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Project Description and Scope 

This project involves the complete replacement of dual bridges carrying I-24 over 
Country Club Road in Massac County.  The project site is located on the border of 
Sections 20 and 29, Range 5E, Township 15S, in the 3rd Principal Meridian about 2 
miles north of US Route 45.  A Location Map is presented in Exhibit A. 
 
There are existing dual bridges at this location, SN 064-0027 and SN 064-0028, which 
were constructed in 1970.  They are three span structures with continuous steel beams 
and concrete deck slab supported on wall piers and open abutments.  The piers are 
supported on creosoted timber piles while the abutments are supported on concrete 
piles.  The existing plans call for 22 ton capacity of the timber piles at an estimated 20-
28 foot length and a 30 ton capacity of the concrete piles at an estimated 45 foot length.  
See Existing Structure Pile Data in Exhibit E for as-built information.  Concrete slope 
walls are present within the outer spans of the bridges.  The bridges measure 130’-6” 
back to back abutments and 44’-0” out to out, with a 26.56 degree left ahead skew. 
 
Per the preliminary Type, Size & Location Plan (TSL), the proposed dual structures are 3 
span bridges with W33 rolled beams supported on integral abutments and encased pile 
bent piers.  The proposed structures will have a back-to-back abutment length of 143’-0”, 
out-to-out width of 45’-2” and 26°-33’-26” left ahead skew.  The roadway will be on a 
horizontal tangent alignment and on a crest vertical curve.  The proposed abutments will 
be constructed on existing embankments, with the profile raised by over six inches.  
Traffic will be maintained utilizing cross overs during construction.  The new abutment 
foundations will be located to avoid conflict with the existing concrete piles.  The new 
structures are to be designed following LRFD Bridge Design Specifications. 
 
See Preliminary TSL attached in Exhibit B for further information about the proposed 
structures. 
 
Field Exploration 
 
Subsurface Exploration and Testing 
 
The site is located in a rural area northeast of Metropolis surrounded by open fields.  
There is a residence off Hillebrand Lane located just southwest of the bridges.  The 
structures cross over Country Club Road, which is approximately 32 feet wide.  A grassy 
median separates the two structures.  Aerial power lines run along Country Club Road 
and cross I-24 just north of the bridges. 
 
The subsurface investigation consisted of five borings (1-S (2016), 2-S (2016), 3-S 
(2016), 4-S (2016), and 5-S (2016)) drilled by IDOT District 9 personnel in March and 
April of 2016.  The original 1968 borings (1S, 2S, 3S, 4S, 5S, 6S, 7S, and 8S) were also 
provided.  1-S was drilled near the intersection of the I-24 and Country Club Road 
centerlines; 2-S was drilled near the centerline of Country Club Road just north of SN 
064-0046; 3-S was drilled in the west shoulder of Country Club Road just south of SN 
064-0045; 4-S was drilled in the north shoulder of the west approach for SN 064-0046; 
5-S was drilled in the southeast embankment cone of SN 064-0046.  Boring locations 
can be found in Exhibit B. 
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Beginning at the ground surface, standard penetration tests (SPT) were conducted every 
2.5 feet according to AASHTO T 206, using a Hollow Stem Auger.  Boring depths range 
from 61 to 106 feet and were terminated in a very dense sand layer. 
 
Subsurface Conditions 
 
While drilling, groundwater was encountered at an elevation between 329.6 and 345.9 
for all 2016 borings except for Boring 3-S, which did not encounter water. 
 
Boring 1-S: Starting at ground surface, the boring data depicts stiff red and grey clay and 
sandy clay loam to an elevation of 402.1, with Qu values from 1.2 to 1.4 tsf, SPT (N) 
values ranging from 8 to 28 blows per foot, and moisture contents ranging between 16% 
and 24%.  Stiff to very stiff tan and brown clay and silty clay is present down to elevation 
394.6, with Qu values from 1.6 to 3.1 tsf, SPT (N) values ranging from 6 to 9 blows per 
foot, and moisture contents ranging between 22% and 25%.  Loose to very soft white 
and brown lenses of sand, silt and clay is present down to elevation 386.6, with Qu 
values from 0.2 to 0.3 tsf, SPT (N) values ranging from 5 to 9 blows per foot, and 
moisture contents ranging between 13% and 24%.  Medium to very dense light grey and 
brown sand, silty sand, sandy loam and silt with clay and silty clay seams is present 
down to elevation 372.1, with SPT (N) values ranging from 22 to 86 blows per foot and 
moisture contents ranging between 0% and 20%.  Medium dense light grey and brown 
silt to silty loam is present down to elevation 354.6, with Qu values from 0 to 0.6 tsf, SPT 
(N) values ranging from 14 to 16 blows per foot, and moisture contents ranging between 
0% and 19%.  Very dense white and brown fine to medium sand is present down to 
elevation 344.6, with SPT (N) values ranging from 73 to 83 blows per foot and no 
moisture content readings.  Loose white and brown fine sand is present down to 
elevation 339.6, with an SPT (N) value of 9 blows per foot and no moisture content 
readings.  Very dense light grey and brown fine to medium sand is present down to 
elevation 328.1, with SPT (N) values ranging from 31 to 100 blows per foot, and no 
moisture content readings. 
 
Boring 2-S: Starting at ground surface, the boring data depicts very stiff red brown and 
grey clay to an elevation of 386.8, with Qu values from 2.1 to 3.3 tsf, SPT (N) values 
ranging from 7 to 10 blows per foot, and moisture contents ranging between 29% and 
36%.  Medium to very dense, white and brown sand and silty sand with clay layers is 
present down to elevation 371.8, with SPT (N) values ranging from 14 to 100 blows per 
foot, and moisture contents ranging between 0% and 29%.  Soft grey, brown and white 
silty clay and silty loam with sand and clay seams is present down to elevation 348.8, 
with Qu values from 0.4 to 0.5 tsf, SPT (N) values ranging from 10 to 12 blows per foot, 
and moisture contents ranging between 18% and 27%.  Very dense, white sand is 
present down to elevation 344.3, with an SPT (N) value of 76 blows per foot, and 
moisture content of 5%.  Soft to medium brown and grey silty clay with sand seams is 
present down to elevation 339.3, with a Qu value of 0.5 tsf, an SPT (N) value of 5 blows 
per foot, and a moisture content of 27%.  Medium to stiff grey and mottled brown silty 
clay and clay with sand seams is present down to elevation 318.8, with Qu values from 
0.8 to 1.6 tsf, SPT (N) values ranging from 1 to 6 blows per foot, and moisture contents 
ranging between 26% and 28%.  Very dense brown fine to medium sand is present 
down to elevation 307.8, with SPT (N) values ranging from 91 to 100 blows per foot, and 
no moisture content readings. 
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Boring 3-S: Starting at ground surface, the boring data depicts medium dense reddish 
brown sand with some clay to an elevation of 404.2, with an SPT (N) value of 20 blows 
per foot and no moisture content.  Stiff to very stiff brown, tan and grey clay, silty clay 
and silty clay loam is present down to elevation 394.2, with Qu values from 1.1 to 3.9 tsf, 
SPT (N) values ranging from 5 to 16 blows per foot, and moisture contents ranging 
between 25% and 30%.  Soft to medium grey and brown silty clay with sand seams is 
present down to elevation 386.7, with Qu values from 0.3 to 0.8tsf, SPT (N) values 
ranging from 7 to 10 blows per foot, and moisture contents ranging between 16% and 
23%.  Dense to very dense white and brown sand with layers of clayey sand is present 
down to elevation 371.7, with SPT (N) values ranging from 43 to 84 blows per foot, and 
no moisture content.  Soft to medium grey and brown silty loam with clay lenses is 
present down to elevation 354.2, with Qu values from 0.5 to 0.6 tsf, SPT (N) values 
ranging from 5 to 11 blows per foot, and moisture contents ranging between 22% and 
26%.  Very dense brown sand is present down to elevation 347.7, with SPT (N) values 
of 100 blows per foot, and no moisture content.   
 
