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Project Description and Proposed Structure Information 
 
The project includes replacing an existing 44’-0” long and 56’-2” wide single span bridge on 
closed abutments with a new 48’-0” span 3 – sided arch structure with an 84’-0” out to out width.  
The proposed structure will be founded on spread footing placed on hard Limestone bedrock. 
Work will be completed under road closure. 
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Site Investigation 
 
The project is located approximately 1.65 miles north of the IL 96 / IL 104 intersection on IL 96. 
 
The original structure was built in 1935.  The existing structure is a single span reinforced 
concrete rigid frame on closed abutments.  The overall length measures 44’-0” back-to-back of 
abutments with a 56’-2” out-to-out width. 
 
Water flows from the east to west. There is no evidence of scour or undermining of the existing 
footing and wingwalls.   
 
The existing roadway is located on approximately +/-12 ft. of fill with on 3H:1V slopes on both 
the east and west side of the road . The SE and SW quadrants of the roadway have no ditches 
(flood plain), the NE quadrant has storm sewer, and the NW quadrant has an open ditch running 
from north to south.  No embankment slope stability problems have been observed, and there is 
no evidence of approach settlement problems. 
 
No borings exist for the existing structure.  Borings were advanced by the District 6 drill crew 
using hollow stem auger methods according to AASHTO T 206 and the IDOT Geotechnical 
Manual.  Borings were filled with cuttings immediately after drilling to allow traffic on the 
roadway.   The boring data indicates mostly Silty Clay Loam and Sand over Weathered 
Limestone. Limestone was encountered at elevations 563.60’ and 566.30’ for the South and 
North abutments respectively. The compression strengths for the Limestone samples range 
from: 466.2 – 1,411.2 tsf for the South abutment and 205.0 – 1,271.7 tsf for the North Abutment. 
 
 
Geotechnical Evaluation 
 
Settlement:  There is proposed profile change of 1.70’ at mid-span of the structure, however, 
because bedrock is shallow and the existing overburden is relatively stiff, settlement should not 
be a problem.  
 
Slope Stability:  There is no evidence of any slope stability problems with the existing cross 
slopes.  No slope stability analysis is needed due to the project being constructed under a road 
closure. 
 
Seismic Considerations:  The following table shows recommended seismic design data based 
on a 1000 year return period event.    
 

Seismic Performance Zone (SPZ) 1 
Spectral Acceleration at 1 second (SD1) 0.083g 

Design Spectral Acceleration at 0.2 Seconds 
(SDS) 

0.134g 

Soil Site Class C 
 
Scour:  Scour elevations for a 100 and 500 year event was determined by the District 6 
Hydraulics unit.  The following table shows recommended design scour elevations at each 
substructure unit.  The design scour elevation at the footings is equal to the top of rock 
elevation.  Some adjustment to the footing elevations may be made during final design. 
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Event/Limit 
State 

Design Scour Elevations (ft.) Item       
113 South Footing North Footing 

Q100 563.60’ 566.30’ 

5 Q200 563.60’ 566.30’ 
Design 561.60’ 564.30’ 
Check 561.60’ 564.30’ 

 
Mining Activity:  ISGS records indicate no mines in the proposed project area. 
 
 
Foundation Evaluation 
 
Vertical and Horizontal Loading 
 
Preliminary maximum factored loads, provided by the structure designer, are approximately 42 
kips/ft. vertical and 20 kips/ft. horizontal at the arch legs. Do to Limestone bedrock being 
relatively shallow with strengths ranging from 600 to 670 tsf in the top two feet, spread footing 
were analyzed and recommended.   
 
Spread Footing 
 
Because the roadway is 17’ – 18’ above the stream bed, the footings will need a stem wall to 
support the arch to achieve the required hydraulic opening and minimize the amount of fill over 
the top of the arch.  The footing thicknesses were estimate at 1.5’ for both, with 5.60’ and 8.40’ 
wall height for the North and South footings respectively.  The wall thickness was estimated at 
2.33’.  The footing widths were calculated to 6.50’ and 7.00’ for the South and North footings, 
respectively.  The bottoms of footings elevation are 561.60’ and 564.60’ for the South and North 
footings, respectively. 
 
