
  

 

1145 North Main Street 
Lombard, Illinois 60148 

Phone (630) 953-9928 

www.wangeng.com 

 

 

 

Geotechnical          •          Construction          •          Environmental 

Quality Engineering Services Since 1982 
 

 

Technical Memorandum 

 

 

To:  Dan Manojlovski, P.E. AECOM 

Copy To: Amish Bhatt, AECOM; Corina Farez, Wang 

From: Mohammed (Mike) Kothawala, P.E., Sr. Geotechnical Engineer 

Date: January 4, 2017 

Subject: Water Main Thrust Restraints, Contract 62A74 

  South West Water Main Replacement 

Project: Circle Interchange Reconstruction 
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INTRODUCTION 

 

Wang Engineering, Inc. (Wang) understands that a section of existing 54-inch water main 

crossing I-90/94 and south of Harrison Street Bridge will be replaced under SB I-90/94. The 

work will be completed under Contract 62A74. It is understood that water main will be 

installed using trenchless technology at the I-90/94 crossing. The proposed water main will 

have two thrust restraints on the west side of Cermak pumping station. It is understood that 

thrust restraints are for the vertical pipe bends. 

 

Since a subsurface investigation program was not carried out for the proposed water main, 

we have considered Borings 15-RWB-01, 14-RWB-01, 10-RWB-03, 14-RWB-02, and 

10-RWB-02 completed for several nearby retaining walls. Boring locations relative to the 

water main alignment and thrust restraints are shown in the Boring Location Plan (Exhibit 

1). In situ vane shear tests conducted in nearby Boring VST-01 was also considered for our 

engineering analysis and to develop recommendations. Detailed descriptions of the soil 

conditions encountered are presented in the attached Boring Logs. The following sections 

present our geotechnical recommendations for the design and construction of the proposed new 

thrust restraints.  

 

ENGINEERING ANALYSIS AND RECOMMENDATIONS 

 

Thrust Restraints Foundations 

Information provided by AECOM indicates thrust restraints base will be approximately at 

depths of 22 and 10 feet below ground surface (bgs) or elevation of 565 feet and 585 feet, 
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respectively. The water main pipe invert below SB I-90/94 roadway will be approximately at 

a depth of 25 feet bgs or elevation of 565 feet. It is understood that due to high vertical and 

horizontal loads, the restraint thrusts concrete blocks are proposed to be supported on drilled 

shafts. Each concrete block will have two drilled shafts.  

 

We recommend that either straight or belled drilled shafts should be established into the hard 

clay (Hardpan). We recommend establishing drilled shaft tip at approximate elevation 538.0 

feet (Boring 14-RWB-01) for the east side thrust restraint and to approximate elevation 540.0 

feet (Boring 15-RWB-01) for the west side thrust restraint. The drilled shafts can be designed 

considering maximum net allowable bearing pressure of 15.5 ksf with a factor of safety of 

3.0. It should be noted that Boring 14-RWB-01 is approximately 17 feet from the east thrust 

restraint but was drilled to only a depth of 65 feet (elevation 515.8 feet). Boring 15-RWB-01 

drilled to a depth of 90 feet bgs (elevation 503.5 feet) is approximately 75 feet feet from the 

west thrust restraint. The recommended bearing pressure for the drilled shaft refers to the 

total design loads, dead plus live and is a net pressure. Therefore, the weight of the concrete 

in the caissons and the weight of soil over the bells may be ignored in proportioning the 

caissons. We do not recommend establishing drilled shafts into the sand layer below this clay 

layer. The side resistance should be ingnored for the vertical downward capacity. 

 

To resist uplift load, we recommend considering weight of the drilled shaft concrete and side 

resistance from the soils. Tables 1 and 2 show allowable side resistances for the soil layers. 

The sections of the drilled shaft to be neglected for the side resistance contribution should be 

as per Section 10.8.3.7 of the 2015 AASHTO Standard Specifications for Highway Bridges.  

 

Lateral loads on drilled shafts should be analyzed for maximum moments and lateral 

deflections. No allowance should be made for the frictional resistance of the concrete cap on 

soil. The lateral load capacity analysis can be performed using computer program such as 

COMP 624P, L-pile, LATPILE, or any other similar programs. The estimated soil parameters 

that may be used to analyze stresses and deflections of drilled shafts under lateral loads are 

presented in Tables 3 and 4.  
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CONSTRUCTION CONSIDERATIONS 

 

Any required excavations should be performed in accordance with local, state, and federal 

regulations including current OSHA regulations. The potential effect of ground movements 

upon nearby structures and utilities should also be taken into consideration. Drilled shafts 

should be constructed in accordance with the IDOT Special Provision GBSP 86 Drilled 

Shafts. We recommend providing temporary casing to estimated elevations of 542.0 and 

540.0 for the drilled shafts supporting the east and west side thrust restraints respectively.  

