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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 a proposed bridge replacement carrying IL 15 over Big Muddy Overflow. 
The project is located near Mt. Vernon in Jefferson 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 to present design and construction 
recommendations for the proposed structure. 

1.2 Project Description 

The project consists of the removal and replacement of a single span bridge carrying IL 15 over 
Big Muddy Overflow. The existing structure was built in 1920 and modified in 1970. The bridge is 
33 ft. long and  33 ft. – 6 in. wide. The general location of the proposed structure is shown on a 
Location Map, Exhibit A. The project is located about 4.2 miles west of Mt. Vernon, Illinois. The 
site lies within the limits of the Third Principal Meridian, (T. 2S, R. 2E) within the Mt. Vernon Hill 
County of the Till Plains Section of the Central Lowland Province. 

1.3 Proposed Structure Information 

The proposed structure (SN 041-2024) will consist of a triple box culvert. The individual boxes 
will each measure 12‘ (Span) x 5’ (Height). The structure will measure 38 ft. wide, and 43 ft. 
out-to-out headwalls. The culvert will provide two 11ft. traffic lanes with 5 ft.-6 in. paved 
outside shoulders. The centerline of the structure will be located at station 1223+24.00 (F.A.P. 
Rte. 312). Further substructure details will be based on the findings of this SGR. A General Plan 
& Elevation (GP&E) is included as Exhibit C.  

2.0 FIELD EXPLORATION 

2.1 Subsurface Exploration and Testing 

The site exploration plan was developed 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 10, 
2022, and May 11, 2022, respectively. Table 2.1 shows the borings stationing, offset and surface 
elevation. The boring locations are shown on the Boring Plan, 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 D. The soil profile for the above-
mentioned borings can be found in Subsurface Profile, Exhibit E.  
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Table 2.1 - Boring Stations and Offsets 

 
 
2.2 Subsurface Conditions 
 
The profiles at the two (2) boring locations exhibited layers of clays, silty/sandy clays, clayey silts, 
tills, and shales. Boring 1-S was drilled to a depth of 54.75 ft. below Ground Surface Elevation 
(GSE). While boring 2-S was only drilled to a depth of 41.0 ft. below the GSE. In both borings 
bedrock was encountered around 40 to 45 ft below the GSE. The bedrock consisted of weathered 
shale with N-values between 50/2” and 50/3” followed by a more hard and dry shale with minimum 
strength values of 65 tsf.  
 
N-values in the silty clay layers typically ranged from weight of hammer (WOH) to 7 blows per 
foot (bpf), with field Rimac (Qu) strength values ranging from 0.0 to 1.4 tons per square foot (tsf) 
and moisture contents of 16 to 38 percent. The N-value in the sandy loam layer was 4 bpf with 
a moisture content of 27 percent. The N-value in the clay layer was 6 bpf, with a Qu of 1.2 tsf and 
a moisture content of 27 percent. N-values in the silt layers ranged from WOH to 5 bpf, with Qu’s 
ranging from 0.0 to 1.1 tsf and moisture contents of 20 to 28 percent. N-values in the till layers 
ranged from 5 to 27 bpf, with Qu’s ranging from 1.2 to 3.6 tsf and moisture contents of 15 to 18 
percent. N-values in the clay shale layers ranged from 50/3” to 50/2” bpf and a moisture content 
of 12 percent. 
  
2.3 Groundwater  
 
Groundwater was encountered at the time of drilling in Boring 1-S at an elevation of 420.9 ft. (17 
ft. below GSE) and in Boring 2-S at an elevation of 418.4 ft. (19.5 ft. below GSE). It should be 
further noted that the groundwater level is subject to seasonal and climatic variations, including 
the level of adjacent affluents.  
 
3.0 GEOTECHNICAL EVALUATIONS  
 
3.1 Settlement 
 
Based on the borings completed for the proposed culvert and the nature of the soils encountered 
in the borings, estimates of settlement were necessary.  Although the existing soils of the current 
culvert have most likely consolidated and settled over time in response to the current loading 
conditions, the proposed culvert will result in potential settlements during and after construction 
completion. Borings 1-S and 2-S were used for the settlement analysis.  No specific consolidation 
testing was completed, and empirical methods were used for estimation of the settlement. 

Table 3.1 shows the results for the settlement calculations for each boring, together with the time 
for 50 and 90 percent of consolidation.  

Designation Stationing Offset (ft.) Surface Elevation (ft.) 

1-S 
                

1223+50 
                        

11.0 RT 
                                   

437.9 

                                 
2-S 

                 
1222+96 

                           
11.0 LT 

                                       
437.9 
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Table 3.1 – Settlement Results Summary 

Parameter Boring 1-S Boring 2-S 
Settlement (in) 4.15 4.46 

Differential settlement 0.31 
t50 (days) 266 811 
t90 (days) 1104 3491 

 
Based on the settlement results, it is recommended a working platform extending to a minimum 
elevation of El. 425.0 be considered to remove the soft settlement-prone soils from below the 
culvert box and wingwall foundations.  Calculations are attached as Exhibit F - Settlement 
Calculations.  
 
