
MAINE DEPARTMENT OF TRANSPORTATION 
BRIDGE PROGRAM 

GEOTECHNICAL SECTION 
AUGUSTA, MAINE 

 
 
 
 
 

GEOTECHNICAL DESIGN REPORT 
 

For the Replacement of: 
 

STIMSON BRIDGE 
STATE ROUTE 5 OVER LITTLE OSSIPEE RIVER 

WATERBORO AND LIMERICK, MAINE 
 
 
 
 
 

Prepared by: 
Nathan Sherwood, P.E. 
Geotechnical Engineer 

 
 

 
 

Reviewed by: 
Laura Krusinski, P.E. 

Senior Geotechnical Engineer 
 
 
York County               Soils Report No. 2016-03 
WIN 20476.00                 Bridge No. 2807  
 

Federal No. STP-2047(600) 
11 March 2016 



 

TABLE OF CONTENTS 
 
GEOTECHNICAL DESIGN SUMMARY ................................................................................. 1 

1.0    INTRODUCTION............................................................................................................. 6 

2.0    GEOLOGIC SETTING .................................................................................................. 7 

3.0    SUBSURFACE INVESTIGATION ............................................................................... 7 

4.0   LABORATORY TESTING ............................................................................................. 8 

5.0    SUBSURFACE CONDITIONS ...................................................................................... 8 

5.1    ABUTMENT NO. 1  – WATERBORO SIDE ........................................................................... 8 
5.2    PIER ................................................................................................................................. 9 
5.3    ABUTMENT NO. 2  – LIMERICK SIDE ................................................................................ 9 
5.4    BEDROCK ....................................................................................................................... 10 
5.5    GROUNDWATER ............................................................................................................. 10 

6.0   FOUNDATION ALTERNATIVES ............................................................................... 11 

6.1  ABUTMENTS NO. 1 AND 2 .............................................................................................. 11 
6.2  PIER ............................................................................................................................... 11 

7.0   GEOTECHNICAL DESIGN CONSIDERATIONS AND RECOMMENDATIONS ..  
 ........................................................................................................................................... 12 

7.1  INTEGRAL ABUTMENT H-PILES...................................................................................... 12 
7.1.1  Strength Limit State Design ...................................................................................... 13 
7.1.2  Service and Extreme Limit State Design ................................................................... 15 
7.1.3  Lateral Pile Resistance ............................................................................................. 16 
7.1.4  Bedrock Socketed H-Piles ......................................................................................... 19 
7.1.5  Driven Pile Resistance and Field Quality Control ................................................... 20 

7.2  INTEGRAL ABUTMENT DESIGN ...................................................................................... 21 
7.3  WINGWALLS .................................................................................................................. 22 
7.4    SPREAD FOOTING/CONCRETE SEAL ON BEDROCK ......................................................... 23 
7.5   FACTORED BEARING RESISTANCES FOR PIER ................................................................. 23 
7.6    PIER DESIGN .................................................................................................................. 23 
7.7    PIER SPREAD FOOTING SUBGRADE PREPARATION ......................................................... 25 
7.8   GROUND SETTLEMENT ................................................................................................... 25 
7.9   FROST PROTECTION ....................................................................................................... 26 
7.10   SCOUR AND RIPRAP ....................................................................................................... 26 
7.11   SEISMIC DESIGN PARAMETERS ...................................................................................... 27 
7.12   CONSTRUCTION CONSIDERATIONS ................................................................................. 28 

8.0   CLOSURE ....................................................................................................................... 29 

 



 

TABLES 
    
Table 1 - Summary of Depth to Bedrock, Top of Bedrock Elevations, and RQD 
Table 2 - Estimated Pile Lengths for Integral Abutments No. 1 and No. 2  
Table 3 - Factored Axial Compressive Resistances of Driven Piles at the Strength Limit State 
Table 4 - Factored Axial Compressive Resistances of Driven Piles at the Service and Extreme 

Limit States 
Table 5 - Soil Parameters for the Generation of Soil-Resistance (p-y) Curves  

at Abutment No. 1 
Table 6 - Soil Parameters for the Generation of Soil-Resistance (p-y) Curves  

at Abutment No. 2 
Table 7 - Bedrock Parameters for the Generation of Bedrock-Resistance (p-y) Curves  

at Abutments 
Table 8 - Static Geotechnical Resistances of H-Piles Installed in Bedrock Sockets (No Steel Plate 

Installed Across Pile Tip) 
Table 9 - Static Geotechnical Resistances of H-Piles Installed in Bedrock Sockets (Steel Plate 

Installed Across Pile Tip) 
Table 10 - Equivalent Height of Soil for Estimating Live Load Surcharge on Abutments 
Table 11 - Factored Bearing Resistances for Service, Strength, and Extreme Limit State Design  
Table 12 - Seismic Design Parameters 
 
 
SHEETS 
           
Sheet 1 - Location Plan 
Sheet 2 - Boring Location Plan and Interpretive Subsurface Profile 
Sheet 3 - Boring Logs 
 
 
APPENDICES 
          
Appendix A - Boring Logs 
Appendix B - Laboratory Test Results 
Appendix C - Calculations  
Appendix D - Special Provision 

 



1 
 

GEOTECHNICAL DESIGN SUMMARY 
 
The purpose of this Geotechnical Design Report is to present subsurface information, provide 
geotechnical design considerations, and provide geotechnical design recommendations for the 
replacement of the Stimson Bridge which carries State Route 5 over the Little Ossipee River 
between the towns of Waterboro and Limerick in Maine.  
 
The proposed bridge will be a 168-foot-long, two-span, steel girder superstructure supported on 
integral abutments and a center pier. The proposed integral abutments will be supported by H-piles 
that are driven to bedrock or installed in bedrock sockets. The pier will consist of a mass reinforced 
concrete shaft founded on a spread footing and concrete seal bearing on competent bedrock. The 
following summarized geotechnical design considerations and recommendations are discussed 
further in Section 7.0. 
 
Integral Abutment H-piles 
 
The H-piles shall be end bearing and driven to the required resistance on bedrock or constructed in 
bedrock sockets. The H-piles shall be designed for the service, strength, and extreme limit states. It 
is recommended that lateral pile resistance analyses using LPile® Plus 5.0 (LPile) be performed to 
determine the pile lengths required to prevent translation of the pile tip and to evaluate the pile 
stresses due to combined axial loads, flexure, and thermal displacements. We understand that the 
Structural Engineer (Hoyle, Tanner & Associates, Inc., referred to herein as HTA) will perform the 
LPile analyses using the soil and bedrock parameters presented in Section 7.1.3. The structural 
resistance of the piles should then be evaluated for structural compliance with the interaction 
equation, by HTA.  
 
The Contractor is required to perform a wave equation analysis of the proposed pile-hammer system 
and dynamic pile tests with signal matching at each abutment. The first pile driven at each abutment 
shall be dynamically tested to confirm nominal pile resistance and verify preliminary stopping 
criteria developed by the Contractor in the wave equation analysis. With this level of quality control, 
the ultimate resistance that must be achieved in the wave equation analysis and dynamic testing will 
be the factored axial pile load divided by a resistance factor, ϕdyn, of 0.65. 
 
Bedrock Socketed H-Piles 
 
To satisfy requirements for fixity, piles at the abutments may be installed in drilled bedrock sockets. 
A bedrock socket length should be selected such that: 1) the pile tips are installed 1 to 5 feet beyond 
the pile length required to achieve fixity and 2) the piles have adequate free length to control bending 
moments and limit stresses in the pile. The pile tips should be end bearing on bedrock and be “fixed” 
in the bedrock sockets with a nominal 2-foot-thick zone (“plug”) of concrete placed at the bottom of 
the bedrock socket. 
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The nominal static geotechnical resistances of steel H-piles were computed using the Intact Rock 
Method (IRM) proposed by Sandford (2013) and based on Rowe and Armitage (1987b) for bearing 
resistance on bedrock. The factored static geotechnical resistances for two H-pile sections are 
presented in Section 7.1.4. 
 
Integral Abutment Design 
 
Integral abutments shall be designed for all relevant service, strength, and extreme limit states and 
load combinations. Calculation of passive earth pressures for integral abutment design shall assume 
a Coulomb theory passive earth pressure coefficient, Kp, of 6.73. If the ratio of the calculated lateral 
abutment movement to abutment height (y/H) is less than 0.005, HTA may use a Rankine theory 
passive earth pressure coefficient, Kp, of 3.25. For purposes of the integral abutment backwall 
reinforcing steel design, HTA may use a maximum load factor, γEH, of 1.50 to calculate factored 
passive earth pressures. 
 
The abutment design shall include a drainage system behind the abutment to intercept any 
groundwater and direct it to a suitable discharge point that does not adversely affect the performance 
of the wingwalls. The approach slab shall be positively connected to the integral abutment. 
Additional lateral earth pressures due to construction surcharges or live load surcharges are required 
if an approach slab is not specified. When a structural approach slab is specified, reduction, not 
elimination of the surcharge loads is permitted. 
 
Wingwalls 
 
Wingwalls should preferably be straight, cantilevered extension wings not to exceed 10 feet in 
length. Design wingwall reinforcement for the passive earth pressure with results on the back face of 
the wall when the bridge expands using the Coulomb theory passive earth pressure coefficient and a 
passive earth pressure load factor, EH, of 1.5. The design of in-line cantilevered wingwalls shall 
account for the additional bending stresses resulting from the wingwall being cantilevered off of the 
abutment. 
 
Spread Footing/Concrete Seal on Bedrock 
 
The proposed  pier will be founded on a spread footing/concrete seal constructed on competent 
bedrock. The approximate depth to bedrock and top of bedrock elevation1 encountered in the pier 
boring is presented in Table 1 (Section 5.4). 
 

                                                 
1 All elevations presented herein reference the North American Vertical Datum 1988 (NAVD88) 
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Factored Bearing Resistances for Pier 
 
When analyzing the service, strength, and extreme limit state factored load combinations, the 
following factored bearing resistances shall be used to design the spread footing and concrete seal on 
competent bedrock: 
 

 Service Limit State – 20 kips per square foot (ksf); assuming settlement will be limited to 1 
inch;  

 Strength Limit State – 20 ksf; and 
 Extreme Limit State – 36 ksf. 

 
Pier Design 
 
The pier shall be designed for all applicable load combinations for all relevant service, strength, and 
extreme limit states. The pier shall be designed to transmit all loads from the superstructure and the 
self-weight of the pier to the spread footing and concrete seal.  
 
The service limit state design analyses shall consider settlement, horizontal movement, bearing 
resistance, sliding, and eccentricity. The strength limit state design shall consider bearing resistance, 
eccentricity (overturning), failure by sliding, and reinforced concrete structural failure. For the 
extreme limit state design, analyses shall consider bearing resistance, eccentricity, failure by sliding 
and structural failure with respect to extreme event load conditions relating to certain hydraulic 
events, ice, and seismic forces. Anchoring of the spread footing to the concrete seal is required by 
the Maine Department of Transportation Bridge Design Guide. Rock anchors/dowels may be used to 
resist sliding forces at the base of the spread footing and concrete seal. 
 
Pier Spread Footing Subgrade Preparation 
 
The pier spread footing/concrete seal subgrade shall consist of competent bedrock. The nature, slope, 
and degree of fracturing in the bedrock bearing surface will not be evident until the foundation 
excavation is completed. Regardless of the type of footing excavation (submerged or in-the-dry), the 
bedrock surface shall be cleared of all fractured and loose bedrock and soil to expose competent 
bedrock.  
 
Portions, or all of the pier foundation excavation, may be submerged. The Contractor shall prepare 
and submit a written procedure for cleaning and inspecting the bedrock subgrade in accordance with 
Section 5.11 of the Standard Specifications. If bedrock slopes steeper than 4:1 (horizontal:vertical) at 
the spread footing subgrade elevation, the bedrock shall be benched to create level steps or 
excavated to provide a completely level bearing surface.  



  

4 
 

Ground Settlement 
 
No significant new fills are proposed at the bridge approaches, but it is anticipated some minimal 
modifications to the existing vertical profile will occur. Elastic settlements due to these 
modifications are anticipated to be small and will occur relatively quickly. Post-construction induced 
settlement will be minimal. Any settlement of the abutments will be due to axial shortening of the 
foundation piles and is anticipated to be less than ½ inch. 
 
Frost Protection 
 
Pile-supported integral abutments shall be embedded a minimum of 4 feet for frost protection. For 
foundations bearing on bedrock, heave due to frost is not a design issue and no requirements for 
embedment for frost protection are necessary. Any foundation bearing on soil shall be founded a 
minimum of 5.5 feet beneath the finished exterior grade for frost penetration. 
 
Scour and Riprap 
 
The consequences of changes in foundation conditions resulting from riverbed material loss due to 
the design flood for scour shall be considered for all foundations at the service and strength limit 
states. For scour protection of the pile-supported abutments, bridge approach slopes and slopes at 
abutments shall be armored with 3 feet of plain riprap or 4 feet of heavy riprap. Stone riprap shall be 
placed at a maximum slope of 1.75:1. 
 
For scour protection of the pier footing, the bottom of the concrete seals should be constructed 
directly on competent bedrock that is cleaned of all weathered, loose, and potentially erodible or 
scourable bedrock. 
 
Seismic Design 
 
Seismic analysis is not required for multispan bridges in Seismic Zone 1. However, superstructure 
connections and minimum support length requirements shall be designed per American Association 
of State Highway and Transportation Officials, Load and Resistance Factor Design, Bridge Design 
Specifications, 7th Edition, 2014 with 2016 interims. 
 
Construction Considerations 
 
Construction of the integral abutments will require pile driving and/or bedrock coring. Temporary 
earth support systems may be required to permit construction of pile foundations at the proposed 
abutments. 
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There is potential that the existing abutments, if not entirely removed, may obstruct pile driving or 
bedrock coring operations. The Contractor shall be responsible for excavating those portions of the 
existing abutments and footings that conflict with piles by conventional excavation methods, pre-
augering, predrilling, spudding, use of rock chisels, or down-hole hammers. Excavation by these 
methods shall be made incidental to related pay items.  
 
Occasional cobbles were encountered in the fill beneath the bridge approaches. There is potential for 
these obstructions to impede the driving of sheet piles, H-piles, or coring bedrock sockets. 
Obstructions may be cleared by conventional excavation methods, pre-augering, predrilling, or 
spudding. Alternative methods to clear obstructions may be used as approved by the Resident. Care 
should take to install piles within allowable tolerances. 
 
Construction of the pier will require a cofferdam to support overburden soils and control river flow. 
The bedrock shall be cleared of all loose fractured bedrock, loose decomposed bedrock, and soil. 
The seal foundation subgrade should be confirmed to be relatively level. If bedrock is observed to 
slope steeper than 4:1, the bedrock should be benched to create level steps or excavated to be 
completely level. The condition of the bedrock surface prior to placing tremie-seal concrete should 
be inspected with the use of remote underwater cameras, divers, or other methods approved by the 
Resident. The cleanliness and condition of the final bedrock surface for tremie-seals shall be 
approved by the Resident prior to placement of seal concrete. 
 
Cobbles were encountered in the river alluvium at the location of the proposed pier. There is 
potential for these obstructions to impact or impede the driving of sheeting and cofferdam 
excavation.  
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1.0   INTRODUCTION 
 

The purpose of this Geotechnical Design Report is to present subsurface information, provide 
geotechnical design considerations, and provide geotechnical design recommendations for the 
replacement of the Stimson Bridge which carries State Route 5 over the Little Ossipee River 
between the towns of Waterboro and Limerick in Maine.  
 
The existing Stimson Bridge was built in 1931 and is comprised of three, 45-foot-long simple span 
concrete tee‐beams, for a total length of 135 feet. The bridge substructure system consists of mass 
concrete abutments supported on spread footings bearing on gravel and mass concrete piers 
supported on spread footings bearing on an unknown material (likely granular soils). The 
substructure elements are differentially skewed in order to incorporate the kinked superstructure. 
 
The bridge superstructure was rehabilitated in 1996 and 1997. The abutments and piers have not 
been rehabilitated over the life of the bridge and are showing signs of significant deterioration. The 
substructure system is in overall poor condition. The northern abutment has large areas of spalled 
concrete with exposed reinforcing steel at bearing areas. The abutments generally have minor 
cracking with some concrete spalls. The piers have large areas of severe concrete spalling and 
delaminations with exposed reinforcing steel at the bearing areas. The piers generally have areas of 
moderate cracking, staining, and spalling. 
 
The Maine Department of Transportation (MaineDOT) Bridge Maintenance inspection report (dated 
17 November 2014) assigned the substructures a condition rating of 4 (poor) with a Bridge 
Sufficiency Rating of 14.1. The Inspection Notes state that the bridge is in overall poor condition 
with “moderate/isolated heavy areas of deterioration” of the substructures’ concrete elements. 
 
The proposed bridge consists of a 168-foot-long, two span superstructure, comprised of weathering 
steel welded plate I‐girders. The bridge will have an approximate 27.5 degree skew. A two span 
option reduces the required superstructure depth for the bridge by shortening the span lengths, 
resulting in an increase of hydraulic clearance.  
 
As shown in Table 1, bedrock was encountered at depths of 25.7 and 19.2 feet below ground surface 
(bgs) at Abutments No. 1 and 2, respectively and at 3.9 feet bgs in the river (pier location) during the 
subsurface investigation. As a result of the relatively shallow bedrock depths, the substructures for 
the proposed bridge consist of integral abutments supported on H-piles driven to or installed in 
bedrock and a cast-in‐place reinforced concrete mass shaft supported by a spread footing and 
concrete seal bearing on competent bedrock.  
 
