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Dear Mr. Dalal: 

 

Submitted herewith is the report of our geotechnical engineering investigation for the 

referenced project.  This study was authorized in accordance with the Engineering 

Consultant Services Agreement dated February 20, 2014 between RQAW Corporation 

and Cardno ATC. 

 

This report contains the results of our field and laboratory testing program, an 

engineering interpretation of this data with respect to the available project 

characteristics and recommendations to aid design and construction of the bridge 

foundations and other earth-connected phases of this project.  We wish to remind you 

that we will store the samples for 30 days after which time they will be discarded unless 

you request otherwise. 

 

We appreciate the opportunity to be of service to you on this project.  If we can be of 

any further assistance, or if you have any questions regarding this report, please do not 

hesitate to contact either of the undersigned. 

 

Sincerely, 

 

 

 

David McIlwaine, P.E.      Shawn M. Marcum, P.E. 

Project Engineer      Senior Project Engineer 

for Cardno ATC      for Cardno ATC 

 



 

 

SUMMARY OF GEOTECHNICAL ENGINEERING INVESTIGATION 
 

Interstate 65 – Added Travel Lanes 
Section 5 – State Road 26 to State Road 25 

Tippecanoe County, Indiana 
INDOT DES. NO. 1383340 

Cardno ATC Project No. 86.55608.0058B 
 

GENERAL INFORMATION 
RQAW Corporation (RQAW) is developing plans for the addition of travel lanes along Interstate 65 in 
Tippecanoe County, Indiana.  The proposed added travel lanes project will begin at approximately 0.5 
miles south of State Road 38 (approximately Station 280+00, Line “A1”) and end approximately 0.7 
miles north of State Road 26 (approximately Station 575+00, Line “A2”).  The project will include the 
addition of travel lanes and widening of the Interstate 65 bridges at State Road 25 and Wildcat Creek.  
It is our understanding that the added travel lanes will be at or near the existing pavement grades and 
consist of a 12 ft wide travel lane with a 10 ft wide shoulder in both northbound and southbound 
directions.  The added travel lanes will be located within the existing center median.  The project 
options include pavement replacement, milling and overlay and rubblization of the existing travel 
lanes.  The existing pavement section may be lowered to increase or maintain the clearance heights 
at the existing overpass structures. 
 
PROPOSED BRIDGE STRUCTURE  
The existing two-span bridges carrying Interstate 65 over State Road 25 and the five-span bridges 
carrying Interstate 65 over Wildcat Creek will be widened.  Considering the project characteristics, the 
general geology in the vicinity of the project and the subsurface conditions encountered in the test 
borings drilled at the proposed bridge location, it is recommended that pile foundations be used for 
support of the end bents and interior pier for the proposed bridge widening.  Specific design 
recommendations for steel pipe piles (INDOT Standard Specifications Section 915.01) and H-piles 
(INDOT Standard Specifications Section 915.02) are presented in Section 5.2.   
 
Based on geologic mapping and the results of the test borings, it is our opinion that the subsurface 
conditions within this project site meet the criteria for Site Class Definition C based on Table 3.10.3.1-1 
(Site Class Definitions) in the 2010 AASHTO LRFD Bridge Design Specifications. 
 

ROADWAY RECOMMENDATIONS 
The pavement subgrades are anticipated to consist primarily of naturally-occurring, low to medium 
plasticity cohesive soils, granular soils or engineered fill similar to the near-surface cohesive and granular 
soils observed at the test boring locations.  The table below summarizes the subgrade treatment for the 
added travel lanes in the median and areas where total reconstruction of the pavement is planned in 
conjunction with the associated resilient modulus values (MR) that should be used for the design of the 
pavements.  The subgrade treatment should be in accordance with INDOT Standard Specifications 
Section (ISS) 207.04. 
 

  



 

 

Pavement Design Considerations 
New Construction and Full Depth Replacement 

ROADWAY LINE I-65 

Subgrade Treatment Type IB (cement) 

Modified/Prepared Subgrade Soil 
Resilient Modulus Value, lbs/sq.in. 

8,500 

Natural Subgrade Soil Resilient Modulus 
Value, lbs/sq.in. 

3,500 

Approximate Depth to Ground Water 5 ft 

Subgrade Soil 
Loam (A-4) 

Sandy Loam (A-4) 
Sand (A-2-4) 

 
Due to the silty nature of the subgrade soils and the presence of granular soils, which are not suitable 
for lime stabilization, it is recommended that the chemical subgrade treatment be limited to cement. 
 
 
 
Report Prepared By:     Report Reviewed By:  
Shawn M. Marcum, P.E. David McIlwaine, P.E. 
Senior Project Engineer Project Engineer 
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1 INTRODUCTION 
 

This report presents the results of our geotechnical engineering investigation for the Interstate 65 – 

Added Travel Lanes project in Tippecanoe County, Indiana.  Section 5 of Interstate 65 – Added Travel 

Lanes project extends from approximately State Road 26 to State Road 25.  The general location of 

the project site is shown on the Project Location Map and Vicinity Map (see Figures 1 and 2 in 

Appendix A). 

 

This investigation was performed to characterize and evaluate the soil beneath the project site and to 

develop recommendations relative to the pavement subgrade and support of the proposed Interstate 

65 bridges widening over State Road 25 and Wildcat Creek.  The investigation consisted of an 

exploratory drilling and sampling program, laboratory testing of soil samples obtained from the test 

borings, engineering analyses and preparation of this report. 

 

Our professional services have been performed, our findings obtained and our recommendations 

prepared in accordance with generally accepted geotechnical engineering principles and practices.  

