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Structure Geotechnical Report 
IL Route 145 over Bay Creek 

FAP Route 132, Section 103(B-2) 
Existing Structure 076-0024 

Proposed Structure 076-0033 
Pope County, Illinois 

 

1.0 Project Description and Proposed Structure Information 

 

1.1 Introduction  

 
This report summarizes the results of a geotechnical exploration performed for the design of 
replacement structure for the existing bridge carrying IL Route 145 over Bay Creek.  This site is 
located approximately 2.3 miles south of IL Route 146 along IL Route 145 in Pope County, 
Illinois. The purpose of this study was to provide a geotechnical assessment of the planned 
replacement structure, based on subsurface conditions encountered at two borings performed 
by Millennia in June of 2021, two borings performed by Illinois Department of Transportation 
(IDOT) in May of 2019, and three borings performed by the IDOT in 1979, for the existing 
structure. This report describes the exploration procedures used, presents the field and 
laboratory data, includes an assessment of the subsurface conditions in the area, and provides 
geotechnical recommendations for the construction.  

1.2 Project Description 

 
The project consists of the removal and replacement of the existing IL Route 145 bridge over 
Bay Creek in Pope County, Illinois. The general site area is shown on the attached Vicinity Map, 
Figure 1 in Appendix A. A plan that shows the approximate locations of the borings performed 
for this study, as well as the boring locations performed in 1979, is presented as the Type, Size 
and Location Plan (TS&L Plan), Figure 2 in Appendix A. The existing bridge carrying IL Route 
145 over Bay Creek is oriented north to south-east beneath the existing IL-145 structure, and 
the creek flows in an eastern direction. The existing bridge is about 325 feet long, five-span 
concrete deck structure. The end abutments and interior piers are supported by piles. It is our 
understanding that the existing structure will be replaced with a new four-span bridge using 
semi-integral abutments. Based on the information provided, it appears that staged construction 
will be required to maintain traffic during construction.  

1.3 Proposed Structure Information 

 
The proposed structure will consist of a new four-span bridge with span lengths that vary from 
70 to 90 feet. The overall length of the new structure will be 324 feet, 3 inches.  The 
superstructure will be supported by integral abutments. We understand that the bridge 
abutments and interior piers will be supported by metal shell pile foundations.  The preliminary 
plans indicate that the roadway profile across the bridges will be raised approximately 9 inches. 
Approximately 8 to 10 feet of cut is planned for the northern embankment, and 7 to 8 feet of fill 
is planned for a portion of the southern approach where the new embankment will be extended.  
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2.0 Subsurface Exploration and Laboratory Testing 

 

2.1 Subsurface Exploration 

 
On May 30 and October 18, 2019, IDOT conducted a subsurface exploration consisting of two 
soil test borings near the north and south abutments.  The borings were designated as Borings 
1-S and 2-S along IL-145. On June 29 and 30, 2021, Millennia conducted an additional 
subsurface exploration consisting of two test borings near the interior bridge pier locations, 
designated as Borings 3-S and 4-S.  The borings performed by Millennia were located using a 
handheld GPS and Oates provided estimated ground surface elevation data from existing 
survey information.  The ground surface elevations for the 2021 study should be considered 
approximate.  The approximate locations of the borings are indicated on the TS&L Plan, Figure 
2.  
 
The borings performed by IDOT were advanced using hollow-stem auger drilling methods. 
Millennia understands that the District typically introduces fluids into the augers when drilling 
through granular soils below the water table to counterbalance hydrostatic pressures.  Samples 
were obtained at 2.5-foot intervals to depths of 40 feet, switched to 5-foot intervals to depths of 
80 feet at Boring 2-S, 85 feet at Boring 1-S, then switched to 10-foot intervals to the termination 
depths of 90 and 95 feet at the respective borings.  
 
The borings performed by Millennia were advanced using hollow-stem auger and mud rotary 
drilling methods.  The drilling methods were switched from hollow stem to mud rotary once the 
groundwater table was encountered.  Samples were obtained at 2.5-foot intervals to depths of 
40 to 45 feet, then switched to 5-foot intervals to the termination depths of the borings.  Boring 
3-S was drilled into the underlying shale bedrock and terminated at a depth of approximately 
113.5 feet.  Boring 4-S was drilled to a termination depth of approximately 90 feet, without 
encountering bedrock.   
 
Split-spoon samples were recovered using a 2-inch outside-diameter sampler, driven by an 
automatic 140-pound hammer. The split-spoon samples were placed in containers for later 
testing at the District’s laboratory. The sampling sequence for each boring is summarized on the 
boring logs in Appendix B.  
 
Unconfined compression tests were performed on selected split-spoon samples using a Rimac 
field testing machine. The resulting unconfined compressive strengths are reported on the 
boring logs. 
 
Use was also made from the borings drilled as part of the 1979 study and those boring logs are 
also attached to this report.  Three borings were drilled as part of the original study, designated 
as 1-S, 2-S and 3-S.  The borings were most likely drilled using hollow stem auger methods to 
depths ranging from about 56.5 to 61.5 feet.  The logs also indicate wash techniques through 
the granular soils below the groundwater table.  The boring logs indicate that the split-spoon 
samples were recovered using a 2-inch outside-diameter sampler, driven by a 140-pound 
hammer.   
 
All of the samples recovered were measured in the field for blow count, and the results are 
reported on the boring logs. The samples were placed in containers for further testing in the 
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laboratory. The sampling sequence for each boring is summarized on the boring logs in 
Appendix B. 

2.2  Laboratory Testing 

 
A laboratory testing program consisting of natural moisture contents was conducted by IDOT to 
determine selected engineering properties of the soil samples obtained from the 1979 and 2019 
borings.  Millennia conducted a laboratory testing program consisting of natural moisture 
contents, Atterberg limits, sieve analyses, and hydrometer analyses. The results of the 
individual tests are presented on the boring logs in Appendix B.  The laboratory test results from 
the borings completed by Millennia are presented in Appendix F. 

3.0 Subsurface Conditions 

 
Details of the subsurface conditions encountered at the borings are shown on the boring logs. 
The general subsurface conditions encountered and their pertinent engineering characteristics 
are described in the following paragraphs. Conditions represented by the borings should be 
considered applicable only at the boring locations on the dates shown; the reported conditions 
may differ at other locations and at other times. 

3.1 Geology 

 
The structure over Bay Creek is located in Pope County on IL Route 145 about 2.3 miles south 
of Dixon Springs. Surficial deposits consists of soils from the Cahokia Alluvium overlying the 
Henry Formation.  Soils in this area are generally silts, clays and poorly graded sands overlying 
sands and gravels deposited by glacial outwash.  This location lies within the western portion of 
the Mississippian aged, Upper Pope Formation of interbedded, lithified marine sediments. This 
formation is characteristically silty, argillaceous, calcareous, and carbonaceous. Typical bedrock 
depth in this area is in excess of 100 feet.  

3.2 Generalized Subsurface Profile 

 
The generalized subsurface profile at the project site consists of cohesive clays and silts 
overlying sands.  Organic soils were observed bedded between the upper cohesive soils and 
the underlying sands. 
 
2021 Study: 
The upper cohesive soils are comprised of clay, silty clay, silty clay loam, silt loam, clay loam, 
and sandy clay. Moisture contents vary from 20 to 57 percent. The standard penetration test (N) 
values range from weight-of-hammer (0) to 14 blows per foot (bpf). Rimac unconfined 
compression test values on samples range from 0.1 to 2.8 tons per square foot (tsf). 
 
Clays with notable organic content were encountered below depths of approximately 10 feet 
(approx. Elev. 328 to 329) to depths of about 15 to 18.5 feet (approx. Elev. 320.5 to 324).  N-
values in the organic soils were 0 bpf.  Moisture contents range from 35 to 132 percent.  Rimac 
values range from 0.3 to 0.7 tsf. 
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Granular soils were observed beneath the cohesive and organic soils, extending to the 
termination depths of the borings.  The material consists of very loose to medium dense sands, 
as indicated by N-values that range from 0 to 33 bpf.  The sand contains a variable amount of 
gravel. 
 
Shale bedrock was encountered at a depth of approximately 109 feet (Approximate Elevation 
229.50) at Boring 3-S.  N-values in the shale vary from 75 bpf to 50 blows for 0 inches of 
penetration. 
 
2019 Study: 
The upper cohesive soils are comprised of clay, silty clay and silt. Moisture contents vary from 
24 to 42 percent. The standard penetration test (N) values range from weight-of-hammer (0) to 
5 blows per foot (bpf). Rimac unconfined compression test values on samples range from 0.1 to 
1.5 tons per square foot (tsf). 
 
Clays with notable organic content and clayey peat were encountered below depths of 
approximately 16 feet (approx. Elev. 334) to depths of about 26 to 28.5 feet (approx. Elev. 321.5 
to 324).  N-values in the organic soils vary from 0 to 1 bpf.  Moisture contents range from 55 to 
164 percent.  Rimac values range from 0.3 to 1.2 tsf. 
 
Granular soils were observed beneath the cohesive and organic soils, extending to the 
termination depths of the borings.  The material consists of very loose to medium dense sands, 
as indicated by N-values that range from 6 to 24 bpf.  The sand contains a variable amount of 
gravel. 
 
1979 Study: 
All three of the borings from the 1979 study also encountered possible or likely organic soils 
within elevations that range from approximately 332 to 322, indicating a similar soil profile 
compared to the borings drilled for the 2021 and 2019 studies.   
 
The sands observed during the 1979 study are somewhat denser than those observed at the 
abutment locations for the 2019 study, with numerous N-values over 20 bpf. 

3.3 Groundwater 

 
Groundwater was observed during the drilling of both borings drilled for the 2021 study prior to 
switching to mud rotary, at depths of 24 and 25 feet (Approximately Elevation 314.0). 
Groundwater was observed during the drilling of both borings drilled for the 2019 study, at 
depths of 36 (Elevation 313.9) and 37.5 feet (Elevation 312.6). The presence or absence of 
groundwater at a particular location does not necessarily indicate that groundwater will be 
present or absent at that location at other times. Groundwater levels may vary significantly over 
time due to the effect of seasonal variations in precipitation, water levels in Bay Creek or other 
factors not evident at the time of exploration.  The surface stream elevation at the time of the 
latest study was observed to be about 333.3 and 333.6 feet, with a streambed level of about 
330.1 and 330.3 feet.  Based on information provided by Oates, we understand the estimated 
water surface elevation (EWSE) is approximately 337.0 feet. 
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4.0 Geotechnical Evaluations 

 
4.1 Earthwork and Slope Stability 

 
Based on preliminary drawings provided by Oates, Millennia selected four sections to perform 
detailed slope stability assessments.  The slope stability assessments were performed at the 
the southern abutment side and end slopes, and the northern abutment side and end slopes. 
The locations were selected based upon slope height, inclination, and geologic conditions 
indicated at the nearest boring locations. Millennia understands that the southern abutment 
grading will require as much as 7 to 8 feet of new fill placed at the end slope.  The northern 
abutment will be in a cut area.  End slopes are currently planned for 2H:1V inclinations, with 
side slope inclinations of 3H:1V.  Benching of the existing end and side slopes may be 
necessary to provide stability prior to embankment fill placement. 
 
The parameters used for the stability assessments were based on the results of the field and 
laboratory investigations, along with Millennia’s experience in the area, and are shown on the 
Summary Stability Profiles provided in Appendix C.  
 
The global stability assessments were conducted for both short term (undrained, or total stress) 
and long term (drained, or effective stress), and seismic conditions using the program STABL, a 
computer program developed for the Federal Highway Administration.  The results are 
summarized in the following table: 
 

Summary of Global Stability Results 
 

Analysis Location 
Section 

Assumed Conditions 

Minimum Computed  
Factor of Safety 

Short Term Long Term Seismic 

North Abutment Side Slope 3H:1V Side Slopes 2.1 1.6 1.1 

South Abutment Side Slope 3H:1V Side Slopes 2.1 1.7 1.1 

North Abutment End Slope 
Level ground surface 
behind wall 

1.9 1.5 1.1 

South Abutment End Slope 
Level ground surface 
behind wall 

2.1 1.5 1.2 

 
The minimum desired safety factor with regard to the potential for massive, global slope failure 
is 1.5 for static conditions. For the seismic condition, a factor of safety 1.0 or greater is desired.  
On this basis, the results of the stability assessments at the four sections summarized above 
are considered acceptable. 
  
Some of the silty soils can be potentially erosive, a mechanism of soil movement unrelated to 
global stability. Future erosion and shallow, superficial slumps are always a possibility, despite 
the results of advanced computer modeling for slope stability.  Maintaining healthy vegetation, 
along with appropriate erosion control practices, will reduce the potential for these issues to 
become problematic.   
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In addition, the geotechnical conditions between the boring locations are essentially unknown. If 
the contractor exposes conditions during excavation and other earthwork activities that differ 
from those indicated at the boring locations, Millennia should be notified to assess the effect (if 
any) of the unanticipated conditions upon the findings of the global slope stability assessment.  

4.2 Settlement 

 
As previously mentioned, the southern abutment will be extended towards the north, requiring 
new fill placement on the order of about 7 to 8 feet in height.  Oates provided Millennia with the 
TS&L plan for the original bridge structure constructed in 1980.  The original structure’s TS&L 
indicate that approximately 7 feet of existing soil was cut in order to construct the existing 
abutments.  Given that about 7 feet of soil had previously stressed and pre-consolidated the 
underlying soils at the abutments, Millennia anticipates that settlement induced by new fill 
placement will be less than one inch.  Millennia expects that most of the settlement will occur 
during placement of the new embankment and that downdrag will not be of concern. 

4.3 Mining Activity 

 
A review of abandoned coal mines and industrial mineral mines was made using the Illinois 
State Geological Survey (ISGS) website for mapped mines in Pope County, Illinois. Based on 
this information, the project site is unlikely to be undermined. The nearest known underground 
coal mine is approximately 21.3 miles north of the site, in Carrier Mills, Illinois.  The nearest 
known coal mine shaft and surface coal mine is approximately 4.6 miles north of the site, near 
Waltersburg, Illinois. 

4.4 Seismicity 

 
Two of the most significant areas of seismic activity in the central United States are the Wabash 
Seismic Zone and New Madrid Seismic Zone, located about 25 miles northeast and 15 miles 
southwest of the site respectively. The Seismic Design Category associated with the project 
area is D.  
 
An assessment of seismic criteria in accord with AASHTO 2009 Guide Specifications for LRFD 
Seismic Bridge Design has been performed for the site. The IDOT Spreadsheet “Seismic Site 
Class Determination” was used to determine a Soil Site Class E. We understand that IDOT 
utilizes the approximate fixity elevation as the point of reference.  The United States Geological 
Survey (USGS) Design Maps Summary Report website was used with the Site Class E 
classification to provide acceleration coefficient values Sds of 0.918 g and Sd1 of 0.701 g.  
 
The Site Class E designation is based on small diameter foundation elements.  If deep 
foundations with diameters of 48 inches or larger are instead assumed, then a Soil Site Class of 
D may be used for the project.  Acceleration coefficient values Sds of 1.023 and Sd1 of 0.441 
correspond to a Site Class D.  This will also results in the Seismic Design Category being 
changed to C.  The results of the Site Class determination are presented in Appendix D.  
 
Based on published information and the IDOT Liquefaction Design Guide, liquefaction analyses 
are typically performed for the upper 60 feet of a soil profile, since the effects of liquefaction are 
unlikely to manifest below that depth.  The sampled soils obtained in 2021 appear to be 
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susceptible to liquefaction at intermittent depths ranging from 22.0 to 37.5 feet (Elev. 316.0 to 
301.0) and 27.0 to 40.0 feet (Elev. 312.0 to 299.5) at Borings 3-S and 4-S, respectively.  The 
sampled soils obtained in 2019 appear to be susceptible to liquefaction at depths ranging from 
33.5 to 48.5 feet (Elev. 318.9 to 301.4) and 31 to 36 feet (Elev. 319.1 to 314.1) at Borings 1-S 
and 2-S, respectively.  An isolated layer was also noted at a depth of approximately 58.5 feet 
(Elev. 291.6) at Boring 2-S.  The sands below approximately 60 feet at all of the 2019 and 2021 
borings were determined to be potentially liquefiable using the IDOT spreadsheet.  However, as 
previously mentioned, case histories indicate that the effects of liquefaction are unlikely to 
manifest below these depths and have not been considered for geotechnical loss of axial 
capacity.  Potentially liquefiable soil layers at the borings drilled in 1979 were also indicated in 
the liquefaction spreadsheets. Isolated layers were noted at approximate Elevations 326 and 
308 at Boring 1-S (1979).  The upper layer consists of low strength peat and lower layer 
consists of a loose sand observed just after the boring was switched to wash techniques.  A 
potentially liquefiable sand layer was observed from approximate Elevation 310.0 to 304.0 at 
Boring 2-S (1979).  Multiple, potentially liquefiable sand layers were observed from approximate 
Elevations 319 to 294.5 at Boring 3-S (1979). 
 
Considerations for lateral spread induced by liquefaction at or near the foundation locations are 
not included within this report and are beyond the scope of work.  While there is evidence of 
liquefaction-induced sand boils and settlements within and near the bootheel of Missouri and 
the New Madrid Seismic Zone, there is little evidence of historic lateral spreading.  Thus, the 
risk for lateral spreading is considered to be low.  If IDOT would like for this issue to be studied 
further, the task would require additional studies, including the possibility of on-site shear wave 
velocity testing and a site-specific spectral analysis. 

4.5 Scour 

Abutment slope protection should be included to mitigate scour potential. Countermeasure 
options for scour at bridge locations could include webwalls to eliminate debris collection 
between columns, riprap, partially grouted riprap, geotextile sand containers, and sheet piling. 
We understand web walls are planned to be utilized at the channel pier location.  Lining the 
abutment slopes with either Class A4 or A5 stone riprap appears to be appropriate scour 
protection for the new structures.  Skin friction and lateral load design values for piers and 
driven piles should be ignored in the scour zone. The bridge condition report performed by EFK 
Moen, LLC indicated that the existing bridge piers did not appear to show signs of scour.  Based 
on information provided by Oates Associates, Inc., the design scour elevations for the 100-year 
and 200-year events for the bridges are shown in the table below.  Scour reductions of 25 
percent have been applied to the outer piers based on the soil descriptions provided from the 
boring logs.  The scour elevations shown for Pier 2 are the full stated scour depths, with no 
reductions. 
 

Summary of Design Scour Elevations 

Event/Limit 
State 

Design Scour Elevations (ft.) 
Item 
113 

South 
Abutment 

Pier 1 Pier 2 Pier 3 
North 

Abutment 
 
 

5 Q100 343.2 331.6 319.9 328.9 343.2 

Q200 343.2 331.3 319.4 328.6 343.2 

Design 343.2 331.6 319.9 328.9 343.2 

Check 343.2 331.3 319.4 328.6 343.2 
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5.0 Foundation Evaluations and Design Recommendations 

 

5.1 Drilled Shaft Foundations 

 
Millenia has included recommendations for drilled shaft foundations should they be selected as 
the preferred foundation alternative.  The drilled shafts may be designed according to the 
nominal tip resistance and side resistance values presented in the tables below (per AASHTO 
LRFD Bridge Design Specifications 9th Edition). The side resistance may be used in conjunction 
with the end-bearing pressure; however, it is recommended that the upper 5 feet of the shaft be 
assumed to offer zero side resistance in consideration of the lack of confinement at shallow 
depths and disturbance to the soil during installation.  The length of each shaft should be at 
least four times the diameter to use the full end-bearing value stated.  The values are based on 
the soil conditions encountered at the borings drilled for both the 2019 and 2021 studies.  
Resistance factors have not been applied to these values.  The resistance factors for drilled 
shaft foundations are presented in a table on page 14 of this report.   
 
As previously mentioned, organic soils were encountered at all of the borings drilled at the site.  
Reductions in lateral capacity and side resistance should be applied for these soil types.  These 
reductions are accounted for in the design tables for the referenced boring. 
 
Drilled shaft resistance values should be ignored within the design scour elevations at the 
various foundation locations. 
 
Per the FHWA Drilled Shaft Manual, liquefiable soil layers and all soils above the zone of 
liquefaction are assumed to experience settlement that results in downdrag loading conditions.  
The resulting downdrag forces should be included as a component of the permanent loads in 
the Extreme Event Load Combination I, per the IDOT Liquefaction Analysis Design Guide.  
Once the Extreme Event Load Combination I values have been determined, additional analyses 
should be performed to verify applicability of the foundation elements.  Nominal unit side 
resistance values for liquefaction induced downdrag are also included in the following tables. 
 
The structural loads are expected to result in some compression of the supporting soil 
surrounding the shafts.  Based on the general character of the supporting materials (either 
granular or bedrock), and assuming that the drilled shaft foundations are properly installed, the 
maximum anticipated settlement of the foundations should be minimal. The majority of the 
settlement should take place during construction as the loads are applied to the foundation. 
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Unfactored Side Resistance and Tip Resistance Values 
for Boring 1-S (2019) North Abutment Station 898+26.00 

psf = pounds per square foot ignore upper 5 feet of soil profile for side resistance. 
*Tip resistance should be ignored within Liquefiable soils for seismic design 
**Only to be used in Extreme Loading Event Combination I 

  

Elevation 
(ft) 

Material 
Classification 

Nominal Unit 
Side 

Resistance 
(psf) 

Nominal Tip* 
Resistance 

(psf) 

Nominal 
Liquefaction 
Downdrag 
Unit Values 

(psf)** 

350 - 341 Clay/Silt - - 230 

341 - 336.5 Silty Clay 385 - 360 

336.5 - 334 Silt 55 - 55 

334 - 331.5 Clay (with Organics) 500 - 400 

331.5 - 326.5 Clay (with Organics) 220 - 400 

326.5 - 324 Peat 660 - 1,200 

324 - 321.5 Clay (with Organics) 385 - 700 

321.5 - 314 
Clay/Clay Loam/Silt 

Loam 
190 - 350 

314 - 296.5 Sand with Gravel 1,310 - 200 

296.5 - 276.5 Sand with Gravel 2,000 36,000 - 

276.5 - 255  Sand with Gravel 1,970 36,000 - 
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Unfactored Side Resistance and Tip Resistance Values  
for Boring 2-S (2019) South Abutment Station 895+06.00  

psf = pounds per square foot ignore upper 5 feet of soil profile 
*Tip resistance should be ignored within Liquefiable soils for seismic design 
**Only to be used in Extreme Loading Event Combination I 
 
  

Elevation 
(ft) 

Material 
Classification 

Nominal Unit 
Side 

Resistance 
(psf) 

Nominal Tip* 
Resistance 

(psf) 

Nominal 
Liquefaction 

Downdrag Unit 
Values (psf)** 

350 - 344 Clay - - 130 

344 - 336.5 Clay/Silty Clay 275 - 445 

336.5 - 334 Clay 110 - 200 

334 - 324 Clay with Organics 430 - 670 

324 - 321.5 Clay 385 - 690 

321.5 - 316.5 Clay 220 - 400 

316.5 - 311.5 Sand 730 - 200 

311.5 - 298 Sandy Loam 2,025 36,000 - 

298 - 291.5 Sandy Loam 1,600 28,800 - 

291.5 - 260 Sand 1,925 28,800 - 
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Unfactored Side Resistance and Tip Resistance Values  
for Boring 4-S (2021) Pier 1 Station 895+76.00  

psf = pounds per square foot  ignore upper 5 feet of soil profile  
*Tip resistance should be ignored within Liquefiable soils for seismic design 
**Only to be used in Extreme Loading Event Combination I 

 
Unfactored Side Resistance and Tip Resistance Values  

for Boring 3-S (2021) Pier 2 Station 896+66.00 and Pier 3 Station 897+56.00  

ksf = kips per square foot *ignore upper 5 feet of soil profile 
*Tip resistance should be ignored within Liquefiable soils for seismic design 
**Only to be used in Extreme Loading Event Combination I 
 
  

Elevation 
(ft) 

Material 
Classification 

Nominal Unit 
Side 

Resistance 
(psf) 

Nominal Tip* 
Resistance 

(psf) 

Nominal 
Liquefaction 
Downdrag 

Unit Values 
(psf)** 

339-329 Clay/Clay Loam 275 - 350 

329-324 Clay with Organics 140 - 350 

324-312 Clay Loam/Silt Loam 165 - 480 

312-300 Sand 1,400 - 300 

312-249.5 Sand 1,900 24,000 - 

Elevation 
(ft) 

Material Classification 

Nominal Unit 
Side 

Resistance 
(psf) 

Nominal Tip* 
Resistance 

(psf) 

Nominal 
Liquefaction 
Downdrag 

Unit Values 
(psf)** 

338-330 Clay/Clay Loam 550 - 310 

330-320 Clay with Organics 140 - 320 

320-309 
Silty Clay 

Loam/Loam/Sandy Clay 
165 - 320 

309-301 Sand 1,050 - 100 

301-278 Sand  2,000 -  

278-229.5 Sand  1,830 24,000 - 
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Resistance factors for use in design of drilled shafts within the differing soil types are presented 
in the following table: 
 

Resistance Factors 

Method and Soil Type Resistance Factor 

Side Resistance Factor Cohesive Soil 0.45 

Side Resistance Factor Cohesionless Soil 0.55 

Uplift Resistance Factor Cohesive Soil 0.35 

Uplift Resistance Factor Cohesionless Soil 0.45 

Tip Resistance Factor Cohesive Soil 0.40 

Tip Resistance Factor Cohesionless Soil 0.50 

Liquefaction Induced Downdrag 1.0 

*Factors Based on Strength Limit State Condition (AASHTO LRFD 9th Edition) 
 
 
If permanent casing is used, then the side resistance values listed previously should be reduced 
by a factor of 0.60 in addition to the LRFD resistance factors in the above table and the 
allowable stress design factors listed in the above paragraph.  Greater reductions in the side 
resistance may be needed if oversized cutting shoes or splicing rings are used. 

5.2 Driven Pile Foundations 

 
The bridge structures may be supported on driven pile foundations as an alternate to drilled 
shafts. Pile capacities and driving depths have been assessed using the IDOT pile design 
spreadsheet “Pile Capacity and Length Estimates,”. Steel H-piles and metal shell pipe piles are 
considered to be feasible for this site. Millennia understands that metal shell pipe piles are the 
preferred foundation element for the new bridge structure.  Numerous available pile sections 
may be suitable, and final selection would be based on availability and structural requirements 
such as pile spacing, installation requirements, etc. Capacity reductions for downdrag induced 
by fill placement do not apply at this site. Capacity reductions for liquefaction do apply for this 
site.  Metal shell piles should not be driven to shale bedrock for risk of damaging the piles. 
 
The bridge structures have been assessed for selected pile sections. Copies of a typical input 
spreadsheet giving the input parameters for each substructure, and the corresponding summary 
sheets for the various pile types that are analyzed by the spreadsheet, are included in Appendix 
E. These tables provide the pile embedment length to develop various capacities, up to that 
approaching the factored design capacity of the pile. The tables were prepared for pile lengths 
corresponding to selected depths of the input stratigraphy. Data for key assumptions such as 
pile cutoff elevation and ground surface elevation against pile driving were assumed by 
Millennia from the TS&L plan provided by Oates Associates, Inc.  
 
Integral abutments are being considered for the new bridge structures. The pile selections were 
determined using the Integral Abutment Feasibility Analysis spreadsheet. 
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The piles exhibited in the tables in Appendix E are the pile sections that are readily available in 
accordance with the IDOT Geotechnical Manual. Based on the available boring information as 
well as the IDOT estimated pile length spreadsheet, none of the H-pile sections appear to 
achieve the maximum nominal bearing within the subsurface strata.  With some exceptions, the 
metal shell piles appear to achieve their maximum nominal bearing within the sands.  The H-pile 
sections appear to achieve the maximum nominal bearing within the shale, where bedrock 
information is available (Boring 3-S (2021)). 
 
Large diameter pipe piles may be a feasible option but were not evaluated in this report.  
Further coordination with the District and Oates would be necessary if large diameter pipe piles 
are deemed feasible as a selected foundation alternative. 
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Estimated Pile Length Table – North Abutment  (Boring 1-S 2019) 
(Estimated Pile Cutoff Elevation: 345.18) 

Pile Type and Size 
Nominal Required 

Bearing (kips) 
Factored Resistance 

Available (kips) 
Estimated Pile Length (ft.) 

