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 Abbreviated Structure Geotechnical Report 
 
Original Report Date: 12/4/2017 Proposed SN: 092-2045 Route: FAP 840 (IL 49) 
Revised Date: 4/1/19 Existing SN: 092-0060 Section: 121-BR 
Geotechnical Engineer: Terry McCleary of McCleary Engineering County: Vermilion 
Structural Engineer: Richard J. Chaput Contract: 70905 
 
Indicate the proposed structure type, substructure types, and foundation locations (attach plan and elevation 
drawing): The proposed culvert will be a cast in place concrete box culvert, double cell 10’x11’x63’ with a 40-degree 
left forward skew over a ditch 0.25 miles north of US 136(E) near Armstrong, IL. The structure will carry two 12 ft. 
lanes of IL 49 with 3 ft. HMA shoulders over a drainage ditch.  The proposed out to out dimension is 48’ 1”.   The 
upstream wingwalls will be oriented to help direct water into the barrel of the box culvert.  We recommend using 
porous granular material to replace weak soils that may exist on the west side of the box culvert, and as a 6” working 
platform to facilitate construction operations.  This 6” should be considered an undercut beyond that recommended in 
the Standard Specifications for Road and Bridge Construction.  The District would like to use sheet piling or a soldier 
pile wall for the wingwalls.  See the attached plan & profile sheet for further information. 
Discuss the existing boring data, existing plans foundation information, new subsurface exploration and 
need for any additional exploration to be provided with SGR Technical Memo (attach all data and subsurface 
profile plot): Two 35 ft. borings taken in May 27, 2017 at the SE & NW corners of the existing structure. Boring SB-1 
has 7 feet of a medium stiff to stiff clay loam fill with some sand intermingled. Below the fill is 15.5 ft of stiff to very stiff 
Silty Clays, Silty Clay Loams and Silty Clay Loam Tills.  The water table was found next at the top of a 4 ft. fine Sand 
layer.  Under the sand was a very hard 3.5 ft. layer of Clay Loam Till over another thin layer of sand.  Boring SB-2 is 
somewhat similar to SB-1 except below Elev. 679 exists 5 ft. of loose Sand over a 1.5 ft. band of medium dense silt. 
The bottom 19 feet of SB-2 are alternating layers of medium dense to dense sand to very stiff to very hard Clay Loam 
Tills and Sandy Clay Loam.  
 
The district provided two 25 ft. borings from 1969.  The soil descriptions of the 2017 borings generally matched the 
1969 borings.  The borings north of the structure also generally report stronger soils than the south side borings.  Of 
particular note—Boring SB-1 encountered a dense layer of gray fine Silty Sand between approximate Elevations 664 
to 660 and boring SB-2 encountered a 1.5 ft. layer of very hard gray Clay Loam Till over the dense sand layer and 
may prove difficult to drive sheet piling through.  Because the hard layer of Till material is only 1.5 ft., the author 
believes the sheet piling can be driven at this location, but a larger than normal sheet pile section will likely be 
warranted.   
 
The information provided by the District reports the existing structure (SN 092-0060) is a single span concrete slab 
bridge built in 1928 and widened and reconstructed in 1969 with spread footings supported by friction piles.  
Substantial portions of the existing substructure foundation will require removal.  It is quite possible that the loose 
sand and medium dense Silt found in boring SB-2 exists under a substantial portion of the proposed box culvert.  No 
further soil exploration is recommended.                   
                                                                                                                                                               
Provide the location and maximum height of any new soil fill or magnitude of footing bearing pressure.  
Estimate the amount and time of the expected settlement.  Indicate if further testing, analysis, and/or ground 
improvement/treatment is necessary:  The proposed structure will remain in the same location as the existing 
structure. There are no existing settlement issues and future settlement is of minimal concern as there is only a minor 
increase in loading on the founding soils between the existing abutments.   However, the sand and silt found near the 
proposed flowline elevation in boring SB-2, may become unstable during construction and undercutting this area may 
become necessary.  Based on both borings, undercut depths are anticipated to be less than 1.5 ft.  As mentioned 
above, these soils may be removed during the process of removing the existing structure.   
 
