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Bridge Number 018-0012 carrying FAP 828 (Illinois Highway 121) over Long Point Creek in 

Cumberland County, IL is proposed to be replaced with a two span bridge. See Figure 1 for site 

location.  

 

The original structure was built in 1928 and underwent complete reconstruction in 1981.  The 

existing bridge for Illinois Highway 121 consists of the reconstructed 33 feet wide roadway and 

two 44 feet 3 inch spans on closed abutments. The original superstructure was removed and 

replaced with 11 three feet wide deck beams. The foundations under the original abutments are 

spread foundations, approximately 3 feet wide by 36 feet long.    The existing structure is skewed 

45 degrees left.  In 2008 and 2009, temporary support beams were placed under two deck beams 

due to delaminations found during inspection. 

 

The proposed replacement structure will consist of a two span bridge.  It will be 155’-2” long.  

The width will be increased to 39 feet.   We understand that the existing grade profile will be 

raised approximately 1.5 feet.  We also understand that the structure meets hydraulic requirements 

for anticipated flood levels.  Stone riprap will be placed on both abutment slopes and across the 

channel.
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Two borings were performed by others on December 12, 2010 to depths of approximately 27 feet 

and 39.5 feet below grade.  The boring logs were provided by IDOT.  One boring was drilled on 

both the north and south approaches to the bridge. Boring Number 1 (B-1) was offset 10 feet to 

the right of centerline, while Boring Number 2 (B-2) was drilled 7 feet to the left of centerline.  

Figure 3 shows the boring locations. The borings were above the stream channel level.  The top 

10 feet is likely fill material or native material and not influenced by alluvial processes.  Per 

IDOT, the borings were considered adequate for the geotechnical report.   

 

The original foundations of the existing bridge are concrete rectangular spread footings. Previous 

structural loads and drawings were available. Deterioration has been noted during inspections by 

IDOT.  IDOT has decided to replace the current bridge after delamination of the structural beams 

was found during inspection. 

 

The 45 º skew exceeds the limitation for integral abutments; therefore, stub abutments will be 

used.  The proposed abutments were located so that the existing abutment footing will not 

interfere with the batter piles in the stub abutments.
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3.1 Site Conditions 

The topography surrounding the stream consists of gently rolling hills.  The floodplain is 

approximately 600 ft wide.  Within its natural channel, the width of the stream is 30 to 40 feet. 

The land around the bridge is undeveloped.  Aerial photographs indicate that the land is wooded 

or used for farming.  The nearest building is located above the channel bank and outside of the 

flood plain.  No sensitive flood receptors were identified in the Hydraulic Report.  Buried or 

overhead utilities may be present and should be identified before construction. 

 

Long Point Creek is skewed 45 degrees left.  The current and proposed replacement bridges 

maintain the same alignment. 

 

There have been no reports of high water for the project location.   

 

3.2 Subsurface Exploration 

IDOT conducted a subsurface exploration program consisting of 2 borings drilled to the north and 

south of the existing structure abutments.  Boring locations were taken at the shoulders of IL 

Hwy. 121.  Boring Number (No.) 1 was drilled through the west shoulder just north of the bridge 

(Station 231+80).  Boring Number (No.) 2 was drilled through the east shoulder, south of the 

bridge (Station 602+30).  Boring No. 1 was drilled to a depth of 39.5 feet below ground surface.  

Boring No. 2 was drilled to 27.3 feet below ground surface.  They were drilled using hollow stem 

augers.  Samples were collected using a split spoon sampler.   Blow counts were taken using an 

autohammer with a weight of 140 pounds.  Hollow stem augers were used below the groundwater 

table and created disturbance in the soils, which may have weakened the soils before the standard 

penetration test (SPT) was conducted.  Therefore, the SPT blow counts, as recorded on the logs, 

may not represent the actual soil density/consistency. Field unconfined compression tests (Rimac 

tests, pocket penetrometers) were also performed.  Boring B-1 was cored from 29.5 feet to 39.5 

feet below ground, using a rotary surf set diamond bit.  NW conventional double coring barrel 

with a split inner barrel collected the rock core.  Laboratory tests consisted of moisture contents, 

sieve analysis, and unconfined compression tests on shale samples. IDOT only provided 

laboratory data on the borings logs. 

