-1

φb 0.50

qr qn φb

qr 2 ksf  

2 of 4



Farmington
Williams Bridge
WIN 21690.00

Bearing Resistance
Precast Box Culvert

By: AVB 12/2018
Checked by: LK 5/07/19 

 Nominal Bearing Resistance for Strength Limit States

 Reference:  Munfakh, et al (2001) LRFD Article 10.6.3.1.2a  

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

γabove 125 pcf MaineDOT Bridge Design Guide p. 3-3
Soil Type 4

Bearing Capacity Factors  (Ref: LRFD Table 10.6.3.1.2a-1)

Nc 5.14

Nq 1

Nγ 0

Shape Factors - per LRFD Table 10.6.3.1.2a-3

assume:

L 80ft

sγ 1 0.4
B

L








sq 1
B

L
tan ϕ( )

sγ 0.855 sq 1

Groundwater Coefficients - LRFD Table 10.6.3.1.2a-2

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.

Where the depth of water is less than the depth of the footing, all water coefficients are 0.5.

Cwq .5 Cwγ 0.5

Load Inclination factors

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

ic 1.0 iγ 1.0 iq 1.0

3 of 4



Farmington
Williams Bridge
WIN 21690.00

Bearing Resistance
Precast Box Culvert

By: AVB 12/2018
Checked by: LK 5/07/19 

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
Df

B
0.138

Therefore : dq 1.0

Terms 

Ncm Nc sc ic

Nqm Nq sq dq iq

Nγm Nγ sγ iγ

Ncm 5.14 Nγm 0 Nqm 1

Nominal Bearing Resistance (LRFD Eq 10.6.3.1.2a-1)

qn c1 Ncm γabove Df Nqm Cwq 0.5 γ1sat B Nγm 


 Cwγ





qn 4 ksf

Factored Bearing Resistance

ϕb 0.50

qr qn ϕb
qr 2 ksf

Recommend a factored bearing resistance of 2 ksf for precast box culvert constructed on Glaciomarine
Deposit.

4 of 4
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Farmington
Williams Bridge
21690.00

Modulus of Subgrade Reaction By: A. Van Buskirk, Nov. 2018
Checked by: ______

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

 Given:
1. Boring logs, SPT N-values, Su from vane shear tests, lab data

 Assumptions:
The box culvert embedded 2 feet into the streambed.1.
The two foot layer of crushed stone bedding is not considered.2.
The proposed bearing elevation of base slab slopes from Elev. 339 at inlet to 338 at outlet.3.
Proposed finished grade matches existing4.
Proposed precast concrete box is 26 feet wide and 43 feet long (excluding slab connecting5.
slope tapered outlet and inlet sections).
Model subsurface conditions based on Marine Clay deposit, Su = 491 to 737 psf.6.
The bottom of the box culvert will be submerged for the structure's design life.7.

Published values of subgrade modulus

Published values of subgrade modulus in submerged, loose, sand and soft clay:

Bowles Foundation Analysis and Design, 5th ed. Table 9-1: 
Range of modulus of subgrade reaction
Subgrade of Clayey soil, qa < 4000 psf or 4 ksf: ks = 44 pci

FHWA Geotechnical Engineering Circular (GEC) No. 6, Figure 8-3:
Range of modulus of subgrade reaction
Clay subgrade  (min. value of curve) Kv1, 23 pci

Das Principles of Foundation Engineering, 7th ed. Table 6.2:
Typical subgrade reaction values for 0.3 m x 0.3 m plate
Stiff clay, 37-92 pci (no value for soft clay): k0.3 (k1) = 30 pci

1 of  2
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Farmington
Williams Bridge
21690.00

Modulus of Subgrade Reaction By: A. Van Buskirk, Nov. 2018
Checked by: ______

Adjust Published values for dimensions of base slab

Published range for soft, clay subgrade is 23 - 44 pci.

Assume a subgrade modulus of 32 pci for clay.

Value of ks1 = 32 pci is for a 1 ft x 1 ft plate. Adjust to the dimensions of the box culvert base.