An off-alignment temporary bridge maintaining with traffic signals will be constructed downstream 
of the existing bridge to maintain one-way alternating traffic during the construction of the proposed 
bridge. 
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2.0   GEOLOGIC SETTING  
 
The Stimson Bridge crosses the Little Ossipee River as shown on Sheet 1 – Location Map. The Little 
Ossipee River is approximately 120 feet wide at the location of Stimson Bridge, which is located 
approximately 14.3 miles upstream of its confluence with the Saco River.  
 
According to the Surficial Geology Map, Limerick Quadrangle, Maine, Open-File No. 99-89, 1999 
by the Maine Geological Survey (MGS), the surficial soils in site vicinity consist of river alluvium 
and glaciolacustrine delta deposits. River alluvium deposits generally consist of fine- to coarse-
grained sand, silt and clay with some gravel, and organic matter in areas. The unit is generally 
deposited in flood plains of rivers and brooks. Glaciolacustrine delta deposits generally consist of 
gravel and very well sorted sand and are likely associated with Glacial Lake Arrowhead near 
Limerick and Ossipee Mills.  
 
According to the MGS Bedrock Geologic Map of Maine (1985) the bedrock at the site is identified 
as interbedded pelite and limestone and/or dolostone, a lower member of the Rindgemere Formation 
that dates back to the Devonian – Silurian Age. 

3.0   SUBSURFACE INVESTIGATION 
 
Subsurface conditions at the site were investigated by drilling the following three borings: 1) BB-
WLLOR-101 was drilled near the location of the proposed Abutment No. 1 (Waterboro side), 2) BB-
WLLOR-102 was drilled near the location of the proposed pier, and 3) BB-WLLOR-103 was drilled 
near the location of proposed Abutment No. 2 (Limerick side). Two additional power auger borings 
will be drilled at a later date at the proposed integral abutment locations to further define the top of 
bedrock elevations across the abutments. The boring locations and an interpretive subsurface profile 
depicting the soil and bedrock stratigraphy across the site are shown on Sheet 2 – Boring Location 
Plan and Interpretive Subsurface Profile. 
 
The borings were drilled between 14 and 15 April 2015 by the MaineDOT Materials Testing and 
Exploration drill crew using a trailer-mounted drill rig. Details and sampling methods used, field 
data obtained, soil, and bedrock conditions encountered are presented on Sheet 3 – Boring Logs and 
in Appendix A – Boring Logs. The borings were drilled using solid stem auger, cased wash boring 
and rock coring techniques. Soil samples were obtained, where possible, at 5-foot intervals using 
Standard Penetration Test (SPT) methods. During SPT sampling, the sampler was driven 24 inches 
and the hammer blows for each 6-inch interval of penetration were recorded. The standard 
penetration resistance value (N-value) is the sum of the blows for the second and third intervals of 
the 24-inch drive. The MaineDOT drill rig is equipped with a 140-pound, automatic hammer falling 
30 inches. The hammer was calibrated per ASTM D 4633-05 “Standard Test Method for Energy 
Measurement for Dynamic Penetrometers”. The MaineDOT automatic hammer was calibrated in 
October 2014 and was found to deliver approximately 51.3 percent more energy during driving than 
the standard rope and cathead system. All N-values discussed in this report are corrected values 
computed by applying an average energy transfer factor of 0.908 to the raw field N-values. The 
hammer efficiency factor (0.908), the raw field N-values, and the corrected N-values (N60) are 
shown on the boring logs. 



Stimson Bridge 
Waterboro and Limerick, Maine 

  WIN 20476.00 
   

8 
 

The bedrock was cored using an NQ 2-inch core barrel. The Rock Quality Designation (RQD) of 
each bedrock core was calculated and is presented on the boring logs. The Geotechnical Engineer 
selected the boring locations and drilling methods, designated the type and depth of sampling 
techniques, and identified field and laboratory testing requirements. The MaineDOT subsurface 
inspector, certified by the Northeast Transportation Technical Certification Program, logged the 
subsurface conditions encountered at the borings in accordance with the MaineDOT Key to Soil and 
Rock Descriptions, provided in Appendix A – Boring Logs. The borings were located in the field by 
tape after the completion of drilling and later confirmed by MaineDOT Survey. 

4.0  LABORATORY TESTING 
 
Soil and rock samples obtained during the subsurface investigation were examined in our Bangor, 
Maine office to confirm the field classifications and samples were selected for laboratory testing. A 
laboratory testing program was conducted on selected soil samples recovered from borings to assist 
in soil classification, evaluate engineering properties, and for geologic assessment of the site. The 
laboratory testing consisted of six standard grain size analyses with natural water content 
measurements. The tests were performed in the MaineDOT Materials and Testing Laboratory in 
Bangor, Maine. The results of the laboratory testing are provided in Appendix B – Laboratory Test 
Results. Moisture content information and other soil test results are included on the boring logs on 
Sheet 3 – Boring Logs and in Appendix A – Boring Logs. 
 
5.0   SUBSURFACE CONDITIONS 
 
On the basis of our interpretation of the borings drilled by us at the site, we conclude the site is, in 
general, underlain by sandy fill, native sand with varying amounts of gravel and silt, gravel, and 
underlying bedrock. Section 5.4 presents information regarding the bedrock encountered in the 
borings. A brief summary description of the soil encountered at each substructure is presented in 
Sections 5.1 through 5.3 and Section 5.4 (bedrock). 
 

5.1   Abutment No. 1  – Waterboro Side 
 
In general, sandy fill, native soil, and bedrock were encountered at BB-WLLOR-101, which is 
located near the proposed Abutment No. 1.  
 
Fill 
 
A layer of  fill was encountered immediately beneath the pavement in BB-WLLOR-101. The fill 
layer encountered at BB-WLLOR-101 was approximately 8.6-feet-thick. The fill consisted of brown, 
moist to wet, well-graded sand, some gravel, trace silt, with occasional cobbles. Corrected SPT N-
values in the fill ranged from 24 to 27 blows per foot (bpf) indicating that the soil is medium dense 
in consistency. The water content of one fill sample tested was 3.7 percent. One grain size analysis 
conducted on a fill sample indicates the fill is classified as an A-1-b soil by the American 
Association of State Highway and Transportation Officials (AASHTO) Soil Classification System 
and as an SW-SM soil by the Unified Soil Classification System (USCS). 
 



Stimson Bridge 
Waterboro and Limerick, Maine 

  WIN 20476.00 
   

9 
 

Native Soil (River Alluvium and/or Glaciolacustrine Delta deposits) 
 
The alluvial or glaciolacustrine deposit encountered at BB-WLLOR-101 was 16.7-feet-thick. The 
deposit consisted of grey-brown and grey, wet, sand, some gravel, and little silt. Corrected SPT N-
values in the deposit ranged from 15 to 50 bpf indicating that the soil is medium dense to very dense 
in consistency. Water contents obtained from tested samples ranged from approximately 12.6 to 13.5 
percent. Grain size analyses conducted on samples of the deposit indicate the soils are classified as 
an A-1-b or A-2-4 to A-2-7 soil by the AASHTO Soil Classification System and as an SM soil by 
the USCS. 
 
5.2   Pier 
 
A layer of river alluvium was encountered overlying bedrock at BB-WLLOR-102, which is located 
near the proposed pier. The thickness of the alluvium at the boring location was approximately 3.9-
feet-thick. The alluvium consisted of brown, wet, well-graded gravel, some sand, trace silt, and 
occasional cobbles. The corrected SPT N-value in the deposit was 80 bpf indicating that the soil is 
very dense in consistency. The water content of one sample tested was 9.2 percent. One grain size 
analysis conducted on a sample indicates the alluvium is classified as an A-1-a soil by the AASHTO 
Soil Classification System and as a GW-GM soil by the USCS. 
 

5.3   Abutment No. 2  – Limerick Side  
 
In general, sandy fill, native soil, and bedrock were encountered at BB-WLLOR-103, which is 
located near the proposed Abutment No. 2.  
 
Fill 
 
A layer of fill was encountered beneath the pavement in BB-WLLOR-103. The thickness of the fill 
layer at BB-WLLOR-103 was approximately 10.2-feet-thick. The fill consisted of brown, moist, 
poorly-graded sand, trace gravel, and trace silt. Corrected SPT N-values in the fill ranged from 12 to 
23 bpf indicating that the soil is medium dense in consistency. The water content of one sample 
tested was 3.3 percent. One grain size analysis conducted on a sample indicates the fill is classified 
as an A-1-b soil by the AASHTO Soil Classification System and as an SP-SM soil by the USCS. 
 
Native Soil (River Alluvium and/or Glaciolacustrine Delta deposits) 
 
A layer of river alluvium and glaciolacustrine deposits was encountered beneath the fill. The 
thickness of the deposit encountered at BB-WLLOR-103 was 8.7-feet-thick. The deposit consisted 
of brown, wet, sand, some gravel, and little silt. Corrected SPT N-values in the deposit ranged from 
15 to 50 bpf indicating that the soil is medium dense to very dense in consistency. Water contents 
obtained from tested samples ranged from approximately 8.5 to 22.8 percent. Grain size analyses 
conducted on samples of the deposit indicate the soil is classified as an A-1-b soil by the AASHTO 
Soil Classification System and as an SM soil by the USCS. 
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5.4   Bedrock 
 
Bedrock was encountered and cored at all boring locations. Table 1 summarizes the approximate 
depths to bedrock, corresponding top of bedrock elevations, and RQD at the boring locations. 

 

Boring No. 
Proposed 

Substructure Name 

Approximate 
Depth to Bedrock, bgs 

(feet) 

Approximate 
Top of Bedrock 

Elevation 
(feet) 

 
RQD2 (R1, R2) (%) 

BB-WLLOR-101  
Abutment No. 1 

25.7 295.8 22, 48 

BB-WLLOR-102  
Pier 

3.9 298.6 10, 46 

BB-WLLOR-103  
Abutment No. 2 

19.2 301.8 52, 40 

Table 1. Summary of Approximate Depth to Bedrock, Approximate Top of Bedrock 
Elevations, and RQD 

 
In general, the bedrock in the borings is identified as red-brown to grey, poorly bedded garnet-mica 
schist and pegmatite/migmatite with muscovite, feldspar, and quartz present, moderately hard, 
moderately fractured, and moderately weathered. The bedrock is identified as part of the Lower 
Member of the Rindgemere Formation. The RQD of the bedrock ranged from approximately 10 to 
52 percent indicating a rock mass quality of very poor to fair. 
 

5.5   Groundwater 
 
Groundwater was not observed during the subsurface investigation. The existing ordinary high water 
elevation (Q1.1) at the site is approximately Elevation 307.2 feet3. Groundwater levels will fluctuate 
with precipitation, seasonal changes, runoff, and construction activity. 

                                                 
2 R1 is the first bedrock run length and R2 is the second length. 
3 Preliminary Design Report, 15 October 2015, page 23. 
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6.0  FOUNDATION ALTERNATIVES 
 
Based on the subsurface conditions encountered at the site and discussions with the Structural 
Engineer, Hoyle, Tanner and Associates, Inc. (HTA), regarding expected loading conditions, the 
following foundation alternatives for the substructures were considered feasible as discussed in 
Sections 6.1 and 6.2. 
 

6.1 Abutments No. 1 and 2 
 
Bedrock was encountered at Elevation 295.8 feet and 301.8 feet at the proposed Abutment No. 1 and 
Abutment No. 2, respectively. The historical bridge plans4 indicate the existing abutments are likely 
founded on native granular soil. The design team considered supporting the integral abutments on 
the following three types of piles: 
 

 H-piles; 
 Steel N80 casings spun into bedrock; and 
 Micropiles. 

 
However, based on previous bridge replacement projects in the State with similar subsurface 
conditions and discussions with HTA regarding expected loading conditions, it was decided that the 
most cost effective and practical deep foundation type was to support the integral abutments on H-
piles driven to bedrock or installed in bedrock sockets. To satisfy requirements for fixity and/or 
elastic behavior, piles may require installation in bedrock sockets, as detailed in Section 7.1.4. 
 
6.2 Pier 
 
Bedrock was encountered at Elevation 298.6 feet at the proposed pier location. Due to the shallow 
depth to bedrock in this location, the pier will consist of a mass reinforced concrete shaft that is 
constructed on a spread footing that will bear directly on either competent bedrock or on a concrete 
seal bearing on competent bedrock. 
 

                                                 
4 “Stimson Bridge over Little Ossipee River between the Towns of Limerick and Waterboro, York County, Survey 
Plan,” by Maine Highway Commission, Bridge Division, Sheet 1 of 8, dated 22 May 1930. 
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7.0  GEOTECHNICAL DESIGN CONSIDERATIONS AND RECOMMENDATIONS 
 
Geotechnical design considerations and recommendations regarding the integral abutments, H-piles, 
wingwalls, pier, scour mitigation, frost protection, seismic design, and construction are presented in 
the following sections and are in accordance with AASHTO Load and Resistance Factor Design 
(LRFD) Bridge Design Specifications, 7th Edition, 2014 with 2016 interims and relevant MaineDOT 
Bridge Design Guide (BDG) sections. 

 
7.1 Integral Abutment H-Piles 
 
Abutments No. 1 and No. 2 will be founded on a single row of H-piles. The piles shall be end 
bearing and driven to the required resistance on bedrock or installed in bedrock sockets. Per 
discussions with HTA, the piles may be either HP 14x89 or HP 14x117 sections, depending on the 
factored design axial loads and the ability to effectively resist lateral loads. The piles shall be 50 kips 
per square inch (ksi), Grade A572 steel. The piles should be oriented for weak axis bending. If the 
H-piles are driven, the piles shall be fitted with pile tips conforming to MaineDOT Standard 
Specification 711.10 to protect section ends, improve friction, and increase bearing area at the pile 
tip.  
 
Due to the relatively shallow depth to bedrock at both abutments, if the results of the LPile analyses 
indicate that the H-piles do not achieve fixity or require additional pile free length to control bending 
moments and stresses; the piles may need to be installed in bedrock sockets (see Section 7.1.4). Pile 
lengths at the proposed abutments may be estimated based on the information presented in Table 2.  
 

Table 2. Estimated Pile Lengths for Integral Abutments No. 1 and No. 2 
 
The estimated pile lengths do not account for embedment in the abutment, penetration into bedrock, 
embedment in bedrock sockets, locations where bedrock may be deeper or shallower than that 
encountered in the borings, damaged pile, the additional 5 feet of pile required for dynamic testing 
instrumentation (per ASTM D4945), or additional pile length needed to accommodate the 
Contractor’s leads and driving equipment. 

                                                 
5 The top of bedrock elevations may change after the additional power auger borings are completed. 

 
 
 

Substructure 

 
Estimated 

Bottom Elevation of 
Proposed Abutment 

(feet) 

 
Interpolated 

Top of Bedrock 
Elevation at Proposed 

Centerline5 
(feet) 

 
 

Estimated 
Pile Lengths 

(feet) 

Abutment No. 1 311.0 295.8 15.2 

Abutment No. 2 312.0 301.8 10.2 
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7.1.1 Strength Limit State Design 

 
The design of pile foundations bearing on or within bedrock for the strength limit state shall consider 
the following: 
 

 The axial compressive geotechnical resistance of individual piles; 
 The axial compressive structural resistance of individual piles; 
 The axial compressive drivability resistance of individual piles; and 
 The structural resistance of individual piles in combined axial compression and flexure. 

 
The pile groups should be designed to resist all lateral earth loads, vehicular loads, dead and live 
loads, and lateral forces transferred through the pile caps. The pile group resistance after scour due to 
the design flood shall provide adequate foundation resistance using the resistance factors given in 
this section.  
 
Per LRFD Article 6.5.4.2, at the strength limit state, the axial resistance factor, c, of 0.60 for good 
driving conditions, shall be applied to the structural compressive resistance of the pile. Since the 
piles will be subjected to lateral loading, the piles shall also be checked for resistance against 
combined axial compression and flexure per LRFD Articles 6.9.2.2 and 6.15.2. This design axial 
load may govern the design. Per LRFD Article 6.5.4.2, at the strength limit state, the axial resistance 
factor, c, of 0.70 and the flexural resistance factor, f, of 1.0 shall be applied to the combined axial 
and flexural resistance of the pile in the interaction equation (LRFD Equation 6.9.2.2-1 or -2). 
 
We understand the piles will be analyzed by HTA for determination of unbraced lengths and fixity 
using the LPile software. The calculated unbraced lengths shall be used to analyze the piles in 
combined axial compression and flexure resistance per LRFD Articles 6.9.2.2 and 6.15.2. 
 
Structural Resistance 
 
The nominal axial compressive structural resistance (Pn) for piles loaded in compression shall be as 
specified in LRFD Article 6.9.4.1. Preliminary estimates of the axial compressive structural 
resistance of two H-pile sections were calculated using a resistance factor, c, of 0.60 for good 
driving conditions. The unbraced pile lengths (l) and effective length factors (K) in these evaluations 
have been assumed. It is the responsibility of HTA to calculate the nominal axial compressive 
structural resistance based on unbraced lengths and effective length factors determined from the 
LPile analyses. 
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Geotechnical Resistance 
 
The nominal axial compressive geotechnical resistance at the strength limit state was calculated 
using the guidance in LRFD Article 10.7.3.2.3, which states that the nominal axial compressive 
resistance of piles driven to end bearing on hard bedrock shall not exceed the axial compressive 
structural resistances obtained from LRFD Article 6.9.4.1 with a resistance factor, c, of 0.50 for 
severe driving conditions. The factored axial compressive geotechnical resistances for piles driven to 
hard bedrock are presented in Table 3. 
 
Drivability Analyses 
 
Drivability analyses were performed using the GRLWEAP 2003 software to determine the axial 
compressive drivability resistance that might be achieved using a Delmag 19-42 diesel hammer. The 
maximum driving stresses in the pile, assuming the use of 50 ksi steel, shall be less than 45 ksi. The 
axial compressive drivability resistances were calculated using a resistance factor, ϕdyn, of 0.65 for a 
single pile in axial compression when a dynamic test is performed as specified in LRFD Table 
10.5.5.2.3-1.  
 
