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ABSTRACT 
 
WSP in collaboration with TRI Australia conducted investigation into the brittle shear behavior of 
Geosynthetic Clay Liners (GCLs) under high confining stresses, commonly used in landfill and mining 
applications. Through Construction Quality Assurance programs, including shear box testing, We observed 
that brittle failure occurred at lower stresses than previously anticipated, posing potential stability risks. 
Following industry feedback from the ACIGS GEOANZ #2 conference, WSP, in collaboration with TRI, 
further examined the impact of GCL hydration procedure on shear strength. The study involved reviewing a 
broader database of test results and performing additional shear and peel tests under varied hydration 
conditions. The findings provided deeper insights into failure mechanisms, hydration effects, mitigation 
measures, and future research pathways. 
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1 INTRODUCTION  

The use of GCLs in composite liners is now 
standard practice, with increasing adoption due to 
their superior performance over clay liners. 
However, assumptions in design often overlook 
potential internal shear issues. This study 
investigates GCL shear behaviour under varying 
normal stresses, using shear box testing performed 
on full liner profiles. Findings indicate that internal 
shear failures may occur at specific stress 
thresholds, leading to abrupt strength loss, which is 
characteristic of the brittle failure discussed in this 
text. 

2 BACKGROUND 

Shear box testing, also known as the Direct 
Shear Test, has been widely used to evaluate 
composite liner profiles, particularly GCL shear 
strength, and is more commonly utilised than Ring 
Shear Testing and the Inclined Plane Test. Our 
review found that only a few studies(see below) 
using this method have reported the brittle behavior 
of GCLs when tested independently or within 
complete liner profiles. 

Eid(2011) and Fox and Start(2015) identified 
this brittle behavior occurring in the residual 
strength of GCL. During multiple base lining system 
CQA projects, primarily focused on sloped base 

profile in large landfills, WSP observed this 
behavior and began investigating its occurrence 
through a shear test database developed in 
Australia. The preliminary survey confirmed and 
clarified the brittle failure mechanism, as illustrated 
in Figure 1 below: 

 

 
Fig. 1. The general brittle failure patten observed in the  

Australian dataset (for textured geomembrane)   
  
Form the studied dataset, it was observed that 

approximately 20% of the material tested show the 
brittle behavior within the normal load range tested. 
Also, we noted that while this may not be observed 
in all the materials, if the behavior can be noted in 
specific lots, meaning that if one sample in a 
specific lots shows softening in in residual strength, 
the this will be repeated in other samples from the 
same lot.  

The outcome of this analysis was presented in 
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ASIGS#2 Conference. The presentation received 
attention form the industry conference and in 
consultation with the presentation audience further 
hypothesis regarding the root cause of the brittle 
behavior was proposed. :  
 It was proposed that this is an 

Australian/regional specific issue  
 It was proposed that the hydration time of GCL 

hydration prior to shear box test has impacted 
the outcome and caused the brittle shear 
behavior. 

 It was proposed that the variability of GCL 
internal strength may lead to advent of 
premature residual brittle failure.  
   

To examine these hypotheses the writers, 
undertake further assessment and testing which is 
continuing.   

3 FRTHER TESTING AND DATA GATHERING 

3.1 Additional shear box data: writers 
surveyed on WSP USA data base of interface 
testing (an internal and confidential document) to 
study the brittle failure trend in USA market where 
the GCL suppliers and production methods are 
different compared to the Australian market. The 
outcome of the survey indicated that:   
 In additional 50 shear box tests performed in 

the high confining stress, less than 10% show 
a brittle behavior within the normal load range 
tested. 

 The brittle behavior was identified in much 
higher internal shear and confining stress 
(above 400 kPa in comparison to 200 to 250 
kPa in Australian data bases). 

    
3.2 the impact of hydration time on internal 

shear strength of GCL: The researches started an 
undergoing testing process that pre-hydration has 
been undertaken for 24, 48 and 72 hours and then 
peel test(ASTM D4696) and shear box testing 
ASTMXXXX) to assess the internal shear strength, 
at this stage only the outcome for 35 kPa are 
available and provided in figure 2 below. 

 

 
Fig. 2. The result if peel test and shear test for different 

pre-hydration time   
 

 The preliminary outcome shows confirms that:  
 There is a general trend that the shear 

strength is correlated with peel strength of 
the GCL sample.  

 The longer pre-hydration time will result in 
lower peal and shear strength. 

The above sentiments should be confirmed by a 
larger set of tests results and specifically by further 
testing in higher confined stress.  

 
 3.3 Variability of shear strength in GCL: 

Assuming that the peel strength is correlated with 
the internal shear strength of GCL, researchers 
undertook 15 samples across the width of four 
different GCL roll and conducted peel test for each 
sample. The result of the testing is included in figure 
3 below.  

  

 
 
Fig. 3. Th result if peel testing across the roll with for four 

GCL rolls.  
As shown in figure 3, the peel strength and 

consequently the internal shear strength can be 
significantly variable across a GCL roll. This can 
potentially lead to advent of brittle behavior in 
laboratory testing, while further discussion is 
required regarding its large-scale impact on site.    
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4 CONCUSION AND RECOMMENDATIONS 

The research, through adequate number of tests 
performed on the material used in different sites in 
Australia and USA can conform the brittle 
behaviour in GCLs exists and should be considered 
during the project development to avoid 
unanticipated failures in critical conditions. 
Following course of actions is proposed by the 
writers to mitigate the risk of such failures:  

 Implement rigorous QA testing, including 
shear box tests, to validate design 
assumptions. 

 Strict controlling on sampling and testing 
procedure to ensure that the results of 
laboratory tests suitably represent the site 
conditions. 

 Utilise a non-linear shear strength envelope 
where extensive QA testing is impractical. 

 Improve manufacturing controls to 
minimise variability in GCL properties. 

 Develop industry-wide guidelines for GCL 
selection based on confining stress 
scenarios. 

Writers also believe that suppliers should regard 
this issue in detail and provide more clarification on 
each product behaviour regarding premature 
internal failure within composite liner systems.     
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