3.2 Slope Stability 
 
Stability analysis using SLOPE/W was performed using the proposed structure geometry on the 
TS&L and soil characteristics from both borings. Two conditions were modeled for each scenario: 
end-of-construction and long-term stability. A critical factor of safety (FOS) was calculated for 
each condition. According to current standard of practice, the target FOS is 1.5 for end-of-
construction and long-term slope stability.  
 
To model the end-of-construction condition, full cohesion, and a friction angle of 0 degrees were 
assumed. Nominal values for cohesion were used with full friction angle to model the long-term 
condition to analyze the theoretical condition where pore water pressure has dissipated. Nominal 
values were between 50 and 100 psf for the cohesive soils, with friction angles between 26 and 
30 degrees. 
 
The Bishop Circular Method, which generates circular-shaped failure surfaces, was used to 
calculate the critical failure surfaces and FOS for the proposed conditions. The FOS obtained in 
the analysis is shown in Table 3.2.  SLOPE/W program output from this analysis can be found in 
SLOPE/W Slope Stability Analysis, Exhibit G. 
 

Table 3.2 – Slope Stability Critical FOS  

 
Location (1V:2H Slope) 

Critical FOS 

End-of Construction 
 

Long Term 
Boring 1-S 2.4 2.9 
Boring 2-S 3.3 2.9 

 
The results of the analysis, as provided in Table 3.2, indicate an acceptable FOS will exist under 
all two analyzed conditions at all locations.  
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3.3 Seismic Considerations 
 
Per the 2015 Geotechnical Manual (Revised 2020), seismic parameters are not required for 
buried structures, including box culverts. 
 
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 and 
wingwalls consists of a very soft to stiff silty clay.  The assumed bearing elevation at the bottom 
of the walls and culvert is El. 426.6 +/- ft. The soil characteristics from Boring 2-S at the 
assumed bearing elevation has an N-value of 7 bpf and a UCS of 1.1 tsf.  The calculated 
allowable bearing resistance, using an LRFD Factor of 0.5, at the approximate bottom elevation 
of the culvert (El. 426.6), is estimated to be 3,300 psf. Sliding resistance is calculated as the lessor 
of the cohesion or one half of the vertical stress. See Exhibit H for calculations performed. 
   

Table 4.1 – Factored Bearing and Sliding Resistances  

Factored Bearing Resistance  
(psf)  

Factored Sliding Resistance  
(psf)  

3,300 720 
 
The soils are sufficient for support of the wingwalls and the proposed box culvert from a bearing 
resistance point of view.  However, based on the settlement results, it is recommended a working 
platform extending to a minimum elevation of El. 425.0 be considered to remove the soft 
settlement-prone soils.  
 
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. 
 
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 Soil Retention Systems may be required for 
support of any required Stage construction for retained heights greater than 15 feet and the pay 
item for Temporary Soil Retention System should be included in the plans. 

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 specific 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 D. The Subsurface Profiles can be found in Exhibit E.  
 
8.0 LIMITATIONS  
 
The recommendations provided herein are for the exclusive use of Veenstra & Kimm Inc. and the 
Illinois Department of Transportation (IDOT) District 9. They are specific only to the project 
described and are based on the subsurface information obtained by IDOT at 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.  
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BORING PLAN 
  



BORING PLAN
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EXHBIT C 
 

GENERAL PLAN AND ELEVATION (GP&E) 
  





 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT D 
 

BORING LOGS 
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Route: Lab#:
County: Date Drilled:
Structure: Boring:

Boring Specimen # Thickness (in.) L/D Ratio Depth Load (lbs) USC (psi)

1-S 1 3.9 2.2 48' 2,245 903

1-S 2 3.9 2.2 50'-6" 3,030 1,218

1-S 3 3.8 2.1 51'-6" 6,905 2,776

1-S 4 3.9 2.2 53'-6" 7,725 3,106

1-S 5 3.9 2.2 54'-3" 7,815 3,142

*Desirable specimen length to diameter (L/D) ratios are between 2.0:1 and 2.5:1.  The results may 
differ from results obtained from a test specimen that meets the requirements.  

Core diameter = 1.78 in.

Illinois Department of Transportation

15
Jefferson
041-0024

Unconfined Compressive Strength
District Nine Materials

34
5/10/2022

1-S
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The Unconfined Compressive Strength (UCS) Failure Mode is indicated by (B-Bulge, S-Shear, P-Penetrometer, E-Estimated)
Abbreviations W.O.H - Sampler Advanced By Weight of Hammer, W.O.P - Advanced by Weight of Pipe, B.S. - Before Seating
The SPT (N value) is the sum of the last two blow values in each sampling zone (AASHTO T206) BBS, from 137 (Rev. 8-99)
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The Unconfined Compressive Strength (UCS) Failure Mode is indicated by (B-Bulge, S-Shear, P-Penetrometer, E-Estimated)
Abbreviations W.O.H - Sampler Advanced By Weight of Hammer, W.O.P - Advanced by Weight of Pipe, B.S. - Before Seating
The SPT (N value) is the sum of the last two blow values in each sampling zone (AASHTO T206) BBS, from 137 (Rev. 8-99)
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EXHIBIT F 
 