(Width B - 26 ft, Length L = 43 ft)

Square to rectangle base adjustment:

ks1 32pci B 26ft L 43ft

Das, Principles of Foundation
Engineering 7th Ed. P. 311 Eqn. 6.44k

ks1 1 0.5
B

L














1.5


k 27.8 pci

Recommend a subgrade modulus of 28 pci

2 of  2
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Figure 8-3:  Modulus of Subgrade Reaction (NAVFAC, 1986a) 

130

93*1.15= 107 pci
38*1.15= 44 pci
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Settle3D Analysis Information

21690.00 Farmington Williams Bridge
 
Project Settings

21690 Farmington Settlement_q=500_run1.s3zDocument Name
21690.00 Farmington Williams BridgeProject Title
settlement analysis q=500Analysis
A. Van BuskirkAuthor
11/27/2018, 11:24:08 AMDate Created
BoussinesqStress Computation Method

Time-dependent Consolidation Analysis
yearsTime Units
feet/yearPermeability Units

Use average properties to calculate layered stresses
Improve consolidation accuracy
Ignore negative effective stresses in settlement calculations

 

Stage Settings

Time [years]NameStage #
0Immediate1
1Consolidated2

50Long Term3
 

Results

Time taken to compute: 0 seconds

 
Stage: Immediate = 0 y

MaximumMinimumData Type
0.8346230Total Settlement [in]

00Consolidation Settlement [in]
0.8346230Immediate Settlement [in]

00Secondary Settlement [in]
0.50Loading Stress [ksf]

4.098090Effective Stress [ksf]
6.750940Total Stress [ksf]

0.003181710Total Strain
2.680470Pore Water Pressure [ksf]

0.50Excess Pore Water Pressure [ksf]
00Degree of Consolidation [%]

4.096780.00106119Pre-consolidation Stress [ksf]
1.71Over-consolidation Ratio
0.90Void Ratio

0.01162450Permeability [ft/y]
36.50Coefficient of Consolidation [ft^2/y]

00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.8196170Undrained Shear Strength
 

Stage: Consolidated = 1 y

21690.00 Farmington Williams Bridge: Page 1 of 4
SETTLE3D 3.020

21690 Farmington Settlement_q=500_run1.s3z    11/27/2018, 11:24:08 AM



MaximumMinimumData Type
0.9173770Total Settlement [in]

0.09671140Consolidation Settlement [in]
0.8346230Immediate Settlement [in]

00Secondary Settlement [in]
0.50Loading Stress [ksf]

4.256240Effective Stress [ksf]
6.750940Total Stress [ksf]

0.00318171-2.02573e-005Total Strain
2.520210Pore Water Pressure [ksf]

0.02137230Excess Pore Water Pressure [ksf]
99.99850Degree of Consolidation [%]
4.255070.00106119Pre-consolidation Stress [ksf]
1.705031Over-consolidation Ratio

0.9000380Void Ratio
0.01162450Permeability [ft/y]

36.50Coefficient of Consolidation [ft^2/y]
00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.8247530Undrained Shear Strength
 

Stage: Long Term = 50 y

MaximumMinimumData Type
1.299930Total Settlement [in]

0.09884470Consolidation Settlement [in]
0.8346230Immediate Settlement [in]
0.4817710Secondary Settlement [in]

0.50Loading Stress [ksf]
4.25860Effective Stress [ksf]

6.750940Total Stress [ksf]
0.01100220Total Strain

2.501950Pore Water Pressure [ksf]
4.20406e-018-2.89575e-018Excess Pore Water Pressure [ksf]

1000Degree of Consolidation [%]
4.257430.00106119Pre-consolidation Stress [ksf]

1.71Over-consolidation Ratio
0.90Void Ratio

0.01162450Permeability [ft/y]
36.50Coefficient of Consolidation [ft^2/y]

00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.8247530Undrained Shear Strength
 

Loads

1. Rectangular Load

73 ftLength
26 ftWidth
0 degreesRotation angle
FlexibleLoad Type
1898 ft2Area of Load
0.5 ksfLoad
15.6 ftDepth
Immediate = 0 yInstallation Stage

 

Coordinates
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Y [ft]X [ft]
4.512-32.362
4.51240.638

30.51240.638
30.512-32.362

Soil Layers

Ground Surface Drained: Yes

BB-FWB-101: (-6.2, 0.75)

Drained at BottomDepth [ft]Thickness [ft]Layer #
No014.41
No14.402
No14.433
No17.434

Type
Loose Silty Sand 

Saturated Alluvium 
Soft Clayey Silt 

Very Stiff Sandy Silt4

BB-FWB-102: (-3.7, 34.3)

Drained at BottomDepth [ft]Thickness [ft]Layer #
No0101
No104.72
No14.763
No20.731

