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EXECUTIVE SUMMARY  
Olsson, Inc. (Olsson), under authorization and contract with Madison Fields Solar 
Project, LLC (Madison Fields), completed a geotechnical investigation for the Madison 
Fields Solar Project in Madison County, Ohio. This report is intended to be used for 
foundation and roadway design purposes for the investigated locations at the project 
site.  
 
The geotechnical investigation consisted of geotechnical borings, standard penetration 
tests (SPT), split-spoon soil sampling, bulk soil sampling, test pits, general soil 
laboratory testing, electrical resistivity testing, thermal resistivity testing, and axial and 
lateral pile load testing. This program of geotechnical investigation was selected to 
accurately and efficiently evaluate the strength, compressibility, stiffness, and density 
characteristics of the soil at the project site, as well as to evaluate the general suitability 
of the solar array systems proposed. 
  
In general, the field investigation encountered a layer of cultivated topsoil overlying 
primarily clayey soil. Some sands were encountered in localized areas, and at depths 
typically exceeding 6 feet. 
 
The primary findings of the design phase geotechnical explorations and analyses 
indicate the following: 

 In general, the results indicate the soil at the site is suitable for support of a driven 
pile solar array foundation system. 

 Some isolated glacial erratics (cobbles and boulders) were encountered in four of 
the total eighteen test pits completed. Pile driving obstruction risk appears 
relatively low across the site, but isolated obstacles should be anticipated. 

 The results of the geotechnical borings indicated that several investigated sites 
exhibited zones of lower strength and/or higher compressibility soil that may require 
remediation for support of conventional spread footing foundations. 

 Investigated locations GEO-33, GEO-34, GEO-42, GEO-55, and GEO-61 can 
likely be remediated with removal of the shallow lower strength soil and 
replacement with compacted engineered fill. Site specific bearing capacity and 
settlement calculations should be completed by the foundation engineer of record 
to determine if correct measures are required. 

 If these areas will have only pile foundations, slightly lower parameters may be 
needed for pile foundation analysis and remediation should not be required. 

 Based on the results of testing, the soils at the site generally exhibit relatively low 
soluble sulfate levels and cement with a S0 exposure class is suitable for design 
purposes.  



Madison Fields Solar Project 
Madison County, OH  June 30, 2020 
 

 
Olsson Project No. 020-0986  2 

 In some cases where foundation excavations will extend solely into clay soils, a 
dewatering system consisting of a sump and pump may be sufficient. However, in 
areas where shallow groundwater was noted along with the presence of permeable 
sand layers, there is the potential need for an advanced excavation dewatering 
system consisting of deep wells or well points. 

 Results from the geotechnical drilling and analysis indicated that the private access 
roads and ancillary structure locations investigated for this report can be designed 
using typical best practices. A summary of recommended geotechnical parameters 
for foundation design is included with this report.  
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A. INTRODUCTION 
The Madison Fields Solar Project is a proposed solar a commercial scale renewable 
energy project consisting of a series of solar photovoltaic (PV) modules spread across 
approximately 2,000 acres. This report describes the preliminary phase investigation and 
testing performed, presents the results of this work, and provides preliminary 
geotechnical analyses and recommendations for structure foundations, as well as 
general construction considerations. This report addresses geologic and geotechnical 
risks and summarizes the geotechnical investigation completed at selected locations 
spread throughout the proposed development. 
 

A.1. PROJECT BACKGROUND 
Madison Fields Solar Project, LLC (Madison Fields) is developing the Madison Fields 
Solar Project in Madison County, Ohio. As part of the design phase geotechnical 
investigation, we performed geotechnical explorations for the proposed solar panel array 
locations and other associated project infrastructure, including the potential substations. 
This report includes the geotechnical data obtained from the field investigation and 
provides conclusions and recommendations from these investigations for foundation 
design. We were not aware of previous investigation performed for the project site.   
 
We understand the proposed project consists of constructing solar panel arrays and 
associated electrical infrastructure. At the time of this report, the foundation design has 
not been provided to Olsson. As a result, Olsson has provided the analysis herein 
based on assumed foundation design values based on experience with similar solar 
developments. 
 
Specific solar array locations have not been provided, but the investigations were 
performed based on the areas targeted by Madison Fields for development at the time of 
the investigations.  Appendix A provides a summary of the geotechnical field test 
locations, including the associated geotechnical investigation identification number 
(Geotechnical ID).  
 
The geotechnical recommendations presented herein are based on the available project 
information, proposed project location, and the subsurface conditions described in this 
report.  If the loads or any of the noted information is incorrect, please inform Olsson so 
that we may amend the recommendations presented in this report if appropriate. 
 

A.2. SITE LOCATION AND TOPOGRAPHY 
The proposed Madison Fields Solar Project is located in rural Madison County, Ohio 
approximately 8 miles northeast of the village of Mechanicsburg (Figure 1). Smaller 
communities of Irwin and Rosedale are located just north and east of the site, 
respectively.  Figure 2 shows the general project parcels as indicated by Madison 
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Fields’s preliminary project layout at the time of the geotechnical investigations.  The 
coordinates of the geotechnical test locations are provided in Appendix A.  
 
The project area consists primarily of agricultural land, which had been tilled or recently 
planted at the time of the investigations.  The project site exhibits a nearly flat 
topography. Elevations at the central and southwest project areas range from site range 
from approximately 1007 feet along the northeast project boundary to 1023 feet along 
the southwest project boundary.  Topography at the project site is shown in Figure 3. 
 
At the time of our investigation, standing surficial water at the geotechnical boring 
locations was not present; however, several enhanced drainage paths through the 
agricultural fields were noted crossing the project area, including between GEOs 12 and 
36 traveling southeast to northwest and between GEOs 19 and 22 traveling 
approximately east to west. A group of trees approximately 4 acres in total area was 
noted between GEO-21 and GEO-31, and a thin tree line oriented approximately 
southwest to northeast was also noted between GEO-02 and GEO-14. 
 

A.3. SITE GEOLOGY 
 

A.3.1 REGIONAL PHYSIOGRAPHY 
The project site is located in the Darby Plain Province of Ohio.  The Darby Plain 
Province has moderately low relief and consists of broadly hummocky ground moraines 
with several broad, indistinct recessional moraines.  The Darby Plain is bordered by the 
Reesville and Cable Moraines to the south and west, the Powell Moraine to the north, 
and slopes increasingly eastward toward the lower elevation Columbus Lowland to the 
east. 
 
The surficial geology consists of Wisconsinan-aged glacial till with a large outwash 
deposit in the center of the region.  Thicknesses of the glacial till are mapped as at least 
20 to 80 feet deep, with some deposits on the order of over 250 feet thick where incised 
bedrock valleys are present (ODNR shaded drift thickness map).  The surficial glacial 
deposits overlie deep Devonian and Silurian-aged sedimentary bedrock. 
 

A.3.2 GEOLOGIC HISTORY 
The project site is located within a geomorphic region known as the Ohio Till Plain.  The 
region experienced several episodes of glaciation, the most recent about 10,000 to 
15,000 years ago.  Surficial geology deposits originated from glacial lake sediments, 
ground and end moraine sediments, and glacial outwash.  Glacial till and moraine 
sediments are composed mostly of clayey soil with isolated interlayered areas of silt, 
sand, and gravel.  End moraine deposits form hummocky ridges surrounding flat areas 
of ground moraine and glacial lake deposits.  The outwash deposits contain sand and 
gravel, representing areas of fast-moving water on the edges of glaciers (Pavey, 1999). 
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Prior to the glacial advances, bedrock likely was fairly shallow, and some incised valleys 
into the bedrock are present.  Bedrock units at the site consist of: 
 
 Tymochtee and Greenfield Dolomites, Undivided: Silurian aged, olive gray to 

yellowish brown, thin to massive bedded dolomite and shale (not mapped within the 
site boundary) 

 Lockport Dolomite: Silurian aged, white to gray, finely to coarsely crystalline, medium 
to massive beds, vuggy and locally cherty 

 Salina Group: Silurian aged, gray to yellow gray to olive gray, laminated to thinly 
bedded dolomite with gray shale, anhydrite, and gypsum laminations 

 Clinton and Cataract Groups: Silurian aged dolomite and limestone, gray, olive 
green, yellow, and reddish gray, laminated to thickly bedded and finely to coarsely 
crystalline, with interbedded to sparsely interbedded greenish gray silty shale 
 

These are generally deeper than the proposed pile installation/foundation depths and 
should not be encountered during construction.  Bedrock units are indicated on Figure 7. 
 

A.3.3 LOCAL GEOLOGY AND SOILS 
Surficial geology at the site consist primarily of Quaternary surficial deposits consisting 
of Ground moraine deposits comprised primarily of a clay matrix with interlayered sand, 
silt, and some gravel (Pavey, 1999).  The soils are mapped primarily as glacial till or 
glacial outwash, described as sedimentary carbonate soils (see Figures 4 and 5).  The 
USDA surficial soil mapping (Figure 6) indicates that most of the soils are lean clay (CL), 
and elastic silt (MH), with lesser areas of low plasticity silt (ML).  Based on experience 
and actual soil conditions encountered, the site is primarily covered with lean clay (CL) 
type materials. 
 

A.4. GEOLOGIC AND GEOTECHNICAL HAZARDS 
Olsson has reviewed the project area, geologic conditions, and published information 
with regard to site conditions and potential geologic and geotechnical hazards.  The 
following sections discuss commonly considered hazards and the anticipated potential 
for these to affect development of the project.  Appendix B provides a summary of 
geologic and geotechnical hazards for the site. Design considerations for selected risks 
are provided in Section E. 
 

A.4.1 SEISMICITY AND FAULTING 
The site is located in a relatively inactive seismic area and therefore the design 
seismicity is low.  Seismicity for project design is further discussed in Section E.5. 
There are no active folds or faulting in the vicinity of the project area (USGS Quaternary 
Fault Database, 2019).   
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Overall, the seismicity and faulting risks in the vicinity of the site appear low. 
 
A.4.2 LIQUEFACTION 

Liquefaction is the phenomena of a sudden drop in soil shear strength under undrained 
conditions from the typical yield strength to the substantially lower liquefied strength.  
This occurs from a rapid build-up of excess pore pressures during a seismic disturbance 
or other strong vibrations.  There are five main items required for liquefaction to occur: 
 
 Type of soil – Typically fine to medium grained sand and silt soils are susceptible to 

liquefaction 

 Soil gradation – Typically well graded materials are less susceptible to liquefaction 
than poorly graded materials 

 Moisture content or saturation – very high natural moisture content at or near 
saturation is required for liquefaction to occur 

 Soil density –Soils are considered to be either dilative or contractive depending on 
their density.  Soils with a higher density are less susceptible to liquefaction.    

 Energy Driving Liquefaction – Some form of energy is required to trigger liquefaction.  
Liquefaction can be triggered by the dynamic application of a single large increment 
of shear stress or by repeated application of smaller shear stress increments.  
Typical sources of liquefaction are earthquakes and blasting, and less commonly pile 
driving. 
 

The seismicity at the site is relatively low, and much of the site was found to consist of 
lean clay soils which have higher resistance to liquefaction.  The seismicity of the site is 
also low reducing the potential for driving energy to trigger liquefaction.  Based on the 
information reviewed, the risk of liquefaction for the project area appears low. 
 

A.4.3 COLLAPSE AND SWELL POTENTIAL 
Loess or eolian soils are typically collapsible. These soil types are mapped in the region 
but do not appear to be mapped within the footprint of the project.  Further, the presence 
of the loess soils were not detected in the soil borings.  Therefore, either the loess is 
absent or very thin across the surface of the site and soil collapse is not anticipated to be 
a significant concern for the project. 
 
Soils with moderate to high plasticity are considered to have shrink/swell potential. In 
general, soils with liquid limit values less than 50 and a plasticity index less than 25 are 
considered to have low shrink-swell potential. Soils with liquid limit values of 50 to 60 
and a plasticity index of 25 to 35 are considered to have moderate shrink-swell potential. 
Soils with liquid limit values greater than 60 and a plasticity index value greater than 35 
are considered to have high shrink-swell potential (Das, 2000).  
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Sand and silt soils generally have low plasticity and are not considered susceptible to 
significant swell potential. Lean clay soils (low to moderate plasticity) are anticipated to 
have a liquid limit value less than 50 and a plasticity index value less than 25 and exhibit 
low to moderate swell potential.  Fat clay soils (moderate to high plasticity) have a liquid 
limit value greater than 50 and a plasticity index value greater than 25 and exhibit high 
swell potential.  Swell potential of the clay soils is further discussed in Section C.6. 
 

A.4.4 KARST POTENTIAL 
Karst is “a terrain, generally underlain by limestone, dolomite, or evaporite bedrock in 
which the topography is chiefly formed by the dissolving of rock, and which may be 
characterized by sinkholes, sinking streams, closed depressions, subterranean 
drainage, and caves” (Gustavson et al., 1980). Caves and related solution features pose 
a risk to overlying structures.  
 
Review of potential karst features in the USGS publication “Karst in the United States: A 
Digital Map Compilation and Database” (Weary and Doctor, 2014) indicates that the 
project is mapped within an area noted to have karst features underlying more than 50 
feet of glacial deposits. Specifically, the site is underlain by the Salina bedrock formation, 
which has known karst features, which includes limestone/dolomite bedrock. On the very 
eastern tip of the project site, east of GEO-62, the karst potential is mapped shallower 
than 50 feet underlying glacial sediments. 
 
A more detailed review of the karst potential from the Ohio Department of Natural 
Resources interactive karst map indicates that the overall karst area of Ohio mostly ring 
the project area, and no mapped karst features (consisting of either field verified or 
suspected karst features) are located in or within close proximity to the project area.  
 
Overall, the site appears to be within a mapped karst zone noted as karstic features at 
depths greater than 50 feet, has some shale as the upper bedrock unit and does not 
have any identified karst features per the Ohio DNR database, therefore, the risk of 
development of karst features appears relatively low. 
 

A.4.5 SUBSIDENCE FROM MINING AND OIL AND GAS PRODUCTION 
Most of the mineral extraction in Ohio occurs in the eastern half of the state where the 
glacial soils are absent and thicker coal seams are present in younger bedrock.  Due to 
the relatively thick glacial deposits and lack of significant coal reserves or other mined 
resources mapped within the project area, risk of subsidence due to mining appears to 
be low.  Some sand and gravel deposits likely are mined for construction materials, but 
these are typically surface mines which do not cause subsidence of collapsing 
underground works. 
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Oil and gas production is prevalent in Ohio, but found almost entirely in the eastern half 
of the state.  The Ohio DNR map indicates no oil and gas fields or wells are present in 
Madison County.  Subsidence risk due to oil and gas development is considered low.  
 

A.4.6 SLOPE STABILITY 
The relief across the site is relatively flat with less than 30 feet of elevation change 
across the entire project area.  Large scale slope instability issues are not anticipated for 
the majority of the site. Locally steeper relief along more pronounced streams or other 
drainageways may have moderate potential for slope instability and some offset of 
development features from these drainageways may be warranted. 
 