This warranty is in lieu of all other warranties either expressed or implied.  This company is not 

responsible for the independent conclusions, opinions or recommendations made by others based on 

the field exploration and laboratory test data presented in this report. 

 

 

2 PROJECT DESCRIPTION 
 

RQAW Corporation (RQAW) is developing plans for the addition of travel lanes along Interstate 65 in 

Tippecanoe County, Indiana.  The proposed added travel lanes project will begin at approximately 0.7 

miles north of State Road 26 (approximately Station 575+00, Line “A2”) and end approximately 0.5 

miles north of State Road 25 (approximately Station 724+00, Line “A3”).  The project will include the 

additional of travel lanes and widening of the Interstate 65 bridges at State Road 25 and Wildcat 

Creek.  It is our understanding that the added travel lanes will be at or near the existing pavement 

grades and consist of a 12 ft wide travel lane with a 10 ft wide shoulder in both northbound and 

southbound directions.  The added travel lanes will be located within the existing center median.  The 

project options include pavement replacement, milling and overlay and rubblization of the existing travel 

lanes.  The existing pavement section may be lowered to increase or maintain the clearance heights at 

the existing overpass structures. 
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3 PURPOSE AND SCOPE OF WORK 
 

3.1 Field Investigation 
The subsurface conditions for the proposed project were investigated by Cardno ATC and K&S 

Engineers, Inc. (K&S) and drilling was performed with truck and ATV-mounted drilling equipment 

using hollow-stem-augers to advance the boreholes.  Split-barrel samples were obtained by using 

standard penetration test (SPT) procedures (American Association of State Highway and 

Transportation Officials-AASHTO-Method T206) at 2.5 to 5 ft intervals. 

 

The number, locations and depths of the borings were selected by Cardno ATC.  The test boring 

locations were staked in the field by Cardno ATC, with approximate boring elevations estimated from 

roadway plans provided by RQAW.  The borings were drilled at the approximate locations noted on 

the boring logs in Appendix B and at the approximate locations shown on the Boring Plans Figures 3 

through 6 in Appendix A. 

 

Logs of all borings, which show visual descriptions of all soil strata encountered using the AASHTO 

classification system are included in Appendix B.  Sampling information and other pertinent field data 

and observations are also included on the boring logs.  In addition, a sheet defining the terms and 

symbols used on the logs and explaining the SPT procedure is provided immediately preceding the 

test boring logs in Appendix B. 

 

3.2 Laboratory Investigation 
The disturbed soil samples were visually classified by an engineer in accordance with the AASHTO 

Soil Classification System and the visual classifications were verified or modified based upon the 

results of laboratory tests.  Final boring logs were subsequently prepared and are included in 

Appendix B.  Soil index property tests including natural moisture content (AASHTO T265) tests, grain 

size analyses (AASHTO T88) Atterberg limits test (AASHTO T89 and T90), unconfined compressive 

strength tests (AASHTO T208) and organic content tests (AASHTO T267) were performed on 

representative samples.  In addition to classification tests, calibrated hand penetrometer tests (“pocket 

penetrometer” tests) were performed on selected samples.  Representative bag samples were 

submitted to INDOT for standard Proctor and resilient modulus testing.  The results of all laboratory 

tests are included on the boring logs in Appendix B and summary sheets in Appendix C. 
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4 GENERAL SITE CONDITIONS 
 

4.1 Regional and Site Geology 
The project site is located within the Tipton Till Plain, which is part of the Central Till Plain 

Physiographic Unit of the State of Indiana.  The overburden soils consist mainly of Wisconsinan age 

glacial till soils.  The mapped depth to bedrock is reported to be approximately 150 to 250 ft.  The 

bedrock in this area consists mostly of Mississippian and Devonian age shale and limestone. 
 

4.2 Existing Pavement and Subsurface Conditions 
The general subsurface conditions at the site were investigated by drilling ninety-two roadway borings 

to depths ranging from 7.5 to 15 ft and eight bridge structure borings to depths ranging from 85 ft to 

100 ft.  The subsurface conditions disclosed by the field investigation are summarized in the following 

paragraphs.  Detailed descriptions of the subsurface conditions encountered in each test boring are 

presented on the test boring logs in Appendix B.  It should be noted that the stratification lines shown 

on the test boring logs represent approximate transitions between material types.  In-situ stratum 

changes could occur gradually or at slightly different depths. 

 

The test borings drilled in the existing travel lanes typically encountered a pavement section consisting of 
asphalt overlying concrete with a granular subbase.  Reinforcing steel was noted in most of the concrete 
pavement cores.  The following table summarizes the existing pavement sections encountered in the 
travel lanes: 
 

Table 1 – Summary of Existing Pavement Section in Travel Lanes 

Surface 
Material 

Asphalt 
Thickness, 

inches 

Concrete 
Thickness, 

inches 

Combined 
Asphalt and 

Concrete 
Thickness,  

inches 

Subbase 
Thickness*,  

inches 

Total 
Pavement 

Thickness**, 
inches 

Average (in.) 5.4 9.9 14.6 5 19.6 

Maximum (in.) 7.25 15 16.75 5 21.75 

Minimum (in.) 2.75 8 12 5 17 

Std. Dev (in.) 1.1 1.8 1.3 -- 1.3 

 *Estimated, not directly measured. 
 **Based on estimated subbase thickness. 
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The test borings drilled in the shoulder typically encountered a pavement section consisting of asphalt 
overlying a granular subbase.  The following table summarizes the pavement sections encountered in the 
existing shoulders. 