Lateral Loading 
 
As mentioned above, the structural designer has provided the maximum factored loads for the 
arch based on final completion of the project.  However, reviews of various stages of 
construction were analyzed to provide the structural designer with an adequate footing size.  
The stages were as follows:  
 
Stage #1 – Footing walls backfilled with arch placed on the stem wall,  
Stage #2 – Backfilling to the haunch of the arch,  
Stage #3 - Completely backfilled to the top of the roadway (max. loading)  
Stage #4 – Fully loaded with complete scour loss. 
 
In these analyses some basic design parameters were estimated, these are listed below. 
 
Unit Wt. of concrete = γconc = 150 pcf 
Unit Wt. of soil = γdry = 120 pcf (Typical D6 unit wt. for FA = 110 pcf. and CA = 120 pcf.)  
Angle of internal friction angle = φ = 30 & 35 degrees 
Angle of internal wall friction = δ = 15 degrees 
Angle of backfill = β = 0 degrees 
All backfilled material is assumed to be free draining (No hydrostatic pressure)  



 

  054-0516 
  5 of 7 

 
 
From these parameters, the coefficients of earth pressures were calculated.  See table below. 

 

Earth Pressure Coefficients 30 Degrees 35 Degrees 

Active, Ka 0.303 0.248 

At Rest, Ko 0.50 0.43 

Passive, Kp 5.0 6.60 
 
In this analysis, a Contech 48’ x 12’ ConSpan Arch was used for estimating preliminary loads on 
the stem walls and footings. The arch legs are 16” thick with a 12” thick arch top. For Stage #1 
& #2 the unfactored vertical and horizontal loads on each leg are 5.36 kips/ft. and 3.83 kips/ft. 
respectively. A load factor of 1.50 was then applied to the unfactored loads. For Stage #3 & #4 
the factored loads provided by the structural design were used in the analysis.   
 
At-Rest earth pressures were used in estimating the footing dimensions for each leg of the arch.  
The heel/toe dimensions were adjusted to keep the “Reaction Forces Resultant within the 
middle 9/10B for footing placed on rock, as mention in Section 11.63.3 – Eccentric Limits, of 
AASHTO LRFD Bridge Design Specifications. As expected Stage #1 was the most critical stage 
of construction, this is due in part to the footing not being completely backfill with material.    

 
Because Stage #1 is a temporary condition, the structural designer may choose to reduce the 
footing size based on the Stage #3 or #4 conditions to make a more economical footing.  The 
structural designer may also choose to use Passive earth pressure to reduce the footing.  This 
would require the stem wall to move (flex) to mobilize Passive resistance.  Depending on the 
amount of movement of the wall, the pressure will go from At-Rest to full Passive. For this 
particular structure the structural designer should assume movement based on a Dense Sand 
Backfill. See Table below:  
 

 
 

The tables below show the amount of deflection require to go from At-Rest to Full Passive earth 
pressure for each stem wall.  Depending on what earth pressures the structural designer utilizes 
this will have a direct effect on the footing dimensions.  These pressures are only for Stage #1 
condition.  The structural designer should contact the D#6 Geotechnical engineer if more earth 
pressures are requested for different stages of construction.  
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South Leg 
φ = 30 degrees φ = 35 degrees 

Deflection (ft.) Load (k/ft.) Deflection (ft.) Load (k/ft.) 
0.00 2.1 Ko 0.00 1.8 Ko 
0.01 4.5 

 

0.01 5.1  
0.02 6.9 0.02 8.4 
0.03 9.3 0.03 11.8 
0.04 11.7 0.04 15.1 
0.05 14.1 0.05 18.4 
0.06 16.5 0.06 21.7 
0.07 18.9 0.07 25.0 
0.08 21.2 Kp 0.08 28.3 Kp 

 
 

North Leg 
φ = 30 degrees φ = 35 degrees 

Deflection (ft.) Load (k/ft.) Deflection (ft.) Load (k/ft.) 
0.00 0.9 Ko 0.00 0.8 Ko 
0.01 2.4 

 

0.01 2.8  
0.02 3.8 0.02 4.8 
0.03 5.2 0.03 6.7 
0.04 6.6 0.04 8.7 
0.05 8.0 0.05 10.7 
0.06 9.4 Kp 0.06 12.6 Kp 

Ko = At-Rest Earth Pressure 
Kp = Full Passive Earth Pressure 
 
Because the footings will be keyed into Limestone bedrock, no problems with sliding or bearing 
capacity are anticipated.  Granular material shall be utilized as backfill for the structure. 
 