Boring 4-S: Starting at ground surface, the boring data depicts medium dense red gravel 
with clay binder to an elevation of 422.8, with an SPT (N) value of 10 blows per foot, and 
moisture content of 11%.  Stiff brown mottled grey silty clay to clay is present down to 
elevation 412.8, with Qu values from 1.4 to 1.6 tsf, SPT (N) values ranging from 6 to 11 
blows per foot, and moisture contents ranging between 20% and 25%.  Medium red 
sandy clay loam to sandy clay is present down to elevation 407.8, with Qu values of 0.8 
tsf, SPT (N) values ranging from 23 to 30 blows per foot, and moisture contents ranging 
between 19% and 21%.  Dense red brown silty sand to sand loam is present down to 
elevation 405.3, with an SPT (N) value of 48 blows per foot, and moisture content of 
18%.  Medium to very stiff grey and brown silty clay and clay with silt and sand lenses is 
present down to elevation 395.3, with Qu values from 0.8 to 3.7 tsf, SPT (N) values 
ranging from 7 to 10 blows per foot, and moisture contents ranging between 22% and 
26%.  Soft grey and brown sandy clay loam is present down to elevation 382.8, with Qu 
values from 0.3 to 0.4 tsf, SPT (N) values ranging from 8 to 17 blows per foot, and 
moisture contents ranging between 15% and 25%.  Medium to very dense white, grey 
and brown sand and silty sand with clay lenses is present down to elevation 367.8, with 
SPT (N) values ranging from 21 to 100 blows per foot, and moisture contents ranging 
between 3% and 11%.  Medium dense grey to white silt is present down to elevation 
357.8, with SPT (N) values ranging from 17 to 22 blows per foot, and moisture contents 
ranging between 0% and 14%.  Soft to medium grey silty loam to silty clay loam is 
present down to elevation 352.8, with a Qu value of 0.5 tsf, an SPT (N) value of 11 blows 
per foot, and moisture content of 23%.  Very dense white and brown sand is present 
down to elevation 341.3, with SPT (N) values ranging from 93 to 100 blows per foot, and 
no moisture content.  
 
Boring 5-S: Starting at ground surface, the boring data depicts stiff to very stiff brown 
mottled grey clay to silty clay to an elevation of 412.4, with Qu values from 1.0 to 2.3 tsf, 
SPT (N) values ranging from 6 to 11 blows per foot, and moisture contents ranging 
between 18% and 26%.  Medium to dense red brown gravel with clay binder is present 
down to elevation 407.4, with SPT (N) values ranging from 28 to 30 blows per foot, and 
no moisture content.  Stiff to hard red, grey and brown clay and fine sand lenses is 
present down to elevation 371.9, with Qu values from 1.2 to 3.5 tsf, SPT (N) values 
ranging from 5 to 10 blows per foot, and moisture contents ranging between 29% and 
39%.  Very dense brown and white sand is present down to elevation 367.4, with an 
SPT (N) value of 84 blows per foot, and no moisture content.  Soft to medium grey silt to 
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silty clay loam is present down to elevation 347.4, with Qu values from 0.3 to 0.7 tsf, SPT 
(N) values ranging from 6 to 14 blows per foot, and moisture contents ranging between 
15% and 24%.  Very dense brown sand with clay layers is present down to elevation 
337.4, with an SPT (N) value of 61 blows per foot, and no moisture content.  Stiff grey 
and brown clay with sand seams is present down to elevation 327.9, with a Qu value of 
1.2 tsf, an SPT (N) value of 5 blows per foot, and a moisture content of 23%.  Very 
dense brown sand is present down to elevation 320.9, with SPT (N) values ranging from 
68 to 76 blows per foot, and no moisture content. 
 
Further descriptions of the soil conditions encountered in the borings are presented in 
the Soil Borings attached in Exhibit D and the Subsurface Data Profile in Exhibit C. 
 
Geotechnical Evaluations 
 
Settlement 
 
Per the preliminary TSL, it is estimated the profile will be raised between 0.54 to 0.61 
feet at the abutments.  The proposed abutments will be located behind the existing 
abutments on existing embankments, resulting in calculated settlement of less than 0.4 
inches.  Since the settlement is negligible, downdrag forces are not significant and no 
pre-coring will be required. 

 
Slope Stability 
 
Preliminary stability analyses using Bishop’s method were performed for both abutments 
on SN 064-0045 and SN 064-0046.  According to AASHTO LRFD 11.6.2.3, the required 
resistance factor for slope stability is 0.65 which is equivalent to factor of safety of 1.54.  
For SN 064-0045, the west abutment is 21’-9” high 2H:1V (at right angles) end slope 
model with rendered factor of safety 2.55.  The east abutment used 21’-11” high 2H:1V 
(at right angles) end slope model which rendered factor of safety of 3.57.  The Seismic 
slope stability was also analyzed and yielded factors of safety of 1.56 and 1.90 at west 
and east abutments respectively.  For SN 064-0046, the west abutment is 21’-10” high 
2H:1V (at right angles) end slope model with rendered factor of safety 1.80.  The east 
abutment used 21’-10” high 2H:1V (at right angles) end slope model which rendered 
factor of safety of 4.10.  The Seismic slope stability was also analyzed and yielded 
factors of safety of 1.00 and 2.19 at west and east abutments respectively.  As per 
AASHTO LRFD 11.6.5.3, minimum required factor of safety under the effect of seismic 
loads is 1.  The horizontal coefficient was calculated according to FHWA-NHI-11-032, 
which assumes permanent displacement of 1 to 2 inches.  The horizontal coefficient for 
all of the abutments is 0.26g.  Slope stability analyses are presented in Exhibit H.  No 
stability problems are expected. 
 
Seismic Considerations 
 
Based on the method described in the IDOT Design Guide LRFD Soil Site Class 
Definition, Soil Site Class D controls.  The Design Spectral Acceleration at 1.0 sec (SD1) 
is 0.496g and at 0.2 sec (SDs) is 1.141g.  These values are based on a 1000 year design 
return period earthquake.  According to AASHTO LRFD 3.10.6 the Seismic Performance 
Zone is 3 based on the 1.0 second Design Spectral Acceleration. 
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Liquefaction analysis was performed by IDOT District 9 using the IDOT Liquefaction 
Analysis spreadsheet for each boring at the proposed bridge location.  Liquefiable layers 
were only noted below the 60 foot depth limitation defined in the Liquefaction Analysis 
Design Guide, therefore liquefaction is not a concern at this location.  See Exhibit F. 
 
Approach Slab 
 
Due to the profile raise, the approach slabs will rest on fill material where bearing 
capacities above the required 2 ksf should be expected. 
 
Mining Activity 
 

A review of the Illinois State Geological Survey (ISGS) “Directory of Coal Mines in 
Illinois” for Massac County indicates that no mining activity has been present at the 
project location.  The nearest underground coal mine is located 10.2 miles northeast of 
the bridge location. 
 

Foundation Recommendations 
 

Following is the summary of preliminary factored vertical loads for the AASHTO LRFD 
Strength I load combination provided by ESCA Consultants, Inc., for both bridges.  The 
Extreme Event I load combination was estimated to be 75% of Strength I. 
 

Strength I Load Combination  
West Abutment   800 kips   
Pier 1   1500 kips   
Pier 2   1500 kips    
East Abutment   800 kips    
 

Abutments 
 

Due to IDOT’s strong desire for a jointless structure, integral abutments will be provided 
for both of these bridges.  Per IDOT ABD Memoranda 12.3, all pile types are permissible 
for an effective expansion length of 73.71’ determined for eastbound SN 064-0045 and 
an effective expansion length of 71.50’ for the westbound SN 064-0046.  However, MS 
12”x0.179” piles are not recommended due to their thin walls and the stiff soil layers.  
Unless the abutment type is changed, spread footings and drilled shafts are not allowed 
for integral abutments as per the IDOT Bridge Manual. 
 