 
Table 2 – Summary of Existing Pavement Section in Shoulders 

 
 

 
 
 
 
 
 
 
 
The following table summarizes the topsoil depths encountered in the test borings drilled in the 
existing median. 
 

Table 3 – Summary of Existing Topsoil Thickness 

Surface Material 
Topsoil Thickness, 

inches 

Average (in.) 4.5 

Maximum (in.) 7 

Minimum (in.) 2 

Std. Dev (in.) 1.4 

 
 
Below the surface materials described above, the test roadway and shoulder borings typically 
encountered fill material or natural soils consisting of loam, sandy loam and/or sand of A-4, A-6, A-1-b 
or A-2-4 AASHTO categories.  Zones of silty clay loam and silty loam of the A-7-6 and A-4 AASHTO 
categories were also encountered.  The cohesive soils in the upper 5 ft of the test borings were 
typically stiff to hard with N-values typically ranging from the low-teens to mid-thirties.  The granular 
soils in the upper 5 ft of the test borings were typically medium dense to dense with N-values typically 
in the mid-teens to thirties.  Softer and stiffer zones were encountered throughout the project.   
 
The test borings drilled for the I-65 bridges over Wildcat Creek typically encountered sand and sandy 
loam granular soils of A-2-4, A-2-6 or A-1-b AASHTO categories and significant zones of loam of A-4 
AASHTO category.  The granular soils typically varied from very loose to very dense and the loam 
soils varied from medium stiff to hard. 
 
The test boring drilled for the I-65 bridges over SR 25 typically encountered sand and sandy loam 
granular soils of A-2-4, A-2-6 or A-1-b AASHTO categories and significant zones of loam of A-4 
AASHTO category.  The granular soils typically varied from medium dense to very dense with loose 
zones noted in the upper portions of the borings.  The cohesive soils typically varied from stiff to hard 
with medium stiff zones noted in the upper portion of the borings. 
 
The cohesive soils encountered in the test borings exhibited Liquid Limit (LL) values ranging from 16 
to 43 percent and Plasticity Index (PI) values ranging from 3 to 28 percent.  The granular soils 
encountered were typically non-plastic.  The natural moisture content values of the near surface soils 
typically ranged from the low teens to mid-twenties.   

Surface 
Material 

Asphalt 
Thickness, 

inches 

Subbase 
Thickness, 

inches 

Total Pavement 
Thickness,  

inches 

Average (in.) 8.7 4.9 13.6 

Maximum (in.) 13 7 19 

Minimum (in.) 6.5 4 10.75 

Std. Dev (in.) 1.8 0.9 2.5 
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Representative split-spoon soil samples were tested to determine the in-situ unit weight of the 
subgrade soils.  The results of these tests are listed on the attached Summary of In-Situ Density 
Tests.  The unit weights of the soil samples varied from approximately 118.9 to 135.1 lbs/cu.ft. 
 
Standard Proctor and resilient modulus tests were performed on representative bulk samples of the 
subgrade soils.  The test results are included in the Appendix and summarized in the following table. 
 
 

Table 4 – Summary of Standard Proctor and Resilient Modulus Testing 

Boring No. S5-RB-006 S5-RB-014 

Sample Depth (ft) 1.0 – 3.0 1.0 – 3.0 
Soil Classification Loam Sandy Loam 
AASHTO 
Classification 

A-4(1) A-6(2) 

Maximum Dry Density 
(pcf) 

129.7 126.2 

Optimum Moisture 
Content (%) 

9.0 11.0 

Resilient Modulus at 
Optimum Moisture 
(psi) 

5,000 6,650 

Resilient Modulus at 
+2% of Optimum (psi) 

3,710 2,650 

 
 

4.3 Ground Water Conditions 
Ground water observations were made during drilling operations (by noting the depth of water on the 

drilling tools), in the open boreholes following withdrawal of the drilling augers and after a period of 

approximately 24 hours in select boreholes.  Ground water was encountered in 16 roadway test 

borings.  When encountered during drilling, the ground water level typically varied from approximately 

6 to 10 ft below the existing ground surface and was encountered as high as 3.5 ft below the existing 

ground surface.  Higher ground water level readings were noted in the boreholes after 24 hours, 

however, these readings were likely influenced from snow melt and/or rainfall.  Ground water was 

encountered in the structure borings drilled at the SR 25 overpass structures at elevations ranging 

from El 545 to El 527 (19 to 38 ft below the existing ground surface).  Ground water was encountered 

in the structure borings at Wildcat Creek at depths varying from 8 to 32 ft below the existing ground 

surface.  Fluctuations in the level of the ground water should be expected due to variations in rainfall 

and other factors not evident at the time of our investigation.  Water level readings were made in the 

drill holes at the times and under the conditions stated on the attached boring logs. 

 

Artesian water conditions were noted at the interior piers of the Interstate 65 Bridge over Wildcat 

Creek.  Ground water was noted flowing adjacent to the existing interior piers adjacent to Wildcat 

Creek.  Heaving sands were encountered within the augers during sampling in Boring S5-TB-WC-2 

and S5-TB-WC-5.   
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5 DESIGN RECOMMENDATIONS 
 

The following design recommendations have been developed on the basis of the previously described 

project characteristics (Section 2.0) and subsurface conditions (Section 3.0).  If there is any change in 

these project criteria, including project location on the site, a review should be made by this office. 