MS 12” w/0.25” walls 
201 110 49 

375* 206 90* 

MS 14” w/0.25” walls 
254 139 49 

451* 248 90* 

MS 14” w/0.312” walls 
252 139 49 

451* 248 90* 

MS 16” w/0.312” walls 
312 171 49 

531* 292 90* 

MS 16” w/0.375” walls 
312 171 49 

531* 292 90* 

HP 8x36 92* 50 90* 

HP 10x42 116* 64 90* 

HP 10x57 119* 66 90* 

HP 12x53 146* 80 90* 

HP 12x63 147* 81 90* 

HP 12x74 149* 82 90* 

HP 12x84 152* 83 90* 

HP 14x73 180* 99 90* 

HP 14x89 183* 100 90* 

HP 14x102 185* 102 90* 

HP 14x117 187* 103 90* 

*= maximum nominal bearing and maximum estimated pile length below existing boring 
depth 
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Estimated Pile Length Table – South Abutment (Boring 2-S 2019) 
 (Estimated Pile Cutoff Elevation: 345.18) 

Pile Type and Size 
Nominal Required 

Bearing (kips) 
Factored Resistance 

Available (kips) 
Estimated Pile Length (ft.) 

MS 12” w/0.25” walls 
213 117 49 

392 213 82 

MS 14” w/0.25” walls 
259 143 49 

459 251 80 

MS 14” w/0.312” walls 
259 143 49 

479* 263 84* 

MS 16” w/0.312” walls 
308 169 49 

564 310 84* 

MS 16” w/0.375” walls 
308 170 49 

564* 310 84* 

HP 8x36 93* 51 84* 

HP 10x42 119* 66 84* 

HP 10x57 122* 67 84* 

HP 12x53 150* 82 84* 

HP 12x63 152* 83 84* 

HP 12x74 154* 84 84* 

HP 12x84 156* 86 84* 

HP 14x73 186* 102 84* 

HP 14x89 189* 104 84* 

HP 14x102 191* 105 84* 

HP 14x117 194* 107 84* 

*= maximum nominal bearing and maximum estimated pile length below existing boring 
depth 
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Estimated Pile Length Table – Pier 1 (Boring 4-S 2021) 
(Pile Cutoff Elevation: 336.3) 

Pile Type and Size 
Nominal Required 

Bearing (kips) 
Factored Resistance 

Available (kips) 
Estimated Pile Length (ft.) 

MS 12” w/0.25” walls 
230 125 47 

363* 198 86* 

MS 14” w/0.25” walls 
289 157 47 

435* 237 91* 

MS 14” w/0.312” walls 
289 157 47 

445* 237 86* 

MS 16” w/0.312” walls 
353 192 47 

510* 279 86* 

MS 16” w/0.375” walls 
353 192 47 

510* 279 86* 

HP 8x36 75* 40 86* 

HP 10x42 96* 52 86* 

HP 10x57 98* 53 86* 

HP 12x53 120* 65 86* 

HP 12x63 121* 65 86* 

HP 12x74 123* 66 86* 

HP 12x84 125* 67 86* 

HP 14x73 148* 80* 86* 

HP 14x89 150* 81* 86* 

HP 14x102 153* 82 86* 

HP 14x117 155* 84 86* 

*= maximum nominal bearing and maximum estimated pile length below existing boring 
depth 
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Estimated Pile Length Table – Pier 2 (Boring 3-S 2021) 
(Pile Cutoff Elevation: 327.0) 

Pile Type and Size 
Nominal Required 

Bearing (kips) 
Factored Resistance 

Available (kips) 
Estimated Pile Length (ft.) 

MS 12” w/0.25” walls 
267 143 50 

392 211 79 

MS 14” w/0.25” walls 
325 174 50 

459 246 76 

MS 14” w/0.312” walls 
325 174 50 

570 275 89 

MS 16” w/0.312” walls 
387 207 50 

654 323 89 

MS 16” w/0.375” walls 
387 207 50 

782 394 95 

HP 8x36 270* 146 102* 

HP 10x42 335 181 102 

HP 10x57 454* 250 103* 

HP 12x53 418* 227 102 

HP 12x63 497* 273 103* 

HP 12x74 589* 324 103* 

HP 12x84 664* 365 103* 

HP 14x73 578* 318 103* 

HP 14x89 705* 388 103* 

HP 14x102 810* 445 103* 

HP 14x117 929* 511 103* 

*= maximum nominal bearing and maximum estimated pile length below existing boring 
depth 
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Estimated Pile Length Table – Pier 3 (Boring 3-S 2021) 
(Pile Cutoff Elevation: 333.3) 

Pile Type and Size 
Nominal Required 

Bearing (kips) 
Factored Resistance 

Available (kips) 
Estimated Pile Length (ft.) 

MS 12” w/0.25” walls 
320 174 50 

392 208 80 

MS 14” w/0.25” walls 
406 220 50 

459 231 79 

MS 14” w/0.312” walls 
406 220 50 

570 286 94 

MS 16” w/0.312” walls 
500 272 50 

654 333 94 

MS 16” w/0.375” walls 
500 272 50 

782 409 101 

HP 8x36 286 156 107 

HP 10x42 335 183 106 

HP 10x57 454* 250 108* 

HP 12x53 418 228 106 

HP 12x63 497 271 107 

HP 12x74 589* 324 108* 

HP 12x84 664* 365 108* 

HP 14x73 578 316 107 

HP 14x89 705* 388 108* 

HP 14x102 810* 445 108* 

HP 14x117 929* 511 108* 

 
*= maximum nominal bearing and maximum estimated pile length below existing boring 
depth 
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5.3 Lateral Load Capacity Considerations 

Lateral load resistance and induced lateral deflection are typically assessed using finite 
difference computer models based on the lateral modulus-of-subgrade reaction, such as LPILE. 
Recommendations for use in the design of foundations are presented on the following tables.   

 

Recommended Design Values for Deep Foundations 

Parameters for Use in LPILE Analysis at Boring 1-S (2019)  

North Abutment at Station 898+26.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

350-341 
Stiff Clay w/o 
Free Water 

 
125 

 
1,000 0.009 N/A 350 

341-336.5 
Stiff Clay w/ 
Free Water 

58 700 0.010 N/A 100 

336.5-334 
Soft Clay 
(Matlock) 

58 100 0.020 N/A 30 

334-331.5 
Stiff Clay w/ 
Free Water 

58 900 0.009 N/A 350 

331.5-326.5 
Soft Clay 
(Matlock) 

53 400 0.020 N/A 30 

326.5-321.5 
Stiff Clay w/ 
Free Water 

53 750 0.010 N/A 100 

321.5-314 
Soft Clay 
(Matlock) 

53 350 0.020 N/A 30 

314-296.5 Sand (Reese) 58* N/A N/A 31 41 

296.5-276.5 Sand (Reese) 58* N/A N/A 34 72 

276.5-255 Sand (Reese) 58* N/A N/A 33 60 

pcf = pounds per cubic foot  psf = pounds per square foot pci = pounds per cubic inch 
 *= submerged value 
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Parameters for Use in LPILE Analysis at Boring 2-S (2019)  

South Abutment at Station 895+06.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

350-344 
Stiff Clay w/o 
Free Water 

 
125 

 
900 0.009 N/A 350 

344-336.5 
Stiff Clay w/ 
Free Water 

58 600 0.010 N/A 100 

336.5-334 
Soft Clay 
(Matlock) 

58 200 0.020 N/A 30 

334-324 
Stiff Clay w/ 
Free Water 

58 780 0.010 N/A 100 

324-321.5 
Stiff Clay w/ 
Free Water 

58 700 0.010 N/A 100 

321.5-316.5 
Soft Clay 
(Matlock) 

53 400 0.020 N/A 30 

316.5-311.5 Sand (Reese) 58* N/A N/A 28 13 

311.5-298 Sand (Reese) 58* N/A N/A 36 97 

298-291.5 Sand (Reese) 58* N/A N/A 32 51 

291.5-260.0 Sand (Reese) 58* N/A N/A 33 60 

pcf = pounds per cubic foot  psf = pounds per square foot pci = pounds per cubic inch 
 *= submerged value 
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Parameters for Use in LPILE Analysis at Boring 4-S (2021)  

Pier 1 at Station 895+76.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

339-329 
Soft Clay 
(Matlock) 

58* 500 0.020 N/A 30 

329-324 
Soft Clay 
(Matlock) 

58* 400 0.020 N/A 30 

324-312 
Soft Clay 
(Matlock) 

58* 300 0.012 N/A 75 

312-300 Sand (Reese) 58* N/A N/A 30 13 

300-249.5 Sand (Reese) 58* N/A N/A 33 60 

pcf = pounds per cubic foot  psf = pounds per square foot pci = pounds per cubic inch 
 *= submerged value 

 
Parameters for Use in LPILE Analysis at Boring 3-S (2021) 

Pier 2 Station 896+66.00 and Pier 3 at Station 897+56.00 

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

338-330 
Stiff Clay w/ 
Free Water 

 
58* 

 
1,000 0.009 N/A 350 

330-320 
Soft Clay 
(Matlock) 

58* 250 0.020 N/A 30 

320-309 
Stiff Clay w/ 
Free Water 

58* 300 0.010 N/A 100 

309-301 Sand (Reese) 58* N/A N/A 31 41 

301-278 Sand (Reese) 58* N/A N/A 34 72 

278-229.5 Sand (Reese) 58* N/A N/A 33 60 

229.5-224.5 
Stiff Clay w/ 
Free Water 

73* 5,000 0.004 N/A 1,500 

pcf = pounds per cubic foot  psf = pounds per square foot pci = pounds per cubic inch 
 *= submerged value 

 
Both driven piles and drilled piers should be maintained at a spacing no closer than three 
diameters, center-to-center, so that stress overlap at the bearing level can be avoided, to 
reduce lateral capacity interaction, and so that possible installation problems associated with 
one structural member do not impact the integrity of the adjacent member. 
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The LPile parameters provided above do not account for the temporary effects of liquefaction on 
the lateral capacity of the deep foundation elements.  For lateral capacity reductions within the 
estimated liquefiable soils, the following tables should be referenced. 
 

Parameters for Use in LPILE Analysis of Liquefiable Layers at Boring 1-S (2019)  

North Abutment at Station 898+26.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

318.9-301.4 
Soft Clay 
(Matlock) 

58* 240 0.02 N/A 30 

pcf = pounds per cubic foot  psf = pounds per square foot pci = pounds per cubic inch 
 *= submerged value 

 
Parameters for Use in LPILE Analysis of Liquefiable Layers at Boring 2-S (2019)  

South Abutment at Station 895+06.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

319.1-314.1 
Soft Clay 
(Matlock) 

58* 160 0.02 N/A 30 

 
Parameters for Use in LPILE Analysis of Liquefiable Layers at Boring 4-S (2021)  

Pier 1 at Station 895+76.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

312-299.5 
Soft Clay 
(Matlock) 

58* 300 0.02 N/A 30 

 

Parameters for Use in LPILE Analysis of Liquefiable Layers at Boring 3-S (2021)  

Pier 2 Station 896+66.00 and Pier 3 at Station 897+56.00  

Elevation 
(ft) 

LPILE Soil 
Type 

Effective 
Unit 

Weight 
(pcf) 

Undrained 
Cohesion 

(psf) 

Strain at 
50% 

Maximum 
Stress 

Angle of 
Internal 
Friction 

(degrees) 

p-y Soil 
Modulus 

Kstatic 
(pci) 

316-301 
Soft Clay 
(Matlock) 

58* 100 0.02 N/A 30 
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6.0 Construction Considerations 

 

6.1 Temporary Sheeting and Soil Retention 

 
The construction activities should be performed in accordance with the current IDOT Standard 
Specifications for Road and Bridge Construction. Trenching, excavating, and bracing should be 
performed in accordance with Occupational Safety and Health Administration (OSHA) 
regulations, and other applicable regulatory agencies. In accordance with the OSHA excavation 
standards, the soil at the site is considered to be Type C, which requires a side slope for 
excavations no steeper than 1.5H:1.0V. However, worker safety and classification of the 
excavation soil is the responsibility of the contractor. The excavation side slopes for structure 
foundations may interfere with existing utilities. This could require a temporary soil retention 
system such as a cantilever sheet pile wall, sheeting, or other temporary support.  
 
Traffic along IL 145 will be maintained by utilizing staged construction. It appears as though a 
temporary sheet pile, which includes cantilever temporary sheet piling will be feasible at the 
abutments. Cantilever sheet pile systems may be designed using IDOT Design Guide 3.13.1 – 
Temporary Sheet Piling Design.  Temporary soil retention systems, if utilized, should be 
designed by an Illinois licensed structural engineer retained by the construction contractor. 

6.2 Cofferdam 

The following information is based on the understanding that the EWSE is approximately 337.0 
for Bay Creek and the fact that drilled shafts are planned to support the proposed bridge.  
Cofferdams should not be required at Piers 1 and 3 if the piers are constructed with removable 
forms or permanent casing. Per IDOT Bridge Manual Page 2-81, a Type 2 Cofferdam will be 
required at Pier 2, due to more than 6 feet of water being anticipated at this location.  Millennia 
recommends including a seal coat in the cofferdam design since potentially organic soils may 
be present near the proposed bottom of the cofferdam. 

6.3 Subgrade Water Protection 

 
Groundwater seepage should be anticipated for excavations extending more than a few feet 
below the roadway level along IL Route 145 if construction occurs during periods when the 
water level approaches the design high water elevation. It is anticipated that excavations for the 
pier cap foundations (Pier 2 to include Type 2 cofferdam) may be adequately dewatered using 
sump and pump methods.  

6.4 Drilled Shaft Construction 
 
Drilled shaft construction should be performed in accordance with Section 516 (Drilled Shafts) of 
the IDOT Standard Specification for Road and Bridge Construction.  It is recommended that 
drilled shaft construction be performed by an experienced, knowledgeable contractor familiar 
with the conditions in the project area.  Based on the groundwater observations and deposits of 
gravel and sand, preventing seepage and caving of the drilled pier excavations will be 
necessary to allow for successful installation.  Based on groundwater encountered at elevations 
333.3 to 333.6, and an EWSE of 337.0, the contractor should be prepared to handle 
groundwater seepage and sloughing of the walls, including the use of temporary casing and 
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slurry construction methods.  With the slurry method, the integrity of pier excavation is 
maintained using a bentonite- or chemical-based drilling slurry. The slurry mix should be 
selected based on the subsurface conditions at the shaft locations and monitored during 
construction to verify that it remains effective. After the holes have achieved the design depth, 
the slurry would be displaced by concrete placed from the base of the hole through a rigid 
tremie pipe. 
 
Shafts should be cast the same day drilled to reduce the potential for bearing surface 
deterioration and caving. The concrete should be vibrated near the surface to obtain a 
consolidated placement.  
 
It is important that the shaft excavations be observed by a qualified inspector before being filled 
with concrete to verify the bearing conditions. During concrete placement, the geotechnical 
representative would also observe for proper placement to reduce the potential for voids or soil 
intrusion into the concrete. 

6.5 Driven Pile Installation 

The driven piles, if selected as a foundation element for the structure, are to be furnished and 
installed according to the requirements of Section 512 of the IDOT Standard Specifications, 
2012. Millennia recommends that at least one test pile be driven at each substructure location, 
in accordance with Section 512.15. Reinforced tips should not be needed at this site based on 
the depth of sands encountered at the borings, unless H-Pile sections are preferred and driven 
to shale bedrock. 

6.6 Subgrade, Fill, and Backfill  

Earthwork activities including benching, backfill and fill should be performed in accordance with 
Section 205 of the Standard Specifications. 
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7.0 Closing 

 
This report has been prepared for the exclusive use of Oates Associates, Inc. and the Illinois 
Department of Transportation for use in the design and construction of the proposed IL 145 over 
Bay Creek bridge structures project in Pope County, Illinois.  This report has been prepared in 
accordance with generally accepted soil and foundation engineering practices.  No other 
warranty, expressed or implied, is made to the professional advice and recommendations 
included herein.  This report is not for use by parties other than those named or for purposes 
other than those stated herein.  It may not contain sufficient information for the use of other 
parties or for other purposes.   
 
If there is a substantial lapse of time between the submission of this report and the start of work 
at the site, or if conditions have changed due to natural causes or construction operations at or 
adjacent to the site, this report should be reviewed by Millennia to determine the applicability of 
the analyses and recommendations considering the changed conditions and time lapse.  The 
report should also be reviewed by Millennia if changes occur in structure location, size, and 
type, or in the planned loads, elevations, grading plans, and project concepts. 
 
These analyses and recommendations are based on data obtained from site reconnaissance, 
the borings performed for this study and other pertinent information presented herein.  This 
report does not reflect any variations between, beyond, or below the borings.  Should such 
variations become evident, it may be necessary to re-evaluate the recommendations of this 
report after performing on-site observation during the construction period and noting the 
characteristics of any such variation. 
 
We appreciate this opportunity to be of service to you and would be pleased to discuss any 
aspect of this report with you at your convenience. 
 
Sincerely, 
 
Millennia Professional Services of Illinois, Ltd. 
 
 

 
Jacob A. Schaeffer, P.E. 
Project Manager 
 
 
 
 
 
John S. Kottemann, P.E. 
Senior Project Manager 
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Appendix A: 
 

Figure 1:  Vicinity Map 
Figure 2:  TS&L Plan 

Figure 3:  Subsurface Profile  
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0.4, 28%
0.2, 26%

24

0.7, 33%

0.3, 65%

1.1, 29%

21

19

0.5, 27%
0.4, 27%
0.2, 30%

1.1, 24%1.2, 29%

0.8, 39%

0.4, 32%
0.7, 28%

0.3, 59%0.8, 50%
0.8, 79%
2.0
0.8, 28%

4

5

1

1-
S

 (1
)

2-
S

 (1
)

1

270

WOH

250

WOH

6

9

9

20

14

11

14

1.5, 25%

0.7, 42%
0.7, 30%
0.1, 30%

0.5., 59%

1.2, 164%
0.7, 67%

0.4, 29%

15%

15%

15%

21%

21%

21%

16%

16%

5
5
5
8

3

3
3

3
3

2

3

2
2

1
WOH

3
2

WOH

3

WOH

3822
25

24 23
20

4

14

16

5
38

16

38

2

33

8
5
4

0.6, 28%
0.5, 27%

3
3
5
3
3

0.6, 61%

2
3
4
3
7

1927% 25
27% 23

23%

27
31

29

39

4
2
6
5

0.7, 58%

0.7, 63%

6

WOH

0.9, 55%

5

16%

0.3, 30%

15

WOH

0.3, 29%

21%

2

3

15

1

WOH

11

22

0.9, 62%

WOH 0.4, 28%

21%

24

0.2, 32%

0.2, 28%

0.4, 26%

0.9, 33%

0.8, 64%
0.7, 28%
0.4, 30%

16 27%

0.8, 56%

20
19

19
79

19
79

19
79

20
19

350

340

330

320

310

300

290

280

Elevation (ft.)

270

260

250

4-
S

 (2
)

20
21

3-
S

 (2
)

20
21

240 240

230 230

220 220

0.9, 21%5
25%1
0.3, 27%WOH
0.4, 29%WOH
0.4, 71%WOH
0.5, 35%WOH
0.3, 28%WOH
0.3, 26%WOH
0.3, 26%WOH
0.1, 29%WOH
0.1, 29%WOH

WOH
9

15

12
17
20

26

21

19

18

12

17

11

15

12

2.8, 20%14
1.0, 39%3
0.8, 57%3
0.4, 52%2

0.7, 106%WOH
0.3, 132%WOH

0.5, 53%WOH
0.5, 33%WOH
0.3, 28%WOH
0.3, 27%2
24%3
17%2

12
5
4

20

19

22

23

33

14

7

19

14

11

16

16

14

23

20%75

50/0"

Abutment Pier 1 Pier 3 Abutment
South North

Pier 2

PROJECT NAME: PROJECT No.:

Work Order No. 9
MG19034.09

IL 145 over Bay Creek

DRAWN BY: CHECKED BY:

08/05/2021 08/05/2021

B. FISHER J. SCHAEFFER

STRATIGRAPHY

CLAY LOAM

LOAM

PEAT

SANDY LOAM

SHALE

SILTY CLAY LOAM

SILTY LOAM

SILT BORING DATA KEY:

B
or

in
g 

ID

StratigraphyN-Value (bpf) Groundwater level
encountered at boring SUBSURFACE PROFILE

FIGURE 3:

Note:  Elevations are approximate. Actual conditions between borings are unknown, and are subject to change. Drilled shaft depths shown are only for reference.

CLAY

SANDY CLAY
Moisture Content (%)
Rimac Value (tsf) ,

Vertical Scale:  Approx.  1" = 25'
Horizontal Scale:  IGNORE

CLAY WITH SAND
ORGANICS

CONCRETE

SILTY CLAY
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SECTION COUNTY

DRAWN

ILLINOIS DESIGN FIRM LICENSE NO.: 184.001115

Allow 50#/sq. ft. for future wearing surface.

LOADING HL-93

State

Event / Limit

Q100

Q200

Design

Check

S. Abut. N. Abut.Pier 2 Pier 3

Design Scour Elevations (ft.)

Item 113

DESIGN SCOUR ELEVATION TABLE

Range 5E, 3rd P.M.

T
w

p
. 

1
3
S

LOCATION SKETCH

N

RTE.

F.A.P.

132 POPE

1 2

29 28

32 33

145

Bay Creek

P
r
o
p
o
s
e
d
 
S
t
r
u
c
t
u
r
e

Grasty

Rd.

R
e
e
v
e
s
v
il
le

Rd
.

B
o

w
m

a
n

L
o
o
p

Valley Rd.

Bay

5

FIELD UNITS

fy = 50,000 psi (M270 Grade 50)

fy = 60,000 psi (Reinforcement)

f'c =  4,000 psi (Superstructure concrete)

f'c =  3,500 psi

DESIGN STRESSES

Directional Distribution: 50:50

Two-Way Traffic

    Posted Speed: 55 m.p.h.

Design Speed: 55 m.p.h.  

DHV: 250

ADTT: 185 (2018); 225 (2038)

ADT: 2,050 (2018); 2,500 (2038)

Functional Class: Minor Arterial

F.A.P. Rte. 132 - IL Rte. 145

HIGHWAY CLASSIFICATION

STRUCTURE NO. 076-0033

STA. 896+66.00

POPE COUNTY

F.A.P. RTE. 132 - SEC. 103B-2

IL RTE. 145 OVER BAY CREEK

GENERAL PLAN & ELEVATION

103B-2

CONTRACT NO. 78719

E
le

v
. 

3
5
0
.7

6

P
V

T
 
S
t
a
. 

8
9
4

+
7
0
.0

0

E
le

v
. 

3
5
0
.7

6

P
V

T
 
S
t
a
. 

8
9
9

+
3
5
.0

0

0.00%

PROFILE GRADE

(along ¡ roadway)

Soil Site Class = E

Design Spectral Acceleration at 0.2 sec. (SDS) = 0.918g

Design Spectral Acceleration at 1.0 sec. (SD1) = 0.701g

Seismic Performance Zone (SPZ) = 4

SEISMIC DATA

Pier 1

PLAN

ELEVATION

1-S 1

2-S 1

3-S 1

1-S 2

2-S 2

Low Beam Elev. 346.7 W36 (Composite)

Bridge Omission Sta. 895+05.17 to 898+26.83

F E F E F

vert. cl.

1'-4" min.
Type 6, Std. 631031, typ.

Traffic Barrier Terminal

Elev. ±339.3
Elev. ±331.0 Elev. ±336.3

Streambed Elev. 329.86

1:2

(V:H) (V
:H
)

1:
2

Stone Riprap, Class A4, typ.

ground line

Existing

Type 2 Cofferdam

N

F
lo

w

70'-0" 70'-0"90'-0"90'-0"

323'-8" back to back abutments

Elev. 350.76

Sta. 895+04.17

Bk. of S. Abut

Elev. 350.76

Sta. 895+76.00

¡ Pier 1

Elev. 350.76

Sta. 896+66.00

¡ Pier 2

Elev. 350.76

Sta. 897+56.00

¡ Pier 3

Elev. 350.76

Sta. 898+27.83

Bk. of N. Abut

typ
.

9
0
°

S
h
ld
r
.

4
'-

0
"

S
h
ld
r
.

4
'-

0
"

R
o
a
d

w
a
y

2
4
'-

0
"1
6
'-

0
"

1
6
'-

0
"

o
u
t
 
t
o
 
o
u
t

3
4
'-

1
0
"

t
y
p
.

1
'-

5
"

E
x
. 

S
t
r
u
c
t
u
r
e

L
im
it
s
 
o
f

C
o
n
s
t
.

S
t
a
g
e
 
1

C
o
n
s
t
.

S
t
a
g
e
 
2

& P.G.L.

¡ Roadway

Line

Stage Const.

Piling, typ.

Temp. Sheet

(V:H)

1:2

(V:H)

1:2

Appr. Slab, typ.

30' Bridge

= 45'-0"

3 Spaces at 15'-0" 25'-6" 5 Spaces at 13'-0" = 65'-0" 12'-4"

¡ Pier 2

Symm. about
Each side of deck

6" Ø Floor Drains,

Elev. 350.76

Sta. 895+06.00

¡ Brg. S. Abut

Elev. 350.76

Sta. 898+26.00

¡ Brg. N. Abut

Footing, typ.

Approach

JAD

ETH

JAD

ETH

343.2

343.2

343.2

343.2

343.2

343.2

343.2

343.2

DESIGN SPECIFICATIONS

331.6

331.3

331.6

331.3

319.9

319.4

319.9

319.4

328.9

328.6

328.9

328.6

 Yr.

Freq.

H.W.E. 

Nat.

Exist. Prop. Exist. Prop.

Headwater El.

Exist. Prop.
Flood

Main Channel

Main Channel

Total

Total

Drainage Area = 169.6 sq. mi.

Head - Ft.

WATERWAY INFORMATION

Opening Ft²

Prop. Low Grade Elev. 348.9 at Sta. 890+00

Exist. Low Grade Elev. 348.8 at Sta. 890+00

Main Channel

Total

Main Channel

Total

50Relief Str.

Relief Str.

Relief Str.

Relief Str.

Design

Base

Check

Calc.

Max

Main Channel

Total

10Relief Str.

100

200

500

6,502

3,498

10,000

9,008

5,092

14,100

10,096

5,704

15,800

11,418

6,282

17,700

12,865

7,235

20,100

6,489

3,511

10,000

8,959

5,141

14,100

10,074

5,726

15,800

11,287

6,413

17,700

12,835

7,265

20,100

Q C.F.S. 

Exist. Prop.

2,448

1,344

3,792

2,448

1,344

3,792

3,792

1,344

2,448

3,792

1,344

2,448

3,792

1,344

2,448

2,460

1,344

3,804

2,460

1,344

3,804

2,460

1,344

3,804

2,460

1,344

3,804

2,460

1,344

3,804

345.4

345.4

345.4

345.4

345.4

0.2

0.4

0.5

0.6

0.7

0.2

0.4

0.5

0.6

0.7

345.6

345.8

345.9

346.0

346.1

345.6

345.8

345.9

346.0

346.1

Salvage: None

Traffic Control: One lane of traffic will be maintained by utilizing staged construction.

founded on concrete piles and concrete pile bent piers founded on concrete piles. Structure is to be removed and replaced.

out to out deck width is 34'-0". The existing structure consists of a five span 27" PPC deck beam superstructure supported by concrete stub abutments 

Existing Structure: S.N. 076-0024 was originally built in 1983 as F.A. Route 132, Section 103A-B. The back to back abutment length is 324'-7" and the 

Bench Mark:  BM 804 - Chiseled square on northeast wingwall, Sta. 898+11, 17' RT., Elev. 350.05.

Elev. 345.4

D.H.W.

5

Metal Shell Piles

Elev. 343.18 Elev. 343.18

Metal Shell Piles Metal Shell Piles
Metal Shell Piles Metal Shell Piles

14'-0"

1'-10" 1'-10"

B B A

A

BB

A

A

334.3

Elev. 

