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Geotechnical Memorandum 

 
 
To:  Mr. Amish T. Bhatt, S.E, P.E., AECOM 
From: Met Seyhun, P.E., Sr. Geotechnical Engineer/Project Manager 
Date: July 11, 2019 
Subject: Retaining Wall 32 along NB Washington Exit Ramp, SN 016-1821  

           F.A.I RTE. 90/94 (Kennedy Expressway), Station 8680+65.00 to 8683+00.00 
           Section 2015-019R, IDOT Contract No. 62A76 

Project: Jane Byrne (Circle) Interchange Reconstruction – Cook County, Illinois 
Wang No: 1100-04-01 
 
 
INTRODUCTION 
 
This memorandum presents the results of our geotechnical subsurface investigation, laboratory 
testing, engineering analyses, and recommendations for the proposed retaining wall, designated as 
SN016-1821 (Retaining Wall 32) in the City of Chicago, Cook County, Illinois. On the USGS 
Chicago Loop Quadrangle 7.5 Minute Series map, the investigated area is located in the NW¼ of 
Section 16 of Tier 39 N, Range 14 E of the Third Principal Meridian. A Site Location Map is 
presented as Exhibit 1.  

 
Based on the Type, Size, and Location (TSL) plan dated June 26, 2019 provided by TranSystems 
Corporation (TranSystems), Wang Engineering, Inc. (Wang) understands the proposed Retaining 
Wall 32 will be a drilled soldier pile wall type to support the northbound (NB) Washington Street 
Exit Ramp. The 235.4-foot long wall will begin at Station 8680+65.00 with an offset of 12.38 
feet right and end at Station 8683+00.00 with an offset of 2.00 feet right. The wall will have a 
Kink point at Station 8682+00 and a maximum retained height of 6.3 feet. The TSL plan is 
included in Appendix D. 

 
SUBSURFACE INVESTIGATION AND LABORATORY TESTING 
 
Between June and October 2014, Wang performed three structure borings, designated as 32-RWB-
01 through 32-RWB-03 and 32-RWB-03B, one shelby tube boring, designated as 32-ST-01.  
Boring 32-RWB-03 was attempted twice due to obstruction. To supplement our investigation, we 
considered nearby structure Boring 33-RWB-01drilled in June 2014. We also considered vane shear 
test Boring VST-03 located about 290 feet south of the Madison Street Bridge. The borings were 
advanced from elevations 577.40 to 593.21 feet to depths of 8.5 to 65.0 below the ground surface 
(bgs). The as-drilled boring locations were surveyed by Dynasty Group, Inc. and station and offset 
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for each boring were provided by AECOM. The as-drilled boring location data are presented in the 
Boring Logs (Appendix A) and as-drilled boring locations are shown in the Boring Location Plan 
(Exhibit 2).  
 
Truck-mounted drilling rigs, equipped with hollow stem augers were used to advance and 
maintain an open borehole to 9.5 to 11 feet depths after that mud rotary was used to the boring 
termination depth. Soil sampling was performed according to AASHTO T206 “Penetration Test 
and Split Barrel Sampling of Soils.” The soil was sampled at 2.5 to 5-foot intervals to boring 
termination depths. Vane shear tests were performed in undisturbed and remolded conditions 
using calibrated RocTest vane shear equipment. 
 
Field boring logs prepared and maintained by a Wang geologist, include lithological descriptions, 
visual-manual soil classifications, results of Rimac and pocket penetrometer unconfined 
compressive strength tests, and results of Standard Penetration Tests (SPT) recorded as blows per 6 
inches of penetration. The SPT N value, shown on the Subsurface Soil Data Profile (Exhibit 3) is 
the sum of the second and third blows per 6 inches. The soils were described and classified 
according to the Illinois Division of Highways (IDH) Textural Classification system. 
 
The soil samples were tested in the laboratory for moisture content (AASHTO T265). Atterberg 
limits (AASHTO T89/T90) and particle size analyses (AASHTO T88) tests were performed on 
selected soil samples representing the main soil layers encountered during the investigation. 
Shelby tube samples from Borings 32-RWB-03B and 32-ST-01 were tested for unconfined 
compressive strength (T208), triaxial unconsolidated undrained compression (T296), and one-
dimensional consolidation (T216). Field visual descriptions of the soil samples were verified in 
the laboratory. Laboratory test results are shown in the Boring Logs (Appendix A), in the Soil 
Profile (Exhibit 3), and in the Laboratory Test Results (Appendix B). 
 