Driven pile foundation design does not include a seismic case since no liquefiable soils 
are present.  Analyses have been performed using the Modified IDOT Static Method for 
estimating nominal pile resistance.   Pile size calculations are presented in Exhibit G and 
summarized in Tables 1 thru 4.  The estimated lengths include a 2 foot embedment into 
the abutment cap and are based on top of pile elevations of 422.66 at the west abutment 
and 422.81 at the east abutment for SN 064-0045, and 422.77 at the west abutment and 
422.71 at the east abutment for SN 064-0046.  Rn values in tables represent the 
maximum nominal required bearing.  Per IDOT Bridge Manual 3.10.1.6, the suggested 
upper limit for pile length is 50 ft for HP 8’s, 75 ft for HP 10’s and 100 ft for HP 12’s. 
Since limited borings were drilled near the eastbound structure in 2016, borings 1S and 
4S from 1968 were used for the SN 064-0045 abutments.  These two borings yield 
capacities within the expected load limits, but do not produce as high of capacities as the 
2016 borings due to their limited depths.  If higher capacities are required for these 
locations, data can be extrapolated from the nearest 2016 boring. 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

W
es
t 
A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 S
ta
te
  

MS 12”x.25” 

149  82  15  407.8  0 

155  85  17  405.8  0 

162  89  20  402.8  0 

183  101  22  400.8  0 

213  117  25  397.8  0 

217  119  30  392.8  0 

331  182  32  390.8  0 

355  195  35  387.8  0 

MS 14”x.25” 

176  97  15  407.8  0 

182  100  17  405.8  0 

190  105  20  402.8  0 

218  120  22  400.8  0 

254  140  30  392.8  0 

409  225  32  390.8  0 

416  229  35  387.8  0 

MS 14”x.312” 

176  97  15  407.8  0 

182  100  17  405.8  0 

190  105  20  402.8  0 

218  120  22  400.8  0 

254  140  30  392.8  0 

409  225  32  390.8  0 

516  284  35  387.8  0 

HP 10x42 

91  50  22  400.8  0 

103  57  30  392.8  0 

140  77  32  390.8  0 

162  89  35  387.8  0 

175  96  37  385.8  0 

HP 12x53 

81  44  17  405.8  0 

87  48  20  402.8  0 

115  63  22  400.8  0 

126  69  30  392.8  0 

178  98  32  390.8  0 

193  106  35  387.8  0 

210  116  37  385.8  0 

HP 12x63 

81  45  17  405.8  0 

88  48  20  402.8  0 

116  64  22  400.8  0 

127  70  30  392.8  0 

180  99  32  390.8  0 

198  109  35  387.8  0 

216  119  37  385.8  0 

HP 14x73 

94  52  12  410.8  0 

98  54  17  405.8  0 

106  58  20  402.8  0 

144  79  22  400.8  0 

151  83  30  392.8  0 

222  122  32  390.8  0 

234  129  35  387.8  0 

256  141  37  385.8  0 

Table 1 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

W
es
t 
A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 

St
at
e
 

HP 14x89 

99  54  17  405.8  0 

107  59  20  402.8  0 

146  80  22  400.8  0 

153  84  30  392.8  0 

226  124  32  390.8  0 

239  132  35  387.8  0 

262  144  37  385.8  0 
Table 1 (continued) 

 
 

Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

MS 12”x.25” 

89  49  16  406.9  0 

103  57  19  403.9  0 

120  66  21  401.9  0 

144  79  24  398.9  0 

165  91  26  396.9  0 

177  97  29  393.9  0 

191  105  31  391.9  0 

206  113  34  388.9  0 

219  120  36  386.9  0 

236  130  41  381.9  0 

355  195  44  378.9  0 

MS 14”x.25” 

87  48  14  408.9  0 

109  60  16  406.9  0 

124  68  19  403.9  0 

144  79  21  401.9  0 

173  95  24  398.9  0 

198  109  26  396.9  0 

210  116  29  393.9  0 

227  125  31  391.9  0 

244  134  34  388.9  0 

259  142  36  386.9  0 

278  153  41  381.9  0 

416  229  44  378.9  0 

MS 14”x.312” 

87  48  14  408.9  0 

109  60  16  406.9  0 

124  68  19  403.9  0 

144  79  21  401.9  0 

173  95  24  398.9  0 

198  109  26  396.9  0 

210  116  29  393.9  0 

227  125  31  391.9  0 

244  134  34  388.9  0 

259  142  36  386.9  0 

278  153  41  381.9  0 

  516  284  44  378.9  0 
Table 2 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 10x42 

77  43  19  403.9  0 

89  49  21  401.9  0 

109  60  24  398.9  0 

123  68  26  396.9  0 

128  70  29  393.9  0 

136  75  31  391.9  0 

147  81  34  388.9  0 

154  85  36  386.9  0 

159  88  41  381.9  0 

248  137  44  378.9  0 

HP 12x53 

83  46  16  406.9  0 

98  54  19  403.9  0 

113  62  21  401.9  0 

138  76  24  398.9  0 

156  86  26  396.9  0 

159  87  29  393.9  0 

169  93  31  391.9  0 

181  100  34  388.9  0 

190  104  36  386.9  0 

195  107  41  381.9  0 

298  164  44  378.9  0 

HP 12x63 

85  47  16  406.9  0 

99  55  19  403.9  0 

114  63  21  401.9  0 

140  77  24  398.9  0 

158  87  26  396.9  0 

161  88  29  393.9  0 

171  94  31  391.9  0 

183  101  34  388.9  0 

191  105  36  386.9  0 

196  108  41  381.9  0 

307  169  44  378.9  0 

HP 14x73 

77  42  14  408.9  0 

100  55  16  406.9  0 

123  67  19  403.9  0 

141  78  21  401.9  0 

170  94  24  398.9  0 

195  107  26  396.9  0 

195  108  29  393.9  0 

207  114  31  391.9  0 

222  122  34  388.9  0 

230  127  36  386.9  0 

234  129  41  381.9  0 

363  200  44  378.9  0 

Table 2 (continued) 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 14x89 

79  43  14  408.9  0 

102  56  16  406.9  0 

124  68  19  403.9  0 

143  79  21  401.9  0 

173  95  24  398.9  0 

198  109  26  396.9  0 

198  109  29  393.9  0 

210  115  31  391.9  0 

224  123  34  388.9  0 

233  128  36  386.9  0 

237  130  41  381.9  0 

374  206  44  378.9  0 
Table 2 (continued) 

 
 

Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

W
es
t 
A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

MS 12”x.25” 

95  52  18  404.8  0 

111  61  20  402.8  0 

132  73  23  399.8  0 

151  83  28  394.8  0 

154  85  30  392.8  0 

157  86  33  389.8  0 

160  88  35  387.8  0 

243  133  40  382.8  0 

355  195  45  377.8  0 

MS 14”x.25” 

112  62  18  404.8  0 

132  73  20  402.8  0 

158  87  23  399.8  0 

176  97  28  394.8  0 

180  99  30  392.8  0 

183  101  33  389.8  0 

188  103  35  387.8  0 

298  164  40  382.8  0 

  416  229  45  377.8  0 

 

MS 14”x.312” 

112  62  18  404.8  0 

  132  73  20  402.8  0 

  158  87  23  399.8  0 

  176  97  28  394.8  0 

  180  99  30  392.8  0 

  183  101  33  389.8  0 

  188  103  35  387.8  0 

  298  164  40  382.8  0 

  516  284  45  377.8  0 
Table 3 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