 

Attachments: 

1. Boring Location Plan 

2. Boring Logs 

3. AECOM Drawing Sheet 59 of 173 dated 11/11/2016 Contract 62A74, 54” South West 

water Main Profile 



 

54-Inch Water Main Replacement 

Table 1: Recommended Side Resistance for Drilled Shafts 

West Side Thrust Restraint 

(Borings 15-RWB-01, 10-RWB-03 and VST-01)  

Layer 

Elevations/ 

Soil Description 

 

Shear Strength Properties Ultimate 

Unit Side 

Resistance 

(psf) 

Allowable 

Unit Side 

Resistance(4) 

(psf) 

 

Unit Weight 

(pcf) 

Cohesion 

Cu  

(psf) 

Friction 

Angle, 

 φ (Degree) 

593.5(1) to 590.5 

Loam Fill 
120 0 30 239 120 

590.5 to 584.8 

Silty Loam Fill 
120 0 30 821 411 

584.8 to 580.5 

Silty Clay 
120 3200 0 1760 880 

580.5 to 573.0 

Clay to Silty 

Clay 

110 550 0 303 152 

573.0 to 561.8 

Clay to Silty 

Clay 

110 650 0 358 179 

561.8 to 551.7 

Clay to Silty 

Clay 

110 750 0 413 206 

551.7 to 541.8 

Clay to Silty 

Clay  

115 900 0 495 248 

541.8 to 531.8 

Silty Clay Loam 
120 5000 0 2750 1375 

531.8 to 516.8 

Sand 
63(2) 0 36 2835 1418 

516.8 to 506.3  

Silty Clay Loam 

to Silty Loam 

63(2) 8000 0 4400 2200 

506.3(3)
  to 495.6 

Silty Loam 
63(2) 0 35 1812 906 

(1)
Existing grade at boring location 

(2)
Submerged weight 

(3)
 Based on Boring 10-RWB-03, about 50 feet south of Boring 15-RWB-01 

(4)
Factor of safety of 2.0 

 

 

 

 



54-Inch Water Main Replacement 

Table 2: Recommended Side Resistance for Drilled Shafts 

East Side Thrust Restraint 

(Borings 14-RWB-01 and VST-01)  

Layer 

Elevations/ 

Soil Description 

 

Shear Strength Properties Ultimate 

Unit Side 

Resistance 

(psf) 

Allowable 

Unit Side 

Resistance(4) 

(psf) 

 

Unit Weight 

(pcf) 

Cohesion 

Cu  

(psf) 

Friction 

Angle, 

 φ (Degree) 

580.9(1) to 577.6 

Crushed Stone 

Fill 

125 0 32 273 137 

577.6 to 567.9 

Clay to Silty 

Clay 

110 550 0 303 152 

567.9 to 555.4 

Clay to Silty 

Clay 

110 750 0 413 207 

555.4 to 549.1 

Clay to Silty 

Clay 

115 835 0 459 230 

549.1 to 544.1 

Clay to Silty 

Clay  

115 1200 0 660 330 

544.1 to 539.1 

Silty Clay  
120 3000 0 1650 825 

539.1 to 534.1 

Silty Clay  
120 5000 0 2750 1375 

534.1 to 529.1 

Silty Loam to 

Silty Clay Loam 

120 0 35 3121 1561 

529.1 to 516.8(3) 

Sand to Sandy 

Loam  

63(2) 0 37 2996 1498 

516.8(3)  to 506.3  

Silty Clay Loam 

to Silty Loam 

63(2) 8000 0 4400 2200 

506.3 to 495.6 

Silty Loam 
63(2) 0 35 2299 1150 

(1)
Existing grade at boring location 

(2)
Submerged weight 

(3)
 Based on Boring 10-RWB-03, about 70 feet south of Boring 14-RWB-01 

(4)
Factor of safety of 2.0 

 

 

 

 



 

Table 3: Recommended Parameters for Lateral Load Analyses  

West Side Thrust Restraint 

(Borings 15-RWB-01, 10-RWB-03 and VST-01)  

Layer Elevations/ 

Soil Description 

Unit 

Weight 

 

 

(pcf) 

Shear Strength Properties Estimated 

Lateral 

Soil 

Modulus 

Parameter, 

k (pci) 

Estimated 

Soil Strain 

Parameter, 

50 

Short Term Long 

Term 

Cohesion 

Cu  

 

(psf) 

Friction 

Angle, φ  

 

(Degree) 

Friction 

Angle, φ’  

 

(Degree) 