 

3.3 Subsurface Conditions 

The borings were drilled through the asphalt and concrete pavement for B-1 and B-2, respectively.  

Surface grade for B-1 was El. 591.64 feet, while B-2 was 591.76 feet.  The asphalt is 
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approximately 13 inches thick in B-1.  In B-2, the asphalt was 4.25 inches thick, while the 

concrete was 5.5 inches thick (See Figure 2).   

 

Approximately 12 feet of soft to medium stiff, silty and sandy loams underlies the roadway.  

(Loam soils have intermediate amounts of sand, silt, and clay. The describing soil is the 

predominant soil in the loams.) Alluvial sandy loams, silty loams, and sands underlie the 

embankment soils.  By using the hollow stem augers below the groundwater surface, the soils 

were disturbed before SPT testing commenced.  This most likely gave erroneously low blow 

counts.  Clay undrained strengths were calculated using the SHANSEP method (Ladd, 1986) to 

give more representative results. The sandy loams were very soft to soft.  Sands were wet and 

very loose to loose with 5% to 7% of fines passing the #200 sieve.  Shale bedrock is encountered 

at the bottom of both borings at approximately 25 ft. below ground surface. The split spoon 

penetrated 4 to 10 inches into the shale. The bedrock was found to be interbedded shale and 

limestone. The bedrock recovery was 88% in Run 1 and 71% in Run 2.  RQD was 53 % in Run 1 

and 91% in Run 2.  Detailed boring logs are attached.  

 

3.4 Groundwater 

Surface water from the stream was present at El. 577.19 feet at the time of drilling.  Groundwater 

was first encountered during drilling in B-1 at El. 577.1 feet and B-2 at El. 569.8 feet These 

elevations correspond to the elevation of the top of the sand layers.  At the 24-hour reading, the 

water level rose to El. 581.6 feet (B-1) and El. 581.8 feet (B-2).  Groundwater at completion was 

at El. 585.6 feet in B-1 and El. 584.8 feet in B-2.  
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4.1 Slope Stability 

At the existing bridge, the slopes are approximately 14 feet above the stream elevation. The 

northern bank (left, looking upstream) has a grade of approximately 15, while the southern bank 

(right, looking upstream) has a grade of approximately 30.   

 

Slope stability models were performed using Geoslope Slope/W software to evaluate the wing 

walls.  Boring No. B-2 was used to model the subsurface conditions due to the presence of weaker 

soils.  The drained, undrained, and seismic conditions were performed at the recorded surface 

water level and at the 50-year flood level.  Table 1 shows the factors of safety for the critical 

failure planes. 

 
Table 1:  Factor of Safety for Slope Stability  

 
Factor of Safety 

 Left Bank Right Bank 

Drained 1.5 1.5 
Undrained 1.9 1.5 

Seismic 1.3 1.1 
 
Both slopes satisfy the Factor of Safety requirement of 1.5 for fill slopes at bridge embankments 

for the drained and undrained cases. The seismic factor of safety is discussed in Section 4.2: 

Seismic Considerations. 

 
4.2 Seismic Considerations 

A review of the AASHTO LFRD Bridge Design Specifications shows peak ground acceleration 

(PGA) of 28.7% (0.287 g) for Cumberland County.  The PGA is based on a 7% probability of 

exceedance in 75 years. IDOT classifies the site as Seismic Performance Zone 2. The soil site 

class is D.  The seismic site coefficients SD1 and SDS are 0.192 and 0.416, respectively. Based on 

the minimum factor of safety of 1.0, seismic slope stability is satisfactory.   

 

Wet sands at depth were characterized as very loose to loose and potentially liquefiable.  