Identify any new cuts or fill slope angles and heights.  Estimate the factor of safety against slope failure.   
Indicate if further testing, analysis or ground improvement/treatment is necessary:  The proposed structure will 
maintain the same grade of the roadway.  The new box culvert will have a larger out to out dimension pushing the 
ditches out away from the road—resulting in proposed side slopes being flatter than the existing side slopes near the 
structure.  The existing slopes are stable and no further testing is required. 
 
Indicate at each substructure, the 100-year and 200-year total scour depths in the Hydraulics report, the non-
granular scour depth reduction, the proposed ground surface, and the recommended foundation design 



scour elevations:  From All Bridge Designer Memorandums 14.2, a Design Scour Table is not required for closed 
bottom box culverts.  The Design Scour elevations would be the bottom of the cut off wall; these elevations are 
673.12, upstream, and 672.98, downstream.  However, the district has noted scour issues at the existing structure 
and feel it would be prudent to increase the depth of the cut off wall to match the Q100 and Q200 scour elevations 
(which are the same elevation).  This approach seems appropriate and we see no geotechnical issues which would 
restrict the construction of deeper cut off walls. 
Determining the seismic soil site class, the seismic performance zone, the 0.2 and 1.0 second design 
spectral accelerations and indicate if that the soils are liquefiable:  This structure is a buried structure.  Per 
Section 2.3.10 of the Departments Bridge Manual seismic data is not needed for most walls or buried structures.  
However, if desired the seismic soil class site = D. The SD1 = 0.126 g. The SDs = 0.211 g.  The Seismic 
Performance Zone (SPZ) for this bridge = 1 and therefore a liquefaction analysis was not performed.  
 
Confirm feasibility of the proposed foundation or wall type and provide design parameters.  Attach a pile 
design table indicating feasible pile types, various nominal required bearings, factored resistances available 
and corresponding estimated lengths at locations where piles will be used.  Provide factored bearing 
resistance and unit sliding resistance at various elevations and confirm no ground improvement/treatment is 
necessary where spread footings are proposed.  Estimated top of rock elevations as well as preliminary 
factored unit side and tip resistance values shall be indicated when drilled shafts are proposed: It is 
understood that wingwalls are to be driven sheet pile or soldier pile walls.  For the box culvert itself, both strength and 
service limit states were used to analyze the spread footing option. As can be seen in boring SB-1 the soils beneath 
an assumed bottom of footing elevation of 675.98 ft. are cohesive. The strengths in the 20 ft. of soil under the footing 
are stiff with an average Qu=3.3 tsf. Because of these high Qu values the factored bearing resistance from a strength 
limit state approach is quite high at 7.2 ksf.  
 
Using an estimated load of 1,020 kip, footprint of 48 ft. by 25 ft., (850 psf) the settlement of the proposed box culvert 
was calculated using the formulas found in the AASHTO Design Manual.  At this load the estimated settlement is 
0.35 inches at boring SB-1 and 0.51 at boring SB-2.  The service limit state bearing resistance value of 2.0 ksf is 
based on a 1-inch tolerable settlement.  With an estimated 3 ft. of fill above the top of the culvert this bearing 
resistance should be sufficient.  To increase this value, the footing may be lowered or the stiff material may be 
removed and replaced with a crushed Limestone material.  The settlement from the granular soils are not considered 
to be an issue as it will occur over a relatively short period of time.  At this time, a TSL is not available, therefore the 
exact length of the wingwalls are not known.  The soil parameters used for determining a soil pressure diagram are: 
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Figure 1, Generic Vertical Cantilever Retaining Wall Schematic 
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CONTRACT NO. 70905

RICHARD J. CHAPUT SHEET 1 OF 2 SHEETS
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DESIGN SPECIFICATIONS

Specifications, 8th Edition

2017 AASHTO LRFD Bridge Design

FIELD UNITS

fy = 50,000 psi (M270 Grade 50)

fy = 60,000 psi (Reinforcement)

f'c =  3,500 psi

DESIGN STRESSES

HIGHWAY CLASSIFICATION

Allow 50#/sq. ft. for future wearing surface.
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    Posted Speed: 55 m.p.h.
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DHV:  225
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STRUCTURE NO. 092-2045