Wingwalls   
 
After extensive discussion with the Bureau of Bridges and Structures, District #6, and structural 
designer, a Precast Modular Wall system was selected as the preferred wingwall type.  This 
selection is based the proximity of shallow limestone, and the speed of construction for this type 
of wall. 
 
Because the wingwall configuration is proprietary to the Arch manufacturer/supplier, the 
backslope angle should be taken into consideration by the structural designer and supplier. 
Clean crushed Limestone aggregate such as CA-07 or CA-11 should be used as Porous 
Granular Backfill to help provide drainage from behind the wingwalls.  The density of the 
material ranges from 100 – 115 pcf with an average effective Phi angle of 40 degrees.   
 
The Modular Wall system shall be set on a 6” leveling pad base.  CA-06 shall be use as the 
leveling pad material.  The density of this material ranges from 120 – 140 pcf with an average 
effective Phi angle of 40 degrees. 
  
 
Approach Pavement 
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Because this will be a buried structure, no approach pavement is required.   
 
Construction Considerations 
 
Stage Construction:  This project will be constructed under a road closure.     
 
Ground Improvement:  No ground improvement is required. 
 
Foundation Construction:  The spread footings shall be keyed in and poured into rock to a 
minimum thickness of the footing base.  If during construction the footing base is over dug, it 
shall be capped with poured concrete to prevent the possibility scour. 
 
Depending on the presents of water, A cofferdam Type 1 will need to be utilized during 
construction to divert water.   
 
Note:  The Illinois Department of Transportation, District 6 understands that Three-Sided Arch 
Structures are proprietary to various vendors and suppliers.  The use of the Contech system 
mentioned above was used only for theoretical analysis.  The Dept. does not support any one 
vendor or supplier.  The analysis was performed to provide the structural designer with design 
recommendations for the supporting stem walls and footings.  It will be the contractor’s choice to 
select an Arch supplier.  This information may be adjusted to meet the supplier specifications. 
 
The following is a list of spreadsheets and software programs that were used in the 
geotechnical analysis: 
 
 

• Seismic Site Class Determination Spreadsheet by BBS (Modified 12/10/10) 
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with a 56'-2" out-to-out width.

concrete rigid frame on closed concrete abutments. The overall length measures 44'-0" back-to-back of abutments

steel railing to accommodate a future bike path under Section 11 B-2.  The existing bridge is a single span reinforced

at Station 30+05. The bridge was modified in 2000 by adding a microsilica concrete overlay, concrete parapet and

Existing S.N. 001-0032:  The existing structure was originally built in 1935 as S.A. Route 1, Section K-B-1-WPMS

right of ~, NAVD 88 Elev. 584.924.

Benchmark:  Chiseled "  " on Northeast wingwall of existing S.N. 001-0032, Sta. 30+26.8, 31.4 feet

Road closure shall be used during construction. Traffic to be detoured.

S.N. 001-0034

STATION 29+86.50

ADAMS COUNTY

F.A.U. ROUTE 7825 SECTION (11)B-3

IL 96 (24th ST.) OVER CEDAR CREEK

GENERAL PLAN

HIGHWAY CLASSIFICATION

DESIGN SPECIFICATIONS

2014 AASHTO LRFD Bridge Design Specifications 7th Edition

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

LOADING HL-93

Directional Distribution: 50/50

Two-Way Traffic

    Posted Speed: 30 m.p.h.

Design Speed: 35 m.p.h.  

DHV: 12% (2032)

ADTT: 325 (2013); 375 (2032)

ADT: 6,450 (2013); 7,511 (2032)

Functional Class: Minor Arterial

F.A.U. Rte. 7825 - IL. Rte. 96

The existing structure shall be removed and replaced with a three sided precast concrete structure.