A summary of the calculated factored axial compressive structural, geotechnical, and drivability 
resistances of two H-pile sections for the strength limit state is presented in Table 3. Supporting 
calculations are provided in Appendix C – Calculations. 
 

 
 
 

Pile Section 
 

Strength Limit State 
Factored Axial Compressive Pile Resistances 

Structural 
Resistance6 
c=0.60 
(kips) 

Geotechnical 
Resistance7 
ϕc=0.50 
(kips) 

Drivability 
Resistance 
ϕdyn=0.65 

(kips) 

Governing 
Resistance 

(kips) 

HP 14x89 782 652 341 341 

HP 14x117 1,031 859 471 471 

Table 3. Factored Axial Compressive Resistances of Driven Piles at the Strength Limit 
State 

 
Local experience supports the estimated factored resistances from the drivability analyses. It is 
recommended that the maximum factored axial pile load used in design for the strength limit state 
not exceed the governing resistances presented in the rightmost column “Governing Resistance 
(kips)” in Table 3. 

                                                 
6 Based on the preliminary assumption that the unbraced length (l) is 1-foot and the effective length factor (K) is 1.2. 
7 Based on guidance in LRFD Article 10.7.3.2.3, Piles Driven to Hard Rock. 
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7.1.2 Service and Extreme Limit State Design 

 
The design of piles at the service limit state shall consider tolerable transverse and longitudinal 
movement of the piles, overall global stability, and pile group movements/stability considering 
changes in soil conditions due to scour at the check flood (Q500). For the service limit state, a 
resistance factor, , of 1.0 should be used in accordance with LRFD Article 10.5.5.1. The exception 
is the overall global stability of the foundation which should be investigated at the Service I load 
combination with a resistance factor, , of 0.65. 
 
The design of piles at the extreme limit state shall consider pile axial compressive resistance, overall 
global stability of the pile group, pile failure by uplift in tension, and structural failure. The extreme 
event load combinations are those related to seismic forces, ice loads, debris loads, and certain 
hydraulic events. Extreme limit state design shall also check that the nominal pile foundation 
resistance remaining after scour due to the check flood (Q500) can support the extreme limit state 
loads. Resistance factors for extreme limit states, per LRFD Article 10.5.5.3, shall be taken as  = 
1.0, with the exception of uplift of piles, for which the resistance factor, uplift, is 0.80 per LRFD 
Article 10.5.5.3.2. 
 
The nominal axial compressive geotechnical resistances at the service and extreme limit states were 
calculated per LRFD Article 10.7.3.2.3. The calculated factored axial compressive structural, 
geotechnical, and drivability resistances of two H-pile sections for the service and extreme limit 
states are presented in Table 4. Supporting calculations are provided in Appendix C – Calculations.  
 

 
 

Pile Section 

Service and Extreme Limit States 
Factored Axial Compressive Pile Resistances 

Structural 
Resistance 

(normal 
conditions)8  

c=1.0 
(kips) 

Geotechnical 
Resistance 
ϕc=1.09 
(kips) 

Drivability 
Resistance 
ϕdyn = 1.0 

(kips) 

Governing 
Resistance 

(kips) 

HP 14x89 1,303 1,303 525 525 

HP 14x117 1,718 1,718 725 725 

Table 4. Factored Axial Compressive Resistances for Driven Piles for Service and Extreme 
Limit States 

 
Local experience supports the estimated factored resistances from the drivability analyses. It is 
recommended that the maximum factored axial pile load used in design for the service and extreme 

                                                 
8 Based on the preliminary assumption that the unbraced length (l) is 1-foot and the effective length factor (K) is 1.2. 
9 Based on guidance in LRFD Article 10.7.3.2.3, Piles Driven to Hard Rock. 



Stimson Bridge 
Waterboro and Limerick, Maine 

  WIN 20476.00 
   

16 
 

limit states shall not exceed the governing resistances presented in the rightmost column “Governing 
Resistance (kips)” in Table 4. 

7.1.3 Lateral Pile Resistance 

 
In accordance with LRFD Article 6.15.1, the structural analysis of pile groups subjected to lateral 
loads shall include explicit consideration of soil-structure interaction effects in accordance with 
LRFD Article 10.7.3.9. Assumptions regarding a fixed or pinned condition at the pile tip shall be 
confirmed with soil-structure interaction analyses. 
 
We understand that HTA will perform a series of lateral pile resistance analyses to evaluate pile 
behavior at both abutments using LPile software with pile head deflections, design rotations, and 
axial loads. HTA should utilize the results of the LPile analyses to recalculate axial compressive 
structural pile resistances based on unbraced pile segments and verify that pile bending stresses and 
total stresses do not exceed allowable stresses. 
 
Geotechnical parameters used for the generation of soil/bedrock-resistance (p-y) curves in lateral 
pile analyses are presented in Tables 5 through 7. The models developed for LPile analyses shall 
emulate the soil and bedrock at the site by using the recommended properties (presented in Tables 5 
through 7) and using appropriate structural parameters and pile-head boundary conditions for the pile 
section being analyzed. 
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Description of 
Soil Layer 

Approximate 
Top and 
Bottom 

Elevations of 
Soil Layer 

(feet) 

Above/Below 
Groundwater 

Table 

Effective 
Unit Weight, 

γ’ 
lbs/ft3 

(lbs/in3) 

Soil Modulus, 
ks 

(lbs/in3) 

Internal 
Angle of 

Friction, ’ 
(degrees) 

Medium 
dense, SAND, 

(Fill) 
321.1 – 316.1 Above 

117  
(0.068) 

90 33 

Medium 
dense, SAND, 

(Fill) 
316.1 – 312.5 Below 

55  
(0.032) 

60 33 

Medium 
dense, SAND, 

(Native) 
312.5 – 303.5 Below 

48  
(0.028) 

50 32 

Dense, 
SAND, 
(Native) 

303.5 – 295.8 Below 
80  

(0.046) 
125 38 

Table 5. Soil Parameters for the Generation of Soil-Resistance (p-y) Curves  
at Abutment No. 1 
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Description of 
Soil Layer 

Approximate 
Top and 
Bottom 

Elevations of 
Soil Layer 

(feet) 

Above/Below 
Groundwater 

Table 

Effective 
Unit Weight, 

γ’ 
lbs/ft3 

(lbs/in3) 

Soil Modulus, 
ks 

(lbs/in3) 

Internal 
Angle of 

Friction, ’ 
(degrees) 

Medium 
dense, SAND, 

(Fill) 
320.7 – 315.7 Above 

117  
(0.068) 

90 33 

Medium 
dense, SAND, 

(Fill) 
315.7 – 310.5 Below 

50 
(0.029) 

50 31 

Medium 
dense, SAND, 

(Native) 
310.5 – 307.0 Below 

48  
(0.028) 

50 32 

Dense, 
SAND, 
(Native) 

307.0 – 301.8 Below 
80  

(0.046) 
125 38 

Table 6. Soil Parameters for Generation of Soil-Resistance (p-y) Curves  
at Abutment No. 2 

 
 

Subsurface 
Material 

Model 
Name and 

(Reference) 

Uniaxial 
Compressive 

Strength, 
UCS 

(lbs/in2) 

Strain 
Parameter, 

krm 
(unitless) 

Young’s 
Modulus, 

Er  
(lbs/in2) 

RQD  
(%) 

Effective 
Unit 

Weight, γ’ 
(lbs/in3) 

Bedrock 
Weak Rock 

(Reese, 
1997) 

6,943 0.0005 3,446,400 41 0.066 

Bedrock 

Strong 
Rock 

(Vuggy 
Limestone) 

6,943 - - - 0.066 

Table 7. Bedrock Parameters for Generation of Bedrock-Resistance (p-y) Curves  
at Abutments 
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7.1.4 Bedrock Socketed H-Piles 

 
To satisfy requirements for fixity, piles at the abutments may require installation in bedrock sockets. 
A bedrock socket length should be selected such that: 1) the pile tips are installed 1 to 5 feet beyond 
the pile length required to achieve fixity and 2) the piles have adequate free length to control bending 
moments and limit stresses in the pile. The pile tips should be end bearing on bedrock and be “fixed” 
in the bedrock sockets with a nominal 2-foot-thick zone (“plug”) of concrete placed at the bottom of 
the bedrock socket.  
 
The nominal static (i.e. pile is not driven) geotechnical resistances of two H-pile sections were 
computed using the Intact Rock Method (IRM) proposed by Sandford (2013) and based on Rowe 
and Armitage (1987b) for bearing resistance on bedrock. The resistances presented in Table 8 were 
computed using a resistance factor, stat, of 0.45. 
 
Per discussions with HTA, the maximum factored pile load is approximately 315 kips. As shown in 
Table 8, if the piles are installed in bedrock sockets, the factored static geotechnical pile resistances 
at the strength limit state do not achieve the required maximum factored pile load of 315 kips. 
Therefore, a steel plate may be welded across each pile tip (i.e. from flange-to-flange) to provide an 
increased bearing surface area; which in turn, will yield increased factored static geotechnical pile 
resistances that will exceed the required maximum factored pile load of 315 kips, as shown in Table 
9. The selection of the steel plate thickness and welding detail shall be the responsibility of HTA. 
Supporting calculations are provided in Appendix C – Calculations. 
 
The maximum applied factored axial pile load should not exceed the governing factored pile 
resistances shown in Table 9. Therefore, to prevent loading the H-piles beyond their structural 
capacities, the recommended governing resistances for H-piles installed in bedrock sockets for the 
strength limit state are the resistances presented in the rightmost column “Factored Governing 
Resistance (kips)” in Table 9. The governing resistances are equivalent to the nominal structural 
resistances of the pile sections.  
 
Bedrock sockets may be drilled using rotary duplex methods with down-the-hole hammers, rotary 
percussive methods, or solid rock coring methods. The bedrock socket should have a diameter of at 
least 2 inches greater than the diagonal H-pile section dimension. Bedrock sockets shall be 
constructed to have a clean, planar bottom. Once the bedrock socket is drilled and the socket is 
adequately cleaned out, a 2-foot-thick concrete plug shall be placed on the bottom of the bedrock 
socket and the H-pile shall be installed in the bedrock socket and the annular space between the 
sidewall of the lower portion of the bedrock socket and the H-pile shall be tremie-filled with Class A 
concrete. The annular space in the portion of the bedrock socket from the concrete plug to the top of 
the bedrock socket shall be backfilled with Type C Underwater Backfill to achieve the free length of 
pile required for adequate pile behavior. 
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Pile Section 

Factored Static 
Geotechnical Pile Resistance 

=1.0 
(Service and Extreme Limit 

State Design) 
(kips) 

Factored Static 
Geotechnical Pile Resistance 

stat=0.45 
(Strength Limit State Design) 

(kips) 

HP 14x89 522 235 

HP 14x117 688 310 

Table 8. Static Geotechnical Resistances of H-Piles Installed in Bedrock Sockets (No Steel 
Plate Installed Across Pile Tip) 

 

 
Pile Section 

Factored Static 
Geotechnical 

Pile Resistance 
=1.0 

(Service and 
Extreme Limit 
State Design) 

(kips) 

Factored Static 
Geotechnical 

Pile Resistance 
stat=0.45 

(Strength Limit 
State Design) 

(kips) 

Nominal 
Factored 

Governing 
Resistance 
=1.0 

(Service and 
Extreme Limit 
State Design) 

(kips) 

Factored 
Governing 
Resistance 
=0.50 

(Strength Limit 
State Design) 

(kips) 

HP 14x89 4,057 1,826 1,303 782 

HP 14x117 4,232 1,904 1,718 1,031 

Table 9. Static Geotechnical Resistance of H-Piles Installed in Bedrock Sockets (Steel Plate 
Installed Across Pile Tip) 

 

7.1.5 Driven Pile Resistance and Field Quality Control  

 
For piles that are not installed in bedrock sockets, but are driven to bear on or within bedrock, the 
contract plans shall require the Contractor to perform a wave equation analysis of the proposed pile-
hammer system and dynamic pile tests with signal matching. The first pile driven at each abutment 
(without a bedrock socket) shall be dynamically tested to confirm nominal pile resistance and verify 
preliminary stopping criteria developed by the Contractor in the wave equation analysis. The pile 
driving acceptance criteria developed shall prevent pile damage. Restrike tests or additional pile tests 
will be required as part of the pile quality and assurance program should pile behavior vary radically 
between adjacent piles, the pile behavior indicates a pile is refusing on a boulder or cobble layer 
above bedrock or is not firmly seated on bedrock, or if piles “walk” out of position. 
 
With this level of quality control, the ultimate resistance that must be achieved in the wave equation 
analysis and dynamic testing will be the factored axial pile load divided by a resistance factor, ϕdyn, 
of 0.65. The maximum factored axial pile load should be shown on the plans.  
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Piles should be driven to an acceptable penetration resistance as determined by the Contractor based 
on the results of a wave equation analysis and as approved by the Resident and Geotechnical 
Engineer. Driving stresses in the pile determined in the drivability analysis shall be less than 45 ksi, 
in accordance with LRFD Article 10.7.8. A hammer shall be selected which provides the required 
pile resistance when the penetration resistance for the final 3 to 6 inches is 3 to 15 blows per inch 
(bpi). If an abrupt increase in driving resistance is encountered, the driving may be terminated when 
the penetration is less than ½ inch in 10 consecutive blows. 
 
7.2 Integral Abutment Design 
 
Integral abutment sections shall be designed for all relevant service, strength, and extreme limit 
states and load combinations as specified in LRFD Articles 3.4.1 and 11.5.5. Stub abutments shall be 
designed to resist all lateral earth loads, vehicular loads, dead and live loads, and lateral forces 
transferred through the integral superstructure. The design of the integral abutment at the strength 
limit state shall consider reinforced-concrete structural design. Strength limit state design shall also 
consider changes in foundation conditions and foundation resistance after scour due to the design 
(Q100) flood. 
 
A resistance factor, , of 1.0 shall be used to assess abutment design at the service limit state, that 
considers settlement, excessive horizontal movement, and movement resulting after scour due to the 
design (Q100) flood. The overall stability of the foundation shall be investigated at the Service I Load 
Combination with a resistance factor, , of 0.65. 
 
Extreme limit state design of integral abutment supported on H-piles shall include pile structural 
resistance, pile geotechnical resistance, pile resistance in combined axial and flexure, and overall 
stability. Resistance factors for extreme limit states shall be taken as 1.0. Extreme limit state design 
shall also check that the nominal foundation resistance remaining after scour due to the check (Q500) 
flood can support the extreme limit state loads with a resistance factor, , of 1.0. 
 
HTA may assume Soil Type 4 (MaineDOT BDG Section 3.6.1) for abutment and wingwall backfill 
material and the following associated soil and engineering properties of the backfill for design: 
 

 Internal angle of friction (’) = 32 degrees; 
 Total unit weight () = 125 pounds per cubic foot (pcf); and  
 Soil-concrete interface friction angle (δ) = 24 degrees. 

 
Integral abutment sections shall be designed to withstand a lateral earth load equivalent to the 
passive earth pressure state. Calculation of passive earth pressures should assume a Coulomb theory 
passive earth pressure coefficient, Kp, of 6.73. Developing full passive pressure assumes that the 
ratio of lateral abutment movement to abutment height (y/H) exceeds 0.005. If the calculated 
displacements are significantly less than that required to develop full passive pressure HTA may 
consider using the Rankine theory passive earth pressure coefficient, Kp, of 3.25. A load factor for 
passive earth pressure is not specified in LRFD. For purposes of the integral abutment backwall 
reinforcing steel design, HTA may use a maximum load factor, γEH, of 1.50 to calculate factored 
passive earth pressures. 
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Additional lateral earth pressures due to live load surcharge are required per Section 3.6.8 of the 
MaineDOT BDG for abutments if an approach slab is not specified. When a structural approach slab 
is specified, reduction, not elimination of the surcharge load is permitted per LRFD Article 3.11.6.5. 
The live load surcharge may be estimated as a uniform horizontal earth pressure due to an equivalent 
height of soil (heq) presented in Table 10. 
 

Abutment Height 
(feet) 

heq 

(feet) 

5 4 

10 3 

greater than 20 2 

Table 10. Equivalent Height of Soil for Estimating Live Load Surcharge on Abutments 
  
The abutment design shall include a drainage system behind the abutment to intercept any 
groundwater and direct it to a suitable discharge point that does not adversely affect the performance 
of the wingwalls. Weep holes, if required, shall be constructed approximately 6 inches above the 

riprap shelf. Drainage behind the structure shall be in accordance with MaineDOT BDG Section 
5.4.2.13. 
 
Backfill within 10 feet of the abutments and side slope fill shall conform to Granular Borrow for 
Underwater Backfill – MaineDOT Specification 703.19. This gradation specifies 7 percent or less of 
the material passing the No. 200 sieve. This material is specified in order to reduce the amount of 
fines and to minimize frost penetration behind the abutment.  
 
Slopes in front of the integral abutments shall be set back from the riverbank and shall be 
constructed with riprap and erosion control geotextile. The slopes shall not exceed 1.75:1 
(horizontal:vertical) in accordance with MaineDOT Standard Detail 610(03). 
 

7.3 Wingwalls  
 
Wingwalls should preferably be straight, cantilevered extension wings not to exceed 10 feet in 
length. Design wingwall reinforcement for the passive earth pressure with results on the back face of 
the wall when the bridge expands using the Coulomb theory passive earth pressure and a passive 
earth pressure load factor, EH, of 1.5. The design of in-line cantilevered wingwalls shall account for 
the additional bending stresses resulting from the wingwall being cantilevered off of the abutment. 
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7.4   Spread Footing/Concrete Seal on Bedrock 
 
For design purposes, the top of the bedrock elevation at the proposed pier is Elevation 298.6 feet. 
The nature, slope, and degree of fracturing of the bedrock bearing surface will not be evident until 
pier cofferdam excavation is completed. Prior to the placement of the pier concrete seal, the bedrock 
subgrade surface shall be cleared of all loose, fractured bedrock, and soil to expose competent 
bedrock. 
 