STATION 731+00.25

VERMILION COUNTY

F.A.P. RTE. 840 - SEC. (121)BR

IL. RTE. 49 OVER DRAINAGE DITCH
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STRUCTURE NO. 092-2045

STATION 731+00.25

VERMILION COUNTY

F.A.P. RTE. 840 - SEC. (121)BR

IL. RTE. 49 OVER DRAINAGE DITCH

DETAILS









Modified  on 12/10/10

PROJECT TITLE=====

Substructure 1 Substructure 2 Substructure 3 Substructure 4 
Base of Substruct. Elev. (or ground surf for bents) 674 ft. Base of Substruct. Elev. (or ground surf for bents) 674 ft. Base of Substruct. Elev. (or ground surf for bents) ft. Base of Substruct. Elev. (or ground surf for bents) ft.
Pile or Shaft Dia. inches Pile or Shaft Dia. 0 inches Pile or Shaft Dia. inches Pile or Shaft Dia. inches
Boring Number SB-1 Boring Number SB-2 Boring Number Boring Number
Top of Boring Elev. 689.69 ft. Top of Boring Elev. 688.89 ft. Top of Boring Elev. ft. Top of Boring Elev. ft.

Approximate Fixity Elev. 674 ft. Approximate Fixity Elev. 674 ft. Approximate Fixity Elev. 0 ft. Approximate Fixity Elev. 0 ft.

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

 N (bar): 14 (Blows/ft.)   Soil Site Class E  N (bar): 27 (Blows/ft.)   Soil Site Class D  N (bar): 0 (Blows/ft.)   NA  N (bar): 0 (Blows/ft.)   NA 
Nch (bar): NA (Blows/ft.)   NA Nch (bar): 28 (Blows/ft.)   Soil Site Class D <----Controls Nch (bar): 0 (Blows/ft.)   NA Nch (bar): 0 (Blows/ft.)   NA 

su (bar): 3.83 (ksf)   Soil Site Class C <----Controls su (bar): 3.77 (ksf)   Soil Site Class C su (bar): 0 (ksf)   NA su (bar): 0 (ksf)   NA 

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

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

0 0.0 687.2 2.50 6 0.80 B 0 0.0 688.1 0.75 8 1.50 B 0 0.0 0.0 0
0 0.0 684.7 2.50 4 2.00 0 0.0 685.6 2.50 8 1.50 B 0 0.0 0.0 0
0 0.0 682.2 2.50 5 0.70 B 0 0.0 684.1 1.50 4 1.00 B 0 0.0 0.0 0
0 0.0 679.7 2.50 4 0.80 B 0 0.0 681.6 2.50 2 0.70 B 0 0.0 0.0 0
0 0.0 677.2 2.50 9 2.50 0 0.0 679.1 2.50 4 0.40 B 0 0.0 0.0 0
0 0.0 674.7 2.50 11 3.70 B 0 0.0 676.6 2.50 4 B 0 0.0 0.0 0
0 1.8 672.2 2.50 15 2.50 0 0.0 675.1 1.50 7 B 0 0.0 0.0 0
0 4.3 669.7 2.50 16 3.30 B 0 0.4 673.6 1.50 7 B 0 0.0 0.0 0
0 6.8 667.2 2.50 21 2.70 0 2.9 671.1 2.50 18 0.90 0 0.0 0.0 0
0 9.3 664.7 2.50 12 3.30 0 3.9 670.1 1.00 15 2.70 B 0 0.0 0.0 0
0 11.8 662.2 2.50 34 B 0 4.4 669.6 0.50 15 2.70 B 0 0.0 0.0 0
0 14.3 659.7 2.50 12 4.50 B 0 6.9 667.1 2.50 14 2.40 0 0.0 0.0 0
0 16.8 657.2 2.50 12 4.50 B 0 7.4 666.6 0.50 26 B 0 0.0 0.0 0
0 19.3 654.7 2.50 19 3.00 B 0 9.9 664.1 2.50 26 0 0.0 0.0 0
1 100.0 574.0 80.70 14 4.00 R 0 12.4 661.6 2.50 32 8.20 B 0 0.0 0.0 0
0 0.0 0.0 0 14.9 659.1 2.50 31 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 17.4 656.6 2.50 31 B 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 19.9 654.1 2.50 26 B 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 1 100.0 574.0 80.10 28 4.00 R 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0