 

5.1 Pavement Design Considerations 
The pavement subgrades are anticipated to consist primarily of naturally-occurring, low to medium 
plasticity cohesive soils or engineered fill similar to the near-surface cohesive soils observed at the test 
boring locations.  Significant zones of granular soils were also encountered within the near surface 
subgrade at multiple boring locations.  The table below summarizes the subgrade treatment for the 
added travel lanes in the median and areas where total reconstruction of the pavement is planned in 
conjunction with the associated resilient modulus values (MR) that should be used for the design of the 
pavements.  The subgrade treatment should be in accordance with INDOT Standard Specifications 
Section (ISS) 207.04. 
 

Table 5 – Pavement Design Considerations 
New Construction and Full Depth Replacement 

ROADWAY LINE I-65 

Subgrade Treatment Type IB (cement) 

Modified/Prepared Subgrade Soil 
Resilient Modulus Value, lbs/sq.in. 

8,500 

Natural Subgrade Soil Resilient Modulus 
Value, lbs/sq.in. 

3,500 

Approximate Depth to Ground Water 5 ft 

Subgrade Soil 
Loam (A-4) 

Sandy Loam (A-4) 
Sand (A-2-4) 

 
Due to the silty nature of the subgrade soils and the presence of granular soils, which are not suitable 
for lime stabilization, it is recommended that the chemical subgrade treatment be limited to cement.   
 
Some of the subgrade soils have relatively high silt contents and some subgrade soils have natural 
moisture contents significantly higher than the optimum moisture content to achieve proper 
compaction.  Even those soils that may currently be relatively firm can easily become unstable during 
construction when exposed to precipitation and construction traffic.  It is not possible to accurately 
determine beforehand the amount of subgrade modification or improvement that may be required 
since this is dependent upon seasonal conditions (problematic subgrade soils are more likely to occur 
during late fall, winter or spring), the sequencing of construction, construction equipment and methods 
and the specific soil type encountered at the subgrade level.  It is suggested that an undistributed 
quantity of subgrade improvement equal to approximately 30 percent of the subgrade area be 
included in the contract to be used where determined to be necessary to provide a suitable foundation 
for the pavement subgrade.  The subgrade improvement options shall include lime drying and an 
additional layer of chemical subgrade treatment.   
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The following table summarizes the pavement design recommendations for areas where rubblization 
or overlay of the existing pavement section is planned. 
 

Table 6 – Pavement Design Considerations 
Rubblization and Overlay 

ROADWAY LINE I-65 

Subgrade Treatment -- 

Modified/Prepared Subgrade Soil 
Resilient Modulus Value, lbs/sq.in. 

-- 

Natural Subgrade Soil Resilient Modulus 
Value, lbs/sq.in. 

3,500 

Approximate Depth to Ground Water 5 ft 

Subgrade Soil 
Loam (A-4) 

Sandy Loam (A-4) 
Sand (A-2-4) 

 

 

5.2 Bridge Foundation Recommendations 
The existing two-span bridges carrying Interstate 65 over State Road 25 and the existing five-span 

bridges carrying Interstate 65 over Wildcat Creek will be widened.  Considering the project 

characteristics, the general geology in the vicinity of the project and the subsurface conditions 

encountered in the test borings drilled at the proposed bridge locations, it is recommended that pile 

foundations be used for support of the bridge additions.  Specific design recommendations for steel 

pipe piles (INDOT Standard Specifications Section 915.01) and H-piles (INDOT Standard 

Specifications Section 915.02) are presented in the following sections.   

 

Existing plans indicate that the end bents of the Interstate 65 bridges over Wildcat Creek are 

supported on driven piles and that the interior piers are supported on spread footings with bearing 

elevations varying from approximately El 520 to El 526.  The scour elevation for the Wildcat Creek 

bridges is El 515.  Plans for the Interstate 65 bridges over State Road 25 indicate that the existing end 

bents and interior piers are supported on driven pipe piles. 

 

Spread footings are not recommended for support of the interior piers of the Interstate 65 bridge 

additions over Wildcat Creek due to the presence of artesian ground water conditions, potential 

differential settlements between new and existing footings, the risk of undermining the existing spread 

footings, causing a “quick” condition during construction excavations to reach the existing spread 

footing bearing elevations and the projected scour depth. 

 

The contractor shall be required to perform a test boring at each proposed interior pier location (the 

boring shall be located within the footprint area of the footing) prior to construction in order to confirm 

the soil conditions at these specific locations.  The test boring information developed shall be 

submitted to INDOT for review and evaluation prior to commencement of any type of foundation work 

at these locations. 
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5.2.1 Pipe Pile Foundation Recommendations – I-65 over SR 25 

Recommended Design Loads for a 14-inch diameter steel pipe-pile section are presented in the table 

in this section.  The piles should be installed and monitored in accordance with Section 701 of the 

INDOT Standard Specifications.  It is recommended that the dynamic formula in accordance with the 

INDOT Standard Specifications Section 701.05(a) be used to establish driving criteria and to verify 

pile capacities for the piles.  The actual pile tip elevations must be determined based on the results of 

the dynamic formula calculations.  It is recommended that the end bent piles be pre-drilled through the 

existing embankment material before being driven in accordance to INDOT Standard Specifications 

Section 701.09 (a) 2. 

 

The 14-inch diameter pipe piles shall be spaced not less than 4 ft apart center-to-center.  The 

sequence for driving the piles shall begin with the inner-most pile within the pile cap and progress 

outward.   