Liquefaction analysis per IDOT’s Simplified Method (Youd, 2001) and Youd & Idriss 1997 

methods were performed.  Analyses indicated liquefaction would occur in the sands found in B-2, 

where settlement of up to 4.5 inches is possible (Youd & Idriss 1997).   

 

4.3 Foundations 

The proposed bridge will maintain the same skew as the existing structure.  The bridge will 

increase to 39 feet wide and 155’-2” long.  Abutments are designed to be stub abutments.  
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The Hydraulic Report discussed scour for the existing bridge.  The 10-year flood velocity of the 

stream through the bridge is estimated to be 3.37 ft/s.  Stone riprap is recommended for placement 

at both ends of the bridge abutment slopes and across the channel.  A scour depth of 13.6 feet (EL. 

566) at the pier is anticipated for the combined pier and contraction scour for the design 100-year 

storm event.  Scour was estimated using reductions from the IDOT Bridge Manual to account for 

the soft alluvial soils and shale bedrock, which is more susceptible to scour.  Scour elevations for 

the bridge as show in the table below. 

 

Table 2:  Design Scour Elevations 

 Design Scour Elevation (ft) 

North Abutment 585.23 

Pier 566.00 

South Abutment 585.25 

 

 

4.3.1 Spread Footings 

The soils beneath the structure have inadequate bearing capacity for spread footings. The bearing 

capacity analyses after the removal of the soil and replacement with crushed rock did not improve 

sufficiently to allow spread footing support for the applied load from the bridge.   The load from 

the structure also could induce large settlements within the soft soils.  Given the depth to 

competent bedrock, groundwater level, and the scour potential at the site, spread footings would 

be unfeasible.    

 

4.3.2 Drilled Shafts 

Drilled shafts could be implemented at the site, due to the shallow proximity to bedrock.  The load 

of the structure would be carried by the end bearing or skin friction load in the bedrock in the 

shaft rock socket.  The excavation into the shale and limestone rock to achieve an additional 10 

feet below the scour depth would require “wet” construction methods be used, due to the presence 

of groundwater during construction.  The shafts will require casing to maintain an open hole and 

minimize shale softening.   Concrete would be tremied from the bottom of the shaft during 

installation.  Due to the constructability issues of installing drilled shafts, driven piles would be 

more practical foundations. 

 

4.3.3 Driven Piles 

Driven piles prove to be the most feasible for the site.  For stub abutments due to the bridge skew, 

H-pile or metal shell (MS) piles were considered.  The piles will encounter refusal in the shale or 
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limestone. Refusal on the shale or limestone would be sudden and could damage the integrity of 

the metal shell piles.  With the exception of the pier, the bedrock is greater than 10 feet below the 

ground surface, allowing for adequate embedment of the piles. Top of rock is anticipated to be 

approximately 27 feet below the ground surface at the abutments (EL 564.6 feet).  The top of pile 

cut-off is EL 586.23 for the north abutment and EL 586.25 for the south abutment, according to 

the TS&L (Appendix A). In the case of the center pier, the embedment will need to be deepened 

due to the scour predictions of 13.6 feet below ground surface.  Scour was estimated using 

reductions to account for the soft alluvial soils and shale bedrock, which is more susceptible to 

scour.  The bedrock will need to be pre-drilled an additional 10 feet, per IDOT requirements, to 

get the pile tip below the scour depth of El 566 feet.  The pier pile would be set in rock and 

encased in concrete.   

 

 IDOT recommends using the Modified IDOT Static method to calculated pile capacity and 

embedment.  Below are the pile design tables for H-piles at the north abutment and south 

abutment.  It contains values for the Nominal Required Bearing (NRB) at the top of rock, two to 

three feet into bedrock and the maximum nominal required bearing with corresponding depth to 

achieve it. Factored resistance values are given for the corresponding NRB values.  While 

downdrag, scour, and liquefaction have been evaluated, these cases do not control design and are 

not shown in Table 3. 