331.3

Elev.

Elev. 325.0

Elev. 337.0

E.W.S.

3-S 3

typical.

Timber piles from 1959 bridge construction,5

Protection at Piers, see sheet 2 of 2. 

For Sections A-A and B-B, and Riprap4

2021 Boring.3

2019 Boring.2

1979 Boring.1

Notes:

4-S 3

Specifications, 9th Edition

2020 AASHTO LRFD Bridge Design
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SECTION COUNTY

DRAWN

ILLINOIS DESIGN FIRM LICENSE NO.: 184.001115

RTE.

F.A.P.

132 POPE

2 2

1'-5" 1'-5"

1'-6"

34'-10" Out to out

¡ Roadway

4'-0" 2'-6"

t
y
p
.

3
'-

3
"

P.G.

CROSS SECTION

(Looking North)

1.5%2% 2%1.5% S
la

b

8
"

W36 (Composite), typ.

Slope Parapet, typ.

39" Constant

Stage 1 RemovalStage 2 Removal

Shldr.

4'-0"

Lane

12'-0"

Lane

12'-0"

Shldr.

4'-0"

Stage 2 Construction

18'-11"

Stage 1 Construction

15'-11"

Stage 1 Traffic

12'-0"

Stage 2 Traffic

12'-0"

Barrier, typ.

Temporary Concrete

Drain, typ.

6" Ø Floor

m
in
.

6
"

2'-10" 2'-10"5 Spaces at 5'-10" = 29'-2"

Bedding

Filter Fabric

Class A4

Stone Riprap,

SECTION B-B

1
'-

4
"

6
" 2
'-

8
"

4'-0"

Filter Fabric

Bedding

1:
2 
(V
:H
)

SECTION A-A

Class A4

Stone Riprap,

1
'-
4
"6
"

8'-0"

4
'-

0
"

Ground Line

7
'-

0
"

1
0
'-

0
"

10'-0"

7'-0"

Filter Fabric

Limits of

Riprap

Limits of

C C

RIPRAP PROTECTION AT PIERS

Class A4

Stone Riprap,

1
'-

4
"

6
"

SECTION C-C

Bedding

Filter Fabric

103B-2

CONTRACT NO. 78719

JAD

JAD

ETH

ETH

STRUCTURE NO. 076-0033

STA. 896+66.00

POPE COUNTY

F.A.P. RTE. 132 - SEC. 103B-2

IL RTE. 145 OVER BAY CREEK

DETAILS

m
in
.

4
'-

0
"

req'd. by design

No. & spacing as

PIER SKETCH

1:2
 (V
:H
) a
t R
t. 

�'s

2
'-

0
"

m
in
.

1
'-

0
"

m
in
.

3
'-

6
"

Bk. of Abut.

Const. joint

Metal shell piles

1
'-

0
"

2'-0"

1

1

1
'-

0
"

Wall Drain

Geocomposite

Approach slab

Granular Backfill

Structure Excavation

French Drains

Geotechnical Fabric for

Drainage Aggregate

pipe underdrain

4" Ø Perforated

SECTION THRU INTEGRAL ABUTMENT

4
"

1'-0"

(Composite)

W36 beam

Bridge Omission

1'-10" 1'-10"

2" thick Rocker ¢
Pier Stem

Pier Stem

by design, 2'-6" min.

dimensions as required

Seal Coat (Pier 2 only)



 
 

11 Executive Drive, Suite 12    Fairview Heights, Illinois 62208    618-624-8610 

 

Peoria  Chicago  St. Louis  Metro East 

            Millennia Professional Services, Ltd 

 
 
 
 
 
 
 
 
 
 

Appendix B: 
 

Boring Logs  
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7
7

WOH
1
2

WOH
2
1

WOH
1
1

1
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
1
1

2
1
2

1
WOH

2

5
5
7

1
1
4

1
2
2

4
8

12

Topsoil (2.0")

FILL:  Brown, very stiff, SILTY
CLAY LOAM

Gray, soft to medium-stiff, moist,
CLAY

- trace organics below 6.5 ft.
- Atterberg Limits:
       LL= 95, PI = 61

Black, medium-stiff, moist,
ORGANIC CLAY

Brownish gray, soft, moist,
ORGANIC SILTY LOAM

Gray, soft, moist, CLAY, trace
organics

Gray, soft, moist, SILTY CLAY
LOAM
- Atterberg Limits:
       LL = 41, PI = 20

Gray, soft, moist, SILTY CLAY
LOAM (continued)

Gray, soft, moist, CLAY LOAM

Gray, soft, moist, LOAM
- Atterberg Limits:
       LL = 23, PI = 7

Gray, loose, SAND, fine- to
medium-grained

Gray, soft, SANDY CLAY, trace
organics

- Atterberg Limits:
       LL = 23, PI = 8

Gray, loose to medium-dense,
SAND, medium- to
coarse-grained, with fine gravel
- 4.1% passing No. 200 sieve,
  15.0% retained on No. 4 sieve

- 6.5% passing No. 200 sieve,
  28.5% retained on No. 4 sieve

2.8
S

1.0
S

0.8
S

0.4
S

0.7
S

0.3
P

0.5
B

0.5
B

0.3
B

0.3
B

20

39

57

52

106

132

53

33

28

27

24

17

338.30

335.50

328.00

325.50

323.00

320.50

318.00

315.50

313.00

311.50

308.70

(ft)

D
E
P
T
H

(/6")

B
L
O
W
S

(ft)

E
L
E
V

(%)

M
O
I
S
T

(tsf)

U
C
S

Qu

-5

-10

-15

-20

of 076-0024

BORING NO.

ft

897+25

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (North Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

3-S

338.5

SOIL BORING LOG

314.5Northing
Easting

IL-145 over Bay Creek

6/30/2021

3-S

1

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.

Printed 8/17/2021

 ft
 ft

 ft
 ft
 ft

75%

Sheet

ROUTE

MPS PROJECT NO.
DATE

Surface Water Elev.

Groundwater Elev.:

After

First Encounter
Upon Completion

Stream Bed Elev.

Hrs.

AutomaticHollow Stem AugerDRILLING METHOD

P. Adhikari

ft35                        RT

(ft)

D
E
P
T
H

(/6")

B
L
O
W
S

(ft)

E
L
E
V

(%)

M
O
I
S
T

(tsf)

U
C
S

Qu

-25

-30

-35

-40

3



5
7

12

8
11
11

6
10
13

6
15
18

6
6
8

3
3
4

7
10
9

5
7
7

Gray, loose to medium-dense,
SAND, medium- to
coarse-grained, with fine gravel
(continued)

- fine- to medium-grained below
43.5 ft.

- 6.8% passing No. 200 sieve

Gray, loose to medium-dense,
SAND, medium- to
coarse-grained, with fine gravel
(continued)

- medium- to coarse-grained
below 63.5 ft.

- fine- to medium-grained below
78.5 ft.

(ft)

D
E
P
T
H

(/6")

B
L
O
W
S

(ft)

E
L
E
V

(%)

M
O
I
S
T

(tsf)

U
C
S

Qu

-45

-50

-55

-60

of 076-0024

BORING NO.

ft

897+25

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (North Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

3-S

338.5

SOIL BORING LOG

314.5Northing
Easting

IL-145 over Bay Creek

6/30/2021

3-S

2

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.

Printed 8/17/2021

 ft
 ft

 ft
 ft
 ft

75%

Sheet

ROUTE

MPS PROJECT NO.
DATE

Surface Water Elev.

Groundwater Elev.:

After

First Encounter
Upon Completion

Stream Bed Elev.

Hrs.

AutomaticHollow Stem AugerDRILLING METHOD

P. Adhikari

ft35                        RT

(ft)

D
E
P
T
H

(/6")

B
L
O
W
S

(ft)

E
L
E
V

(%)

M
O
I
S
T

(tsf)

U
C
S

Qu

-65

-70

-75

-80

3



6
6
5

7
7
9

11
9
7

6
7
7

4
9

14

32
25
50

50/0"

Gray, loose to medium-dense,
SAND, medium- to
coarse-grained, with fine gravel
(continued)

- medium- to coarse-grained
below 83.5 ft.

- with gravel below 88.5 ft.

Gray, loose to medium-dense,
SAND, medium- to
coarse-grained, with fine gravel
(continued)

Gray SHALE, weathered

- no recovery at 113.5 ft.

End of Boring
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of 076-0024

BORING NO.

ft

897+25

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (North Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

3-S

338.5

SOIL BORING LOG

314.5Northing
Easting

IL-145 over Bay Creek

6/30/2021

3-S

3

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.

Printed 8/17/2021
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MPS PROJECT NO.
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After
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Upon Completion

Stream Bed Elev.

Hrs.

AutomaticHollow Stem AugerDRILLING METHOD

P. Adhikari
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1
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WOH
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WOH

WOH
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WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

3
4
5

3
6
9

6
6
6

Topsoil (2.0")

Brown, soft to medium-stiff, SILTY
CLAY

- gray, soft, moist below 3.5 ft.

- trace organics below 8.5 ft.

Gray, soft, moist, CLAY, trace
organics

Gray, soft, moist, CLAY LOAM,
trace organics

Gray, very soft to soft, moist, SILT
LOAM

- Atterberg Limits:
       LL = 31, PI = 12

Gray, very loose to
medium-dense, SAND, fine- to
medium-grained, trace gravel

- with gravel below 31.0 ft.
- 4.4% passing No. 200 sieve,
  24.7% retained on No. 4 seive

- trace gravel below 33.5 ft.

- fine- to coarse-grained below
38.5 ft.

0.9
S

0.3
B

0.4
B

0.4
B

0.5
B

0.3
B

0.3
B

0.3
B

0.1
B

0.1
B

21
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27
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71

35
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26
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29
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319.00
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of 076-0024

BORING NO.

ft

895+65

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (South Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

4-S

339.5

SOIL BORING LOG

314.5Northing
Easting

3

IL-145 over Bay Creek

6/29/2021

4-S

1

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.
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 ft
 ft

 ft
 ft
 ft

75%

Sheet

ROUTE

MPS PROJECT NO.
DATE

Surface Water Elev.
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After
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Stream Bed Elev.

Hrs.

AutomaticHollow Stem AugerDRILLING METHOD

P. Adhikari
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7
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10

10
13
13

8
9

12

12
9

10

7
9
9

3
6
6

7
8
9

6
5
6

Gray, very loose to
medium-dense, SAND, fine- to
medium-grained, trace gravel
(continued)
- with gravel below 41.0 ft.

- fine- to medium-grained below
43.5 ft.
- 3.5% passing No. 200 sieve

- fine- to coarse-grained below
53.5 ft.

Gray, very loose to
medium-dense, SAND, fine- to
medium-grained, trace gravel
(continued)

- medium- to coarse-grained
below 68.5 ft.

- fine- to medium-grained below
78.5 ft.
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BORING NO.

ft

895+65

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (South Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

4-S

339.5

SOIL BORING LOG

314.5Northing
Easting

3

IL-145 over Bay Creek

6/29/2021

4-S

2

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.
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6
7
8

10
6
6

Gray, very loose to
medium-dense, SAND, fine- to
medium-grained, trace gravel
(continued)

- medium- to coarse-grained
below 88.5 ft.

End of Boring
249.50
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of 076-0024

BORING NO.

ft

895+65

LITHOLOGYLITHOLOGY

HAMMER TYPE

DRILLED BY Geotechnology LOGGED BY

EFFICIENCY

RIG TYPE

LOCATION 2.3 miles South of IL 146 (South Abut.)CONSULTANT Millennia Professional Services

DESCRIPTION DISTRICT 9

COUNTY

SECTION

Station
Offset

Ground Surface Elev.

CME 550X

Pope

103(B-2)

132

4-S

339.5

SOIL BORING LOG

314.5Northing
Easting

3

IL-145 over Bay Creek

6/29/2021

4-S

3

The Unconfined Compressive Strength (UCS) Qu column represents either the IDOT Rimac or AASHTO T 208 Test Procedure.
The Qu failure mode is indicated by B for Bulge or S for Shear.  P is a Pocket Penetrometer test.  The Standard Penetration
Test (SPT) N value is the sum of the second and third Blows /6 in. values in each sample using AASHTO T 206.
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Illinois Department of lransportation 

Memorandum 
"'i.· ·� 

To: 

From: 

Carrie Nelsen 

Keith Roberts 

Boring Logs 

Attn: Dave Piche 

By: Aaron Hayes 

Subject: 

Date: November 22, 2019 

IL 145 over Bay Creek 
Structure 076-0024 (Ex.) 

Section 103(8-2) 
Pope County 

Foundation boring logs have been obtained for the above listed structure 
and are attached. Please note the borings were completed on two 
separate occasions. 

Rock was not encountered in the two borings completed for this project. 
The borings were drilled to a depth that will achieve a minimum nominal 
driven bearing capacity for a 14 in. diameter metal shell pile of 435 kips 
at Boring 1-S and 500 kips at Boring 2-S. Boring 1-S, near the north 
abutment, shows a layer of potentially liquefiable soils at a depth of 33.5 
to 53.5 feet. Boring 2-S, near the south abutment, shows layers of 
potentially liquefiable soils at depths of 33.5 to 43.5 feet and 53.5 to 58.5 
feet. A liquefaction analysis should be completed once the proposed 
structure's final dimensions are determined. 

Borings completed in 1979 before the existing structure was constructed 
have been attached for additional subsurface information. Also attached 
is a General Plan and Elevation sheet from the 1979 plans showing the 
old boring locations. 

Attachments 
AWH:ah 

cc: Materials Geotechnical Unit\Boring Logs using glNT\State 
Structures\Pope 
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336.40
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1
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WOH

1

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

WOH
WOH
WOH

4
3
3

2
3
3

1.5
B

1.1
B

0.7
B

0.7
B

0.1
B

0.9
B

0.5
B

0.3
B

1.2
B

0.7
B

0.3
B

0.4
B

0.3
B

25

24

42

30

30

55

59

59

164

67

30

29

29

15

Cored pavement, 9" HMA over 9"
CONCRETE

Grey, Moist CLAY (visual ID from
auger cuttings)

Stiff Grey, Moist SILT

M. Stiff Grey, Moist SILTY CLAY
with chunks of WOOD

V. Soft Grey, Moist SILT A-6(11)
0% SAND, 83% SILT, 17% CLAY,
LL = 32, PI = 10 (Lab 41)

M. Stiff Grey, V. Moist CLAY
N.L. PI > 11 (Est.)

Soft Grey, V. Moist CLAY with
ORGANICS
N.L. PI > 11 (Est.)

Soft Grey, V. Moist CLAY with
ORGANICS
N.L. PI > 11 (Est.) (continued)

Stiff Dark Brown and Black, V.
Moist CLAYEY PEAT

M. Stiff Grey, V. Moist CLAY with
specks of ORGANICS
N.L. PI > 11 (Est.)

Soft Grey, Moist CLAY
N.L. PI > 11 (Est.)

Soft Grey, Moist CLAY LOAM with
ORGANICS (medium plasticity)
and a 12 inch layer of Grey, m. to
c. SAND

Soft Grey, Moist SILTY LOAM
A-4(4)
25% m. SAND, 60% SILT, 15%
CLAY, LL = 27, PI = 8 (Lab 42)

Loose Grey m. and c. SAND with
f. GRAVEL
40% f. GRAVEL and c. SAND,
58% m. SAND, 1% SILT, 1%
CLAY (based on visual ID and
Lab 43)
(washed)
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1

Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

313.9 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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First Encounter

333.6
330.1

DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 5/30/19

BORING NO.

2.3 miles South of IL 146 (North Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

349.9 ft

1-S
898+44
7.0ft Rt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145
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15

15

21

21
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16

16

Loose Grey, Moist m. and c.
SAND with f. GRAVEL
(non-plastic)
40% f. GRAVEL and c. SAND,
58% m. SAND, 1% SILT, 1%
CLAY (Lab 43) (continued)

M. Dense Grey, Moist m. and c.
SAND with f. GRAVEL
(non-plastic)
14% c. SAND and f. GRAVEL,
82% m. SAND, 3% SILT, 1%
CLAY (Lab 44)

M. Dense Grey, Moist m. and c.
SAND with f. GRAVEL
(non-plastic)
29% c. SAND and f. GRAVEL,
69% m. SAND, 1% SILT, 1%
CLAY (Lab 45)
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Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

313.9 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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First Encounter

333.6
330.1

DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 5/30/19

BORING NO.

2.3 miles South of IL 146 (North Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

349.9 ft

1-S
898+44
7.0ft Rt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145
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M. Dense Grey, Moist m. and
c. SAND with f. GRAVEL
(non-plastic)
14% c. SAND and f. GRAVEL,
82% m. SAND, 3% SILT, 1%
CLAY (Lab 44) (continued)
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254.90

3
5
6

4
7
7

16

M. Dense Grey, Moist m. and c.
SAND with f. GRAVEL
(non-plastic)
29% c. SAND and f. GRAVEL,
69% m. SAND, 1% SILT, 1%
CLAY (Lab 45) (continued)

(end of boring)

Bottom of hole @ 95 ft

N.L. = Not Liquefiable

Elevation referenced to BM 804, 
Chiseled Square on the NE 
wingwall of SN 076-0024; EL. 
350.05
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3

Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

313.9 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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First Encounter

333.6
330.1

DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 5/30/19

BORING NO.

2.3 miles South of IL 146 (North Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

349.9 ft

1-S
898+44
7.0ft Rt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145

To convert "N" values to "N60", 
multiply by 1.5
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28
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23

Cored pavement, 13" HMA over
9" CONCRETE

Grey, Moist CLAY (visual ID from
auger cuttings)

M. Stiff Grey, Moist CLAY

M. Stiff Grey, Moist CLAY with
thin layers of ORGANICS

Soft Grey, Moist SILTY CLAY

V. Soft Grey, Moist CLAY
N.L. PI > 11 (Est.)

M. Stiff Grey, V. Moist CLAY
N.L. PI  > 11 (Est.)

M. Stiff Grey with specks of
Brown, V. Moist CLAY with
ORGANICS

N.L. PI > 11 (Est.)

Dark Grey

M. Stiff Grey, Moist CLAY
N.L. PI > 11 (Est.)

Soft Grey, Moist CLAY
N.L. PI > 11 (Est.)

V. Soft Grey, Moist CLAY LOAM
N.L. PI > 11 (Est.)

V. Loose Grey, Moist well graded
f. SAND

Non-plastic, 18% c. SAND, 62% f.
SAND, 16% SILT, 4% CLAY (Lab
59)

M. Dense (No sample)

(washed)

M
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T

(ft)
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-15

-20

(%)

U
C
S

Qu
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O
W
S

(tsf)

D
E
P
T
H

1

Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

312.6 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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First Encounter

333.3
330.3

DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 10/18/19

BORING NO.

2.3 miles South of IL 146 (South Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

350.1 ft

2-S
894+54
7.0ft Lt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145
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306.60

301.60
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7
7

4
8
8

5
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9

21

27

27

27

M. Dense (No sample)

(washed) (continued)

M. Dense Grey, Moist c. SANDY
LOAM with rounded f. GRAVEL
Non-plastic, 19% f. GRAVEL to c.
SAND, 19% m. SAND, 25% f.
SAND, 30% SILT, 7% CLAY (Lab
60)
(washed)

M. Dense Grey, Wet SANDY
LOAM A-6(1)
LL = 28, PI = 14, 21% c. SAND to
f. GRAVEL, 24% m. SAND, 27%
f. SAND, 16% SILT, 12% CLAY
(Lab 61)
(washed)

(washed)

M. Dense Grey, Moist f. and m.
SAND

(washed) (continued)

M. Dense Grey, Moist m. and c.
SAND with rounded f. GRAVEL
and 1" COAL seam

M. Dense Grey, Moist m. and c.
SAND with rounded GRAVEL
Non-plastic, 29% c. SAND and f.
GRAVEL, 69% m. SAND, 1%
SILT, 1% CLAY (based on visual
ID and Lab 45)
(washed)

M
O
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S
T

(ft)

-45

-50

-55

-60

(%)

U
C
S

Qu

B
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O
W
S

(tsf)

D
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H

2

Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

312.6 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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First Encounter

333.3
330.3

DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 10/18/19

BORING NO.

2.3 miles South of IL 146 (South Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

350.1 ft

2-S
894+54
7.0ft Lt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145

M
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260.10

7
6

10

M. Dense Grey, Moist m. and c.
SAND with rounded GRAVEL
Non-plastic, 29% c. SAND and f.
GRAVEL, 69% m. SAND, 1%
SILT, 1% CLAY (based on visual
ID and Lab 45)
(washed) (continued)

Bottom of hole @ 90.0 ft

N.L. = Not Liquefiable

Elevation referenced to BM 804,
Chiseled Square on the NE
wingwall of SN 076-0024; EL.
350.05

To convert "N" values to "N60",
multiply by 1.5

M
O
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S
T

(ft)

-85

-90

-95

-100

(%)

U
C
S
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W
S

(tsf)

D
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H

3

Upon Completion
After

Hollow stem auger (8" O.D., 3.25" I.D.)HAMMER TYPE Auto SPT 140 lb

312.6 ft
ft
ft

Stream Bed Elev.
ft
ft

Groundwater Elev.:

Hrs.

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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DRILLING METHOD

Surface Water Elev.

SECTION

L. Estel

STRUCT. NO.

Station

COUNTY

3

Station

Ground Surface Elev.

 10/18/19

BORING NO.

2.3 miles South of IL 146 (South Abut.), SEC. 29, TWP. 13S, RNG. 5E,  PM

ROUTE

LOCATION

Pope

Offset

Page

Date

LOGGED BY

of

896+49
076-0024

Structure over Bay Creek

103(B-2)

DESCRIPTION

350.1 ft

2-S
894+54
7.0ft Lt

Illinois Department
of Transportation
Division of Highways
District 9

IL 145
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Appendix C: 
 

Summary Stability Profiles  



IL 145 over Bay Creek 1-S North Abutment- End Slope (undrained condition) 
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IL 145 over Bay Creek 1-S North Abutment- End Slope (drained condition) 
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IL 145 over Bay Creek 1-S North Abutment- End Slope (seismic condition) 
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IL 145 over Bay Creek 1-S North Abutment – 3:1 Side Slope (undrained condition) 
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IL 145 over Bay Creek 1-S North Abutment – 3:1 Side Slope (drained condition) 
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IL 145 over Bay Creek 1-S North Abutment – 3:1 Side Slope (seismic condition) 
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IL 145 over Bay Creek 2-S South Abutment- End Slope (undrained condition) 
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IL 145 over Bay Creek 2-S South Abutment- End Slope (drained condition) 
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IL 145 over Bay Creek 2-S South Abutment- End Slope (seismic condition) 
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IL 145 over Bay Creek 2-S South Abutment 3:1 Side Slope (undrained condition) 
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IL 145 over Bay Creek 2-S South Abutment 3:1 Side Slope (drained condition) 
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IL 145 over Bay Creek 2-S South Abutment 3:1 Side Slope (seismic condition) 
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Appendix D: 
 

Seismic Site Class and Liquefaction Spreadsheets 
 
 
 
 
 

 



Modified  on 12/10/10

PROJECT TITLE=================================================: PROJECT TITLE=================================================:

Substructure 1 Substructure 2 Substructure 3 Substructure 4 Substructure 5 

Base of Substruct. Elev. (or ground surf for bents) 342.88 ft. Base of Substruct. Elev. (or ground surf for bents) 342.88 ft. Base of Substruct. Elev. (or ground surf for bents) 336.3 ft. Base of Substruct. Elev. (or ground surf for bents) 339.3 ft. Base of Substruct. Elev. (or ground surf for bents) ft.

Pile or Shaft Dia. 12 inches Pile or Shaft Dia. 12 inches Pile or Shaft Dia. 12 inches Pile or Shaft Dia. 12 inches Pile or Shaft Dia. inches

Boring Number 1-S Boring Number 2-S Boring Number 3-S Boring Number 4-S Boring Number

Top of Boring Elev. 349.9 ft. Top of Boring Elev. 350.1 ft. Top of Boring Elev. 338.5 ft. Top of Boring Elev. 339.5 ft. Top of Boring Elev. ft.

Approximate Fixity Elev. 336.88 ft. Approximate Fixity Elev. 336.88 ft. Approximate Fixity Elev. 330.3 ft. Approximate Fixity Elev. 333.3 ft. Approximate Fixity Elev. 0 ft.

Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition:

 N (bar): 4 (Blows/ft.)   Soil Site Class E  N (bar): 4 (Blows/ft.)   Soil Site Class E  N (bar): 5 (Blows/ft.)   Soil Site Class E  N (bar): 4 (Blows/ft.)   Soil Site Class E <----Controls  N (bar): 0 (Blows/ft.)   NA 

Nch (bar): 13 (Blows/ft.)   Soil Site Class E Nch (bar): 16 (Blows/ft.)   Soil Site Class D Nch (bar): 16 (Blows/ft.)   Soil Site Class D Nch (bar): 15 (Blows/ft.)   Soil Site Class D Nch (bar): 0 (Blows/ft.)   NA 

su (bar): 0.33 (ksf)   Soil Site Class E <----Controls su (bar): 0.38 (ksf)   Soil Site Class E <----Controls su (bar): 0.39 (ksf)   Soil Site Class E <----Controls su (bar): 0.22 (ksf)   Soil Site Class E su (bar): 0 (ksf)   NA 

Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer

Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description

Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary

(ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B

0 0.0 347.4 2.50 4 1.50 0 0.0 347.6 2.50 3 0.90 0 0.0 335.5 3.00 14 2.80 B 0 0.0 336.5 3.00 5 0.90 B 0 0.0 0.0

0 0.0 344.9 2.50 4 1.50 0 0.0 345.1 2.50 3 0.90 0 0.0 333.0 2.50 3 1.00 B 0 0.0 334.0 2.50 1 0.10 B 0 0.0 0.0

0 0.0 342.4 2.50 4 1.50 0 0.0 344.1 1.00 3 0.90 B 0 0.0 330.5 2.50 3 0.80 B 0 1.8 331.5 2.50 1 0.30 B 0 0.0 0.0

0 0.0 341.4 1.00 4 1.50 B 0 0.0 341.6 2.50 3 0.60 0 2.3 328.0 2.50 2 0.40 B 0 4.3 329.0 2.50 1 0.40 B 0 0.0 0.0

0 0.0 338.9 2.50 5 0.70 0 0.0 339.1 2.50 3 0.50 B 0 4.8 325.5 2.50 1 0.70 B 0 6.8 326.5 2.50 1 0.40 B 0 0.0 0.0

0 0.5 336.4 2.50 5 0.70 B 1 0.3 336.6 2.50 3 0.40 R 0 7.3 323.0 2.50 1 0.30 B 0 9.3 324.0 2.50 1 0.50 B 0 0.0 0.0

0 3.0 333.9 2.50 1 0.10 B 0 2.8 334.1 2.50 2 0.20 B 0 9.8 320.5 2.50 1 0.50 B 0 11.8 321.5 2.50 1 0.30 B 0 0.0 0.0

0 5.5 331.4 2.50 1 0.90 B 0 5.3 331.6 2.50 3 0.80 B 0 12.3 318.0 2.50 1 0.50 B 0 14.3 319.0 2.50 1 0.30 B 0 0.0 0.0

0 8.0 328.9 2.50 2 0.50 0 7.8 329.1 2.50 1 0.60 0 14.8 315.5 2.50 1 0.30 B 0 16.8 316.5 2.50 1 0.30 B 0 0.0 0.0

0 10.5 326.4 2.50 1 0.30 B 0 10.3 326.6 2.50 1 0.90 0 17.3 313.0 2.50 2 0.30 B 0 19.3 314.0 2.50 1 0.10 B 0 0.0 0.0

0 13.0 323.9 2.50 1 1.20 B 0 12.8 324.1 2.50 1 0.80 B 0 19.8 310.5 2.50 3 0 21.8 311.5 2.50 1 0.10 B 0 0.0 0.0

0 15.5 321.4 2.50 1 0.70 B 0 15.3 321.6 2.50 1 0.70 B 0 22.3 308.0 2.50 2 0 24.3 309.0 2.50 1 0 0.0 0.0

0 18.0 318.9 2.50 1 0.30 B 0 17.8 319.1 2.50 1 0.40 B 0 24.8 305.5 2.50 12 0 26.8 306.5 2.50 9 0 0.0 0.0

0 20.5 316.4 2.50 1 0.40 B 0 20.3 316.6 2.50 1 0.40 B 0 27.3 303.0 2.50 5 0 29.3 304.0 2.50 15 0 0.0 0.0

0 23.0 313.9 2.50 1 0.30 B 0 22.8 314.1 2.50 1 0.20 0 29.8 300.5 2.50 4 0 31.8 301.5 2.50 12 0 0.0 0.0

0 25.5 311.4 2.50 6 B 0 25.3 311.6 2.50 2 B 0 32.3 298.0 2.50 20 0 34.3 299.0 2.50 12 0 0.0 0.0

0 28.0 308.9 2.50 9 0 27.8 309.1 2.50 24 0 34.8 295.5 2.50 19 0 36.8 296.5 2.50 17 0 0.0 0.0

0 30.5 306.4 2.50 9 0 30.3 306.6 2.50 24 B 0 37.3 293.0 2.50 19 0 39.3 294.0 2.50 20 0 0.0 0.0

0 33.0 303.9 2.50 9 0 32.8 304.1 2.50 22 0 39.8 290.5 2.50 22 0 41.8 291.5 2.50 26 0 0.0 0.0

0 35.5 301.4 2.50 9 0 35.3 301.6 2.50 22 B 0 42.3 288.0 2.50 22 0 44.3 289.0 2.50 26 0 0.0 0.0

0 38.0 298.9 2.50 9 0 37.8 299.1 2.50 24 0 44.8 285.5 2.50 23 0 46.8 286.5 2.50 21 0 0.0 0.0

0 40.5 296.4 2.50 9 B 0 40.3 296.6 2.50 24 0 47.3 283.0 2.50 23 0 49.3 284.0 2.50 21 0 0.0 0.0

0 43.0 293.9 2.50 20 0 42.8 294.1 2.50 11 0 49.8 280.5 2.50 33 0 51.8 281.5 2.50 19 0 0.0 0.0

0 45.5 291.4 2.50 20 0 45.3 291.6 2.50 11 B 0 52.3 278.0 2.50 33 0 54.3 279.0 2.50 19 0 0.0 0.0

0 48.0 288.9 2.50 24 0 47.8 289.1 2.50 16 0 54.8 275.5 2.50 14 0 56.8 276.5 2.50 18 0 0.0 0.0

0 50.5 286.4 2.50 24 0 50.3 286.6 2.50 16 0 57.3 273.0 2.50 14 0 59.3 274.0 2.50 18 0 0.0 0.0

0 53.0 283.9 2.50 19 0 52.8 284.1 2.50 22 0 59.8 270.5 2.50 7 0 61.8 271.5 2.50 12 0 0.0 0.0

0 55.5 281.4 2.50 19 0 55.3 281.6 2.50 22 B 0 62.3 268.0 2.50 7 0 64.3 269.0 2.50 12 0 0.0 0.0

0 58.0 278.9 2.50 14 0 57.8 279.1 2.50 14 0 64.8 265.5 2.50 19 0 66.8 266.5 2.50 17 0 0.0 0.0

0 60.5 276.4 2.50 14 B 0 60.3 276.6 2.50 14 B 0 67.3 263.0 2.50 19 0 69.3 264.0 2.50 17 0 0.0 0.0

0 63.0 273.9 2.50 21 0 62.8 274.1 2.50 16 0 69.8 260.5 2.50 14 0 71.8 261.5 2.50 11 0 0.0 0.0

0 65.5 271.4 2.50 21 0 65.3 271.6 2.50 16 0 72.3 258.0 2.50 14 0 74.3 259.0 2.50 11 0 0.0 0.0

0 68.0 268.9 2.50 15 0 67.8 269.1 2.50 15 0 74.8 255.5 2.50 11 0 76.8 256.5 2.50 15 0 0.0 0.0

0 70.5 266.4 2.50 15 0 70.3 266.6 2.50 15 0 77.3 253.0 2.50 11 0 79.3 254.0 2.50 15 0 0.0 0.0

0 73.0 263.9 2.50 11 0 72.8 264.1 2.50 15 0 79.8 250.5 2.50 16 0 81.8 251.5 2.50 12 0 0.0 0.0

0 75.5 261.4 2.50 11 0 75.3 261.6 2.50 15 0 82.3 248.0 2.50 16 0 83.8 249.5 2.00 12 0 0.0 0.0

0 78.0 258.9 2.50 11 0 77.8 259.1 2.50 15 0 84.8 245.5 2.50 16 0 100.0 233.3 16.20 12 0 0.0 0.0

0 80.5 256.4 2.50 11 0 80.3 256.6 2.50 15 0 87.3 243.0 2.50 16 0 0.0 0.0 0 0.0 0.0

0 83.0 253.9 2.50 11 B 0 82.8 254.1 2.50 16 B 0 89.8 240.5 2.50 14 0 0.0 0.0 0 0.0 0.0

0 85.5 251.4 2.50 14 0 100.0 236.9 17.20 15 B 0 92.3 238.0 2.50 14 0 0.0 0.0 0 0.0 0.0

0 100.0 236.9 14.50 14 B 0 0.0 0.0 0 100.0 230.3 7.70 23 0 0.0 0.0 0 0.0 0.0

1.00 1.00 1.00 1.00 0.00

Global Site Class Definition:  Substructures 1 through 4

 N (bar): 4 (Blows/ft.)   Soil Site Class E 

Nch (bar): 15 (Blows/ft.)   Soil Site Class D 

su (bar): 0.33 (ksf)   Soil Site Class E <----Controls

IL-145 over Bay Creek
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Modified  on 12/10/10

PROJECT TITLE=================================================: PROJECT TITLE=================================================:

Substructure 1 Substructure 2 Substructure 3 Substructure 4 Substructure 5 

Base of Substruct. Elev. (or ground surf for bents) 342.88 ft. Base of Substruct. Elev. (or ground surf for bents) 342.88 ft. Base of Substruct. Elev. (or ground surf for bents) 336.3 ft. Base of Substruct. Elev. (or ground surf for bents) 339.3 ft. Base of Substruct. Elev. (or ground surf for bents) ft.

Pile or Shaft Dia. 48 inches Pile or Shaft Dia. 48 inches Pile or Shaft Dia. 48 inches Pile or Shaft Dia. 48 inches Pile or Shaft Dia. inches

Boring Number 1-S Boring Number 2-S Boring Number 3-S Boring Number 4-S Boring Number

Top of Boring Elev. 349.9 ft. Top of Boring Elev. 350.1 ft. Top of Boring Elev. 338.5 ft. Top of Boring Elev. 339.5 ft. Top of Boring Elev. ft.

Approximate Fixity Elev. 318.88 ft. Approximate Fixity Elev. 318.88 ft. Approximate Fixity Elev. 312.3 ft. Approximate Fixity Elev. 315.3 ft. Approximate Fixity Elev. 0 ft.

Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition: Individual Site Class Definition:

 N (bar): 8 (Blows/ft.)   Soil Site Class E  N (bar): 10 (Blows/ft.)   Soil Site Class E  N (bar): 16 (Blows/ft.)   Soil Site Class D <----Controls  N (bar): 10 (Blows/ft.)   Soil Site Class E  N (bar): 0 (Blows/ft.)   NA 

Nch (bar): 13 (Blows/ft.)   Soil Site Class E <----Controls Nch (bar): 16 (Blows/ft.)   Soil Site Class D <----Controls Nch (bar): 16 (Blows/ft.)   Soil Site Class D Nch (bar): 15 (Blows/ft.)   Soil Site Class D <----Controls Nch (bar): 0 (Blows/ft.)   NA 

su (bar): (ksf)   NA, H < 0.1*H (Soil) su (bar): (ksf)   NA, H < 0.1*H (Soil) su (bar): 0 (ksf)   NA su (bar): (ksf)   NA, H < 0.1*H (Soil) su (bar): 0 (ksf)   NA 

Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer Seismic Bot. Of Layer

Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description Soil Column Sample Sample Description

Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary Depth Elevation Thick. N Qu Boundary

(ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B (ft) (ft.) (tsf) B

0 0.0 347.4 2.50 4 1.50 0 0.0 347.6 2.50 3 0.90 0 0.0 335.5 3.00 14 2.80 B 0 0.0 336.5 3.00 5 0.90 B 0 0.0 0.0

0 0.0 344.9 2.50 4 1.50 0 0.0 345.1 2.50 3 0.90 0 0.0 333.0 2.50 3 1.00 B 0 0.0 334.0 2.50 1 0.10 B 0 0.0 0.0

0 0.0 342.4 2.50 4 1.50 0 0.0 344.1 1.00 3 0.90 B 0 0.0 330.5 2.50 3 0.80 B 0 0.0 331.5 2.50 1 0.30 B 0 0.0 0.0

0 0.0 341.4 1.00 4 1.50 B 0 0.0 341.6 2.50 3 0.60 0 0.0 328.0 2.50 2 0.40 B 0 0.0 329.0 2.50 1 0.40 B 0 0.0 0.0

0 0.0 338.9 2.50 5 0.70 0 0.0 339.1 2.50 3 0.50 B 0 0.0 325.5 2.50 1 0.70 B 0 0.0 326.5 2.50 1 0.40 B 0 0.0 0.0

0 0.0 336.4 2.50 5 0.70 B 1 0.0 336.6 2.50 3 0.40 R 0 0.0 323.0 2.50 1 0.30 B 0 0.0 324.0 2.50 1 0.50 B 0 0.0 0.0

0 0.0 333.9 2.50 1 0.10 B 0 0.0 334.1 2.50 2 0.20 B 0 0.0 320.5 2.50 1 0.50 B 0 0.0 321.5 2.50 1 0.30 B 0 0.0 0.0

0 0.0 331.4 2.50 1 0.90 B 0 0.0 331.6 2.50 3 0.80 B 0 0.0 318.0 2.50 1 0.50 B 0 0.0 319.0 2.50 1 0.30 B 0 0.0 0.0

0 0.0 328.9 2.50 2 0.50 0 0.0 329.1 2.50 1 0.60 0 0.0 315.5 2.50 1 0.30 B 0 0.0 316.5 2.50 1 0.30 B 0 0.0 0.0

0 0.0 326.4 2.50 1 0.30 B 0 0.0 326.6 2.50 1 0.90 0 0.0 313.0 2.50 2 0.30 B 0 1.3 314.0 2.50 1 0.10 B 0 0.0 0.0

0 0.0 323.9 2.50 1 1.20 B 0 0.0 324.1 2.50 1 0.80 B 0 1.8 310.5 2.50 3 0 3.8 311.5 2.50 1 0.10 B 0 0.0 0.0

0 0.0 321.4 2.50 1 0.70 B 0 0.0 321.6 2.50 1 0.70 B 0 4.3 308.0 2.50 2 0 6.3 309.0 2.50 1 0 0.0 0.0

0 0.0 318.9 2.50 1 0.30 B 0 0.0 319.1 2.50 1 0.40 B 0 6.8 305.5 2.50 12 0 8.8 306.5 2.50 9 0 0.0 0.0

0 2.5 316.4 2.50 1 0.40 B 0 2.3 316.6 2.50 1 0.40 B 0 9.3 303.0 2.50 5 0 11.3 304.0 2.50 15 0 0.0 0.0

0 5.0 313.9 2.50 1 0.30 B 0 4.8 314.1 2.50 1 0.20 0 11.8 300.5 2.50 4 0 13.8 301.5 2.50 12 0 0.0 0.0

0 7.5 311.4 2.50 6 B 0 7.3 311.6 2.50 2 B 0 14.3 298.0 2.50 20 0 16.3 299.0 2.50 12 0 0.0 0.0

0 10.0 308.9 2.50 9 0 9.8 309.1 2.50 24 0 16.8 295.5 2.50 19 0 18.8 296.5 2.50 17 0 0.0 0.0

0 12.5 306.4 2.50 9 0 12.3 306.6 2.50 24 B 0 19.3 293.0 2.50 19 0 21.3 294.0 2.50 20 0 0.0 0.0

0 15.0 303.9 2.50 9 0 14.8 304.1 2.50 22 0 21.8 290.5 2.50 22 0 23.8 291.5 2.50 26 0 0.0 0.0

0 17.5 301.4 2.50 9 0 17.3 301.6 2.50 22 B 0 24.3 288.0 2.50 22 0 26.3 289.0 2.50 26 0 0.0 0.0

0 20.0 298.9 2.50 9 0 19.8 299.1 2.50 24 0 26.8 285.5 2.50 23 0 28.8 286.5 2.50 21 0 0.0 0.0

0 22.5 296.4 2.50 9 B 0 22.3 296.6 2.50 24 0 29.3 283.0 2.50 23 0 31.3 284.0 2.50 21 0 0.0 0.0

0 25.0 293.9 2.50 20 0 24.8 294.1 2.50 11 0 31.8 280.5 2.50 33 0 33.8 281.5 2.50 19 0 0.0 0.0

0 27.5 291.4 2.50 20 0 27.3 291.6 2.50 11 B 0 34.3 278.0 2.50 33 0 36.3 279.0 2.50 19 0 0.0 0.0

0 30.0 288.9 2.50 24 0 29.8 289.1 2.50 16 0 36.8 275.5 2.50 14 0 38.8 276.5 2.50 18 0 0.0 0.0

0 32.5 286.4 2.50 24 0 32.3 286.6 2.50 16 0 39.3 273.0 2.50 14 0 41.3 274.0 2.50 18 0 0.0 0.0

0 35.0 283.9 2.50 19 0 34.8 284.1 2.50 22 0 41.8 270.5 2.50 7 0 43.8 271.5 2.50 12 0 0.0 0.0

0 37.5 281.4 2.50 19 0 37.3 281.6 2.50 22 B 0 44.3 268.0 2.50 7 0 46.3 269.0 2.50 12 0 0.0 0.0

0 40.0 278.9 2.50 14 0 39.8 279.1 2.50 14 0 46.8 265.5 2.50 19 0 48.8 266.5 2.50 17 0 0.0 0.0

0 42.5 276.4 2.50 14 B 0 42.3 276.6 2.50 14 B 0 49.3 263.0 2.50 19 0 51.3 264.0 2.50 17 0 0.0 0.0

0 45.0 273.9 2.50 21 0 44.8 274.1 2.50 16 0 51.8 260.5 2.50 14 0 53.8 261.5 2.50 11 0 0.0 0.0

0 47.5 271.4 2.50 21 0 47.3 271.6 2.50 16 0 54.3 258.0 2.50 14 0 56.3 259.0 2.50 11 0 0.0 0.0

0 50.0 268.9 2.50 15 0 49.8 269.1 2.50 15 0 56.8 255.5 2.50 11 0 58.8 256.5 2.50 15 0 0.0 0.0

0 52.5 266.4 2.50 15 0 52.3 266.6 2.50 15 0 59.3 253.0 2.50 11 0 61.3 254.0 2.50 15 0 0.0 0.0

0 55.0 263.9 2.50 11 0 54.8 264.1 2.50 15 0 61.8 250.5 2.50 16 0 63.8 251.5 2.50 12 0 0.0 0.0

0 57.5 261.4 2.50 11 0 57.3 261.6 2.50 15 0 64.3 248.0 2.50 16 0 65.8 249.5 2.00 12 0 0.0 0.0

0 60.0 258.9 2.50 11 0 59.8 259.1 2.50 15 0 66.8 245.5 2.50 16 0 100.0 215.3 34.20 12 0 0.0 0.0

0 62.5 256.4 2.50 11 0 62.3 256.6 2.50 15 0 69.3 243.0 2.50 16 0 0.0 0.0 0 0.0 0.0

0 65.0 253.9 2.50 11 B 0 64.8 254.1 2.50 16 B 0 71.8 240.5 2.50 14 0 0.0 0.0 0 0.0 0.0

0 67.5 251.4 2.50 14 0 100.0 218.9 35.20 15 B 0 74.3 238.0 2.50 14 0 0.0 0.0 0 0.0 0.0

0 100.0 218.9 32.50 14 B 0 0.0 0.0 0 100.0 212.3 25.70 23 0 0.0 0.0 0 0.0 0.0

1.00 1.00 1.00 1.00 0.00

Global Site Class Definition:  Substructures 1 through 4

 N (bar): 11 (Blows/ft.)   Soil Site Class E 

Nch (bar): 15 (Blows/ft.)   Soil Site Class D <----Controls

su (bar): 0 (ksf)   NA, H < 0.1*H (Total) 

IL-145 over Bay Creek
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================349.90 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================36.00 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================16.30 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 231

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================89 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

344.9 5 4 1.50 25 0.126 0.630 8.263 8.263 0.098 0.126 0.630 0.630 1.307 0.128 0.828 0.259 N.L. (1)

343.9 6 5 1.10 24 0.123 0.753 9.943 9.943 0.113 0.123 0.753 0.753 1.270 0.143 0.796 0.249 N.L. (1)

341.4 8.5 5 0.70 42 0.117 1.046 9.510 9.510 0.109 0.117 1.046 1.046 1.175 0.128 0.718 0.224 N.L. (1)

338.9 11 5 0.70 30 0.117 1.338 9.397 9.397 0.108 0.117 1.338 1.338 1.111 0.120 0.648 0.202 N.L. (1)

336.4 13.5 1 0.10 10 32 30 0.098 1.583 1.852 1.852 0.052 0.098 1.583 1.583 1.060 0.055 0.586 0.183 N.L. (1)

333.9 16 1 0.90 12 35 55 0.120 1.883 1.784 1.784 0.052 0.120 1.883 1.883 1.024 0.053 0.532 0.166 N.L. (1)

331.4 18.5 2 0.50 12 35 59 0.114 2.168 3.432 3.432 0.061 0.052 2.013 2.150 1.010 0.062 0.487 0.163 N.L. (2)

328.9 21 1 0.30 12 35 59 0.108 2.438 1.650 1.650 0.051 0.046 2.128 2.421 0.999 0.051 0.450 0.160 N.L. (2)

326.4 23.5 1 1.20 12 35 164 0.124 2.748 1.571 1.571 0.051 0.062 2.283 2.732 0.985 0.050 0.419 0.157 N.L. (2)

323.9 26 1 0.70 12 35 67 0.117 3.041 1.501 1.501 0.051 0.055 2.421 3.026 0.974 0.049 0.395 0.154 N.L. (2)

321.4 28.5 1 0.30 12 35 30 0.108 3.311 1.440 1.440 0.051 0.046 2.536 3.297 0.965 0.049 0.375 0.153 N.L. (2)

318.9 31 1 0.40 12 35 29 0.111 3.588 1.382 1.382 0.050 0.049 2.658 3.575 0.956 0.048 0.360 0.151 N.L. (2)

316.4 33.5 1 0.30 8 27 29 0.108 3.858 1.329 1.329 0.050 0.046 2.773 3.846 0.948 0.048 0.347 0.151 0.318 (C)

313.9 36 6 2 0.113 4.141 7.661 7.661 0.093 0.175 3.211 4.440 0.914 0.085 0.338 0.146 0.582 (C)

311.4 38.5 6 2 15 0.057 4.283 7.525 7.525 0.092 0.057 3.353 4.738 0.906 0.083 0.330 0.146 0.568 (C)

306.4 43.5 9 2 15 0.060 4.583 10.875 10.875 0.121 0.060 3.653 5.350 0.879 0.106 0.320 0.146 0.726 (C)

301.4 48.5 9 2 15 0.060 4.883 10.488 10.488 0.117 0.060 3.953 5.962 0.864 0.101 0.314 0.148 0.682 (C)

296.4 53.5 20 4 21 0.067 5.218 22.799 22.799 0.254 0.067 4.288 6.609 0.803 0.204 0.310 0.149 1.369 (D)

291.4 58.5 24 4 21 0.069 5.563 26.676 26.676 0.330 0.069 4.633 7.266 0.769 0.254 0.308 0.151 N.L. (3)

286.4 63.5 19 4 21 0.067 5.898 19.710 19.710 0.212 0.067 4.968 7.913 0.780 0.165 0.306 0.153 1.078 (D)

281.4 68.5 14 4 21 0.064 6.218 13.932 13.932 0.150 0.064 5.288 8.545 0.791 0.118 0.299 0.151 0.781 (D)

276.4 73.5 21 2 16 0.068 6.558 20.264 20.264 0.219 0.068 5.628 9.197 0.749 0.164 0.292 0.149 1.101 (D)

271.4 78.5 15 2 16 0.065 6.883 13.898 13.898 0.149 0.065 5.953 9.834 0.768 0.115 0.285 0.147 0.782 (D)

266.4 83.5 11 2 16 0.062 7.193 9.876 9.876 0.112 0.062 6.263 10.456 0.779 0.087 0.278 0.145 0.600 (C)

256.4 93.5 14 2 0.064 7.833 11.794 11.794 0.129 0.064 6.903 11.720 0.751 0.097 0.264 0.140 0.693 (C)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

1-S

Sampler w/out Liners

BORING DATA

CRR/CSR

FT./SEC.

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================350.10 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================37.50 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================16.80 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 230

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================89 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

346.6 3.5 3 0.90 33 0.120 0.420 6.636 6.636 0.085 0.120 0.420 0.420 1.406 0.119 0.878 0.275 N.L. (1)

344.1 6 3 0.60 28 0.116 0.710 6.045 6.045 0.080 0.116 0.710 0.710 1.254 0.100 0.795 0.248 N.L. (1)

341.6 8.5 3 0.50 27 0.114 0.995 5.787 5.787 0.078 0.114 0.995 0.995 1.168 0.091 0.717 0.224 N.L. (1)

339.1 11 3 0.40 26 0.111 1.273 5.735 5.735 0.078 0.111 1.273 1.273 1.110 0.086 0.646 0.202 N.L. (1)

336.6 13.5 2 0.20 12 35 32 0.104 1.533 3.750 3.750 0.063 0.104 1.533 1.533 1.067 0.067 0.584 0.183 N.L. (1)

334.1 16 3 0.80 12 35 56 0.119 1.830 5.418 5.418 0.075 0.119 1.830 1.830 1.030 0.077 0.531 0.166 N.L. (1)

331.6 18.5 1 0.60 12 35 61 0.116 2.120 1.733 1.733 0.052 0.054 1.965 2.071 1.015 0.052 0.486 0.160 N.L. (2)

329.1 21 1 0.90 12 35 62 0.120 2.420 1.655 1.655 0.051 0.058 2.110 2.372 1.001 0.051 0.449 0.158 N.L. (2)

326.6 23.5 1 0.80 12 35 64 0.119 2.718 1.580 1.580 0.051 0.057 2.253 2.671 0.988 0.050 0.418 0.155 N.L. (2)

324.1 26 1 0.70 12 35 28 0.117 3.010 1.509 1.509 0.051 0.055 2.390 2.964 0.976 0.050 0.394 0.153 N.L. (2)

321.6 28.5 1 0.40 12 35 30 0.111 3.288 1.446 1.446 0.051 0.049 2.513 3.243 0.967 0.049 0.374 0.151 N.L. (2)

319.1 31 1 0.40 12 35 28 0.111 3.565 1.387 1.387 0.050 0.049 2.635 3.521 0.957 0.048 0.359 0.150 N.L. (2)

316.6 33.5 1 0.20 0 0 28 0.104 3.825 1.335 1.335 0.050 0.042 2.740 3.782 0.950 0.048 0.346 0.150 0.320 (C)

314.1 36 2 23 0.101 4.078 2.578 2.578 0.056 0.039 2.838 4.036 0.943 0.053 0.337 0.150 0.353 (C)

311.6 38.5 24 21 0.069 4.250 32.025 32.025 0.739 0.069 3.010 4.364 0.879 0.649 0.329 0.149 N.L. (3)

306.6 43.5 22 37 27 0.068 4.590 27.615 38.137 0.036 0.068 3.350 5.016 0.833 0.030 0.319 0.149 N.L. (3)

301.6 48.5 24 28 27 0.069 4.935 29.028 37.601 -0.004 0.069 3.695 5.673 0.801 -0.003 0.313 0.150 N.L. (3)

296.6 53.5 11 28 27 0.062 5.245 12.271 18.528 0.198 0.062 4.005 6.295 0.834 0.165 0.309 0.152 1.086 (C)

291.6 58.5 16 0.065 5.570 17.174 17.174 0.183 0.065 4.330 6.932 0.821 0.150 0.307 0.154 0.974 (D)

286.6 63.5 22 0.068 5.910 23.128 23.128 0.259 0.068 4.670 7.584 0.781 0.202 0.306 0.155 1.303 (D)

281.6 68.5 14 0.064 6.230 13.913 13.913 0.149 0.064 4.990 8.216 0.803 0.120 0.299 0.154 0.779 (D)

276.6 73.5 16 2 0.065 6.555 15.338 15.338 0.163 0.065 5.315 8.853 0.784 0.128 0.292 0.152 0.842 (D)

271.6 78.5 15 2 0.065 6.880 13.902 13.902 0.149 0.065 5.640 9.490 0.779 0.116 0.285 0.150 0.773 (D)

261.6 88.5 16 2 0.065 7.530 13.884 13.884 0.149 0.065 6.290 10.764 0.757 0.113 0.271 0.145 0.779 (C)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR

FT./SEC.

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

2-S

Sampler w/out Liners

BORING DATA

CRR/CSR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================338.50 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================23.50 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================5.00 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 262

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================75 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

336 2.5 14 2.8 20 0.134 0.335 29.998 29.998 0.467 0.134 0.335 0.335 1.500 0.701 0.925 0.289 N.L. (1)

333.5 5 3 1 39 0.122 0.640 5.212 5.212 0.074 0.122 0.640 0.640 1.273 0.094 0.849 0.266 N.L. (1)

331 7.5 3 0.8 12 35 57 0.119 0.938 4.797 4.797 0.071 0.057 0.783 0.939 1.221 0.086 0.775 0.291 N.L. (2)

328.5 10 2 0.4 12 35 52 0.111 1.215 3.198 3.198 0.060 0.049 0.905 1.217 1.186 0.071 0.706 0.297 N.L. (2)

326 12.5 1 0.7 12 35 106 0.117 1.508 1.565 1.565 0.051 0.055 1.043 1.511 1.153 0.059 0.642 0.291 N.L. (2)

323.5 15 1 0.3 12 35 132 0.108 1.778 1.524 1.524 0.051 0.046 1.158 1.782 1.129 0.057 0.585 0.281 N.L. (2)

321 17.5 1 0.5 20 41 53 0.114 2.063 1.468 1.468 0.051 0.052 1.288 2.068 1.105 0.056 0.535 0.269 N.L. (2)

318.5 20 1 0.5 20 41 33 0.114 2.348 1.409 1.409 0.050 0.052 1.418 2.354 1.084 0.055 0.494 0.256 N.L. (2)

316 22.5 1 0.3 12 30 28 0.108 2.618 1.353 1.353 0.050 0.046 1.533 2.625 1.067 0.054 0.459 0.246 N.L. (2)

313.5 25 2 0.3 7 23 27 0.046 2.733 2.672 2.672 0.056 0.046 1.648 2.896 1.052 0.059 0.430 0.236 0.250 (C)

311 27.5 3 0.051 2.860 3.941 3.941 0.064 0.051 1.775 3.179 1.036 0.067 0.407 0.228 0.294 (C)

308.5 30 3 0.3 8 23 17 0.046 2.975 3.879 3.879 0.064 0.046 1.890 3.450 1.023 0.066 0.388 0.222 N.L. (2)

306 32.5 12 0.063 3.133 15.147 15.147 0.162 0.063 2.048 3.764 1.009 0.163 0.373 0.215 0.758 (D)

303.5 35 5 0.055 3.270 6.184 6.184 0.081 0.055 2.185 4.057 0.994 0.081 0.362 0.210 0.386 (C)

301 37.5 4 0.053 3.403 4.853 4.853 0.071 0.053 2.318 4.346 0.982 0.070 0.353 0.207 0.338 (C)

298.5 40 20 0.067 3.570 24.802 24.802 0.288 0.067 2.485 4.669 0.950 0.274 0.346 0.203 1.350 (D)

293.5 45 19 0.067 3.905 22.168 22.168 0.244 0.067 2.820 5.316 0.916 0.224 0.336 0.198 1.131 (D)

288.5 50 22 0.068 4.245 24.794 24.794 0.288 0.068 3.160 5.968 0.879 0.253 0.330 0.195 1.297 (D)

283.5 55 23 0.068 4.585 24.756 24.756 0.287 0.068 3.500 6.620 0.850 0.244 0.326 0.193 1.264 (D)

278.5 60 33 0.072 4.945 35.498 35.498 -0.409 0.072 3.860 7.292 0.791 -0.324 0.324 0.191 N.L. (3)

273.5 65 14 0.064 5.265 13.187 13.187 0.142 0.064 4.180 7.924 0.843 0.120 0.321 0.190 0.632 (D)

268.5 70 7 0.058 5.555 6.358 6.358 0.083 0.058 4.470 8.526 0.856 0.071 0.314 0.187 0.380 (C)

263.5 75 19 0.067 5.890 16.658 16.658 0.177 0.067 4.805 9.173 0.800 0.142 0.307 0.183 0.776 (D)

258.5 80 14 0.064 6.210 11.792 11.792 0.129 0.064 5.125 9.805 0.807 0.104 0.300 0.179 0.581 (C)

253.5 85 11 0.062 6.520 8.950 8.950 0.104 0.062 5.435 10.427 0.809 0.084 0.293 0.176 0.477 (C)

248.5 90 16 0.065 6.845 12.568 12.568 0.136 0.065 5.760 11.064 0.781 0.107 0.286 0.172 0.622 (C)

243.5 95 16 0.065 7.170 12.147 12.147 0.133 0.065 6.085 11.701 0.772 0.102 0.279 0.168 0.607 (C)

238.5 100 14 0.064 7.490 10.086 10.086 0.114 0.064 6.405 12.333 0.774 0.088 0.272 0.164 0.537 (C)

233.5 105 23 0.068 7.830 15.237 15.237 0.162 0.068 6.745 12.985 0.737 0.120 0.265 0.159 0.755 (D)

228.5 110 75 5 20 0.079 8.225 49.954 49.954 0.303 0.079 7.140 13.692 0.615 0.186 0.258 0.154 N.L. (3)

225 113.5 50 5 0.079 8.502 27.568 27.568 0.355 0.079 7.417 14.187 0.652 0.232 0.253 0.151 N.L. (3)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR

FT./SEC.

