Addressing Slope
Fallures involving
Problematic Solls
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Overview

» Characteristics and Location of Problematic Soils
* Failure Mechanisms

* Slope Failure Analysis

* Types of Repair Methods

« Examples of Slope Failures in Kansas
» Location
« Background & Soil Properties
* Repair
« Ongoing Performance/Follow-Up Observations

» Challenges/Lessons Learned
- Going Forward I<3HS&S
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Characteristics and Location
of Problematic Soils




What makes
solls so
Problematic?

* High Swell Potential

(expansive soils)

\

* Low strength values

* High Erodibility

* Organics



* Expansive Soils
 High Liquid Limit and Plasticity

What makes Index
soils so * Mineral content
Problematic’? * Montmorillonite and Bentonite

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

 Cyclic 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. i "
Less than 50 percent of these areas are underlain by soils with abundant clays of slight to : i nS : l S
moderate swelling potential.

Department of Transportation

-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 e Single Slope Failure

© Multiple Slope Failures

The University of Kansas 2008 i

K== SURFICIAL GEOLOGY OF KANSAS

. Douglas Group
« Weston Shale

"B sumner Group
« Wellington
Fm

. Dakota Formation
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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

Bl - ;
Department of Transportation




General Failure 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 wet—dry
cycles; (c) final failure.

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

Additional Driving Factors
 Perched Water

X T & * Load at top of slope I i
" Displacement Effective n:)l:)mal stress (oy,) ® Pavement an S aS

 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
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Methods

Most Common Types of Repair

Kansas
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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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Most Common Types of Repair Methods
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Most Common Types of Repair Methods

Replacing the
soil slope with a
Rock Embankment

(optional soil cap)

Kansas
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Most Common Types of Repair Methods

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

2008

The University of Kansas

Department of Transportation

Slope Failure Case Studies



K-18
Failure
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K-18 Failure Background & Soil Properties

Reported Liquid Limits 58 — 87

Reported Plasticity

Indexes 39 - 64
Reported Effective 0 o
Friction Angles (¢’) 8.3 291
Reported Effective 334 144

Cohesion (c’) (psf)

Kansas
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K-18 Failure Background

» 1st signs of Failure: Fall 2017 K&HS&S
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K-18 Failure Background

* Investigation Requested: mid Oct. 2018 K&DS&S
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K-18 Failure Background
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* 1 week prior to the scheduled investigation:
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K-18 Failure Background

De cem be r 20 1 8 Department of Transportation




K-18 Slope Failure Repair
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K-18 Slope Failure Repair

- ¥
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Syfachine direction should be r

| perpendicular to the face of wail pripe. «
*Major Stresrgih Direcfion 5
*Machine Direction (MD) . 2%
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e
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« Slope regraded at
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* Geogrid Reinforcement
@ 1-foot vertical
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K-18 Slope Failure Repair
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Ditch regraded to keep water draining
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K-18 Slope Failure
Follow-up Visit Observations

Sl N

tinaue
Mowing Operations

Creates Surfaces
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K-18 Slope Failure
Ongoing Performance

June 2024
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1900 Rd Failure Background & Solil Properties

* 1981 — 2022
* Repair History

« Geosynt

Pt

hetic Fibers

Reported Liquid Limits 52 — 85
Reported Plasticity 15 _ 53
Indexes

Reported Effective 18°
Friction Angles (¢’)

Reported Effective 200
Cohesion (c’) (psf)

Residual Shear 74°-121°

Strength

Kansas
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Slope Failure
Investigation
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Slope Failure Investigation

Slickensides and Crackin
along scarps

Kansas
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1900 Rd Slope Failure Repair

Removed and Replaced
with more suitable soll

Repair Completed in
Spring 2024

Kansas
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1900 Rd Slope Failure
Follow-up Visit Observations
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Tension Cracks
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US-281
Failure
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Failure Background & Soil Properties

Reported Liquid Limits 67

Reported Plasticity 39
Indexes

 Time Constraints
* No lab testing

Kansas
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US-281 Slope Failure Background
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US-281 Slope Failure Repair

dI1SAaS
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US-281 Slope Failure Repair

e Sedipnate .»y-.;:-»r».