A.4.7 FLOODING 
A review of mapped flooding potential from the FEMA flood mapping website indicated 
the flowing creeks to the south and northwest of the project bounds are considered to be 
within a Zone A floodplain.  Figures 8 indicate the areas mapped as Zone A floodplain. 
 
Within the site boundaries, the site is at a distance away from the creeks and should be 
a low potential for flooding. 
 
During the field work (specifically the pile load testing), heavy rains were experienced in 
the area and flooding was observed at the site.  Due to the relatively flat relief of the site, 
ponding of water to depths on the order of several inches were observed through many 
of the farm fields.  While this was likely due to the very high precipitation events above 
normal rainfall amounts, during wetter periods some ponding of water should be 
expected. 
  

B. EXPLORATORY AND TEST PROCEDURES 
The following sections describe the field and laboratory testing performed to evaluate the 
project site. The primary site investigation was performed in April and May of 2020. Field 
pile testing was performed in May of 2020. Laboratory testing was performed from April 
and May of 2020. A summary of the investigation and test locations completed at the 
time of this report is provided in Appendix A. 
 
The geotechnical investigations for the Madison Fields Solar Project consisted of soil 
borings, test pit excavations, soil sampling, and pile load testing. In addition to the field 
investigation, laboratory testing was conducted on selected soil samples from the 
borings. Thermal resistivity and electrical resistivity testing were also performed in 
support of the project electrical design (by others). This geotechnical investigation 
program was selected to develop preliminary design parameters of the soils at the 
project site, and to provide a general discussion of construction considerations. 
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Prior to the start of field work, coordinates of the geotechnical investigation locations 
were selected by Olsson and approved or revised by Savion. In general, the site 
investigation locations were selected to provide spatial coverage of the site. The test 
locations were staked in the field by Olsson prior to beginning the site investigation. 
 

B.1. GEOTECHNICAL BORINGS 
A total of 81 borings were performed for this geotechnical investigation, with 79 borings 
being completed at locations within the proposed solar array and two borings (GEO-73 
and GEO-74) completed at the proposed substation locations (see Figure 8 and 
Appendix A). Borings at the proposed array were completed to a target depth of 20 feet 
using 4-inch diameter continuous flight solid stem augers. Borings at the proposed 
substation locations were completed to a target depth of 50 feet using 4 ¼-inch internal 
diameter hollow stem augers. All borings were drilled with a track-mounted drill rig. The 
boring locations were located in the field by Olsson personnel using a hand-held GPS 
device based on information provided by the client. Completed locations of the borings 
are included in Appendix A and the boring logs are provided in Appendix C. Figure 8 
indicates the location of the borings performed for the project. 
 
Soil samples were obtained at selected intervals in the borings using a standard split-
spoon sampler during the Standard Penetration Tests (SPT; “SS” on the boring logs).  
The standard split-spoon sampler was driven in three 6-inch intervals into the substrata 
with blows from a 140-pound automatic hammer free-falling 30 inches. Penetration 
resistance (blow counts) were recorded for each 6-inch drive. Penetration resistance of 
the final 12 inches is considered SPT “N” values for the SS sampler. The blow counts 
and SPT “N” values are shown on the boring logs at the respective depths the samples 
were taken. SPT testing was performed in accordance with ASTM D1586. 
 
At select locations and depths, undisturbed samples were obtained using a hydraulically 
pushed, thin-walled Shelby tube (denoted “U” on the boring log). Shelby tube samples 
were collected in general accordance with ASTM D1587. This sampling method includes 
using a thin-walled, steel tube sampler with a diameter of 3-inches connected to a 
sampling head that is attached to the drill rods. The tube sampler is then pushed by the 
hydraulic rams of the drill rig into the soil below the bottom of the drill hole and then 
retracted to obtain a sample.  
 
Soil samples were sealed in the field in order to preserve their in-situ moisture content. 
Samples were transported to Olsson’s laboratory facility in Olathe, Kansas for testing 
following completion of the borings. 
 
An Olsson technician observed the drilling, and sampling, and prepared field logs of the 
material encountered in each boring during the drilling operation. The field logs included 
the technician’s and driller’s interpretation of the conditions between samples and 
approximate elevations of each stratum change. The boring logs presented in Appendix 
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C represent the project engineer’s interpretation of the field logs based on visual 
classification and laboratory tests of the samples.  
 

B.2. TEST PIT EXCAVATIONS 
Test pits were performed at 18 of the geotechnical boring locations as part of the 
geotechnical investigation (Figure 9; Appendix A). Test pits are normally performed for 
solar farm projects to provide a better indication of obstructions that small-diameter soil 
boring investigations may not encounter.  Test pits were excavated to a nominal depth of 
10 feet below grade to evaluate the anticipated embedment depths of the piles.  
 
The test pits were performed by Dynahoe Excavating located in Circleville, Ohio, under 
subcontract to Olsson. The test pits were completed with a track-mounted excavator.  
 
Soil sampling was performed at changes in strata from either the test pit wall or the 
excavator bucket.  All soil classifications and sample logging was completed by Olsson 
personnel.  Test pit logs are included in Appendix D of this report. 
 
All test pit samples were sealed in the field in order to preserve their in-situ moisture 
content. Physical soil characteristic samples were delivered to Olsson’s laboratory 
facility in Denver, Colorado. 
 

B.3. LABORATORY TESTING 
The following laboratory tests were performed by Olsson to characterize the soil 
encountered at the site: 
 
 Moisture content tests in accordance with ASTM D2216, “Standard Test Method for 

Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass” 

 Dry unit weight tests in accordance with ASTM D7263, “Standard Test Methods for 
Laboratory Determination of Density (Unit Weight) of Soil Specimens” 

 Atterberg Limit determinations in accordance with ASTM D4318, “Standard Test 
Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils” 

 Sieve analysis in accordance with ASTM D6913, “Standard Test Methods for 
Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis” 

 Percent passing the #200 sieve tests in accordance with ASTM D1140, “Amount of 
Material is Soils Finer than No. 200 (75-μm) Sieve” 

 Unconfined compressive strength of soil tests in accordance with ASTM D2166, 
“Standard Test Method for Unconfined Compressive Strength of Cohesive Soil” 

 Unconsolidated-undrained triaxial strength of soil testing in accordance with ASTM 
D2850, “Standard Test Method for Unconsolidated-Undrained Triaxial Compression 
Test on Cohesive Soils” 
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 Soil consolidation testing in accordance with ASTM D2435, “Standard Test Methods 
for One-Dimensional Consolidation Properties of Soils Using Incremental Loading” 

 Direct shear testing in accordance with ASTM D3080, “Standard Test Method for 
Direct Shear Test of Soils Under Consolidated Drained Conditions” 

 California Bearing Ratio tests in accordance with ASTM D1883, “Standard Test 
Method for CBR (California Bearing Ratio) of Laboratory-Compacted Soils” 

 Standard Proctor Density determinations in accordance with ASTM D698, “Standard 
Test Methods for Laboratory Compaction Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))” 

 Soil pH tests in accordance with ASTM G51 

 Soluble chloride and soluble sulfate of soils in accordance with EPA Method 300.0  
 

The laboratory test results are presented on the respective soil boring logs, and in the 
laboratory summary in Appendix E. 
 

B.4. ELECTRICAL RESISTIVITY TESTING 
Field electrical resistivity testing was completed at a total of 21 locations (GEO-02,  
GEO-06, GEO-09, GEO-15, GEO-17, GEO-22, GEO-30, GEO-32, GEO-34, GEO-35, 
GEO-40, GEO-45, GEO-47, GEO-55, GEO-58, GEO-64, GEO-68, GEO-77, GEO-80, 
and Substation locations GEO-73 and GEO-74) during the design phase geotechnical 
investigations (Figure 10; Appendix F). Soil resistivity testing was completed by Olsson 
personnel in accordance with ASTM method G57 “Standard Test Method for Field 
Measurement of Soil Resistivity Using the Wenner Four-Electrode Method” (equivalent 
to IEEE Std. 81). Electrode “a”-spacings of 0.5, 1, 1.5, 2, 3, 5, 7, 10, 15, 20, 30, 45, 70, 
100, 150 and 200 feet were used at the solar array locations and an additional spacing 
of 300 feet at the proposed substation.  At each of the locations, measurements were 
taken to determine average soil resistivity in two approximately perpendicular arrays. 
 
The equipment used to collect the data consisted of a Supersting resistivity meter, four 
metal electrodes and connecting wire. Co-linear arrays of four electrodes were placed in 
the ground for each measurement. Electrical current was input to the ground through the 
two outer electrodes of the array. The voltage drop produced by the resulting electrical 
field was measured across the two inner electrodes. The “a”-spacing was increased with 
each measurement, expanding the array about a common center. Increasing the 
electrode separation increases the depth of investigation and indicates vertical variation 
in resistivity.  The resistivity meter read in apparent resistivity (Ω-ft) directly and did not 
require the conversion of electrical potential and inductance or resistance to provide the 
apparent resistivity.   
 
The soil electrical resistivity results are included as Appendix F. 

  



Madison Fields Solar Project 
Madison County, OH  June 30, 2020 
 

 
Olsson Project No. 020-0986  12 

B.5. THERMAL RESISTIVITY TESTING 
Soil samples for thermal resistivity testing were collected by Olsson personnel at ten 
locations across the project site (Figure 11). Bulk samples for testing were obtained from 
the soil borings to a depth of approximately 5 feet below the surface, excluding the 
highly organic surficial soil. Bulk samples were recompacted to 85 percent of the soil’s 
maximum dry density for the testing. The samples were transported to Soil Engineering 
Testing, Inc., (SET) in Bloomington, Minnesota, for laboratory testing in accordance with 
ASTM D5334, “Standard Test Method for Determination of Thermal Conductivity of Soil 
and Soft Rock by Thermal Needle Probe Procedure”. Laboratory tests included 
measurement of the soil’s moisture content, maximum dry density, and thermal dry-out 
characteristics, which is a function of moisture content. The results of these tests are 
presented in Appendix G.  
 

B.6. PERCOLATION TESTING 
Olsson performed field percolation testing at 9 locations across the project site. 
Percolation tests were performed in one hole near each boring location which was drilled 
to a depth of approximately 5 feet below existing grade. The test hole was drilled using 
standard auger techniques with a 3.25-inch internal diameter (6-inch external diameter) 
hollow-stem auger using a track-mounted drill rig. After drilling, each test hole was 
cleaned of sediment prior to performance of percolation tests. The side of the hole was 
slightly roughened, and the test hole was presoaked for approximately 24 hours prior to 
the test. Percolation testing was performed by filling the hole with water and reading the 
drop in the water head at 30-minute intervals across a 4-hour observation period.  
 
In some locations, the free groundwater table was encountered at a depth equal to or 
shallower than 4 feet. At these locations, percolation testing was attempted but a change 
in water level within the percolation test hole was not observed and the percolation rate 
was indeterminate.  
 
Based on the testing across site, the percolation rate of the on-site clay material above 
the water table is determined to be approximately 1 inch per hour. The infiltration rate of 
the materials where the water table is shallow would be much less.  The results of the 
tests are presented in Appendix J of this report.   
 

B.7. DRIVEN PILE TESTING 
B.7.1. DRIVEN PILE EXPLORATORY AND TEST PROCEDURES 

The following sections describe the field exploration and pile load testing performed to 
evaluate the project site. The field work was performed in May of 2020. A summary of 
the investigation and test locations is provided in Appendix A. 
 
Prior to the start of field work, coordinates of the geotechnical investigation locations 
were selected by Olsson and approved or revised by Madison Fields Solar. In general, 
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the site investigation locations were selected to provide spatial coverage of the site and 
to test at least one location within each different soil strata identified from the 
geotechnical borings. The test locations were staked in the field by Olsson prior to 
beginning the site investigation, and are summarized in Appendix A. 
 

B.7.2. PILE TEST INSTALLATION 
A total of 30 locations were selected for testing at this project site (Figure 12). At each of 
the 30 locations, 2 steel piles with a length of 12 feet were driven to a nominal depth of 8 
feet below the existing grade (with 4 feet of stick up) by Solar Pile Driver, LLC of Ozark, 
Missouri. The pile installer used a GAYK HRE 4000 hydraulic vibratory pile driver to 
complete the installation, which applies a low frequency to the piles and does not 
significantly disturb the soil upon installation.  

The piles were W 6x9 shape and were comprised of steel with a yield stress of 50 kips 
per square inch (ksi). Table B.7.2.-1 indicates the dimensions and installation data for 
the W 6x9 piles used for the project. Olsson oversaw the pile installation. Notes on the 
pile installation are included in Table 9. 

Table B.7.2.-1: Pile Dimensions Used For Pile Installation 
Pile Size W 6x9 

Steel Grade 50 ksi 
Embedment Depth 8 feet 

Section Depth 5.9 inches 
Flange Width 3.94 inches 

Web Thickness 0.170 inches 
Flange Thickness 0.215 inches 

 

B.7.3. PILE LOAD TESTING 
The soil/pile system was allowed to remain installed for about one week before field 
testing, in order to allow time for the system to stabilize and allow excess pore water 
pressures developed in the clay soils during driving to dissipate. Following this 
stabilization period, Dynahoe Excavating of Circleville, Ohio, mobilized a CAT 316 track-
mounted excavator to the project site to assist with axial uplift and lateral load testing of 
the piles. Olsson staff performed the pile load testing.  
 
Further details of the pile load testing is discussed below. 
 

B.7.3.1.  AXIAL UPLIFT TEST (TENSION) 
Olsson performed the axial tension testing in general accordance with ASTM D3689, 
“Standard Test Methods for Deep Foundations Under Static Axial Tensile Load.” The 
testing equipment was positioned directly above the central axis of the pile to minimize 
eccentric loading and avoid applying moment or lateral load as the force was being 
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applied in the vertical direction. A distance of at least five times the maximum diameter 
(or section depth) of the pile was provided between the test pile and the reaction points. 
The materials used for the axial tensile testing were selected to be of sufficient strength 
and stiffness to allow for deflection of the pile without elastic shortening of the testing 
apparatus. 

The materials used for the axial uplift tensile test consisted of: 

 Reaction frame provided by the track-mounted excavator 
 Calibrated hydraulic hand pump 
 Calibrated digital load cell 
 Hardware, chains, and shackles to connect the pump and load cell to the reaction 

frame 
 Calibrated displacement sensors capable of 4-inches of travel and a precision of 0.001 

inches 
 Surveyor’s tripod used for displacement measurements detached from pile system 

 
At each pile testing installation location, the excavator was grounded such that 
compression of the soil was negligible, which served as the lower reaction point. The top 
of the pile was clamped to the load cell and hydraulic actuator, which were connected to 
the excavator centered above the pile with a chain and shackles, which served as the 
upper reaction point. Olsson manually used the hydraulic actuator pump to pull the pile 
vertically to specific loads, which were determined by reading the load cell. Table 
B.7.3.1-1 indicates the loading increments used for the axial uplift testing. The load 
testing apparatus is shown in Figure B.7.3.1-1 below. 