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

3-S

Sampler w/out Liners

BORING DATA

CRR/CSR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================339.50 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================25.00 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================5.00 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 215

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================75 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

337 2.5 5 0.9 21 0.120 0.300 9.724 9.724 0.111 0.120 0.300 0.300 1.500 0.166 0.907 0.284 N.L. (1)

334.5 5 1 0.1 25 0.098 0.545 1.791 1.791 0.052 0.098 0.545 0.545 1.312 0.068 0.818 0.256 N.L. (1)

332 7.5 1 0.3 12 35 27 0.108 0.815 1.657 1.657 0.051 0.046 0.660 0.816 1.263 0.065 0.735 0.284 N.L. (2)

329.5 10 1 0.4 12 35 29 0.111 1.093 1.653 1.653 0.051 0.049 0.783 1.095 1.221 0.063 0.659 0.288 N.L. (2)

327 12.5 1 0.4 20 40 71 0.111 1.370 1.620 1.620 0.051 0.049 0.905 1.373 1.186 0.061 0.593 0.281 N.L. (2)

324.5 15 1 0.5 20 40 35 0.114 1.655 1.569 1.569 0.051 0.052 1.035 1.659 1.154 0.059 0.536 0.269 N.L. (2)

322 17.5 1 0.3 12 35 28 0.108 1.925 1.514 1.514 0.051 0.046 1.150 1.930 1.130 0.057 0.489 0.256 N.L. (2)

319.5 20 1 0.3 12 31 26 0.108 2.195 1.454 1.454 0.051 0.046 1.265 2.201 1.109 0.056 0.449 0.244 N.L. (2)

317 22.5 1 0.3 12 31 26 0.108 2.465 1.394 1.394 0.050 0.046 1.380 2.472 1.090 0.055 0.417 0.234 N.L. (2)

314.5 25 1 0.1 12 31 29 0.098 2.710 1.342 1.342 0.050 0.160 1.780 3.028 1.036 0.052 0.391 0.208 N.L. (2)

312 27.5 1 0.1 12 31 29 0.035 2.798 1.329 1.329 0.050 0.035 1.868 3.272 1.026 0.051 0.370 0.203 N.L. (2)

309.5 30 1 0.043 2.905 1.309 1.309 0.050 0.043 1.975 3.535 1.014 0.051 0.354 0.198 0.258 (C)

307 32.5 9 0.060 3.055 11.518 11.518 0.127 0.060 2.125 3.841 0.999 0.127 0.341 0.193 0.658 (D)

304.5 35 15 0.065 3.218 19.086 19.086 0.204 0.065 2.288 4.160 0.978 0.200 0.331 0.188 1.064 (D)

299.5 40 12 0.063 3.533 14.290 14.290 0.153 0.063 2.603 4.787 0.948 0.145 0.317 0.182 0.797 (D)

297 42.5 17 0.066 3.698 20.252 20.252 0.219 0.066 2.768 5.108 0.924 0.202 0.312 0.180 1.122 (D)

294.5 45 20 0.067 3.865 23.648 23.648 0.267 0.067 2.935 5.431 0.902 0.241 0.308 0.178 1.354 (D)

289.5 50 26 0.069 4.210 30.181 30.181 0.481 0.069 3.280 6.088 0.855 0.411 0.303 0.176 N.L. (3)

284.5 55 21 0.068 4.550 22.470 22.470 0.249 0.068 3.620 6.740 0.847 0.211 0.300 0.175 1.206 (D)

279.5 60 19 0.067 4.885 19.130 19.130 0.205 0.067 3.955 7.387 0.835 0.171 0.298 0.174 0.983 (D)

274.5 65 18 0.066 5.215 17.191 17.191 0.183 0.066 4.285 8.029 0.823 0.151 0.296 0.173 0.873 (D)

269.5 70 12 0.063 5.530 10.934 10.934 0.121 0.063 4.600 8.656 0.832 0.101 0.289 0.170 0.594 (C)

264.5 75 17 0.066 5.860 14.890 14.890 0.159 0.066 4.930 9.298 0.802 0.127 0.282 0.166 0.765 (D)

259.5 80 11 0.062 6.170 9.308 9.308 0.107 0.062 5.240 9.920 0.814 0.087 0.275 0.162 0.537 (C)

254.5 85 15 0.065 6.495 12.239 12.239 0.133 0.065 5.565 10.557 0.789 0.105 0.268 0.159 0.660 (C)

249.5 90 12 0.063 6.810 9.461 9.461 0.108 0.063 5.880 11.184 0.792 0.086 0.261 0.155 0.555 (C)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR

FT./SEC.

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

4-S

Sampler w/out Liners

BORING DATA

CRR/CSR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================339.00 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================6.00 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================6.00 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 360

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================60 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

336 3 5 1.20 15 35 44 0.124 0.372 7.587 7.587 0.092 0.124 0.372 0.372 1.457 0.135 0.949 0.297 N.L. (1)

333.5 5.5 5 1.30 15 35 30 0.125 0.685 6.853 6.853 0.086 0.125 0.685 0.685 1.271 0.110 0.901 0.282 N.L. (1)

331 8 5 0.50 15 40 32 0.051 0.812 6.753 6.753 0.086 0.051 0.812 0.937 1.225 0.105 0.850 0.307 N.L. (2)

328.5 10.5 8 0.50 15 40 47 0.051 0.940 11.252 11.252 0.124 0.051 0.940 1.220 1.215 0.151 0.797 0.324 N.L. (2)

326 13 3 0.20 8 32 32 0.042 1.045 4.278 4.278 0.067 0.042 1.045 1.481 1.152 0.077 0.743 0.329 0.234 (C)

323.5 15.5 3 0.60 15 40 32 0.053 1.177 4.274 4.274 0.067 0.053 1.177 1.770 1.125 0.075 0.691 0.325 N.L. (2)

321 18 2 0.20 15 35 26 0.042 1.282 2.841 2.841 0.057 0.042 1.282 2.031 1.106 0.063 0.642 0.318 N.L. (2)

318.5 20.5 2 0.40 15 35 28 0.049 1.405 2.801 2.801 0.057 0.049 1.405 2.309 1.086 0.062 0.597 0.307 N.L. (2)

316 23 2 0.50 15 35 29 0.051 1.532 2.747 2.747 0.057 0.051 1.532 2.593 1.067 0.061 0.558 0.295 N.L. (2)

313.5 25.5 3 0.50 15 35 33 0.051 1.660 4.032 4.032 0.065 0.051 1.660 2.876 1.050 0.068 0.523 0.284 N.L. (2)

311 28 2 0.70 15 35 33 0.055 1.797 2.619 2.619 0.056 0.055 1.797 3.170 1.034 0.058 0.494 0.273 N.L. (2)

308.5 30.5 3 0.051 1.925 3.836 3.836 0.064 0.051 1.925 3.453 1.020 0.065 0.470 0.264 0.246 (C)

306 33 38 0.073 2.107 55.390 55.390 0.359 0.073 2.107 3.792 1.002 0.360 0.450 0.253 N.L. (3)

303.5 35.5 25 0.069 2.280 33.680 33.680 3.368 0.069 2.280 4.120 0.973 3.277 0.434 0.245 N.L. (3)

301 38 23 0.068 2.450 29.375 29.375 0.429 0.068 2.450 4.446 0.950 0.408 0.422 0.239 N.L. (3)

298.5 40.5 20 0.067 2.617 24.094 24.094 0.275 0.067 2.617 4.770 0.935 0.257 0.411 0.234 1.098 (D)

296 43 4 0.70 15 50 58 0.055 2.755 4.385 4.385 0.068 0.055 2.755 5.063 0.949 0.064 0.403 0.232 N.L. (2)

293.5 45.5 5 0.6 15 50 71 0.053 2.887 5.362 5.362 0.075 0.053 2.887 5.352 0.939 0.070 0.397 0.230 N.L. (2)

291 48 38 0.073 3.070 46.712 46.712 0.263 0.073 3.070 5.690 0.862 0.226 0.392 0.227 N.L. (3)

288.5 50.5 38 0.073 3.252 45.340 45.340 0.243 0.073 3.252 6.029 0.843 0.205 0.388 0.225 N.L. (3)

283.5 55.5 33 0.072 3.612 35.764 35.764 -0.307 0.072 3.612 6.701 0.811 -0.249 0.383 0.222 N.L. (3)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

1-S (1979)

Sampler w/out Liners

BORING DATA

CRR/CSR

FT./SEC.

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================339.00 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================4.00 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================4.00 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 369

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================60 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

335.5 3.5 8 1.10 29 0.123 0.431 12.176 12.176 0.133 0.123 0.431 0.431 1.478 0.196 0.943 0.295 N.L. (1)

333 6 5 0.60 15 41 50 0.053 0.563 7.121 7.121 0.089 0.053 0.563 0.688 1.327 0.118 0.897 0.343 N.L. (2)

330.5 8.5 4 0.70 15 40 52 0.055 0.701 5.681 5.681 0.077 0.055 0.701 0.981 1.254 0.097 0.848 0.371 N.L. (2)

328 11 3 0.20 15 35 81 0.042 0.806 4.410 4.410 0.068 0.042 0.806 1.242 1.214 0.082 0.796 0.384 N.L. (2)

325.5 13.5 3 0.30 15 35 65 0.046 0.921 4.468 4.468 0.068 0.046 0.921 1.513 1.182 0.081 0.744 0.382 N.L. (2)

323 16 5 0.50 11 40 27 0.051 1.048 7.422 7.422 0.091 0.051 1.048 1.797 1.164 0.106 0.693 0.371 N.L. (2)

320.5 18.5 3 0.50 11 40 27 0.051 1.176 4.401 4.401 0.068 0.051 1.176 2.080 1.125 0.076 0.645 0.357 N.L. (2)

318 21 3 0.40 12 35 27 0.049 1.298 4.331 4.331 0.067 0.049 1.298 2.359 1.103 0.074 0.601 0.341 N.L. (2)

315.5 23.5 2 0.20 12 35 30 0.042 1.403 2.843 2.843 0.057 0.042 1.403 2.620 1.086 0.062 0.562 0.328 N.L. (2)

313 26 3 0.50 12 35 29 0.051 1.531 4.165 4.165 0.066 0.051 1.531 2.903 1.067 0.070 0.528 0.313 N.L. (2)

310.5 28.5 4 0.70 12 35 30 0.055 1.668 5.405 5.405 0.075 0.055 1.668 3.197 1.050 0.079 0.499 0.299 N.L. (2)

308 31 3 0.051 1.796 3.953 3.953 0.065 0.051 1.796 3.480 1.034 0.067 0.475 0.288 0.233 (C)

305.5 33.5 7 0.058 1.941 8.961 8.961 0.104 0.058 1.941 3.781 1.020 0.106 0.456 0.278 0.381 (C)

303 36 19 0.067 2.108 25.462 25.462 0.301 0.067 2.108 4.105 1.002 0.302 0.440 0.268 N.L. (3)

300.5 38.5 25 0.069 2.281 33.800 33.800 5.241 0.069 2.281 4.433 0.973 5.098 0.427 0.260 N.L. (3)

298 41 23 0.068 2.451 29.474 29.474 0.435 0.068 2.451 4.759 0.950 0.413 0.417 0.253 N.L. (3)

295.5 43.5 27 0.070 2.626 34.319 34.319 -2.887 0.070 2.626 5.090 0.921 -2.660 0.409 0.248 N.L. (3)

293 46 31 0.071 2.803 39.019 39.019 0.085 0.071 2.803 5.424 0.894 0.076 0.403 0.244 N.L. (3)

289 50 29 0.071 3.087 33.963 33.963 27.189 0.071 3.087 5.957 0.867 23.560 0.395 0.239 N.L. (3)

284 55 39 0.073 3.452 45.117 45.117 0.239 0.073 3.452 6.634 0.823 0.197 0.390 0.234 N.L. (3)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR

FT./SEC.

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

2-S (1979)

Sampler w/out Liners

BORING DATA

CRR/CSR
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LIQUEFACTION ANALYSIS 

REFERENCE BORING NUMBER ========================================== (MSF) = 1.000

ELEVATION OF BORING GROUND SURFACE ================================350.00 FT.

DEPTH TO GROUNDWATER - DURING DRILLING =============================8.00 FT.    (Below Boring Ground Surface)

DEPTH TO GROUNDWATER - DURING EARTHQUAKE =========================8.00 FT.    (Below Finished Grade Cut or Fill Surface) V
*
s,40' = 366

PEAK HORIZ. GROUND SURFACE ACCELERATION COEFFICIENT (As) ===============0.481

EARTHQUAKE MOMENT MAGNITUDE =====================================7.5

FINISHED GRADE FILL OR CUT FROM BORING SURFACE =====================0.00 FT.    Earthquake Moment Magnitude = 7.5

HAMMER EFFICIENCY==================================================60 % Source-To-Site Distance, R (km) = 30

BOREHOLE DIAMETER================================================= 8 IN. Ground Motion Prediction Equations = NMSZ

SAMPLING METHOD=================================================== PGA = 0.535

ELEV. BORING SPT UNCONF. % PLAST. LIQUID MOIST. CORR. EQUIV. CLN. CRR TOTAL OVER- CORR. SOIL MASS

OF SAMPLE N COMPR. FINES INDEX LIMIT CONTENT UNIT VERT. SPT N SAND SPT RESIST. UNIT VERT. VERT. BURDEN RESIST. PART. EQ

SAMPLE DEPTH VALUE STR., Q u < #200 PI LL w c WT. STRESS VALUE N VALUE MAG 7.5 WT. STRESS STRESS CORR. FACT. CRR 7.5 FACTOR INDUCED

(FT.) (FT.) (BLOWS) (TSF.) (%) (%) (KCF.) (KSF.) (N 1 ) 60 (N 1 ) 60cs CRR 7.5 (KCF.) (KSF.) (KSF.)  (Ks) CRR (r d ) CSR

346.5 3.5 4 1.10 8 32 31 0.123 0.431 5.951 5.951 0.079 0.123 0.431 0.431 1.389 0.110 0.942 0.294 N.L. (1)

344 6 2 1.20 8 32 29 0.124 0.741 2.694 2.694 0.057 0.124 0.741 0.741 1.234 0.070 0.895 0.280 N.L. (1)

341.5 8.5 6 1.60 12 35 22 0.065 0.903 8.020 8.020 0.096 0.065 0.903 0.934 1.206 0.116 0.844 0.273 N.L. (2)

339 11 5 0.80 12 35 39 0.057 1.046 6.859 6.859 0.087 0.057 1.046 1.233 1.162 0.101 0.792 0.292 N.L. (2)

336.5 13.5 3 0.70 12 35 28 0.055 1.183 4.153 4.153 0.066 0.055 1.183 1.526 1.124 0.074 0.739 0.298 N.L. (2)

334 16 2 0.40 8 38 32 0.049 1.306 2.770 2.770 0.057 0.049 1.306 1.805 1.102 0.063 0.688 0.297 N.L. (2)

331.5 18.5 3 0.70 30 50 63 0.055 1.443 4.106 4.106 0.066 0.055 1.443 2.098 1.080 0.071 0.640 0.291 N.L. (2)

329 21 4 0.80 30 50 50 0.057 1.586 5.372 5.372 0.075 0.057 1.586 2.397 1.061 0.079 0.596 0.282 N.L. (2)

326.5 23.5 3 0.80 30 50 79 0.057 1.728 3.940 3.940 0.064 0.057 1.728 2.695 1.042 0.067 0.557 0.272 N.L. (2)

324 26 5 2.00 12 32 32 0.067 1.896 6.371 6.371 0.083 0.067 1.896 3.019 1.024 0.085 0.524 0.261 N.L. (2)

321.5 28.5 4 0.80 12 35 28 0.057 2.038 4.969 4.969 0.072 0.057 2.038 3.317 1.008 0.072 0.495 0.252 N.L. (2)

319 31 3 0.60 12 35 31 0.053 2.171 3.639 3.639 0.062 0.053 2.171 3.606 0.995 0.062 0.472 0.245 N.L. (2)

316.5 33.5 15 0.065 2.333 18.354 18.354 0.196 0.065 2.333 3.924 0.973 0.191 0.452 0.238 0.803 (D)

314 36 23 0.068 2.503 28.936 28.936 0.407 0.068 2.503 4.250 0.944 0.384 0.437 0.232 N.L. (3)

311.5 38.5 18 0.066 2.668 21.064 21.064 0.229 0.066 2.668 4.571 0.933 0.214 0.424 0.227 0.943 (D)

309 41 20 0.067 2.836 22.985 22.985 0.257 0.067 2.836 4.895 0.913 0.234 0.414 0.224 1.045 (D)

306.5 43.5 27 0.070 3.011 31.506 31.506 0.630 0.070 3.011 5.226 0.880 0.554 0.406 0.220 N.L. (3)

304 46 18 0.066 3.176 19.120 19.120 0.205 0.066 3.176 5.547 0.890 0.182 0.400 0.218 0.835 (D)

301.5 48.5 17 0.066 3.341 17.409 17.409 0.185 0.066 3.341 5.868 0.881 0.163 0.395 0.217 0.751 (D)

299 51 30 0.071 3.518 32.415 32.415 0.866 0.071 3.518 6.201 0.828 0.718 0.392 0.216 N.L. (3)

297 53 23 0.068 3.654 23.199 23.199 0.260 0.068 3.654 6.462 0.843 0.219 0.389 0.215 1.019 (D)

294.5 55.5 21 0.068 3.824 20.308 20.308 0.219 0.068 3.824 6.788 0.840 0.184 0.387 0.215 0.856 (D)

289.5 60.5 60 0.077 4.209 61.756 61.756 0.417 0.077 4.209 7.485 0.760 0.317 0.383 0.213 N.L. (3)

N.L. (1) = NOT LIQUEFIABLE, ABOVE EQ GROUND WATER ELEVATION

N.L. (2) = NOT LIQUEFIABLE, PI > 12 OR wc/LL < 0.85

N.L. (3) = NOT LIQUEFIABLE, (N1)60 > 25

(C) = CONTRACTIVE SOIL TYPES

(D) = DILATIVE SOIL TYPES

EQ MAGNITUDE SCALING FACTOR

AVG. SHEAR WAVE VELOCITY (top 40')

* FACTOR OF SAFETY DESCRIPTIONS

EFFECTIVE

3-S (1979)

Sampler w/out Liners

BORING DATA

CRR/CSR

FT./SEC.

CONDITIONS DURING DRILLING

EFFECTIVE

PGA CALCULATOR

CONDITIONS DURING EARTHQUAKE

OF

SAFETY *

FACTOR

Printed 8/14/2020 Page 1 of 1 BBS 146 (11/01/16)



 
 

6439 Plymouth Avenue, Suite W-129, St. Louis, Missouri 63133  314-531-3981 

 

 

Peoria  Chicago  St. Louis  Metro East 

            Millennia Professional Services, Ltd 

 
 
 
 
 
 
 
 
 
 

Appendix E: 
 

Estimated Pile Length Spreadsheets 



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================2-S 2019

LRFD or ASD or SEISMIC ================================ LRFD

PILE CUTOFF ELEV. =====================================345.18 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========343.18 ft 654  KIPS 564  KIPS 310  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========None

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================314.10 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============319.10 ft

TOTAL FACTORED SUBSTRUCTURE LOAD ===================== kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Factored Loading Applied per pile at 8 ft. Cts ==================================KIPS

Approx. Factored Loading Applied per pile at 3 ft. Cts ==================================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   FACTORED FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. FACTORED ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

339.10 4.08 0.50 3 10.4 16.6 17 0 0 9 6

336.60 2.50 0.40 3 5.2 6.1 18.7 19 0 0 10 9

334.10 2.50 0.20 2 2.7 3.1 30.6 31 0 0 17 11

331.60 2.50 0.80 3 9.7 12.3 37.2 37 0 0 20 14

329.10 2.50 0.60 1 7.5 9.2 49.3 49 0 0 27 16

326.60 2.50 0.90 1 10.7 13.8 58.5 58 0 0 32 19

324.10 2.50 0.80 0 9.7 12.3 66.6 67 0 0 37 21

321.60 2.50 0.70 0 8.6 10.7 70.7 71 0 0 39 24

319.10 2.50 0.40 0 5.2 6.1 75.9 76 0 0 42 26

316.60 2.50 0.40 0 5.2 6.1 74.9 75 0 0 41 29

314.10 2.50 0 Fine Sand 0.0 0.0 92.5 93 0 0 51 31

311.60 2.50 2 Fine Sand 1.8 17.6 287.7 288 0 0 158 34
306.60 5.00 24 Medium Sand 46.3 210.9 316.4 316 0 0 174 39
301.60 5.00 22 Medium Sand 42.4 193.4 376.4 376 0 0 207 44
296.60 5.00 24 Medium Sand 46.3 210.9 308.4 308 0 0 170 49

291.60 5.00 11 Medium Sand 21.2 96.7 373.6 374 0 0 205 54

290.60 1.00 16 Medium Sand 6.2 140.6 379.7 380 0 0 209 55

286.60 4.00 16 Medium Sand 24.7 140.6 457.2 457 0 0 251 59

281.60 5.00 22 Medium Sand 42.4 193.4 429.3 429 0 0 236 64

276.60 5.00 14 Medium Sand 27.0 123.1 473.8 474 0 0 261 69

275.60 1.00 16 Medium Sand 6.2 140.6 480.0 480 0 0 264 70

274.60 1.00 16 Medium Sand 6.2 140.6 486.2 486 0 0 267 71

273.60 1.00 16 Medium Sand 6.2 140.6 492.3 492 0 0 271 72

272.60 1.00 16 Medium Sand 6.2 140.6 498.5 499 0 0 274 73

271.60 1.00 16 Medium Sand 6.2 140.6 495.9 496 0 0 273 74

270.60 1.00 15 Medium Sand 5.8 131.8 501.7 502 0 0 276 75

269.60 1.00 15 Medium Sand 5.8 131.8 507.5 507 0 0 279 76

268.60 1.00 15 Medium Sand 5.8 131.8 513.2 513 0 0 282 77

267.60 1.00 15 Medium Sand 5.8 131.8 519.0 519 0 0 285 78

266.60 1.00 15 Medium Sand 5.8 131.8 533.6 534 0 0 293 79

265.60 1.00 16 Medium Sand 6.2 140.6 539.8 540 0 0 297 80

264.60 1.00 16 Medium Sand 6.2 140.6 545.9 546 0 0 300 81

263.60 1.00 16 Medium Sand 6.2 140.6 552.1 552 0 0 304 82

262.60 1.00 16 Medium Sand 6.2 140.6 558.3 558 0 0 307 83

261.60 1.00 16 Medium Sand 6.2 140.6 564.5 564 0 0 310 84

260.60 1.00 16 Medium Sand 140.6

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL

South Abutment

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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ESTIMATED NOMINAL FACTORED Maximum Bearing For
PILE REQ'D RESISTANCE Metal Shell 16"Φ w/.312" walls
LENGTH BEARING AVAILABLE Pile

0.00 0.00 0.00 654
6.00 16.55 9.11 654
9.00 18.69 10.28 654

11.00 30.58 16.82 654
14.00 37.19 20.46 654
16.00 49.32 27.13 654
19.00 58.47 32.16 654
21.00 66.62 36.64 654
24.00 70.66 38.86 654
26.00 75.86 41.72 654
29.00 74.94 41.22 654
31.00 92.52 50.88 654
34.00 287.70 158.23 654
39.00 316.40 174.02 654
44.00 376.40 207.02 654
49.00 308.41 169.62 654
54.00 373.57 205.46 654
55.00 379.74 208.85 654
59.00 457.15 251.43 654
64.00 429.26 236.09 654
69.00 473.83 260.61 654
70.00 480.00 264.00 654
71.00 486.17 267.39 654
72.00 492.34 270.79 654
73.00 498.51 274.18 654
74.00 495.89 272.74 654
75.00 501.68 275.92 654
76.00 507.46 279.10 654
77.00 513.25 282.29 654
78.00 519.03 285.47 654
79.00 533.61 293.48 654
80.00 539.78 296.88 654
81.00 545.95 300.27 654
82.00 552.12 303.66 654
83.00 558.29 307.06 654
84.00 564.46 310.45 654
84.00 564.46 310.45 654
84.00 564.46 310.45 654
84.00 564.46 310.45 654
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Pile Design Table for South Abutment utilizing Boring #2-S 2019

Nominal Factored Estimated Nominal Factored Estimated Nominal Factored Estimated

Required Resistance Pile Required Resistance Pile Required Resistance Pile

Bearing Available Length Bearing Available Length Bearing Available Length

(Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.)