RESULTS OF FIELD AND LABORATORY INVESTIGATIONS 
 
Detailed descriptions of the soil conditions encountered during our subsurface investigation are 
presented in the attached Boring Logs (Appendix A), and the borings locations are shown in the 
Boring Location Plan (Exhibit 2). 
 
Surface and Soil Conditions 
At the surface, the borings encountered 4-to 12-inch thick asphalt over 8-to 14-inch thick 
concrete followed by crushed stone aggregate base.  
 
Beneath the surface, the borings encountered 2 to 10 feet of fill materials. The fill consists of 
medium stiff to very stiff silty clay to silty clay loam with unconfined compressive strength (Qu) 
values of 0.5 to 2.3 tsf and very dense sandy gravel with N values of 44 to over 50 blows per 
foot.  
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Below the fill at elevations of 573 to 583 feet (3 to 10 feet bgs), the borings encountered up to 36 
feet of very soft to medium stiff clay to silty clay (Chicago Blue Clay) with Qu values of 0.08 to 
0.82 tsf and moisture content values of 21 to 31%. Laboratory unconsolidated undrained triaxial 
tests show shear strength values of 288 to 720 psf. Laboratory index testing on samples from this 
layer showed liquid limit (LL) values of 32 to 39% and plastic limit (PL) values of 15 to 18%. In-
situ undisturbed vane shear strengths obtained in Borings 32-RWB-01 and VST-03 between 
elevations 574 and 542 feet ranged from 370 to 1680 psf. 
 
Beneath the clay to silty clay, the borings encountered stiff to very stiff silty clay to silty clay 
loam extending to the boring termination depths.  
 
Groundwater Conditions 
Borings were observed to be dry during drilling or after drilling within the 9.5 to 11 bgs. After 
that the mud rotary drilling was used and groundwater on deeper levels could not be observed. 
Groundwater may be perched within the granular fill layers. Water-bearing silt and gravel layers 
may also be present at deeper levels.  
 
A Piezometer 30-PZ-01 was installed for the nearby structure about 550 feet south of the 
proposed retaining wall 32 on November 21, 2014 and monitored until March 2017. The screen 
was placed with the top and bottom elevations at 503.7 and 493.7 feet (89.5 to 99.5 feet bgs), 
respectively within granular layers above bedrock. Piezometer readings show an average water 
table elevation of 545.8 feet indicating under hydrostatic pressure within the granular deposit 
encountered on top of the bedrock. 
 
Although the groundwater was not observed within upper fill layers, we anticipate perched water 
may be encountered during times of heavy precipitation. Therefore, the design and construction 
of the wall should consider the perched water between 588 and 581 feet elevations within the fill 
layers. 
 
ANALYSIS AND RECOMMENDATIONS 
 
We recommend drilled soldier piles should be designed for both lateral earth pressure and lateral 
deformation. The embedment depth in moment equilibrium for the wall section should be 
designed in accordance with the LRFD guidelines (AASHTO 2017). Generally, overconsolidated 
clayey soils, such as the stiff to very stiff clays and very dense silty loam will exhibit lower 
overall shear strength in the long-term condition; normally-consolidated clayey soils, however, 
such as the very soft to medium stiff clay to silty clay (Chicago blue clay) will likely exhibit 
significantly lower shear strength in the short-term condition. Therefore, the lateral earth 
pressure analysis should be performed for walls in both the short-term (undrained) and long-term 
(drained) condition using the soil parameters shown in Tables 1 and 2.  
 
The design of the wall should ignore 3 feet of soil in front of the wall measured from the finished 
ground surface elevation in providing passive pressure due to excavation required for installation 
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of concrete facing, drainage system and frost-heave condition. In developing the design lateral 
pressure, the lateral pressure due to construction equipment surcharge load should be added to 
the lateral earth pressure. Drainage behind the wall and underdrain should be as per IDOT Bridge 
Manual (IDOT 2012). The water pressure should be added to the earth pressure if drainage is not 
provided. The potential foundation pressure/load from the existing building on the proposed wall 
should be considered in design of the wall.  
 

