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INTRODUCTION 
 
Wang Engineering, Inc. (Wang) understands that a new 16-inch diameter water main with 30-inch 
diameter casing is proposed to be constructed immediately south of Jackson Boulevard Bridge in 
Contract 62A75 of Circle Interchange Reconstruction project. It is understood that water main will 
be installed using trenchless technology at the I-90/94 crossing. The proposed water main will 
have a new riser vault and two thrust restraints on the west side of I-90/94 and a new riser vault 
and a thrust restraint on the east side of I-90/94. It is understood that thrust restraints are for the 
horizontal pipe bends. This memorandum is revised based on IDOT District One comments. 
 
Since a subsurface investigation program was not carried out for the proposed water main, we have 
considered nearby Borings 1702-B-01, 1702-B-02, 1702-B-03, 23-RWB-05, and 23-RWB-05 
completed for the Jackson Boulevard Bridge and the Retaining Wall 23. Boring locations relative 
to the water main alignment, riser vaults, and thrust restraints are shown in the Boring Location 
Plan (Exhibit 1). In addition, Wang performed in situ vane shear tests (VST) in soft clay in Boring 
1702-B-03. In situ vane shear tests conducted in nearby Borings VST-02 and VST-06 are also 
considered for our engineering analysis and to develop recommendations. The VST results are 
shown on the attached Boring Logs.  
 
Detailed descriptions of the soil conditions encountered are presented in the attached Boring Logs and 
in the Subsurface Soil Data Profile (Exhibit 2). The following sections present our geotechnical 
recommendations for the design and construction of the proposed new riser vaults and thrust 
restraints.  
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SUBSURFACE CONDITIONS AND RECOMMENDATIONS 
 
Thrust Restraints and Riser Vaults Foundations 
Information provided by AECOM indicates thrust restraints and riser vaults base will be 
approximately at depths of 6 to 7 feet below ground surface (bgs) or elevation of 587 feet and a 
depth of 36 feet bgs or elevation of 557 feet, respectively. The water main casing invert below I-
90/94 roadway will be approximately at a depth of 12 feet bgs or elevation of 561 feet. 
 
The subsurface soil conditions as revealed by borings at the proposed thrust restraints generally 
consist of 10.5 feet thick stiff to very stiff silty clay loam fill on the west side of I-90/94 and about 
8 feet very loose to medium dense sandy loam to sand fill on the east side of I-90/94.  Below this 
fill layer, a thin layer of up to 2.5 feet medium stiff clay to silty clay followed by up to 35 feet 
thick very soft to medium stiff clay to silty clay layer was encountered.  
 
At the thrust restraint base elevations of 587 feet, the very stiff silty clay loam fill or medium 
dense sand fill are expected to be encountered. The thrust restraints foundations can be designed 
for a maximum allowable soil bearing capacity of 2,000 psf using a factor of safety of 3.0 or a 
factored bearing resistance of 2,700 psf considering a resistance factor of 0.45. 
 
At the proposed riser vault base elevation of 557 feet, the borings revealed soft to medium stiff 
clay to silty clay extending to elevations 545 to 552 feet (5 to 12 feet below the base) followed by 
a layer of stiff silty clay to silty clay loam extending to elevations of 528 (29 feet below the base). 
The riser vaults can be designed for a maximum allowable soil bearing capacity of 1,500 psf, using 
a factor of safety of 3.0 or a factored resistance of 2,000 psf considering a resistance factor of 0.45. 
During construction, soft clay is expected at the base of excavation. The foundation soil may 
become unstable during construction. The contractor may need a “working platform” to properly 
construct the base slab. To establish a working platform at the base of the precast riser structures, 
the soils should first be evaluated during construction by the soil inspector. It is recommended that 
the working platform consist of 2 to 3 feet of CA-1 gradation aggregate capped with 6 inches of 
CA-6 gradation aggregate. This should be installed below the sand cushion that is specified in the 
riser shaft detail.  
 
Groundwater was observed in our borings in the fill layer above the native clay. It is recommended 
that that the design groundwater level be assumed to be at an elevation of 587 feet. The vault walls 
should be structurally designed for an at-rest lateral earth pressure coefficient of 0.5 and for the 
additional groundwater loads based on design groundwater elevation.  
 
Design lateral pressure from surcharge loads due to construction, maintenance and operation 
equipment, etc. should be added to the lateral earth pressure. 
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The riser vault foundations should be designed to resist uplift pressure. Based on the borings 
groundwater could be at elevation of 587 feet. However, conservatively ground water level should 
be considered at the ground surface considering flooding condition. The floatation safety factor 
should reflect the risk associated with the hydrostatic loading condition. We recommend 
considering safety factor of 1.1 with groundwater level at the ground surface. When calculating 
floating safety factor, the vertical resistance mobilized by friction along the exterior faces of the 
structure should be neglected. 
 
Excavation Base Stability 
Based on the in-situ vane shear testing results in nearby Borings 1702-B-03, VST-02, and VST-06, 
we have performed a preliminary analysis for bottom instability. The in-situ vane shear testing 
results immediately beneath base of foundation excavations show higher than the field Rimac 
testing. We calculated a factor of safety of 1.4 against bottom instability for an excavation depth of 
34 feet. The minimum required FOS is 1.5. Our analysis indicates the temporary sheeting driven 
for an additional 1-foot below the bottom of excavation will provide the minimum required FOS of 
1.5 against bottom heave instability.  
 
Temporary Earth Retention System 
The installation of riser vaults will require excavations to a depth of 35 feet (elevation of 557 feet). 
The installation of thrust restraints will require excavations with depths of 6 to 7 feet (elevation of 
587 feet). Open cut excavations for the construction of thrust restraints could be at a slope of 1:2 
(V:H) or flatter. Impact of open cut excavations on adjacent structures should be evaluated. If 
required, temporary support should be provided. 
 