 

Table 3:  North Abutment Pile Design Table 

Maximum Nominal Pile Length at Maximum Factored
Required  Maximum Nominal Resistance Available

Bearing of Pile (kips) Required Bearing (ft) (kips) Top of Rock 2 ft into Rock Top of Rock 2 ft into Rock

Steel HP 8 X 36 286 24.5 157 88 179 48 98
Steel HP 10 X 42 335 24.5 184 109 230 60 127
Steel HP 10 X 57 454 25 250 114 235 62 129
Steel HP 12 X 53 418 24.5 230 131 276 72 152
Steel HP 12 X 63 497 25 273 135 282 74 155
Steel HP 12 X 74 589 25.5 324 139 286 76 157
Steel HP 12 X 84 664 25.5 365 142 290 78 160
Steel HP 14 X 73 578 24.5 318 160 334 88 184
Steel HP 14 X 89 705 25 388 165 341 91 187
Steel HP 14 X 102 810 26.5 446 169 345 93 190
Steel HP 14 X 117 929 27 511 174 352 96 193

Pile Type

Factored Resistance 
Available (kips)

Nominal Required 
Bearing of Pile (kips)

 
Note:  Pile length is approximately 22 feet from pile cut-off to top of rock.  
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Table 4: South Abutment Pile Design Table 

Maximum Nominal Pile Length at Maximum Factored
Required  Maximum Nominal Resistance Available

Bearing of Pile (kips) Required Bearing (ft) (kips) Top of Rock 2 ft into Rock Top of Rock 2 ft into Rock

Steel HP 8 X 36 286 26 157 96 184 53 101
Steel HP 10 X 42 335 25.5 184 119 240 66 132
Steel HP 10 X 57 454 26.5 250 124 245 68 135
Steel HP 12 X 53 418 26 230 143 288 79 158
Steel HP 12 X 63 497 26.5 273 147 294 81 162
Steel HP 12 X 74 589 26.5 324 151 298 83 164
Steel HP 12 X 84 664 28.5 365 154 302 85 166
Steel HP 14 X 73 578 26.5 318 174 348 96 192
Steel HP 14 X 89 705 26.5 388 180 355 99 195
Steel HP 14 X 102 810 28.5 446 183 360 101 198
Steel HP 14 X 117 929 28.5 511 189 366 104 201

Nominal Required Factored Resistance 
Bearing of Pile (kips) Available (kips)

Pile Type

 
Note:  Pile length is approximately 22 feet from pile cut-off to top of rock.  

 

Seismic resistance was analyzed; however, the factored resistance is higher than the resistance for 

the static case.  Therefore, it is not controlling and is not presented in this report.  Given the 

bridge loading, soft subsurface soils, and the bedrock conditions, HP14X73 is recommended for 

use for the foundations.  A maximum of 5 feet spacing from center to center of the piles is needed 

to provide support of the foundation at the abutments. 

 

The piles for the pier will need to be set on rock.    In this situation, the H-pile will be encased in 

concrete.  For a HP 14x73 pile, the diameter of the pre-drilled hole would be 30 inches to account 

for concrete encasement. The maximum nominal resistance for a HP 14X73 pile is 749 kips.  Unit 

values for skin friction in the rock and end bearing are 5 ksf and 101 ksf, respectively.  The pier 

foundations are extended to El 556 or approximately 23.5 feet length from the stream bed ground 

surface. The rock socket depth for all piles at the pier should be a minimum of 10 feet.  The total 

factored resistance for both skin friction and end bearing is anticipated to be 500 kips for this 

embedment depth. 

 

L-Pile software was used to calculate the lateral loads exerted on the piles.  The table below gives 

the L-pile parameters used to find the lateral loads acting upon the HP14X73 pile.  
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Table 5:  North Abutment L-Pile Parameters 

IDOT Soil 

Type 

L-Pile 

Model 

Depth 

(in) 
γ (pci) 

C 

(psi) 
E50 Φ K Er (psi) Uc (psi) 

RQD 

(%) 
krm 

Silty Loam 
Soft 

Clay 
0-144 0.069 3.47 0.02 - - - - - - 

Sandy Loam 
Soft 

Clay 
144-175.2 0.03 2.08 0.02 - - - - - - 

Sand Sand 
175.2-

187.2 
0.03 - - 32 20 - - - - 

Sandy Loam 
Soft 

Clay 
187.2-264 0.03 4.17 0.02 - - - - - - 

Sand Sand 264-300 0.03 - - 32 20 - - - - 

Shale 
Weak 

Rock 
300-480 0.039 86.4 - - - 17,300 172.8 53 0.0003 

 

Note: Top of pile at El. 591.64 feet. 

