Addressing Slope
Fallures involving
Problematic Soills
IN Kansas
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Overview

ACharacteristics and Location of Problematic Soils
AFailure Mechanisms

ASlope Failure Analysis

ATypes of Repair Methods

AExamples of Slope Failures in Kansas
A Location
A Background & Soil Properties
A Repair
A Ongoing Performance/Follow-Up Observations

AChallenges/Lessons Learned
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Characteristics and Locatio
of Problematic Solls




What makes
SOIls so
Problematic?

AHigh Swell Potential
(expansive solls)

ALow strength values

AHigh Erodibility

AOrganics



What makes
SOIls so
Problematic?

AExpansive Soils
AHigh Liquid Limit and Plasticity
Index

AMineral content
AMontmorillonite and Bentonite

A(smectite, beidellite, vermiculite,
attapulgite, nontronite, and chlorite)

ACyclic wetting and drying



"Swelling Clays Map of the Conterminous United States" by W. Olive, A. Chleborad, C. Frahme, J. Shlocker, R. Schneider and R. Schuster. 1989

USA Map
of

~ Expansive

Solls

- Over 50 percent of these areas are underlain by soils with abundant clays of high swelling
potential.

Less than 50 percent of these areas are underlain by soils with clays of high swelling
potential.

Over 50 percent of these areas are underlain by soils with abundant clays of slight to

moderate swelling potential. ‘ ‘ AOLEASCN )
Less than 50 percent of these areas are underlain by soils with abundant clays of slight to ; i nS : l S
moderate swelling potential.
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-These areas are underlain by soils with little to no clays with swelling potential.

Data insufficient to indicate the clay content or the swelling potential of soils.



Surficial Geology Map of Kansas ° Single Slope Failure

© Multiple Slope Failures

K== SURFICIAL GEOLOGY OF KANSAS

2008

. Douglas Group
A Weston Shale

"B sumner Group
A Wellington
Fm

. Dakota Formation

D Granerous Shale/
Charlie Shale

© Kansas
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Kansas Geological Survey, 2008, Surficial geology of Kansas: Kansas Geological Survey, Map M-118, scale 1:500,000.



Average Precipitation in Kansas, 1991- 2020

Precipitation (inches)

Source: Institute for Policy & Social Research, The University of Kansas; data from National Oceanic and Atmospheric Administration.
l:] Less than 20
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General Fallure Mechanisms

Rainfall

Crack development

Step-by-step
retrogressive

Infiltration tractive landslides

Infiltration
depth

. a
ck development
Increased —n Swelling
," 2,
P, infiltration ’ 50}3 ning .Increased \

Expansion depth y 6;:& \ it;itgation ffj.

(a) (b)

(c)

Figure 7. Destabilization and failure of expansive soil slopes: (a) initial state; (b) experience of repeated weti dry
cycles; (c) final failure.

Shear stress
(1) S R ---- Peak strength

Additional Driving Factors
A Perched Water

_ — & A Load at top of slope I i
" Displacement Effective n:)l:)mal stress (o) A Pavement ans aS

A Vehicular Load Department of Transportation

Residual strength

Figure 4. a) The peak and residual strength and b) the approximated failure envelope for peak and residual
conditions (Head & Epps, 2011)



Slope Failure Analysis

| Results of Bishop Analysis
RESULTS DISPLAY PLOT /PRINT CAPTURE SAFETY MAP

“ REFRESH _ oK
Display available distribution of tensile resistance Minimum factor of safety = 1.30
i (Max. 0 layers) Radius = 25.55 ft. .

+ —

Color Code Safety Factors
>5.00
. 4‘63
4.26
383
- 392y emn
315 ¥ =1003.83 ft.

278

241

2.04

1.67

1.30

Toe puinl\"]

Kansas

Department of Transportation




Methods

Most Common Types of Repair

ansportation
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Most Common Types of Repair Methods

/ Excavation Limjts
d Slope

Regrade

/ Box Exfension
Mote: Neq Final Design, Subject|to change
/ depending on Bridge Design redommendations.
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Flattening the slope /
widening the shoulder
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Most Common Types of Repair Methods
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Reinforcing Soll Slope with Geogrid
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Most Common Types of Repair Methods

Replacing the
soll slope with a
Rock Embankment

(optional soll cap)

Kansas
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Most Common Types of Repair Methods

Additional Feature to repaired Soll Slopes:
Drains along Benches
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Y SURFICIAL GEOLOGY OF KANSAS

2008
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Slope Failure Case Studies



K-18
Failure
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K-18 Failure Background & Soll Properties

Reported Liquid Limits 581 87

Reported Plasticity

Indexes 3971 64

Reported Effective . .
Friction Angles ( «0 ) 8.3 25.1
Reported Effective e 14

Cohesi opsf)( co
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K-18 Failure Background

A1st signs of Failure: Fall 2017 K&DS&S
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K-18 Failure Background

N
SR

Alnvestigation Requested: mid Oct. 2018
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K-18 Failure Background

Al week prior to the scheduled investigation: [< ansas
NOV 2018 Department of Transportation