The lateral soil pressure distribution behind a bracing system will be dependent on the scheme 
selected to support the excavation walls. Therefore, it is recommended that the pressure 
distribution utilized in the design of the bracing system be reviewed by a qualified geotechnical 
engineer. Normally selection of the type of temporary earth retention system and design is left to 
the contractor. The bracing system should be designed for different construction stages and by a 
structural engineer licensed in the State of Illinois. It is recommended that the design groundwater 
elevation be considered to be at elevation 587 feet. In addition, any traffic and surcharge loads 
should be considered for the design. The soil parameters shown in Table 1 can be used for the 
design of temporary earth retention. We strongly recommend to temporary support system designers 
to review the included boring logs and apply their judgement on assessing soil parameters for the type 
of analyses required for the design of their specific temporary support system. 
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Table 1: Soil Parameters for the Design of Temporary Earth Retention Systems 

  

Unit Weight 
(pcf) 

  Earth Pressure 
Coefficients 

Approximate 
Elevation Range 

(feet) 
 

Soil Type (Layer) Cohesion 
Cu (psf) 

Friction 
Angle 

Ø (degree) 

Active 
Pressure 

Passive 
Pressure 

Existing Grade to 
584 

East Side 
Granular Fill 115 0 28 0.36 2.77 

Existing Grade to 
584 

West Side 
Cohesive Fill  120 1900 0 1.00 1.00 

584 to 582 Medium stiff to Stiff Silty 
Clay to Silty Clay Loam 115 950 0 1.00 1.00 

582 to 572 Soft Clay to Silty Clay 110 550 0 1.00 1.00 

572 to 554 Soft to Medium Stiff Clay 
to Silty Clay 110 720 0 1.00 1.00 

554 to 544 Medium Stiff to Stiff Clay 
to Silty Clay 115 980 0 1.00 1.00 

544 to 532 Stiff to Very Stiff Silty 
Clay to Silty Clay Loam 120 1500 0 1.00 1.00 

532 to 518 Very Stiff Silty Clay to 
Silty Clay Loam 125 3000 0 1.00 1.00 

 
The design of the temporary earth retention system should be completed by a licensed structural 
engineer and should be submitted to the Bureau of Bridges and Structures for review and approval. 
 
Global Stability 
We performed preliminary global stability analyses for the east side riser vault temporary support. 
Analyses were performed with Slide v6 computer software. The minimum factor of safety 
calculated was less than the minimum required of 1.7 without considering temporary support 
embedment below cut level. We performed global stability analysis considering sheet pile 
embedment to obtain an FOS of at least 1.7. The embedded portion of the support will provide 
resistance against the slope instability above the bottom of the support. Our preliminary analysis 
show the temporary support system could require to be extended 8.5 to 11.5 feet below the 
excavation depth on the west side and east side riser vaults respectively to achieve the minimum 
required factor of safety of 1.7. Details of the global stability analysis are attached. The designer 
should perform global stability analysis and include the results as part of his submittal.  
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Jacking pipe 
The pipe should be jacked in accordance with IDOT Standard Specifications Section 552, STORM 
SEWER JACKED IN PLACE. Frictional resistance to the jacking force can be estimated from the product 
of shear strength of soil and the surface area of pipe in contact with the soil. The subsurface soil 
conditions within the jacking depths, as revealed by borings, generally consist of very soft to soft 
clay. The contractor should review the subsurface soil conditions and judge their effects on means, 
methods, and progress of work. The jacking operation, once started, should be continued until 
completed. If continuous jacking cannot be maintained, the contractor should take the necessary 
precautions for not allowing the jacked pipes to freeze or set in the ground. We recommend that 
the contractor be required to submit details of his means and methods for constructing pipelines by 
jacking. 
 
It is understood that riser vault excavation could be used as jacking pit. Its size should be large 
enough to provide a safe and adequate working area. Pit size will depend on the contractor's 
equipment and space constraint. The jacking pit walls should be supported in accordance with 
OSHA construction requirements to insure a solid, stable base for jacking machine and pit sides. 
Some stabilizing of the base may be necessary. Jacking load can be transferred to the soil behind 
the jacking pit through a thrust block constructed at the back of the pit. The resistance which the 
soil can provide to the jacking loads may be estimated from the allowable passive pressures. A 
factor of safety of 2 should be considered. If enough resistance is not available, additional ground 
improvement measure may be required to provide additional lateral resistance to withstand the 
jacking loads. It is expected that the soil at the base would be very soft to soft clay at about 
elevation of 557 feet. The undrained passive earth pressure coefficients of 1.00 should be 
considered. We recommend that a provision be made for the removal of some base clay and 
replacing with the stabilization stone as a working platform as discussed in earlier section of the 
memorandum. The removal and replacement thickness should be determined in the field based on 
the contractor's method and equipment to be used. Groundwater was observed in our borings in the 
fill above the natural clay. Provisions should be made to collect and remove groundwater seepage 
that may accumulate in the pits. 
 
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. 
 
Attachments: 
1. Boring Location Plan, Boring Logs and AECOM Plan Sheets dated 3/21/2017 
2. Subsurface Soil Data Profile, Global Stability Analyses Results 
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(degrees)

1
2
3
4
5
6

115
115
110
110
110
120

0
950
550
720
980

1500

28
0
0
0
0
0

Description

Loose to M dense Sandy Loam to Sand FILL
M Stiff to Stiff CLAY to SILTY CLAY
Soft to M Stiff CLAY to SILTY CLAY 
Soft to M Stiff CLAY to SILTY CLAY

M Stiff  CLAY to SILTY CLAY
Stiff   SILTY CLAY to SILTY CLAY LOAM
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