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GEOSYNTHETIC CLAY LINERS SUBJECTED 
TO DIFFERENTIAL SETTLEMENT 

 
An important application of GCLs is as a hydraulic barrier in final covers for landfills and vertical 
expansion of landfills over existing facilities.  Municipal solid waste landfills undergo settlement during 
and after their active life.  This settlement is caused by the gradual decomposition and consolidation 
of the waste mass.  Differential settlement may be characterized by the distortion ∆/L, which is defined 
as the settlement ∆, over the horizontal distance L.  The average tensile strain (εt) caused by 
distortion can be computed from simple mechanics.  If tensile strains are large enough, the barrier 
layer may crack and lose its hydraulic conductivity.  The damaged barrier would then cause increased 
leachate generation, which ultimately could jeopardize surrounding groundwater quality.  The cracked 
barrier in a closure or final cover system also could allow the uncontrolled escape of landfill gases.  
And if not properly repaired, the settlement cracks are likely to grow larger as infiltration erodes the 
sidewalls of the cracks (the “soil piping” phenomenon).   
 
For these reasons, it is essential that the landfill cover system be capable of sustaining the anticipated 
differential settlement of the waste mass.  Published data on tensile strains at failure for compacted 
clay liners indicate that the tensile strain at failure of compacted clay is typically between 0.1 and 4%.  
The ability of compacted clays to survive differential settlement in landfill covers has been questioned 
by Koerner and Daniel (1992) and Daniel and Koerner (1993), based on concerns over the brittleness 
of compacted clay in tension.  The levels of distortion often observed in landfill covers are greater than 
those that would theoretically crack compacted clay.  For vertical expansions this situation can be 
expected to be further exacerbated due to the high magnitudes of the normal stresses.  
  
Tests were performed in steel tanks and a water-filled bladder was placed beneath the GCL to 
produce differential settlement.  The GCL was then covered with 600 mm of gravel.  The water level 
was brought to its final position of 300 mm above the top of the GCL.  Two of the GCLs tested were 
needlepunched GCLs.  Another GCL tested was an unreinforced geotextile-encased GCL (the original 
version of Claymax which is no longer manufactured).  The unreinforced geotextile-encased GCL 
tested contained a light 0.9 oz/sq.yd. scrim backing on one side.  This material has been replaced by 
the new version of Claymax 200R which has a heavier geotextile.  A fourth GCL was a stitch-bonded 
GCL which also has been discontinued.  The GCLs were subjected to differential settlement in either 
a dry state or a hydrated state.  Other studies have shown that GCLs placed in contact with moist soil 
will quickly absorb water from the soil and hydrate within a few weeks.  Therefore, in almost all 
instances the GCL would be hydrated when subjected to differential settlement.  Thus, we will focus 
on data for hydrated GCLs.  
 
The final hydraulic conductivity at the end of each increment of settlement varied with the calculated 
tensile strain for the needlepunched GCLs.  The hydraulic conductivity of intact Bentomat GCL 
samples did not increase significantly, even at the largest induced tensile strain of 6%, which 
corresponds to ∆/L of 0.347.  Overlapped panels of Bentomat GCL were subjected to maximum 
tensile strains of 12-15%.  The hydraulic conductivity of overlapped Bentomat GCL panels did not 
increase significantly at tensile strains <12%!  At tensile strain of 15%, an overlapped sample 
exhibited a hydraulic conductivity slightly greater than 1 x 10-7 cm/s, but the overlapped panels were  
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subjected to an extreme distortion of ∆/L = 0.57.  Even in this case it is quite unlikely in an actual 
landfill that this type of trough-shaped settlement would occur, and even more unlikely that it would 
occur in the precise location and direction of an overlapped seam.  Moreover, the confining stress 
provided by a one-foot gravel layer on top of the GCL was not representative of the confining stresses 
created by a 3 to 4 foot thick cover system which would tend to greatly restrict seam separation.  In 
any case, if it is considered possible that this type of dramatic settlement is possible, the seam 
overlap during installation could be increased to 12 inches. 
 

 

   Settlement  Tensile Final  
Type of GCL            Specimen Increment ∆/L Strain (%) k (cm/sec)   
             

Bentomat (intact)  1 start  0  0 7 x 10-10 
    finish 0.325  5.0 5 x 10-9 
   2 start  0  0 1 x 10-9 
    finish 0.347  6.0  8 x 10-10 

Bentomat (overlapped) 1 start  0  0 3 x 10-9 
    finish 0.504  12.0 2 x 10-9 
   2 start  0  0 3 x 10-10 
    finish 0.574  15.0 3 x 10-7 
 

 
Another significant finding of these tests was that the bentonite mass per unit area in the Bentomat 
samples was the same both at the perimeter of the tank and within the central depression.  This 
means that bentonite did not migrate downward into the bottom of the depressed area. 
 
In conclusion, compacted clay liners cannot accommodate the differential settlement expected to 
occur in a typical landfill as well as GCLs.  Poor settlement behavior is just one reason compacted 
clay liners are currently falling out of favor and GCLs are increasingly used as barrier materials for 
landfill cover systems. 
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