Madison Fields Solar Project 
Madison County, OH  June 30, 2020 
 

 
Olsson Project No. 020-0986  15 

 
Figure B.7.3.1-1: Pile Uplift Load Testing Apparatus (prior to tightening for testing) 

To measure displacement, two calibrated displacement sensors were magnetically 
attached to the pile. The sensors were placed on different sides of the pile. One of the 
sensors was placed at a height of approximately 4 feet measuring relative to the 
surveyors tripod, which was not attached, and therefore not moving, due to the axial 
uplift force on the pile. The second sensor measured displacement relative to the ground 
surface. Redundant measurements at varying heights allows for verification that the 
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testing process is performed properly (no tilting or horizontal movement) and provides a 
failsafe in case a sensor fails. Once the desired load was reached, readings were 
collected immediately and at a period of 1-minute after being exposed to the load. 

Table B.7.3.1-1: Axial Uplift Load Sequence 

Axial Load (pounds) Deflection Recording Time (seconds) 
0 -- 

250 0, 60 

500 0, 60 

750 0, 60 

1,000 0, 60 

1,500 0, 60 

2,000 0, 60 

2,500 0, 60 

3,000 0, 60 

3,500 0, 60 

4,000 0, 60 

4,500 0, 60 

5,000 0, 60 

5,500 0, 60 

6,000 0, 60 

6,500 0, 60 

7,000 0, 60 

7,500 0, 60 

8,000 0, 60 

8,500 0, 60 

9,000 0, 60 

9,500 0, 60 

10,000 0, 60 

10,500 0, 60 

11,000 0, 60 

11,500 0, 60 

12,000 0, 60 

12,500 0, 60 

13,000 0, 60 

 
In all cases, once the pile began to pull out of the ground, the loading could not be 
advanced to the next desired load and the test was terminated. Upon completion of the 
testing, the piles were removed from the ground. 
 
Results of the axial uplift testing are provided and discussed in Section E.1.1.1. 
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B.7.3.2. LATERAL TEST 
Olsson performed lateral pile load testing in general accordance with ASTM D3966, 
“Standard Test Methods for Deep Foundations Under Lateral Load.” The testing 
equipment was placed such that the load was horizontal from the reaction point on the 
pile, which was at a height of approximately 4 feet above the existing grade. A distance 
of at least five times the maximum diameter (or section depth) of the pile was provided 
between the test pile and the reaction points. The materials used for the lateral testing 
were selected to be of sufficient strength and stiffness to allow for deflection of the pile 
without elastic shortening of the testing apparatus. 

 
The materials used for the lateral load test consisted of: 

 Reaction frame provided by the track-mounted excavator 
 Calibrated hydraulic hand pump 
 Calibrated digital load cell 
 Hardware, chains, and shackles to connect the pump and load cell to the reaction 

frame 
 Calibrated displacement sensors capable of 4-inches of travel and a precision of 0.001 

inches 
 Surveyor’s tripod used for displacement measurements detached from pile system 

 
At each pile testing installation location, the excavator was grounded by advancing the 
bucket into the ground such that compression of the soil was negligible. The pile was 
clamped to the load cell and hand pump at a height of 4-feet above the existing grade, 
which were connected to the excavator horizontally offset from the pile with a chain and 
shackles. Olsson manually used the hydraulic actuator pump to pull the pile laterally to 
specific loads, which were determined by reading the load cell. Table B.7.3.2-1 indicates 
the load sequence used for the lateral tests. The load testing apparatus is shown in 
Figure B.7.3.2-1 below. 
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Figure B.7.3.2-1: Pile Lateral Load Testing Apparatus 

To measure displacement, two calibrated displacement sensors were used which 
measured the deflection of the pile away from stationary points. One of the sensors was 
placed at a height of approximately 4 feet on surveyors tripod, which was not attached, 
and therefore not moving, due to the lateral force on the pile. The second sensor 
measured lateral displacement relative at the ground surface. Once the desired load was 
reached, readings were collected immediately and at a period of 1-minute after being 
exposed to the load.  In 18 of the 30 lateral tests, the travel of the top dial gauge was 
exceeded during loading. Where this occurred, approximate measurements were made 
using a tape measure to provide more deflection data, and these measurements are 
included in Appendix H, but exact accuracy of measurements beyond the 4-inches of 
travel of the dial gauge should be considered a rough estimation of deflection. When the 
deflection at the top of the pile exceeded 4 inches (the maximum travel of the gauge), 
testing was terminated after this load step and obtaining a rebound (zero load) final 
reading. 
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Table B.7.3.2-1: Lateral Load Sequence 
Lateral Load (pounds) Deflection Recording Time (seconds) 

0 -- 
500 0, 60 

1,000 0, 60 
1,500 0, 60 

0 0, 60 
1,500 0, 60 
2,000 0, 60 
2,500 0, 60 

0 0, 60 
2,500 0, 60 
3,000 0, 60 
3,500 0, 60 

0 0, 60 
3,500 0, 60 
4,000 0, 60 
4,500 0, 60 

0 0, 60 
4,500 0, 60 
5,000 0, 60 
5,500 0, 60 

0 0, 60 
 
Upon completion of the testing, the piles were removed from the ground and transported 
off site. 
 
Results of the lateral testing are provided and discussed in Section E.1.1.2.  
 

C. SUBSURFACE CONDITIONS 
The following sections discuss the results of the field and laboratory testing performed 
for the project. 
 

C.1. SOIL STRATIGRAPHY 
Specific conditions at each boring location are shown on the boring logs in Appendix C. 
The logs represent subsurface conditions at each specific boring location. Stratification 
boundaries shown on the boring logs represent the approximate depth of changes in soil 
types. The changes are likely more gradual in-situ. The boring logs do not reflect 
variations that may occur between borings or across the project site. The nature and 
extent of such variations may not become evident until construction.   
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The typical stratigraphy, as determined from field data, consists primarily of stiff to very 
stiff lean to sandy lean clay with occasional sand layers.  Below the upper 6 to 10 feet, 
either the clayey soils continued to the depths investigated or the upper clays were 
underlain by sandy soils primarily below that depth.  A detailed review of the soil layers 
encountered at the project site is included in the following sections. 
 

C.2.1. TOPSOIL AND SURFICIAL SOIL 
Topsoil was encountered across the site and its thickness is typically about 9 to 12 
inches. The topsoil was generally clayey with agricultural or grass root mats and organic 
content was high.  Localized zones of thicker or thinner topsoil should be expected. 
 

C.2.2. LEAN CLAY SOILS 
The topsoil is typically underlain primarily by lean clay with some parts sand, silt, and 
gravel. These clays were generally observed to be light to dark brown, reddish brown, 
and light gray to dark gray in color. Sand content in the clay was highly variable (up to 50 
percent in some samples), and occasionally included gravel and cobbles, but typically 
clay dominant soils were encountered throughout the depths shallower than 12 feet. 
 
Results of the Atterberg limits tests indicate the soils at the site have liquid limits ranging 
from approximately 17 to 47 percent and plastic limits ranging from approximately 13 to 
18 percent. 
 
Moisture contents in the lean clay soils ranged from about 8 to 34 percent, with an 
average of about 16 percent. The dry unit weight of the clay samples obtained ranged 
from approximately 92 pounds per cubic foot (pcf) to 143 pcf, with an average of 119 pcf. 
The moist unit weights were calculated from the measured moisture content and 
corresponding dry unit weights of the samples. The resulting moist unit weights ranged 
from approximately 117 to 158 pcf, with an average of 140 pcf. 
 
Hand penetrometer tests conducted on samples collected during drilling indicated 
unconfined compressive strengths typically exceeding 1.5 tsf. Laboratory strength 
testing indicated median and average unconfined compressive strengths of 1.0 tsf and 
1.3 tsf, respectively.  
 

C.2.3. SAND SOILS 
Sand soils with some clay or silt portion were generally encountered deeper in the soil 
profile, typically below 6 feet. These sands were generally observed to be brown colored 
with some red or gray tinting. Shallower sand lenses tended to be fine to medium 
grained with a significant portion clay and silt, while deeper soils included fine to coarse 
grained sand with some gravel and cobbles.  
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The percent fines in the sand samples ranged from 5.5 to 46.7 percent in the sand 
samples tested. Gravel content up to 25.7 percent was observed in the tested samples. 
 
SPT testing indicates the sands varied from loose to very dense but were typically 
medium dense to dense. 
 

C.3. GROUNDWATER OBSERVATION 
Shallow groundwater was observed in a majority of the geotechnical borings, with 
depths ranging from 3.0 to 14.5 feet during drilling and 0.5 to 18.5 feet immediately 
following drilling completion. At 2 of the geotechnical borings (GEO-13 and GEO-28), 
groundwater was not observed either during drilling or immediately following drilling, but 
this is likely due to a lack of sand seams in these specific boring locations and 
groundwater not equilibrating through the low-permeability clay soils.  A summary of 
groundwater measurements in the test pits is provided in Table 1. 
 
Upon removal of some of the test piles and in test pits excavated to facilitate pile 
removal, water was also encountered in the upper 8 feet below ground surface, 
confirming the shallow water levels on the order those observed while drilling. 
 
Variations and uncertainties exist with relatively short-term water level observations that 
were recorded during this exploration. Water levels can and should be anticipated to 
vary between boring locations, as well as with time within a specific boring. Groundwater 
levels may be expected to fluctuate with precipitation, site grading, drainage and 
adjacent land use.  With low permeability clay soils, equilibrium water levels may not be 
reached during drilling and some variability in water levels should be expected. 
 

C.4. SOIL CHEMICAL TESTING 
Chemical tests, consisting of soil pH, soluble chloride, and soluble sulfate testing, were 
performed on 21 selected samples. The results of the chemical testing indicate that the 
soils have a pH ranging from 6.3 to 7.8 (slightly acidic to slightly basic soils). The soils 
contain 2.03 to 7.20 mg/L chloride, and 3.55 to 18.7 mg/L sulfate. Chemical test results 
are summarized in Table C.4.1 and included in Appendix E. 

  



Madison Fields Solar Project 
Madison County, OH  June 30, 2020 
 

 
Olsson Project No. 020-0986  22 

Table C.4.1 Summary of Soil Chemical Test Results 

Investigation ID Depth [feet] pH Chloride 
[mg/kg dry] 

Sulfate 
[mg/kg dry] 

GEO-02 1-2.5 6.31 3.82 5.32 
GEO-06 1-2.5 6.54 3.39 11.9 
GEO-09 3.5-5 7.33 4.31 5.84 
GEO-15 1-2.5 7.46 3.22 7.70 
GEO-17 3.5-5 7.73 3.47 5.29 
GEO-22 1-2.5 7.78 4.70 9.20 
GEO-30 1-2.5 7.46 2.67 8.08 
GEO-32 1-2.5 7.29 4.54 14.3 
GEO-34 3.5-5 7.77 3.43 4.16 
GEO-35 6-7.5 7.62 4.04 8.79 
GEO-40 1-2.5 7.04 7.09 4.16 
GEO-45 1-2.5 7.10 3.89 6.56 
GEO-47 6-7.5 7.58 7.20 17.5 
GEO-55 3.5-5 7.53 3.73 3.55 
GEO-58 1-2.5 7.23 4.32 5.12 
GEO-64 1-2.5 6.90 6.98 10.9 
GEO-68 1-2.5 6.52 2.85 7.59 
GEO-73 1-2.5 6.93 4.84 9.64 
GEO-74 1-2.5 7.09 2.03 18.7 
GEO-77 3.5-5 7.50 2.39 12.4 
GEO-80 3.5-5 7.58 2.73 4.97 

Average 7.3 4.1 8.7 
Standard Deviation 0.4 1.4 4.2 

Minimum 6.3 2.0 3.6 
Maximum 7.8 7.2 18.7 

  
C.5. GENERAL LABORATORY TESTING 

Laboratory testing results are discussed below and are summarized in Table 2 and 
provided in Appendix E. 
 

C.5.1. MOISTURE CONTENT 
A total of 170 moisture content tests were conducted on soil samples collected from the 
geotechnical borings during the geotechnical investigation.  Moisture contents in the 
sand soils ranged from about 3 to 17 percent, with an average of about 10 percent.  
Moisture contents in the lean clay soils ranged from about 8 to 34 percent, with an 
average of about 16 percent.  
 

C.5.2. GRAIN SIZE ANALYSES 
Grain size analyses were performed on 13 soil samples collected at various depths from 
the geotechnical borings. Based on the results of the grain size analyses and visual 
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inspection, eight samples were classified as sandy clays, silty clays, and lean or lean to 
fat clays with sand (CL, CL/CH, CL/ML), four samples were classified as clayey sands 
(SC), silty, clayey sands (SC/SM) or silty sands (SM), and one sample was classified as 
poorly graded sand with silt and gravel (SP/SC).  The percent fines (percent by weight 
passing the number 200 sieve) ranged from approximately 50.9 to 89.8 percent, with an 
average of 65.5 percent in the clay samples tested indicating relatively high sand 
contents in the clay soils.  The percent fines in the sand samples ranged from 5.5 to 46.7 
percent in the sand samples tested. Gravel content up to 25.7 percent was observed in 
the tested samples. 
 

C.5.3. UNIT WEIGHT 
A total of 51 dry unit weight tests were performed on 3-inch diameter thin-wall tube 
samples collected from the geotechnical borings. The soils tested primarily included clay 
soils, although two tests were performed on predominantly sand soils (SC/SM).  The dry 
unit weight of the clay samples obtained ranged from approximately 92 pounds per cubic 
foot (pcf) to 143 pcf, with an average of 119 pcf. The moist unit weights were calculated 
from the measured moisture content and corresponding dry unit weights of the samples. 
The resulting moist unit weights ranged from approximately 117 to 158 pcf, with an 
average of 140 pcf. Dry density test results are included in Appendix C. 
 

C.5.4. ATTERBERG LIMITS 
Atterberg limits testing was performed on fine-grained soil samples and used to classify 
the material encountered in the borings. A total of 15 Atterberg limits tests were 
conducted on selected samples from the borings.  
 
Results of the Atterberg limits tests indicate the soils at the site have liquid limits ranging 
from approximately 17 to 47 percent and plastic limits ranging from approximately 13 to 
18 percent. The plasticity indices varying between 4 and 30 percent, classifying the soil 
as lean clay (CL) and silty clay (CL/ML) in accordance with the Unified Soil Classification 
System (USCS). Discussion on soil swell based on Atterberg limits can be found in 
Section C.6. 
 