7.5  Factored Bearing Resistances for Pier 
 
The pier spread footing shall be proportioned to provide stability against bearing capacity failure. 
Application of permanent and transient loads is specified in LRFD Article 11.5.6. The stress 
distribution may be assumed to be a triangular or trapezoidal distribution over the effective base as 
shown in LRFD Figure 11.6.3.2-2. The factored bearing resistances at the service, strength, and 
extreme limit states are presented in Table 11. Supporting calculations are provided in Appendix C – 
Calculations. 

 

Assumed 
Bearing Material 

Limit State 
Resistance 
Factor, ϕb 

LRFD Reference 

Factored 
Bearing 

Resistance, qR 
(ksf) 

Competent 
Bedrock 

Service 1.0 Article 10.5.5.1 2010  

Strength 0.45 Table 10.5.5.2.2-1 20 

Extreme 0.80 Article C11.5.8 36 

Table 11. Factored Bearing Resistances for Service, Strength, and Extreme Limit State 
Design 

 
In no instance shall the factored bearing stress exceed the factored compressive resistance of the 
spread footing concrete or seal concrete, which may be taken as 30 percent of the concrete’s 
compressive strength. No spread footing shall be less than 2 feet wide regardless of the applied 
bearing pressure or bearing material. 
 

7.6   Pier Design 
 
The solid shaft pier shall be proportioned for all applicable load combinations in LRFD Articles 
3.4.1 and 11.5.5 and shall be designed for all relevant service, strength, and extreme limit states. The 
pier shall be designed to transmit the loads of the superstructure and the self-weight of the pier to the 
spread footing/concrete seal. 
 
The design of the reinforced concrete pier on a spread footing/concrete seal bearing on competent 
bedrock at the strength limit state shall consider bearing resistance, eccentricity, failure by sliding, 
                                                 
10 This factored bearing resistance is settlement-controlled to 1 inch. 
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and reinforced concrete structural failure. A modified strength limit state analysis shall be performed 
that includes the ice pressures per MaineDOT BDG Section 3.9 – Ice Loads. 
 
For the spread footing or concrete seal bearing on competent bedrock, the eccentricity of loading at 
the strength limit state, based on factored loads, shall not exceed 0.45 of the spread footing 
dimensions in either direction. The eccentricity corresponds to the resultant of reaction forces falling 
within the middle nine-tenths (9/10) of the base width and length. 
 
For the service limit state, a resistance factor, , of 1.0 shall be used to assess the spread footing 
design for settlement, horizontal movement, bearing resistance, sliding, and eccentricity. The overall 
stability of the spread footing is typically investigated at the Service I Load Combination with a 
resistance factor, , of 0.65. Shear failure along adversely oriented joint surfaces in the bedrock mass 
below the spread footing is not anticipated; therefore, a global stability evaluation is not required. 
 
Extreme limit state design checks for the pier shall include bearing resistance, eccentricity, failure by 
sliding, and structural failure with respect to extreme event load conditions relating to certain 
hydraulic events, ice, and seismic forces. Resistance factors, , for the extreme limit state shall be 
taken as 1.0 with the exception of bearing resistance for which a resistance factor of 0.8 shall be 
used. The ice pressures for Extreme Event II shall be applied at the Q1.1 and Q50 elevations as 
defined in MaineDOT BDG Section 3.9 with the design ice thickness increased by 1 foot and a load 
factor of 1.0. 
 
For scour protection of the pier foundation, the spread footing or concrete seal shall be constructed 
directly on competent bedrock that is cleaned of all weathered, loose, and potentially erodible or 
scourable bedrock. With these precautions, strength and extreme limit state designs do not need to 
consider rock scour due to the design or check floods for scour. 
 
For sliding analyses at the strength limit state, a sliding resistance factor, ϕτ, of 0.80 shall be applied 
to the nominal sliding resistance of the pier founded on a spread footing or concrete seal bearing on 
competent bedrock assuming the spread footing subgrade will be prepared in-the-wet and some 
amount of sediment will remain on the bedrock surface. If the spread footing subgrade is prepared 
in-the-dry and cleaned with high pressure water and air prior to placing concrete, a different sliding 
resistance factor, ϕτ, of 0.9 may be used. 
 
Assuming that the bedrock subgrade will be prepared in-the-wet, some amount of sediment is 
expected to remain on the bedrock surface and the sliding computations for resistance of the pier 
foundation to lateral loads shall assume a maximum friction coefficient of 0.60 at the bedrock-
concrete seal interface. If the bedrock subgrade is prepared in-the-dry and cleaned with high pressure 
water and air prior to placing footing concrete, sliding computations for resistance of the pier 
foundation to lateral loads shall assume a maximum frictional coefficient of 0.70 at the bedrock-
concrete interface. 
 
Anchorage of the spread footing to the concrete seal is required by MaineDOT BDG Section 5.2.2. 
The dowels shall be drilled and grouted into the concrete seal after dewatering and prior to placing 
the concrete. Anchorage of the foundation concrete or of the concrete seal to the bedrock may also 
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be required to resist sliding forces and improve stability. The dowels shall be drilled and grouted into 
the concrete seal after dewatering and prior to placing the foundation concrete.  
 
Site conditions may warrant that the pier nose be designed to effectively break up or deflect floating 
ice or debris. Facing the pier nose with a steel plate/angle or facing the pier with granite should be 
considered. 
 

7.7   Pier Spread Footing Subgrade Preparation 
 
The spread footing or concrete seal subgrade shall consist of competent bedrock. The nature, slope, 
and degree of fracturing of the bearing surface will not be evident until the foundation excavation for 
the pier is completed. Regardless of the type of foundation construction (submerged or in-the-dry), 
the bearing surface shall be cleared of all fractured and loose bedrock and soil to expose competent 
bedrock. If the spread footing or concrete seal is constructed in-the-dry, any irregularities in the 
existing bearing surface or irregularities created during the excavation process shall be backfilled 
with unreinforced concrete to the bottom of the spread footing elevation. It is anticipated that there 
will be seepage of water from fractures and joints exposed in the bedrock surface. Water shall be 
controlled by pumping from sumps. The Contractor shall maintain the excavation so that the 
foundation is constructed in-the-dry. The cleanliness and condition of the bearing surface shall be 
approved by the Resident prior to placing concrete. 
 
Portions, or all, of the pier foundation may be submerged. The Contractor shall prepare and submit a 
written procedure for cleaning and inspection of the bedrock subgrade to the Resident in accordance 
with Section 511 of the MaineDOT Standard Specifications. If bedrock slopes steeper than 4:1 at the 
subgrade elevation, the bedrock shall be benched to create level steps or excavated to provide a  
completely level bearing surface. The bearing surface may be stepped along the centerline of the 
spread footing to create a workable bearing surface. The bottom of the spread footing or concrete 
seal elevation may vary based on the presence of fractured bedrock and the variability of the bedrock 
surface. 
 
Submerged or in-the-dry excavation of highly sloped and/or loose, fractured bedrock may be 
completed using conventional excavation methods, but may require drilling and blasting techniques. 
Blasting should be conducted in accordance with Section 105.2.7 of the MaineDOT Standard 
Specifications. It is also recommended that the Contractor conduct pre- and post-blast surveys, as 
well as blast vibration monitoring at nearby structures in accordance with industry standards at the 
time of the blast. 
 
7.8  Ground Settlement 
 
The sandy fill and native silty sand encountered in the borings located behind the abutments will 
undergo elastic compression when a load greater than the existing overburden pressure is applied. 
No significant new fills are proposed at the bridge approaches, but it is anticipated some minimal 
modifications to the existing vertical profile will occur. Elastic settlements due to these 
modifications are anticipated to be small and will occur relatively quickly. Construction/surcharge 
loads could also induce elastic settlements. However, these anticipated settlements will be small and 
will occur relatively quickly. Post-construction induced settlement will be minimal. Any settlement 
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of the abutments will be due to axial shortening of the foundation piles and is anticipated to be less 
than ½ inch. 
 
7.9  Frost Protection 
 
Pile-supported integral abutments shall be embedded a minimum of 4 feet for frost protection as 
shown in Figure 5-2 of the MaineDOT BDG. 
 
The pier spread footing and concrete seal will be constructed directly on bedrock. For foundations 
bearing on bedrock, heave due to frost is not a design issue and no requirements for embedment for 
frost protection are necessary. 
 
Foundations bearing on soil should be designed with an appropriate embedment for frost protection. 
According to MaineDOT BDG Figure 5-1, Maine Design Freezing Index Map, Waterboro-Limerick 
has a design freezing index of approximately 1,300 F-degree days. A water content of 5 percent was 
assumed for granular soils. These components correlate to a frost depth of approximately 6.5 feet.  
 
A similar analysis was performed using ModBerg software by the United States Army Cold Regions 
Research and Engineering Laboratory. For the ModBerg analysis, Waterboro-Limerick was assigned 
a design freezing index of approximately 1,123 F-degree days, for Sanford, the closest location in 
the ModBerg database. A water content of 5 percent was assumed for granular soils above the 
groundwater table. These components correlate to a frost depth of approximately 4.6 feet.  
 
Based on the average of the two frost depths calculated (4.6 and 6.5 feet), it is recommended that 
foundations bearing on soil be designed with an embedment of 5.5 feet for frost protection. 
Supporting calculations are provided in Appendix C – Calculations.  
 
Riprap is not to be considered as contributing to the overall thickness of soils required for frost 
protection. 
 

7.10  Scour and Riprap 
 
The consequences of changes in foundation conditions resulting from the design (Q100) and check 
(Q500) floods for scour shall be considered at the strength and extreme limit states, respectively. 
Design at the strength limit state shall consider loss of lateral and vertical support of the foundation 
due to scour. Design at the extreme limit state shall check that the nominal foundation resistance due 
to the check flood (Q500) event is no less that the extreme limit state loads. At the service limit state, 
the design shall limit movements and ensure overall stability considering scour at the design load. 
 
The PDR indicates the proposed bridge will only be subject to contraction scour and not local scour. 
The calculated contraction scour depth for the design flood (Q100) event is 5.76 feet at proposed 
Abutments and Pier. A scour depth of this magnitude will destabilize the abutment pile groups if left 
unprotected. The PDR indicates the bridge approach slopes and abutment slopes will be armored 
with riprap which will provide a sufficient level of scour protection for the pile-supported abutments. 
Pier seal plan notes will require the seal to be constructed directly on competent bedrock that is 
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cleaned of all potentially erodible or scourable rock; therefore, contraction scour at the pier will not 
be an issue. 
 
For scour protection of the pile-supported abutments, the bridge approach slopes and slopes at 
abutments should be armored with 3 feet of plain riprap or 4 feet of heavy riprap. Refer to 
MaineDOT BDG Section 2.3.11.3 for information regarding riprap design. The top of the riprap 
shall extend up the slope to a minimum elevation of Q50. 
 
Stone riprap shall conform to Sections 703.26 and 703.28 of Standard Specifications and shall be 
placed at a maximum slope of 1.75:1. The toe of the riprap section shall be constructed 1 foot below 
the riverbed elevation. The riprap section shall be underlain by a 1-foot-thick layer of bedding 
material conforming to Section 703.19 of the Standard Specification and Class 1 nonwoven erosion 
control geotextile per Standard Details 610(02) through 610(04). 
 

7.11  Seismic Design Parameters 
 
The United States Geological Survey Seismic Design CD (Version 2.1) provided with the LRFD 
Manual and LRFD Articles 3.10.3.1 and 3.10.6 were used to develop parameters for seismic design. 
Based on site coordinates, the software provides the recommended AASHTO Response Spectra for a 
7 percent probability of exceedance in 75 years. These results are presented in Table 12. Supporting 
calculations are provided in Appendix C – Calculations. 
 

Parameter Value 

Peak Ground Acceleration (PGA) 0.100g 

Acceleration Coefficient (AS) 0.120g 

SDS (Period = 0.2 second) 0.233g 

SD1 (Period = 1.0 second) 0.080g 

Site Class11 C 

Seismic Zone 1 

Table 12. Seismic Design Parameters 
 
In conformance with LRFD Table 4.7.4.3.1-1, seismic analysis is not required for multi-span bridges 
in Seismic Zone 1. However, superstructure connections and minimum support length requirements 
shall be designed per LRFD Articles 3.10.9.2 and 4.7.4.4, respectively. 
 

                                                 
11 The site class was determined per LRFD Table C3.10.3.1-1 – Method B. 
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7.12  Construction Considerations 
 
Construction of the integral abutments will require pile driving and/or bedrock coring equipment. 
Temporary earth support systems may be required to permit construction of the abutments. The new 
integral abutments will be constructed behind the existing abutments avoiding placement of fills or 
cofferdams in the river. There is a potential that the existing abutments and their footings, if not 
removed entirely, may obstruct pile driving operations or bedrock coring. The Contractor shall be 
responsible for excavating those portions of the existing abutments and footings that conflict with 
piles by conventional excavation methods, pre-augering, predrilling, spudding, use of rock chisels, or 
down-hole hammers. Excavation by these methods shall be made incidental to related pay items. It is 
assumed that the existing substructures will be removed to the riverbed or slightly below. Care 
should be taken to ensure suitable materials are not disturbed unnecessarily. 
 
Occasional cobbles were encountered in the sandy fill underneath the bridge approaches. There is 
potential for these obstructions to impact construction activities. Impacts include but are not limited 
to impeding the driving of sheet piles for temporary earth support systems and driving H-piles for 
abutment foundations or impede bedrock coring operations. Obstructions may be cleared by 
conventional excavation methods, pre-augering, predrilling, spudding, use of rock chisels, or down-
hole hammers. Alternative methods to clear obstructions may be used as approved by the Resident. 
Care should take to install piles within allowable tolerances. 
 
Excavations for the proposed abutments will expose soils that may become saturated and water 
seepage may occur during construction. There may be localized sloughing and instability in some 
excavations and cut slopes. The Contractor should control groundwater, surface water infiltration, 
and soil erosion. Water should be controlled by pumping from sumps. 
 
Construction of the center pier will require a cofferdam to support overburden soils and control river 
flow during construction of the tremie-seal and footing. The bedrock shall be cleared of all loose 
fractured bedrock, loose decomposed bedrock, and soil. The foundation subgrade should be 
confirmed to be relatively level. If bedrock is observed to slope steeper than 4:1, the bedrock should 
be benched to create level steps or excavated to be completely level. An alternative approach is to 
design reinforcing dowels to anchor the seal to the sloping bedrock as a means of improving sliding 
resistance. Where the foundation will not be constructed in-the-dry, the condition of the bedrock 
surface prior to placing tremie-seal concrete should be inspected with the use of remote underwater 
cameras, divers, or other methods approved by the Resident. The cleanliness and condition of the 
final bedrock surface for tremie-seals shall be approved by the Resident prior to the placement of 
concrete seal. 
 
Underwater excavation of highly sloping and loose fractured bedrock material may be done using 
conventional excavation methods, but may require drilling and blasting techniques. Blasting should 
be conducted in accordance with Section 105.2.7 of the MaineDOT Standard Specifications. It is 
also recommended that the contractor conduct pre-and post-blast surveys, as well as blast vibration 
monitoring at nearby residences and bridge structures in accordance with industry standards at the 
time of the blast. 
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Cobbles were encountered in the river alluvium at the location of the proposed pier. There is 
potential for these obstructions to impact or impede the driving of sheeting and cofferdam 
excavation.  
 
Use of excavated native soils as structural backfill or beneath the new pavement structure should not 
be permitted. The native soils may only be used as common borrow in accordance with MaineDOT 
Standard Specifications 203 and 703. 
 
The Contractor will have to excavate the existing subbase and subgrade fill soils in the bridge 
approaches. The materials should not be used to re-base the new bridge approaches. Excavated 
subbase sand and gravel may be used as fill below the subgrade level in fill areas provided all other 
requirements of MaineDOT Standard Specifications 203 and 703 are met. 
 
8.0  CLOSURE 
 
This report has been prepared for the use of the MaineDOT Bridge Program for specific application 
to the proposed replacement of the Stimson Bridge in Waterboro and Limerick, 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 the Geotechnical Engineer to assess the appropriateness of the 
conclusions and recommendations and to modify the recommendations as appropriate to reflect the 
changes in design. Further, the analyses and recommendations are based in part upon limited soil 
explorations at discrete 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. 
 
We also recommend that the Geotechnical Engineer be provided the opportunity for a general review 
of the final design and specifications in order to check that the geotechnical recommendations 
presented herein are properly interpreted and implemented in final design. 



   

  

 
 
 
 
 
 
 
 
 
 

 
SHEETS 



Map Scale 1:24000

                                                

The Maine Department of Transportation provides this publication for information only. Reliance upon this information is at user risk.  It is subject to revision
and may be incomplete depending upon changing conditions.  The Department assumes no liability if injuries or damages result from this information.  This
map is not intended to support emergency dispatch. Road names used on this map may not match official road names.