Metal Shell 12"Φ w/.25" walls Steel HP 10 X 42 Steel HP 12 X 84

11 6 6 8 5 6 10 6 6

13 7 9 10 5 9 13 7 9

21 11 11 15 8 11 19 10 11

26 14 14 20 11 14 26 14 14

34 19 16 26 15 16 34 19 16

42 23 19 31 17 19 41 22 19

48 26 21 35 19 21 45 25 21

52 29 24 36 20 24 46 25 24

56 31 26 38 21 29 47 26 29

56 31 29 41 23 31 52 29 31

66 36 31 61 34 34 79 43 34

176 97 34 71 39 39 91 50 39

201 111 39 78 43 49 102 56 49

213 117 49 89 49 54 119 65 54

254 140 54 90 50 55 121 66 55

258 142 55 98 54 64 128 71 64

299 164 64 105 58 69 139 76 69

329 181 69 106 58 70 140 77 70

334 183 70 107 59 71 141 78 71

338 186 71 108 59 72 142 78 74

343 189 72 108 60 74 143 79 75

347 191 74 109 60 75 144 79 76

352 193 75 110 61 76 145 80 77

356 196 76 111 61 77 147 81 78

360 198 77 112 62 78 150 83 79

365 201 78 114 63 79 152 83 80

374 206 79 115 63 80 153 84 81

378 208 80 116 64 81 154 85 82

383 211 81 117 65 82 155 85 83

388 213 82 118 65 83 156 86 84

Metal Shell 14"Φ w/.25" walls 119 66 84 Steel HP 14 X 73

14 8 6 Steel HP 10 X 57 12 7 6

16 9 9 8 5 6 15 8 9

25 14 11 10 6 9 21 12 11

32 17 14 15 8 11 31 17 14

42 23 16 20 11 14 40 22 16

50 27 19 27 15 16 49 27 19

57 31 21 32 17 19 54 29 21

61 34 24 36 20 21 54 30 29

66 36 29 37 20 24 61 33 31

79 43 31 38 21 29 89 49 34

229 126 34 42 23 31 104 57 39

256 141 39 63 35 34 118 65 44

259 143 49 73 40 39 122 67 49

311 171 54 80 44 49 138 76 54

317 174 55 92 50 54 140 77 55

362 199 64 93 51 55 150 83 59

399 220 69 100 55 64 153 84 64

405 223 70 108 59 69 166 91 69

410 226 71 109 60 70 167 92 70

415 228 72 110 60 71 169 93 71

419 231 74 111 61 72 169 93 74

425 234 75 111 61 74 171 94 75

430 236 76 112 61 75 172 95 76

435 239 77 113 62 76 173 95 77

440 242 78 114 62 77 175 96 78

452 248 79 115 63 78 179 99 79

457 251 80 117 64 79 181 99 80

Metal Shell 14"Φ w/.312" walls 118 65 80 182 100 81

14 8 6 119 66 81 183 101 82

16 9 9 120 66 82 185 102 83

25 14 11 121 67 83 186 102 84

32 17 14 122 67 84 Steel HP 14 X 89

42 23 16 Steel HP 12 X 53 12 7 6

50 27 19 10 5 6 15 8 9

57 31 21 12 7 9 22 12 11

61 34 24 17 10 11 32 17 14

66 36 29 25 14 14 40 22 16

79 43 31 33 18 16 49 27 19

229 126 34 39 21 19 54 30 29

256 141 39 43 24 21 61 34 31

259 143 49 45 25 24 92 51 34

311 171 54 45 25 29 106 58 39

317 174 55 50 28 31 121 67 44

362 199 64 73 40 34 124 68 49

399 220 69 85 47 39 140 77 54

405 223 70 98 54 44 142 78 55

410 226 71 98 54 49 153 84 59

415 228 72 114 63 54 155 85 64

419 231 74 115 63 55 168 93 69

425 234 75 123 68 64 170 93 70

430 236 76 133 73 69 171 94 71

435 239 77 134 74 70 172 94 74

440 242 78 135 74 71 173 95 75

452 248 79 136 75 74 174 96 76

457 251 80 137 76 75 176 97 77

462 254 81 138 76 76 177 97 78

468 257 82 140 77 77 182 100 79

473 260 83 141 77 78 183 101 80

479 263 84 144 79 79 185 102 81

Metal Shell 16"Φ w/.312" walls 145 80 80 186 102 82

17 9 6 146 81 81 187 103 83

19 10 9 148 81 82 189 104 84

31 17 11 149 82 83 Steel HP 14 X 102

37 20 14 150 82 84 12 7 6

49 27 16 Steel HP 12 X 63 15 9 9

58 32 19 10 6 6 22 12 11

67 37 21 12 7 9 32 18 14

71 39 24 18 10 11 41 22 16

75 41 29 25 14 14 50 27 19

93 51 31 33 18 16 55 30 29

288 158 34 39 22 19 62 34 31

308 170 49 44 24 21 94 52 34

374 205 54 45 25 24 108 59 39

380 209 55 46 25 29 123 68 44

429 236 64 51 28 31 125 69 49

474 261 69 75 41 34 142 78 54

480 264 70 88 48 39 144 79 55

486 267 71 99 54 49 155 85 59

492 271 72 115 63 54 157 87 64

496 273 74 117 64 55 171 94 69

502 276 75 124 68 64 172 95 70

507 279 76 134 74 69 174 95 71

513 282 77 136 75 70 174 96 74

519 285 78 137 75 71 176 97 75

534 293 79 138 76 74 177 97 76

540 297 80 139 76 75 178 98 77

546 300 81 140 77 76 179 99 78

552 304 82 141 78 77 184 101 79

558 307 83 142 78 78 186 102 80

564 310 84 146 80 79 187 103 81

Metal Shell 16"Φ w/.375" walls 147 81 80 189 104 82

17 9 6 148 81 81 190 104 83

19 10 9 149 82 82 191 105 84

31 17 11 150 83 83 Steel HP 14 X 117

37 20 14 152 83 84 13 7 6

49 27 16 Steel HP 12 X 74 16 9 9

58 32 19 10 6 6 23 12 11

67 37 21 13 7 9 32 18 14

71 39 24 18 10 11 42 23 16

75 41 29 26 14 14 51 28 19

93 51 31 34 19 16 55 30 29

288 158 34 40 22 19 63 35 31

308 170 49 45 25 21 96 53 34

374 205 54 46 25 24 111 61 39

380 209 55 46 25 29 126 69 44

429 236 64 51 28 31 127 70 49

474 261 69 77 42 34 144 79 54

480 264 70 89 49 39 146 80 55

486 267 71 101 55 49 158 87 59

492 271 72 117 65 54 160 88 64

496 273 74 119 65 55 173 95 69

502 276 75 126 69 64 175 96 70

507 279 76 137 75 69 176 97 71

513 282 77 138 76 70 177 97 74

519 285 78 139 76 71 178 98 75

534 293 79 140 77 74 179 99 76

540 297 80 141 78 75 181 99 77

546 300 81 142 78 76 182 100 78

552 304 82 143 79 77 187 103 79

558 307 83 144 79 78 188 104 80

564 310 84 148 81 79 190 104 81

Steel HP 8 X 36 149 82 80 191 105 82

7 4 6 150 83 81 193 106 83

8 4 9 152 83 82 194 107 84

12 6 11 153 84 83

15 8 14 154 85 84

20 11 16

24 13 19

27 15 21

29 16 24

31 17 29

33 18 31

49 27 34

57 32 39

61 33 49

69 38 54

70 38 55

76 42 64

82 45 69

83 45 70

83 46 71

84 46 72

85 47 74

85 47 75

86 47 76

87 48 77

88 48 78

89 49 79

90 50 80

91 50 81

92 50 82

93 51 83

93 51 84



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================2-S 2019

LRFD or ASD or SEISMIC ================================SEISMIC

PILE CUTOFF ELEV. =====================================345.18 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========343.18 ft 654  KIPS 564  KIPS 413  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Liquef.

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================314.10 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============319.10 ft

TOTAL SEISMIC SUBSTRUCTURE LOAD ====================================kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Seismic Loading Applied per pile spaced at 8 ft. Cts ===============================KIPS

Approx. Seismic Loading Applied per pile spaced at 3 ft. Cts ===============================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   NOMINAL FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. SEISMIC ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING LIQUEF. & DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

339.10 4.08 0.50 3 10.4 16.6 17 10 11 -5 6

336.60 2.50 0.40 3 5.2 6.1 18.7 19 16 17 -14 9

334.10 2.50 0.20 2 2.7 3.1 30.6 31 18 20 -8 11

331.60 2.50 0.80 3 9.7 12.3 37.2 37 28 31 -22 14

329.10 2.50 0.60 1 7.5 9.2 49.3 49 36 39 -25 16

326.60 2.50 0.90 1 10.7 13.8 58.5 58 46 51 -39 19

324.10 2.50 0.80 0 9.7 12.3 66.6 67 56 62 -51 21

321.60 2.50 0.70 0 8.6 10.7 70.7 71 65 71 -65 24

319.10 2.50 0.40 0 5.2 6.1 75.9 76 70 77 -71 26

316.60 2.50 0.40 0 5.2 6.1 74.9 75 75 77 -77 29

314.10 2.50 0 Fine Sand 0.0 0.0 92.5 93 75 77 -59 31

311.60 2.50 2 Fine Sand 1.8 17.6 287.7 288 75 77 136 34
306.60 5.00 24 Medium Sand 46.3 210.9 316.4 316 75 77 165 39
301.60 5.00 22 Medium Sand 42.4 193.4 376.4 376 75 77 225 44
296.60 5.00 24 Medium Sand 46.3 210.9 308.4 308 75 77 157 49

291.60 5.00 11 Medium Sand 21.2 96.7 373.6 374 75 77 222 54

290.60 1.00 16 Medium Sand 6.2 140.6 379.7 380 75 77 228 55

286.60 4.00 16 Medium Sand 24.7 140.6 457.2 457 75 77 305 59

281.60 5.00 22 Medium Sand 42.4 193.4 429.3 429 75 77 277 64

276.60 5.00 14 Medium Sand 27.0 123.1 473.8 474 75 77 322 69

275.60 1.00 16 Medium Sand 6.2 140.6 480.0 480 75 77 328 70

274.60 1.00 16 Medium Sand 6.2 140.6 486.2 486 75 77 334 71

273.60 1.00 16 Medium Sand 6.2 140.6 492.3 492 75 77 341 72

272.60 1.00 16 Medium Sand 6.2 140.6 498.5 499 75 77 347 73

271.60 1.00 16 Medium Sand 6.2 140.6 495.9 496 75 77 344 74

270.60 1.00 15 Medium Sand 5.8 131.8 501.7 502 75 77 350 75

269.60 1.00 15 Medium Sand 5.8 131.8 507.5 507 75 77 356 76

268.60 1.00 15 Medium Sand 5.8 131.8 513.2 513 75 77 361 77

267.60 1.00 15 Medium Sand 5.8 131.8 519.0 519 75 77 367 78

266.60 1.00 15 Medium Sand 5.8 131.8 533.6 534 75 77 382 79

265.60 1.00 16 Medium Sand 6.2 140.6 539.8 540 75 77 388 80

264.60 1.00 16 Medium Sand 6.2 140.6 545.9 546 75 77 394 81

263.60 1.00 16 Medium Sand 6.2 140.6 552.1 552 75 77 400 82

262.60 1.00 16 Medium Sand 6.2 140.6 558.3 558 75 77 406 83

261.60 1.00 16 Medium Sand 6.2 140.6 564.5 564 75 77 413 84

260.60 1.00 16 Medium Sand 140.6

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum SeismicMaximum NominalMaximum Nominal

ULTIMATE

South Abutment

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================4-S 2021

LRFD or ASD or SEISMIC ================================ LRFD

PILE CUTOFF ELEV. =====================================336.30 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========334.30 ft 654  KIPS 510  KIPS 279  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Scour

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================331.30 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD ===================== kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Factored Loading Applied per pile at 8 ft. Cts ==================================KIPS

Approx. Factored Loading Applied per pile at 3 ft. Cts ==================================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   FACTORED FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. FACTORED ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

332.00 2.30 0.30 3.7 9.8 10 2 0 3 4

329.50 2.50 0.40 5.2 6.1 15.0 15 2 0 6 7

327.00 2.50 0.40 5.2 6.1 21.7 22 2 0 10 9

324.50 2.50 0.50 6.4 7.7 25.0 25 2 0 12 12

322.00 2.50 0.30 4.0 4.6 29.0 29 2 0 14 14

319.50 2.50 0.30 4.0 4.6 33.0 33 2 0 16 17

317.00 2.50 0.30 4.0 4.6 33.9 34 2 0 17 19

314.50 2.50 0.10 1.4 1.5 35.3 35 2 0 17 22

312.00 2.50 0.10 1.4 1.5 43.9 44 2 0 22 24

309.50 2.50 1 Medium Sand 1.0 8.8 115.2 115 2 0 61 27

307.00 2.50 9 Medium Sand 8.7 79.1 176.6 177 2 0 95 29

304.50 2.50 15 Medium Sand 14.5 131.8 164.7 165 2 0 89 32
299.50 5.00 12 Medium Sand 23.1 105.5 231.8 232 2 0 125 37
297.00 2.50 17 Medium Sand 16.4 149.4 274.5 275 2 0 149 39
294.50 2.50 20 Medium Sand 19.3 175.8 346.5 347 2 0 189 42

289.50 5.00 26 Medium Sand 50.2 228.5 352.8 353 2 0 192 47

284.50 5.00 21 Medium Sand 40.5 184.6 375.7 376 2 0 205 52

279.50 5.00 19 Medium Sand 36.6 167.0 403.6 404 2 0 220 57

274.50 5.00 18 Medium Sand 34.7 158.2 385.6 386 2 0 210 62

269.50 5.00 12 Medium Sand 23.1 105.5 452.6 453 2 0 247 67

264.50 5.00 17 Medium Sand 32.8 149.4 432.7 433 2 0 236 72

259.50 5.00 11 Medium Sand 21.2 96.7 489.1 489 2 0 267 77

254.50 5.00 15 Medium Sand 28.9 131.8 491.6 492 2 0 268 82

250.50 4.00 12 Medium Sand 18.5 105.5 510.1 510 2 0 279 86

249.50 1.00 12 Medium Sand 105.5

Pier 1

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL
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ESTIMATED NOMINAL FACTORED Maximum Bearing For
PILE REQ'D RESISTANCE Metal Shell 16"Φ w/.312" walls
LENGTH BEARING AVAILABLE Pile

0.00 0.00 0.00 654
4.00 9.78 3.37 654
7.00 14.98 6.23 654
9.00 21.72 9.93 654

12.00 25.04 11.76 654
14.00 29.01 13.95 654
17.00 32.98 16.13 654
19.00 33.89 16.63 654
22.00 35.26 17.38 654
24.00 43.88 22.13 654
27.00 115.16 61.33 654
29.00 176.58 95.11 654
32.00 164.67 88.56 654
37.00 231.76 125.46 654
39.00 274.51 148.97 654
42.00 346.53 188.58 654
47.00 352.83 192.05 654
52.00 375.75 204.65 654
57.00 403.59 219.97 654
62.00 385.56 210.05 654
67.00 452.65 246.95 654
72.00 432.69 235.97 654
77.00 489.06 266.97 654
82.00 491.61 268.38 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
86.00 510.12 278.56 654
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Pile Design Table for Pier 1 utilizing Boring #4-S 2021

Nominal Factored Estimated Nominal Factored Estimated Nominal Factored Estimated

Required Resistance Pile Required Resistance Pile Required Resistance Pile

Bearing Available Length Bearing Available Length Bearing Available Length

(Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.)

Metal Shell 12"Φ w/.25" walls Steel HP 10 X 42 Steel HP 12 X 84

6 2 4 3 1 4 4 1 4

10 4 7 7 3 7 9 4 7

15 7 9 11 5 9 14 6 9

18 8 12 13 6 12 17 8 12

21 10 14 15 7 14 20 10 14

24 12 17 17 8 17 22 11 19

25 12 19 17 8 19 23 11 22

26 13 22 18 9 22 25 12 24

31 16 24 19 10 24 36 18 27

72 38 27 28 14 27 41 21 29

104 56 32 31 16 29 44 23 32

146 79 37 34 18 32 52 28 37

173 94 39 40 21 37 58 31 39

217 118 42 45 24 39 66 35 42

230 125 47 51 27 42 78 42 47

250 136 52 61 33 47 89 47 52

269 147 62 70 37 52 98 53 57

306 167 72 76 41 62 101 54 62

342 187 77 83 45 72 109 59 72

349 190 82 93 50 82 121 65 82

363 198 86 96 52 86 125 67 86

Metal Shell 14"Φ w/.25" walls Steel HP 10 X 57 Steel HP 14 X 73

8 3 4 3 1 4 5 1 4

12 5 7 7 3 7 10 4 7

18 8 9 11 5 9 16 7 9

21 10 12 13 6 12 20 10 12

25 12 14 16 7 14 23 11 14

28 14 17 18 9 17 25 12 19

29 14 19 18 9 19 26 13 22

31 15 22 18 9 22 29 14 24

37 19 24 20 10 24 41 21 27

92 49 27 29 15 27 46 24 29

133 71 32 33 17 29 50 26 32

186 101 37 35 18 32 59 31 37

221 120 39 42 22 37 66 35 39

278 151 42 47 25 39 74 39 42

289 157 47 53 28 42 89 48 47

311 169 52 63 34 47 102 54 52

326 177 62 72 38 52 113 61 57

368 201 72 78 42 62 121 65 62

414 226 77 85 46 72 130 70 72

419 228 82 95 51 82 144 78 82

435 237 86 98 53 86 148 80 86

Metal Shell 14"Φ w/.312" walls Steel HP 12 X 53 Steel HP 14 X 89

8 3 4 4 1 4 5 1 4

12 5 7 8 3 7 11 4 7

18 8 9 13 6 9 16 8 9

21 10 12 17 8 12 21 10 12

25 12 14 19 9 14 24 12 14

28 14 17 21 10 19 25 13 19

29 14 19 22 11 22 26 13 22

31 15 22 24 12 24 29 14 24

37 19 24 34 17 27 42 22 27

92 49 27 38 20 29 48 25 29

133 71 32 41 21 32 51 27 32

186 101 37 49 25 37 61 32 37

221 120 39 54 28 39 68 36 39

278 151 42 61 32 42 77 41 42

289 157 47 73 39 47 91 49 47

311 169 52 84 45 52 104 56 52

326 177 62 93 50 57 116 62 57

368 201 72 97 52 62 123 66 62

414 226 77 105 56 72 132 71 72

419 228 82 116 63 82 146 79 82

435 237 86 120 65 86 150 81 86

Metal Shell 16"Φ w/.312" walls Steel HP 12 X 63 Steel HP 14 X 102

10 3 4 4 1 4 5 1 4

15 6 7 9 4 7 11 4 7

22 10 9 14 6 9 17 8 9

25 12 12 17 8 12 21 10 12

29 14 14 19 9 14 24 12 14

33 16 17 21 10 19 26 13 19

34 17 19 22 11 22 27 13 22

35 17 22 24 12 24 29 15 24

44 22 24 35 18 27 43 22 27

115 61 27 39 20 29 49 25 29

165 89 32 42 22 32 52 27 32

232 125 37 50 26 37 62 33 37

275 149 39 56 29 39 69 37 39

347 189 42 63 33 42 79 42 42

353 192 47 75 40 47 93 50 47

376 205 52 86 46 52 106 57 52

386 210 62 96 51 57 117 63 57

433 236 72 98 52 62 124 67 62

489 267 77 106 57 72 133 72 72

492 268 82 118 63 82 148 80 82

510 279 86 121 65 86 153 82 86

Metal Shell 16"Φ w/.375" walls Steel HP 12 X 74 Steel HP 14 X 117

10 3 4 4 1 4 5 1 4

15 6 7 9 4 7 11 5 7

22 10 9 14 6 9 17 8 9

25 12 12 17 8 12 21 10 12

29 14 14 19 9 14 24 12 14

33 16 17 21 11 19 26 13 19

34 17 19 22 11 22 27 13 22

35 17 22 24 12 24 30 15 24

44 22 24 35 18 27 44 23 27

115 61 27 40 21 29 50 26 29

165 89 32 43 22 32 53 28 32

232 125 37 51 27 37 64 34 37

275 149 39 57 30 39 71 38 39

347 189 42 65 34 42 81 43 42

353 192 47 77 41 47 95 51 47

376 205 52 87 47 52 108 58 52

386 210 62 97 52 57 120 64 57

433 236 72 99 53 62 126 68 62

489 267 77 107 58 72 135 73 72

492 268 82 119 64 82 150 81 82

510 279 86 123 66 86 155 84 86

Steel HP 8 X 36

3 1 4

6 2 7

9 4 9

10 5 12

12 6 14

14 7 17

14 7 19

14 7 22

16 8 24

23 12 27

25 13 29

27 14 32

33 17 37

36 19 39

41 22 42

49 26 47

56 30 52

59 32 62

65 35 72

72 39 77

73 39 82

75 40 86



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================4-S 2021

LRFD or ASD or SEISMIC ================================SEISMIC

PILE CUTOFF ELEV. =====================================336.30 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========334.30 ft 654  KIPS 510  KIPS 389  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Liquef.

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================299.50 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============312.00 ft

TOTAL SEISMIC SUBSTRUCTURE LOAD ====================================kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Seismic Loading Applied per pile spaced at 8 ft. Cts ===============================KIPS

Approx. Seismic Loading Applied per pile spaced at 3 ft. Cts ===============================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   NOMINAL FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. SEISMIC ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING LIQUEF. & DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

332.00 2.30 0.30 3.7 9.8 10 4 4 2 4

329.50 2.50 0.40 5.2 6.1 15.0 15 9 10 -4 7

327.00 2.50 0.40 5.2 6.1 21.7 22 14 15 -8 9

324.50 2.50 0.50 6.4 7.7 25.0 25 20 23 -18 12

322.00 2.50 0.30 4.0 4.6 29.0 29 24 27 -22 14

319.50 2.50 0.30 4.0 4.6 33.0 33 28 31 -27 17

317.00 2.50 0.30 4.0 4.6 33.9 34 32 36 -34 19

314.50 2.50 0.10 1.4 1.5 35.3 35 34 37 -36 22

312.00 2.50 0.10 1.4 1.5 43.9 44 35 39 -30 24

309.50 2.50 1 Medium Sand 1.0 8.8 115.2 115 36 39 40 27

307.00 2.50 9 Medium Sand 8.7 79.1 176.6 177 45 39 93 29

304.50 2.50 15 Medium Sand 14.5 131.8 164.7 165 59 39 67 32
299.50 5.00 12 Medium Sand 23.1 105.5 231.8 232 82 39 111 37
297.00 2.50 17 Medium Sand 16.4 149.4 274.5 275 82 39 153 39
294.50 2.50 20 Medium Sand 19.3 175.8 346.5 347 82 39 226 42

289.50 5.00 26 Medium Sand 50.2 228.5 352.8 353 82 39 232 47

284.50 5.00 21 Medium Sand 40.5 184.6 375.7 376 82 39 255 52

279.50 5.00 19 Medium Sand 36.6 167.0 403.6 404 82 39 283 57

274.50 5.00 18 Medium Sand 34.7 158.2 385.6 386 82 39 265 62

269.50 5.00 12 Medium Sand 23.1 105.5 452.6 453 82 39 332 67

264.50 5.00 17 Medium Sand 32.8 149.4 432.7 433 82 39 312 72

259.50 5.00 11 Medium Sand 21.2 96.7 489.1 489 82 39 368 77

254.50 5.00 15 Medium Sand 28.9 131.8 491.6 492 82 39 371 82

250.50 4.00 12 Medium Sand 18.5 105.5 510.1 510 82 39 389 86

249.50 1.00 12 Medium Sand 105.5

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum SeismicMaximum NominalMaximum Nominal

ULTIMATE

Pier 1

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================3-S 2021

LRFD or ASD or SEISMIC ================================ LRFD

PILE CUTOFF ELEV. =====================================327.00 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========325.00 ft 654  KIPS 598  KIPS 323  KIPS 89 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Scour

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================319.40 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD ===================== kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Factored Loading Applied per pile at 8 ft. Cts ==================================KIPS

Approx. Factored Loading Applied per pile at 3 ft. Cts ==================================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   FACTORED FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. FACTORED ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

322.50 2.50 0.30 4.0 11.6 12 2 0 4 5

320.00 2.50 0.50 6.4 7.7 18.0 18 6 0 4 7

317.50 2.50 0.50 6.4 7.7 21.3 21 6 0 6 10

315.00 2.50 0.30 4.0 4.6 25.3 25 6 0 8 12

312.50 2.50 0.30 4.0 4.6 51.1 51 6 0 22 15

310.00 2.50 3 Fine Sand 2.7 26.4 32.0 32 6 0 12 17

307.50 2.50 0.30 4.0 4.6 136.9 137 6 0 70 20

305.00 2.50 12 Medium Sand 11.6 105.5 86.9 87 6 0 42 22

302.50 2.50 5 Medium Sand 4.8 43.9 82.9 83 6 0 40 25

300.00 2.50 4 Medium Sand 3.9 35.2 227.4 227 6 0 119 27

297.50 2.50 20 Medium Sand 19.3 175.8 237.9 238 6 0 125 30

292.50 5.00 19 Medium Sand 36.6 167.0 300.9 301 6 0 160 35
287.50 5.00 22 Medium Sand 42.4 193.4 352.1 352 6 0 188 40
282.50 5.00 23 Medium Sand 44.3 202.2 484.4 484 6 0 261 45
277.50 5.00 33 Medium Sand 69.7 290.1 387.1 387 6 0 207 50

272.50 5.00 14 Medium Sand 27.0 123.1 352.5 353 6 0 188 55

267.50 5.00 7 Medium Sand 13.5 61.5 471.5 472 6 0 254 60

262.50 5.00 19 Medium Sand 36.6 167.0 464.2 464 6 0 250 65

257.50 5.00 14 Medium Sand 27.0 123.1 464.8 465 6 0 250 70

254.50 3.00 11 Medium Sand 12.7 96.7 477.5 478 6 0 257 73

253.50 1.00 11 Medium Sand 4.2 96.7 525.7 526 6 0 283 74

252.50 1.00 16 Medium Sand 6.2 140.6 531.9 532 6 0 287 75

251.50 1.00 16 Medium Sand 6.2 140.6 538.1 538 6 0 290 76

250.50 1.00 16 Medium Sand 6.2 140.6 544.2 544 6 0 294 77

249.50 1.00 16 Medium Sand 6.2 140.6 550.4 550 6 0 297 78

248.50 1.00 16 Medium Sand 6.2 140.6 556.6 557 6 0 300 79

247.50 1.00 16 Medium Sand 6.2 140.6 562.8 563 6 0 304 80

242.50 5.00 16 Medium Sand 30.9 140.6 576.0 576 6 0 311 85

238.50 4.00 14 Medium Sand 21.6 123.1 597.6 598 6 0 323 89

237.50 1.00 14 Medium Sand 5.4 123.1 682.1 682 6 0 369 90

235.50 2.00 23 Medium Sand 17.7 202.2 699.9 700 6 0 379 92

232.50 3.00 23 Medium Sand 26.6 202.2 726.5 726 6 0 394 95

229.00 3.50 23 Medium Sand 31.0 202.2 994.8 995 6 0 541 98

228.00 1.00 Shale 263.7 439.5 1258.5 1259 6 0 686 99

227.00 1.00 Shale 263.7 439.5 1522.2 1522 6 0 832 100

226.00 1.00 Shale 263.7 439.5 1785.9 1786 6 0 977 101

225.00 1.00 Shale 263.7 439.5 2049.6 2050 6 0 1122 102

224.00 1.00 Shale 439.5

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL

Pier 2

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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Pile Design Table for Pier 2 utilizing Boring #3-S 2021

Nominal Factored Estimated Nominal Factored Estimated Nominal Factored Estimated

Required Resistance Pile Required Resistance Pile Required Resistance Pile

Bearing Available Length Bearing Available Length Bearing Available Length

(Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.)

