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ABSTRACT 
This paper presents the effects of two commonly used gripping systems on shear stress at the geosynthetic - 
geosynthetic interface for the test conducted using a 300 x 300 mm direct shear device in accordance with the ASTM 
D 5321/D 6243, Test Method. Currently, gripping systems vary widely among laboratories in geosynthetic-geosynthetic 
interface shear testing procedures and the preferred surface remains a topic of debate. The shear stress-displacement 
curves (relationships) between the geotextile (GXT)/geomembrane (GM) and geomembrane (GM)/geosynthetic clay 
liner (GCL) were determined using the nail plate and sandpaper as the gripping surface. The results of this investigation 
showed that the nail plate was the most effective gripping surface for GXT/GM interface testing whereas the sandpaper 
was suitable for GM/GCL interface testing tested at normal confining pressures of 200 kPa and higher. 
 
 
 
1 INTRODUCTION 
 
The direct shear device remains the most popular 
method used for determining the shear strength 
parameters for geosynthetics. The equipment is typically 
designed to shear geosynthetic specimen between a 
movable shearing plate and a static reaction plate, each 
covered with an abrasive gripping surface. The surface 
transfers the applied shear load to the entire specimen 
to ensure uniform shear strain at failure. However, if the 
specimen is inadequately secured to the shearing plates, 
it experiences progressive failure and shear strength that 
deviates from the actual field performance of the tested 
geosynthetic. This leads to inaccurate and unsafe 
designs for projects which involve the use of 
geosynthetics. Currently, the American standard for 
testing materials (ASTM) D5321 and D6243 do not 
provide a standardized gripping surface for geosynthetic 
interface shear strength testing. Over the years, 
researchers (David and Robert, 1991; Merrill and 
O’Brien, 1997; Swan, Zehong and Yuan, 1997; Trauger, 
Swan and Yuan, 1997; Eid, Stark and Doerfler, 1999; 
Triplett and Fox, 2001; Zornberg, McCartney and Swan, 
Robert H, 2005; Fox and Ross, 2011; Lin et al., 2014) 
have come up with different gripping surfaces such as 
glue, metal textured surface, sand-blasting, and 
sandpaper that can be used. However, these gripping 
surfaces are at times not sufficient to secure the test 
specimens to the shearing plates. Consequently, there is 
a large variability in test results and such difficulties are 
faced in their interpretation. Therefore, this study was 
aimed at determining the effects of two common gripping 
surfaces on shear stress at the geosynthetic-
geosynthetic interface using a 300 x 300 mm direct shear 
box.  
 
 
2 GEOSYNTHETICS INTERFACE SHEAR 

TESTING 
 

Geosynthetics can be used in a landfill as a composite 
liner system on the slope and bottom surface. However, 
the effective application of geosynthetics, especially on 
the slope is highly dependent on their interface shear 
strength behavior. If the interface shear strength used in 
the design does not represent the actual field 
performance, the integrity of the lining system 
components can be highly affected whereby the 
geosynthetic’s primary function can even  be 
compromised. Therefore, the device used for testing 
interface shear strength for geosynthetics should mirror 
the conditions anticipated in the field by controlling the 
specimen confinement, applied normal stress, 
consolidation time frame, specimen hydration and shear 
displacement rate used during shearing (McCartney and 
Swan, 2002).  

 The pullout, ring shear and large direct shear 
devices have been used to determine geosynthetic 
interface shear strengths (Eid, Stark and Doerfler, 1999; 
Fox, 2010). However, the large direct shear box remains 
the most reliable method used for determining shear 
strength parameters for geosynthetics (Bachus, 
Soderman and Swan, 1993). The equipment is mainly 
used in accordance with ASTM D5321 and ASTM D6243 
standards. The ASTM D5321 provides the methods for 
investigating the interface shear strength of all 
geosynthetics except for geosynthetic clay liners (GCL). 
The determination of all GCL interface shear behaviours 
by the direct shear device are prescribed in ASTM D6243 
which is similar to ASTM D5321. However, they differ in 
specimen confinement, specimen sampling procedures, 
shear displacement rates and specimen conditioning 
(McCartney and Swan, 2002).  
 