C.5.5. STANDARD PROCTOR 
A total of 10 standard Proctor tests were conducted on bulk soil samples collected at 
shallow depths. Results of the standard Proctor density testing indicated the soil’s 
maximum dry density ranges from approximately 96 to 125 pcf. The corresponding 
optimum moisture content ranged from approximately 12 to 26 percent. Standard 
Proctor density test results are summarized in Table C.5.5 and included in Appendix E. 
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Table C.5.5 – Summary of Standard Proctor Density Test Results 

Geotechnical ID Depth [ft] 
USCS 

Classification 

Maximum 
Dry Density    

[pcf] 

Optimum 
Moisture 
Content         

[%] 

95% 
Maximum 

Dry Density 
at Optimum 

Moisture 
Content [pcf] 

GEO-13 1-5 CL 116.7 14.8 127.3 
GEO-35 1-5 CL 122.2 12.7 130.8 
GEO-45 1-5 CL 112.1 16.4 124.0 
GEO-52 1-5 CL 110.1 17.7 123.1 
GEO-58 1-6 CL 111.4 16.4 123.2 
GEO-60 1-6 CL 107.6 19.4 122.1 
GEO-73 1-3 CH 96.0 25.7 114.6 
GEO-74 2-4 CH 96.5 24.3 114.0 
GEO-77 1-5 CL 108.1 19.2 122.4 
GEO-80 1-6 SC 125.0 11.9 132.9 

Average 110.6 17.9 123.4 
Standard Deviation 9.5 4.5 6.0 

Minimum 96.0 11.9 114.0 
Maximum 125.0 25.7 132.9 

 
C.5.6. SHEAR STRENGTH 

As noted in Section C.2, the project site typically consists of upper clay layers for the 
entire explored profile or clay underlain by sand soils, with a few noted exceptions. The 
following sections discuss, in detail, the shear strength parameters of the soils to be 
used in foundation design.   
 

C.5.6.1. UNDRAINED SHEAR STRENGTH 
Uniaxial unconfined compressive strength tests and triaxial unconsolidated undrained 
shear strength tests were completed on 26 samples collected across the site and 
indicate an unconfined compressive strength of ranging from approximately 400 psf to 
8,200 psf. Laboratory strength results are provided in Appendix E. 21 of the 26 tests 
exceeded 1000 psf unconfined strength. The shear strength of these tests can be 
approximated as half of the unconfined compressive strength, indicating a minimum 
laboratory shear strength value of approximately 200 psf, a median shear strength of 
1050 psf, and an average shear strength of 1300 psf. 
 
The SPT results at each of the geotechnical boring locations are shown on the boring 
logs in Appendix E. The SPT values in clay soils at each boring location within the solar 
arrays were reviewed from a depth of 1 to 20 feet. The minimum SPT value for soils 
within the planned solar array was SPT = 3 at GEO-33 at a depth of 3.5 feet. The SPT 
value can be correlated to the soil undrained shear strength (Das 2010).  
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A number of hand penetrometer tests were conducted on Shelby tube and split spoon 
samples collected during drilling. The results indicated an estimated unconfined 
compressive strength ranging from 0.5 to greater than 4.5 tons per square foot (tsf), 
which corresponds to an undrained shear strength of 500 to greater than 4,500 psf. Most 
hand penetrometer measurements exceeded an unconfined compressive strength of 1.5 
tsf.  
 
Based on an analysis of the results presented above, the recommended undrained 
shear strength design value (for use in solar array foundation design) is 1,000 psf at frost 
depth, and higher with depth at the site. At the ancillary structure locations (GEO-73 and 
GEO-74), the recommended undrained shear strength design value is 1,500 psf at frost 
depth based on test data specifically at those two locations. The results of the 
investigation indicate that, while the majority of the soils exceed the recommended 
design undrained shear strength value, some soil layers at various depths exhibit 
strength less than the recommended design value. The foundation designer should 
perform a complete bearing capacity check for each foundation design to verify these 
recommendations once final design information is available. 
 

C.5.6.2. DRAINED SHEAR STRENGTH 
The drained shear strength of the granular soils was estimated from correlations to SPT 
results collected during sampling in the boreholes and from two direct shear tests 
performed on a granular samples from GEO-23 at a depth of approximately 9 feet and 
GEO-67 at a depth of approximately 9 feet. The direct shear test resulted in peak friction 
angles of 30.6 and 33.1 degrees, respectively. The direct shear test results are included 
in Appendix D.  
 
The SPT results, which are included on the boring logs in Appendix C, ranged from 9 to 
greater than 50 blows for fewer than 6-inches of sampler penetration in granular soils 
and from 3 to greater than 50 blows for fewer than 6-inches of sampler penetration in 
clay soils. In general, SPT results in the granular soils generally exceeded 10 blows per 
foot at or below the anticipated foundation depths. Three exceptions to this occurred at 
the following locations: GEO-24 @ 18.5 feet (N = 9), GEO-30 @ 6 feet (N = 9), and 
GEO-64 @ 18.5 feet (N = 9). The SPT value can be correlated to the soil friction angle 
(Das, 2007). An average SPT value of 10 in sandy material correlates to a friction angle 
of approximately 32 degrees.  
 
For solar array foundation design, a design friction angle of 31 degrees is recommended 
for shallow (frost zone) granular soil layers and a value of 33 degrees is recommended 
for deeper granular soil based on the SPT N-values and direct shear testing results.  
 
The drained shear strength of cohesive soil was evaluated based on correlations to the 
measured Plasticity Index provided by Terzaghi et al (1996). The results of Atterberg 
Limits testing indicated that the Plasticity Index ranged from 4 to 30 percent. According 



Madison Fields Solar Project 
Madison County, OH  June 30, 2020 
 

 
Olsson Project No. 020-0986  26 

to the correlation, the estimated drained friction angle of the cohesive soil at the project 
site ranged from 28 to 34 degrees. For analysis purposes, a drained friction angle of 30 
degrees for the cohesive soil is recommended. 

 
C.5.6.3. LOWER STRENGTH SOIL LAYERS 

Several notably lower undrained shear strengths from SPT, Qp, and unconfined 
compressive strength testing were observed within the clay soils at various depths from 
the geotechnical investigations. A summary of the lower strength layers (undrained 
shear strengths less than 1,000 psf) from field and laboratory test results is provided in 
Table 5. 
 

C.6. SWELL POTENTIAL 
The result of the laboratory testing indicates the clay soils across the site have liquid 
limits below 60 percent, and typically below 40 percent. If allowed to become full 
saturated, swell potential of soils encountered should be on the border between low and 
medium. This does not include any additional loads from the solar array foundations.  
The laboratory test results are included in Appendix E. Swell potential is considered to 
be low and does not appear significant for either pile foundation or spread footing 
design. 
 

C.7. CALIFORNIA BEARING RATIO TESTING 
Design for roads and general working areas is based in part on the strength of the 
subgrade that can be reasonably achieved. Five samples of the shallow subgrade soils 
were tested for this project. The bulk samples were collected from soil immediately 
below the existing topsoil, which typically extended to a depth of approximately 1 to 5 
feet below the surface. The samples tested consisted of sandy and clayey soil. All 
samples were transported to SET for laboratory testing. The soil samples were prepared 
to approximately 95 percent of the maximum standard Proctor density at the optimum 
moisture content. Specimens were soaked for a period of 4 days before CBR tests were 
performed. Results of the CBR testing are summarized in Table C.7-1 and included in 
Appendix E. 
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Table C.7-1 Summary of California Bearing Ratio Test Results 

Investigation 
ID 

Depth 
[ft] 

USCS 
Classification 

Maximum 
Dry 

Density 
[pcf]1 

Optimum 
Moisture 

Content [%]1 

CBR Value2,3 

[Optimum Moisture 
Content] 

GEO-13 1-5 CL 116.7 14.8 4.7 
GEO-35 1-5 CL 122.2 12.7 4.3 
GEO-45 1-5 CL 112.1 16.4 2.6 
GEO-52 1-5 CL 110.1 17.7 3.7 
GEO-58 1-5 CL 111.4 16.4 3.6 
GEO-60 1-5 CL 107.6 19.4 3.5 
GEO-77 1-5 CL 108.1 19.2 2.0 
GEO-80 1-5 SC 11.9 132.9 3.0 

1 From standard Proctor moisture density curve, ASTM D698 
2 Test specimens were soaked for a period of 4 days before CBR tests were performed 
3 Test samples recompacted to 95 percent of standard Proctor maximum dry density at optimum moisture 
content. 

 
D. SITE PREPARATION 
D.1. GENERAL SITE AND SUBGRADE PREPARATION 

All topsoil, vegetation, major root systems, organic soils, and any loose, soft or otherwise 
unsuitable or deleterious material should be stripped and removed from the areas where 
spread foundations, roadways, and other ancillary structures will be built or fill placement 
will occur.  Rootzone materials at the project site appear to be on the order of 9 to 12 
inches thick, but some variation in this layer should be anticipated. The topsoil generally 
was organic-rich and consisted primarily of cultivated corn stubble, grass, and root 
stringers at the base of the topsoil layer. These rootzone materials should be carefully 
separated to avoid incorporation into structural fill.  
 
Site clearing, grubbing, and stripping should be completed during periods of dry weather. 
Operating heavy equipment on the site during periods of wet weather could result in 
excessive pumping and rutting of the subgrade soils. 
 
Foundations for the solar array foundations and deep foundations for ancillary structures 
are typically placed on natural ground, and significant stripping or the use of compacted 
structural fill is not widely anticipated, except where excavation of unsuitable material 
below the foundation embedment depth is performed or if mass grading is needed to 
level the substation pad (which is not anticipated at this site). The results of the 
geotechnical exploration indicate soil consisting primarily of clay soils in the upper 6 to 
10 feet of the soil profile with sand soils encountered to that depth in isolated areas.  
Therefore, conventional excavation machines are anticipated to be suitable for 
excavation of the foundations.  
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D.1.2. SHALLOW FOUNDATION EXCAVATIONS AND BACKFILL 
Upon excavation to the proposed bearing surface, the excavation base should be 
inspected by the geotechnical engineer of record or authorized representative.  
Verification of the undrained shear strength of clayey soil should be performed for 
shallow spread foundations using a static cone penetrometer (SCP) or field vane shear 
tester. Verification of the friction angle of sand soils should be performed with a dynamic 
cone penetrometer (DCP).   
 
If, in the course of excavating for shallow foundation or roadway construction, the base 
of the excavation becomes rutted, damaged, or is otherwise determined to be of 
inadequate character or unsuitable for construction in the opinion of the geotechnical 
engineer of record or authorized representative, the conditions shall be noted and 
discussed with the geotechnical engineer or record to determine appropriate corrective 
measures. 
 
We recommend an Olsson geotechnical engineer, or their authorized representative, 
review the base of new construction excavations prior to the placement of any new fill 
soils or any foundations to evaluate for the intent of the recommendations in this report 
and minimize the potential of unnecessary soil corrections being performed. 
Disturbance, desiccation, or wetting of the subgrade soils between grading and 
placement of foundations can result in deterioration of the previously completed 
subgrade. If conditions change after a subgrade has been inspected, we recommend re-
evaluation of the subgrade to verify the condition of the soil prior to construction of the 
foundations. 
 
Compaction of in-situ clayey soils intended for support of the foundation base is not 
required at solar array locations where silty or clayey soils are present unless the results 
of the subgrade testing indicates improvement is required or soils are disturbed during 
construction activities. For disturbed clayey soils, the disturbed soils should be removed 
and replaced with engineered fill. At sites where sands are encountered at the subgrade 
elevation, surface compaction should be performed with a minimum of one pass with a 
smooth drum vibratory compactor provided this practice does not draw water to the 
surface. Should the primarily sandy subgrades become disturbed, we recommend 
leveling and surface compaction of the surficial soil to 95 percent of the maximum dry 
density according to Standard Proctor. 
 
If the soils in excavations are sensitive to moisture content change or disturbance, 
consideration can be given to protecting the soil base against damage by use of a 
flowable concrete mud mat. Prior to placement of the mud mat, the exposed subgrade 
should be protected from construction traffic and foot traffic should be kept to a 
minimum, whenever possible. 
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At locations where the subgrade soils are less than the design soil strengths or become 
rutted or disturbed during construction, options for subgrade improvement may consist 
of: 

 Reworking and recompacting the native materials to achieve both a minimum of 95 
percent of the material’s maximum dry density as determined by a laboratory 
Standard Proctor method of test and the design undrained shear strength or friction 
angle of the soil. 

 Removal of the unsuitable materials and replacement with engineered fill as 
discussed in Section D.2. 
 

 Deep foundations are also generally an option for locations with lower soil strengths.  
It is anticipated that the foundations for the solar arrays and the taller structures for 
the substation areas will be designed with deep foundations already.  If lower 
strength soils are encountered, increasing the embedment depths of these piles 
could also be considered rather than removal or improvement of the low strength 
soils. 

 
Lower strengths and potential soil improvement options should be discussed with 
Olsson as the geotechnical engineer of record for the project.  Confirmation of the 
selected improvement method also should be reviewed by the foundation engineer for 
compliance with the support assumptions used in the foundation design.  
 

D.2. FILL 
Any structural fill placed below shallow spread foundations should consist of approved 
engineered fill. Engineered fill should comply with recommendations in Table D.2-1. 
Alternative engineered fill materials may be used depending upon availability and 
approval by the foundation engineer.  Samples of all fill soils should be submitted to 
Olsson for review prior to use on the site.  
 
Fill materials which may be considered suitable for use as general fill to raise site grades 
consist of material classified as CL, CL-ML, SM, SC, SP-SM, or coarser. It should be 
free of organic matter or debris, rocks greater than 3 inches in diameter, and have a 
liquid limit and plasticity index less than 45 and 20, respectively. High plasticity silt or 
clay (MH, CH) soils should not be used as fill within 4 feet of footings or within 2 feet of 
slab or pavement subgrades.  Silt soils (classified as ML) may be moisture susceptible 
and should be used with caution.  Considering the site was primarily lean clay soils, 
using silt for mass grading is not recommended unless specific site conditions indicate a 
significant benefit to selecting this material. 
 
Engineered fill should be placed in lifts not exceeding 8 to 12 inches in loose thickness 
or one third the diameter of the roller, whichever is less, and moisture conditioned to 
within ±3 percent of the optimum moisture content. It is recommended that each lift be 
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compacted to a minimum of 95 percent of the maximum dry density obtained in 
accordance with ASTM Specification D698, Standard Proctor Method. Fills placed in 
excess of 10 feet will require further evaluation at the time of the final geotechnical 
investigation.  
 
Compaction should be verified using a nuclear density gauge to ensure that the 
specified density requirements of the fill materials are being met.  If compaction is not 
being achieved, adjustment of the material’s moisture content, the type/source of the 
material, or the placement and compaction procedures (specifically lift thickness) may 
need to be modified to achieve the specified compaction.  Typically vibratory rollers are 
required for compaction of granular materials and a sheepsfoot roller is required for 
clayey soils.  
 
For foundations where overexcavations are required, the excavations and subsequent 
placement of engineered fill should be oversized by 1 foot on all sides for each foot of 
excavation below the foundation embedment depth. For example, a 1-foot excavation 
below the foundation depth will require a bottom of foundation width (and length) 2 feet 
wider than a standard foundation width (1-foot on each side of the footing). 
 
New fill placed for ancillary structures should be placed in maximum loose lift 
thicknesses of 8 to 12 inches and compacted as recommended in Table D.2-1. The lift 
thicknesses should be limited to 4 inches when compacting in small areas requiring 
hand-operated equipment such as vibrating plate compactors, walk behind trench 
rollers, or jumping jacks.  
 