W
es
t 
A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 10x42 

86  47  28  394.8  0 

88  49  30  392.8  0 

90  50  33  389.8  0 

93  51  35  387.8  0 

121  67  40  382.8  0 

163  90  45  377.8  0 

187  103  65  357.8  0 

297  163  70  352.8  0 

335  184  75  347.8  0 

HP 12x53 

82  45  20  402.8  0 

104  57  23  399.8  0 

104  57  28  394.8  0 

107  59  30  392.8  0 

109  60  33  389.8  0 

113  62  35  387.8  0 

152  84  40  382.8  0 

196  108  45  377.8  0 

225  124  65  357.8  0 

356  196  70  352.8  0 

419  230  75  347.8  0 

HP 12x63 

83  46  20  402.8  0 

105  58  28  394.8  0 

108  59  30  392.8  0 

110  61  33  389.8  0 

114  63  35  387.8  0 

154  85  40  382.8  0 

202  111  45  377.8  0 

227  125  65  357.8  0 

365  201  70  352.8  0 

462  254  75  347.8  0 

497  273  80  342.8  0 

HP 14x73 

77  42  18  404.8  0 

103  57  20  402.8  0 

125  69  28  394.8  0 

127  70  30  392.8  0 

130  72  33  389.8  0 

135  74  35  387.8  0 

189  104  40  382.8  0 

239  132  45  377.8  0 

269  148  65  357.8  0 

432  238  70  352.8  0 

547  301  75  347.8  0 

    578  318  80  342.8  0 
Table 3 (continued) 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF 
Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

W
es
t 
A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 14x89 

78  43  18  404.8  0 

105  58  20  402.8  0 

126  69  28  394.8  0 

129  71  30  392.8  0 

132  72  33  389.8  0 

137  75  35  387.8  0 

191  105  40  382.8  0 

247  136  45  377.8  0 

272  149  65  357.8  0 

443  244  70  352.8  0 

560  308  75  347.8  0 

684  376  80  342.8  0 
Table 3 (continued) 

 
 

Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

MS 12”x.25” 

139  76  15  407.8  0 

144  79  18  404.8  0 

161  89  20  402.8  0 

185  102  23  399.8  0 

199  110  25  397.8  0 

217  119  28  394.8  0 

230  126  30  392.8  0 

246  135  33  389.8  0 

258  142  35  387.8  0 

280  154  40  382.8  0 

309  170  45  377.8  0 

355  195  51  371.8  0 

MS 14”x.25” 

171  94  15  407.8  0 

174  95  18  404.8  0 

193  106  20  402.8  0 

222  122  23  399.8  0 

237  130  25  397.8  0 

257  141  28  394.8  0 

272  149  30  392.8  0 

291  160  33  389.8  0 

304  167  35  387.8  0 

328  181  40  382.8  0 

365  201  45  377.8  0 

  416  229  51  371.8  0 
Table 4 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

MS 14”x.312” 

171  94  15  407.8  0 

174  95  18  404.8  0 

193  106  20  402.8  0 

222  122  23  399.8  0 

237  130  25  397.8  0 

257  141  28  394.8  0 

272  149  30  392.8  0 

291  160  33  389.8  0 

304  167  35  387.8  0 

328  181  40  382.8  0 

365  201  45  377.8  0 

516  284  51  371.8  0 

HP 10x42 

79  43  18  404.8  0 

91  50  20  402.8  0 

109  60  23  399.8  0 

116  64  25  397.8  0 

128  70  28  394.8  0 

135  74  30  392.8  0 

146  80  33  389.8  0 

152  84  35  387.8  0 

164  90  40  382.8  0 

188  104  45  377.8  0 

244  134  55  367.8  0 

250  138  60  362.8  0 

254  140  65  357.8  0 

260  143  70  352.8  0 

335  184  75  347.8  0 

HP 12x53 

94  52  18  404.8  0 

116  64  20  402.8  0 

139  76  23  399.8  0 

146  80  25  397.8  0 

160  88  28  394.8  0 

167  92  30  392.8  0 

180  99  33  389.8  0 

188  103  35  387.8  0 

200  110  40  382.8  0 

232  127  45  377.8  0 

295  162  55  367.8  0 

302  166  60  362.8  0 

307  169  65  357.8  0 

314  173  70  352.8  0 

  409  225  85  337.8  0 

  419  230  95  327.8  0 
Table 4 (continued) 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 
Ea
st
 A
b
u
tm

en
t 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 12x63 

97  53  18  404.8  0 

117  64  20  402.8  0 

141  78  23  399.8  0 

147  81  25  397.8  0 

161  89  28  394.8  0 

169  93  30  392.8  0 

182  100  33  389.8  0 

189  104  35  387.8  0 

202  111  40  382.8  0 

234  129  45  377.8  0 

298  164  55  367.8  0 

304  167  60  362.8  0 

309  170  65  357.8  0 

317  174  70  352.8  0 

413  227  85  337.8  0 

497  273  95  327.8  0 

HP 14x73 

83  46  15  407.8  0 

114  63  18  404.8  0 

141  78  20  402.8  0 

168  92  23  399.8  0 

181  99  25  397.8  0 

197  108  28  394.8  0 

204  112  30  392.8  0 

221  121  33  389.8  0 

228  125  35  387.8  0 

241  133  40  382.8  0 

281  155  45  377.8  0 

352  194  55  367.8  0 

359  197  60  362.8  0 

364  200  65  357.8  0 

374  205  70  352.8  0 

489  269  85  337.8  0 

578  318  95  327.8  0 

HP 14x89 

86  47  15  407.8  0 

  117  64  18  404.8  0 

  144  79  20  402.8  0 

  171  94  23  399.8  0 

  183  101  25  397.8  0 

  200  110  28  394.8  0 

  207  114  30  392.8  0 

  224  123  33  389.8  0 

  231  127  35  387.8  0 

  244  134  40  382.8  0 

  285  157  45  377.8  0 

  356  196  55  367.8  0 

  362  199  60  362.8  0 

  368  202  65  357.8  0 

  378  208  70  352.8  0 

  494  272  85  337.8  0 

    705  388  95  327.8  0 
Table 4 (continued) 
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Piers 

There are several options for the type of foundation at the piers: Spread footing bearing 
on soil, pile-supported footings, encased pile bent, or drilled shaft foundation. 
 
Spread Footing on Soil:  Due to the soil layers with Qu less than 2.0 tsf for all piers and a 
deep bedrock elevation, it is not recommended to use spread footings. 
 
Pile Supported:  Per the preliminary TSL, pile bent piers with a single row of piles are 
anticipated for each pier.  MS 12”x0.179” piles are not recommended due to their thin 
walls and the stiff soil layers.  Pile size calculations are presented in Exhibit G and 
summarized in Tables 5 and 6.  The estimated lengths include 2 ft encasement into the 
pier cap and are based on top of pile elevations of 423.95.  Analyses have been 
performed using the Modified IDOT Static Method for estimating nominal pile resistance.  
Tables include strength limit state.  Rn values in tables represent the maximum nominal 
required bearing.  It should be noted that the sudden increase in pile capacities in the 
below tables is explained by the presence of a dense sand layer. 
 

Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

 

MS 12”x.25” 

55  30  32  391.9  0 

P
ie
rs
 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 S
ta
te
  

59  32  35  388.9  0 

355  195  37  386.9  0 

MS 14”x.25” 

65  36  32  391.9  0 

69  38  35  388.9  0 

416  229  37  386.9  0 

MS 14”x.312” 

65  36  32  391.9  0 

69  38  35  388.9  0 

516  284  37  386.9  0 

HP 10x42 

147  81  65  358.9  0 

240  132  70  353.9  0 

327  180  75  348.9  0 

HP 12x53 

161  88  55  368.9  0 

170  93  60  363.9  0 

178  98  65  358.9  0 

288  158  70  353.9  0 

392  215  75  348.9  0 

HP 12x63 

158  87  52  371.9  0 

162  89  55  368.9  0 

171  94  60  363.9  0 

179  99  65  358.9  0 

297  163  70  353.9  0 

402  221  75  348.9  0 

HP 14x73 

159  87  40  383.9  0 

187  103  52  371.9  0 

192  106  55  368.9  0 

203  112  60  363.9  0 

212  117  65  358.9  0 

351  193  70  353.9  0 

476  262  75  348.9  0 
Table 5 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

P
ie
rs
 

SN
 0
6
4
‐0
0
4
5
  

St
re
n
gt
h
 L
im

it
 

St
at
e
 

HP 14x89 

165  91  40  383.9  0 

190  104  52  371.9  0 

194  107  55  368.9  0 

205  113  60  363.9  0 

214  118  65  358.9  0 

362  199  70  353.9  0 

487  268  75  348.9  0 
Table 5 (continued) 