  

Pile tip elevations were estimated using the computer program DRIVEN for static capacity and the 

estimated pile tip elevations are presented in the following table based on the results of the computer 

analysis.  It is important to note that the pile tip elevations presented herein are estimated 

penetrations based on static analyses for the soil conditions modeled and that actual pile penetrations 

should be expected to vary.  Hard driving conditions should be anticipated in some cases due to the 

hard glacial till and dense glacial outwash sand and gravel, which contains cobbles and boulders 

above the estimated pile tip elevations.  All of the pipe piles for this project shall be fitted with conical 

pile tips in accordance with the INDOT Standard Specifications Section 915.01.2 to facilitate driving 

the piles to proper bearing. 

 

Summary of Static and Driving Resistances for Pipe Piles 
Bent Nos. 1 and 3 (End Bents) and Pier No. 2 (Interior Pier) 

Interstate 65 over State Road 25 
Tippecanoe County, Indiana 

 

Pile Size and Type 14 in. Diameter Pipe Pile 

Grade of Steel (ksi) 45 

Minimum Shell Thickness (in.) 0.25 

Factored Design Load (kips) 80 

Factor of Safety 2.5 

Friction in Scour Zone (kips) N/A 

Downdrag Friction (kips) N/A 

Ultimate Driving Load* (kips) 200 

Estimated Pile Tip Elevation** (ft) 504 

Recommended Verification Method 
Dynamic Formula, INDOT Standard 

Specifications Section 701.05(a) 

*Ultimate Driving Load is equivalent to the Nominal Driving Resistance (Rndr) in INDOT Standard 
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  Specifications Section 701.05(a) 

**Based on top-of-pile at approximately El 540 

 

5.2.2 H-Pile Foundation Recommendations – I-65 over SR25 

Recommended Design Loads for HP 12x53 and HP 12x74 steel H-pile sections are presented in the 

table in this section.  The H-piles should be installed and monitored in accordance with Section 701 of 

the INDOT Standard Specifications.  It is recommended that the dynamic formula in accordance with 

the INDOT Standard Specifications Section 701.05(a) be used to establish driving criteria and to verify 

pile capacities for these piles.  The actual pile tip elevations must be determined based on the results 

of the dynamic formula calculations. 

 

The H-piles shall be spaced not less than 4 ft apart center-to-center.  The sequence for driving the 

piles shall begin with the inner-most pile within the pile cap and progress outward. 

 

Pile tip elevations were estimated using the computer program DRIVEN for static capacity and the 

estimated pile tip elevations are presented in the following table based on the results of the computer 

analysis.  It is important to note that the pile tip elevations presented herein are estimated 

penetrations based on static analyses for the soil conditions modelled and that actual pile 

penetrations should be expected to vary.  Hard driving conditions should be anticipated in some cases 

due to the hard glacial till and dense glacial outwash sand and gravel, which contains cobbles and 

boulders above the estimated pile tip elevations.  All of the steel H-piles for this project shall be fitted 

with pile shoes in accordance with the INDOT Standard Specifications Section 915.03.1 to facilitate 

driving the piles to proper bearing.  The piles should be installed and monitored in accordance with 

Section 701 of the INDOT Standard Specifications. 

 

Summary of Static and Driving Resistances for Steel H-Piles 
Bent Nos. 1 and 3 (End Bents) and Pier No. 2 (Interior Pier) 

Interstate 65 over State Road 25 
Tippecanoe County, Indiana 

 

Pile Type and Size HP 12x53 HP 12x74 

Grade of Steel (ksi) 50 50 

Factored Design Load (kips) 100 200 

Factor of Safety 2.5 2.5 

Friction in Scour Zone (kips) N/A N/A 

Downdrag Friction (kips) N/A N/A 

Ultimate Driving Load* (kips) 250 500 

Estimated Pile Tip Elevation** 496 474 

Recommended Verification Method 
Dynamic Formula, INDOT Standard Specifications 

Section 701.05(a) 

  *Ultimate Driving Load is equivalent to the Nominal Driving Resistance (Rndr) in INDOT Standard 

    Specifications Section 701.05(a) 

  **Based on top-of-pile at approximately El 540 
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5.2.3 Pipe Pile Foundation Recommendations – I-65 over Wildcat Creek 

Recommended Design Loads for a 14-inch diameter steel pipe-pile section are presented in the table 

in this section.  The piles should be installed and monitored in accordance with Section 701 of the 

INDOT Standard Specifications.  It is recommended that dynamic pile load test method using the pile 

driving analyzer (PDA) in accordance with the INDOT Standard Specifications Section 701.05(b) be 

used to establish the pile driving criteria for this bridge.  The actual pile tip elevations and driving 

criteria must be determined based on the results the PDA testing.  It is recommended that a total of 

three PDA tests be performed for this bridge structure (one test at an end bent and two tests at the 

interior piers).  The two PDA tests for the interior piers shall not be conducted on adjacent pier lines.  

The actual production pile driving criteria must be determined based on an evaluation of the results of 

the PDA initial drive, the PDA restrike analyses and the CAPWAP.  Restrike of the piles shall be after 

a waiting period of 24 hours after initial drive on piles. 

 

The 14-inch diameter pipe piles shall be spaced not less than 4 ft apart center-to-center.  The 

sequence for driving the piles shall begin with the inner-most pile within the pile cap and progress 

outward.   