 

Table 6: Pier L-Pile Parameters 

IDOT Soil 

Type 

L-Pile 

Model 

Depth 

(in) 
γ (pci) 

C 

(psi) 
E50 Φ K Er (psi) Uc (psi) 

RQD 

(%) 
krm 

Sandy Loam 
Soft 

Clay 
0-29.3 0.03 2.08 0.02 - - - - - - 

Sand Sand 29.3-41.3 0.03 - - 32 20 - - - - 

Sandy Loam 
Soft 

Clay 

41.3-

118.1 
0.03 4.17 0.02 - - - - - - 

Sand Sand 
118.1-

154.1 
0.03 - - 32 20 - - - - 

Shale 
Weak 

Rock 
154.1-480 0.039 86.4 - - - 17,300 172.8 53 0.0003 

 

Note: Top of pile at El. 579.6 feet. 
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Table 7: South Abutment L-Pile Parameters 

IDOT Soil 

Type 

L-Pile 

Model 
Depth (in) γ (pci) 

C 

(psi) 
E50 Φ K Er (psi) Uc (psi) 

RQD 

(%) 
krm 

Sandy Loam 
Soft 

Clay 
0 - 84 0.067 2.08 0.02 - - - - - - 

Silty Loam 
Soft 

Clay 

84-120.5 

120.5-144 

0.069 

0.033 
3.82 0.02 - - - - - - 

Sandy Loam 
Soft 

Clay 
144-174 0.03 4.17 0.02 - - - - - - 

Sand  Sand 174-204 - - - 32 20 - - - - 

Sandy Loam 
Soft 

Clay 
204-246 0.03 4.17 0.02 - - - - - - 

Silty Loam 
Soft 

Clay 
246-306 0.033 4.17 0.02 - - - - - - 

Shale 
Weak 

Rock 
300-480 0.039 86.4 - - - 17,300 172.8 53 0.0002 

 

Note: Top of pile at El. 591.76 feet. 

 

Lateral loads for both free-head and fixed-head conditions are shown in the tables below.  The 

lateral loads were modeled using a ¼ inch and ½ inch deflection acting on the HP14X73 pile. All 

piles were modeled from the existing ground surface.  Figures 6 through 14 show the depth vs. 

deflection, depth vs. bending moment, and depth vs. shear plots. 

 

Table 8:  Unfactored Lateral Capacities for HP14X73 with ¼ inch Deflection 

 Free-Head Fixed-Head 

Location PLat 
(kips) 

M+
max 

(k-in) 
Depth to 
M+

max (ft) 
PLat 

(kips) 
M+

max 

(k-in) 
M-

max 

(k-in) 
Depth to 
M+

max (ft) 
North 

Abutment 
-5.3 433 8 - 9 -11.9 358 -973 12 - 13 

Pier -13.2 474 7 - 8 -29.5 668 -1,244 13 - 14 

South 

Abutment 
-5.3 455 7 - 8 13.5 327 -1,000 13  - 14 
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Table 9: Unfactored Lateral Capacities for HP14X73 with ½ inch Deflection 

 Free-Head Fixed-Head 

Location PLat 
(kips) 

M+
max 

(k-in) 
Depth to 
M+

max (ft) 
PLat 

(kips) 
M+

max 

(k-in) 
M-

max 

(k-in) 

Depth to 
M+

max 
(ft) 

North 

Abutment 
-8.4 746 8 - 9 17.2 610 -1,613 14 - 15 

Pier -27 846 8 - 9 -50.9 1,285 -2,242 13 - 14 

South 

Abutment 
-8.4 765 8 - 9 19.0 570 -1,627 15 - 16 

 

4.4 Settlement 

The recommended foundation type for the bridge is H-piles.  Elastic settlement of the piles is 

expected from pile foundations driven into rock and set into rock. Settlement of the bedrock is 

negligible. From preliminary profiles, 2 feet rip rap is to be added to the abutment embankments. 