 
 

Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 

P
ie
rs
 

SN
 0
6
4
‐0
0
4
6
  

St
re
n
gt
h
 L
im

it
 S
ta
te
 

MS 12” x .25” 

158  87  37  386.9  0 

240  132  42  381.9  0 

355  195  45  378.9  0 

MS 14” x .25” 

134  74  35  388.9  0 

194  107  37  386.9  0 

299  164  42  381.9  0 

416  229  45  378.9  0 

MS 14” x .312” 

134  74  35  388.9  0 

194  107  37  386.9  0 

299  164  42  381.9  0 

476  262  47  376.9  0 

481  265  52  371.9  0 

486  267  55  368.9  0 

496  273  60  363.9  0 

506  278  65  358.9  0 

516  284  70  353.9  0 

HP 10x42 

157  87  70  353.9  0 

199  109  80  343.9  0 

212  117  85  338.9  0 

231  127  90  333.9  0 

238  131  95  328.9  0 

335  184  105  318.9  0 

HP 12x53 

167  92  52  371.9  0 

170  93  55  368.9  0 

177  98  60  363.9  0 

184  101  65  358.9  0 

190  105  70  353.9  0 

240  132  80  343.9  0 

258  142  85  338.9  0 

281  155  90  333.9  0 

288  158  95  328.9  0 

419  230  105  318.9  0 
Table 6 
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Location  Pile Size 

Rn Nominal 
Required 
Bearing 
(kips) 

RF Factored 
Resistance 
Available 
(kips) 

Estimated 
Pile Length 

(ft) 

Pile Tip 
Elev. 

Estimated 
Embedment 
into rock (ft) 
P
ie
rs
 

SN
 0
6
4
‐0
0
4
6
 

St
re
n
gt
h
 L
im

it
 S
ta
te
 

HP 12x63 

168  92  52  371.9  0 

171  94  55  368.9  0 

179  98  60  363.9  0 

185  102  65  358.9  0 

192  105  70  353.9  0 

242  133  80  343.9  0 

260  143  85  338.9  0 

284  156  90  333.9  0 

291  160  95  328.9  0 

476  262  105  318.9  0 

497  273  115  308.9  0 

HP 14x73 

165  91  40  383.9  0 

173  95  42  381.9  0 

199  109  52  371.9  0 

202  111  55  368.9  0 

212  116  60  363.9  0 

219  120  65  358.9  0 

226  125  70  353.9  0 

286  157  80  343.9  0 

309  170  85  338.9  0 

338  186  90  333.9  0 

344  189  95  328.9  0 

564  310  105  318.9  0 

578  318  115  308.9  0 

HP 14x89 

168  93  40  383.9  0 

176  97  42  381.9  0 

201  110  52  371.9  0 

205  113  55  368.9  0 

214  118  60  363.9  0 

221  122  65  358.9  0 

229  126  70  353.9  0 

289  159  80  343.9  0 

312  172  85  338.9  0 

342  188  90  333.9  0 

347  191  95  328.9  0 

576  317  105  318.9  0 

  705  388  115  308.9  0 
Table 6 (continued) 

 
Drilled Shafts: With no rock layers indicated in the borings, drilled shafts would be 
uneconomical at this location. 
 
Lateral Loading Analysis 
 
Tables 7 thru 12 provide soil parameters for the LPile program (or other approved 
programs) for the structural engineer to perform the lateral analysis of the foundations. 
 
Preliminary analysis has determined that adequate lateral resistance can be provided for 
the piles without reaching rock strata.  Per Bridge Manual 3.10.1.10, if the lateral load on 
a pile exceeds 3 kips then a detailed soil structure interaction analysis shall be 
performed. 
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Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Medium Dense Gravel  422.8  .068  31  90  ‐  ‐ 

Stiff Silty Clay  412.8  .073  ‐  500  11  .007 

Medium Sandy Clay  407.8  .069  ‐  100  6  .010 

Dense Silty Sand  405.3  .079  39  225  ‐  ‐ 

Medium Silty Clay  402.8  .069  ‐  100  6  .010 

Stiff Clay  400.3  .074  ‐  500  13  .007 

Very Stiff Clay  395.3  .078  ‐  1000  22  .005 

Soft Sandy Clay Loam  382.8  .063  ‐  30  2  .020 

Medium Dense Silty Sand  377.8  .073  35  90  ‐  ‐ 

Very Dense Silty Sand  372.8  .085  44  225  ‐  ‐ 

Very Dense Sand  367.8  .080  40  225  ‐  ‐ 

Medium Dense Silt  357.8  .073  34  90  ‐  ‐ 

Medium Silty Clay Loam  352.8  .066  ‐  100  3  .010 

Very Dense Sand  341.3  .085  44  225  ‐  ‐ 

Table 7 – Westbound, West Abutment (4-S) 
 

Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Very Stiff Clay  386.8  .077  ‐  1000  18  .005 

Medium to Dense Sand  379.3  .075  35  90  ‐  ‐ 

Very Dense Sand  376.8  .085  44  225  ‐  ‐ 

Medium Dense Sand  374.3  .073  34  90  ‐  ‐ 

Very Dense Sand  371.8  .083  42  225  ‐  ‐ 

Soft Silty Clay  369.3  .064  ‐  30  3  .020 

Soft Silty Loam  359.3  .065  ‐  30  3  .020 

Soft Silt to Silt Loam  348.8  .064  ‐  30  3  .020 

Very Dense Sand  344.3  .083  42  225  ‐  ‐ 

Soft to Medium Silty Clay  339.3  .030  ‐  30  3  .020 

Stiff Clay  329.3  .036  ‐  500  10  .007 

Medium Silty Clay  318.8  .033  ‐  100  6  .010 

Very Dense Sand  307.8  .047  43  125  ‐  ‐ 
Table 8 – Westbound, Piers (2-S) 

 

Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Very Stiff Clay  422.4  .076  ‐  1000  16  .005 

Stiff Clay  419.9  .073  ‐  500  10  .007 

Stiff Silty Clay  412.4  .071  ‐  500  7  .007 

Medium to Dense Gravel  407.4  .076  36  90  ‐  ‐ 

Hard Clay  404.9  .083  ‐  2000  38  .004 

Very Stiff Clay  387.4  .077  ‐  1000  19  .005 

Stiff Clay  382.4  .075  ‐  500  13  .007 

Stiff Silty Clay  377.4  .072  ‐  500  8  .007 

Very Stiff Clay  371.9  .076  ‐  1000  16  .005 

Very Dense Sand  367.4  .084  43  225  ‐  ‐ 

Medium to Soft Silt Loam  347.4  .065  ‐  100  3  .010 

Very Dense Sand  337.4  .045  41  125  ‐  ‐ 

Stiff Clay  327.9  .035  ‐  500  8  .007 

Very Dense Sand  320.9  .046  41  125  ‐  ‐ 

Table 9 – Westbound, East Abutment (5-S) 
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Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Medium Silty Clay  415.6  .070  ‐  100  7  .010 

Very Stiff Clay  410.6  .077  ‐  1000  17  .005 

Very Dense Sand  408.1  .081  40  225  ‐  ‐ 

Medium to Stiff Clay  400.6  .069  ‐  100  6  .010 

Very Stiff Clay  395.6  .078  ‐  1000  22  .005 

Medium Sandy Clay  393.1  .071  33  90  ‐  ‐ 

Medium Sandy Clay Loam  390.6  .068  ‐  100  5  .010 

Medium Sand  388.1  .074  35  90  ‐  ‐ 

Dense to Very Dense Sand  384.6  .079  38  225  ‐  ‐ 

Table 10 – Eastbound, West Abutment (1S) (1968 borings) 
 

Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Medium Dense Sand  404.2  .073  34  90  ‐  ‐ 