Type
Loose Silty Sand 

Saturated Alluvium 
Soft Clayey Silt 

Very Stiff Sandy Silt4

Soil Properties
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Loose Silty Sand Saturated Alluvium Soft Clayey Silt Very Stiff Sandy SiltProperty
____________Color

0.1210.0830.1020.102Unit Weight [kips/ft3]
0.1390.1150.1170.117Saturated Unit Weight [kips/ft3]

EnabledDisabledDisabledDisabledImmediate Settlement
156Es [ksf]
624Esur [ksf]

DisabledEnabledDisabledDisabledPrimary Consolidation
Non-LinearMaterial Type

0.3Cc
0.03Cr
0.9e0

11.711OCR
36.5Cv [ft2/y]

1B-bar
DisabledStandardDisabledDisabledSecondary Consolidation

0.01Cae/Ca
0.01Car/Care

0000Undrained Su A [kips/ft2]
0.20.20.20.2Undrained Su S
0.80.80.80.8Undrained Su m

1111Piezo Line ID

Groundwater

Piezometric LinesGroundwater method
0.0624 kips/ft3Water Unit Weight

Piezometric Line Entities

Depth (ft)ID
11.6 ft1

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 734.138, 17.5121

Field Point Grid

312Number of points
1Expansion Factor

Grid Coordinates

Y [ft]X [ft]
70.877.138

-35.7577.138
-35.75-68.862

70.8-68.862
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BB-FWB-101

BB-FWB-102

60
40

20
0

-2
0

-20 0 20 40

Total Settlement (in)
 0.00
 0.13
 0.26
 0.39
 0.52
 0.65
 0.78
 0.91
 1.04
 1.17
 1.30

max (stage): 1.30 in
max (all):   1.30 in

Analysis Description settlement analysis q=500
CompanyDrawn By A. Van Buskirk
File Name 21690 Farmington Settlement_q=500_run1.s3zDate 11/27/2018, 11:24:08 AM

Project
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Total Settlement vs. Depth

Reference Stage: None
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Settle3D Analysis Information

21690.00 Farmington Williams Bridge
 
Project Settings

21690 Farmington Settlement_q=1500_run2.s3zDocument Name
21690.00 Farmington Williams BridgeProject Title
settlement analysis q = 1500Analysis
A. Van BuskirkAuthor
11/27/2018, 11:24:08 AMDate Created
BoussinesqStress Computation Method

Time-dependent Consolidation Analysis
yearsTime Units
feet/yearPermeability Units

Use average properties to calculate layered stresses
Improve consolidation accuracy
Ignore negative effective stresses in settlement calculations

 

Stage Settings

Time [years]NameStage #
0Immediate1
1Consolidated2

50Long Term3
 

Results

Time taken to compute: 0 seconds

 
Stage: Immediate = 0 y

MaximumMinimumData Type
2.503870Total Settlement [in]

00Consolidation Settlement [in]
2.503870Immediate Settlement [in]

00Secondary Settlement [in]
1.50Loading Stress [ksf]

4.098090Effective Stress [ksf]
7.12470Total Stress [ksf]

0.009545140Total Strain
3.055080Pore Water Pressure [ksf]

1.50Excess Pore Water Pressure [ksf]
00Degree of Consolidation [%]

4.096780.00106119Pre-consolidation Stress [ksf]
1.71Over-consolidation Ratio
0.90Void Ratio

0.1107430Permeability [ft/y]
36.50Coefficient of Consolidation [ft^2/y]

00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.8196170Undrained Shear Strength
 

Stage: Consolidated = 1 y
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MaximumMinimumData Type
3.118530Total Settlement [in]

0.6655120Consolidation Settlement [in]
2.503870Immediate Settlement [in]

00Secondary Settlement [in]
1.50Loading Stress [ksf]

4.618250Effective Stress [ksf]
7.12470Total Stress [ksf]

0.0168589-6.09554e-005Total Strain
2.562960Pore Water Pressure [ksf]

0.06411680Excess Pore Water Pressure [ksf]
99.99850Degree of Consolidation [%]
4.617290.00106119Pre-consolidation Stress [ksf]
1.715181Over-consolidation Ratio

0.9001160Void Ratio
0.01162450Permeability [ft/y]

36.50Coefficient of Consolidation [ft^2/y]
00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.836080Undrained Shear Strength
 

Stage: Long Term = 50 y

MaximumMinimumData Type
3.517410Total Settlement [in]

0.7083580Consolidation Settlement [in]
2.503870Immediate Settlement [in]
0.486280Secondary Settlement [in]