  

Pile tip elevations were estimated using the computer program DRIVEN for static capacity and the 

estimated pile tip elevations are presented in the following table based on the results of the computer 

analysis.  It is important to note that the pile tip elevations presented herein are estimated 

penetrations based on static analyses for the soil conditions modeled and that actual pile penetrations 

should be expected to vary.  Hard driving conditions should be anticipated in some cases due to the 

hard glacial till and dense glacial outwash sand and gravel, which contains cobbles and boulders 

above the estimated pile tip elevations.  All of the pipe piles for this project shall be fitted with conical 

pile tips in accordance with the INDOT Standard Specifications Section 915.01.2 to facilitate driving 

the piles to proper bearing. 
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Summary of Static and Driving Resistances for Pipe Piles 
Interstate 65 over Wildcat Creek 

Tippecanoe County, Indiana 

 

Pier Location 

End Bent No. 1 

(Southern End 

Bents) 

Interior Piers 2 

and 5 

Interior Piers 3 

and 4 

End Bent No. 6 

(Northern End 

Bents) 

Pile Size and Type 
14 in. Diameter 

Pipe Pile 

14 in. Diameter 

Pipe Pile 

14 in. Diameter 

Pipe Pile 

14 in. Diameter 

Pipe Pile 

Grade of Steel (ksi) 45 45 45 45 

Minimum Shell 

Thickness (in.) 
0.25 0.25 0.25 0.25 

Factored Design Load 

(kips) 
80 80 80 80 

Factor of Safety 2.0 2.0 2.0 2.0 

Friction in Scour Zone 

(kips) 
N/A 34 30 N/A 

Downdrag Friction 

(kips) 
N/A N/A N/A N/A 

Ultimate Driving Load* 

(kips) 
160 194 190 160 

Assumed Top of Pile 

Elevation (ft) 
565 530 520 555 

Estimated Pile Tip 

Elevation (ft) 
519 485 485 524 

Recommended 

Verification Method 

Method of Testing – Dynamic Pile Load Test (PDA) – 701.05(b) – A total of three 

PDA tests are recommended for this structure. 

*Ultimate Driving Load is equivalent to the Nominal Driving Resistance (Rndr) in INDOT Standard 

  Specifications Section 701.05(b) 

 

5.2.4 H-Pile Foundation Recommendations – I-65 over Wildcat Creek 

The piles should be installed and monitored in accordance with Section 701 of the INDOT Standard 

Specifications.  It is recommended that dynamic pile load test method using the pile driving analyzer 

(PDA) in accordance with the INDOT Standard Specifications Section 701.05(b) be used to establish 

the pile driving criteria for this bridge.  The actual pile tip elevations and driving criteria must be 

determined based on the results the PDA testing.  .  It is recommended that a total of three PDA tests 

be performed for this bridge structure (one test at an end bent and two tests at the interior piers).  The 

two PDA tests for the interior piers shall not be conducted on adjacent pier lines.  The actual 

production pile driving criteria must be determined based on an evaluation of the results of the PDA 

initial drive, the PDA restrike analyses and the CAPWAP.  Restrike of the piles shall be after a waiting 

period of 24 hours after initial drive on piles. 

 

The H-piles shall be spaced not less than 4 ft apart center-to-center.  The sequence for driving the 

piles shall begin with the inner-most pile within the pile cap and progress outward. 
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Pile tip elevations were estimated using the computer program DRIVEN for static capacity and the 

estimated pile tip elevations are presented in the following table based on the results of the computer 

analysis.  It is important to note that the pile tip elevations presented herein are estimated 

penetrations based on static analyses for the soil conditions modelled and that actual pile 

penetrations should be expected to vary.  Hard driving conditions should be anticipated in some cases 

due to the hard glacial till and dense glacial outwash sand and gravel, which contains cobbles and 

boulders above the estimated pile tip elevations.  All of the steel H-piles for this project shall be fitted 

with pile shoes in accordance with the INDOT Standard Specifications Section 915.03.1 to facilitate 

driving the piles to proper bearing.  The piles should be installed and monitored in accordance with 

Section 701 of the INDOT Standard Specifications. 

 

Summary of Static and Driving Resistances for H-Piles 
Interstate 65 over Wildcat Creek 

Tippecanoe County, Indiana 

Pier Location 

End Bent No. 1 

(Southern End 

Bents) 

Interior Piers 2 

and 5 

Interior Piers 3 

and 4 

End Bent No. 6 

(Northern End 

Bents) 

Pile Size and Type 
HP 

12x53 

HP 

12x74 

HP 

12x53 

HP 

12x74 

HP 

12x53 

HP 

12x74 

HP 

12x53 

HP 

12x74 

Grade of Steel 

(ksi) 
50 50 50 50 50 50 50 50 

Factored Design 

Load (kips) 
100 200 100 200 100 200 100 200 

Factor of Safety 2 2 2 2 2 2 2 2 

Friction in Scour 

Zone (kips) 
N/A N/A 36 37 33 33 N/A N/A 

Downdrag Friction 

(kips) 
N/A N/A N/A N/A N/A N/A N/A N/A 

Ultimate Driving 

Load* (kips) 
200 400 236 437 233 433 200 400 

Assumed Top of 

Pile Elevation (ft) 
565 565 530 530 520 520 555 555 

Estimated Pile Tip 

Elevation (ft) 
508 489 479 451 465 447 509 490 

Recommended 

Verification 

Method 

Method of Testing – Dynamic Pile Load Test (PDA) – 701.05(b) – A total of three PDA 

tests are recommended for this structure. 