2.1 Direct shear device 
 
A large direct shear device is typically divided into two 
shearing blocks, the lower moving part, and the upper 
static part as shown in Figure 1. A constant normal force, 
N is applied to the top box as illustrated in Figure 1 to 
produce a vertical normal stress, σ = N/A, where A is the 
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cross-sectional area of the direct shear box. A steadily 
increasing shear force F, which causes an increasing 
shear displacement is applied mainly to the lower part of 
the shear box at a user-defined rate (i.e. 0.1 mm/min, 1.0 
mm/min or 1.5 mm/min) such that the lower section 
moves laterally relative to the upper static part initiating 
the shearing process. In geosynthetic interface shear 
testing, the specimens are gripped on the lower and/or 
the upper shearing block using a specimen gripping 
system. This system is a combination of the gripping 
surface and clamping device. If the specimen gripping 
system is not used, the tested geosynthetics slip on the 
shearing block during shearing, thus, determining shear 
strength parameters that do not represent the actual field 
performance of the tested geosynthetics. Therefore,  it is 
of importance to provide a specimen gripping system 
(gripping surface and clamping device) to secure the 

specimen in position and prevent slippage between the 
specimen and the shearing block.  

The direct shear device is also equipped with a 
saturation tank in which a liquid (mainly water) is added 
in cases where the tests have to be conducted under 
saturated condition.   

 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 1: A systematic arrangement of the direct shear device 

 
 

2.1.1 Shear Stress - Displacement Curve  
  
Generally, the shear displacement of the geosynthetic 
specimen secured on the surface of the lower shear box 
takes place gradually with the increase of the shear 
force, F applied. Ultimately the peak (point A in Figure 2) 
which is the maximum shear stress is achieved and then 
the shear resistance of the tested specimens falls off as 
shown by region BC in Figure 2 to reach its residual 
shear strength. At this stage of shearing, the failure 
interface of the specimens is considered to have 
occurred (Jogi, 2005). However, the residual shear 
strength condition may not be defined in the same case 
due to the limited shear displacement of the 300 mm x 
300 mm direct shear devices. Therefore, a reduced 
shear strength condition reached after the test is termed 
the large displacement (LD) shear strength (Rouncivell, 
2005). After the completion of the test, the failure mode 

of the tested specimen is carefully inspected to ensure 
that failure happened at the intended interface and that 
the stress calculations took into account the actual 
sheared area, (Rouncivell, 2005). This test procedure is 
repeated at least three times and the shear stress is 
recorded as a function of the horizontal displacement of 
the lower moving section of the shear box. The shear-
displacement results are plotted on the diagram as 
shown in Figure 2. 
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Figure 2: Typical shear stress-displacement relationship 

 
2.1.2  Normal stress - shear stress  

 
The shear strength design parameters of the tested 
geosynthetics at failure are determined from the shear 
stress - normal stress curve. The curve is plotted using 
the normal stress results obtained at failure and their 
corresponding maximum shear stress is read off from the 
shear stress-displacement diagram. The graph 
approximates a “best-fit” straight line through a defined 
section of the shear stress - normal stress failure 

envelope described by the Mohr-Coulomb equation ( = 

(n,stan δ c) as illustrated in Figure 3. The inclination 
of the line to the normal stress (σ(n,s)) axis is interpreted 
as the angle of interface shearing resistance (δ) and its 
intercept with the shear stress axis is interpreted as the 
apparent adhesion (ca) (see Figure 3) (Jogi, 2005; ASTM 
D5321, 2017). Thus, if the shear stress-displacement 
curve does not represent the true performance of the 
tested geosynthetics, the shear stress values used to 
plot the shear stress - normal stress graph will be 
incorrect. Accordingly, the design parameters will not be 
accurately representing the field performance of the 
material.  

 
 

 
Figure 3: Shear stress - normal stress curve 
 
 
3 MATERIAL AND METHODS 
  
3.1 Material 
 
To mirror the anticipated landfill interface conditions, the 
following commonly used geosynthetics for landfills were 
utilized in the tests. 
   

3.1.1 Geotextile  
 
A 6.4 mm grey Bidim A10 geotextile (GXT) was used in 
the study. The product had a static puncture strength of 
11700 N, a permeability of 0.01 m/s and 50 – 80 % of 
Elongation at break (KAYTECH Engineering Fabrics, 
2015). Figure 4 shows the surface appearance.  

 
 

 

Figure 4: Bidim A10 surface appearance; (a) Bottom 
surface (b) Top surface 
 
 
3.1.2 Geomembrane  
 
This is a Double Textured (DT), HDPE Geomembrane 
(GM) with carbon black of 2.25 % and a density of 0.938 
g/cm3. The GM was able to withstand the tear and 
puncture resistance of up to 249 N and 645 N, 
respectively (AKS, 2018). Figure 5 shows the asperity 
difference of the DT, HDPE - GM used.  