An Olsson representative should regularly observe and monitor the excavation and 
grading operations and perform field density tests to document that moisture and 
compaction requirements are being achieved.  
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Table D.2-1 Recommended Fill Placement Guidelines 

Areas of Fill 
Placement Material Type 

Minimum 
Compaction 

Recommendation 

Moisture 
Content 

(% of Optimum) 

Structural Fill Below 
Foundations 

ODOT Granular Material* 
Spec. Section 703.11 (or similar) 

95% 
Standard Proctor 

(ASTM D 698) 
-3 to +3 percent 

General Fill to Raise 
Site Grades 

Approved excavated native 
materials   

(CL, CL-ML, SC, SM, or SP) 

95% 
Standard Proctor 

(ASTM D 698) 
-3 to +3 percent 

Private Access Road 
Subgrade 

Approved excavated native 
materials 

95% 
Standard Proctor 

(ASTM D 698) 
-3 to +3 percent 

Private Access Road 
Aggregate 

ODOT Granular Material* 
Spec. Section 703.11 (or similar) 

95% Standard 
Proctor (ASTM 

D698) 
-3 to +3 percent 

*Ohio Department of Transportation Granular Material should consist of well-graded sand and gravel materials with 
less than 10 percent fines 

 
The moisture content for the structural fill at the time of compaction should generally be 
maintained between the ranges specified in Table D.2-1. More stringent moisture limits 
may be necessary with certain soils and some adjustments to moisture contents may be 
necessary to achieve compaction in accordance with project specifications.  It should be 
noted that clayey materials will be more difficult to compact in the presence of excess 
moisture content, whereas granular materials tend to be less sensitive to moisture 
content during compaction. 
 

D.3. DRAINAGE CONSIDERATIONS AND DEWATERING 
Water should not be allowed to collect at the ground surfaces near foundations either 
during or after construction as this may lead to softening of the subgrade. Provisions 
should be made to quickly remove accumulating seepage water or storm water runoff 
from excavations and roadway subgrades.  Subgrades should be allowed to dry before 
continuing with construction. Undercut or excavated areas should be sloped toward one 
corner to allow rainwater or surface runoff to be quickly collected and gravity drained or 
pumped from construction areas. Subgrade soils that are exposed to precipitation or 
runoff should be evaluated by Olsson prior to the placement of new fill, reinforcing steel, 
or concrete, to determine if corrective action is required.   

 
To minimize concerns related to improper or inadequate drainage away from foundation 
bearing subgrades or from cohesive backfill materials used in utility trenches or 
roadways, we recommend that site grading should provide for efficient drainage of 
rainfall or surface runoff away from new structures and roads.  
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Depending on the depth of excavations and unique geologic conditions at each solar 
array location, groundwater removal could consist of sloped excavations and sump 
pumps or may require more aggressive well-point dewatering systems. In general, 
excavations that extend solely into clay may only require excavations sloped to a sump 
collection point and pump to remove collected water, whereas, excavations that extend 
into one or more sand or silty layers below the groundwater table may require 
aggressive dewatering, depending on the level of dewatering needed. Shallow 
groundwater and the presence of permeable sand layers were encountered at the many 
of the tested locations. The contractor should be prepared to remove infiltrating water in 
all excavations based on the observed groundwater levels denoted in Section C.3 and 
Table 1.  
 
Due to the limited depth of foundation excavations, more aggressive dewatering 
methods such as dewatering points or wells likely are not required.  The potential for 
requiring dewatering points or wells would increase as excavations extend to greater 
depths in the ground or as they get in close proximity to saturated soil layers.  
 
Care must be taken to avoid inducing additional settlement as a result of dewatering. 
The dewatering equipment should be installed and maintained by a dewatering 
contractor with significant experience with similar soil conditions. Much of the success of 
a dewatering program is dependent on the skills and expertise of the dewatering 
contractor. 

 
D.4. TEMPORARY SLOPES AND EXCAVATIONS 

Construction site safety is the responsibility of the general contractor. The contractor 
shall also be solely responsible for the means, methods, techniques, sequencing, and 
operations during construction. Olsson is providing the following information solely as a 
service to our client. Under no circumstances should Olsson’s provision of the following 
information be construed to mean that we are assuming responsibility for construction 
site safety or the contractor’s activities. Such responsibility is not implied and should not 
be inferred. 
 
The contractor should be aware that slope height, slope inclination, and excavation 
depths (including utility trench excavations) should in no case exceed those specified in 
local, state, or federal safety regulation; e.g., OSHA Health and Safety Standards for 
Excavations, 29 CFR Part 1926, or successor regulations.  Such regulations are strictly 
enforced, and if not followed, the owner, the contractor, or earthwork or utility 
subcontractors could be liable for substantial penalties. 
 
The soil in the upper 10 feet at the project site were typically observed to be primarily 
Type B (stiff clay soils requiring 1H:1V slopes) with lesser areas of Type C (granular 
soils requiring 1.5H:1V slope) from OSHA soil classifications. This should be verified 
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during construction by the OSHA-defined competent individual to ensure that the 
benching or slopes are adequate. 
 
Temporary slopes exceeding 5H:1V should be properly benched prior to placement of 
new fill. As an alternative to flatter and benched temporary slopes, vertical excavations 
can be temporarily shored.  The contractor should be responsible for the design of 
temporary shoring in accordance with applicable regulatory requirements. Permanent fill 
and cut slopes at the site should not exceed 3H:1V.  Where steeper slopes are planned, 
additional analysis should be performed once grading plans have been developed. 
 
If excavations, including utility trenches, are extended to depths of more than 20 feet, 
OSHA requires that the side slopes of such excavations be designed by a professional 
engineer registered in the state where construction is occurring. 
 

D.5. CONSTRUCTION EQUIPMENT MOBILITY 
The on-site soils may be susceptible to degradation and softening under construction 
equipment traffic, especially when exposed to high moisture levels. Excessive pumping 
and rutting may occur during construction operations, especially under repeated traffic 
loads or during periods of wet weather. Depending on weather events and the severity of 
the degradation, temporary stabilization techniques may be required.  
 
Some general guidelines for reducing equipment mobility problems and addressing 
potential soft and wet surface soils are as follows: 

 
 Optimize surface water drainage at the site during construction. 

 Whenever possible, wait for dry weather conditions to prevail, and do not operate 
construction equipment on the site during wet conditions. Ruts caused by 
construction vehicle traffic will accelerate subgrade disturbance.  

 Disc or scarify wet surface soils during periods of favorable weather to accelerate 
drying.  

 Temporarily recompact loose subgrade soils if rain is forecast to promote site 
drainage and reduce moisture infiltration. 

 Use construction equipment that is well suited for the intended job under the existing 
site conditions. Heavy rubber-tired equipment typically requires better site conditions 
than lightly loaded track-mounted equipment. 

 
It may be necessary to take steps to aggressively improve equipment mobility if 
construction must proceed during unfavorable conditions. 
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E. STRUCTURES 
Solar panel arrays are typically supported on some form of a deep foundation system. 
Typical deep foundation systems include driven and vibrated steel piles, helical piers 
(ground screws), screw piles, and drilled piers. In some cases, the solar trackers have 
also been supported by a shallow spread footing (ballasted) foundation system that can 
be cast-in-place or precast. 
 
Based on the results of the geotechnical investigation all of the above foundation 
systems appear to be feasible for the project site. However, Olsson understands that a 
driven steel pile foundation system is commonly the most economical and, thus, the 
most desirable foundation system to support the solar arrays. 
 
If spread foundations or drilled shaft foundations are to be considered for the solar panel 
array foundations the results and recommendations contained in Section E.2 for design 
of the ancillary structures also could be used for design of the solar panel array 
foundations.  
 

E.1. CONVENTIONAL PILE FOUNDATION DESIGN FOR SOLAR PANEL ARRAY FOUNDATIONS 
Based on discussions with Madison Fields, a driven pile foundation system is currently 
planned for use and an additional phase of pile load testing is being performed by 
Olsson at the time of this report.  
 
Of primary concern for the pile option (beyond defining the design parameters for use in 
foundation design) is the presence of driving obstructions such as cobbles, boulders, 
dense or cemented sands, or shallow bedrock at the project site. The results of the soil 
borings performed during our investigation did not encounter large obstructions such as 
cobbles or boulders shallower than 8 feet; however, in four of the 18 test pits (TP-23, 
TP-34, TP-39, and TP-64), a minor amount of cobbles or boulders were encountered 
shallower than a depth of 8 feet. Cobbles were typically 3 to 4 inches in diameter and 
boulders were typically up to 12 inches in diameter where noted, and appeared to be 
erratic glacial inclusions of varying mineralogy. Bedrock at the site is anticipated to be 
relatively deep and well below the typical pile embedment depths. Sands were 
encountered at several locations; however, the sands did not appear very dense or 
cemented within the upper 12 feet.   
 
During installation of the field piles for the load testing phase, full penetration to the 
target depth of 8 feet was achieved for all 60 piles in less than 90 seconds, with no 
observable obstructions noted.  Overall, the risk for pile driving obstructions, while 
cannot be totally disregarded due to the vast area of the proposed development, the lack 
of significant obstructions observed in the borings and test pile installations, and only 
scattered  cobbles and boulders encountered in the test pits, appears relatively low; 
however, up to boulder size erratics can be common in glacial terrains and isolated 
obstacles for pile driving should be anticipated. 
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This geotechnical investigation was performed at selected locations spread across the 
project site. The results of load testing on piles should serve to develop appropriate pile 
driving criteria to be used during construction of the project. Should undesirable soil 
conditions be encountered during pile installation (such as the presence of loose soils), 
the piles could be extended deeper into the ground. Piles in undesirable soil conditions 
could also be predrilled and grouted in place for additional capacity; however, feasibility 
of this method could be limited due to the need for casing to potentially maintain 
borehole stability in saturated sand soils. 
 
Foundation excavations and pile driving activities should be observed by Olsson to 
confirm conditions are consistent with this geotechnical report.   
 

E.1.2. PILE LOAD TESTING RESULTS 
The following sections discuss the results of the field testing performed for the project. 
Based on the results of soil borings and test pits performed by Olsson, 4 distinct typical 
soil profiles were selected for the project site as provided below. Pile load testing was 
performed at the underlined locations below. 
 
 Strata 1A – Sites with predominantly clay soils for the entire explored profile: GEO-01, 

GEO-02, GEO-03, GEO-04, GEO-07, GEO-08, GEO-09, GEO-11, GEO-13, GEO-14, 
GEO-15, GEO-16, GEO-18, GEO-22, GEO-25, GEO-26, GEO-28, GEO-31, GEO-32, 
GEO-33, GEO-35, GEO-36, GEO-37, GEO-38, GEO-39, GEO-40, GEO-41, GEO-43, 
GEO-44, GEO-45, GEO-46, GEO-47, GEO-48, GEO-50, GEO-52, GEO-53, GEO-54, 
GEO-56, GEO-58, GEO-63, GEO-64, GEO-66, GEO-68, GEO-69, GEO-71, GEO-76, 
GEO-78, GEO-79, and GEO-80 

 Strata 1B – Sites with primarily clay underlain by predominantly sand soils at a 
transition depth below 8-feet: GEO-05, GEO-06, GEO-10, GEO-12, GEO-17, GEO-
19, GEO-20, GEO-21, GEO-24, GEO-27, GEO-34, GEO-42, GEO-49, GEO-51, GEO-
55, GEO-57, GEO-62, GEO-65, GEO-70, GEO-72, GEO-75, and GEO-77.  For the 
analysis of pile testing and for pile embedment depths on the order of 8 feet below 
grade, Strata 1B is anticipated to behave similarly to Strata 1A.  However, sand soils 
were encountered in this subset of the borings at depths greater than 8 feet below 
grade and should piles be installed below that depth, design parameters for sand 
layers at Strata 1B locations may be required.  Depths to sand layers at these locations 
are indicated on the soil boring logs in Appendix C. 

 Strata 2: Sites with a predominantly clay profile underlain by sand at a minimum depth 
of 5 feet: 
GEO-23, GEO-29, GEO-30, GEO-59, GEO-61, GEO-67, and GEO-81 

 Strata 3: Sites with clay soils with an isolated sand layer below 5 feet: 
GEO-60 
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Individual axial uplift and lateral test results for all tested locations are provided in 
Appendix H. 
 

E.1.2.1. AXIAL UPLIFT TESTING RESULTS 
Appendix I provides the vertical displacement versus vertical load plots for each of the 4 
soil profiles indicated in Section E.1.2. The maximum observed vertical loading 
corresponding to a vertical displacement of 0.25-inches is summarized in Table E.1.2.1-
1. 
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Table E.1.2.1-1: Maximum Vertical Load Corresponding to 0.25-inch Vertical Displacement 

Geotechnical ID Pile Type 
Pile Embedment Depth 

(feet) 
Load Corresponding to 0.25-Inch 

Axial Displacement (pounds) 
GEO-02 W 6x9 8 5,500 

GEO-04 W 6x9 8 7,000 

GEO-12 W 6x9 8 4,500 

GEO-17 W 6x9 8 5,500 

GEO-19 W 6x9 8 5,500 

GEO-23 W 6x9 8 5,500 

GEO-25 W 6x9 8 7,000 

GEO-29 W 6x9 8 8,200 

GEO-30 W 6x9 8 5,200 

GEO-31 W 6x9 8 4,800 

GEO-32 W 6x9 8 6,400 

GEO-33 W 6x9 8 8,500 

GEO-34 W 6x9 8 9,500 

GEO-35 W 6x9 8 7,500 

GEO-36 W 6x9 8 6,200 

GEO-39 W 6x9 8 7,000 

GEO-42 W 6x9 8 4,200 

GEO-44 W 6x9 8 7,000 

GEO-48 W 6x9 8 5,800 

GEO-49 W 6x9 8 9,000 

GEO-51 W 6x9 8 4,500 

GEO-55 W 6x9 8 5,500 

GEO-59 W 6x9 8 5,300 

GEO-60 W 6x9 8 3,700 

GEO-61 W 6x9 8 5,900 

GEO-64 W 6x9 8 6,900 

GEO-66 W 6x9 8 5,700 

GEO-68 W 6x9 8 4,200 

GEO-70 W 6x9 8 4,400 

GEO-71 W 6x9 8 5,700 

 
Results of the testing generally indicated that significant axial displacement (uplift) of the 
pile was typically observed prior to reaching the practical limit of the testing apparatus.  
 