*Ultimate Driving Load is equivalent to the Nominal Driving Resistance (Rndr) in INDOT Standard 

  Specifications Section 701.05(b) 
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5.3 Site Grading 
Based on available plans, it is estimated that approximately 1 to 6 ft of fill will be required to reach the 

proposed travel lane subgrade.  It is important that all earth fill that is placed adjacent to the existing 

roadway embankments be carefully benched into the existing embankments in accordance with 

INDOT Standard Specifications Section 203.21 in order to preclude a weak zone from forming at the 

interface between the existing embankment soils and the new fill soil.  The subgrade beneath the new 

expanded travel lane areas should be prepared in accordance with Section 6.2 and the fill placed and 

compacted in accordance with Section 6.3 of this report.  All conventional earth subgrade and 

embankment work should be performed in accordance with current INDOT Standard Specifications. 

 

5.4 Corrosion Protection 
The soil samples tested for pH (as tabulated below) during the laboratory investigation do not indicate 

that the soil at the site has a significant potential for causing corrosion.  Corrosion protection does not 

appear to be needed for metallic pipes and drainage structures based on the pH results of the 

samples tested, as summarized in the table below.  

 
Summary of Soil pH Values 

 

Boring Number Depth, ft pH Value 

S5-RB-006 1 – 3 7.5 

S5-RB-006 6.0 – 7.5 7.5 

S5-RB-008 1.0 – 2.5 7.9 

S5-RB-010 8.5 – 10.0 7.8 

S5-RB-014 1 – 3 7.9 

S5-RB-034 6.0 – 7.5 7.6 

S5-RB-056 1.0 – 2.5 8.4 

S5-RB-056 3.5 – 5.0 8.2 

S5-RB-060 1.0 – 2.5 8.2 

S5-RBS-112 2.0 – 3.5 9.3 

S5-TB-WC-2 8.5 – 10.0 7.6 
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6 GENERAL CONSTRUCTION PROCEDURES 

AND RECOMMENDATIONS 
 

Since this investigation identified actual subsurface conditions only at the test boring locations, it was 

necessary for our geotechnical engineers to extrapolate these conditions in order to characterize the 

entire project site.  Even under the best of circumstances, the conditions encountered during 

construction can be expected to vary somewhat from the test boring results and may, in the extreme 

case, differ to the extent that modifications to the foundation recommendations become necessary.  

Therefore, we recommend that ATC be retained as geotechnical consultant through the earth-related 

phases of this project to correlate actual soil conditions with test boring data, identify variations, 

conduct additional tests that may be needed and recommend solutions to earth-related problems that 

may develop. 

 

6.1 Site Preparation and Earthwork 
Any topsoil, wet, soft or otherwise unsuitable surficial bearing soils should be stripped from the project 

site within the construction limits prior to construction of the roadway subgrade and pavement.  

Proofrolling of the subgrade should be performed in accordance with the INDOT Standard 

Specifications, Section 203.26 within all areas where new fill or pavement will be placed.  Care should 

be exercised during grading operations at the site.  Due to the nature of the near-surface soils, the 

traffic of heavy equipment, including heavy compaction equipment, may create pumping and general 

deterioration of the shallower soils, especially if excess surface water is present.  The grading, 

therefore, should be done during a dry season, if possible. 

 

Some of the subgrade soils have relatively high silt contents and some subgrade soils have natural 

moisture contents significantly higher than the optimum moisture content to achieve proper 

compaction.  Even those soils that may currently be relatively firm can easily become unstable during 

construction when exposed to precipitation and construction traffic.  It is not possible to accurately 

determine beforehand the amount of subgrade modification or improvement that may be required 

since this is dependent upon seasonal conditions (problematic subgrade soils are more likely to occur 

during late fall, winter or spring), the sequencing of construction, construction equipment and methods 

and the specific soil type encountered at the subgrade level.  It is suggested that an undistributed 

quantity of subgrade improvement equal to approximately 30 percent of the subgrade area be 

included in the contract to be used where determined to be necessary to provide a suitable foundation 

for the pavement subgrade.  The subgrade improvement options shall include lime drying and an 

additional layer of chemical subgrade treatment. 

 

6.2 Pile Installation 
In order to confirm that the bridge structure piles are properly installed, it is recommended that a 

representative of the geotechnical engineer who is independent of the contractor perform continuous 

inspection during pile installation.  An accurate record should be kept of the date, time, depth of 

penetration, driving resistance and other pertinent data for each pile as well as the characteristics of 

the pile driver that is used.  The pile driver should have sufficient energy to drive the piles to bearing 

as prescribed in Section 5.1 of this report.  To verify proper pile capacity, the driving criteria to be 

used during production pile driving should be determined based upon the pile hammer and pile 

section that is used.  The driving criteria will be established by the geotechnical engineer at the time of 
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construction once the specific details regarding pile installation have been established.  All pile driving 

should be done in accordance with INDOT Standard Specifications Section 701. 

 

Cobbles and boulders that could obstruct pile penetration could be encountered during pile driving.  

The contractor should be advised of these conditions when establishing equipment and installation 

procedures to be utilized.  Care should be taken not to damage the piles by overdriving. 

 

6.3 Placement and Compaction of Engineered Fill 
Engineered fill should be placed in lift thicknesses not to exceed about 8 in. and compacted to a 

minimum of 95 percent of the standard Proctor maximum dry density (AASHTO T99) as specified in 

the current INDOT Standard Specifications.  It is likely that some drying of the fill material will be 

required before being placed in order to meet the INDOT Specification for fill placement.  It is probable 

that this will also be the case for most of the soil materials encountered within the range of subgrade 

treatment.  However, adequate moisture conditioning may be difficult during wet seasons and, during 

such seasons, a granular material may be necessary to satisfy the minimum compaction 

requirements. 