593.5(1) to 590.5 

Loam Fill 
120 0 30 30 50 -- 

590.5 to 584.8 

Silty Loam Fill 
120 0 30 30 50 -- 

584.8 to 580.5 

Silty Clay 
120 3200 0 30 1150 0.0050 

580.5 to 573.0 

Clay to Silty Clay 
110 550 0 29 50 0.0150 

573.0 to 561.8 

Clay to Silty Clay 
110 650 0 29 100 0.0130 

561.8 to 551.7 

Clay to Silty Clay 
110 750 0 29 150 0.0120 

551.7 to 541.8 

Clay to Silty Clay  
115 900 0 30 200 0.0105 

541.8 to 531.8 

Silty Clay Loam 
120 5000 0 31 1900 0.0035 

531.8 to 516.8 

Sand 
63(2) 0 36 36 125 -- 

516.8 to 506.3  

Silty Clay Loam to 

Silty Loam 

63(2) 8000 0 32 2800 0.0030 

506.3(3)  to 495.6 

Silty Loam 
63(2) 0 35 35 125 -- 

495.6 to 490.1(4) 

Weathered Bedrock 
65(2) 0 38 38 135 -- 

 (1)
Existing grade at boring location 

 (2)
Submerged weight 

(3)
 Based on Boring 10-RWB-03, about 50 feet south of Boring 15-RWB-01 

(4)
 Possible bedrock elevation based on Boring 10-RWB-02, about 150 feet north of Boring 15-RWB-01 

 

 

 

 



Table 4: Recommended Parameters for Lateral Load Analyses  

East Side Thrust Restraint 

(Borings 14-RWB-01 and VST-01)  

Layer Elevations/ 

Soil Description 

Unit 

Weight 

 

 

(pcf) 

Shear Strength Properties Estimated 

Lateral 

Soil 

Modulus 

Parameter, 

k (pci) 

Estimated 

Soil Strain 

Parameter, 

50 

Short Term Long 

Term 

Cohesion 

Cu  

 

(psf) 

Friction 

Angle, φ  

 

(Degree) 

Friction 

Angle, φ’  

 

(Degree) 

580.9(1) to 577.6 

Crushed Stone Fill 
125 0 32 32 60 -- 

577.6 to 567.9 

Clay to Silty Clay 
110 550 0 29 50 0.0150 

567.9 to 555.4 

Clay to Silty Clay 
110 750 0 29 150 0.0120 

555.4 to 549.1 

Clay to Silty Clay 
115 835 0 30 200 0.0105 

549.1 to 544.1 

Clay to Silty Clay  
115 1200 0 30 300 0.0090 

544.1 to 539.1 

Silty Clay  
120 3000 0 31 1000 0.0050 

539.1 to 534.1 

Silty Clay  
120 5000 0 32 1900 0.0065 

534.1 to 529.1 

Silty Loam to Silty 

Clay Loam 

120 0 35 35 200 -- 

529.1 to 516.8 

Sand to Sandy Loam  
63(2) 0 37 37 125 -- 

516.8(3)  to 506.3  

Silty Clay Loam to 

Silty Loam 

63(2) 8000 0 32 2800 0.0030 

506.3 to 495.6 

Silty Loam 
63(2) 0 35 35 125 -- 

495.6 to 490.1(4) 

Weathered Bedrock 
65(2) 0 38 38 135 -- 

 (1)
Existing grade at boring location 

 (2)
Submerged weight 

 (3)
 Based on Boring 10-RWB-03, about 70 feet south of Boring 14-RWB-01 

 (4)
 Possible bedrock elevation based on Boring 10-RWB-02, about 130 feet north of Boring 14-RWB-01 
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Soil Boring

Thrust Restraint

(N1897265.33
E1171824.88)

(350 feet east, 25 feet North 
of 14-RWB-01)

EXHIBIT 1

1145 N. Main Street
Lombard, IL 60148

www.wangeng.com

DRAWN BY: H. Bista

CHECKED BY: M. Kothawala

1100-04-01

BORING LOCATION PLAN: CIRCLE INTERCHANGE RECONSTRUCTION,
CONTRACT 62A74, WATER MAIN AT WALL -10, COOK COUNTY, ILLINOIS

SCALE: GRAPHICAL
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Drill Rig

The stratification lines represent the approximate boundary
between soil types; the actual transition may be gradual.
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--Moist to wet--

--HARD DRILLING--
--Possible Cobbles--

--%Gravel=0.2--
--%Sand=79.5--

--%Silt=18.3--
--%Clay=2.0--

--A-2-4 (0)--

Hard, gray SILTY CLAY LOAM to
SILTY LOAM, trace gravel

--LL(%)=26, PL(%)=16--
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--%Sand=11.7--
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--%Clay=25.6--
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--In-Situ Vane Shear, 19.5 feet--
--Su undis = 786.3 psf--

--Su remold = 371.3 psf--
--Sensitivity = 2.1--

--In-Situ Vane Shear, 22.0 feet--
--Su undis = 742.6 psf--

--Su remold = 305.8 psf--
--Sensitivity = 2.4--

--In-Situ Vane Shear, 24.5 feet--

--Su undis = 578.8 psf--
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--Su remold = 611.6 psf--
--Sensitivity = 2.3--
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The stratification lines represent the approximate boundary
between soil types; the actual transition may be gradual.
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