Stiff Silty Clay  401.7  .072  ‐  500  8  .007 

Stiff Clay  396.7  .071  ‐  500  8  .007 

Very Stiff Clay  394.2  .080  ‐  1000  27  .005 

Medium Silty Clay  391.7  .069  ‐  100  6  .010 

Soft Silt and Clay  386.7  .064  ‐  30  2  .020 

Very Dense Sand  376.7  .082  41  225  ‐  ‐ 

Dense Sand  371.7  .079  39  225  ‐  ‐ 

Soft to Medium Silty Loam  354.2  .066  ‐  30  4  .010 

Very Dense Sand  347.7  .085  44  225  ‐  ‐ 

Table 11 – Eastbound, Piers (3-S) 
 

Soil Type 
Elev. At 
Bottom 
of Layer 

Effective 
Unit Wt. 
(pci) 

Friction 
Angle 
(deg) 

k 
(pci) 

c 
(psi) 

E50 

Stiff Silty Clay  414.2  .063  ‐  500  9  .007 

Stiff Clay  411.7  .035  ‐  500  8  .007 

Stiff Gravel  409.2  .038  ‐  500  13  .007 

Very Stiff Clay  386.7  .036  ‐  1000  16  .005 

Medium Sandy Clay Loam  379.2  .037  ‐  100  8  .010 

Very Dense Sand  378.3  .048  44  125  ‐  ‐ 

Table 12 – Eastbound, East Abutment (4S) (1968 borings) 
 

Construction Considerations 
 
Stage Construction 
 
Traffic is expected to be maintained on I-24 utilizing cross overs for the construction of 
both structures, while Country Club Road will be closed as necessary.  No temporary 
soil support system will be required as each of the proposed bridges will be constructed 
in a single stage and there is adequate space between the structures to excavate 
without cutting into the other structure.  The soil will generally be adequate for a 1V:1H 
excavation slope.  However, if the intermittent very soft soil layers shown in the borings 
are encountered in the field, a 1.5V:1H excavation slope may be more appropriate.   
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Foundation Construction 
 

One test pile at each driven pile foundation should be provided due to the 
inconsistencies in the soil layers between the borings.  Pile shoes are not required for 
steel H-piles due to the absence of rock layers.  If metal shell piles are chosen, conical 
pile tips should be installed due to dense soil layers. 
 
If driving metal shell piles into dense sand layers to achieve higher capacities, it is 
recommended to use lower energy hammers to avoid pile damage from hard driving. 
 

Limitations 
 

The recommendations provided herein are for the exclusive use of IDOT and ESCA 
Consultants, Inc. They are specific only to the project described, and are based on 
subsurface information obtained at boring locations within the bridge area, our 
understanding of the project as described herein, and geotechnical engineering practice 
consistent with the standard of care. No other warranty is expressed or implied. Lin 
Engineering, Ltd. should be contacted if conditions encountered during construction are 
not consistent with those described. 
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I‐24 Over Country 
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE====================================
REFERENCE BORING ================================1-S (2016)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 423.95 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 402.40 ft 418  KIPS 372  KIPS 205  KIPS 84 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 1500 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 237.62 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 89.11 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

402.10 0.30 1.20 1.0 27.2 1.4 4.3 4 0 0 2 22
399.60 2.50 1.90 11.2 26.2 34.2 16.3 2.9 20.2 20 0 0 11 24
397.10 2.50 1.60 10.0 22.0 64.8 14.6 2.4 37.0 37 0 0 20 27
394.60 2.50 3.10 9 15.5 42.7 40.4 22.7 4.7 55.4 40 0 0 22 29
392.10 2.50 0.20 1.6 2.8 43.4 2.4 0.3 57.9 43 0 0 24 32
389.60 2.50 0.30 2.4 4.1 44.4 3.5 0.5 61.2 44 0 0 24 34
386.60 3.00 0.20 2.0 2.8 157.6 2.9 0.3 76.3 76 0 0 42 37
384.60 2.00 62 Very Fine Silty Sand 10.5 113.9 212.2 15.4 12.5 96.5 96 0 0 53 39
382.10 2.50 86 Very Fine Silty Sand 23.7 158.0 141.6 34.6 17.3 120.8 121 0 0 66 42
379.60 2.50 26 Fine Sand 4.4 63.7 195.0 6.5 7.0 132.6 133 0 0 73 44
376.60 3.00 46 Fine Sand 11.9 112.7 251.0 17.4 12.3 154.9 155 0 0 85 47
374.60 2.00 64 Fine Sand 13.8 156.8 161.9 20.2 17.2 163.8 162 0 0 89 49
372.10 2.50 22 Fine Sand 3.7 53.9 120.0 5.5 5.9 164.2 120 0 0 66 52
369.60 2.50 0.60 4.6 8.3 153.0 6.7 0.9 174.0 153 0 0 84 54
364.60 5.00 15 Medium Sand 5.4 36.7 130.0 7.9 4.0 178.8 130 0 0 71 59
359.60 5.00 0.60 9.1 8.3 165.1 13.3 0.9 195.0 165 0 0 91 64
354.60 5.00 14 Medium Sand 5.1 34.3 339.2 7.4 3.8 220.9 221 0 0 121 69
349.60 5.00 83 Fine Sand 53.7 203.3 368.4 78.6 22.3 296.8 297 0 0 163 74
344.60 5.00 73 Fine Sand 43.6 178.8 255.2 63.7 19.6 343.3 255 0 0 140 79
339.60 5.00 9 Fine Sand 3.1 22.0 481.2 4.5 2.4 372.2 372 0 0 205 84
329.60 10.00 100 Fine Sand 142.0 245.0 454.2 207.6 26.8 561.3 454 0 0 250 94
328.10 1.50 31 Fine Sand 75.9 8.3

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED NOMINAL UNPLUG'D

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 ================================2-S (2016)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 423.95 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 402.40 ft 418  KIPS 288  KIPS 158  KIPS 95 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 1500 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 237.62 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 89.11 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

401.80 0.60 2.50 3.2 32.1 4.7 7.9 8 0 0 4 22
399.30 2.50 2.10 11.9 28.9 46.8 17.4 3.2 25.6 26 0 0 14 25
396.80 2.50 2.30 12.6 31.7 62.2 18.5 3.5 44.3 44 0 0 24 27
394.30 2.50 2.50 13.4 34.5 81.1 19.5 3.8 64.5 64 0 0 35 30
391.80 2.50 2.90 14.8 40.0 101.4 21.7 4.4 86.7 87 0 0 48 32
389.30 2.50 3.30 10 16.3 45.5 106.6 23.8 5.0 109.3 107 0 0 59 35
386.80 2.50 2.50 13.4 34.5 111.2 19.5 3.8 127.9 111 0 0 61 37
384.30 2.50 14 Very Fine Silty Sand 2.2 25.7 157.5 3.2 2.8 135.9 136 0 0 75 40
381.80 2.50 38 Very Fine Silty Sand 6.2 69.8 143.5 9.0 7.6 142.7 143 0 0 78 42
379.30 2.50 27 Very Fine Silty Sand 4.2 49.6 343.0 6.1 5.4 170.2 170 0 0 94 45
376.80 2.50 100 Fine Sand 35.5 245.0 180.1 51.9 26.8 200.4 180 0 0 99 47
374.30 2.50 19 Fine Sand 3.2 46.5 327.9 4.7 5.1 220.9 221 0 0 121 50
371.80 2.50 78 Fine Sand 24.3 191.1 166.6 35.6 20.9 236.1 167 0 0 92 52
369.30 2.50 0.40 3.1 5.5 169.7 4.6 0.6 240.7 170 0 0 93 55
364.30 5.00 0.40 6.3 5.5 177.4 9.2 0.6 250.1 177 0 0 98 60
359.30 5.00 0.50 7.7 6.9 183.8 11.3 0.8 261.3 184 0 0 101 65
354.30 5.00 0.40 6.3 5.5 190.1 9.2 0.6 270.5 190 0 0 105 70
348.80 5.50 0.40 6.9 5.5 377.7 10.1 0.6 300.4 300 0 0 165 75
344.30 4.50 76 Fine Sand 42.0 186.2 240.3 61.3 20.4 342.1 240 0 0 132 80
339.30 5.00 0.50 7.7 6.9 257.7 11.3 0.8 354.4 258 0 0 142 85
333.80 5.50 1.20 17.9 16.5 281.1 26.1 1.8 381.2 281 0 0 155 90
329.30 4.50 1.60 17.9 22.0 288.0 26.2 2.4 406.2 288 0 0 158 95
318.80 10.50 0.80 24.6 11.0 524.5 36.0 1.2 465.4 465 0 0 256 105
308.80 10.00 91 Fine Sand 123.7 222.9 670.3 180.9 24.4 648.7 649 0 0 357 115
307.80 1.00 100 Fine Sand 245.0 26.8