FIELD UNITS

DESIGN STRESSES

y

DESIGN SPECIFICATIONS

2014 AASHTO LRFD Bridge Design Specifications 7th Edition

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

LOADING HL-93

c

PRECAST UNITS
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PROFILE GRADE
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WATERWAY INFORMATION
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SEISMIC DATA

D1

DS

Soil Site Class = C

Design Spectral Acceleration at 0.2 sec. (S  ) = 0.134g

Design Spectral Acceleration at 1.0 sec. (S  ) = 0.083g

Seismic Performance Zone (SPZ) = 1

DESIGN SCOUR ELEVATION TABLE

   State

Event/Limit Design Scour Elevations (ft.)

113

Item

Q100

Design

Check

563.60

563.60

561.60

561.60

566.30

566.30

564.30
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S. Footing N. Footing

Elev. 564.00 (North Ftg.)

Elev. 561.60 (South Ftg.)
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SHEET NO. 1 OF 2 SHEETS
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**2'-7" Type B
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Path

Bike

V:H
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SS = Storm Sewer

W = Water

A = Aerial Power

FO = Fiber Optic
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SSSSSS

16'-0"
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S
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Top of Rock
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"

M
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.

10'-0"

Bike Path

  Future

|572.0

Elev.

wall to remain

Existing retaining

(Looking North)

Pedestal, Typ.

Cast-In-Place Concrete

Spread Footings, Typ.

Cast-In-Place Concrete

Precast Modular Wall, Typ.

Wall Details.

  See Sheet 2 of 2 for Precast Modular

to be refined during final design.

  Footing size and stem wall thickness

Notes:

Chain Link Fence

21'-0ƒ"

Chain Link Fence

87'-4"

Chain Link Fence
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7825 ADAMS 22(11)B-3

RJP

ADL

RJP

ADL SHEET NO. 2 OF 2 SHEETS

Klingner & Associates P.C.

S.N. 001-0034

GENERAL DETAILS

SECTION THRU PRECAST MODULAR WALL

Earth Slope varies

Modular Concrete Block Wall

Front Face of Precast

Manufacturer's Specification

Set back according to 
for soil reinforcement if req'd

Backfill (CA16) or Select Fill

Compacted Porous Granular

Natural Ground

Min.

12"

Leveling base pad* Rock Excavation

for Modular Wall

Width as required

6
"

2
'-

0
" Rock Elev. |563.6 (South)

Rock Elev. |566.0 (North)

 or 6" non-reinforced concrete pad

*Compacted Granular Fill (CA6 or CA10)

Compacted Embankment

4" Pipe Underdrain

Embankment

"
H
"

SOUTH PRECAST MODULAR WALL ELEVATION

ground stabilization if req'd

Geotechnical Fabric for

|
2
2
'-

4
"
 

M
a
x
.

N

PLAN - MODULAR RETAINING WALLS

NORTH PRECAST MODULAR WALL ELEVATION

8'-10" 5'-0"

11'-0" 6'-0"

86'-0"

Limits of 3-Sided Structure

Limits of 3-Sided Structure

86'-0"

5'-0"9'-0"

WORKING POINT COORDINATES
(At Front Face of Wall)

8'-10" 8'-10" 8'-10" 8'-10" 8'-10"

W.P.# Station Offset Elevation

1

2

3

4

5

50'-0" Modular Wall51'-0" Modular Wall

53'-0" Modular Wall

Modular Wall

  19'-0"

11'-0" 11'-0" 11'-0" 11'-0"10'-0" 10'-0" 10'-0" 10'-0"

W.P.#1 W.P.#2

W.P.#3

W.P.#4

W.P.#5

W.P.#6

W.P.#7

W.P.#8

W.P.#9

W.P.#10
W.P.#11

W.P.#12 W.P.#13 W.P.#14

W.P.#15

W.P.#16

W.P.#17

W.P.#18

W.P.#19 W.P.#20

W.P.#21

W.P.#22

W.P.#23

W.P.#24

W.P.#25

W.P.#26

W.P.#27 W.P.#28
W.P.#29 W.P.#30

W.P.#31

W.P.#32

W.P.#33

W.P.#34

W.P.#35

W.P.#36

W.P.#37
W.P.#38

6

7

8

9

10

11

12

13

14

15

16

17

18

19

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Rt.

00.00' Rt.

00.00' Rt.

00.00' Rt.

00.00' Rt.

00.00' Rt.

00.00' Rt.

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

000.00

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00+00.00

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.

00.00' Lt.
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