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Slope stability considerations for lined landfills

The kick-off session of the 15th GRI
Conference in Houston focused on the
use of peak vs. residual strengths in de-
sign. While touching on testing and ap-
plications in retaining walls, the session
provided one of the best open dehates
on the difficulties facing the designer in
predicting the stability of a lined landfill
in service. The author actively partici-
pated in this discussion and felc chat
many of the key points presented in this
session would be of significant benefit to
all designers. Key points in this article
have been taken from papers by Gilbert
(2001) and Thiel (2001). Readers are
encouraged to obrain these articles and
read them in their entirety. This article
presents the highlights of discussions and
recommendations made that morning on
implementing conservative slope stabil-
ity evaluations. The discussion is focused
on slope failures that occur within the
containment system. This neglects site

subgrade stability considerations that are
similar in nature but more relared to un-
known site conditions.

Factors influencing
slope stability

The stability of an operational lined
landfill is influenced by:

* the shear strengths of the veneer
liner and lateral drainage systems that
form the containment bowel beneach
the waste,

* the density and shear strength of the
waste itself, and

* additional forces that may be acting
on or within the landfill.

A summary of each of these factors is
as follows:

Material shear strengths
In general, the uncontrolled move-
ment of waste within a landfill will be

Figure 1: Comparison of failure envelopes for faille PVC, smooth
VFPE, and textured HDPE geomembrane/GT2 geotextile surfaces
(from Stark and Richardson 2000).

the result of sliding along the interface of
the veneer liner and drainage systems
that make up the containment system
and through the waste. Thus, the shear
stfengths of interest are the interface
shear strengths berween adjacent veneer
layers and the internal shear strength of
the waste.

The interface shear strengths of
the veneer layers may display high
peak strength at smiall strains and then
significantly reduced shear strength at
large strains. This is commonly referred
to as a brittle fajlure. A pood example
of an interface exhibiting brittle inter-
face shear strength is that between a
nonwoven geotextile and a textured
geomembrane. A typical interface shear
strength vs. strain response for a non-
woven geotextile and a textured
geomembrane is shown on Figure 1. The
nearly constant interface strength at
large strain is referred to as the residual
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strength of the interface. It is generally
felr that such large strains are beyond
the capacity of 12-in. direct-shear ma-
chines commonly used in ASTM D 5321
and D 6423 testing. The lower interface
strength that develops at [arge strain in
these tests is refetred to as post-peak
strength to differentiate it from true
residual strength.,

Conversely, the interface shear
strength of the veneer layer may increase
to the peak strength and then remain
constant with strain. This is referred to
as a ductile failure, Municipal solid waste
(MSW) is thought to exhibit ductile fail-
ure and geosynthetic intetfaces such as
nonwoven geotextile on a smooth PYC
liner also have ductile failures {Srark and
Richardson 2000). A comparison of brit-
tle and ductile interface failures is pre-
sented in Figure 1.

An important concep
missed by the novice, is that both peak
and residual shear strengths can exist
concurrently within the different inter-
faces of a liner system. Brittle interfaces
that have high peak strengths may re-
main intact owing to slippage in an ad-
jacent interface having a low peak
strength, This concept is shown on
Figure 2. For the liner system portrayed
in Figure 2, large strain analyses would
be performed using the peak shear
strengths for the GCL internal shear
strength and the textured geomem-
brane/GCL interface, and residual or
post-peak strength for the GCL/drainage
composite interface,

t, frequently

Hydrostatic forces
Since landfills are designed to contain
liquids, the potential exists for large hy-

Figure 2: Example of residual strength for a system (from Gilbert 2001).
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drostatic forces at critical interfaces. His-
torical data from operational landfills in-
dicate that a majority have fully func-
tional lateral drainage systems that do
effectively limit the head acting on the
veneer systems to less than 12 in. (30
cm) as required by law.

Two recent trends in operations may
affect the sarisfactory performance of the
lateral drainage systems and lead to high
hydrostatic pressures at the veneer sys-
tems. These two changes are as follows:
* The more recent movement to
accept greater quantities of biosolids
(waste water treatment sludge) has the
potential to disrupt the uniform move-
ment of leachare through the waste. The
low-permeability and low-strength
biosolids material must be effectively
blended with the MSW waste to mini-
mize this potential.
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stgns. Using computer programs such as
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Three-dimensional (3-1D) analysis
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in the analysis. Obviously, engineering
judgement remains a key factor in prac-
tical analysis.

Summary
Several conceprs are presented in this
paper that may be new to even experi-

enced designers of lined landfills. These
important conceprs are as follows:

* Ensure that the srability of the liner sys-
tem exceeds [LQ when using the mininum
system residual strength. Recall that the
minimum system residual is defined ng
shown in Figare 2. This does not mean that

¢
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