Metal Shell 12"Φ w/.25" walls Steel HP 10 X 42 Steel HP 12 X 84

7 2 5 4 1 5 5 1 5

12 2 7 8 2 7 11 2 7

15 4 10 11 3 10 15 5 10

18 6 12 13 4 12 17 6 12

23 8 17 16 6 17 20 8 17

56 26 25 24 10 25 32 14 20

138 71 27 31 14 27 32 14 25

147 77 30 35 16 30 41 19 27

189 100 35 44 21 35 46 22 30

226 120 40 54 27 40 57 28 35

253 135 55 66 34 45 70 35 40

322 173 60 67 34 55 87 44 45

325 175 65 86 44 70 87 44 55

330 177 70 88 46 73 111 58 60

340 183 73 97 51 74 112 58 70

368 198 74 98 51 75 115 60 73

373 201 75 99 52 76 129 67 74

377 203 76 100 52 77 130 68 75

382 206 77 101 53 78 131 69 76

386 208 78 102 53 79 132 69 77

391 211 79 103 54 80 134 70 78

Metal Shell 14"Φ w/.25" walls 104 55 85 135 71 79

9 3 5 108 56 89 136 71 80

15 3 7 124 65 90 137 72 85

18 5 10 127 67 92 141 74 89

22 7 12 131 69 95 162 86 90

28 10 17 153 81 98 167 89 92

69 33 25 335 181 102 174 92 95

180 94 27 Steel HP 10 X 57 195 104 98

190 99 30 4 1 5 664 365 103

242 128 35 9 2 7 Steel HP 14 X 73

286 152 40 12 3 10 5 1 5

302 161 55 14 5 12 12 3 7

393 211 65 16 6 17 18 6 10

396 213 70 25 11 25 21 7 12

407 219 73 32 15 27 24 9 17

445 240 74 37 17 30 36 16 20

450 243 75 46 22 35 37 16 22

455 246 76 56 28 40 38 17 25

Metal Shell 14"Φ w/.312" walls 69 35 55 45 21 27

9 3 5 88 46 70 51 24 30

15 3 7 90 47 73 65 31 35

18 5 10 100 52 74 79 39 40

22 7 12 101 52 75 97 49 45

28 10 17 102 53 76 103 52 55

69 33 25 103 53 77 128 67 60

180 94 27 104 54 78 134 69 70

190 99 30 104 55 79 137 71 73

242 128 35 105 55 80 154 81 74

286 152 40 107 56 85 156 82 75

302 161 55 110 58 89 157 82 76

393 211 65 127 67 90 159 83 77

396 213 70 130 68 92 160 84 78

407 219 73 134 71 95 162 85 79

445 240 74 157 84 98 163 85 85

450 243 75 454 250 103 168 88 89

455 246 76 Steel HP 12 X 53 188 99 90

461 248 77 4 1 5 194 102 92

466 251 78 10 2 7 202 107 95

472 254 79 14 4 10 223 118 98

477 257 80 17 6 12 578 318 103

491 265 85 20 7 17 Steel HP 14 X 89

509 275 89 29 13 20 6 1 5

Metal Shell 16"Φ w/.312" walls 31 13 22 12 3 7

12 4 5 31 13 25 18 6 10

18 4 7 37 17 27 21 7 12

21 6 10 42 20 30 24 9 17

25 8 12 53 26 35 37 16 20

32 12 17 65 32 40 38 17 22

83 40 25 80 40 45 39 17 25

227 119 27 84 43 55 47 22 27

238 125 30 106 55 60 53 25 30

301 160 35 108 56 70 67 33 35

352 188 40 110 57 73 81 41 40

353 188 55 123 64 74 101 51 45

464 250 65 124 65 75 104 53 55

465 250 70 126 66 76 131 68 60

478 257 73 127 66 77 136 70 70

526 283 74 128 67 78 138 72 73

532 287 75 129 68 79 156 82 74

538 290 76 130 68 80 158 83 75

544 294 77 131 69 85 160 84 76

550 297 78 135 71 89 161 84 77

557 300 79 155 82 90 162 85 78

563 304 80 160 85 92 164 86 79

576 311 85 167 88 95 165 87 85

598 323 89 183 97 98 170 89 89

Metal Shell 16"Φ w/.375" walls 418 227 102 191 101 90

12 4 5 Steel HP 12 X 63 197 104 92

18 4 7 4 1 5 206 109 95

21 6 10 10 2 7 228 121 98

25 8 12 14 4 10 705 388 103

32 12 17 17 6 12 Steel HP 14 X 102

83 40 25 20 7 17 6 2 5

227 119 27 30 13 20 13 3 7

238 125 30 31 14 25 18 6 10

301 160 35 38 18 27 21 7 12

352 188 40 44 20 30 25 9 17

353 188 55 55 27 35 38 17 20

464 250 65 67 33 40 38 17 22

465 250 70 82 42 45 39 17 25

478 257 73 84 43 55 49 23 27

526 283 74 108 56 60 55 26 30

532 287 75 109 56 70 69 34 35

538 290 76 111 58 73 83 42 40

544 294 77 125 65 74 103 53 45

550 297 78 126 66 75 106 54 55

557 300 79 127 66 76 133 69 60

563 304 80 128 67 77 137 71 70

576 311 85 129 68 78 140 73 73

598 323 89 131 68 79 158 83 74

682 369 90 132 69 80 160 84 75

700 379 92 133 69 85 162 85 76

726 394 95 137 72 89 163 86 77

Steel HP 8 X 36 158 84 90 165 86 78

3 1 5 163 86 92 166 87 79

7 1 7 168 89 95 167 88 85

9 2 10 188 100 98 172 91 89

10 3 12 497 273 103 193 102 90

12 4 17 Steel HP 12 X 74 199 105 92

19 8 25 5 1 5 208 110 95

25 11 27 10 2 7 232 124 98

28 13 30 15 5 10 810 445 103

36 17 35 17 6 12 Steel HP 14 X 117

44 22 40 20 8 17 6 2 5

53 27 55 31 14 20 13 3 7

67 35 65 32 14 25 19 6 10

67 35 70 40 18 27 22 8 12

69 36 73 45 21 30 25 10 17

75 39 74 56 27 35 39 17 22

76 39 75 68 34 40 40 18 25

77 40 76 85 43 45 51 24 27

78 40 77 86 44 55 57 27 30

78 41 78 110 57 60 71 35 35

79 41 79 111 57 70 86 43 40

80 42 80 113 59 73 106 54 45

82 43 85 127 66 74 107 55 55

84 44 89 128 67 75 135 70 60

95 50 90 129 68 76 139 72 70

98 51 92 130 68 77 142 74 73

101 53 95 131 69 78 160 84 74

123 65 98 133 69 79 163 85 75

286 157 103 134 70 80 164 86 76

135 71 85 166 87 77

139 73 89 167 88 78

160 85 90 169 88 79

165 87 92 170 89 85

171 91 95 175 92 89



ESTIMATED NOMINAL FACTORED Maximum Bearing For
PILE REQ'D RESISTANCE Metal Shell 16"Φ w/.312" walls
LENGTH BEARING AVAILABLE Pile

0.00 0.00 0.00 654
5.00 11.63 4.21 654
7.00 18.02 4.21 654

10.00 21.34 6.04 654
12.00 25.31 8.22 654
15.00 51.06 22.38 654
17.00 32.00 11.90 654
20.00 136.85 69.57 654
22.00 86.90 42.09 654
25.00 82.93 39.91 654
27.00 227.41 119.38 654
30.00 237.91 125.15 654
35.00 300.91 159.80 654
40.00 352.12 187.97 654
45.00 484.36 260.70 654
50.00 387.07 207.19 654
55.00 352.54 188.20 654
60.00 471.51 253.63 654
65.00 464.19 249.61 654
70.00 464.82 249.95 654
73.00 477.55 256.95 654
74.00 525.74 283.46 654
75.00 531.91 286.85 654
76.00 538.08 290.24 654
77.00 544.25 293.64 654
78.00 550.42 297.03 654
79.00 556.59 300.43 654
80.00 562.76 303.82 654
85.00 576.03 311.12 654
89.00 597.63 323.00 654
90.00 682.13 369.47 654
92.00 699.87 379.23 654
95.00 726.48 393.87 654
98.00 994.84 541.46 654
99.00 1258.52 686.49 654

100.00 1522.21 831.52 654
101.00 1785.89 976.54 654
102.00 2049.58 1121.57 654
102.00 2049.58 1121.57 654
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================3-S 2021

LRFD or ASD or SEISMIC ================================SEISMIC

PILE CUTOFF ELEV. =====================================327.00 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========325.00 ft 654  KIPS 598  KIPS 531  KIPS 89 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Liquef.

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================301.00 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============316.00 ft

TOTAL SEISMIC SUBSTRUCTURE LOAD ====================================kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Seismic Loading Applied per pile spaced at 8 ft. Cts ===============================KIPS

Approx. Seismic Loading Applied per pile spaced at 3 ft. Cts ===============================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   NOMINAL FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. SEISMIC ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING LIQUEF. & DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

322.50 2.50 0.30 4.0 11.6 12 4 4 3 5

320.00 2.50 0.50 6.4 7.7 18.0 18 10 11 -4 7

317.50 2.50 0.50 6.4 7.7 21.3 21 17 18 -14 10

315.00 2.50 0.30 4.0 4.6 25.3 25 21 18 -14 12

312.50 2.50 0.30 4.0 4.6 51.1 51 25 18 8 15

310.00 2.50 3 Fine Sand 2.7 26.4 32.0 32 27 18 -14 17

307.50 2.50 0.30 4.0 4.6 136.9 137 31 18 87 20

305.00 2.50 12 Medium Sand 11.6 105.5 86.9 87 43 18 25 22

302.50 2.50 5 Medium Sand 4.8 43.9 82.9 83 48 18 17 25

300.00 2.50 4 Medium Sand 3.9 35.2 227.4 227 48 18 161 27

297.50 2.50 20 Medium Sand 19.3 175.8 237.9 238 48 18 172 30

292.50 5.00 19 Medium Sand 36.6 167.0 300.9 301 48 18 235 35
287.50 5.00 22 Medium Sand 42.4 193.4 352.1 352 48 18 286 40
282.50 5.00 23 Medium Sand 44.3 202.2 484.4 484 48 18 418 45
277.50 5.00 33 Medium Sand 69.7 290.1 387.1 387 48 18 321 50

272.50 5.00 14 Medium Sand 27.0 123.1 352.5 353 48 18 286 55

267.50 5.00 7 Medium Sand 13.5 61.5 471.5 472 48 18 405 60

262.50 5.00 19 Medium Sand 36.6 167.0 464.2 464 48 18 398 65

257.50 5.00 14 Medium Sand 27.0 123.1 464.8 465 48 18 399 70

254.50 3.00 11 Medium Sand 12.7 96.7 477.5 478 48 18 411 73

253.50 1.00 11 Medium Sand 4.2 96.7 525.7 526 48 18 460 74

252.50 1.00 16 Medium Sand 6.2 140.6 531.9 532 48 18 466 75

251.50 1.00 16 Medium Sand 6.2 140.6 538.1 538 48 18 472 76

250.50 1.00 16 Medium Sand 6.2 140.6 544.2 544 48 18 478 77

249.50 1.00 16 Medium Sand 6.2 140.6 550.4 550 48 18 484 78

248.50 1.00 16 Medium Sand 6.2 140.6 556.6 557 48 18 490 79

247.50 1.00 16 Medium Sand 6.2 140.6 562.8 563 48 18 497 80

242.50 5.00 16 Medium Sand 30.9 140.6 576.0 576 48 18 510 85

238.50 4.00 14 Medium Sand 21.6 123.1 597.6 598 48 18 531 89

237.50 1.00 14 Medium Sand 5.4 123.1 682.1 682 48 18 616 90

235.50 2.00 23 Medium Sand 17.7 202.2 699.9 700 48 18 634 92

232.50 3.00 23 Medium Sand 26.6 202.2 726.5 726 48 18 660 95

229.00 3.50 23 Medium Sand 31.0 202.2 994.8 995 48 18 929 98

228.00 1.00 Shale 263.7 439.5 1258.5 1259 48 18 1192 99

227.00 1.00 Shale 263.7 439.5 1522.2 1522 48 18 1456 100

226.00 1.00 Shale 263.7 439.5 1785.9 1786 48 18 1720 101

225.00 1.00 Shale 263.7 439.5 2049.6 2050 48 18 1983 102

224.00 1.00 Shale 439.5

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum SeismicMaximum NominalMaximum Nominal

ULTIMATE

Pier 2

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses

Printed 8/17/2021 Page 1 of 1 BBS 147 (Rev. 01/26/2021)



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================3-S 2021

LRFD or ASD or SEISMIC ================================ LRFD

PILE CUTOFF ELEV. =====================================333.30 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========331.30 ft 654  KIPS 611  KIPS 333  KIPS 94 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Scour

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================328.60 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD ===================== kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Factored Loading Applied per pile at 8 ft. Cts ==================================KIPS

Approx. Factored Loading Applied per pile at 3 ft. Cts ==================================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   FACTORED FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. FACTORED ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

328.60 2.70 0.40 5.6 16.3 16 3 0 6 5

326.00 2.60 0.70 9.0 10.7 19.2 19 3 0 7 7

323.00 3.00 0.30 4.8 4.6 27.0 27 3 0 12 10

318.00 5.00 0.50 12.8 7.7 36.7 37 3 0 17 15

313.00 5.00 0.30 7.9 4.6 66.4 66 3 0 33 20

310.50 2.50 3 Fine Sand 2.7 26.4 47.4 47 3 0 23 23

308.00 2.50 0.30 4.0 4.6 152.2 152 3 0 81 25

305.50 2.50 12 Medium Sand 11.6 105.5 102.3 102 3 0 53 28

303.00 2.50 5 Medium Sand 4.8 43.9 98.3 98 3 0 51 30

300.50 2.50 4 Medium Sand 3.9 35.2 242.8 243 3 0 130 33

298.00 2.50 20 Medium Sand 19.3 175.8 253.3 253 3 0 136 35

293.00 5.00 19 Medium Sand 36.6 167.0 316.3 316 3 0 171 40
288.00 5.00 22 Medium Sand 42.4 193.4 367.5 368 3 0 199 45
283.00 5.00 23 Medium Sand 44.3 202.2 499.8 500 3 0 272 50
278.00 5.00 33 Medium Sand 69.7 290.1 402.5 402 3 0 218 55

273.00 5.00 14 Medium Sand 27.0 123.1 367.9 368 3 0 199 60

268.00 5.00 7 Medium Sand 13.5 61.5 486.9 487 3 0 265 65

263.00 5.00 19 Medium Sand 36.6 167.0 479.6 480 3 0 261 70

258.00 5.00 14 Medium Sand 27.0 123.1 480.2 480 3 0 261 75

255.00 3.00 11 Medium Sand 12.7 96.7 492.9 493 3 0 268 78

254.00 1.00 11 Medium Sand 4.2 96.7 497.2 497 3 0 270 79

253.00 1.00 11 Medium Sand 4.2 96.7 545.4 545 3 0 297 80

248.00 5.00 16 Medium Sand 30.9 140.6 576.2 576 3 0 314 85

243.00 5.00 16 Medium Sand 30.9 140.6 589.5 589 3 0 321 90

239.00 4.00 14 Medium Sand 21.6 123.1 611.1 611 3 0 333 94

238.00 1.00 14 Medium Sand 5.4 123.1 695.6 696 3 0 379 95

233.00 5.00 23 Medium Sand 44.3 202.2 739.9 740 3 0 404 100

232.00 1.00 23 Medium Sand 8.9 202.2 748.8 749 3 0 409 101

231.00 1.00 23 Medium Sand 8.9 202.2 995.0 995 3 0 544 102

230.00 1.00 Shale 263.7 439.5 1258.7 1259 3 0 689 103.3

229.00 1.00 Shale 263.7 439.5 1522.4 1522 3 0 834 104.3

228.00 1.00 Shale 263.7 439.5 1786.0 1786 3 0 979 105.3

227.00 1.00 Shale 263.7 439.5 2049.7 2050 3 0 1124 106.3

226.00 1.00 Shale 263.7 439.5 2313.4 2313 3 0 1269 107.3

225.00 1.00 Shale 439.5

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL

Pier 3

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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ESTIMATED NOMINAL FACTORED Maximum Bearing For
PILE REQ'D RESISTANCE Metal Shell 16"Φ w/.312" walls
LENGTH BEARING AVAILABLE Pile

0.00 0.00 0.00 654
5.00 16.34 5.90 654
7.00 19.19 7.46 654

10.00 27.01 11.77 654
15.00 36.73 17.11 654
20.00 66.45 33.45 654
23.00 47.39 22.97 654
25.00 152.24 80.64 654
28.00 102.28 53.17 654
30.00 98.31 50.98 654
33.00 242.80 130.45 654
35.00 253.29 136.22 654
40.00 316.30 170.87 654
45.00 367.51 199.04 654
50.00 499.75 271.77 654
55.00 402.45 218.26 654
60.00 367.92 199.27 654
65.00 486.89 264.70 654
70.00 479.58 260.68 654
75.00 480.21 261.02 654
78.00 492.93 268.02 654
79.00 497.18 270.36 654
80.00 545.37 296.86 654
85.00 576.22 313.83 654
90.00 589.49 321.13 654
94.00 611.08 333.01 654
95.00 695.59 379.48 654

100.00 739.94 403.88 654
101.00 748.81 408.75 654
102.00 994.99 544.16 654
103.30 1258.68 689.18 654
104.30 1522.36 834.21 654
105.30 1786.05 979.24 654
106.30 2049.73 1124.26 654
107.30 2313.42 1269.29 654
107.30 2313.42 1269.29 654
107.30 2313.42 1269.29 654
107.30 2313.42 1269.29 654
107.30 2313.42 1269.29 654
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Pile Design Table for Pier 3 utilizing Boring #3-S 2021

Nominal Factored Estimated Nominal Factored Estimated Nominal Factored Estimated

Required Resistance Pile Required Resistance Pile Required Resistance Pile

Bearing Available Length Bearing Available Length Bearing Available Length

(Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.)

Metal Shell 12"Φ w/.25" walls Steel HP 10 X 42 Steel HP 12 X 84

10 3 5 5 1 5 7 2 5

14 5 7 10 4 7 14 6 7

19 8 10 15 6 10 19 8 10

27 12 15 19 9 15 25 12 15

35 17 23 23 11 23 30 15 23

67 35 30 32 16 30 42 21 30

149 80 33 42 22 33 55 28 33

159 85 35 46 24 35 60 31 35

201 108 40 55 29 40 71 37 40

238 128 45 65 34 45 84 44 45

264 143 60 75 40 60 97 51 60

334 181 65 94 50 75 122 65 75

337 183 70 96 51 78 125 67 78

342 186 75 96 51 79 125 67 79

352 191 78 106 56 80 139 75 80

355 193 79 110 59 85 145 78 85

383 208 80 112 60 90 146 78 90

Metal Shell 14"Φ w/.25" walls 115 62 94 150 81 94

13 5 5 131 71 95 175 94 95

16 6 7 138 74 100 183 99 100

23 10 10 140 75 101 185 100 101

32 15 15 161 87 102 205 111 102

41 20 23 335 183 106 664 365 108

82 42 30 Steel HP 10 X 57 Steel HP 14 X 73

193 104 33 5 1 5 7 2 5

203 109 35 10 4 7 16 7 7

256 138 40 15 7 10 22 10 10

299 162 45 19 9 15 29 14 15

315 171 60 24 12 23 35 17 23

406 221 70 33 16 30 50 25 30

410 223 75 44 23 33 62 32 33

421 229 78 48 25 35 68 35 35

424 231 79 57 30 40 81 42 40

Metal Shell 14"Φ w/.312" walls 67 36 45 95 50 45

13 5 5 77 41 60 114 60 50

16 6 7 96 51 75 114 60 60

23 10 10 98 52 78 145 77 75

32 15 15 99 53 79 148 79 78

41 20 23 108 58 80 149 79 79

82 42 30 113 61 85 167 89 80

193 104 33 114 61 90 173 93 90

203 109 35 118 63 94 178 96 94

256 138 40 135 72 95 203 110 95

299 162 45 142 76 100 218 118 100

315 171 60 143 77 101 221 119 101

406 221 70 165 89 102 234 126 102

410 223 75 454 250 108 578 316 107

421 229 78 Steel HP 12 X 53 Steel HP 14 X 89

424 231 79 6 1 5 8 2 5

462 251 80 13 5 7 16 7 7

489 266 85 18 8 10 22 10 10

502 274 90 24 11 15 29 14 15

521 284 94 29 14 23 36 17 23

Metal Shell 16"Φ w/.312" walls 40 20 30 50 25 30

16 6 5 51 26 33 64 33 33

19 7 7 56 29 35 70 36 35

27 12 10 66 35 40 83 44 40

37 17 15 78 41 45 98 52 45

47 23 23 93 49 60 115 61 60

98 51 30 117 63 75 147 78 75

243 130 33 120 64 78 150 80 78

253 136 35 120 64 79 151 81 79

316 171 40 133 72 80 169 91 80

368 199 45 139 75 85 176 94 90

368 199 60 140 75 90 181 97 94

480 261 70 144 77 94 207 112 95

480 261 75 167 90 95 222 120 100

493 268 78 176 95 100 225 121 101

497 270 79 177 96 101 240 130 102

545 297 80 193 104 102 705 388 108

576 314 85 418 228 106 Steel HP 14 X 102

589 321 90 Steel HP 12 X 63 8 2 5

611 333 94 6 2 5 17 7 7

Metal Shell 16"Φ w/.375" walls 13 5 7 22 10 10

16 6 5 18 8 10 30 14 15

19 7 7 24 11 15 36 18 23

27 12 10 29 14 23 51 26 30

37 17 15 40 20 30 65 34 33

47 23 23 52 27 33 71 37 35

98 51 30 57 30 35 85 45 40

243 130 33 68 36 40 100 53 45

253 136 35 81 42 45 117 62 60

316 171 40 94 50 60 149 80 75

368 199 45 118 63 75 152 81 78

368 199 60 121 65 78 153 82 79

480 261 70 122 65 79 171 92 80

480 261 75 135 72 80 178 96 90

493 268 78 141 76 85 183 98 94

497 270 79 142 76 90 209 113 95

545 297 80 146 78 94 224 121 100

576 314 85 169 91 95 227 123 101

589 321 90 177 96 100 244 132 102

611 333 94 179 97 101 810 445 108

696 379 95 198 107 102 Steel HP 14 X 117

740 404 100 497 271 107 8 2 5

749 409 101 Steel HP 12 X 74 17 7 7

Steel HP 8 X 36 7 2 5 23 10 10

4 1 5 13 5 7 30 14 15

8 3 7 19 8 10 36 18 23

11 5 10 24 11 15 52 26 30

15 7 15 30 14 23 67 35 33

19 9 23 41 21 30 73 38 35

25 13 30 54 28 33 87 46 40

34 17 33 59 30 35 102 54 45

37 19 35 70 37 40 118 63 60

45 23 40 82 43 45 151 81 75

53 28 45 95 50 60 154 82 78

59 31 60 120 64 75 155 83 79

74 39 70 123 66 78 174 93 80

74 39 75 124 66 79 181 97 90

75 40 78 137 73 80 186 100 94

76 40 79 143 77 85 213 115 95

82 44 80 144 77 90 227 123 100

86 46 85 148 79 94 230 124 101

88 47 90 172 93 95 250 135 102

90 48 94 180 97 100 929 511 108

101 54 95 182 98 101

107 58 100 201 109 102

108 58 101 589 324 108

129 70 102

286 156 107



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================3-S 2021

LRFD or ASD or SEISMIC ================================SEISMIC

PILE CUTOFF ELEV. =====================================333.30 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========331.30 ft 654  KIPS 611  KIPS 512  KIPS 94 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Liquef.

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================301.00 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============316.00 ft

TOTAL SEISMIC SUBSTRUCTURE LOAD ====================================kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Seismic Loading Applied per pile spaced at 8 ft. Cts ===============================KIPS

Approx. Seismic Loading Applied per pile spaced at 3 ft. Cts ===============================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   NOMINAL FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. SEISMIC ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING LIQUEF. & DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

328.60 2.70 0.40 5.6 16.3 16 6 6 5 5

326.00 2.60 0.70 9.0 10.7 19.2 19 15 16 -11 7

323.00 3.00 0.30 4.8 4.6 27.0 27 19 21 -14 10

318.00 5.00 0.50 12.8 7.7 36.7 37 32 35 -31 15

313.00 5.00 0.30 7.9 4.6 66.4 66 40 35 -9 20

310.50 2.50 3 Fine Sand 2.7 26.4 47.4 47 43 35 -31 23

308.00 2.50 0.30 4.0 4.6 152.2 152 47 35 70 25

305.50 2.50 12 Medium Sand 11.6 105.5 102.3 102 58 35 9 28

303.00 2.50 5 Medium Sand 4.8 43.9 98.3 98 63 35 0 30

300.50 2.50 4 Medium Sand 3.9 35.2 242.8 243 63 35 144 33

298.00 2.50 20 Medium Sand 19.3 175.8 253.3 253 63 35 155 35

293.00 5.00 19 Medium Sand 36.6 167.0 316.3 316 63 35 218 40
288.00 5.00 22 Medium Sand 42.4 193.4 367.5 368 63 35 269 45
283.00 5.00 23 Medium Sand 44.3 202.2 499.8 500 63 35 401 50
278.00 5.00 33 Medium Sand 69.7 290.1 402.5 402 63 35 304 55

273.00 5.00 14 Medium Sand 27.0 123.1 367.9 368 63 35 269 60

268.00 5.00 7 Medium Sand 13.5 61.5 486.9 487 63 35 388 65

263.00 5.00 19 Medium Sand 36.6 167.0 479.6 480 63 35 381 70

258.00 5.00 14 Medium Sand 27.0 123.1 480.2 480 63 35 382 75

255.00 3.00 11 Medium Sand 12.7 96.7 492.9 493 63 35 394 78

254.00 1.00 11 Medium Sand 4.2 96.7 497.2 497 63 35 399 79

253.00 1.00 11 Medium Sand 4.2 96.7 545.4 545 63 35 447 80

248.00 5.00 16 Medium Sand 30.9 140.6 576.2 576 63 35 478 85

243.00 5.00 16 Medium Sand 30.9 140.6 589.5 589 63 35 491 90

239.00 4.00 14 Medium Sand 21.6 123.1 611.1 611 63 35 512 94

238.00 1.00 14 Medium Sand 5.4 123.1 695.6 696 63 35 597 95

233.00 5.00 23 Medium Sand 44.3 202.2 739.9 740 63 35 641 100

232.00 1.00 23 Medium Sand 8.9 202.2 748.8 749 63 35 650 101

231.00 1.00 23 Medium Sand 8.9 202.2 995.0 995 63 35 896 102

230.00 1.00 Shale 263.7 439.5 1258.7 1259 63 35 1160 103.3

229.00 1.00 Shale 263.7 439.5 1522.4 1522 63 35 1424 104.3

228.00 1.00 Shale 263.7 439.5 1786.0 1786 63 35 1687 105.3

227.00 1.00 Shale 263.7 439.5 2049.7 2050 63 35 1951 106.3

226.00 1.00 Shale 263.7 439.5 2313.4 2313 63 35 2215 107.3

225.00 1.00 Shale 439.5

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum SeismicMaximum NominalMaximum Nominal

ULTIMATE

Pier 3

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================1-S 2019

LRFD or ASD or SEISMIC ================================ LRFD

PILE CUTOFF ELEV. =====================================345.18 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========343.18 ft 654  KIPS 531  KIPS 292  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========None

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================301.40 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============318.90 ft

TOTAL FACTORED SUBSTRUCTURE LOAD ===================== kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Factored Loading Applied per pile at 8 ft. Cts ==================================KIPS

Approx. Factored Loading Applied per pile at 3 ft. Cts ==================================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   FACTORED FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. FACTORED ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

341.38 1.80 1.10 9.0 19.8 20 0 0 11 4

336.38 5.00 0.70 17.3 10.7 27.8 28 0 0 15 9

333.88 2.50 0.10 1.4 1.5 41.5 41 0 0 23 11

331.38 2.50 0.90 10.7 13.8 46.0 46 0 0 25 14

328.88 2.50 0.50 6.4 7.7 49.3 49 0 0 27 16

326.38 2.50 0.30 4.0 4.6 67.1 67 0 0 37 19

323.88 2.50 1.20 13.4 18.4 72.9 73 0 0 40 21

321.38 2.50 0.70 8.6 10.7 75.4 75 0 0 41 24

318.88 2.50 0.30 4.0 4.6 80.9 81 0 0 44 26

316.38 2.50 0.40 5.2 6.1 84.5 85 0 0 47 29

313.88 2.50 0.30 4.0 4.6 136.7 137 0 0 75 31

311.38 2.50 6 Medium Sand 5.8 52.7 142.4 142 0 0 78 34
306.38 5.00 6 Medium Sand 11.6 52.7 180.4 180 0 0 99 39
301.38 5.00 9 Medium Sand 17.4 79.1 197.7 198 0 0 109 44
296.38 5.00 9 Medium Sand 17.4 79.1 311.8 312 0 0 171 49

291.38 5.00 20 Medium Sand 38.6 175.8 385.5 385 0 0 212 54

290.38 1.00 24 Medium Sand 9.3 210.9 394.7 395 0 0 217 55

289.38 1.00 24 Medium Sand 9.3 210.9 404.0 404 0 0 222 56

288.38 1.00 24 Medium Sand 9.3 210.9 413.3 413 0 0 227 57

287.38 1.00 24 Medium Sand 9.3 210.9 422.5 423 0 0 232 58

286.38 1.00 24 Medium Sand 9.3 210.9 387.8 388 0 0 213 59

281.38 5.00 19 Medium Sand 36.6 167.0 380.5 381 0 0 209 64

276.38 5.00 14 Medium Sand 27.0 123.1 469.0 469 0 0 258 69

271.38 5.00 21 Medium Sand 40.5 184.6 456.8 457 0 0 251 74

266.38 5.00 15 Medium Sand 28.9 131.8 450.6 451 0 0 248 79

265.38 1.00 11 Medium Sand 4.2 96.7 454.8 455 0 0 250 80

264.38 1.00 11 Medium Sand 4.2 96.7 459.0 459 0 0 252 81

263.38 1.00 11 Medium Sand 4.2 96.7 463.3 463 0 0 255 82

262.38 1.00 11 Medium Sand 4.2 96.7 467.5 468 0 0 257 83

261.38 1.00 11 Medium Sand 4.2 96.7 498.1 498 0 0 274 84

260.38 1.00 14 Medium Sand 5.4 123.1 503.5 504 0 0 277 85

259.38 1.00 14 Medium Sand 5.4 123.1 508.9 509 0 0 280 86

258.38 1.00 14 Medium Sand 5.4 123.1 514.3 514 0 0 283 87

257.38 1.00 14 Medium Sand 5.4 123.1 519.7 520 0 0 286 88

256.38 1.00 14 Medium Sand 5.4 123.1 525.1 525 0 0 289 89

255.38 1.00 14 Medium Sand 5.4 123.1 530.5 531 0 0 292 90

254.38 1.00 14 Medium Sand 123.1

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL

North Abutment

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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ESTIMATED NOMINAL FACTORED Maximum Bearing For
PILE REQ'D RESISTANCE Metal Shell 16"Φ w/.312" walls
LENGTH BEARING AVAILABLE Pile

0.00 0.00 0.00 654
4.00 19.77 10.87 654
9.00 27.83 15.31 654

11.00 41.45 22.80 654
14.00 46.02 25.31 654
16.00 49.34 27.14 654
19.00 67.10 36.90 654
21.00 72.87 40.08 654
24.00 75.37 41.46 654
26.00 80.87 44.48 654
29.00 84.55 46.50 654
31.00 136.66 75.16 654
34.00 142.44 78.34 654
39.00 180.38 99.21 654
44.00 197.73 108.75 654
49.00 311.77 171.47 654
54.00 385.49 212.02 654
55.00 394.75 217.11 654
56.00 404.00 222.20 654
57.00 413.26 227.29 654
58.00 422.52 232.38 654
59.00 387.82 213.30 654
64.00 380.51 209.28 654
69.00 469.03 257.97 654
74.00 456.79 251.23 654
79.00 450.55 247.80 654
80.00 454.79 250.14 654
81.00 459.04 252.47 654
82.00 463.28 254.80 654
83.00 467.52 257.14 654
84.00 498.13 273.97 654
85.00 503.53 276.94 654
86.00 508.93 279.91 654
87.00 514.33 282.88 654
88.00 519.73 285.85 654
89.00 525.13 288.82 654
90.00 530.52 291.79 654
90.00 530.52 291.79 654
90.00 530.52 291.79 654
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Pile Design Table for North Abutment utilizing Boring #1-S 2019

Nominal Factored Estimated Nominal Factored Estimated Nominal Factored Estimated

Required Resistance Pile Required Resistance Pile Required Resistance Pile

Bearing Available Length Bearing Available Length Bearing Available Length

(Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.) (Kips) (Kips) (Ft.)