1.00 1.00 0.00 0.00
Global Site Class Definition:  Substructures 1 through 2

 N (bar): 21 (Blows/ft.)   Soil Site Class D <----Controls
Nch (bar): 21 (Blows/ft.)   Soil Site Class D 

su (bar): 3.8 (ksf)   Soil Site Class C 

IL-49 over Drainage Ditch near Armstrong, IL

S E I S M I C   S I T E   C L A S S   D E T E R M I N A T I O N
I.D.O.T.  BBS  FOUNDATIONS AND GEOTECHNICAL UNIT



Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

PGA = 0.056 g As = 0.090 g

SS = 0.132 g SDS = 0.211 g

S1 = 0.052 g SD1 = 0.126 g

User–Specified Input
SN 092-2045 Box Culvert
Tue June 20, 2017 14:38:24 UTC

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design
(which utilizes USGS hazard data available in 2002)

40.30718°N, 87.89178°W

Site Class D – “Stiff Soil”

USGS–Provided Output

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the accuracy of
the data contained therein. This tool is not a substitute for technical subject-matter knowledge.

Design Maps Summary Report https://earthquake.usgs.gov/cn1/designmaps/us/summary.php?template=...

1 of 1 6/20/17, 9:39 AM



For Normally Consolidated Cohesive Soils: NC Calculated by Terry McCleary     Apri 6/12/17
 Revised 12/02/17

For Overconsolidated Cohesive Soils, CASE I:

80
For Overconsolidated Cohesive Soils, CASE II: 25 ft.

Water Table  = 667 ft.
850 psf

For Granular Soils:

Time with
Soil Classification from Log Drainage

677.3 e Case # S Cvf Single Double
120

V. Stiff Brown Silty Clay 0.405 120 3.1 11 1 0.75 11 15 786.6 673.4273 1460.03 17.5 N/A 2000 I 0.00675 0.045 0.20 1.5 34579.85 8644.96
664.19

130
Dense Silty Fine Sand 0.594 67.6 0 32 1 1 42.67 22 1708.4 529.7931 2238.19 46.2 150 N/A N/A N/A N/A 0.04 300 6.51 1.63

660.19
120

Hard Clay Loam Till 0.432 57.6 4.5 12 1 0.75 12 16 1944.4 484.4961 2428.90 12.2 N/A 5000 I 0.0108 0.072 0.03 1.5 997.25 249.31

656.69
130

   Dense Silty Fine Sand 0.27 67.6 0 32 1 1 42.67 10 2095.9 726.4957 2822.40 41.7 150 N/A N/A N/A N/A 0.02 300 175532.64 43883.16
655.19

135
Very Stiff Silty Clay Till 0.351 72.6 5.6 21 1 0.85 23.8 13 3159.007 525.4049 3684.41 18.9 N/A 25454.55 I 0.00405 0.027 0.07 0.471 201666.83 50416.71

627.3

Not accurate.  No Test Data.

Not Accurate.  Grossly Estimated.  Not determined from laboratory testing Sum of Settlement = 0.35 inches
Infromation from Consolidation Test Results Time for 90% of Consolidation = min 412783.1 103195.8 103195.8
Information from Borings Log SB‐1 days 286.7 71.7 71.7
Calculated Data  months 9.6 2.4 2.4

years 0.8 0.2 0.2

e = Void Ratio from Laboratory Test Results This time seems too quick for the amount of settlement.  Using the
= Effective Unit Weight = Unit Weight from Laboratory testing ‐ 62.4 pcf (Unit Wt. of Water) procedure explained in the NAVFAC Manual 7.01 the t90 is greater than
= Average Unconfined Compressive Strength from field RIMAC testing, info found on boring logs 10 years to complete.
=Average N‐value from SPT testing.  The N‐value is calculated by adding the last two blow counts of an 18" SPT penetration test.
= Borehole Diameter Factor, used in calculating the N60