Based on theoretical axial bearing capacity equations, the estimated uplift capacity is 
typically taken as 90 percent of the capacity due to skin friction used in compression 
(FHWA, 2002). The pullout testing performed by Olsson indicated that the limiting 
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capacity observed in the field was approximately 3,700 pounds determined at GEO-60, 
which was determined through soil borings to have a predominantly clay subsurface 
profile with a sand layer from 5 to 7 feet. The remaining pullout values observed from 
field testing exceeded 4,200 pounds, with most exceeding 5,000 pounds.  A calculation 
of theoretical uplift capacity (with a reduction for the upper topsoil zone) indicates an 
ultimate pull-out resistance on the order of 8,500 psf for clay and 2,250 psf for sand.  
The results generally agree with this range for pullout capacity. The calculated average 
alpha factor for clays is slightly higher than the typical theoretical value of 0.41 (Das 
2007). Based on our field testing, recommended ultimate uplift values of skin friction to a 
minimum depth of are shown in Table E.1.2.1-2.  
 

Table E.1.2.1-2: Recommended Uplift Pile Parameters for Pile Foundation Design 

Soil 
Strata 

Soil 
Conditions 

Depth 
Below 
Grade 
(feet) 

LPIle Soil Type 
Effective 

Unit 
Weight 

(pcf) 

Clay 
Undrained 

Shear 
Strength 

(psf) 

Sand 
Friction 
Angle 

(degrees) 

Unit Skin 
Friction 

(ksf)* 

1A  All Clay 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 

3-20 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 0.82 

1B 

Clay to 8 ft 
(with sand 

layers 
below) 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 

3-8 
(min) 

Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 0.50 

Sand at 
depths 
specific 

to 
location 

Sand (Reese) 57.6 -- 30 0.50 

2 

Clay 
Overlying 

Sand 
Deeper 

than 5 feet 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 

3-5 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 0.82 

5-20 Sand (Reese) 57.6 -- 30 0.50 

3 

Clay with 
Mid Sand 

from 5 to 7 
feet 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 

3-5 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 0.50 

5-7 Sand (Reese) 57.6 -- 40 0.33 

7-20 
Stiff Clay with 
Free Water 

(Reese) 
72.6 3000 -- 0.60 

*Skin friction calculated based on average values from field test. Skin friction of clay layers based on lower bound 
values is approximately 0.50 ksf. Strata 3 values are governed by the lower bound strengths. 
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Ultimately, the foundation designer should determine an appropriate allowable uplift load 
to limit axial movement. It is anticipated that typical uplift loading due to wind loading is 
approximately 3,500 psf for interior columns and 4,000 psf for exterior columns, coupled 
with a maximum deflection of 1 inch.  Results of the field testing indicate that the piles 
installed as noted in this report are anticipated to perform without excessive displacement 
at typical loads in most cases. In addition, if piles are connected, additional capacity from 
the connections are anticipated. 
 

E.1.2.2. LATERAL LOAD TESTING RESULTS 
Appendix I provides the lateral deflection versus the lateral displacement at the top of 
pile and at the ground surface for each of the four soil profiles considered for the project. 
Table E.1.2.2-1 summarizes the displacement at the pile head and at ground surface for 
the maximum achieved loading. 
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Table E.1.2.2-1: Summary of Lateral Displacement at Maximum Test Load 

Geotechnical 
ID 

Pile 
Type 

Pile 
Embedment 
Depth (feet) 

Maximum 
Test Load 
(pounds) 

Displacement at Maximum Test Load 
(inches) 

Top of Pile (4 feet) Grade (0 feet) 
GEO-02 W 6x9 8 4,900 +4.00 2.84 
GEO-04 W 6x9 8 5,200 +4.00 1.74 
GEO-12 W 6x9 8 5,340 +4.00 2.12 
GEO-17 W 6x9 8 4,850 +4.00 2.10 
GEO-19 W 6x9 8 5,100 +4.00 1.98 
GEO-23 W 6x9 8 4,500 +4.00 2.10 
GEO-25 W 6x9 8 4,500 4.00 1.63 
GEO-29 W 6x9 8 5,120 +4.00 1.75 
GEO-30 W 6x9 8 4,000 4.81 2.82 
GEO-31 W 6x9 8 5,000 4.55 2.36 
GEO-32 W 6x9 8 4,260 4.75 2.30 
GEO-33 W 6x9 8 4,500 4.81 2.63 
GEO-34 W 6x9 8 4,500 3.73 1.68 
GEO-35 W 6x9 8 5,180 4.00 1.86 
GEO-36 W 6x9 8 5,320 +4.00 1.82 
GEO-39 W 6x9 8 4,040 +4.00 2.18 
GEO-42 W 6x9 8 4,000 4.65 2.65 
GEO-44 W 6x9 8 4,520 +4.00 2.13 
GEO-48 W 6x9 8 4,460 +4.00 2.07 
GEO-49 W 6x9 8 5,500 3.81 1.77 
GEO-51 W 6x9 8 4,280 +4.00 2.12 
GEO-55 W 6x9 8 4,460 +4.00 2.11 
GEO-59 W 6x9 8 4,320 +4.00 2.22 
GEO-60 W 6x9 8 5,160 +4.00 1.85 
GEO-61 W 6x9 8 5,280 +4.00 1.97 
GEO-64 W 6x9 8 5,100 +4.00 1.89 
GEO-66 W 6x9 8 4,920 +4.00 1.86 
GEO-68 W 6x9 8 5,380 4.25 2.09 
GEO-70 W 6x9 8 5,440 4.00 1.80 
GEO-71 W 6x9 8 5,000 4.35 2.19 

 
It is anticipated that the maximum lateral load is typically on the order of 2,000 pounds 
for interior columns and 2,500 pounds for exterior columns, coupled with a maximum 
deflection of 3 inches (in the strong pile direction) at the pile head and approximately 1 
inch at ground surface. Based on the results of the field testing, the estimated deflection 
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under the typical maximum loads are anticipated to be less than the maximum allowable 
deflection based on the field testing for the W 6x9 piles specifically.  

 
Olsson used the software LPile by Ensoft, Inc., to use numerical modeling to evaluate 
piles as were installed at the project site. The deflections estimated through the 
computer modeling were compared to the lateral deflections observed at the project site. 
This is a more refined method of evaluating lateral soil behavior than using prescribed 
values recommended by the software developer. A calibration of the in-situ lateral 
deflections versus the theoretical deflections estimated by LPile are provided in 
Appendix I for W 6x9 piles. Using this information, if the foundation designer decides to 
adjust the pile size, the soil parameters should stay the same and are anticipated to 
represent the actual in-situ conditions. 
 

Table E.1.2.2-2: Recommended Lateral Pile Parameters for Pile Foundation Design 

Soil 
Strata 

Soil 
Conditions 

Depth 
Below 
Grade 
(feet) 

LPIle Soil Type 
Effective 

Unit Weight 
(pcf) 

Clay 
Undrained 

Shear 
Strength 

(psf) 

Sand 
Friction 
Angle 

(degrees) 

Static 
Lateral 

Modulus of 
Subgrade 

Reaction, Kh 
(pci) 

Strain 
Factor, 

E50 

1A  All Clay 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 0.02 

3-20 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 1000 0.007 

1B 

Clay to 8 ft 
(with sand 

layers 
below) 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 0.02 

3-8 
(min) 

Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 1000 0.007 

Sand at 
depths 
specific 

to 
location 

Sand (Reese) 57.6 -- 30 60 -- 

2 

Clay 
Overlying 

Sand 
Deeper 

than 5 feet 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 0.02 

3-5 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 1000 0.007 

5-20 Sand (Reese) 57.6 -- 30 60 -- 

3 

Clay with 
Mid Sand 

from 5 to 7 
feet 

0-3 Soft Clay 
(Matlock) 135 1000 -- -- 0.02 

3-5 
Mod. Stiff Clay 
Without Free 

Water 
72.6 2000 -- 1000 0.007 

5-7 Sand (Reese) 57.6 -- 40 200 -- 

7-20 
Stiff Clay with 
Free Water 

(Reese) 
72.6 3000 -- 1000 0.006 
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In order to calibrate the models, varying shear strength parameters were used to more 
closely model the observed deflection during the pile load testing with the LPile software.  
The parameters indicated in Table E.1.2.2-2 are recommended for lateral analysis, 
which include a weaker zone at the surface to account for loss of strength during 
freeze/thaw conditions. These parameters do not include factors of safety or group effect 
multipliers. Factors of safety, where included, may be reduced for wind or other transient 
loading. The foundation designer should determine the factors of safety and group effect 
modifications as appropriate during their design. 

 
Preliminary analyses for lateral loading design are presented for assumed interior and 
exterior columns installed to a depth of 8 feet below the existing grade (W 6x9, W 8x10, 
and W 10x12 steel piles) in Appendix I.  Piles were assumed to extend 4 feet above the 
ground surface for both interior and exterior columns. The following loads were assumed 
for this analysis, but the analysis should be evaluated based on final loads anticipated for 
the project. 
 

 External Pile: Lateral Load 1,600 lbs, Moment of 19,000 in-lbs, Axial load 1,840 lbs 
(identified as Load Case 1 in Appendix I) 

 Internal Pile: Lateral Load 1,400 lbs, Moment of 18,500 in-lbs, Axial load 1,640 lbs 
(identified as Load Case 2 in Appendix I) 
 
A maximum allowable pile head deflection of 3 inches was assumed for loading in the 
strong-axis direction). Results of the preliminary analysis indicate that the lateral 
deflection is not anticipated to exceed 3 inches. Based on this preliminary analysis, a 
shorter pile depth could be considered provided suitable uplift resistance is achieved, 
which could be confirmed using pullout tests during construction. 
 
It should be noted that during lateral pile testing, the flange of the W 6x9 pile sections 
were distorted slightly where the pile clamp attached to the pile.  This did not affect the 
measurement of displacement or appear to significantly affect the pile structural 
capacity, as this was only observed on the side of the pile with the pile clamp. 
 

E.1.2.3. COMMENT ON AXIAL COMPRESSION LOADING 
While not performed for this phase of investigation, piles installed for support of solar PV 
racking structures will also be exposed to axial compressive loading. The vertical loading 
is anticipated to be low, and rarely governs the foundation design. For evaluation of the 
axial compression bearing capacity, theoretical analysis should be suitable for 
foundation design and a minimum of the full uplift capacity determined during the pile 
uplift testing can be relied upon for axial compression support of the piles for each strata. 
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By using the observed pullout testing and calculating the theoretical end bearing of the 
W 6x9 piles, an ultimate capacity on the order of 6,000 psf for the lowest observed pull 
out value and 7,200 psf as a more average value are anticipated 

The sustained loading from the solar structures on the piles also may result in long-term 
settlement, although the total settlement of an individual pile is anticipated to be less 
than ½ inch. 

E.2. SHALLOW FOUNDATION DESIGN FOR ANCILLARY STRUCTURES 
The foundation design and loading for the project ancillary structures were not provided 
to Olsson for this analysis, but it is assumed that shallow spread or mat foundation 
systems placed directly on native soil may be used for the less critical structures and at 
the substation and transmission line locations. If Olsson’s assumptions are not fully 
reflected in the final foundation design, the recommendations in this section will need to 
be verified. 

 
E.2.1  ALLOWABLE BEARING CAPACITY FOR SPREAD FOOTING FOUNDATIONS 

The spread footings for any ancillary structures likely will bear fully on native clay soils or 
isolated pockets of granular soils.  
 
The following sections discuss, in detail, the determination of the allowable bearing 
capacity for the solar panel or ancillary structure spread footing foundations. 
 
Allowable soil bearing pressure for a spread footing is based on the shear strength 
obtained from testing and investigation. A discussion of the soil shear strength was 
provided in Section C.5.6. The following is a more detailed description of the procedure 
used to determine the allowable bearing capacity. 
 
The ultimate bearing capacity of the soil supporting a spread footing can be determined 
using the Terzaghi-Meyerhoff equation as follows: 
 
 
 ′  (Das 2010) 
 
where: 

qult = ultimate bearing pressure 

γ = unit weight of the soil 

B = average footing width over the length in bearing 

Nγ = bearing capacity factor 

q = surcharge at foundation level 
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Nq = bearing capacity factor 

su = design undrained shear strength of the soil 

Nc = bearing capacity factor 

F = shape (subscript “s”) depth (subscript “d”) and inclination (subscript i) factors 

 
The first and second terms of the above equation are associated with granular soils 
which typically exhibit drained modes of failure (except under earthquake loading) and 
where excess pore pressures are allowed to dissipate when the soil when sheared. 
These terms represent the ultimate drained bearing capacity. 
 
The third term of the equation is associated with fine-grained/clayey soils which typically 
exhibit an undrained mode of failure and where excess pore pressures can build up in 
the soil when sheared. This term represents the ultimate undrained bearing capacity. 
 
Since the soils encountered at the project site have layers of both granular and cohesive 
materials the critical mode of failure may be associated with either drained or undrained 
conditions and the ultimate bearing capacity should be calculated for each. 

 
E.2.1.1.  BEARING CAPACITY – UNDRAINED ANALYSIS 

During undrained loading conditions where excess pore pressures can build up in the 
soil when sheared, the first term is dropped from the Terzaghi equation, and the second 
term reduces to the overburden pressure, representing the ultimate undrained bearing 
capacity shown as follows: 

 
      (Das 2010) 

 
Final foundation loads and dimensions for the proposed substation have not been 
provided at the date of this report.  Therefore, to calculate the ultimate bearing capacity, 
the shape, depth, and inclination subscripts have been assumed to be 1.0.  The 
allowable soil bearing pressure is then obtained by dividing the ultimate bearing capacity 
by a factor of safety.  A factor of safety is usually used for foundations under normal load 
cases.  A one-third reduction in the factor of safety can be used for cases with transient 
loading, such as wind. 
 
If the recommendations of this report are followed, shallow foundations nearby the 
completed borings for the substation supported by native soils may be designed using a 
net allowable soil bearing pressure of up to 2,500 psf (for foundation widths less than 10 
feet). Shallow spread foundations should be designed to apply a uniform soil bearing 
pressure to the supporting soil. 
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The allowable soil bearing pressure should be confirmed once the final foundation 
design is available. Olsson can assist with this verification if desired. 

 
E.2.1.2.  BEARING CAPACITY – DRAINED ANALYSIS 

During drained loading conditions soils where excess pore pressures are allowed to 
dissipate when sheared, the third term is dropped from the Terzaghi equation and the 
ultimate drained bearing capacity is estimated as follows: 
 
 ′     (Das, 2010) 
 
where: 

qult = ultimate bearing pressure 

γ = unit weight of the soil 

Beff = average effective footing width in bearing 

Leff = average effective footing length in bearing 

Nq, Nd, Nγ = bearing capacity factors 

q = surcharge at foundation level 

F = shape (subscript “s”) depth (subscript “d”) and inclination (subscript i) factors 

 
Using a friction angle of 30 degrees, and a factor of safety of 3.0, an allowable bearing 
capacity of 3,000 psf can be considered for foundation design. 
 
Calculation of the allowable soil bearing pressure should be performed once the final 
foundation design is available. Olsson can assist with this verification if desired. 
 

E.2.1.3.  BEARING CAPACITY DETERMINATION 
Based on an assumed ancillary structure spread foundation either 2 feet wide (strip) or 
up to 10 feet square (isolated), and design shear strength at the substation locations 
GEO-73 and GEO-74 of 1,500 psf and a design friction angle of 30 degrees, a net 
foundation bearing pressure from the undrained case of 2,500 psf can be used for 
shallow foundation design. 
 