Table 1: Undrained Geotechnical Parameters for Design of Drilled Soldier Pile Wall 
Reference Borings: 32-RWB-01, 32-RWB-02, 32-ST-01, 33-RWB-01, and VST-03 

Soil 
Description (Layer) 
 

Unit 

Weight, γ 

(pcf) 

Undrained Shear Strength 
Properties Earth Pressure Coefficients 

Cohesion 
(psf) 

Friction 
Angle 

(°) 

Active(1) 

Pressure 
Passive 

Pressure 

V Stiff SILTY CLAY LOAM 
FILL  
Surface to EL 580 feet 

120 2000 0 1.00 1.00 

V Soft to Soft CLAY to SILTY 
CLAY 
EL 580 to 565 feet 

110 400 0 1.00 1.00 

Soft to M Stiff CLAY to SILTY 
CLAY  
EL 565 to 552 feet 

110 600 0 1.00 1.00 

Soft to M Stiff  
CLAY to SILTY CLAY  
EL 552 to 546 feet 

115 930 0 1.00 1.00 

Stiff  SILTY CLAY to SILTY 
CLAY LOAM 
EL 546 to 531 feet 

120 1500 0 1.00 1.00 

V Stiff  CLAY to SILTY CLAY  
EL 531 to 516 feet 

120 2500 0 1.00 1.00 

V Dense SILTY LOAM  
EL 516 to 512 feet 

125 0 36 0.32 3.85 

        (1) Active earth pressure coefficient for 1:3 (V:H) back slope 
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Table 2: Drained Geotechnical Parameters for Design of Drilled Soldier Pile Wall 
Reference Borings: 32-RWB-01, 32-RWB-02, 32-ST-01, 33-RWB-01, and VST-03 

Soil 
Description (Layer) 
 

Unit 

Weight, γ 

(pcf) 

Drained Shear Strength 
Properties Earth Pressure Coefficients 

Cohesion 
(psf) 

Friction 
Angle 

(°) 

Active(1)  
Pressure 

Passive 
Pressure 

V Stiff SILTY CLAY LOAM 
FILL  
Surface to EL 580 feet 

120 100 30 0.42 -- 

V Soft to Soft CLAY to SILTY 
CLAY 
EL 580 to 565 feet 

110 0 27 0.49 2.66 

Soft to M Stiff CLAY to SILTY 
CLAY  
EL 565 to 552 feet 

110 0 27 0.49 2.66 

Soft to M Stiff  
CLAY to SILTY CLAY  
EL 552 to 546 feet 

115 0 28 0.47 2.77 

Stiff  SILTY CLAY to SILTY 
CLAY LOAM 
EL 546 to 531 feet 

120 80 29 0.44 2.88 

V Stiff  CLAY to SILTY CLAY  
EL 531 to 516 feet 

120 100 30 0.42 3.00 

V Dense SILTY LOAM  
EL 516 to 512 feet 

125 0 36 0.32 2.66 

                (1) Active earth pressure coefficient for 1:3 (V:H) back slope 

 

 
Design considerations should include deflection control at the top of the wall. The lateral 
deformation of the wall should be designed using the parameters shown in Table 3 using the p-y 
curve (COMP624) method. 
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Table 3: Recommended Parameters for Lateral Load Analysis of Drilled Soldier Pile Wall 
Reference Borings: 32-RWB-01, 32-RWB-02, 32-ST-01, 33-RWB-01, and VST-03 

Soil Type (Layer) 
 

Unit 
Weight, γ 

(pcf) 

Undrained 
Shear 

Strength, cu 
(psf) 

Estimated 
Friction 

Angle, Φ 
(°) 

Estimated Lateral 
Soil Modulus 
Parameter, k 

(pci) 

Estimated Soil 
Strain 

Parameter, ε50 
(%) 

V Stiff SILTY CLAY LOAM 
FILL  
Surface to EL 580 feet 

120 2000 0 500 0.8 

V Soft to Soft CLAY to 
SILTY CLAY 
EL 580 to 565 feet 

110 400 0 50 1.0 

Soft to M Stiff CLAY to 
SILTY CLAY  
EL 565 to 552 feet 

110 600 0 80 1.0 

Soft to M Stiff  
CLAY to SILTY CLAY  
EL 552 to 546 feet 

115 930 0 100 1.0 

Stiff SILTY CLAY to SILTY 
CLAY LOAM 
EL 546 to 531 feet 

120 1500 0 500 0.7 

V Stiff CLAY to SILTY 
CLAY  
EL 531 to 516 feet 

120 2500 0 1000 0.5 

V Dense SILTY LOAM  
EL 516 to 512 feet 

125 0 36 120 -- 

 
 