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED

WB, Piers

NOMINAL UNPLUG'D

Req.d Bearing of Boring

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

Printed 6/20/2017 Page 1 of 1 BBS 147 (11/01/16)

Structure Geotechnical Report 
S.N. 064-0045 & S.N. 064-0046

Page 73 of 82 Exhibit G - Pile Length Analysis



IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE====================================
REFERENCE BORING ================================3-S (2016)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 423.95 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 402.40 ft 418  KIPS 392  KIPS 215  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 1500 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 237.62 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 89.11 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

401.70 0.70 1.20 2.3 17.4 3.3 5.0 5 0 0 3 22
399.20 2.50 1.10 7.6 15.2 26.4 11.1 1.7 16.2 16 0 0 9 25
396.70 2.50 1.20 8.1 16.5 71.7 11.9 1.8 32.2 32 0 0 18 27
394.20 2.50 3.90 16 18.4 53.7 47.5 27.0 5.9 54.5 47 0 0 26 30
391.70 2.50 0.80 5.9 11.0 46.4 8.6 1.2 62.3 46 0 0 26 32
389.20 2.50 0.30 2.4 4.1 50.2 3.5 0.5 66.0 50 0 0 28 35
386.70 2.50 0.40 3.1 5.5 253.6 4.6 0.6 92.5 92 0 0 51 37
384.20 2.50 84 Fine Sand 27.4 205.8 249.2 40.0 22.5 129.0 129 0 0 71 40
381.70 2.50 71 Fine Sand 20.8 173.9 235.6 30.4 19.0 155.6 156 0 0 86 42
379.20 2.50 57 Fine Sand 14.3 139.6 281.7 20.9 15.3 180.0 180 0 0 99 45
376.70 2.50 70 Fine Sand 20.3 171.5 248.1 29.6 18.8 203.7 204 0 0 112 47
374.20 2.50 48 Fine Sand 10.7 117.6 246.5 15.6 12.9 218.0 218 0 0 120 50
371.70 2.50 43 Fine Sand 8.8 105.3 156.9 12.9 11.5 220.1 157 0 0 86 52
369.20 2.50 0.50 3.9 6.9 160.8 5.7 0.8 225.8 161 0 0 88 55
364.20 5.00 0.50 7.7 6.9 169.9 11.3 0.8 237.2 170 0 0 93 60
359.20 5.00 0.60 9.1 8.3 177.6 13.3 0.9 250.4 178 0 0 98 65
354.20 5.00 0.50 7.7 6.9 423.5 11.3 0.8 287.8 288 0 0 158 70
349.20 5.00 100 Fine Sand 71.0 245.0 494.5 103.8 26.8 391.6 392 0 0 215 75
347.70 1.50 100 Fine Sand 245.0 26.8

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED

EB, Piers

NOMINAL UNPLUG'D

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 (2016)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 422.85 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 420.85 ft 418  KIPS 356  KIPS 196  KIPS 70 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 800 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 126.73 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 47.52 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

420.30 0.55 1.40 2.0 22.7 2.9 5.2 5 0 0 3 3
417.80 2.50 1.50 9.5 20.7 33.6 13.9 2.3 19.3 19 0 0 11 5
415.30 2.50 1.60 10.0 22.0 43.6 14.6 2.4 33.9 34 0 0 19 8
412.80 2.50 1.60 10.0 22.0 42.5 14.6 2.4 47.2 43 0 0 23 10
410.30 2.50 0.80 5.9 11.0 48.4 8.6 1.2 55.8 48 0 0 27 13
407.80 2.50 0.80 5.9 11.0 131.4 8.6 1.2 72.8 73 0 0 40 15
405.30 2.50 48 Very Fine Silty Sand 8.6 88.2 62.8 12.6 9.7 77.0 63 0 0 35 18
402.80 2.50 0.80 5.9 11.0 82.5 8.6 1.2 87.0 82 0 0 45 20
400.30 2.50 1.80 10.8 24.8 105.7 15.8 2.7 104.2 104 0 0 57 23
397.80 2.50 2.70 14.1 37.2 133.5 20.6 4.1 126.3 126 0 0 69 25
395.30 2.50 3.70 10 17.7 51.0 104.4 25.9 5.6 147.0 104 0 0 57 28
392.80 2.50 0.30 2.4 4.1 106.8 3.5 0.5 150.5 107 0 0 59 30
390.30 2.50 0.30 2.4 4.1 109.2 3.5 0.5 154.1 109 0 0 60 33
387.80 2.50 0.30 2.4 4.1 113.0 3.5 0.5 157.7 113 0 0 62 35
382.80 5.00 0.40 6.3 5.5 152.3 9.2 0.6 170.5 152 0 0 84 40
377.80 5.00 21 Very Fine Silty Sand 6.5 38.6 304.0 9.5 4.2 195.9 196 0 0 108 45
372.80 5.00 100 Very Fine Silty Sand 60.2 183.7 312.7 88.1 20.1 278.3 278 0 0 153 50
367.80 5.00 54 Fine Sand 26.1 132.3 246.9 38.1 14.5 306.4 247 0 0 136 55
362.80 5.00 22 Very Fine Silty Sand 6.8 40.4 244.6 9.9 4.4 315.3 245 0 0 135 60
357.80 5.00 17 Very Fine Silty Sand 5.3 31.2 225.5 7.7 3.4 320.3 225 0 0 124 65
352.80 5.00 0.50 7.7 6.9 454.1 11.3 0.8 355.8 356 0 0 196 70
347.80 5.00 93 Fine Sand 63.9 227.8 535.2 93.4 24.9 451.1 451 0 0 248 75
342.80 5.00 100 Fine Sand 71.0 245.0 598.8 103.8 26.8 554.1 554 0 0 305 80
341.30 1.50 97 Fine Sand 237.6 26.0

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED

WB, W. Abut.

NOMINAL UNPLUG'D

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 ================================5-S (2016)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 422.82 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 420.82 ft 418  KIPS 314  KIPS 173  KIPS 70 FT.

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 800 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 126.73 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 47.52 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

