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1.0 Project Description and Scope  
 
1.1 Introduction 
 
The geotechnical study summarized in this report was performed by Kaskaskia Engineering 
Group, LLC (KEG) for the proposed triple box culvert at IL 14 over Bear Creek, located in Hamilton 
County, Illinois. The purpose of this report is to document subsurface geotechnical conditions, 
provide analyses of anticipated site conditions as they pertain to the project described herein, and 
present design and construction recommendations for the proposed structure. 
 
1.2 Project Description 
 
The project consists of the replacement of the existing single-span reinforced concrete slab bridge 
(SN 033-0004) located at IL 14 over Bear Creek. The existing structure is supported on closed 
abutments on spread footings. The bridge is 26’-0” long back-to-back abutments and has an out-
to-out width of 40’-4”.  
 
The general location of the bridge is shown on the Location Map, Exhibit A. The project is located 
approximately 170 ft east of the Hamilton County Fair Grounds entrance. The site lies within the 
Mt. Vernon Hill Country of the Till Plains Section of the Central Lowland Province. 
 
1.3 Proposed Structure Information 
 
The proposed structure (SN 033-2014) will consist of a triple box culvert. The individual boxes will 
each measure 10’ (Span) x 7’ (Height). The structure will measure 32’-8” wide, and 45’-0” out-to-
out headwalls. The culvert will provide two 12’-6” traffic lanes with 6’-0” paved outside shoulders 
and guardrails attached to the culvert. The centerline of the structure will be located at Station 
196+56.25 (F.A.P. RTE. 853). Further substructure details will be based on the findings of this 
SGR. A Type, Size, and Location Plan (TS&L) is included in Exhibit B.  
 
2.0 Field Exploration  
 
2.1  Subsurface Exploration and Testing  
   
The site investigation plan was developed and completed by Illinois Department of Transportation 
(IDOT) District 9 geotechnical personnel. A representative of Kaskaskia Engineering Group, LLC 
(KEG) did not conduct a site visit or observe the drilling operations. 
 
Two (2) standard penetration test (SPT) borings, designated 1-S and 2-S, were drilled on May 14 
and 15, 2021. Table 2.1.1 shows the borings stationing, offset and surface elevation. The boring 
locations are shown on the TS&L in Exhibit B. Detailed information regarding the nature and 
thickness of the soils encountered, and the results of the field sampling and laboratory testing, 
are shown on the Boring Logs, Exhibit C. The soil profile for the above-mentioned borings can be 
found in Subsurface Profile, Exhibit D. 
 

Table 2.1.1 - Boring Stations and Offsets 
Designation Stationing Offset (ft.) Surface Elevation (ft.) 

1-S 196+75 12 RT 423.4 
2-S 196+15 12 LT 423.1 
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2.2  Subsurface Conditions  
 
The profiles at the two (2) boring locations exhibited layers of silty clay, silty clay loam, and 
sandstone. In both borings, a 10.5” layer of asphalt was encountered. Bedrock was also 
encountered in both borings at approximately 17 ft. below Ground Surface Elevation (GSE). The 
bedrock consisted of weathered sandstone until 19.5 ft, where it became more competent and 
increased its hardness.  
 
N-values in the silty clay layers typically ranged from 0 to 10 blows per foot (bpf), with field Rimac 
(Qu) strength values ranging from 0.1 to 2.1 tons per square foot (tsf) and moisture contents of 
17 to 32 percent. N-values in the silty clay loam layers ranged from 1 to 8 blows per foot (bpf), 
with field Rimac (Qu) strength values ranging from 0.1 to 0.7 tons per square foot (tsf) and 
moisture contents of 19 to 25 percent.  
 
2.3 Groundwater 
 
Groundwater was encountered in both borings. Table 2.3.1 shows the elevation that groundwater 
was encountered during drilling. A surface water elevation was also noted at El. 414.7 for Bear 
Creek at the time of drilling both borings. It should be noted that the groundwater level is subject 
to seasonal and climatic variations. In addition, without extended periods of observation, 
measurement of true groundwater levels may not be possible. 
 

Table 2.3.1 - Groundwater Elevations 
 
 
 
 
 
 
 
 
 
 
3.0 Geotechnical Evaluations  
 
3.1 Settlement 
 
Although the existing soils of the existing approach embankment have most likely consolidated 
over time, the proposed new structure will result in potential settlements during construction and 
after completion. Both borings (1-S and 2-S) were utilized for the settlement analysis. Specific 
consolidation testing was not completed, and empirical methods were used to estimate the 
settlement. The empirical methods estimated that the soils encountered were normally 
consolidated. The settlement for the west side (Boring 1-S) and east side (Boring 2-S) of the 
culvert was calculated to be 1.8- and 2.4-inches., respectively, giving a differential settlement of 
0.6 inches. These results are based on approaches using empirical values including that the clays 
are normally consolidated; thus, the settlements are expected to be less than estimated in this 
report.  The calculations are attached as Exhibit E - Settlement Calculations.  

KEG recommends removing the overburden soils to elevation 410.0 and replacing with crushed 
stone for a working platform to support the culvert and the wing walls as a preventive solution.  If 

Boring Stationing Offset (ft.) Elevation During 
drilling (ft.) 

1-S 196+75 12.0 RT 403.9 

2-S 196+15 12.0 LT 410.6 
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the culvert subgrade soils are observed during excavation of the culvert and appear to be stiff and 
capable of the recommended bearing pressures as recommended in this report, then they can 
remain in-place, or the recommended removal and replacement to elevation 410.0 reduced in 
thickness. 
 
