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Geotechnical Design Memorandum

To: Dan Manojlovski, PE, Project Manager, AECOM
From: Met Seyhun, PE, Sr. Geotechnical Engineer e
Date: November 22, 2017
Subject:  Ramp EN (016-1712) East Abutment Drilled HP Pile Foundations
Project:  Circle Interchange Reconstruction
IDOT Job No. D-91-227-13, IDOT PTB 163, Item 01
Wang Project No. 1100-04-01

Introduction

Following the approval of Ramp EN (016-1712) Bridge SGR by IDOT on September 1, 2017,
Wang Engineering, Inc. (Wang) understands that the east abutment foundations for the bridge
have been changed to drilled or vibrated HP piles into bedrock, as per TSL dated September 13,
2017 (Appendix A). The micropile option is also discussed. The memorandum provides estimated

pile lengths and tip elevations for various HP piles, and provides downdrag induced on the piles by
the construction of Wall 20 (016-1811).

Drilled HP Piles Set in Rock

The east abutment will be supported HP piles drilled into rock. Based on borings 1705-B-6A and
20-RWB-01, the top of bedrock is at 487.6 to 490.0 feet elevation. An estimated top of bedrock
elevation of 488.0 feet was used for our analysis. We recommend the pile be drilled through the
soil with casing stopping on the top of bedrock and the top 4 feet of the bedrock should be cored to
provide bearing into fresh bedrock. The coring depth may vary depending on the bedrock
condition encountered during construction. The space between the pile and the casing will be
concreted. The geotechnical factored resistances of rock socketed HP piles based on the socket
diameter and end bearing is shown in Table 1. The downdrag loads on drilled HP piles resulting
from the construction of wall 20 are included in Table 3 under “Downdrag Loads” section and
should be applied for final resistance determination.
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Table 1: Estimated Pile Lengths and Tip Elevations for Drilled HP Steel Piles Encased 4-foot in Bedrock

Nominal Factored
Structure Drilled Pile Top of Unit Resistance Esggiied Estimated
Unit Steel HP  CapBase  Bedrock  Socket  Available® Pl Pile Tip
(Reference Spcket Elevation  glevation Base Length” Elevation
Boring) Diameter Resistance Ry
g (feet)
(feet) (feet) (ksf) (kips) (feet) (feet)

East Abutment

a 702 ;E{OM 2.0 589.33 486.0 650 1000 108 482
20-RWB-01)

M Includes 1-foot embedment in to pile cap and 4-foot of rock socketing.
@ For HP pile end bearing in rock, resistance factor (¢sw) of 0.50 was used in accordance with Table 10.5.5.2.4-1, AASHTO 2014.
Does not include DD.

Vibrated HP Piles

The HP piles may be vibrated to top of bedrock with taking precautions against excessive pore
pressure build up and excessive vibration to nearby main drain. Upon reaching the top of bedrock,
the driven bearing must be verified through the use of an impact hammer. The design values are
based on the maximum nominal required as established on Table 6.13.2.1-1 of IDOT Geotechnical
Manual 2015. Design information for various HP pile sizes are in Table 2. The downdrag loads on
vibrated HP piles resulted from the construction of wall 20 are included in Table 4 under
“Downdrag Loads” section and should be applied for final resistance determination.

Table 2: Estimated Pile Lengths and Tip Elevations for Vibrated HP Steel Piles

Nominal

Factored

Pil Total Estimated
Structure c lBe Top of Required Resistance  Estimated ;.llm%e
Unit Steel HP ap BASE g drock Bearing”  Available'” Pile re P
Ref: Si Elevation 3 Elevation
( eference 1ze Elevation Ry Ry Length
Boring)
(feet) (feet) (kips) (kips) (feet) (feet)
HP 58933 488.0 419 230 103 487
12x53 ’ ’
HP
East Abutment 12%63 589.33 488.0 497 273 103 487
(1705-B-06A
and Hp
20-RWB-01) 589.33 488.0 578 318 103 487
14x73
HP 589.33 488.0 705 388 103 487
14x89 : ’

' Maximum Nominal Required Bearing as per Table 6.13.2.1-1, IDOT Geotechnical Manual 2015.
@ For end bearing in rock, resistance factor (¢siar) of 0.55 was used in accordance with IDOT Standard. Does not include DD.
® Includes 1-foot embedment in to pile cap and 1-foot into rock.
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Downdrag Loads for drilled and vibrated HP piles
Downdrag (DD) will be acting on the drilled and vibrated HP piles by the construction of wall 20
where the settlement is expected to exceed 0.4 inches.

The estimated DD loads to be used for the design of drilled piles are provided in Table 3.

Table 3: Estimated Downdrag (DD) Loads on Drilled HP Steel Piles with Casing
Nominal Downdrag

Drilled HP Pile Load® Factored Downdrag Load
Diameter with Load Factor of 1.25®
(feet) (Kips) (Kips)
2.0 61 76

(' Based on a factor of 0.55x S, (undrained shear strength) as per AASHTO 2014
@ Load factor of 1.25 as per in accordance with Table 3.4.1-2, AASHTO 2014.

The estimated DD loads to be used for the design of vibrated piles are provided in Table 4.
The DD loads are calculated using IDOT’s AGMU Memorandum 10.2 — Geotechnical Pile Design

(IDOT, 2011).

