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Forensic Evaluations 

•Review of 71 failures (Collin and Valentine)

•Categorized the adverse factors that contributed to the 
failures/poor performance

•Evaluated the frequency with which each adverse factor 
occurred.
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Twelve Adverse Factors

•Wall Contractor
•Other Contractor
•Soils
•Wall Engineering
•Wet Utility
• Internal Drainage
•External Drainage
•Owner

•Acts of God
•Construction 

Monitoring
•Civil Engineering 
•Geotechnical 

Engineering
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Findings
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Case History I
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SRW Cross-Section
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Case History II cont.
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Signs of Distress
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Signs of Distress
10/73



11/73



External Stability
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Internal Stability – Rupture & Pullout
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Global & Compound Stability
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Site Differences Between Design Assumptions and As-
Built Conditions 

•Grade bottom of wall not level – slopes at 14°
•Soils used to construct wall are not free draining (35% 

fines), no external drainage was provided
•Direct shear testing of foundation soils peak effective 

friction angle of 28 degrees
•Shear strength of foundation soil (ϕ = 28°) is less than used 

in original design (ϕ = 30°) 
•Surcharge from strip footing is greater than 100 psf 

assumed in design (actual 1000 psf)
•Post construction borings showed groundwater at the 

bottom of the wall, original design assumed no ground 
water
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Design

• Internal Stability met industry standard factors of safety for 
both the as-design and as-built (i.e., rupture and pullout).

•External Stability met industry standard factors of safety for 
both the as-design and as-built (i.e., bearing capacity and 
sliding).
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Soil Parameters for Global Stability Analysis

Material Unit Weight 
(pcf) ϕ(°) Cohesion 

(psf)
Reinforced 

Fill 115 30 0

Retained Fill 115 30 0

Foundation 
Soil (Fill) 115 28 0

Residual 
Soil 120 34 0

Weathered 
Rock 120 36 0
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Summary Stability Analysis

Description ϕF Sloping 
Toe

Surcharge Water 
elev.

FS global FS sliding FS 
overturn

As 
designed

30 no 100 170 1.3 >1.5 >2.0

As built 28 yes 100 170 1.25 >1.5 >2.0

As built 28 yes 100 + 
1000 strip

170 1.14 >1.5 >2.0

As built 
water @  
El 194

28 yes 100 + 
1000 strip

194 0.89 >1.5 >2.0

As built 
water @  
El 210

28 yes 100 + 
1000 strip

210 0.70 0.60 1.07
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Inclinometer Data
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Remediation
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Lessons Learned from Case History I

•Water is the trigger to most failures
•Drainage structures should be included as part of the wall 

design
•Site conditions should be verified by the wall designer
•Global stability is a critical component of the design of an 

SRW
•Include instrumentation to monitor the structure during the 

remediation
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Case History II
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SRW Design Cross-Section
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Construction November 1998
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First Failure May 1999



Location of the failure
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Observed Distress of Curb and Gutter
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Observed Distress of Curb and Gutter
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Observed Distress of Curb and Gutter
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Hurricane Floyd – September 1999 – Over 5” of Rainfall 
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Second Failure
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Location of Second Failure
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Reinforcement Properties

Type Aperture 
Size (in)

Tult (lbs/ft) LTDS 
(lbs/ft)

PVC 
Coated 

Steel Mesh

3.25 x 4.5 na 2800

PVC 
Coated 

Polyester 
Geogrid

1.0 x 1.2 1400 740
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Original Design – No Water

External 
Stability

Factor of Safety NCMA 
Recommended 
Factor of Safety

FS Sliding 3.5 1.5

FS Overturning 6.0 2.0

FS Bearing 
Capacity

4.3 2.0
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Original Design – Primary Grid

Layer # FS Tensile FS Pullout
10 3.0 3.8
9 2.0 6.4
8 1.9 11.4
7 1.9 15.5
6 1.8 20.6
5 2.1 28.1
4 2.2 35.4
3 2.0 37.3
2 2.2 47.7
1 3.2 73.6
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Original Design – Secondary Grid

Layer # FS Connection
10 0.61
9 0.56
8 0.46
7 0.44
6 0.41
5 0.44
4 0.52
3 0.49
2 0.54
1 0.38
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Original Design