3.2 Slope Stability 
 
The proposed structure will result in culvert wingwall side-slopes with inclinations of 1 Vertical to 
2 Horizontal (1V:2H). Slope stability of the west side-slope and of the east side-slope were 
analyzed using SLOPE-W, the soil properties of 1-S and 2-S, and the side-slope geometrics. Two 
conditions were modeled: end-of-construction and long-term. A critical factor of safety (FOS) was 
calculated for each condition. According to the current standard of practice, the target FOS is 1.5 
for end-of-construction and long-term slope stability. 
 
In order to model the end-of-construction condition, undrained soil parameters were used and 
assumed a friction angle of 0 degrees for cohesive soils. The long-term condition used drained 
soil parameters and assumed friction angles ranging from 12 to 45 degrees to analyze where 
excess pore water pressure from construction has dissipated. For cohesive materials, a nominal 
cohesion value between 50 and 100 psf was included in the drained strength parameters. The 
Modified Bishop Method, which generates circular-arc failure surfaces, was used to calculate the 
critical failure surfaces and FOS for the analyzed conditions. The FOS obtained in the analysis is 
shown in Table 3.2.1 Slope Stability Critical FOS. The program output from this analysis can be 
found in SLOPE-W Stability Analysis, Exhibit F. 
 

Table 3.2.1 - Slope Stability Critical FOS 

Location  Reference 
Boring  

End-of-Construction 
(Undrained)  

Long-Term 
(Drained)  

West of Culvert - Downstream 1-S 3.1 1.9 

West of Culvert - Upstream 1-S 2.4 1.5 

East of Culvert - Downstream 2-S 2.8 1.9 

East of Culvert - Upstream 2-S 5.4 1.8 

 

The results of the analysis, as provided in Table 3.2.1, indicate an acceptable FOS will exist under 
undrained and drained conditions at all locations. 
 
3.3 Seismic Considerations 
 
Per the 2020 Geotechnical Manual, seismic parameters are not required for buried structures, 
including box culverts. 
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4.0 Foundation Evaluations and Design Recommendations 
 
4.1 Bearing Resistance 
 
The soil encountered in the borings at the anticipated bearing elevation of the culvert consists of 
a silty clay loam material.  The assumed bearing elevation at the bottom of the culvert is El. 411+/- 
ft. The soil from Boring 1-S at the approximate bearing elevation has an N-value of 8 bpf and a 
UCS of 0.7 tsf.  The calculated allowable bearing resistance, using a Factor of Safety of 3, at the 
approximate bottom elevation of the culvert (El. 411), is estimated to be 1,450 psf. Sliding 
resistance is calculated as the lessor of the cohesion or one half of the vertical stress. See Exhibit 
G for calculations performed.  
  

Table 4.1.1 – Factored Bearing and Sliding Resistances 

Substructure Unit  Allow. Bearing Resistance  
(psf)  

Sliding Resistance  
(psf)  

Culvert  1,450  700 
 
If after final design the bearing elevation changes, KEG should be informed to review that 
the above recommendations still apply.   
 
5.0 Construction Considerations 
 
5.1 Construction Activities 
 
Construction activities should be performed in accordance with the current IDOT Standard 
Specifications for Road and Bridge Construction and any pertinent Special Provisions or Policies. 
 
Should any design considerations assumed by KEG change, KEG should be contacted to 
determine if the recommendations stated in this report still apply. 
 
It is recommended that the existing structure be completely removed within 2 feet of the proposed 
culvert barrel and wingwall footprints and backfilled with rock fill. 
 
5.2 Temporary Sheeting and Soil Retention 
 
Temporary shoring may be required at various stages of this project, due to the proposed staged-
construction layout shown in the TS&L. Temporary sheet piling methods are not feasible due to 
the depth to bedrock below the proposed structure.  
  
Therefore, a Temporary Soil Retention System is required to support the structure during 
construction. An Illinois-licensed Structural Engineer is required to design and seal the design of 
the Temporary Soil Retention System, if deemed necessary. 
 
5.3 Site and Soil Conditions 
 
Provisions of the Standard Specifications should adequately address site and soil conditions. 
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6.0 Computations   
 
Computations and analyses for special circumstances, if any, are included as exhibits. Please 
refer to each section of the report for reference to the exhibit containing any such calculations or 
analysis used. 
 
7.0 Geotechnical Data 
 
Soil boring logs can be found in Exhibit C. The Subsurface Profile can be found in Exhibit D.  
 
8.0 Limitations  
 
The recommendations provided herein are for the exclusive use of ESCA Consultants Inc. and 
the Illinois Department of Transportation (IDOT). They are specific only to the project described 
and are based on the subsurface information provided to KEG at the two boring locations within 
the structure area, KEG’s understanding of the project as described herein, and geotechnical 
engineering practice consistent with the standard of care. No other warranty is expressed or 
implied. KEG should be contacted if conditions encountered during construction are not consistent 
with those described.  



 

 

EXHIBIT A 
 

LOCATION MAP 
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IL 14 over Bear Creek
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EXHIBIT B 
 

TYPE, SIZE, AND LOCATION PLAN (TS&L) 
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EXHBIT C 
 

BORING LOGS 
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SANDSTONE Mohr-Coulomb 125 1,000 45
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IL 14 over Bear Creek
Downstream Slope - Boring 1-S
Short Term Condition (Undrained)
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SANDSTONE Mohr-Coulomb 125 1,000 45
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IL 14 over Bear Creek 
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Long Term Condition (Drained)
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Short Term Condition (Undrained)
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Long Term Condition (Drained)
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IL 14 over Bear Creek
Upstream Slope - Boring 2-S
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IL 14 over Bear Creek
Upstream Slope - Boring 2-S
Long Term Condition (Drained)
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BEARING CAPACITY CALCULATIONS 
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