The Maine Department of Transportation provides this publication for information only. Reliance upon this information is at user risk.  It is subject to revision and may be incomplete depending upon changingconditions.  The Department assumes no liability if injuries or damages result from this information.  This map is not intended to support emergency dispatch. Road names used on this map may not match officialroad names.

terry.white
Typewritten Text
Sheet 1

terry.white
Typewritten Text

terry.white
Line

terry.white
Text Box
North

terry.white
Oval

terry.white
Callout
Project Location

terry.white
Text Box
                      Location Map
Stimson Bridge #2807 carries Route 5
over Little Ossipee River
Waterboro-Limerick, Maine
York County
WIN 20476.00 Federal No. STP-2047(600)
USGS 7.5' Series Topographic
Limerick Quadrangle
DeLORME Map 2 Grid A3







   

  

 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Boring Logs 
 



TERMS DESCRIBING
UNIFIED SOIL CLASSIFICATION SYSTEM DENSITY/CONSISTENCY

MAJOR DIVISIONS
GROUP 

SYMBOLS TYPICAL NAMES
Coarse-grained soils (more than half of material is larger than No. 200

COARSE- CLEAN GW Well-graded gravels, gravel- sieve): Includes (1) clean gravels; (2) silty or clayey gravels; and (3) silty,
GRAINED GRAVELS GRAVELS sand mixtures, little or no fines clayey or gravelly sands.  Consistency is rated according to standard

SOILS penetration resistance.
(little or no GP Poorly-graded gravels, gravel Modified Burmister System

fines) sand mixtures, little or no fines Descriptive Term Portion of Total  
trace 0% - 10%
little 11% - 20%

GRAVEL GM Silty gravels, gravel-sand-silt some 21% - 35%
WITH mixtures. adjective (e.g. sandy, clayey) 36% - 50%
FINES

(Appreciable GC Clayey gravels, gravel-sand-clay Density of Standard Penetration Resistance  
amount of mixtures. Cohesionless Soils N-Value (blows per foot)  

fines) Very loose 0 - 4
Loose 5 - 10

CLEAN SW Well-graded sands, gravelly Medium Dense 11 - 30
SANDS SANDS sands, little or no fines Dense 31 - 50

Very Dense > 50
(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 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 thumbnai

SOILS clays, silty clays, lean clays. Hard >30 over 4000 Indented by thumbnail
(liquid limit less than 50) with difficulty

OL Organic silts and organic silty  Rock Quality Designation (RQD): 

clays of low plasticity. RQD = sum of the lengths of intact pieces of core* > 100 mm 
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)   
Color (Munsell color chart)  
Texture (aphanitic, fine-grained, etc.)  

HIGHLY ORGANIC Pt Peat and other highly organic Lithology (igneous, sedimentary, metamorphic, etc.)  
SOILS soils. Hardness (very hard, hard, mod. hard, etc.)  

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

Desired Soil Observations: (in this order)  severe, etc.) 
Color (Munsell color chart)   Geologic discontinuities/jointing:
Moisture (dry, damp, moist, wet, saturated)   -dip (horiz - 0-5, low angle - 5-35, mod. dipping -  
Density/Consistency (from above right hand side)               35-55, steep - 55-85, vertical - 85-90)    
Name (sand, silty sand, clay, etc., including portions - trace, little, etc.)   -spacing (very close - <5 cm, close - 5-30 cm, mod.
Gradation (well-graded, poorly-graded, uniform, etc.)       close 30-100 cm, wide - 1-3 m, very wide >3 m)
Plasticity (non-plastic, slightly plastic, moderately plastic, highly plastic)   -tightness (tight, open or healed)
Structure (layering, fractures, cracks, etc.)   -infilling (grain size, color, etc.)  
Bonding (well, moderately, loosely, etc., if applicable) Formation (Waterville, Ellsworth, Cape Elizabeth, etc.)    
Cementation (weak, moderate, or strong, if applicable, ASTM D 2488)  RQD and correlation to rock mass quality (very poor, poor, etc.)  
Geologic Origin (till, marine clay, alluvium, etc.)       ref: AASHTO Standard Specification for Highway Bridges
Unified Soil Classification Designation       17th Ed. Table 4.4.8.1.2A
Groundwater level   Recovery  

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

0 - 250 Fist easily PenetratesVery Soft 
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1D

2D

3D

4D

5D

24/18

24/17

24/6

24/2

24/12

2.00 - 4.00

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

20.00 - 22.00

4/10/6/10

4/9/9/8

5/5/5/5

12/7/6/6

16/16/15/36

16

18

10

13

31

 24

 27

 15

 20

 47

SSA

19

33

37

37

34

10

16

25

66

108

5

5

35

146

189

321.13

312.50

4.5-inch-thick layer of pavement
0.38

Brown, moist, medium dense, well-graded SAND, some gravel, trace
silt, occasional cobbles, (Fill).

Similar to above, except wet.

9.00

Grey-brown, wet, medium dense, SAND, some gravel, little silt, (River
Alluvium and/or Glaciolacustrine Delta deposits).

Wood fragments from 14.0-14.4 feet bgs.

Similar to above.

Grey, wet, dense, SAND, some gravel, little silt.

RC to 25.0 feet bgs.

G#263919
A-1-b, SW-SM

WC=3.7%

G#263920
A-1-b, SM
WC=12.6%

Maine Department of Transportation Project: Stimson Bridge #2807 carries Route 5 over
Little Ossipee River

Boring No.: BB-WLLOR-101
Soil/Rock Exploration Log

Location: Waterboro-Limerick, Maine
US CUSTOMARY UNITS PIN: 20476.00

Driller: MaineDOT Elevation (ft.) 321.5 Auger ID/OD: 5-inch-diameter Solid Stem

Operator: Giles/Daggett/Giles Datum: NAVD88 Sampler: Standard Split Spoon

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

Date Start/Finish: 4/14/2015; 08:00-15:00 Drilling Method: Cased Wash Boring Core Barrel: NQ - 2 inch

Boring Location: Sta 150+14.6, 7.6 feet left Casing ID/OD: NW (3 inches/3.5 inches) Water Level*: Not Encountered

Hammer Efficiency Factor: 0.908 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test,    PP = Pocket Penetrometer WOR/C = weight of rods or casing N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

- 400 pounds of down pressure on Core Barrel
- bgs = below ground surface

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-WLLOR-101
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45

50

6D
R1

R2

8.4/8.4
60/59

60/60

25.00 - 25.70
25.70 - 30.70

30.70 - 35.70

26/50(2.4")
RQD = 22%

RQD = 48%

--- a50
NQ-2 295.80

285.80

a50 blows for 8.4 inches
Similar to above, except very dense and little gravel.

25.70
Top of Bedrock at Elevation 295.8 feet.
R1: Bedrock: Red-brown to grey with white banding (composed of
primarily quartz and feldspar that are not foliated), garnet SCHIST with
foliated quartz, muscovite mica, feldspar, and amphibole, medium-
grained, moderately hard, moderately weathered.
Lower Member of the Rindgemere Formation
Rock Mass Quality = Very Poor
98% Recovery
R1: Core Times (min:sec)
25.7-26.7 feet (2:00)
26.7-27.7 feet (2:00)
27.7-28.7 feet (3:18)
28.7-29.7 feet (3:36)
29.7-30.7 feet (3:10)
R2: Bedrock: The top 15 inches is similar to R1 but with increased iron
staining. The bottom of R2 consists of massive PEGMATITE/
MIGMATITE with the foliation becoming less pronounced. No iron
staining in the bottom of the core.
Rock Mass Quality = Poor
100% Recovery
R2: Core Times (min:sec)
30.7-31.7 feet (2:40)
31.7-32.7 feet (2:14)
32.7-33.7 feet (2:11)
33.7-34.7 feet (2:40)
34.7-35.7 feet (2:30)

35.70
Bottom of Exploration at 35.70 feet below ground surface.

G#263921
A-2-4 to A-2-7,

SM
WC=13.5%

Maine Department of Transportation Project: Stimson Bridge #2807 carries Route 5 over
Little Ossipee River

Boring No.: BB-WLLOR-101
Soil/Rock Exploration Log

Location: Waterboro-Limerick, Maine
US CUSTOMARY UNITS PIN: 20476.00

Driller: MaineDOT Elevation (ft.) 321.5 Auger ID/OD: 5-inch-diameter Solid Stem

Operator: Giles/Daggett/Giles Datum: NAVD88 Sampler: Standard Split Spoon

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

Date Start/Finish: 4/14/2015; 08:00-15:00 Drilling Method: Cased Wash Boring Core Barrel: NQ - 2 inch

Boring Location: Sta 150+14.6, 7.6 feet left Casing ID/OD: NW (3 inches/3.5 inches) Water Level*: Not Encountered

Hammer Efficiency Factor: 0.908 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test,    PP = Pocket Penetrometer WOR/C = weight of rods or casing N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

- 400 pounds of down pressure on Core Barrel
- bgs = below ground surface

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-WLLOR-101
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25

1D

R1

R2

24/17

48/48

52.8/52.8

0.00 - 2.00

3.90 - 7.90

7.90 - 12.30

26/30/23/18

RQD = 10%

RQD = 46%

53  80 36

15

62

a115
NQ-2 298.60

290.20

Brown, wet, very dense, well-graded GRAVEL, some sand, trace silt,
occasional cobbles, (River Alluvium).

a115 blows for 10.8 inches

3.90
Top of Bedrock at Elevation 298.6 feet.
R1: Bedrock: White to grey, massive PEGMATITE/MIGMATITE with
a high muscovite content in the upper 18 inches of the core, mostly
feldspar and quartz with numerous black beryl crystals scattered
throughout the rest of the core, moderately hard, moderately weathered,
joints are typically horizontal with several steeply dipping joints (45-60
degrees), iron staining with lime green minerals on the lower joints.
Lower Member of the Rindgemere Formation.
Rock Mass Quality = Very Poor
100% Recovery
R1: Core Times (min:sec)
3.9-4.9 feet (2:36)
4.9-5.9 feet (5:57)
5.9-6.9 feet (2:49)
6.9-7.9 feet (4:00)
R2: Bedrock: Similar to R1; however, the quartz is forming a distinctive
graphic pattern and the joints creating smooth breaks in the core
dippping at 0-20, 45, and 60 degrees. Most of the joints have iron
staining.
Rock Mass Quality = Poor
100% Recovery
R2: Core Times (min:sec)
7.9-8.9 feet (3:51)
8.9-9.9 feet (5:30)
9.9-10.9 feet (5:30)
10.9-11.9 feet (9:38)
11.9-12.3 feet (5:00)

12.30
Bottom of Exploration at 12.30 feet below ground surface.

G#263922
A-1-a, GW-GM

WC=9.2%

Maine Department of Transportation Project: Stimson Bridge #2807 carries Route 5 over
Little Ossipee River

Boring No.: BB-WLLOR-102
Soil/Rock Exploration Log

Location: Waterboro-Limerick, Maine
US CUSTOMARY UNITS PIN: 20476.00

Driller: MaineDOT Elevation (ft.) 302.5 Auger ID/OD: 5-inch-diameter Solid Stem

Operator: Giles/Daggett/Giles Datum: NAVD88 Sampler: Standard Split Spoon

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

Date Start/Finish: 4/15/2015; 12:30-15:30 Drilling Method: Cased Wash Boring Core Barrel: NQ - 2 inch

Boring Location: Sta 150+77.2, 8.5 feet right Casing ID/OD: NW (3 inches/3.5 inches) Water Level*: Boring located in River

Hammer Efficiency Factor: 0.908 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test,    PP = Pocket Penetrometer WOR/C = weight of rods or casing N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

- 400 pounds of down pressure on core barrel
- 18.5 feet from bridge deck to bottom of riverbed
- 11-inch-thick concrete deck
- bgs = below ground surface

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-WLLOR-102
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0

5

10

15

20

25

1D

2D

3D

4D

5D
R1

R2

24/17

24/14

24/13

24/18

2.4/2.4
60/60

60/55

1.00 - 3.00

5.00 - 7.00

10.00 - 12.00

15.00 - 17.00

19.00 - 19.20
19.20 - 24.20

24.20 - 29.20

8/8/7/7

8/4/4/5

2/2/8/13

37/13/13/18

50(2.4")
RQD = 52%

RQD = 40%

15

8

10

26

---

 23

 12

 15

 39

SSA

23

19

17

13

14

3

29

39

34

69

40

189

56

127

NQ-2

320.67

310.50

301.80

4-inch-thick layer of pavement
0.33

Brown, moist, medium dense, poorly-graded SAND, trace gravel, trace
silt, (Fill).

Similar to above.

10.50
Brown, wet, medium dense, SAND, some gravel, little silt, (River
Alluvium and/or Glaciolacustrine Delta deposits).

Brown, wet, dense, SAND, some gravel, little silt.

RC to 19.0 feet bgs.

Similar to above, except very dense
Weathered bedrock observed in tip of sampler

19.20
Top of Bedrock at Elevation 301.8 feet.
R1: Bedrock: Red-brown to grey with white banding (composed of
primarily quartz and feldspar which are not foliated), garnet SCHIST
with foliated quartz, muscovite mica, feldspar, amphibole, medium-
grained, moderately hard, moderately weathered, the foliation created by
the mica plates, dips from 0-10 degrees and is locally contorted by folds.
Lower Member of the Rindgemere Formation
Rock Mass Quality = Fair
100% Recovery
R1: Core Times (min:sec)

G#263923
A-1-b, SP-SM

WC=3.3%

G#263924
A-1-b, SM
WC=22.8%

G#263925
A-1-b, SM
WC=8.5%

Maine Department of Transportation Project: Stimson Bridge #2807 carries Route 5 over
Little Ossipee River

Boring No.: BB-WLLOR-103
Soil/Rock Exploration Log

Location: Waterboro-Limerick, Maine
US CUSTOMARY UNITS PIN: 20476.00

Driller: MaineDOT Elevation (ft.) 321.0 Auger ID/OD: 5-inch-diameter Solid Stem

Operator: Giles/Daggett/Giles Datum: NAVD88 Sampler: Standard Split Spoon

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

Date Start/Finish: 4/15/2015; 08:00-12:00 Drilling Method: Cased Wash Boring Core Barrel: NQ - 2 inch

Boring Location: Sta 151+86.6, 6.6 feet left Casing ID/OD: NW (3 inches/3.5 inches) Water Level*: Not Encountered

Hammer Efficiency Factor: 0.908 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test,    PP = Pocket Penetrometer WOR/C = weight of rods or casing N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

- 400 pounds of down pressure on core barrel
- bgs = below ground surface

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-WLLOR-103
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25

30

35

40

45

50

291.80

19.2-20.2 feet (2:32)
20.2-21.2 feet (2:34)
21.2-22.2 feet (2:46)
22.2-23.2 feet (3:20)
23.2-24.2 feet (3:35)
R2: Bedrock: Similar to R1; however, R2 has increased iron staining
along the joints.
Rock Mass Quality = Poor
92% Recovery
R2: Core Times (min:sec)
24.2-25.2 feet (2:10)
25.2-26.2 feet (2:11)
26.2-27.2 feet (2:46)
27.2-28.2 feet (3:00)
28.2-29.2 feet (3:00)

29.20
Bottom of Exploration at 29.20 feet below ground surface.

Maine Department of Transportation Project: Stimson Bridge #2807 carries Route 5 over
Little Ossipee River

Boring No.: BB-WLLOR-103
Soil/Rock Exploration Log

Location: Waterboro-Limerick, Maine
US CUSTOMARY UNITS PIN: 20476.00

Driller: MaineDOT Elevation (ft.) 321.0 Auger ID/OD: 5-inch-diameter Solid Stem

Operator: Giles/Daggett/Giles Datum: NAVD88 Sampler: Standard Split Spoon

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

Date Start/Finish: 4/15/2015; 08:00-12:00 Drilling Method: Cased Wash Boring Core Barrel: NQ - 2 inch

Boring Location: Sta 151+86.6, 6.6 feet left Casing ID/OD: NW (3 inches/3.5 inches) Water Level*: Not Encountered

Hammer Efficiency Factor: 0.908 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test,    PP = Pocket Penetrometer WOR/C = weight of rods or casing N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

- 400 pounds of down pressure on core barrel
- bgs = below ground surface

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-WLLOR-103
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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

150+14.6 7.6 Lt. 2.0-4.0 263919 1 3.7 SW-SM A-1-b 0
150+14.6 7.6 Lt. 20.0-22.0 263920 1 12.6 SM A-1-b II
150+14.6 7.6 Lt. 25.0-25.7 263921 1 13.5 SM A-2-4 II
150+77.2 8.5 Rt. 0.0-2.0 263922 1 9.2 GW-GM A-1-a 0
151+86.6 6.6 Lt. 1.0-3.0 263923 2 3.3 SP-SM A-1-b 0
151+86.6 6.6 Lt. 10.0-12.0 263924 2 22.8 SM A-1-b II
151+86.6 6.6 Lt. 15.0-17.0 263925 2 8.5 SM A-1-b II

0.0-0.33 263500 3 13.8 GW A-1-a 0

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): Waterboro-Limerick
Boring & Sample

BB-WLLOR-101, 6D

BB-WLLOR-103, 3D

 Identification Number 

BB-WLLOR-101, 1D

Work Number: 20476.00

BB-WLLOR-101, 5D

STREAMBED
BB-WLLOR-103, 4D

Classification

BB-WLLOR-102, 1D
BB-WLLOR-103, 1D

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, trace silt.

GRAVEL, some sand, trace silt.

SAND, little silt, little gravel.

SAND, some gravel, little silt.

3.7

 

12.6

13.5

9.2

BB-WLLOR-101/1D

BB-WLLOR-101/5D

BB-WLLOR-101/6D

BB-WLLOR-102/1D

 

2.0-4.0

20.0-22.0

25.0-25.7

0.0-2.0

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

����

����
����

SHEET 1

Waterboro, Limerick

020476.00

WHITE, TERRY A          7/1/2015

WIN

Town

Reported by/Date

7.6 LT

 

7.6 LT

7.6 LT

8.5 RT

 

Offset, ft
150+14.6

150+14.6

150+14.6

150+77.2

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

SAND, trace gravel, trace silt.

SAND, some gravel, little silt.

SAND, some gravel, little silt.