Table 4: Estimated Downdrag (DD) Loads on Vibrated HP Steel Piles

S Factored Geotechnical
trch‘Fure Steel HP Loss Load
nit , Size From DD
(Reference Boring)
(kips)
HP (12x53) 52
East
Abutment HP (12x63) 53
(1705-B-06A
and
HP (14x73
20-RWB-01) (1473) 62
HP (14%89) 62
Micropiles

Micropiles can also be an option for the east abutment foundations like for Pier 1. Micropiles cause
minimal vibrations and noise, and can be installed in low headroom conditions. The contractor shall
design, furnish, install and test micropiles in accordance with FHWA-SA-97-070 (2000),

“Micropile Design and Construction Guidelines.”
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Based on our evaluation of the dolostone, we recommend a unit grout-to-ground (rock) nominal
bond resistance of 30 ksf to be used for the design of micropiles which corresponds to factored
resistance of 16.5 ksf, using a resistance factor of 0.55 (AASHTO 2014). Alternatively, it can be
designed with an allowable of 200 ksf when the base of the micropile is one foot or more below the
surface of solid rock. The capacity can be increased by 40 ksf for each additional foot to a
maximum of 400 ksf (CBC 2016).

Final foundation selection shall be made by performing a cost benefit analyses.

Attachments: _ _ \\\ﬁo L
Appendix A, TSL dated September 13, 2017 ‘
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Copy To:  Amish Bhatt, PE, SE, AECOM
Corina Farez, PE, PG, Wang Engineering, Inc.
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Benchmark: Cut square on center of door entrance to 707 W. Harrison St. (south side of Harrison St.,

approx. 90’ west of west line of Des Plaines St.). Elevation 597.47.

Existing Structure: S.N. 016-2453 was originally constructed in 1960 as an eight-span structure carrying one lane of traffic from eastbound [-290 to northbound I-90/94 (FAI Route No. 94: Section

0101.6-IP). Rehabilitation was performed under various contracts including removal and replacement of the Spans | thru 3 superstructure (from existing Bent 26 to Abutment 29), Piers 27
and 28, and the Abutment 29 backwall in 1987. The bridge has an overall length of approximately 429°-0" (41-83" / 707-53g" / 53-11b" / 49°-0%" / 54"-25" / 79586 " / 407-9b"
/ 40’-0" spans). an overall width of 29’-0" (out-to-out superstructure) and consists of a minimum 7'"-thick reinforced concrete deck with overlay supported on five (5) steel girders. The
existing substructure consists of reinforced concrete piers and abutments on drilled shafts. This structure will be removed and replaced. Traffic shall be maintained on the existing structure
during the construction of the proposed MSE walls, abutments, and pier 1 and 2. Subsequently, traffic shall be detoured to allow for the removal of the existing structure and the
construction of the remaining portions of the proposed bridge and approaches. Prop. Aluminum Span

Bridge Omission Sta. 1607+93.31 to Sta. 1611+06.15 Sign Structure
¢ Brg. W. Abut.

No salvage

Decorative 42" F-Shaped 42" Web F Girder,

HIGHWAY CLA

SSIFICATION

Ramp EN
Functional Class: Interstate
ADT: 26,600 (2012); 31,000 (2040)
ADTT: 1,032 (2012); 1,203 (2040)
DHV: 1,910 (2040)
Design Speed: 30 m.p.h.
Posted Speed: 30 m.p.h.
One-Way Traffic
Directional Distribution: 100%

1-90/94 SB at Van Buren
Functional Class: Interstate
ADT: 100,100 (2012); 98,000 (2040)
ADTT: 11,351 (2012); 11113 (2040)
DHV: 6,340 (2040)

Design Speed: 60 m.p.h.

Posted Speed: 45 m.p.h.
One-Way Traffic
Directional Distribution: 100%
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Prop. Retaining Wall 20

NOTES:

1

2.

For Profile Grade Lines and Offset Sketch, see Sheet 4 of 4.

Drainage scuppers shall be attached to a closed drainage
system.

. All structural steel shall be metalized (thermal spraying).

. All substructure units are radial to B unless noted otherwise.

Lightweight Cellular Concrete fill (Class I1I - 42pcf) shall be
used for all MSE retaining wall fill.

Aggregate Column ground improvement is shown here for
information only, it is included with Prop. Retaining Wall 20
(S.N. 0I6-1811) design plans.

Existing construction and foundation elements (sheet piles,
drilled shafts, steel piles, etc.) are present at the proposed

HIGHWAY CLASSIFICATION

Ramp NW
Functional Class: Interstate
ADT: 32,500 (2012); 36,000 (2040)
ADTT: 2,483 (2012); 2,730 (2040)
DHV: 2,790 (2040)
Design Speed: 35 m.p.h.
Posted Speed: 35 m.p.h.
One-Way Traffic
Directional Distribution: N/A

1-90/94 NB at Van Buren
Functional Class: I[nterstate
ADT: 96,700 (2012); 81,000 (2040)
ADTT: 1,217 (2012); 9,396 (2040)
DHV: 4,780 (2040)

Design Speed: 60 m.p.h.
Posted Speed: 45 m.p.h.

One-Way Traffic
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