E.2.2. FOUNDATION SETTLEMENT  
Based on typical settlement limits for substations, it is assumed that settlement on the 
order of 1 inch total and 0.5 inches differential can be tolerated by the proposed 
substation equipment. The following sections discuss the settlement evaluation 
performed for the project site. Based on the results of the soil types encountered, 
settlement will likely consist of both immediate, elastic settlement, and long-term 
consolidation settlement.  
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E.1.2.1.  SOIL MODULUS 

In following, the small strain Young’s modulus is computed from: 
 

 
 

Based on a Poisson’s ratio of 0.40 and a shear wave velocity of 700 ft/s from experience 
with similar soil types, the resulting design small strain Young’s modulus, Eo, is 5,500 
ksf.  
 
Additionally, correlations for Gmax are available based on average SPT values, as 
follows: 
 

        (Holtz, 2011) 
 
Based on an average N60 value of 15 within the zone of influence, the resulting Gmax 
value is 2,050 ksf and resulting Eo value is 5,740 ksf. 
 
The small strain Young’s modulus should be similarly adjusted by the reduction factor to 
estimate the soil behavior at strain levels similar to those anticipated for foundation 
settlement. The resulting Young’s modulus is approximately E = 2,010 ksf. 
 

E.2.2.1.  ELASTIC SETTLEMENT 
The immediate or elastic settlement of a soil can be computed based on the application 
of the extreme load case, using the following equation based on elastic theory: 
 

I
E
qB

S
s

oeff 21          (Das, 2007) 

where: 

S = elastic settlement 

qo = contact pressure 

Beff = effective foundation width  

Es = elastic soil modulus  

n = Poisson’s Ratio (assumed to be 0.40 for partially saturated clay soils) 

I = shape factor = 1.12 (Day, 2006) 

Using this formula, the foundation design engineer can compute the immediate 
settlements induced by the footing under the allowable load. Based on an applied bearing 
pressure increase and the effective foundation width for the assumed foundation design, 
the maximum total immediate settlement is estimated to be less than ½-inch. 
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E.2.2.2.  LONG-TERM SETTLEMENT FROM CONSOLIDATION TEST RESULTS 

The long-term settlement of clay soils supporting the foundation can be computed using 
the results of the consolidation test results and the following equation: 
 

p

f

o

c

vo

p

o

r L
e
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e

CS '
'log1'

'log1       (Das, 2010) 

 

where: 

Cr = recompression index = 0.006 

Cc = compression index = 0.07 

eo = initial void ratio = 0.516 

L = height of soil layer 

σ’p = minimum past effective stress where soil transitions from overconsolidated to 
normally consolidated (varies with depth, results from lab tests provide a general 
indication of the overconsolidation ratio)  

σ’vo = original effective stress at the midpoint of the clay layer below foundation  

σ’f = final effective stress equal to σ’vo + Δσ’, where Δσ’ = average pressure increase to 
the clay layer caused by the added load (normal operating load conditions) 

Using this formula, the foundation design engineer can compute the long-term 
consolidation settlements induced by the footing, based on the application of the normal 
operating load. To calculate the consolidation settlement, the soil should be split into 
several layers, with the effective stress recalculated at the midpoint of each layer. The 
depth of calculation should be taken as twice the approximate width of the foundation 
plus embedment. 
 
Consolidation testing was completed at substation boring GEO-73 at a depth of 
approximately 4 feet. Based on the results of the consolidation test and normal loading 
for the current foundation design (increase from the existing stress level at the 
foundation embedment depth), the long-term total settlement is estimated to be on the 
order of approximately 1 inch for up to a 10-foot by 10-foot foundation using the 
allowable bearing pressure provided herein, with differential settlements of 
approximately ½ total settlement 
 

E.2.3. DRILLED SHAFT FOUNDATIONS FOR ANCILLARY STRUCTURE LOCATIONS 
For critical structures at the substation locations, drilled shafts may be considered for 
support of the structures. In the absence of specific foundation design information, 
recommendations for bearing capacity and lateral load capacity cannot be explicitly 
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calculated at this time. The foundation designer should calculate the design axial and 
lateral capacity once final design information is available. The design values for 
geotechnical evaluation of drilled shafts are provided in Table 7 and are based on results 
from the geotechnical boring and laboratory testing at the Substation borings. For drilled 
shafts, we recommend a factor of safety of 2 for end bearing and a factor of safety of 2.5 
for skin friction. It should be noted that the values provided in Table 7 are ultimate values 
and do not incorporate a factor of safety. Individual shafts designed per the parameters 
provided in the above table are anticipated to experience settlements less than 1 inch, 
but this should be verified by the foundation designer. This assumes that proper 
drainage is provided around the foundations to avoid moisture changes in the subgrade 
soils.  
 
An uplift resistance can be calculated as a combination of allowable uplift skin friction 
and the overall pile weight for the design of a steel reinforced pile.  Uplift resistance 
should be taken as 90% of the calculated skin friction value (FHWA, 1999).  The 
structural capacity of the drilled shafts should be determined using applicable local 
building codes. The surficial soil should be included with reduced values to account for 
strength reduction during times of thaw and high moisture content, which is less 
conservative than neglecting the upper (topsoil/frost zone) altogether. 
 
Recommended lateral resistance parameters for use in design are included in Table 7 
based on soil consistency and soil type. We anticipate that the software LPile will be 
used for analysis of the piles.  
 
As discussed previously, to minimize the disturbance of the bearing soils supporting the 
existing foundations, the contractor should be prepared to drill with temporary casing.  
While removing the casing, the casing should be extracted at a slow, uniform rate, with 
the pull in line with the center of the shaft.  We recommend the installation contractor 
review this report, the soils and conditions encountered, and adjust the means and 
methods for the drilled shaft installation accordingly.  It is the contractor’s responsibility 
to install the piles without significant soil disturbance.  If temporary casing cannot be 
removed or if soil disturbance is created by the means and methods during construction 
these items should be discussed with the geotechnical and structural engineer to 
determine if additional measures are required for foundation support.   
 
An Olsson field technician should be on-site to observe the shaft as it is drilled and also 
during concrete and reinforcing steel placement. The base of the drilled shafts should be 
clean and free of debris or loose soil prior to placing concrete or reinforcing steel. 
Concrete for the drilled shaft foundation should be placed promptly after drilling 
operation to reduce exposing the subsoil to rain, surface runoff, or drying conditions.  If 
foundation bearing soils are subjected to such conditions, the soils should be 
reevaluated by an Olsson representative prior to reinforcing steel or concrete 
placement. 
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Free-fall concrete placement is not recommended unless approved by the structural 
engineer.  The use of a bottom dump hopper or tremie pipe could be considered to 
prevent potential aggregate segregation or sidewall disturbance.  Concrete should be 
placed with a tremie pipe if standing water or drilling fluid is present in the hole.  The 
tremie pile should always remain within the placed concrete at a depth sufficient to 
ensure that water is not allowed to mix into the fluid concrete during placement.  
 
The values provided in Table 7 are for single piles with a minimum center-to-center 
distance of 3 to 5 pile diameters (which is common for substation structures).  If the 
spacings between the shafts are less than indicated above, the axial capacity of the 
individual shaft should be reduced using group efficiency factors to account for the group 
action.  The group efficiency factor depends on the shaft spacing, shaft diameter, and 
geometry of the group (number of rows and columns).  Similarly, if the shaft spacings 
are less than 3 to 5 times the diameter of the drilled shaft then the lateral capacity of the 
individual shaft should be reduced using P-multiplier for group action.  The P-multiplier 
factor depends on the shaft spacing, shaft diameter, and its position (row and column) 
with respect to the group.  Furthermore, the estimated settlement indicated above is for 
individual shafts supporting the load; however, if the spacing is less than 3 to 5 times the 
diameter of the shaft, the settlement may increase due to group effects.  Group 
efficiency, P-multiplier factors, and group settlement can be provided upon request.   
 

E.3. FROST DEPTH AND DESIGN CONSIDERATIONS 
Based on local codes, frost depth for the area is considered to be approximately 32 
inches per the Ohio Building Code (Section 4125.03)  The extreme frost penetration for 
the project based on national publications is 36 inches (NAVFAC, 1986), but extreme 
frost penetration is rarely what local building codes require for frost protection.  The piles 
and foundations on the site should be designed to the minimum required frost depth per 
the local building code which is anticipated to be at least 32 inches below the lowest 
adjacent finished grade to provide frost protection.  
 
Pile foundation design will need to consider frost heave for pile movement.  The initial 
freezing of the soil to the pile (ultimate adfreeze bond) occurs when the frost initial 
progresses into the ground and around the embedded pile.  This adfreeze force on the 
pile results in little actual displacement of the piles (heave) and is not the primary force 
that needs to be designed for when considering frost heave of the piles. After the initial 
frost front penetrates the ground surface, capillary effects (also referred to as ice 
lensing) draw water to the freezing front from below.  This capillary action is dependent 
upon several factors including but not limited to material type, particle size distribution 
(or void size), and groundwater level. (Rajaei, 2015). 
 
As the capillary effects feed the freezing zone, the initial adfreeze bond breaks and what 
is commonly referred to as tangential frost heave strength starts to develop.  This is the 
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force that actually causes frost heave movement and can be up to 10 times less than the 
initial adfreeze forces.  Based on the soil’s liquidity index of less than 0.25 and an active 
frost layer depth of about 3 feet below grade, the recommended tangential heave force 
is 1,672 psf for concrete piles (Nidowicz, 1998).   A reduction factor of 0.7 is 
recommended for steel piles (Kim, 2015 and Nidowicz, 1998), reducing the design 
tangential heave force to 1,170 psf.  This value should be multiplied by the contact 
surface area of the pile (using the perimeter box projection of the pile shape, not the 
flange and web surfaces) and then subtract the dead load of the pile and solar panel 
array to calculate the theoretical tangential heave force for design considerations.   
 
It is recommended that this force be considered a separate load case from wind uplift 
load, as the piles will be frozen in the ground during winter which will increase the pullout 
resistance during the winter months.  The pile should be embedded to a depth where 
skin friction below the frost zone provides adequate pullout resistance due to frost 
heave. 
 
It should be noted that frost heave has been demonstrated to be closer to the full initial 
adfreeze value if porous, non-frost-susceptible gravel or coarse sand materials are 
present above underlying silt or clay soils.  If this is the design case based on grading 
and fill placement, consideration should be given to using the full adfreeze value of 
2,090 psf for steel piles (Canadian Foundation Engineering Manual). 
 

E.4. SLIDING FRICTION 
Lateral resistance of the foundations will be achieved through a combination of base 
shear resistance mobilized at the footing-subgrade interface and passive earth pressure 
acting on the vertical faces of the footings at right angles to the direction of applied load. 
A friction coefficient value of 0.40 can be used between the native soil and the 
foundation concrete for base shear and sliding resistance (Potyandy, 1961).  
 

E.5. SEISMIC CLASSIFICATION 
For this project site, we recommend using a Site Class “D” (stiff soil profile) as per the 2015 
International Building Code (IBC) for structures at the site. The recommended site 
coefficients and spectral acceleration parameters for structural design are provided in Table 
E.5-1 below for Site Class B and should be converted to Site Class “D” by the foundation 
designer accordingly. 

 
Table E.5-1 Recommended Seismic Design Parameters 

Site Latitude 
(North) 

Longitude 
(West) 

Parameters for  
Site Class B Recommended  

Site Class SS S1 

GEO-51 40.086998 83.478004 0.143 0.065 D 

Notes: Ss = 0.2 sec (short-period) Mapped Spectral Acceleration (for site class B) 
        S1 = 1.0 sec Mapped Spectral Acceleration (for site class B) 
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E.6. SOIL CORROSIVITY AND REACTIVITY 
Based on the results of soil chemical testing presented in Section C.4, the sulfate levels 
in the soil are considered negligible (ACI, 2014) and a sulfate exposure class of S0 is 
recommended for the site. Therefore, in accordance with recommendations by ACI 
(2014), the use of Type I cement appears suitable for use at the site.  The foundation 
engineer of record has final responsibility for selection or approval of an appropriate 
concrete mix design. 
 
Electrical resistivity testing was performed at 21 locations. The results of these tests 
indicated the project site includes soils with electrical resistivity values less than 2,000 
ohm-cm, indicating a moderate to high risk of corrosivity to buried metal. For shallow pile 
consideration, the mean apparent resistivity value for electrode (“a”) spacings less than 
20 feet was 4,275 ohm-cm.  This value assumes that the depth of measurement is 
approximately 0.5 to 1.0 of the a-spacing.  The foundation engineer of record has final 
responsibility for selection or approval of appropriate protection for the foundations. 
 

F. PRIVATE ACCESS ROAD DESIGN 
F.1. SUBGRADE PREPARATION  

After stripping and grubbing, the road subgrade should be compacted with a minimum of 
one pass of a compactor. Unless otherwise directed by the geotechnical engineer, the 
final prepared subgrade should be proofrolled with a loaded dump truck or similar 
rubber-tired equipment with a total weight of at least 20 tons, immediately prior to 
placement of new roadways. Proofrolling operations should be observed by a 
representative of the geotechnical engineer. Unstable or unsuitable soils revealed by 
proofrolling should be reworked to provide a stable subgrade or removed and replaced 
with structural fill under the direction of the geotechnical engineer. Alternative methods 
of subgrade stabilization may include use of crushed stone, scarification and 
recompaction, and chemical stabilization.  

It is recommended that the subgrade soil be prepared to a minimum 95 percent of the 
materials maximum Standard Proctor (ASTM D698) dry density. The subgrade moisture 
content at the time of compaction should be maintained within the ranges specified in 
Section D.2. for the applicable materials. It is important that the roadway subgrade 
support be relatively uniform, with no abrupt changes in the degree of support. Non-
uniform support can occur at the transition from cut to fill areas, in areas of varying soil 
moisture or soil types, in areas where rock appears near final grade, or where improperly 
placed utility backfill has been placed across or through areas to be paved. Improper 
subgrade preparation such as inadequate vegetation or demolition debris removal, 
failure to identify soft or unstable areas by proofrolling, and inadequate or improper 
compaction can also produce non-uniform subgrade support.  
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For subgrade soils prepared in this manner, a limiting CBR of 2.0 percent can be used 
for private access road design.  This value is based upon completed laboratory testing of 
material collected across the site and Olsson’s judgement. 
 
A representative of Olsson should be present during subgrade preparation to observe, 
document, and test compaction of the materials at the time of placement. As 
recommended for all prepared soil subgrades, we recommend that heavy, repetitive 
construction traffic be controlled, especially during periods of wet weather, to minimize 
disturbance.  
 