1.50Loading Stress [ksf]
4.631960Effective Stress [ksf]
7.12470Total Stress [ksf]

0.02592890Total Strain
2.501950Pore Water Pressure [ksf]

9.39415e-018-6.14839e-018Excess Pore Water Pressure [ksf]
1000Degree of Consolidation [%]

4.6310.00106119Pre-consolidation Stress [ksf]
1.71Over-consolidation Ratio
0.90Void Ratio

0.1107430Permeability [ft/y]
36.50Coefficient of Consolidation [ft^2/y]

00Hydroconsolidation Settlement [in]
00Average Degree of Consolidation [%]

0.8361830Undrained Shear Strength
 

Loads

1. Rectangular Load

73 ftLength
26 ftWidth
0 degreesRotation angle
FlexibleLoad Type
1898 ft2Area of Load
1.5 ksfLoad
15.6 ftDepth
Immediate = 0 yInstallation Stage

 

Coordinates
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Y [ft]X [ft]
4.512-32.362
4.51240.638

30.51240.638
30.512-32.362

Soil Layers

Ground Surface Drained: Yes

Borehole 1: (-6.2, 0.75)

Drained at BottomDepth [ft]Thickness [ft]Layer #
No014.41
No14.402
No14.433
No17.434

Type
Loose Silty Sand 

Saturated Alluvium 
Soft Clayey Silt 

Very Stiff Sandy Silt4

Borehole 2: (-3.7, 34.3)

Drained at BottomDepth [ft]Thickness [ft]Layer #
No0101
No104.72
No14.763
No20.731

Type
Loose Silty Sand 

Saturated Alluvium 
Soft Clayey Silt 

Very Stiff Sandy Silt4

Soil Properties
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Loose Silty Sand Saturated Alluvium Soft Clayey Silt Very Stiff Sandy SiltProperty
____________Color

0.1210.0830.1020.102Unit Weight [kips/ft3]
0.1390.1150.1170.117Saturated Unit Weight [kips/ft3]

EnabledDisabledDisabledDisabledImmediate Settlement
156Es [ksf]
624Esur [ksf]

DisabledEnabledDisabledDisabledPrimary Consolidation
Non-LinearMaterial Type

0.3Cc
0.03Cr
0.9e0

11.711OCR
36.5Cv [ft2/y]

1B-bar
DisabledStandardDisabledDisabledSecondary Consolidation

0.01Cae/Ca
0.01Car/Care

0000Undrained Su A [kips/ft2]
0.20.20.20.2Undrained Su S
0.80.80.80.8Undrained Su m

1111Piezo Line ID

Groundwater

Piezometric LinesGroundwater method
0.0624 kips/ft3Water Unit Weight

Piezometric Line Entities

Depth (ft)ID
11.6 ft1

Query Points

Number of Divisions(X,Y) LocationPoint #
Auto: 734.138, 17.5121

Field Point Grid

312Number of points
1Expansion Factor

Grid Coordinates

Y [ft]X [ft]
70.877.138

-35.7577.138
-35.75-68.862

70.8-68.862
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Borehole 1

Borehole 2

60
40

20
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-2
0

-20 0 20 40

Total Settlement (in)
 0.00
 0.36
 0.72
 1.08
 1.44
 1.80
 2.16
 2.52
 2.88
 3.24
 3.60

max (stage): 3.52 in
max (all):   3.52 in

Analysis Description settlement analysis q = 1500
CompanyDrawn By A. Van Buskirk
File Name 21690 Farmington Settlement_q=1500_run2.s3zDate 11/27/2018, 11:24:08 AM

Project
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Total Settlement vs. Depth

Reference Stage: None
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Farmington Williams Bridge
21690.00

Frost Penetration Analysis A. Van Buskirk
Nov. 2018

Check by : LK 5-7-19

Method 1 - MaineDOT Design Freezing Index (DFI) Map and Depth of Frost Penetration Table, BDG
Section 5.2.1.

From Design Freezing Index Map: Farmington Maine
DFI = 1870 degree-days.  
Case 1 - fine grained granular fill soils  W=30% .

DFI1 1800 d1 49.8 in

DFI2 1900 d2 51.1in

Approximate DFI at project = 1870 find frost depth by interpolation: 

DFI3 1870

d3 d1

DFI3 DFI1  d2 d1 

DFI2 DFI1  d3 50.7 in

Depth of Frost Penetration d3 4.2 ft

Recommendation: 4.2 feet for design of foundations constructed on fine grained soil.

1 of 1
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