•Did not consider connections
•Used proprietary software for one SRW system and 

substituted another system with different connection 
properties

•Did not consider hydrostatic effects on stability
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Hydrostatic Pressure 
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Remediation
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Remediation cont.
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Remediation cont.
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Remediation cont.
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Remediation cont.
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Lessons Learned from Case History II

•Water is the trigger to most failures
•The load at the connection was 50% of that calculated using 

NCMA design procedure
•Connection loads although less than calculated must be 

considered in the design
•Understand the limitations of software packages
•Use generic software
•Consider the unique characteristics of the SRW selected in 

the design
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Case History III
48/73



Case History III
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Wall Construction 
50/73



Wall Construction 
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First Failure of Wall
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Construction of Wall a Second Time
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Construction of Walls a Second Time
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Distress after rebuild
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Distress after rebuild
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Distress after rebuild
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Boring Location
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Direct Shear Peak Strength
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Ring Shear – Residual Strength

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Sh
ea

r S
tre

ss
 (p

sf
)

Normal Stress (psf)

15 degrees

13  degrees

13 degrees

63/73



CL Properties

CL directly below wall normal load 50 kPA  use φ = 28° 
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Section AA top of Slope EL 180 – Non-Circular Failure
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Remediation Option 1
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Remediation Option 2
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Lessons Learned from Case History III

•Don’t fix a failure until you know why it failed.
•Understanding the geology is critical to understanding the 

foundation conditions.
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Questions????

Thank You for Attending!!!

Jim Collin, Ph.D., P.E., D.GE., F. ASCE
The Collin Group, Ltd.

jim@thecollingroup.com
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Contact Information

Timothy D. Stark, Ph.D., P.E. 
Professor of Civil & Environmental Engineering 
University of Illinois at Urbana-Champaign
Technical Director
Fabricated Geomembrane Institute
tstark@Illinois.edu

Jennifer Miller, M.S.
Program Coordinator
Fabricated Geomembrane Institute
University of Illinois at Urbana-Champaign
fabricatedgeomembrane@gmail.com 

Jim Collin, Ph.D., P.E., D.GE., F. ASCE
President
The Collin Group, Ltd.
jim@thecollingroup.com
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Upcoming FGI Activities

University of Illinois-FGI Online CQA Course & Certification 
Feb. 4, 2025 12-1:30 p.m. CST - Manufacturing MQA & MQC
Feb. 5, 2025 12-1:30 p.m. CST - Subgrade Preparation & Inspection
Feb. 11, 2025 12-1:30 p.m. CST - Factory CQA & CQC
Feb. 12, 2025 12-1:30 p.m. CST - Field CQA & CQC
Feb. 18, 2025 12-1:30 p.m. CST - Post Installation Maintenance & Leak Location
Feb. 19 - 28, 2025 - University of Illinois-FGI CQA Online Certification Exam Available

Next FGI Webinar: Use of Geosynthetics in Pavements
Thursday, March 13, 2025 at Noon CST
Free to Industry Professionals
1.0 PDH 
Presenter: Dr. Jie Han
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 Online PDH Program
 Audio and Video Podcasts
 Latest Specifications and 

Guidelines
 Installation Detail Drawings 

(PDF and DWG)
 Technical Papers and Journal 

Articles
 Webinar Library (available to 

view and download)
 ASTM Field and Laboratory 

Test Method Videos

fabricatedgeomembrane.com 

 Pond Leakage Calculator
 Panel Weight Calculator
 Photo Gallery
 Member Directory
 Material and Equipment 

Guides
 Industry Events Calendar
 Women in Geosynthetics
 Geo-Engineering Pop 

Quizzes
 Safety Tips

Check out the FGI’s Website
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U.S. NEWS AND WORLD REPORT RANKINGS

#3 Civil Engineering Undergraduate Program
#5 Environmental Engineering Undergraduate Program

#4 Environmental Engineering Graduate Program
#2 Civil Engineering Graduate Program

#1 Online Master’s Program

Civil & Environmental Engineering
The Grainger College of Engineering
University of Illinois Urbana-Champaign

Women in Geosynthetics (WIG)

Join today: https://www.fabricatedgeomembrane.com/wig/join-wig

Follow us on Linked In and Instagram
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