F.2. PRIVATE ACCESS ROAD SECTION DESIGN 
Traffic loading parameters were not provided to Olsson for the private access road 
section design, but is it assumed that most of the traffic loading will be flat-bed trucks 
and pickup traffic for construction of the proposed solar farm. Using assumed values for 
gravel, concrete, dust control, and foundation components, the estimated traffic loading 
was 10,000 ESAL’s. This may not be the loading for all roads at the site and should be 
evaluated by the Civil Designer to ensure it is accurate. If the loading estimated in this 
report is incorrect, Olsson should be contacted to re-evaluate the aggregate thickness. 
 
Private access roads for solar projects are typically designed with aggregate base. In 
some cases, geogrid or geotextile reinforcement is used to provide a thinner aggregate 
section. Using the Giroud Han iterative equation, and assuming a construction traffic 
loading of 10,000 passes, tire pressure of 100 pounds per square inch (psi), and an axle 
load of 18 kips, the recommended aggregate thickness for a 3-inch rut depth is provided 
in Table F.2-1 below, and in Table 8. Likewise, the recommended aggregate thickness 
for the maintenance condition was calculated based on a traffic loading of 2,000 passes, 
a tire pressure of 65 psi, an axle load of 5 kips and a 1.5-inch rut depth.  
 
AASHTO low volume road design methods were also used as a comparison for the 
unreinforced aggregate thicknesses, assuming a resilient roadbed modulus (MR) of 
1,500 psi, an aggregate base modulus (EBS) of 30,000 psi, and a serviceability criteria of 
3.0. Using a construction traffic loading with an ESAL18 value of 10,000 and allowable 
rut depth of 3.0 inches resulted in an unreinforced aggregate thickness of 10.5 inches. 
For maintenance loading with an ESAL18 value of 2,000 and an allowable rut depth of 
1.5 inches, an unreinforced aggregate thickness of 7.5 inches was computed.  
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Table F.2-1 Summary of Aggregate Thickness for Road Design 

Traffic 
Condition 

Max 
Rut 

Depth 
[in] 

Percent 
Compaction 

[%] 

Recommended Aggregate Thickness (inches) 

Giroud-Han Method AASHTO 
Method 

Unreinforced With Geotextile 
(Mirafi RS280) 

With 
Geogrid 
(BX1200) 

Unreinforced 

Construction 3 95 14 9 8 10.5 
Maintenance 1.5 95 10 8 7 7.5 

 
Based on Olsson’s experience, large construction traffic can withstand a rut depth of 3-
inches. However, long-term maintenance construction typically includes smaller vehicles 
and a rut depth of 1.5-inches is often used. Analysis for these rut depths is provided 
herein. If evaluation for various rut depths is desired by the Owner, Olsson can provide 
the corresponding aggregate thickness. 
 
The road section design should promote positive drainage away from the road. Any 
traffic loading in excess of the assumed values or may result in excessive rutting or 
surface deterioration, which may reduce the overall life of the road.  
 
The Civil Designer of record has the final responsibility to determine the most 
economical combination of aggregate and reinforcement, and to evaluate what the final 
loading conditions for the roadway will be. As a result, the parameters in this section 
may need to be revised depending on the final loading.  
 
If geosynthetic materials are used, inspections should be performed during construction 
to evaluate the materials are placed and anchored properly to develop the required 
strain in the geotextile materials.  If materials are not placed properly and strain is not 
developed, the reinforcing benefit of the geosynthetics may not be fully realized.  
 

F.3. AGGREGATE RECOMMENDATION 
We recommend the private access roadways be constructed of aggregate base material, 
combined with reinforcement (optional). The granular roadway surface should consist of 
crushed rock material complying with the requirements of the ODOT Granular Material, 
with no more than 10 percent passing the number 200 sieve, as discussed in Section 
D.2. Samples of the proposed aggregate materials for the roadways should be submitted 
to a laboratory to confirm these properties are met.  We recommend a smooth drum 
vibratory compactor should be used to compact the gravel roadway. 
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If geogrid reinforcement is used, modifications to the gradation requirements may be 
necessary in order to comply with the manufacturer’s recommendations. Alternative road 
surface materials may be used depending upon availability and approval.   
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G. LIMITATIONS  
The conclusions and recommendations presented in this report are based on the 
information available regarding the proposed construction, the results obtained from our 
soil test borings and sampling procedures, the results of the laboratory testing program, 
and our experience with similar projects. The soil test borings represent a very small 
statistical sampling of subsurface soils and it is possible that conditions may be 
encountered during construction that are substantially different from those indicated by 
the soil test borings. In these instances, adjustments to design and construction may be 
necessary. This geotechnical report is based on the site plan and information provided to 
Olsson and our understanding of the project as noted in this report. Changes in the 
location or design of new structures could significantly affect the conclusions and 
recommendations presented in this geotechnical report. Olsson should be contacted in 
the event of such changes to determine if the recommendations of this report remain 
appropriate for the revised site design.   
 
This report was prepared under the direction and supervision of a Professional Engineer 
registered in the State of Ohio with the firm of Olsson. The conclusions and 
recommendations contained herein are based on generally accepted professional 
geotechnical engineering practices at the time of this report within this geographic area.  
No other warranty is expressed, intended or made. This report has been prepared for 
the exclusive use of Madison Fields Solar Project, LLC and their authorized 
representatives for specific application to the proposed project.  
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Test No.:
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Height (in.) Est. Preconsolidation Stress:

Consolidation Test Data Summary Report

Project Information
Project Name: 
Project Number:
Client Name:
Project Location:

Sample Information
Boring No.: Depth:.
Sample No.: Elevation.:

Tested By:
Date Tested: Apparatus: 
Sample Description:

Soil Condition Test Procedure
Preparation:

Moisture Content (%): Condition:
Dry Density (pcf): Inundation Stress (psf):
Void Ratio: Method:
Saturation (%): Interpretation Procedure:
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Time to Failure, min 356 28 29
Project Name: Disp. Rate, in/min 0.002 0.002 0.002
Location: Estimated Specific Gravity 2.7 2.7 2.7
Project No: Liquid Limit N/A N/A N/A
Boring No: Plastic Limit N/A N/A N/A
Sample Type: N/A N/A N/A
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Test No.

Silty clay, with sand and gravel, firm to stiff, mottled reddish brown and gray, moistDescription:
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Sample Type: N/A N/A N/A

Remarks: N/A
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Test No.

Silty sand, with gravel, medium dense, dark gray brown, moistDescription:
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Project:
Client:
Boring No. ALT-3
Soil Type:

LL: PI:

19.2

Depth(ft):

108.1

2.67As Received W.C. (%): 26.8 PL: *Assumed

Job No.
Date:

Opt. Water Content (%):

Location:

5/1/20
12511

Specific Gravity:

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):
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Lean Clay with sand and a trace of gravel (CL)
1-5Sample:
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Project:
Client:
Boring No. Alt-6
Soil Type:

LL: PI:

13.1

SET-R18a

9530 James Ave South Bloomington, MN 55431

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

*Assumed

Job No.
Date:

Specific Gravity:

Opt. Water Content (%):

Location:
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12511

Clayey Sand with a little gravel (SC)
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Project:
Client:
Boring No. B-13
Soil Type:

LL: PI:

14.8

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

Sandy Lean Clay (CL)
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Specific Gravity: *Assumed
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Opt. Water Content (%):
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Boring No. B-35
Soil Type:

LL: PI:

13.9

SET-R18a

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):
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Sandy Lean Clay with a little gravel (CL)
1-5Sample:

9530 James Ave South Bloomington, MN 55431
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12511

*Assumed
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119.2 Opt. Water Content (%):
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Project:
Client:
Boring No. B-45
Soil Type:

LL: PI:

16.4

SET-R18a

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):
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Sandy Lean Clay (CL)
1-5Sample:

9530 James Ave South Bloomington, MN 55431
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Depth(ft):

104

105

106

107

108

109

110

111

112

113

114

12 13 14 15 16 17 18 19 20 21 22

D
ry

 D
en

si
ty

 (P
C

F)

Water Content (%)

Proctor Points

Zero Air Voids



Project:
Client:
Boring No. B-52
Soil Type:

LL: PI:

17.7

Depth(ft):

110.1

2.71As Received W.C. (%): 22.3 PL: *Assumed

Job No.
Date:

Opt. Water Content (%):

Location:

5/1/20
12511

Specific Gravity:

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

Sandy Lean Clay with a trace of gravel (CL)
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Project:
Client:
Boring No. B-58
Soil Type:

LL: PI:

17.5

SET-R18a

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

Lean Clay with sand and a little gravel (CL)
1-6Sample:

9530 James Ave South Bloomington, MN 55431

5/7/20
12511

*Assumed

Job No.
Date:

Specific Gravity:

109.2 Opt. Water Content (%):
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Depth(ft):
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Project:
Client:
Boring No. B-60
Soil Type:

LL: PI:

19.4
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Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):
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Lean Clay with sand (CL)
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Project:
Client:
Boring No. Geo-73
Soil Type:

LL: PI:

25.7

Depth(ft):

96.0

2.67As Received W.C. (%): 30.1 PL: *Assumed

Job No.
Date:

Opt. Water Content (%):

Location:

5/8/20
12511

Specific Gravity:

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

Fat Clay (CH)
1-3Sample:
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9530 James Ave South Bloomington, MN 55431



Project:
Client:
Boring No. Geo-74
Soil Type:

LL: PI:

24.3

Depth(ft):

96.5

2.67As Received W.C. (%): 26.8 PL: *Assumed

Job No.
Date:

Opt. Water Content (%):

Location:

5/8/20
12511

Specific Gravity:

Moisture Density Curve ASTM: D698, Method B
Madison Fields Solar

Maximum Dry Density (pcf):

Olsson Associates

Fat Clay (CH)
2-4Sample:
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California Bearing Ratio ASTM:D1883

Job:
Date:

LL: Gs:
PL: Organic Content:
PI: pH:

15.3%Average of specimen:

Corrected CBR Values
at 0.1 inch (%)
at 0.2 inch (%)

Top 1" of Specimen:

Total Swell (%)

21.0%

4.3% 2.6%

Surcharge (psf)

4.7%

14.3% 19.5%

4.0% 2.6%

Specimen
Compaction Hammer:
Number of Layers:
Blows per Layer:

15.5% 14.8%

Days Soaked
Surcharge (psf)

Initial Moisture Content:
Initial Dry Density (PCF)
Relative Compaction

4.9%

0.4%

4

111.1

50 50 50
0.4% 3.0%

50 50 50

116.3 106.6
95.2% 95.1% 95.1%

4 4

Stress vs. Penetration Graph

A B C
5 lb 5 lb 5 lb

3 3 3

Initial Molding Conditions

Soaking Phase

Penetration Phase

Moisture Content After Penetration

NA NA NA
14.8% 12.7% 16.4%

Classification:

ASTM:D698 Method B
Index PropertiesLaboratory Moisture-Density Values

116.7 122.2

Sandy Lean Clay (CL)Sandy Lean Clay with a little gravel (CL)

Optimum Water Content:
Maximum Dry Density (PCF):

Method:
112.1

14.8% 12.7% 16.4%

Project:
Client:

Boring #:

12511
5/11/20

Madison Fields Solar
Olsson Associates

Depth (ft):

Sandy Lean Clay (CL)

Procedural Method:B-45
Sample:

Type:

B-13 B-35

1-5
Bulk Bulk

Specimens compacted to approximately 95% of maximum standard proctor 
density at optimum moisture content.  Specimens soaked for a period of 4 
days before CBR test was performed.

1-5
Bulk
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California Bearing Ratio ASTM:D1883

Job:
Date:

LL: Gs:
PL: Organic Content:
PI: pH:

Bulk Bulk

Specimens compacted to approximately 95% of maximum standard proctor 
density at optimum moisture content.  Specimens soaked for a period of 4 
days before CBR test was performed.Bulk

Procedural Method:
Sample:

Type:

B-52 ALT-3

1-5

Project:
Client:

Boring #:

12511
5/11/20

Madison Fields Solar
Olsson Associates

Depth (ft):

Sandy Lean Clay with a trace of gravel (CL)

Optimum Water Content:
Maximum Dry Density (PCF):

Method:

17.7% 19.2%

Classification:

ASTM:D698 Method B
Index PropertiesLaboratory Moisture-Density Values

110.1 108.1

Lean Clay with sand and a trace of gravel (CL)

Initial Molding Conditions

Soaking Phase

Penetration Phase

Moisture Content After Penetration

NA NA
17.7% 19.2%

Stress vs. Penetration Graph

A B
5 lb 5 lb

3 3

102.9
95.2% 95.2%

4
50 50

4.0%

50 50

Days Soaked
Surcharge (psf)

Initial Moisture Content:
Initial Dry Density (PCF)
Relative Compaction

3.5%

0.9%

4

104.8

21.3%

1.8%

Specimen
Compaction Hammer:
Number of Layers:
Blows per Layer:

20.3% 23.8%

Total Swell (%)

2.0%

Surcharge (psf)

3.7%

19.3%Average of specimen:

Corrected CBR Values
at 0.1 inch (%)
at 0.2 inch (%)

Top 1" of Specimen:
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California Bearing Ratio ASTM:D1883

Job:
Date:

LL: Gs:
PL: Organic Content:
PI: pH:

19.5%Average of specimen:

Corrected CBR Values
at 0.1 inch (%)
at 0.2 inch (%)

Top 1" of Specimen:

Total Swell (%)

13.4%

3.5% 3.0%

Surcharge (psf)

3.6%

20.4% 13.4%

3.3% 3.0%

Specimen
Compaction Hammer:
Number of Layers:
Blows per Layer:

20.2% 21.2%

Days Soaked
Surcharge (psf)

Initial Moisture Content:
Initial Dry Density (PCF)
Relative Compaction

3.6%

1.8%

4

106.0

50 50 50
1.3% 1.1%

50 50 50

102.4 119.0
95.2% 95.1% 95.2%

4 4

Stress vs. Penetration Graph

A B C
5 lb 5 lb 5 lb

3 3 3

Initial Molding Conditions

Soaking Phase

Penetration Phase

Moisture Content After Penetration

NA NA NA
16.4% 19.4% 11.9%

Classification:

ASTM:D698 Method B
Index PropertiesLaboratory Moisture-Density Values

111.4 107.6

Clayey Sand with a little gravel (SC)Lean Clay with sand (CL)

Optimum Water Content:
Maximum Dry Density (PCF):

Method:
125.0

16.4% 19.4% 11.9%

Project:
Client:

Boring #:

12511
5/13/20

Madison Fields Solar
Olsson Associates

Depth (ft):

Lean Clay with sand and a little gravel (CL)

Procedural Method:ALT-6
Sample:

Type:
1-6

B-58 B-60

1-6
Bulk Bulk

Specimens compacted to approximately 95% of maximum standard proctor 
density at optimum moisture content.  Specimens soaked for a period of 4 
days before CBR test was performed.

1-6
Bulk
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This foregoing document was electronically filed with the Public Utilities 

Commission of Ohio Docketing Information System on 

7/17/2020 1:45:39 PM

in

Case No(s). 19-1881-EL-BGN

Summary: Application - Part 4 of 8 (Exhibit L) electronically filed by Christine M.T. Pirik on
behalf of Madison Fields Solar Project, LLC