 

Where the added travel lanes crosses existing drainage swales, the soft sediment in the base of the 

swales should be removed and replaced with structure backfill to a thickness of at least 2 ft above the 

free ground water level.  Otherwise, backfilling should be done in accordance with Section 203.09 of 

the INDOT Standard Specifications. 

 

Where fill material is placed on existing slopes, benches should be cut into the existing slopes so as 

to preclude a shear plane from developing at the interface.  This is particularly important on this 

project since relatively thin sections of fill will be placed on the sides of the existing slopes and, in 

some cases, the fill may not extend down to the toe of the slope.  Benches having a minimum width of 

10 ft should be cut into the natural slopes and existing embankment side slopes that are 4 (horizontal) 

to 1 (vertical), or steeper, before new engineered fill is placed.  These benches should be excavated 

in accordance with Section 203.21 of the INDOT Standard Specifications. 

 

6.4 Erosion Protection 
Highly erodible, granular material (such as structure backfill) should not be used in proposed ditches 

or within 12 in. of the required final grade of side slopes.  The material used to encase the 

embankment should be non-erodible, cohesive material that is free from debris and other deleterious 

materials and suitable for sustaining vegetation.  The final slopes should be seeded or sodded for 

erosion control.  If seeded, the slope should be protected with an erosion control blanket to provide for 

adequate seed germination and rooting. 
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6.5 Construction Dewatering 
Based upon the ground water data obtained during drilling operations, it does not appear that 

significant dewatering will be required during construction along most of the added travel lane 

construction in the existing median and at the State Road 25 bridge structure additions.  However, 

depending on the seasonal conditions, seepage into excavations at the bridge over Wildcat Creek will 

likely occur.  Artesian ground water was noted adjacent some of the existing piers and heaving sands 

were noted in the drilling augers during sampling.  Significant dewatering will likely need to be 

performed prior to excavations for the proposed interior pile caps at Wildcat Creek.   In cases where 

an excavation extends into a saturated granular layer (which is likely to occur in most cases), it will not 

be possible to pump water directly from the base of the excavation without causing deterioration of the 

subgrade soil.  In this case, it will be necessary to depress the ground water level using wells or well 

points.  A specialty dewatering contractor should be retained to install and maintain the dewatering 

system.  The best dewatering system for each case must be determined at the time of construction 

based upon actual field conditions and shall be approved by the engineer. 
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FIELD CLASSIFICATION SYSTEM FOR SOIL EXPLORATION 

 
 

Particle Size Identification     NON-COHESIVE SOILS 

(Based on INDOT Standard Specifications Section 903)     (Silt, Sand, Gravel and Combinations) 

 

Boulders - 3 in. (75 mm) diameter or more         Density 

Gravel - 2.0 mm (No. 10 Sieve) to 3 in.            Very Loose     - 5 blows/ft or less 

Sand (Coarse) - 0.425 mm to 2.0 mm                     Loose        - 6 to 10 blows/ft 

  (No. 40 Sieve to No. 10 Sieve)           Medium Dense-11 to 30 blows/ft 

Sand (Fine) - 0.075 mm to 0.425 mm            Dense        - 31 to 50 blows/ft  

   (No. 200 Sieve to No. No. 40 sieve)           Very Dense    - 51 blows/ft or more 

Silt - 0.002 mm to 0.075 mm (No. 200 Sieve) 

Clay -  Smaller than 0.002 mm 

        

                       

COHESIVE SOILS 

(Clay, Silt and Combinations) 

                      

Consistency   Plasticity 

Very Soft -   3 blows/ft or less Degree of Plasticity Plasticity Index 

Soft -   4 to 5 blows/ft None to slight 0  -  4 

Medium Stiff -   6 to 10 blows/ft Slight   5  -  7 

Stiff - 11 to 15 blows/ft Medium     8  -  22 

Very Stiff - 16 to 30 blows/ft High to Very High    over 22 

Hard - 31 blows/ft or more 

 

Classifications shown on the test boring logs are made by visual inspection of samples and confirmed / 

modified based on index property tests. 

 

Standard Penetration Test (AASHTO T 206) — Driving a 2.0" O.D., 1-3/8" I.D. sampler a distance 

of 1.0 foot into undisturbed soil with a 140 pound hammer free falling a distance of 30 inches.  It is 

customary for ATC to drive the sampler 6 inches to seat the sampler into undisturbed soil, then 

perform the test.  The number of hammer blows for seating the sampler and making the test are 

recorded for each 6 inches of penetration on the drill log (Example — 6-8-9).  The standard penetration 

test result can be obtained by adding the last two figures (i.e., 8 + 9 = 17 blows/ft). 

 

Strata Changes — In the column "Soil Classification" on the test boring logs, the horizontal lines 

represent strata changes.  A solid line (______) represents an actually observed change.  A dashed line 

(_ _ _ _ _ _) represents an estimated change. 

 

Ground Water observations were made at the times indicated.  Porosity of soil strata, weather 

conditions, site topography, etc., may cause changes in the water levels indicated on the logs. 
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APPENDIX C 
 

SUMMARY OF CLASSIFICATIONS TEST RESULTS 

GRAIN SIZE DISTRIBUTION TEST REPORTS 

SUBBASE SIEVE SUMMARY 

SUMMARY OF SPECIAL LABORATORY TEST RESULTS 

RESILIENT MODULUS TEST RESULTS 

SUMMARY OF SOIL DENSITY TESTS 

SUMMARY OF PAVEMENT THICKNESS 

SUMMARY OF TOPSOIL THICKNESS 
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