3.3

 

22.8

8.5

 

BB-WLLOR-103/1D

BB-WLLOR-103/3D

BB-WLLOR-103/4D

 

1.0-3.0

10.0-12.0

15.0-17.0

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

����

����

����

����

����
����

SHEET 2

Waterboro, Limerick

020476.00

WHITE, TERRY A          7/1/2015

WIN

Town

Reported by/Date

6.6 LT

 

6.6 LT

6.6 LT

 

 

Offset, ft
151+86.6

151+86.6

151+86.6

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 GRAVEL, trace silt. 13.8

 

 

 

 

STREAMBED

 

0.0-0.33

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 3

Waterboro, Limerick

020476.00

WHITE, TERRY A          7/1/2015

WIN

Town

Reported by/Date

 

 

 

 

 

 

Offset, ftStation
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Factored Axial Pile Compressive Resistances Calculations 



Stimson Bridge
Waterboro-Limerick, Maine
WIN 20476.00

Pile Axial Compressive 
Resistances

(Structural, Geotechnical, 
and Drivability)

Prepared By: N. Sherwood, 2 March 2016
Reviewed By: L. Krusinski, 9 March 2016

OBJECTIVE
Estimate the nominal and factored axial compressive structural, geotechnical, and drivability 
resistances for two different H-pile sections at the service, strength, and extreme limit states 
considering the piles are either: 1) driven or 2) placed in bedrock sockets without driving. 

GIVEN
1) Limited lab data and boring logs
2) HTA (project structural engineer) specified H-pile types: HP 14x89 and HP 14x117.

ASSUMPTIONS
1) Estimated soil properties.
2) An estimated unconfined compressive strength of the bedrock = 8,000 psi (refer to Page 5).
3) Pile design per AASHTO LRFD Bridge Design Specifications, 7th edition, 2014 with 2016 
interims.
4) Per discussions with HTA, to increase lateral resistance, the piles may be installed in bedrock 
sockets. The geotechnical axial compressive resistances provided consider both proposed 
installation methods: 1) driven and 2) installing the piles in bedrock sockets without driving.

ESTIMATE THE NOMINAL AND FACTORED AXIAL COMPRESSIVE 
STRUCTURAL RESISTANCES AT THE SERVICE, STRENGTH, AND EXTREME 
LIMIT STATES

1. Define pile properties per AISC Steel Design Manual for HP 14x89 and HP 14x117 
sections

HP 14x89 Note: all matrices are set up in this order.
HP 14x117

Area of selected H-piles, As

Yield strength of H-piles, Fy

≔As
26.1
34.4

⎡
⎣

⎤
⎦

in
2

≔Fy 50 ksi

2. Determine equivalent nominal yield resistance of the H-piles per LRFD Article 6.9.4.1.1

Slender element reduction factor, Q (per LRFD Article C6.9.4.2.1):

Equivalent nominal yield resistance, Po:

Therefore, the equivalent nominal yield resistances are:

≔Q 1

≔Po ⋅⋅Q Fy As

=Po
1305
1720

⎡
⎣

⎤
⎦

kip
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3. Determine elastic critical buckling resistance of the H-piles per LRFD Eq. 6.9.4.1.2-1

Steel modulus, E:

Effective length factor, K [per LRFD Table C4.6.2.5-1; 
assuming case "d" (rotation fixed and translation free at pile 
head and rotation and translation fixed at the pile tip)]:

Unbraced length, l_unbraced (Assume 12 inches is 
unbraced and scour is unlikely):

Radius of gyration, rs (LRFD Article C6.9.4.1.2 states that
the critical flexural buckling resistances be calculated about
the x- and y-axes with the smaller value used to calculate
the resistance. Therefore, use the y-axes values):

Elastic critical buckling resistance, Pe, (per LRFD Article 
Eq. 6.9.4.1.2-1):

≔E 29000 ksi

≔Keff 1.2

≔lunbraced 12 in

≔rs
3.53
3.59

⎡
⎣

⎤
⎦

in

≔Pe

→――――――

⋅
⎛
⎜
⎜
⎜
⎝

―――――
⎛⎝ ⋅π

2
E⎞⎠

⎛
⎜
⎝
――――

⋅Keff lunbraced

rs

⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎠

As

=Pe
448914
611956

⎡
⎣

⎤
⎦

kip

4. Determine nominal axial compressive resistance, 
Pn, of the H-piles per LRFD Eq. 6.9.4.1.1-1

Pe/Po:

If Pe/Po is greater than 0.44, then:

=―
Pe

Po

344
356

⎡
⎣

⎤
⎦

≔Pn

→――――

⋅

⎛
⎜⎝.658

⎛
⎜
⎝
―
Po

Pe

⎞
⎟
⎠

⎞
⎟⎠ Po

=Pn
1303
1718

⎡
⎣

⎤
⎦

kip
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5. Determine the factored axial compressive resistance, Pr, of 
the H-piles per LRFD Eq. 6.9.2.1-1 at the Strength Limit 
State

Assume the driving conditions are "good" based on the 
subsurface information.

Therefore, under "good" driving conditions, the resistance factor 
is 0.60

The factored axial compressive resistance, Pr:

≔ϕc 0.60

≔Pr_strength ⋅ϕc Pn

=Pr_strength
782

1031
⎡
⎣

⎤
⎦

kip
At the strength limit state, the static geotechnical resistances for H-
piles installed in bedrock sockets with steel plates welded across the 
pile tips should be limited to the factored axial structural 
compressive resistances, P_r_strength, shown to the left.

6. Determine the factored compressive axial resistance, Pr, of 
the H-piles per LRFD Eq. 6.9.2.1-1 at the Service/Extreme 
Limit States

Assume the driving conditions are "good" based on the 
subsurface information.

The resistance factor is 1.0 (per LRFD 10.5.5.1 and 10.5.5.3)

The factored axial compressive resistance, Pr:

≔ϕ 1

≔Pr_service_extreme ⋅ϕ Pn

=Pr_service_extreme
1303
1718

⎡
⎣

⎤
⎦

kip
At the service and extreme limit states, the static 
geotechnical resistances for H-piles installed in bedrock 
sockets with steel plates welded across the pile tips 
should be limited to the factored axial structural 
compressive resistances, P_r_service_extreme, shown to 
the left.
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ESTIMATE THE NOMINAL AND FACTORED AXIAL COMPRESSIVE 
GEOTECHNICAL RESISTANCES AT THE SERVICE, STRENGTH, AND EXTREME 
LIMIT STATES PER LRFD 10.7.3.2.3 - PILES DRIVEN TO HARD ROCK

LRFD Article 10.7.3.2.3 states, "The nominal resistance of piles driven to point bearing on hard 
rock where pile penetration into the rock formation is minimal is controlled by the structural 
limit state. The nominal bearing resistance shall not exceed the values obtained from Article 
6.9.4.1 with the resistance factors specified in Article 6.5.4.2 and Article 6.15 for severe driving
conditions. A pile driving acceptance criteria shall be developed that will prevent pile damage."

Therefore, limit the nominal axial compressive geotechnical pile resistance with a resistance 
factor for severe driving conditions of 0.50 per LRFD Article 10.7.3.2.3.

The nominal structural resistance was previously calculated as:

=Pn
1303
1718

⎡
⎣

⎤
⎦

kip

1. Determine the factored axial compressive resistance, 
Pr, of the H-piles per LRFD Eq. 6.9.2.1-1 at the 
STRENGTH LIMIT STATE

Assume severe driving conditions, the resistance factor is 
0.50

The factored axial compressive resistance, 
Pr_geotechnical_strength_LRFD:

≔ϕgeotechnical_LRFD 0.50

≔Pr_geotechnical_strength_LRFD ⋅ϕgeotechnical_LRFD Pn

=Pr_geotechnical_strength_LRFD
652
859

⎡
⎣

⎤
⎦

kip

2. Determine the factored axial compressive resistance, Pr, of the H-
piles per LRFD Eq. 6.9.2.1-1 at the SERVICE/EXTREME LIMIT 
STATES

The resistance factor is 1.0 (per LRFD 10.5.5.1 and 10.5.5.3)

The factored axial compressive resistance, 
Pr_geotechnical_service_extreme_LRFD:

≔ϕ 1

≔Pr_geotechnical_service_extreme_LRFD ⋅ϕ Pn

=Pr_geotechnical_service_extreme_LRFD
1303
1718

⎡
⎣

⎤
⎦

kip
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ESTIMATE THE NOMINAL AND FACTORED AXIAL COMPRESSIVE 
GEOTECHNICAL RESISTANCES AT THE SERVICE, STRENGTH, AND EXTREME 
LIMIT STATES FOR PILES PLACED IN BEDROCK SOCKETS AND DRIVEN PILES 
PER THE INTACT ROCK METHOD (IRM)

The axial compressive geotechnical resistance for piles end-bearing on bedrock as determined by 
the IRM was proposed by Thomas Sandford, PhD, PE of the University of Maine (MaineDOT 
Transportation Research Division Technical Report 14-01, Phase 2 (January 2014), based on the 
Rowe and Armitage (1987) equation cited by NCHRP Synthesis 360, Turner, 2006.

1. Determine the nominal unit bearing resistance of the pile
point, qp

Assume the design value of the unconfined compressive strength (qu) 
of the rock is 8,000 psi. This is based on:

a) The unconfined compressive strength tests on schist from the 
Waterville Formation (schist) ranged from 5,120-8,766 psi.
b) The average unconfined compressive strength of schist from the 
Richmond-Dresden project was approximately 7,000 psi.
c) Goodman recommends a qu = 8,000 psi for quartz mica schist (Rock 
Mechanics, 1989, Table 3-1, page 61), qu:

The geotechnical tip resistance, qp:

≔qu 8000 psi

≔qp ⋅2.5 qu

=qp 20 ksi

2a. Determine the factored axial compressive 
resistance, Pr, of the H-piles at the Service and 
Extreme Limit States considering the piles are placed 
in bedrock sockets (i.e. NOT driven)

The resistance factor is 1.0 (per LRFD 10.5.5.1 and 
10.5.5.3):

To increase the static geotechnical resistance, a steel 
plate (shown as the shaded red area on the schematic 
sketch to the right) can be welded across the tip of the 
pile to provide a greater tip bearing surface.

A HP 14x89 section has a depth (d) and flange width (b) 
of:

The area of the steel plate, As_plate_14x89, of the HP 
14x89 is:

≔ϕ 1

≔b14x89 14.7 in
≔d14x89 13.8 in

≔As_plate_14x89 ⋅b14x89 d14x89

=As_plate_14x89 202.9 in
2
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A HP 14x117 section has a depth (d) and flange width 
(b) of:

The area of the steel plate, As_plate_14x117, of the HP 
14x117 is:

The factored axial resistance of a HP 14x89 placed in a 
bedrock socket (not driven), 
Pr_geotechnical_service_extreme_IRM_plate_14x89, is:

≔b14x117 14.9 in
≔d14x117 14.2 in

≔As_plate_14x117 ⋅b14x117 d14x117

=As_plate_14x117 211.6 in
2

≔Pr_geotechnical_service_extreme_IRM_plate_14x89

→―――――
⋅⋅ϕ qp As_plate_14x89

=Pr_geotechnical_service_extreme_IRM_plate_14x89 4057 kip Limit to the nominal structural 
resistance of 1,303 kips

The factored axial resistance of a HP 14x117 placed in a 
bedrock socket (not driven), 
Pr_geotechnical_service_extreme_IRM_plate_14x117, is:

≔Pr_geotechnical_service_extreme_IRM_plate_14x117

→―――――
⋅⋅ϕ qp As_plate_14x117

=Pr_geotechnical_service_extreme_IRM_plate_14x117 4232 kip Limit to the nominal structural 
resistance of 1,718 kips

2b. Determine the factored axial compressive resistance, Pr, of the H-piles at the Service and 
Extreme Limit States considering the piles are driven (i.e. NOT placed in bedrock sockets)

The resistance factor is 1.0 (per LRFD 10.5.5.1 and 10.5.5.3):

In this scenario, since the piles are not placed in bedrock sockets, the area of the piles will not be 
increased with a steel plate.

The factored axial compressive resistances of the piles that are driven, 
Pr_geotechnical_service_extreme_IRM_no_plate, are:

≔Pr_geotechnical_service_extreme_IRM_no_plate

→――
⋅⋅ϕ qp As

=Pr_geotechnical_service_extreme_IRM_no_plate
522
688

⎡
⎣

⎤
⎦

kip
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3a. Determine the factored axial compressive resistance, Pr, of the H-
piles at the Strength Limit State considering the piles are placed in 
bedrock sockets (i.e. NOT driven)

Per LRFD Table 10.5.5.2.3-1, the resistance factor, for end bearing on rock, 
Canadian Geotechnical Society (CGS), is 0.45:

The factored axial resistance of a HP 14x89 placed in a bedrock socket (not 
driven), Pr_geotechnical_strength_IRM_plate_14x89, is:

≔ϕgeotechnical_CGS 0.45

≔Pr_geotechnical_strength_IRM_plate_14x89 ⋅ϕgeotechnical_CGS Pr_geotechnical_service_extreme_IRM_plate_14x89

=Pr_geotechnical_strength_IRM_plate_14x89 1826 kip Limit to the factored axial structural 
compressive resistance of 782 kips.

The factored axial resistance of a HP 14x117 placed in a bedrock socket (not driven), 
Pr_geotechnical_strength_IRM_plate_14x117, is:

≔Pr_geotechnical_strength_IRM_plate_14x117 ⋅ϕgeotechnical_CGS Pr_geotechnical_service_extreme_IRM_plate_14x117

=Pr_geotechnical_strength_IRM_plate_14x117 1904 kip Limit to the factored axial structural 
compressive resistance of 1,031 kips.

3b. Determine the factored axial compressive resistance, Pr, of the H-piles at the Strength Limit 
State considering the piles are driven (i.e. NOT placed in bedrock sockets)

Per LRFD Table 10.5.5.2.3-1, the resistance factor, for end bearing on rock, Canadian Geotechnical 
Society (CGS), is 0.45.

In this scenario, since the piles are not placed in bedrock sockets, the area of the piles will not be 
increased with a steel plate.

The factored axial compressive resistances of the piles that are driven, 
Pr_geotechnical_strength_IRM_no_plate, are:

≔Pr_geotechnical_strength_IRM_no_plate

→――――――
⋅⋅ϕgeotechnical_CGS qp As

=Pr_geotechnical_strength_IRM_no_plate
235
310

⎡
⎣

⎤
⎦

kip
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Notes: 

1) Per discussions with HTA, the maximum factored pile load is approximately 315 kips. As shown 
above, if the piles are driven (i.e. not installed in bedrock sockets), the governing geotechnical 
resistances at the strength limit state for  HP 14x89 and HP 14x117 pile sections (235 and 310 kips,
respectively) do not achieve the required 315 kips. Therefore, if the piles are installed in bedrock 
sockets, we recommend steel plates be welded to each pile tip to provide an adequate axial 
compressive resistance. The steel plate size may be decreased; however, the geotechnical engineer 
should be consulted to provide appropriate corresponding resistances with the decreased plate area .

1a) To prevent loading the piles beyond their structural capacities, HTA should limit the resistances to 
the nominal structural resistances: HP 14x89 = 1,303 kips and HP 14x117 = 1,718 kips at the 
Service/Extreme Limit States and HP 14x89 = 782 kips and HP 14x117 = 1,031 kips at the Strength 
Limit State.

2) Although the IRM yields lower resistance values than LRFD; previous dynamic load tests have 
confirmed capacities closer to LRFD values. Therefore, we recommend LRFD resistances be used 
rather than IRM resistances.

ESTIMATE THE NOMINAL AND FACTORED AXIAL COMPRESSIVE 
DRIVABILITY RESISTANCES AT THE SERVICE, STRENGTH, AND EXTREME 
LIMIT STATES PER LRFD ARTICLE 10.7.8 AND USING GRLWEAP software

1. For steel piles in either compression or tension, the driving stresses are limited to 90% of 
the yield strength (Fy).

Drivability analyses resistance factor, 1.0 (per LRFD Table 
10.5.5.2.3-1):

Allowable driving stress:

Limit driving stress to 45 ksi or limit blow counts to 5-15 
blows per inch (bpi) per Section 501 (Note: 6-10 bpi is 
considered optimal for diesel hammers).

≔ϕda 1

≔σdr ⋅⋅0.9 Fy ϕda

=σdr 45 ksi

2. The resistance that must be achieved in a drivability analysis will be the maximum 
factored pile load divided by the appropriate resistance factor for wave equation analysis 
and dynamic testing which will be required for construction.

Resistance factor, 0.65 when dynamic testing is 
performed during construction(per LRFD Table 
10.5.5.2.3-1) for strength limit state:

For service and extreme limit states:

≔ϕdynamic_strength 0.65

≔ϕdynamic_service_extreme 1.0

Page 8 of 12



Stimson Bridge
Waterboro-Limerick, Maine
WIN 20476.00

Pile Axial Compressive 
Resistances

(Structural, Geotechnical, 
and Drivability)

Prepared By: N. Sherwood, 2 March 2016
Reviewed By: L. Krusinski, 9 March 2016

3. Determine GRLWEAP Soil and Pile Model assumptions

-Assume the pile length will be 20 feet.

-Assume the contractor drives 25-foot-long piles (5 feet for testing + 2 feet for pile cap + 3 feet
for misc.)

-Assume minimal soil side shaft resistance along shaft from Elevation 312 to 302 feet; medium 
dense to very dense sand.

3a. Estimate skin friction (f_s) contribution of medium dense to very dense sand per Fang 
Foundation Engineering 1991, Second Edition, Chapter 13 - Pile Foundations, by B. Fellenius, 
using the Beta-method

Using the Beta-method, estimate beta value (for a 
med. dense to dense sand, per Fang, Table 13.1):

Estimate the effective overburden stress (sigma v') 
near the midpoint of the pile (10 feet bgs) and 
assuming the effective unit weights (gamma) used to 
recommend LPile parameters in report.