419.90 0.92 1.50 3.5 18.7 5.1 6.8 7 0 0 4 3
417.40 2.50 1.10 7.6 15.2 24.9 11.1 1.7 17.8 18 0 0 10 5
414.90 2.50 1.00 7.0 13.8 33.3 10.3 1.5 28.2 28 0 0 16 8
412.40 2.50 1.10 7.6 15.2 94.4 11.1 1.7 45.2 45 0 0 25 10
409.90 2.50 28 Sandy Gravel 7.1 68.6 106.3 10.4 7.5 56.1 56 0 0 31 13
407.40 2.50 30 Sandy Gravel 8.0 73.5 115.2 11.6 8.0 67.8 68 0 0 37 15
404.90 2.50 5.40 14 20.6 74.4 104.1 30.1 8.1 94.5 94 0 0 52 18
402.40 2.50 3.10 10 15.5 42.7 115.5 22.7 4.7 116.7 116 0 0 64 20
399.90 2.50 2.80 14.4 38.6 139.6 21.1 4.2 138.9 139 0 0 76 23
397.40 2.50 3.50 9 17.0 48.2 145.6 24.8 5.3 162.5 146 0 0 80 25
394.90 2.50 2.70 14.1 37.2 159.7 20.6 4.1 183.1 160 0 0 88 28
392.40 2.50 2.70 14.1 37.2 166.8 20.6 4.1 203.0 167 0 0 92 30
389.90 2.50 2.20 12.3 30.3 180.5 17.9 3.3 221.0 180 0 0 99 33
387.40 2.50 2.30 12.6 31.7 187.6 18.5 3.5 238.9 188 0 0 103 35
382.40 5.00 1.90 22.3 26.2 200.3 32.7 2.9 270.5 200 0 0 110 40
377.40 5.00 1.20 16.3 16.5 231.7 23.8 1.8 295.9 232 0 0 127 45
371.90 5.50 2.30 27.8 31.7 433.6 40.6 3.5 355.6 356 0 0 196 51
367.40 4.50 84 Medium Sand 57.8 205.8 295.3 84.6 22.5 418.7 295 0 0 162 55
362.40 5.00 0.70 10.4 9.6 301.6 15.3 1.1 433.5 302 0 0 166 60
357.40 5.00 0.40 6.3 5.5 306.5 9.2 0.6 442.6 307 0 0 169 65
352.40 5.00 0.30 4.8 4.1 314.1 7.0 0.5 449.9 314 0 0 173 70
347.40 5.00 0.50 7.7 6.9 464.4 11.3 0.8 476.8 464 0 0 255 75
337.40 10.00 61 Medium Sand 77.9 149.4 409.4 113.9 16.4 576.2 409 0 0 225 85
327.90 9.50 1.20 30.9 16.5 590.3 45.1 1.8 637.8 590 0 0 325 95
322.40 5.50 68 Clean Coarse Sand 59.0 166.6 668.9 86.3 18.2 726.2 669 0 0 368 100
320.90 1.50 76 Clean Coarse Sand 186.2 20.4

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED

WB, E. Abut.

NOMINAL UNPLUG'D

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 ================================1S (1968)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 422.78 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 420.78 ft 418  KIPS 210  KIPS 116  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 800 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 126.73 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 47.52 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

420.60 0.18 0.90 0.5 12.9 0.7 2.0 2 0 0 1 2
418.10 2.50 0.90 6.5 12.4 22.1 9.5 1.4 11.8 12 0 0 6 5
415.60 2.50 1.10 7.6 15.2 50.4 11.1 1.7 25.2 25 0 0 14 7
413.10 2.50 2.60 13.7 35.8 59.9 20.1 3.9 44.8 45 0 0 25 10
410.60 2.50 2.30 12.6 31.7 187.9 18.5 3.5 75.9 76 0 0 42 12
408.10 2.50 60 Clean Coarse Sand 22.0 147.0 79.4 32.1 16.1 93.7 79 0 0 44 15
405.60 2.50 1.20 8.1 16.5 80.6 11.9 1.8 104.8 81 0 0 44 17
403.10 2.50 0.70 5.2 9.6 87.2 7.6 1.1 112.6 87 0 0 48 20
400.60 2.50 0.80 5.9 11.0 115.1 8.6 1.2 123.6 115 0 0 63 22
398.10 2.50 2.40 13.0 33.1 150.2 19.0 3.6 145.0 145 0 0 80 25
395.60 2.50 4.00 11 18.8 55.1 141.4 27.5 6.0 169.5 141 0 0 78 27
393.10 2.50 15 Very Fine Silty Sand 2.3 27.6 125.8 3.4 3.0 170.9 126 0 0 69 30
390.60 2.50 0.70 5.2 9.6 177.7 7.6 1.1 183.6 178 0 0 98 32
388.10 2.50 23 Fine Sand 3.9 56.3 218.4 5.7 6.2 193.4 193 0 0 106 35
385.60 2.50 38 Fine Sand 7.2 93.1 281.9 10.5 10.2 210.0 210 0 0 116 37
384.60 1.00 61 Fine Sand 149.4 16.4

EB, W. Abut.

NOMINAL UNPLUG'D

Req.d Bearing of Boring

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

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED
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IDOT STATIC METHOD OF ESTIMATING PILE LENGTH 

SUBSTRUCTURE====================================
REFERENCE BORING ================================4S (1968)
LRFD or ASD or SEISMIC ============================== LRFD
PILE CUTOFF ELEV. ================================== 422.89 ft
GROUND SURFACE ELEV. AGAINST PILE DURING DRIVING = 420.89 ft 418  KIPS 298  KIPS 164  KIPS *** Below Boring

GEOTECHNICAL LOSS TYPE (None, Scour, Liquef., DD) ====== None
BOTTOM ELEV. OF SCOUR, LIQUEF., or DD ================= ft
TOP ELEV. OF LIQUEF. (so layers above apply DD) =============== ft

TOTAL FACTORED SUBSTRUCTURE LOAD =============== 800 kips
TOTAL LENGTH OF SUBSTRUCTURE (along skew)========== 50.50 ft
NUMBER OF ROWS OF PILES PER SUBSTRUCTURE ======= 1

Approx. Factored Loading Applied per pile at 8 ft. Cts ============ 126.73 KIPS
Approx. Factored Loading Applied per pile at 3 ft. Cts ============ 47.52 KIPS

PILE TYPE AND SIZE =============
Plugged Pile Perimeter========================== 3.967 FT. Unplugged Pile Perimeter=============== 5.800 FT.
Plugged Pile End Bearing Area==================== 0.983 SQFT. Unplugged Pile End Bearing Area========= 0.108 SQFT.

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 SIDE END BRG. TOTAL REQ'D LOSS FROM LOSS LOAD RESISTANCE PILE
ELEV. THICK. STRENGTH VALUE DESCRIPTION RESIST. RESIST. RESIST. RESIST. RESIST. RESIST. BEARING SCOUR or DD FROM DD AVAILABLE LENGTH
(FT.) (FT.) (TSF.) (BLOWS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (KIPS) (FT.)

419.20 1.69 1.30 5.8 16.9 8.5 9.7 10 0 0 5 4
416.70 2.50 0.80 5.9 11.0 35.1 8.6 1.2 19.7 20 0 0 11 6
414.20 2.50 1.70 10.4 23.4 38.6 15.2 2.6 34.1 34 0 0 19 9
411.70 2.50 1.20 8.1 16.5 55.0 11.9 1.8 46.9 47 0 0 26 11
409.20 2.50 1.80 10.8 24.8 74.1 15.8 2.7 63.5 64 0 0 35 14
406.70 2.50 2.40 13.0 33.1 89.8 19.0 3.6 82.8 83 0 0 46 16
404.20 2.50 2.60 13.7 35.8 98.0 20.1 3.9 102.3 98 0 0 54 19
401.70 2.50 2.20 12.3 30.3 113.0 17.9 3.3 120.5 113 0 0 62 21
399.20 2.50 2.40 13.0 33.1 138.4 19.0 3.6 140.9 138 0 0 76 24
396.70 2.50 3.30 12 16.3 45.5 156.1 23.8 5.0 164.8 156 0 0 86 26
394.20 2.50 3.40 17 16.6 46.9 158.9 24.3 5.1 187.6 159 0 0 87 29
391.70 2.50 2.40 13.0 33.1 169.2 19.0 3.6 206.3 169 0 0 93 31
389.20 2.50 2.20 12.3 30.3 181.4 17.9 3.3 224.3 181 0 0 100 34
386.70 2.50 2.20 12.3 30.3 189.6 17.9 3.3 241.7 190 0 0 104 36
384.20 2.50 1.90 11.2 26.2 200.3 16.3 2.9 258.0 200 0 0 110 39
381.70 2.50 14 Very Fine Silty Sand 2.2 25.7 194.6 3.2 2.8 260.3 195 0 0 107 41
379.20 2.50 1.30 8.6 17.9 430.3 12.6 2.0 297.8 298 0 0 164 44
378.30 0.90 100 Clean Coarse Sand 245.0 26.8

Steel HP 12 X 53

Driveable Length in Boring 
Maximum Pile

Resistance Available in BoringReq'd Bearing of Pile
Maximum FactoredMaximum NominalMaximum Nominal

NOMINAL PLUGGED

EB, E. Abut.

NOMINAL UNPLUG'D

Req.d Bearing of Boring

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