We understand that the current design footprint will be approximately that of the existing bridge 

span.  Therefore, settlement is likely to be minimal adjacent to the bridge. 

 

4.5 Construction Considerations 

Soil excavation for the abutments may be made by open cutting.  The slopes should be no steeper 

than 1.5(H):1(V), which equates to a slope angle of ~ 34°.  This complies with OSHA 

requirements for Soil Type C.  Some minor sloughing should be anticipated.  If sloping is not 

practical, soldier piles and lagging, sheet piles, or a trench box may be appropriate. If the 

excavation extends deeper than 12 feet, internal bracing should be used.  Shoring should be 

designed by a Structural Engineer registered in the State of Illinois. It is anticipated that IL Hwy 

121 will be kept open during construction.  The work will be staged to maintain at least one open 

lane.  Temporary shoring along the centerline at the abutment slopes will be needed during 

demolition and construction of the adjacent lane.  The northbound lane will be removed and 

constructed first. After completion of the northbound lane, demolition and construction will move 

to the southbound lane.  A temporary soil retention system is feasible for this project. Cuts are not 

anticipated to be greater than 10 feet.  

 

There is a residential area near the bridge location. Overhead utilities are present just east of the 

bridge. Underground utilities should be identified before construction. 
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Abutment wingwalls should be designed using active earth pressures stated in the Illinois 

Department of Transportation Bridge Manual.  The active earth pressure for soils is 40 pcf for 

wingwalls when utilizing stub abutments, per the IDOT Bridge Manual.  The recommended 

design for the wingwalls is a parallel wall with stub abutments. The at-rest earth pressure is 0.5. 

 

For frost protection, the foundations should be embedded 3 feet below ground surface. 

 

A review of Illinois State Geological Survey map database showed no known coal mining 

occurred in the vicinity of the bridge.  Therefore, no mine subsidence should occur under the 

bridge.  The previous bridge condition report did not mention any subsidence at the abutments of 

the existing bridge. 

 

Backfill is required to bring the roadway up to the proposed grade. From the Plan and Profile 

Sheet provided by IDOT, less than 2 feet of additional fill will be used to bring the roadway 

surface up to finished grade.  Non-organic native or imported soils may be used for the backfill.  

All backfill and fill material should be placed and compacted following IDOT standard 

specifications.  
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This report discusses the geotechnical aspects of the proposed improvements and provides our 

recommendations. Because actual subsurface conditions can vary from those inferred from the 

borings, it is important that the geotechnical engineer of record be present on-site during 

foundation and earthwork construction to confirm that soil conditions match the design 

assumptions. Consequently, we recommend that URS be retained to document earthwork and 

foundation construction. We also recommend that we review plans and specifications related to 

our work to verify that our recommendations have been properly interpreted. 
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This report is based on our understanding of the project as described and was prepared to provide 

recommendations for a two-span bridge. Major changes in either loads or geometry could affect 

our findings and should be considered to invalidate the conclusions and recommendations until 

we have reviewed the changes and, if necessary, modified our finding accordingly.   

 

The boring logs depict subsurface conditions for the specific locations and dates. The 

recommendations and observations presented in the report assume that significant variations do 

not occur. Non-uniform conditions, however, often cannot be determined by the procedures 

described. Such conditions may necessitate additional expenditures to obtain a properly 

constructed project.  We recommend that a contingency fund be budgeted to accommodate such 

possible expenditures. 

 

The boring logs were produced by a party other than the geotechnical engineer. We have assumed 

that the data provided was accurate.  All calculations and recommendations were based on this 

data. URS is not responsible should actual field conditions differ from than reported on the boring 

logs.
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