Groundwater is approximately 5 feet bgs (conservative 
estimate)

≔β 0.45

≔γlayer1 117 pcf

≔γlayer2 112 pcf

≔σ'v_at_midpt +⋅5 ft γlayer1 ⋅5 ft ⎛⎝ −γlayer2 62.4 pcf⎞⎠

=σ'v_at_midpt 0.833 ksf

≔fs_at_midpt ⋅β σ'v_at_midpt

=fs_at_midpt 374.85 psf

As a check, consider the Meyerof (1976) approach in estimating the skin friction :

Average N60 for use in design at Abutment No. 2:

≔N60 23

≔fs_Meyerof ⋅⋅((0.02)) 2000 ⎛⎝N60⎞⎠ psf (per Das, Principles of Foundation 
Engineering, Seventh Edition, Eq. 11-45)

=fs_Meyerof 920 psf The unit skin friction per the Beta-method controls.

N l i ki f i i i HP 14 89
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Now apply unit skin friction assuming a HP 14x89 
(less area, so less skin friction)

Perimeter of pile section, P_14x89

Length of pile embedded, L_pile

Skin friction capacity, R_skin:

≔P14x89 4 ft

≔Lpile 20 ft

≔Rskin ⋅⋅fs_at_midpt P14x89 Lpile

(Assume that the skin friction capacity will be uniformily 
distrubuted along the pile length for GRLWEAP analyses)

=Rskin 30 kip
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GRLWEAP Analysis No. 1: HP 14x89

The pile can be driven to the resistances below with a Delmag 19-42 with a reasonable blow 
count and level of driving stress. The GRLWEAP results are below:

To limit the driving stress to less than 45 ksi and target the 
blow counts to 7 bpi; assume the ultimate capacity is 
approximately 525 kips for a HP 14x89 pile

Therefore, the nominal axial compressive resistance 
(Rn_dr_14x89) is:

Factored axial compressive esistance at the Strength Limit 
State (Rf_dr_strength_14x89):

Factored axial compressive resistance at the Service and 
Extreme Limit States (Rf_dr_service_extreme_14x89):

≔Rn_dr_14x89 525 kip

≔Rf_dr_strength_14x89 ⋅Rn_dr_14x89 ϕdynamic_strength

=Rf_dr_strength_14x89 341 kip

≔Rf_dr_service_extreme_14x89 ⋅Rn_dr_14x89 ϕdynamic_service_extreme

=Rf_dr_service_extreme_14x89 525 kip
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GRLWEAP Analysis No. 1: HP 14x117

The pile can be driven to the resistances below with a Delmag 19-42 with a reasonable blow 
count and level of driving stress. The GRLWEAP results are below:

To limit the driving stress to less than 45 ksi and target the 
blow counts to 12 bpi (optimal range of diesel hammer); 
assume the ultimate capacity is approximately 725 kips for a 
HP 14x117 pile

Therefore, the nominal axial compressive resistance 
(Rn_dr_14x117) is:

Factored axial compressive resistance at the Strength Limit 
State (Rf_dr_strength_14x117):

Factored axial compressive resistance at the Service and 
Extreme Limit States (Rf_dr_service_extreme_14x117):

≔Rn_dr_14x117 725 kip

≔Rf_dr_strength_14x117 ⋅Rn_dr_14x117 ϕdynamic_strength

=Rf_dr_strength_14x117 471 kip

≔Rf_dr_service_extreme_14x117 ⋅Rn_dr_14x117 ϕdynamic_service_extreme

=Rf_dr_service_extreme_14x117 725 kip
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Prepared By: N. Sherwood, 2 February 2016
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OBJECTIVE
Estimate the factored bearing resistances of the center pier at the service, strength, and extreme 
limit states.  

GIVEN
1) Limited lab data and boring logs

ASSUMPTIONS
1) Estimated soil properties.
2) An estimated unconfined compressive strength of the bedrock = 8,000 psi (refer to Page 2).
3) Design per AASHTO LRFD Bridge Design Specifications, 2014, 7th edition, with 2016 
interims.

ESTIMATE THE FACTORED BEARING RESISTANCE AT THE 
SERVICE LIMIT STATE

Reference: LRFD Table C10.6.2.6.1-1 Presumptive Bearing Resistances for 
Spread Footings at the Service Limit State Modified after US Department of Navy 
(1982)

For broken bedrock of any kind:

Type of Bearing Material: Weathered or broken bedrock of any kind, except shale.

Consistency of in-situ bedrock: Medium hard rock

Nominal bearing resistance: Ordinary range is 16 to 24 ksf

Recommended nominal bearing resistance value to use (based on prior projects with similar 
subsurface conditions): 20 ksf

Resistance factor at the service limit state = 1.0 (LRFD Article 10.5.5.1)

≔ϕbearing_service 1.0

≔qnominal_bearing 20 ksf

≔qfactored_bearing ⋅ϕbearing_service qnominal_bearing

=qfactored_bearing 20 ksf

Recommend a factored bearing resistance of 20 ksf at the Service Limit State

Note: This bearing resistance is settlement limited (1 inch) and applies only at the service limit 
state.
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ESTIMATE THE FACTORED BEARING RESISTANCE AT THE 
STRENGTH LIMIT STATE

Determine the factored bearing resistance at the strength limit state using the Rock Mass Rating 
(RMR) system per LRFD Article 10.6.3.2.2 and C4.6.4 and Table 10.4.6.4-1 (LRFD, 6th Ed., 
2012).

Bedrock at the proposed center mass pier location (BB-WLLOR-102) was found to be "very poor" 
in quality. The RQD was 10%. The borings indicate that the bedrock ranges from a SCHIST to a 
PEGMATITE/MIGMATITE.

Determine RMR from Table 10.4.6.4-1 (LRFD, 6th Ed., 2012) Geomechanics Classification 
of Rock Mass

Per LRFD, the RMR is determined as the sum of the five relative ratings listed in Table 10.4.6.4-1
(LRFD, 2012)

Parameter No. 1: Strength of intact rock material

Assume the design value of the unconfined compressive strength (qu) 
of the rock is 8,000 psi. This is based on:

a) The unconfined compressive strength tests on schist from the 
Waterville Formation (schist) ranged from 5,120-8,766 psi.
b) The average unconfined compressive strength of schist from the 
Richmond-Dresden project was approximately 7,000 psi.
c) Goodman recommends a qu = 8,000 psi for quartz mica schist 
(Rock Mechanics, 1989, Table 3-1, page 61), qu:

Therefore, since the unconfined compressive strength of the rock is 
between 7.5 and 14 ksi, the Relative Rating (RR) for this parameter is 
7.

≔qu 8000 psi

=qu 1152 ksf

≔RRparameter1 7

Parameter No. 2: Drill core quality RQD

The average of the RQDs at the two cores at the center pier 
location was 28%. Therefore, since the RQD is between 
25-50%, the Relative Rating for this parameter is 8.

≔RRparameter2 8

Parameter No. 3: Spacing of joints

The jointing of the rock cores at the center pier location were 
characterized as "closely spaced". Therefore, since the spacing 
of joints is between 2 to 12 inches, the Relative Rating for this 
parameter is 10.

≔RRparameter3 10

Parameter No. 4: Condition of joints

Assume the rock has slightly rough surfaces, joint separations 
of less than 0.05 inches, and soft joint wall rock. Therefore, the 
Relative Rating for this parameter is 12.

≔RRparameter4 12
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Parameter No. 5: Groundwater conditions - general conditions

There were no groundwater measurements during the 
investigation. Assume the "water under moderate pressure." 
Therefore, the Relative Rating for this parameter is 4.

≔RRparameter5 4

Now, sum up the five Relative Ratings for the five parameters above to 
calculate the Raw RMR:

≔RMRraw ++++RRparameter1 RRparameter2 RRparameter3 RRparameter4 RRparameter5

=RMRraw 41

Parameter No. 6: Now, adjust the Raw RMR considering the Joint Orientations from LRFD 
Table 10.4.6.4-2 (LRFD, 2012)

At the center pier location, the jointing was described as 
typically horizontal with several steeply dipping joints 
(45-60 degrees). Assume that for foundations, the strike 
and dip orientations of joints are FAIR. Therefore, the 
Relative Rating for this parameter is -7.

The Adjusted RMR can now be calculated by summing 
Parameters No. 1 through No. 6

≔RRparameter6 −7

≔RMRadjusted +RMRraw RRparameter6

=RMRadjusted 34

Determine Rock Mass Class from Adjusted RMR Rating

Reference: LRFD, 2012, 6th Edition Table 10.4.6.4-3.

With an Adjusted RMR = 34, the rock can be described as "Poor rock - Class IV."

Determine Rock Type

Reference: LRFD, 2012, 6th Edition Table 10.4.6.4-4.

The bearing material is assumed to be a schist and/or a pegmatite/migmatite. Therefore, the Rock Type 
is E, since the bearing material is likely a "coarse-grained polyminerallic igneous and metamorphic 
rock - amphibolite, gabbro gneiss, granite, norite, quartz-diorite."
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Determine the Intact Rock Mass "m" and "s" constants

Reference:  The Hoek and Brown Failure Criterion - an 1988 Update, 15th Canadian Rock Mechanics 
Symposium.

To calculate the disturbed rock mass constants (m and s), the m and s constants assuming "intact rock 
samples" are used with Rock Type E. Therefore, the intact rock mass constants are mi = 25 and s = 1

≔mi 25

≔s 1

Now, calculate the disturbed rock mass constants per Equation 18 and 19 (Hoek and Brown, 1988).

≔m ⋅mi exp
⎛
⎜⎝
―――――

−RMRadjusted 100

14

⎞
⎟⎠

=m 0.224

≔s exp
⎛
⎜⎝
―――――

−RMRadjusted 100

6

⎞
⎟⎠

=s 0.000017

Determine nominal bearing resistance of the center pier

Per Table 5.4 (page 138 of Wyllie), the foundation shape factor for a rectangular shape (assuming L/B 
= 2) is 1.12

Reference:  Foundations on Rock, 2nd Edition, Dr. Duncan Wyllie, P.Eng, 2009

≔Cf1 1.12

Use the lower and middle bounds of the recommended uniaxial compressive strength values for a 
Schist.

Reference:  Standard Specifications for Highways, 17th Edition, 2002, Table 4.4.8.1.2B

≔quc

1400
8000
14500
21000

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

psi

Reference:  Foundations on Rock, 2nd Edition, Dr. Duncan Wyllie, P.Eng, 2009

Per Equation 5.4 (page 138 of Wyllie), the nominal bearing resistance may be taken as (excluding the 
factory of safety term since we are using LRFD):

⎛ ‾‾‾‾‾‾‾‾‾⎛ ⎞ ⎞

Page 4 of 5

Nathan.A.Sherwood
Rectangle



Stimson Bridge
Waterboro-Limerick, Maine
WIN 20476.00

Factored Bearing Resistances of 
Center Pier

Prepared By: N. Sherwood, 2 February 2016
Reviewed By: L. Krusinski, 29 February 2016

≔qnominal_bearing ⋅⋅⋅Cf1
‾s quc

⎛
⎜⎝ +1

‾‾‾‾‾‾‾‾‾

+⋅m

⎛
⎜⎝s

――
−1

2
⎞
⎟⎠ 1

⎞
⎟⎠

=qnominal_bearing

8
45
81

117

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

ksf

Determine the factored bearing resistance of the center pier at the Strength Limit State

The resistance factor for bedrock is 0.45

Reference:  LRFD Table 10.5.5.2.2-1

≔ϕbearing 0.45

Therefore, per LRFD Eq. 10.6.3.1.1-1, the factored bearing resistance is:

≔qbearing_strength ⋅qnominal_bearing ϕbearing

=qbearing_strength

4
20
36
53

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

ksf

Recommend a factored bearing resistance of 20 ksf at the Strength Limit State

Determine the factored bearing resistance of the bedrock at the Extreme Limit State

Use a bearing resistance factor of 0.80 for Extreme Limit State for gravity and semigravity walls 
per LRFD Article C11.5.8.  Use for piers for consistency with the theory of preventing collapse for 
the Extreme Event.

≔ϕbearing_extreme 0.80

≔qbearing_extreme ⋅qnominal_bearing ϕbearing_extreme

=qbearing_extreme

6
36
65
94

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

ksf

Recommend a factored bearing resistance of 36 ksf at the Extreme Limit State
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LPile Parameters for 
Bedrock Sockets

Prepared By: N. Sherwood, 22 February 2016
Reviewed By: L. Krusinski, 23 February 2016

OBJECTIVE
Provide LPile parameters for the proposed integral abutments assuming the H-piles installed will 
be installed in bedrock sockets.

GIVEN
1) Boring logs and lab data

ASSUMPTIONS
1) Assume the design "median" value of the uniaxial compressive strength of the rock is 6,943 
psi (unconfined compressive strength tests on schist from Waterville Formation (5,120-8,766 
psi)). These values are from the Western Avenue project in Waterville (WIN 18234.00)
2) Average the RQDs across the site since they are relatively comparable (see below).
3) LPile parameters are based on geotechnical engineering correlations and suggested values per 
the LPile 5.0 technical manual and noted references.

ROCK TYPE AND RQDs AT ABUTMENTS
Abutment No. 1 (Boring BB-WLLOR-101)
R1 RQD = Schist, 22%
R2 RQD = Pegmatite/Migmatite, 48%

Average RQD = 41%
Abutment No. 2 (Boring BB-WLLOR-103)
R1 RQD = Schist, 52%
R2 RQD = Schist, 40%

ABUTMENTS NO. 1 AND 2 - WEAK ROCK (REESE, 1997) MODEL

The LPile parameters for the proposed abutments are based on the subsurface information 
encountered at Borings BB-WLLOR-101 and -103.

1) Determine the effective unit weight of the bedrock

Per R.E. Goodman (Introduction to Rock Mechanics, 1980, pg. 33, Table 2.3), the typical dry unit 
weight of quartz, mica, and schist is 176 pcf (equivalent to 0.101 pci).

≔γdry 0.101 pci

Per Vallejo (Geological Engineering, 2011, pg. 119, Table 3.2), the typical porosity of schist is 3%, 
where n = porosity (decimal).

≔n 0.03

Per Goodman (pg. 31, Table 2.2), the specific gravity, G, of quartz (similar to schist) can be taken 
as 2.65

≔G 2.65

Per Das (7th Edition, pg. 65, Equation 3.33), the void ratio can be calculated as:

≔e ――
n

−1 n
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=e 0.031

Per Das (7th Edition, pg. 55, Equation 3.18), the water content, wc, (assuming 100% saturation, S, 
since the bedrock is beneath the groundwater table) can be calculated as:

≔S 1.0

≔wc ――
(( ⋅S e))

G

(12% water content)=wc 0.012

Therefore, per Das (Equation 3.12), the saturated unit weight can be calculated as:

≔γsaturated ⋅γdry (( +1 wc))

=γsaturated 0.102 pci

The effective (buoyant) unit weight can then be calculated as:

≔γwater 0.036 pci

≔γ' −γsaturated γwater

This value will be used for the strong rock model as well.=γ' 0.066 pci

2) Determine the Young's modulus of the bedrock

Use the Young's modulus, E_r, parameter corresponding to the UCS value selected for design 
(from the UCT that yielded 6,943 psi); therefore, use the average of the Young's moduli from the 
UCT laboratory data:

≔Er ―――――――
(( +5710000 8650000))

2
psi

=Er 7180000 psi

Per the LPile 5.0 User Manual (pg. 43), to account for jointing in the bedrock, the Young's 
modulus should be reduced by a reduction factor (alpha_E).

Per LRFD 2012 Table 10.4.6.5.1b-1 (O'Neill and Reese, 1999), the reduction factor is a function of 
the Young's modulus of the rock mass (E_m) divided by the Young's modulus of the bedrock core 
(E_i), which is the value above (E_r) from the UCT test.

The Young's modulus of the bedrock mass can be calculated per LRFD 2012 Equation 10.4.6.5-1.
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The adjusted Rock Mass Rating (RMR = 31) of the schist was previously calculated for estimating 
the bearing resistance of the center pier. Since the RMR was calculated assuming the same UCS 
value, the RMR value can be used in this application to determine the Young's modulus of the 
bedrock mass.

Therefore:

≔RMR 31

≔Em ⋅145
⎛
⎜⎝10

――――
−RMR 10

40
⎞
⎟⎠ ksi

=Em 485700 psi

Now, calculate the ratio of the moduli:

=―
Em

Er

0.068

The reduction factor corresponding to this ratio, per LRFD 2012 Table 10.8.3.5.4b-1 is 
approximately 0.48.

Therefore, the Young's modulus (reduced for jointing in bedrock) is:

≔αE 0.48

≔Edesign ⋅Er αE

=Edesign 3446400 psi

3) Determine the uniaxial compressive strength of the bedrock

Since the RQDs of the core runs at the proposed abutments are relatively similar and given the 
expected nature of varying bedrock conditions and properties, assume that the UCS is the same at 
both abutments. Therefore, use a UCS of 6,943 psi. This value will be used in the strong rock 
model.

4) Determine the RQD of the bedrock

As shown on Page 1, the average RQD of the borings located at the proposed abutments is 41%. 
Use this value for all RQD values for LPile analyses.
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5) Determine the bedrock strain parameter (k_rm)

Per the National Cooperative Highway Research Program (NCHRP) Synthesis 360, 2006, "Rock-
Socketed Shafts for Highway Structure Foundations (pg. 58), "Typically, the k_rm value is taken 
as the strain at 50% of the maximum strength of the core sample. Because limited experimental 
data are available for weak rock during the derivation of the p-y criteria, the k_rm from a particular 
site may not be in the range between 0.0005 and 0.00005. For such cases, you may use the upper 
bound value (0.0005) to get a larger value of y_rm which in turn will provide a more consdervative 
result."