Drains

Kansas
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US-281 Slope Failure
Ongoing Performance
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Failure
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K-105 Failure Background & Soil Propert

Reported Liquid Limits 38 — 55
Reported Plasticity 17 — 34
Indexes

Reported Effective

Friction Angles (¢’) RE Sl
Reported Effective 200 343

Cohesion (c’) (psf)

Kansas
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K-105 Slope Failure Background

Kansas

May 1 Oth, 2019  Department of Transportation




K-105 Slope Failure Background
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K-105 Slope Failure Repair

AT ne . o

January 2020
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General Challenges / Lessons Learned

* Importance of Follow-up
visits

* |dentifying and Addressing Slope
Failures before they impact the roadway

« Safely accessing sites to conduct
Investigations and repairs

Kansas
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General Challenges / Lessons Learned

* Importance of Follow-up visits

 ldentifying and Addressing Slope
Failures before they impact the
roadway

« Safely accessing sites to conduct
Investigations and repairs

Kansas
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General Challenges / Lessons Learned

* Importance of Follow-up visits

 ldentifying and Addressing Slope
Failures before they impact the
roadway

« Safely accessing sites to conduct
Investigations and repairs

S

Cracking/Settling of Pavement

Kansas
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General Challenges / Lessons Learned

How * Importance of Follow-up visits

0 Material Availability - Identifying and Addressing Slope

Failures before they impact the

O Site Conditions
= Drainage/Water features roadway

" Soils Involved « Safely accessing sites to conduct

When iInvestigations and repairs
O Budget and Workforce Availability

J Extent of Failure

0 Public Impact Kansas

Department of Transportation



General Challenges / Lessons Learned

* Importance of Follow-up visits

* |dentifying and Addressing Slope
Failures before they impact the
roadway

« Safely accessing sites to conduct
investigations and repairs

Kansas

Department of Transportation



Going Forward
Moving from a Reactive to a Proactive Approach

Goals
 Identify Failures Early

 Determine when slopes should be
repaired vs monitored (Prioritization)

* |Improve Record Keeping

« Explore Alternatives

Department of Transportation



Going Forward
Moving from a Reactive to a Proactive Approach

Goals « Contact Maintenance Personnel about
 |dentify Failures Early locations of pavement distress
» Determine when slopes should be * Develop an inspection schedule

repaired vs monitored (Prioritization)
* Improve Record Keeping

« Explore Alternatives

Partners

« KU Graduates

Department of Transportation

« KDOT IT Staff



Going Forward
Moving from a Reactive to a Proactive Approach

Goals « Develop an inspection criteria

 |dentify Failures Early « Track Progression of Failures (Instrumentation / Inclinometers)

Table 3.3: KDOT GAMES Checklist
KDOT GAMES Inspection Form

e Determine when slopes should be
repaired vs monitored (Prioritization)

* |Improve Record Keeping

« Explore Alternatives

Table 3.2: GAMES MGRS

Partners e orepeiomd

when resources are available ific
3.0<MGRS<3.5 SOurees are

Maintenance should be performed

[ J KU G rad u ates 2.5 < MGRS < 3.0 before the end of next season. List an

increased inspection schedule until
maintenance is performed.

MGRS < 2.5 Maintenance should be performed as
- = -

soon as possible in the current season.
- ta




Going Forward
Moving from a Reactive to a Proactive Approach

Goals - Develop an interactive GIS Database

Identlfy FallureS Early ArcGIS v Structure Map & Reports

Determine when slopes should be
repaired vs monitored (Prioritization)

» J KDOT Maint Areas

» @ State Bridges

Improve Record Keeping

Explore Alternatives

Partners

KU Graduates

KDOT |T Staff Department of Transportation



Going Forward
Moving from a Reactive to a Proactive Approach

Goals
|dentify Failures Early

Determine when slopes should be
repaired vs monitored (Prioritization)

Improve Record Keeping

« Explore Alternatives

Repair Methods

Budgeting WA

ansa
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