  value

= Rod Length Factor, used in calculating the N60
  value

=SPT N value corrected for field procedures
=Average moisture content
= Initial stress on soil at the midpoint of the layer
= Change in stress in the soil layers below the fill
= Final Pressure
= SPT N value corrected for effective stress 
= Bearing Capacity Index, AASHTO 
= Preconsolidation Pressure
= Recompression Index
= Compression Index
= Overconsolidation Margin

S = Settlement, inches
Cvf = Coefficient of Consolidation at P'f

1.63

43883.16

50416.71

249.31

Preliminary Settlement Calculations for Proposed Mill at Boring SB‐1

Expected

8644.96
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For Normally Consolidated Cohesive Soils: NC Calculated by Terry McCleary 6/12/17
  Revised 12/02/17

For Overconsolidated Cohesive Soils, CASE I:

80
For Overconsolidated Cohesive Soils, CASE II: 25 ft.

Water Table  = 667 ft.
850 psf

For Granular Soils:

Time with
Soil Classification from Log Drainage

677.3 e Case # S Cvf Single Double
100

Dense Silty Fine Sand 0.675 100 0 7 1 1 9.333 25 185 791.4339 976.43 30.7 150 N/A N/A N/A N/A 0.21 300 186723.61 46680.90
673.6

120
Hard Clay Loam Till 0.459 57.6 4.5 16 1 0.75 16 17 560.08 664.0625 1224.14 30.2 N/A 2000 I 0.00945 0.063 0.17 1.5 3546.13 886.53

667
130

Dense Silty Fine Sand 0.594 67.6 0 26 1 1 34.67 22 881.98 633.383 1515.36 52.2 150 N/A N/A N/A N/A 0.07 300 6.19 1.55

663.1
135

   Very Stiff Silty Clay Till 0.27 72.6 5.6 32 1 0.85 36.27 10 1068.25 716.6948 1784.94 49.6 N/A 25454.55 I 0 0 0.00 0.471 113997543.53 28499385.88
661.6

130
Dense Silty Fine Sand 0.54 67.6 0 26 1 1 34.67 20 1224.1 758.9286 1983.03 44.3 150 N/A N/A N/A N/A 0.05 300 3.66 0.92

658.6
Not accurate.  No Test Data.

Not Accurate.  Grossly Estimated.  Not determined from laboratory testing Sum of Settlement = 0.51 inches
Infromation from Consolidation Test Results Time for 90% of Consolidation = min 114187823.1 28546955.8 28546955.8
Information from Borings Log SB‐1 days 79297.1 19824.3 19824.3
Calculated Data  months 2643.2 660.8 660.8

years 220.3 55.1 55.1

e = Void Ratio from Laboratory Test Results This time seems too quick for the amount of settlement.  Using the
= Effective Unit Weight = Unit Weight from Laboratory testing ‐ 62.4 pcf (Unit Wt. of Water) procedure explained in the NAVFAC Manual 7.01 the t90 is greater than
= Average Unconfined Compressive Strength from field RIMAC testing, info found on boring logs 10 years to complete.
=Average N‐value from SPT testing.  The N‐value is calculated by adding the last two blow counts of an 18" SPT penetration test.
= Borehole Diameter Factor, used in calculating the N60

  value

= Rod Length Factor, used in calculating the N60
  value

=SPT N value corrected for field procedures
=Average moisture content
= Initial stress on soil at the midpoint of the layer
= Change in stress in the soil layers below the fill
= Final Pressure
= SPT N value corrected for effective stress 
= Bearing Capacity Index, AASHTO 
= Preconsolidation Pressure
= Recompression Index
= Compression Index
= Overconsolidation Margin

S = Settlement, inches
Cvf = Coefficient of Consolidation at P'f

0.92

1.55

28499385.88

886.53

Preliminary Settlement Calculations for Proposed Mill at Boring SB‐2

Expected

46680.90
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