Past MaineDOT projects in Maine has suggested using a k_rm value of 0.0005 (i.e. Sarah Mildred 
Long Bridge LPile analyses). Therefore, use a k_rm value of 0.0005 for this project.

ABUTMENTS  NO. 1 AND 2 - STRONG ROCK (VUGGY LIMESTONE) MODEL

The required geotechnical LPile parameters the strong rock model consist of the effective unit 
weight and the UCS. HTA should use the effective unit weights and UCS value from the weak rock 
model.

Note: HTA will determine the layer thickness of the bedrock based on the desired depth of 
bedrock socket from the LPile analyses.
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OBJECTIVE
Estimate the passive earth pressure coefficients using both Rankine and Coulomb theories.

GIVEN
1) Limited lab data and boring logs
2) PDR plans indicating backfill slope behind in-line wingwalls (2:1) and slopes behind 
proposed abutments (0.50%, assume horizontal backslope)

ASSUMPTIONS
1) Use 2003 MaineDOT Bridge Design Guide (BDG) backfill soil parameters (Soil Type 4).
2) Design per AASHTO LRFD Bridge Design Specifications, 2014, 7th edition, with 2016 
interims.

Recommend that all wingwalls and abutments be backfilled with free-draining (granular) 
material (i.e. Soil Type 4, Table 3-3, MaineDOT BDG).

The following are the soil properties of Soil Type 4:

Total unit weight: ≔γtype_4 ⋅125 pcf

Internal angle of friction of soil: ≔ϕ'type_4 ⋅32 deg

Interface friction angle 
(concrete to soil):

≔δtype_4 24 deg

Coefficient of friction 
(concrete to soil):

≔δfriction_type_4 0.45

Cohesion: ≔ctype_4 ⋅0 psf

ESTIMATE THE PASSIVE EARTH PRESSURE COEFFICIENT USING RANKINE
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ESTIMATE THE PASSIVE EARTH PRESSURE COEFFICIENT USING RANKINE 
THEORY (K_p) FOR USE IN DESIGNING WINGWALLS AND ABUTMENTS

Bowles does not recommend the use of Rankine theory for calculating the passive earth pressure 
coefficient when the backfill surface is sloped greater than 0 degrees.

The passive earth pressure coefficient using the Rankine theory per Das, Principles of 
Geotechnical Engineering, 7th Edition, Eq. 13.22:

≔Kp tan
⎛
⎜⎝

+45 deg ――
ϕ'type_4

2

⎞
⎟⎠

2

=Kp 3.25

The resultant earth pressure force, Pp, is oriented at an angle, Beta, to the vertical plane.

ESTIMATE THE PASSIVE EARTH PRESSURE COEFFICIENT USING COULOMB  
THEORY (K_p) FOR USE IN DESIGNING WINGWALLS AND ABUTMENTS

For cases where the interface friction is considered (this is for gravity shaped structures), use 
Coulomb theory.

For precast integral abutments bearing against clean sand, silty sand-gravel mixtures; use an 
interface friction angle ranging from 17 to 22 degrees per LRFD Table 3.11.5.3-1.

The interface friction angle between the
backfill and wall taken as specified in LRFD Table 3.11.5.3-1: ≔δLRFD ⋅19.5 deg

The angle of the backface of the wall to the horizontal, :θ ≔θ 90 deg

Beta value is 0 degrees (the Cuolomb theory coefficient 
does not change based on the slope of backfill), :βhorizontal

≔βhorizontal 0 deg

≔Kp ――――――――――――――――――――――
sin ⎛⎝ −θ ϕ'type_4⎞⎠

2

⋅⋅sin ((θ))
2

sin ⎛⎝ +θ δLRFD⎞⎠
⎛
⎜
⎝

−1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――――――――

⋅sin ⎛⎝ +ϕ'type_4 δLRFD⎞⎠ sin ⎛⎝ +ϕ'type_4 βhorizontal⎞⎠

⋅sin ⎛⎝ +θ δLRFD⎞⎠ sin ⎛⎝ +θ βhorizontal⎞⎠

⎞
⎟
⎠

2

=Kp 6.73

The resultant earth pressure force, Pp, is oriented at the interface friction angle (19.5 
degrees) to the normal drawn to the backface of the wall. The resultant passive earth 
pressure force should be assumed to act a distance of H/3 measured from the bottom of the 
footing.
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OBJECTIVE
Estimate the depth foundations bearing on soil should be founded to prevent against frost 
penetration using the Design Freezing Index (MaineDOT BDG) and ModBerg software 
methods.

GIVEN
1) Limited lab data and boring logs.

ASSUMPTIONS
1) Estimated soil properties.
2) References: MaineDOT Bridge Design Guide (BDG) 5.2.1 and the ModBerg software.

METHOD NO. 1 - MAINEDOT DESIGN FREEZING INDEX (DFI) MAP AND DEPTH OF 
FROST PENETRATION TABLE (BDG SECTION 5.2.1)

From the Design Freezing Index Map: 

Waterboro and Limerick, Maine
DFI approximately 1,300 degree-days

From lab testing: soils are coarse-grained with a water content (wc) = ~5% (average from all 
borings)

From MaineDOT Table 5-1:

For a Design Freezing Index of 1,300 and wc less than 10%, the frost penetration is 76.3 
inches. 

≔Frost_depth_BDG ⋅76.3 in

=Frost_depth_BDG 6.4 ft

METHOD NO. 2 - CALCULATE FROST DEPTH PER MODBERG SOFTWARE
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METHOD NO. 2 - CALCULATE FROST DEPTH PER MODBERG SOFTWARE

Closest Station is Sanford

------------------------
--- ModBerg Results ---
-----------------------

Project Location: Sanford 2 NNW, Maine

Air Design Freezing Index        =  1123 F-days
N-Factor                         =  0.80
Surface Design Freezing Index    =   898 F-days
Mean Annual Temperature          =  46.8 deg F
Design Length of Freezing Season =  116 days

---------------------------------------------------------
Layer
#:Type           t    w%    d    Cf  Cu   Kf   Ku     L
---------------------------------------------------------
1-Coarse        55.3  5.0 125.0  24  28   1.2  1.3    900
---------------------------------------------------------

t  = Layer thickness, in inches.
w% = Moisture content, in percentage of dry density.
d  = Dry density, in lbs/cubic ft.
Cf = Heat Capacity of frozen phase, in BTU/(cubic ft degree F).
Cu = Heat Capacity of thawed phase, in BTU/(cubic ft degree F).
Kf = Thermal conductivity in frozen phase, in BTU/(ft hr degree).
Ku = Thermal conductivity in thawed phase, in BTU/(ft hr degree).
L  = Latent heat of fusion, in BTU / cubic ft.

*********************************************************
Total Depth of Frost Penetration = 4.61 ft = 55.3 in.

*********************************************************"

Therefore, considering both methods, use a frost depth that averages both methods:

≔Frost_depth_modberg 4.61 ft

≔Frost_depth_design ――――――――――――
+Frost_depth_BDG Frost_depth_modberg

2

=Frost_depth_design 5.5 ft
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Prepared By: N. Sherwood, 10 February 2016
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OBJECTIVE
1) Determine the site classification per LRFD Table C3.10.3.1-1 - Method B and calculate the 
following site-specific seismic design parameters: the design spectral response parameter at short 
periods (Sds) and the design spectral response parameter at a period of 1 second (Sd1).
2) Calculate the peak ground acceleration (PGA), short- and long-period spectral acceleration 
coefficients (Ss and S1, respectively) for a rock site (Site Class B) using the USGS 2007 Seismic 
Parameters CD for 7% probability exceedence in 75 years.

GIVEN
1) Limited lab data and boring logs
2) Project lattitude and longitude

ASSUMPTIONS
1) Estimated soil properties.

DETERMINE SITE-SPECIFIC SPECTRAL ACCELERATION RESPONSE 
PARAMETERS PER THE CALCULATED SITE CLASS (C)

Per Method B of LRFD Table C3.10.3.1-1, the site is defined as Site Class C. The table below 
was used to classify the site based on the corrected blow counts at the three boring locations.
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DETERMINE THE SPECTRAL ACCELERATION RESPONSE PARAMETERS AND 
PGA PER SITE CLASS C

Using the USGS 2007 Seismic Parameters CD, the following are the results:

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
AASHTO Spectrum for 7% PE in 75 years
Latitude     =     43.652000
Longitude  = -070.760000
Site Class B
Data are based on a 0.05 deg grid spacing.

Period          Sa
(sec)            (g)
0.0           0.100     PGA - Site Class B
0.2           0.194     Ss    - Site Class B
1.0           0.047     S1    - Site Class B

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
Spectral Response Accelerations SDs and SD1
Latitude     =     43.652000
Longitude  = -070.760000
As = FpgaPGA, SDs = FaSs, and SD1 = FvS1
Site Class C  - Fpga =  1.20,  Fa =  1.20,  Fv =  1.70
Data are based on a 0.05 deg grid spacing.

Period          Sa
(sec)            (g)
0.0           0.120     As   - Site Class C
0.2           0.233     SDs - Site Class C
1.0           0.080     SD1 - Site Class C
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SPECIAL PROVISION 
SECTION 501 

FOUNDATION PILES 
(Rock-Socketed H-Pile Foundation) 

 
501.01 Description. The following is added to subsection 501.01: 
 
This work shall consist of providing all materials, equipment, and labor necessary for 
construction of a Rock-Socketed H-pile Foundation, as shown on the Plans or as authorized by 
the Resident. Construction of Rock-Socketed H-Pile Foundation shall be as specified in Section 
501 of the Standard Specifications, except as amended herein.  
 
501.02 Materials.  The following is added to subsection 501.02: 
 
Aggregate for Rock-Socketed H-pile Foundation shall meet the requirements of 703.22 
Underdrain Backfill Material, Type C. 
 
501.03 Quality Control Plan. The following is added to subsection 501.03: 
 

No later than 30 days prior to constructing the Rock-Socketed H-pile Foundation, the 
Contractor shall submit an installation plan for review by the Resident and project 
geotechnical engineer. This plan shall provide information on the following:  
 
 List of proposed equipment to be used including: drilling equipment, drills, drill bits, 

augers, buckets, casing, final cleaning equipment, rock coring equipment, tremies or 
concrete pumps, etc.;  

 Details of overall Rock-Socketed H-Pile Foundation construction operation sequence;  
 Details of excavation methods in soils and bedrock, including methods of removing any 

obstruction such as boulders or cobbles; 
 Details of methods to clean bedrock-sockets and bearing surface;  
 Details of installing H-Piles and supporting H-piles laterally in their final positions until 

the abutment is complete and in place; and  
 Details of concrete placement.  

 
The Resident and project geotechnical engineer will evaluate the Rock-Socketed H-Pile 
Foundation installation plan, and all procedural approvals given by the Resident shall be 
subject to trial in the field and shall not relieve the Contractor of the responsibility to 
satisfactorily complete the work as detailed in the Plans and Specifications. 

 
501.042 Equipment. The following is added to subsection 501.042: 

 
Rock Sockets. Drilling of bedrock-sockets for Rock-Socketed H-Pile Foundation shall be 
using cased-hole drilling methods. Excavation equipment and methods shall be designed so 
that the completed socket will have a planer bottom.  
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The excavation and drilling equipment shall have adequate capacity including power, torque, 
and down thrust to excavate a drill socket of both the diameter and to a depth of 20 percent 
beyond the depth indicated on the plans. When the material encountered cannot be drilled 
using conventional earth augers with soil or rock teeth, drill buckets, the Contractor shall 
provide drilling equipment including but not limited to: rock core barrels, rock tools, air tools, 
and other equipment as necessary to construct the shaft excavation to the size and depth 
required. 
 
Failure by the Contractor to demonstrate adequate methods and equipment shall be reason for 
the Resident to require alterations in equipment and/or method by the Contractor to eliminate 
unsatisfactory results. Any altered methods or construction equipment shall be at the 
Contractors expense and incidental to this item.  
 
The Contractor shall perform the excavations required for H-pile rock sockets as shown on 
the Plans, through whatever materials are encountered, to the dimensions and elevations 
shown on the Plans or otherwise required by the specifications and special provisions. The 
Contractor's methods and equipment shall be suitable for the intended purpose and materials 
encountered. Blasting shall not be permitted. 

 
The following sections are added to 501.04 Construction Requirements: 
 

501.049 Drilling and Rock-Socket Excavation. 
 
Bedrock excavations shall be made at locations and to the elevations and dimensions shown 
on the Plans. Planar bottom socket elevations shall be adjusted when the Resident determines 
that the material encountered during excavation is unsuitable or differs from that anticipated 
in the design of the Rock-Socketed H-Pile Foundation.  
 
The Contractor shall maintain a construction method log during bedrock socket drilling and 
excavation. The log shall contain information such as: drilling methods, drilling resistance, 
cleaning methods, obstructions, seepage of groundwater through casing/bedrock seal, etc. 
 
Excavated materials which are removed from socket excavations shall be disposed of by the 
Contractor in accordance with the applicable specifications for disposal of excavated 
materials.  
 
The Contractor shall perform the necessary excavation for the Rock-Socketed H-pile 
Foundation under this item. No separate payment will be made for either excavation of 
materials of different densities or employment of special tools and procedures necessary to 
accomplish the excavation in an acceptable fashion. 
 
After removal of the soil cuttings from within the casing, the casing shall be further advanced 
into bedrock, where shown on the plans or directed by the Resident, if necessary to achieve 
sealing against the entry of overburden. Then the excavation shall continue into bedrock as 
an uncased or cased bedrock socket of the length and diameter indicated. The bedrock socket 
shall not be constructed until the casing is sealed in bedrock and until the casing has been 
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checked for plumbness. A method of excavating the bedrock socket that is capable of 
providing a cylindrical opening of the specific diameter and to full-depth as shown on the 
plans or to the depth directed by the Resident shall be used. Overbreakage of the bedrock 
surface shall be avoided, so as to not destroy the seal at the bottom of the casing. The 
bedrock socket shall be constructed so as to have a planar bottom.  
 
The Contractor shall keep a daily construction record. The Contractor shall provide access 
and equipment for checking the alignment of the casing and for checking the dimension, 
alignment and cleanliness of the rock socket. Final pile and socket depths shall be measured 
with suitable weighted tape or other approved methods after final cleaning. A minimum of 50 
percent of the base of each socket shall have less than ½-in. of sediment at the time of 
placement of the concrete. Socket cleanliness shall be demonstrated by the Contractor to the 
satisfaction of the Resident. Concrete placement shall not begin until the Resident’s approval 
has been obtained.  
 
501.050  Obstructions 
 
Surface and subsurface obstructions at the pile locations shall be removed by the Contractor. 
Such obstruction may include man made materials such as old concrete foundations, and 
natural materials such as boulders. Special procedures and/or tools shall be employed by the 
Contractor after the casing cannot be advanced using conventional augers fitted with soil or 
rock teeth, or drilling buckets. Such special procedures/tools may include but are not limited 
to: chisels, boulder breakers, core barrels, air tools, etc.  
 
Drilling tools which are lost in the excavation shall not be considered obstructions and shall 
be promptly removed by the Contractor without compensation. All costs due to lost tool 
removal shall be borne by the Contractor.  
 
501.051  H-Pile and Concrete Installation 
 
The casing shall be installed in a manner that will produce a positive seal at the bottom of the 
casing so that no piping of water or other materials occurs into the socket. 
 
The H-pile shall be lowered into the cased-hole so as to bear on the planer bottom of the rock 
socket. The Contractor will be required to support the H-Piles laterally in their final positions 
until the abutment is complete and in place. The socket shall then be filled with structural 
concrete, as specified in this Section, to the elevation shown on the Contract Plans. 
Rock-Socketed H-Pile Foundation concrete shall conform to Standard Specification 502 - 
Structural Concrete with the following additional requirements: 
 
Chutes, troughs, pipes and buckets may be permitted in dry sockets only. Concrete placement 
under water shall be performed by tremie. 
 
After the concrete has been allowed to cure, the cased hole shall be filled with aggregate. 
Aggregate shall be dropped. Casing may be withdrawn as aggregate is placed. 
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Where the Contractor is to excavate after rock-socketed H-pile installation, the cased hole 
does not need to be filled with aggregate. The Contractor is responsible for maintaining the 
integrity of the fixed, concrete bottom of the H-pile when excavating after installation, as 
determined by the Resident. Additional length of rock socket, bracing, and other incidentals 
associated with maintaining the integrity of the concrete bottom of the foundation and 
maintaining the lateral positions of the piles shall be incidental. 

 
501.047 Splicing Piles. The following is added to subsection 501.047: 
 
Splicing of H-piles for Rock-Socketed H-Pile Foundation shall not be permitted.  
 
501.05 Method of Measurement. The following is added to subsection 501.05: 
 
b) Piles Furnished Furnishing of H-piles for Rock-Socketed H-Pile Foundation shall be as 
outlined in subsection 501.05.  
 
c) Piles in Place. Method of measurement for constructing Rock-Socketed H-pile Foundation as 
described in this Section shall be measured by the linear foot of piles in place. Method of 
measurement shall include all materials, excavation, construction methods, mobilization of 
equipment, and incidentals necessary to complete the work, as described herein.  
 
501.06 Basis of Payment. The following is added to subsection 501.06: 
  
The accepted quantities of Rock-Socketed H-piles will be paid for at the Contract Unit Price per 
linear foot, delivered, and complete, in place. Such payment will include full compensation for  
all material, excavation, construction methods, mobilization of equipment, and incidentals 
necessary to complete the work as specified herein. 
 
Payment shall be under: 
 
Pay Items                                                       Pay Unit 
 
501.50 Steel H-beam Piles 89 lb/ft, delivered Linear foot 
501.502 Rock-Socketed H-Piles 89 lb/ft, in place Linear foot 
501.XXX Equipment for Installing H-Piles – Mobilization Lump Sum 