Metal Shell 12"Φ w/.25" walls Steel HP 10 X 42 Steel HP 12 X 84

13 7 4 8 4 4 10 5 4

21 11 9 14 8 9 18 10 9

29 16 11 22 12 11 27 15 11

33 18 14 24 13 14 31 17 14

36 20 16 25 14 16 32 18 16

47 26 19 36 20 19 47 26 19

53 29 21 38 21 21 49 27 24

56 31 24 38 21 24 53 29 26

60 33 26 41 23 26 54 30 29

63 34 29 43 24 29 68 37 31

93 51 31 52 29 31 69 38 34

97 53 34 53 29 34 79 44 39

120 66 39 60 33 39 83 46 44

133 73 44 63 35 44 99 55 49

201 110 49 78 43 49 112 61 54

250 137 54 88 48 54 114 63 55

257 141 55 90 50 55 117 64 56

260 143 59 92 51 56 119 66 57

262 144 64 93 51 64 122 67 58

317 174 69 103 57 79 123 67 59

318 175 74 104 57 80 123 68 64

320 176 79 104 57 81 134 73 79

323 178 80 105 58 82 134 74 80

326 179 81 106 58 83 135 74 81

329 181 82 111 61 84 136 75 82

333 183 83 112 62 85 137 75 83

351 193 84 113 62 86 146 80 84

355 195 85 114 63 87 147 81 85

359 197 86 115 63 88 148 81 86

363 199 87 116 64 89 149 82 87

367 202 88 116 64 90 150 82 88

371 204 89 Steel HP 10 X 57 151 83 89

375 206 90 8 4 4 152 83 90

Metal Shell 14"Φ w/.25" walls 14 8 9 Steel HP 14 X 73

16 9 4 22 12 11 11 6 4

24 13 9 25 14 14 21 11 9

35 19 11 26 14 16 31 17 11

39 22 14 37 20 19 37 20 14

43 23 16 39 21 21 38 21 16

57 31 19 39 22 24 54 30 19

63 34 21 42 23 26 57 31 24

65 36 24 44 24 29 61 34 26

70 39 26 54 30 31 63 35 29

73 40 29 55 30 34 81 44 31

114 63 31 62 34 39 82 45 34

119 65 34 64 35 44 95 52 39

149 82 39 80 44 49 99 54 44

164 90 44 90 50 54 114 63 49

254 139 49 93 51 55 128 70 54

314 173 54 95 52 56 131 72 55

319 176 64 95 52 64 134 74 56

384 211 79 105 58 79 137 75 57

387 213 80 106 58 80 140 77 58

391 215 81 107 59 81 141 78 59

395 217 82 107 59 82 147 81 64

399 219 83 108 59 83 158 87 79

422 232 84 114 63 84 159 87 80

427 235 85 115 63 85 160 88 81

432 238 86 116 64 86 161 88 82

437 240 87 117 64 87 162 89 83

441 243 88 117 65 88 173 95 84

446 245 89 118 65 89 174 96 85

451 248 90 119 66 90 175 96 86

Metal Shell 14"Φ w/.312" walls Steel HP 12 X 53 176 97 87

16 9 4 9 5 4 178 98 88

24 13 9 17 10 9 179 98 89

35 19 11 26 14 11 180 99 90

39 22 14 30 17 14 Steel HP 14 X 89

43 23 16 31 17 16 11 6 4

57 31 19 45 25 19 21 12 9

63 34 21 47 26 24 32 18 11

65 36 24 51 28 26 38 21 14

70 39 26 53 29 29 38 21 16

73 40 29 65 36 31 55 30 19

114 63 31 67 37 34 57 31 24

119 65 34 76 42 39 62 34 26

149 82 39 79 44 44 64 35 29

164 90 44 94 52 49 82 45 31

254 139 49 105 58 54 83 46 34

314 173 54 108 59 55 96 53 39

319 176 64 111 61 56 100 55 44

384 211 79 113 62 57 116 64 49

387 213 80 116 64 58 131 72 54

391 215 81 117 64 59 134 74 55

395 217 82 118 65 64 137 75 56

399 219 83 128 71 79 140 77 57

422 232 84 129 71 80 143 79 58

427 235 85 130 71 81 144 79 59

432 238 86 131 72 82 149 82 64

437 240 87 131 72 83 160 88 79

441 243 88 140 77 84 161 89 80

446 245 89 141 77 85 162 89 81

451 248 90 142 78 86 163 90 82

Metal Shell 16"Φ w/.312" walls 143 78 87 164 90 83

20 11 4 144 79 88 175 96 84

28 15 9 145 80 89 176 97 85

41 23 11 146 80 90 178 98 86

46 25 14 Steel HP 12 X 63 179 98 87

49 27 16 9 5 4 180 99 88

67 37 19 17 10 9 181 100 89

73 40 21 26 15 11 183 100 90

75 41 24 30 17 14 Steel HP 14 X 102

81 44 26 32 17 16 12 6 4

85 47 29 46 25 19 21 12 9

137 75 31 47 26 24 32 18 11

142 78 34 51 28 26 38 21 14

180 99 39 53 29 29 39 21 16

198 109 44 66 36 31 56 31 19

312 171 49 67 37 34 58 32 24

381 209 64 77 42 39 63 35 26

451 248 79 80 44 44 65 36 29

455 250 80 96 53 49 83 46 31

459 252 81 108 59 54 84 46 34

463 255 82 111 61 55 98 54 39

468 257 83 113 62 56 102 56 44

498 274 84 116 64 57 118 65 49

504 277 85 118 65 58 133 73 54

509 280 86 119 65 64 136 75 55

514 283 87 130 71 79 139 77 56

520 286 88 130 72 80 142 78 57

525 289 89 131 72 81 145 80 58

531 292 90 132 73 82 146 80 59

Metal Shell 16"Φ w/.375" walls 133 73 83 151 83 64

20 11 4 141 78 84 162 89 79

28 15 9 142 78 85 163 90 80

41 23 11 143 79 86 164 90 81

46 25 14 144 79 87 165 91 82

49 27 16 145 80 88 166 91 83

67 37 19 146 80 89 178 98 84

73 40 21 147 81 90 179 98 85

75 41 24 Steel HP 12 X 74 180 99 86

81 44 26 10 5 4 181 100 87

85 47 29 18 10 9 183 100 88

137 75 31 27 15 11 184 101 89

142 78 34 31 17 14 185 102 90

180 99 39 32 18 16 Steel HP 14 X 117

198 109 44 46 26 19 12 7 4

312 171 49 48 26 24 22 12 9

381 209 64 52 29 26 33 18 11

451 248 79 54 30 29 39 21 14

455 250 80 67 37 31 39 22 16

459 252 81 68 38 34 57 31 19

463 255 82 78 43 39 59 32 24

468 257 83 81 45 44 64 35 26

498 274 84 98 54 49 65 36 29

504 277 85 110 60 54 84 46 31

509 280 86 113 62 55 85 47 34

514 283 87 115 63 56 99 54 39

520 286 88 118 65 57 103 57 44

525 289 89 120 66 58 120 66 49

531 292 90 121 66 64 136 75 54

Steel HP 8 X 36 132 72 79 139 76 55

6 3 4 132 73 80 142 78 56

11 6 9 133 73 81 145 80 57

17 9 11 134 74 82 148 82 58

19 10 14 135 74 83 148 82 59

20 11 16 143 79 84 153 84 64

28 15 19 144 79 85 164 90 79

30 16 21 145 80 86 165 91 80

31 17 24 146 81 87 166 91 81

33 18 26 147 81 88 167 92 82

35 19 29 148 82 89 168 92 83

41 23 31 149 82 90 180 99 84

42 23 34 181 100 85

47 26 39 183 100 86

49 27 44 184 101 87

63 35 49 185 102 88

71 39 54 186 102 89

72 40 64 187 103 90

81 45 79

82 45 80

82 45 81

83 46 82

83 46 83

87 48 84

88 48 85

89 49 86

89 49 87

90 50 88

91 50 89

92 50 90



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE==============================================

REFERENCE BORING ===================================1-S 2019

LRFD or ASD or SEISMIC ================================SEISMIC

PILE CUTOFF ELEV. =====================================345.18 ft

GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING ========343.18 ft 654  KIPS 531  KIPS 351  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ===========Liquef.

BOTTOM ELEV. OF SCOUR, LIQUEF., or DD =================301.40 ft

TOP ELEV. OF LIQUEF. (so layers above apply DD) ===============318.90 ft

TOTAL SEISMIC SUBSTRUCTURE LOAD ====================================kips

TOTAL LENGTH OF SUBSTRUCTURE (along skew)=======================ft

NUMBER OF ROWS OF PILES PER SUBSTRUCTURE =============

Approx. Seismic Loading Applied per pile spaced at 8 ft. Cts ===============================KIPS

Approx. Seismic Loading Applied per pile spaced at 3 ft. Cts ===============================KIPS

PILE TYPE AND SIZE =====================

Pile Perimeter============================== 4.189 FT. 0.000

Pile End Bearing Area============================= 1.396 SQFT. 0.000

BOT.   NOMINAL FACTORED    

OF   UNCONF. S.P.T. GRANULAR NOMINAL GEOTECH. GEOTECH. SEISMIC ESTIMATED   

LAYER LAYER COMPR. N OR ROCK LAYER SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE

ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. BEARING LIQUEF. & DD FROM DD AVAILABLE LENGTH

(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

341.38 1.80 1.10 9.0 19.8 20 9 10 1 4

336.38 5.00 0.70 17.3 10.7 27.8 28 26 29 -27 9

333.88 2.50 0.10 1.4 1.5 41.5 41 28 31 -17 11

331.38 2.50 0.90 10.7 13.8 46.0 46 38 42 -35 14

328.88 2.50 0.50 6.4 7.7 49.3 49 45 49 -45 16

326.38 2.50 0.30 4.0 4.6 67.1 67 49 54 -35 19

323.88 2.50 1.20 13.4 18.4 72.9 73 62 69 -58 21

321.38 2.50 0.70 8.6 10.7 75.4 75 71 78 -73 24

318.88 2.50 0.30 4.0 4.6 80.9 81 75 78 -72 26

316.38 2.50 0.40 5.2 6.1 84.5 85 80 78 -73 29

313.88 2.50 0.30 4.0 4.6 136.7 137 84 78 -25 31

311.38 2.50 6 Medium Sand 5.8 52.7 142.4 142 90 78 -25 34
306.38 5.00 6 Medium Sand 11.6 52.7 180.4 180 101 78 1 39
301.38 5.00 9 Medium Sand 17.4 79.1 197.7 198 101 78 18 44
296.38 5.00 9 Medium Sand 17.4 79.1 311.8 312 101 78 132 49

291.38 5.00 20 Medium Sand 38.6 175.8 385.5 385 101 78 206 54

290.38 1.00 24 Medium Sand 9.3 210.9 394.7 395 101 78 215 55

289.38 1.00 24 Medium Sand 9.3 210.9 404.0 404 101 78 225 56

288.38 1.00 24 Medium Sand 9.3 210.9 413.3 413 101 78 234 57

287.38 1.00 24 Medium Sand 9.3 210.9 422.5 423 101 78 243 58

286.38 1.00 24 Medium Sand 9.3 210.9 387.8 388 101 78 209 59

281.38 5.00 19 Medium Sand 36.6 167.0 380.5 381 101 78 201 64

276.38 5.00 14 Medium Sand 27.0 123.1 469.0 469 101 78 290 69

271.38 5.00 21 Medium Sand 40.5 184.6 456.8 457 101 78 277 74

266.38 5.00 15 Medium Sand 28.9 131.8 450.6 451 101 78 271 79

265.38 1.00 11 Medium Sand 4.2 96.7 454.8 455 101 78 275 80

264.38 1.00 11 Medium Sand 4.2 96.7 459.0 459 101 78 280 81

263.38 1.00 11 Medium Sand 4.2 96.7 463.3 463 101 78 284 82

262.38 1.00 11 Medium Sand 4.2 96.7 467.5 468 101 78 288 83

261.38 1.00 11 Medium Sand 4.2 96.7 498.1 498 101 78 319 84

260.38 1.00 14 Medium Sand 5.4 123.1 503.5 504 101 78 324 85

259.38 1.00 14 Medium Sand 5.4 123.1 508.9 509 101 78 330 86

258.38 1.00 14 Medium Sand 5.4 123.1 514.3 514 101 78 335 87

257.38 1.00 14 Medium Sand 5.4 123.1 519.7 520 101 78 340 88

256.38 1.00 14 Medium Sand 5.4 123.1 525.1 525 101 78 346 89

255.38 1.00 14 Medium Sand 5.4 123.1 530.5 531 101 78 351 90

254.38 1.00 14 Medium Sand 123.1

Metal Shell 16"Φ w/.312" walls

Driveable Length in Boring 

Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile

Maximum SeismicMaximum NominalMaximum Nominal

ULTIMATE

North Abutment

Req.d Bearing of Boring

MAX. REQUIRED BEARING  &  RESISTANCE for Selected Pile, Soil Profile, & Losses
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Project Name: Tested By: K. Esmaeili Date: 7/7/2021

Location: Checked By: J. Schaeffer Date: 7/8/2021

Boring No: Sample ID SS13

Sample Depth:

IDH Soil Classification:

Weight of Container (g): 152.3 Weight of Container & Soil (g): 349.1

Weight of Dry Sample (g): 196.8

Sieve Number
Diameter   

(mm)

Mass of Sieve 

(g)

Mass of Sieve 

& Soil (g)

Soil Retained 

(g)

Soil Retained 

(%)

Soil Passing 

(%)

1.5 in. 37.50 0.0 0.0 100.0

1 in. 25.40 0.0 0.0 100.0

3/4 in. 19.00 0.0 0.0 100.0

1/2 in. 12.50 0.0 0.0 100.0

3/8 in. 9.50 527.90 530 2.1 1.1 98.9

1/4 in. 6.30 513.00 526.5 13.5 6.9 92.1

#4 4.75 523.70 537.6 13.9 7.1 85.0

#10 2.00 678.10 720 41.9 21.3 63.7

#16 1.19 421.20 424.6 3.4 1.7 62.0

#40 0.420 564.400 643.3 78.9 40.1 21.9

#50 0.297 497.800 518.3 20.5 10.4 11.5

#100 0.149 518.300 527.4 9.1 4.6 6.9

#140 0.105 333.000 336 3.0 1.5 5.3

#200 0.074 326.100 328.6 2.5 1.3 4.1

Pan 371.1 378.8 7.7 3.9 0.2

TOTAL: 196.5 99.8

Sieve
Diameter 

(mm)
% Passing % Passing

4 4.75 100

10 2 100

40 0.425 100

200 0.075 100

4 4.75 0

10 2 0

40 0.425 0

200 0.075 0

Sand with Gravel

Sieve Analysis Data Sheet
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Project Name: Tested By: K. Esmaeili Date: 7/72021

Location: Checked By: J. Schaeffer Date: 7/8/2021

Boring No: Sample ID SS15

Sample Depth:

IDH Soil Classification:

Weight of Container (g): 151.2 Weight of Container & Soil (g): 310.2

Weight of Dry Sample (g): 159.0

Sieve Number
Diameter   

(mm)

Mass of Sieve 

(g)

Mass of Sieve 

& Soil (g)

Soil Retained 

(g)

Soil Retained 

(%)

Soil Passing 

(%)

1.5 in. 37.50 0.0 0.0 100.0

1 in. 25.40 0.0 0.0 100.0

3/4 in. 19.00 0.0 0.0 100.0

1/2 in. 12.50 0.0 0.0 100.0

3/8 in. 9.50 527.80 536.2 8.4 5.3 94.7

1/4 in. 6.30 513.00 534.8 21.8 13.7 81.0

#4 4.75 523.60 538.7 15.1 9.5 71.5

#10 2.00 676.80 717.1 40.3 25.3 46.2

#16 1.19 420.80 423.1 2.3 1.4 44.7

#40 0.420 573.000 603.7 30.7 19.3 25.4

#50 0.297 497.700 511.4 13.7 8.6 16.8

#100 0.149 518.400 529.2 10.8 6.8 10.0

#140 0.105 333.100 336.2 3.1 1.9 8.1

#200 0.074 326.300 328.8 2.5 1.6 6.5

Pan 480.2 485.7 5.5 3.5 3.0

TOTAL: 154.2 97.0

Sieve
Diameter 

(mm)
% Passing % Passing

4 4.75 100

10 2 100

40 0.425 100

200 0.075 100

4 4.75 0

10 2 0

40 0.425 0

200 0.075 0

Sand with Gravel

Sieve Analysis Data Sheet

ASTM D422-63

MG19034-09

IL145 Over Bay Creek

3-S

36'-37.5'

0

10

20

30

40

50

60

70

80

90

100

0.010.101.0010.00100.00

%
 P

a
s

s
in

g

Particle Diameter (mm)

#4 #10 #40 #200GRAVEL Coarse
SAND

Medium
SAND

Fine
SAND

SILT/CLAY

Sieve Analysis __ of __



Project Name: Tested By: K. Esmaeili Date: 7/72021

Location: Checked By: J. Schaeffer Date: 7/8/2021

Boring No: Sample ID SS18

Sample Depth:

IDH Soil Classification:

Weight of Container (g): 151.2 Weight of Container & Soil (g): 357.4

Weight of Dry Sample (g): 206.2

Sieve Number
Diameter   

(mm)

Mass of Sieve 

(g)

Mass of Sieve 

& Soil (g)

Soil Retained 

(g)

Soil Retained 

(%)

Soil Passing 

(%)

1.5 in. 37.50 0.0 0.0 100.0

1 in. 25.40 0.0 0.0 100.0

3/4 in. 19.00 0.0 0.0 100.0

1/2 in. 12.50 0.0 0.0 100.0

3/8 in. 9.50 0.0 0.0 100.0

1/4 in. 6.30 513.00 513.5 0.5 0.2 99.8

#4 4.75 523.60 523.8 0.2 0.1 99.7

#10 2.00 676.80 677.7 0.9 0.4 99.2

#16 1.19 420.80 420.9 0.1 0.0 99.2

#40 0.420 573.000 588.8 15.8 7.7 91.5

#50 0.297 497.700 565.9 68.2 33.1 58.4

#100 0.149 518.400 616.8 98.4 47.7 10.7

#140 0.105 333.100 337.9 4.8 2.3 8.4

#200 0.074 326.300 329.6 3.3 1.6 6.8

Pan 480.2 494 13.8 6.7 0.1

TOTAL: 206 99.9

Sieve
Diameter 

(mm)
% Passing % Passing

4 4.75 100

10 2 100

40 0.425 100

200 0.075 100

4 4.75 0

10 2 0

40 0.425 0

200 0.075 0

Fine Sand

Sieve Analysis Data Sheet

ASTM D422-63

MG19034-09

IL145 Over Bay Creek
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Sieve Analysis __ of __



Project Name: Tested By: K. Esmaeili Date: 7/7/2021

Location: Checked By: J. Schaeffer Date: 7/8/2021

Boring No: Sample ID SS17

Sample Depth:

IDH Soil Classification:

Weight of Container (g): 151.2 Weight of Container & Soil (g): 388.5

Weight of Dry Sample (g): 237.3

Sieve Number
Diameter   

(mm)

Mass of Sieve 

(g)

Mass of Sieve 

& Soil (g)

Soil Retained 

(g)

Soil Retained 

(%)

Soil Passing 

(%)

1.5 in. 37.50 0.0 0.0 100.0

1 in. 25.40 0.0 0.0 100.0

3/4 in. 19.00 0.0 0.0 100.0

1/2 in. 12.50 0.0 0.0 100.0

3/8 in. 9.50 527.80 529.3 1.5 0.6 99.4

1/4 in. 6.30 513.00 514.7 1.7 0.7 98.7

#4 4.75 523.60 525.4 1.8 0.8 97.9

#10 2.00 676.80 680.9 4.1 1.7 96.2

#16 1.19 420.80 421.6 0.8 0.3 95.8

#40 0.420 573.000 653.5 80.5 33.9 61.9

#50 0.297 497.700 570.6 72.9 30.7 31.2

#100 0.149 518.400 577.8 59.4 25.0 6.2

#140 0.105 333.100 336.8 3.7 1.6 4.6

#200 0.074 326.300 329 2.7 1.1 3.5

Pan 480.2 487.7 7.5 3.2 0.3

TOTAL: 236.6 99.7

Sieve
Diameter 

(mm)
% Passing % Passing

4 4.75 100

10 2 100

40 0.425 100

200 0.075 100

4 4.75 0

10 2 0

40 0.425 0

200 0.075 0

Fine SAND trace gravel

Sieve Analysis Data Sheet

ASTM D422-63

MG19034-09

IL145 Over Bay Creek

4-S

43.5'-45'
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Project Name: Tested By: K. Esmaeili Date: 7/7/2021

Location: Checked By: J. Schaeffer Date: 7/8/2021

Boring No: Sample ID SS13

Sample Depth:

Weight of Container (g): 151.2 Weight of Container & Soil (g): 357.7

Weight of Dry Sample (g): 206.5

Sieve Number
Diameter   

(mm)

Mass of Sieve 

(g)

Mass of Sieve 

& Soil (g)

Soil Retained 

(g)

Soil Retained 

(%)

Soil Passing 

(%)

1.5 in. 37.50 0.0 0.0 100.0

1 in. 25.40 0.0 0.0 100.0

3/4 in. 19.00 0.0 0.0 100.0

1/2 in. 12.50 551.90 554.6 2.7 1.3 98.7

3/8 in. 9.50 527.80 535.4 7.6 3.7 95.0

1/4 in. 6.30 513.00 531.6 18.6 9.0 86.0

#4 4.75 523.60 545.8 22.2 10.8 75.3

#10 2.00 676.80 733.4 56.6 27.4 47.8

#16 1.19 420.80 424.2 3.4 1.6 46.2

#40 0.420 573.000 597.3 24.3 11.8 34.4

#50 0.297 497.700 517.2 19.5 9.4 25.0

#100 0.149 518.400 553.5 35.1 17.0 8.0

#140 0.105 333.100 337.3 4.2 2.0 6.0

#200 0.074 326.300 329.5 3.2 1.5 4.4

Pan 480.2 488.9 8.7 4.2 0.2

TOTAL: 206.1 99.8

Sieve
Diameter 

(mm)
% Passing % Passing

4 4.75 100

10 2 100

40 0.425 100

200 0.075 100

4 4.75 0

10 2 0

40 0.425 0

200 0.075 0

Sieve Analysis Data Sheet

ASTM D422-63

MG19034-09

IL145 Over Bay Creek
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IDH Soil Classification: Fine to coarse SAND trace gravel



Gravel: 0.0%

Sand: 2.2%

Silt: 68.2%

Clay: 29.6%

Coarse Medium Fine

Client Name: IDOT

Project No.: MG19034.09

Sample No.: 3-S, SS-8

Project Name: IL-145 over Bay Creek

SILT - CLAY

Coarse Fine Silt           Clay

Sieve / Hydrometer Analysis

(ASTM D 422)

USCS Classification:

Silty Clay Loam

Grain Size (mm)

11 Executive Drive, Suite 12  Fairview Heights, IL 62208

P 618.624.8610    F 618.624.8611   www.millennia.pro

Sieve Opening (in) U.S Standard Sieve Numbers
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Gravel: 0.0%

Sand: 41.0%

Silt: 48.1%

Clay: 10.9%

Coarse Medium Fine

Grain Size (mm)

11 Executive Drive, Suite 12  Fairview Heights, IL 62208

P 618.624.8610    F 618.624.8611   www.millennia.pro

Sieve Opening (in) U.S Standard Sieve Numbers

ASTM
GRAVEL OR STONE SAND SILT - CLAY

Coarse Fine Silt           Clay

Sieve / Hydrometer Analysis

(ASTM D 422)

USCS Classification:

Loam

Client Name: IDOT

Project No.: MG19034.09

Sample No.: 3-S, SS-10

Project Name: IL-145 over Bay Creek
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Gravel: 0.0%

Sand: 6.6%

Silt: 74.7%

Clay: 18.7%

Coarse Medium Fine

Grain Size (mm)

11 Executive Drive, Suite 12  Fairview Heights, IL 62208

P 618.624.8610    F 618.624.8611   www.millennia.pro

Sieve Opening (in) U.S Standard Sieve Numbers

ASTM
GRAVEL OR STONE SAND SILT - CLAY

Coarse Fine Silt           Clay

Sieve / Hydrometer Analysis

(ASTM D 422)

USCS Classification:

Silt Loam

Client Name: IDOT

Project No.: MG19034.09

Sample No.: 4-S, SS-10

Project Name: IL-145 over Bay Creek
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