SETTLEMENT CALCULATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Layer H (ft) type of soil zcl (ft) γ (pcf) LL p'o (psf) ΔP' (psf) p'o + ΔP' (psf) eo Cc Δi (in)
2 2.5 Silty Clay 1.25 120 24 150 710.61 860.61 0.648 0.126 1.740
3 2.5 Silty Clay 3.75 120 25 450 598.69 1048.69 0.675 0.135 0.888
4 2.5 Silt 6.25 110 26 659.5 512.04 1171.54 0.702 0.144 0.633
5 2.5 Silty Clay 8.75 120 26 791 443.40 1234.40 0.702 0.144 0.491
6 2.5 Silty Clay 11.25 120 27 935 388.01 1323.01 0.729 0.153 0.400

Σ= 4.15

Layer cv(in²/sec) H eq(ft)
Cv (in²/min)= 8.37E-03 silt 2.87E-03 0.55

H (ft)= 10.55 silty clay 1.40E-04 10

days months years Σ= 10.55
t50 266 9 1
t90 1104 37 3

Cv hor. (in²/min)= 1.67E-02
Triangular spacing(ft)= 5.0

de(ft)= 5.3
days months years

t50 65.9 2.20 0.18
t90 273.3 9.11 0.75

Layer H (ft) type of soil zcl (ft) γ (pcf) LL p'o (psf) ΔP' (psf) p'o + ΔP' (psf) eo Cc Δi (in)
2 2.5 Silty Clay 1.25 120 22 150 733.24 883.24 0.594 0.108 1.565
3 2.5 Silty Clay 3.75 120 25 450 652.47 1102.47 0.675 0.135 0.941
4 2.5 Silty Clay 6.25 120 26 750 584.36 1334.36 0.702 0.144 0.635
5 2.5 Silty Clay 8.75 120 26 972 526.39 1498.39 0.702 0.144 0.477
6 2.5 Silty Clay 11.25 120 26 1116 476.64 1592.64 0.702 0.144 0.392
7 2.5 Silty Clay 13.75 120 22 1260 433.63 1693.63 0.594 0.108 0.261
8 2.5 Silty Clay 16.25 120 20 1404 396.20 1800.20 0.54 0.09 0.189

Σ= 4.46

Cv (in²/min)= 7.44E-03
H (ft)= 17.50

days months years
t50 811 27 2
t90 3491 116 10

Cv hor. (in²/min)= 1.49E-02
Triangular spacing(ft)= 5.0

de(ft)= 5.3
days months years

t50 73.0 2.43 0.20
t90 314.2 10.47 0.86

Without wick drains

With Wick Drains

Time Rate of consolidation
Without wick drains

SETTLEMENT CALCULATIONS FOR IL 15 OVER BIG MUDDY OVERFLOW

With Wick Drains

Multilayer Calculations Method B

Boring 1-S - 3ft Excavation

Boring 2-S - 3ft Excavation

Time Rate of consolidation



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT G 
 

SLOPE W SLOPE STABILITY ANALYSIS 
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Color Name Slope Stability 
Material Model

Unit 
Weight
(pcf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle (°)

Pavement Mohr-Coulomb 130 0 34

Silt I Mohr-Coulomb 110 360 0

Silt II Mohr-Coulomb 110 0 0

Silt III Mohr-Coulomb 110 500 0

Silty Clay I Mohr-Coulomb 120 700 0

Silty Clay II Mohr-Coulomb 120 1,050 0

IL 15 over Big Muddy Overflow
Boring 1-S
Short Term Condition (Undrained Analyisis)
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Color Name Slope Stability 
Material Model

Unit 
Weight
(pcf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle (°)

Pavement Mohr-Coulomb 130 0 34

Silt I Mohr-Coulomb 110 50 26

Silt II Mohr-Coulomb 110 50 26

Silt III Mohr-Coulomb 110 50 26

Silty Clay I Mohr-Coulomb 120 50 26

Silty Clay II Mohr-Coulomb 120 100 26

IL 15 over Big Muddy Overflow
Boring 1-S
Long Term Condition (Drained Analyisis)
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Cohesion
(psf)
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Friction 
Angle (°)

Pavement Mohr-Coulomb 130 0 34

Silt I Mohr-Coulomb 110 800 0

Silty Clay I Mohr-Coulomb 120 300 0

Silty Clay II Mohr-Coulomb 120 600 0

IL 15 over Big Muddy Overflow
Boring 2-S
Short Term Condition (Undrained Analyisis)
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Color Name Slope Stability 
Material Model

Unit 
Weight 
(pcf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle (°)

Pavement Mohr-Coulomb 130 0 34

Silt I Mohr-Coulomb 110 100 26

Silty Clay I Mohr-Coulomb 120 50 26

Silty Clay II Mohr-Coulomb 120 100 26

IL 15 over Big Muddy Overflow
Boring 2-S
Long Term Condition (Drained Analyisis)
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BEARING RESISTANCE CALCULATIONS 
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