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PEAK VERSUS RESIDUAL STRENGTH FOR WASTE 

CONTAINMENT SYSTEMS 
 

The Problem – waste containment systems contain numerous slip surfaces along which shear 
displacement (strain softening) can occur.  When these surfaces are sheared, a peak shear strength 
is mobilized at a small displacement (typically 0.5 inches) and then the shear strength decreases to a 
residual strength with continuing displacement.  In this paper, Gilbert provides four design guidelines 
to help address this problem.  The third guideline is the concept that is most commonly 
misunderstood. 
 
A common misconception is that the residual strength for a containment system is the minimum 
residual strength among all components in the system.  This causes some designers to hesitate to 
use needlepunched geosynthetic clay liner (GCLs) because they may have a low residual internal 
shear strength, similar to that of pure bentonite.  However, the residual strength can only be mobilized 
if the peak strength is exceeded.  Therefore, the residual strength for the system is the residual 
strength of the component with the lowest peak strength. 
 
An example of this concept is shown in Figure 3. This double liner system has a primary composite 
liner, consisting of a textured geomembrane over a reinforced GCL, underlain by a leak detection 
system with a drainage geocomposite.  Direct shear tests were run on each of the possible slip 
surfaces.  The peak strength for the interface between the GCL and the drainage geocomposite is 
less than the internal GCL peak strength; thus, the reinforcing fibers in the GCL are not stressed to 
failure and there is little shear displacement.  Therefore, the residual strength for this system is that for 
in the interface between the GCL and the drainage composite and not the minimum residual strength 
occurring internally within the GCL.  In a sense, the interface between the GCL and the geocomposite 
protects the GCL from undergoing significant internal shear displacement. 
 
This concept is important because in design because it can be used to prevent significant strain 
softening from occurring in the barrier material(s) by purposely creating a weaker interface above the 
barrier.  Sometimes referred to as “base isolation”, this idea was written about over 10 years ago by 
Von Pein and Prasad (1990).  It has been used in numerous landfills, including earthquake-prone 
California, over the past decade.  And it was successfully put to the test in the Northridge earthquake 
as documented in a GFR article (see CETCO TR-211).  
 
The factors of safety used in Gilbert’s paper were a matter of debate between engineers, 
academicians and regulators at the 15th Geosynthetic Research Institute Conference.  However, there 
was consensus that the residual strength for the system is the residual strength of the component 
(typically an interface) with the lowest peak strength.  Consequently, because of needlepunched 
GCL’s relatively high peak internal shear strength, an engineer can easily design so that the residual 
internal shear strength of the GCL is not a critical issue. 
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