 
 

 
Figure 5: Asperity difference of the DT, HDPE - GM. (a) 
0.71 mm and (b) 1.81 mm. 
 
 
3.1.3  Geosynthetic Clay Liner 
 
The third geosynthetic utilized was the Envirofix X800 
Geosynthetic Clay Liner (GCL). This was a composite 
product that consisted of, from top to bottom, a 
nonwoven-white geotextile cover, a Sodium Bentonite 
powder layer in the middle with 0 % moisture content and 
a Silt firm, woven geotextile carrier layer (see Figure 6). 
The product had a min average roll value (MARV) of 200, 
3700 and 110 g/m3 for the cover layer, bentonite layer 
and carrier, respectively (KAYTECH, 2013). In addition, 
the bentonite layer had a minimum MARV swelling index 
of 24 ml/2g. Figure 6 shows the surface difference of the 
GCL.  
 
 

 
Figure 6: Envirofix X800 GCL 
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3.2 Testing Equipment  
 
3.2.1 Large Direct Shear  
 
An automated ShearTrac-III, large direct shear device 
which was developed by Geocomp was used in the 
study. The apparatus consists of the top static and lower 
moving section. The top shear box measured 305 mm x 
305 mm in plan and 100 mm in depth. The bottom shear 
box measured 460 mm x 355 mm in plan and 100 mm in 
depth. A general configuration of this apparatus is shown 
in Figure 7.  

 
 

 
Figure 7: Large direct shear device used in the study 
 
 
3.3 Gripping Systems  
 
The specimen gripping system used during the tests 
consisted of a 20 x 10 x 300 mm clamping bar on each 
shearing block and the nail plates or 3M safety-walk slip 
resistant tape (sandpaper) depending on the tests. In all 
the experiments, each specimen was secured to the 
edge of the shearing block using the clamping bar. Then 
either the nail plates or sandpaper was used as 
specimen gripping surface.    
 
3.3.1 Sandpaper 
 
A clear 0.87 mm thick, 3M safety-walk sandpaper was 
used in the study. The product consisted of 405.5 to 
595.02 µm abrasive particles bonded by a tough, durable 
polymer to a dimensionally stable plastic film to form a 
“coarse” surface. The reverse side was coated with a 
pressure-sensitive adhesive which was covered by a 
removable protective brown liner. This 3M safety-walk 
sandpaper is mainly used to prevent slips and falls in 
residential and industrial places in dry, wet, or oily 
conditions. The sandpaper is user-friendly, and it 
exceeds the standards and recommendation guideline 
for slip resistance in accordance with ASTM 
requirements (United States Dept. of Labor, 2012).  It 
was for this reason that the 3M sandpaper was utilized in 
this study. Figure 8 shows the 3M safety-walk 
sandpaper.  

 
Figure 8: Microscopic detail of the 3M safety-walk slip 
sandpaper (Magnitude of 100x).  
 
 
3.3.2 Nail Plates  
 
The nail-gripping plates used in this study were custom 
made from the mechanical workshop at the University of 
Cape Town, South Africa. The plates consisted of 2 mm 
short stainless-steel nails which were finely distributed at 
12.72 mm spacing on either side and mounted on a rigid 
stainless-steel plate as illustrated in Figure 9. A 3 mm 
diameter drainage hole was drilled at each slot 
intersection ( 12.72 mm or centre)  to allow water to move 
through the plate from the slotted side to the gripping 
side. The drainage holes provided free access to water 
during hydration, consolidation, and shearing. The top 
gripping plate was 303 mm long and 303 mm wide and 
had 552 nail teeth while the bottom gripping plate was 
480 mm long and 303 mm wide and consisted of 768 nail 
teeth.  
The plates were designed in such a way that during the 
shearing process, the two nail plates may not touch each 
other at any time. This was important in transferring the 
total tangential stresses over the total area of both the 
upper and lower side of the tested specimen.  
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Figure 9: Schematic diagram of the nail plates; (a) 
Detailed, (b) Bottom plate and (c) Top plate  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4 Test Procedure 
 

Geosynthetic specimen preparations were conducted in 
accordance with the guidelines specified in ASTM D5321 
(2017) and ASTM D6243 (2018) testing methods.  The 
specimens were cut from the supplied geosynthetic rolls 
into 460 mm x 300 mm and 300 mm x 300 mm fragments 
for the bottom and top shearing block, respectively. The 
bottom specimen was firmly secured to the lower 
shearing block and the top specimen to the upper 
shearing block with either the nail plate or sandpaper 
(depending on the test) then clamped with the clamping 
device. In all the tests, each specimen was orientated in 
the machine direction during the test set up to simulate 
field conditions (i.e. in landfills). 