Global Stability 
Global stability analysis was performed at Station 8681+75.00 for the maximum wall retained 
height of about 6.7 feet. Analysis was performed with SLIDE Version 6 computer software. The 
minimum required FOS is 1.5 (IDOT 2015). With a 4-foot of the soldier pile embedment, the 
minimum factor of safety (FOS) calculated were 1.68 (Appendix C-1) for the undrained condition 
and 1.77 (Appendix C-2) for the drained condition. Results of global stability analyses are 
presented in Appendix C. The designer should perform the lateral load analyses using earth pressure 
diagram and allowable deflection to determine the final embedment depth. 
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CONSTRUCTION CONSIDERATIONS  
 
Groundwater level measurements were made in the borings at the time of drilling and monitor in 
piezometer 30-PZ-01. The granular fill soils may exhibit perched groundwater conditions. These 
layers may be intercepted during shallow excavations. Seepage water that does accumulate in open 
excavations above groundwater level can be removed using the sump pump method. Intermittent 
water-bearing layers may also present at deeper levels within the proposed drilled piles.  
 
The soft soil layer with Qu less than 0.5 tsf (500 psf cohesion) is prone to squeeze if left open for 
long period of time. Therefore, to minimize the squeeze potential, casing should be provided. 
Due to high squeeze potential, the following note should appear on the final plans: 
 
‘Due to the squeeze potential of the clay soils, the use of temporary casing will be required to 
properly construct the shafts. Casing may be pulled or remain in place, as determined by the 
Contractor at no cost to the Department.’ 
 
The wall should be constructed as per IDOT Standard Specifications and the current special 
provisions developed by IDOT for construction of drilled soldier pile wall. 
 
During shaft construction, the existing building and walls should be monitored for movement. 
Survey points should be established to monitor horizontal and vertical movements. 
 
Attachments: 

Exhibit 1 - Site Location Map 
Exhibit 2 - Boring Location Plan 
Exhibit 3 – Subsurface Soil Profile 
Appendix A - Boring Logs  
Appendix B - Laboratory Testing 
Appendix C - Slope Stability Analyses 
Appendix D - TSL plan and In-Progress Cross-Sections 

 
Copy To:  Corina Farez, Wang Engineering 
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EXHIBIT 1 DRAWN BY: NSB

CHECKED BY: MWS

FOR AECOM

SCALE: GRAPHICAL

1100-04-01

Cook County

0                                          0.25                                        0.5 Mile SITE LOCATION MAP: CIRCLE INTERCHANGE RECONSTRUCTION 
RETAINING WALL  32, SN 016-1821, COOK COUNTY

RETAINING WALL 32, SN 016-1821
NW 1/4 Sec. 16, T 39N, R 14E of 3rd PM



4275-BSB-355-07, 673.50
Sta.   228+75.22, 56.28 RT

32-RWB-02, 583.52
Sta.  8682+07.13, 3.87RT

33-RWB-01, 588.44
Sta. 8683+09.37, 11.13 LT

32-RWB-01, 577.40
Sta.  8680+61.64, 3.34 LT

32-RWB-03,/32-RWB-03B, 590.67
Sta. 8683+53.96, 10.76 LT

32-ST-01, 585.90
Sta. 8682+51.29, 2.05 RT

*Note: Out of Plan
VST-03
1899985.048N, 1171693.333E
290 feet South of W Madison St.

EXHIBIT 2

1145 N. Main Street
Lombard, IL 60148
www.wangeng.com

DRAWN BY: RKC

CHECKED BY: N. Balakumaran

FOR AECOM 1100-04-01

BORING LOCATION PLAN: CIRCLE INTERCHANGE RECONSTRUCTION, RETAINING
WALL 32 ALONG NB WASHINGTON EXIT RAMP SN. 016-1821, COOK COUNTY, IL 

SCALE: GRAPHICAL
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SOIL AND ROCK
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2.25" HSA, boring backfilled upon completion

Section 17, T39N, R14E of 3rd PM

Complete Drilling

SOIL AND ROCK
DESCRIPTION

Drill Rig

The stratification lines represent the approximate boundary
between soil types; the actual transition may be gradual.
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--BASE COURSE--

Medium stiff, brown SILTY CLAY
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fragments
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2.25" IDA HSA to 11', mud rotary thereafter, boring
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Complete Drilling
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The stratification lines represent the approximate boundary
between soil types; the actual transition may be gradual.
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The stratification lines represent the approximate boundary
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3.25" IDA HSA, boring backfilled upon completion
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SOIL AND ROCK
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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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