Hydration condition was considered in all the tests 
and therefore, the GM/GCL and GXT/GM interfaces 
were saturated for 24 hours and 1 hour before shearing, 
respectively (adapted from McCartney, Zornberg and 
Swan, 2009; Fox and Stark, 2015; Stark, Niazi and 
Keuscher, 2015). The hydration for GM/GCL interfaces 

were performed under a low normal load (17 kPa) as 
recommended by the standard (ASTM D6243, 2018).  

On each gripping surface, ten tests were conducted 
under normal pressures of 50, 100, 200, 295 and 400 
kPa (Visser, 2018) using an adapted shearing rate of 0.1 
mm/s and 1.0 mm/s for interfaces consisting a GM/GCL 
and GXT/GM, respectively (ASTM D5321, 2017; ASTM 
D6243, 2018). 

The bottom shearing box was allowed to move to a 
maximum shearing displacement of 70 mm in all the 
interface shear tests conducted, therefore, the resulting 
strengths were referred to as large displacement (LD) 
shear strength and not residual strengths (Stark and 
Choi, 2004). Upon completion of the tests, each failed 
specimen was visually inspected for any unusual 
distortion of the specimen as a distortion of the specimen 
would mean that a test is to be repeated using improved 
gripping surfaces (Fox and Stark, 2004). A detail of the 
specimen configuration during the interface shear 
strength testing is shown in Figure  11. 

(c) 

(b) 

(a) 
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Figure 10:  Specimen configuration in a large direct shear device  
 
 
4 RESULTS AND DISCUSSION  
 
The shear stress - horizontal displacement relationships 
for all GXT/GM and GM/GCL interfaces tested according 
to the direct shear program were presented in Figure 12 
and 13. Each graph illustrated the effects of the nail plate 
(NP) and sandpaper surface (SP) on the shear stress 
interface tests as indicated in the legend. Again, each of 
the interface tests was conducted at five different normal 
stresses; at 50,100, 200, 295 and 400 kN/m2. Thus, there 
are five curves of the same type of line in Figure 12 and 
13. 

It was assumed that if the shear stress-displacement 
diagrams were the actual representation of the field 
performance of the tested geosynthetics, then the values 
used to plot the shear stress - normal stress curve to 
determine the design parameters would be of the true 
field representation of the material.  
 
4.1 GXT-GM Interface  
 
Figure 12 presented a typical shear stress-displacement 
relationship for interface shear strength testing. The rate 
of development of shear stress with horizontal 
displacement shown in Figure 12 increased gradually as 
the normal pressure increased. This was expected since 
the higher the applied normal pressure, the higher the 
induced contact stresses between the tested specimens. 
The increase in shear stress was then followed by a 
“smooth” decrease of the curves until the specimen 
reached the LD shear strength condition. 
  

Figure 11: Shear stress - displacement relationships for 
GXT/GM interface 
 
 

Comparing the magnitudes of shear peak stresses, 
the results indicated that the peak and LD were in similar 
in behaviour for both methods of gripping surfaces when 
tested at 50 and 100 kPa. However, the nail plate 
produced the shear peak stresses at a slightly lower 
displacement of 4.41 mm as compared to 5.83 mm when 
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the sandpaper was used for a stress of 100 kPa. For the 
remaining three confining pressures (200, 295 and 400 
kPa), the nail plate mobilized higher shear peak stresses 
at lower displacement in contrast to the sandpaper. A 
noticeable difference was observed for a test conducted 
at a normal load of 295 kPa, where the shear peak 
stresses of 189 and 159 kPa was achieved at horizontal 
displacements of 8.2 and 7.9 mm for the nail plate and 
sandpaper, respectively. This difference may be 
attributed to the early engagement of the nail plates with 
the geosynthetic specimens during the consolidation 
period. It was anticipated that the puncturing of the 
geosynthetic fibre by the sharp teeth on the nail plate 
once the normal confining pressure was applied, created 
an interlocking bond which offered higher resistance than 
slippage when the shearing phase began. This allowed 
an early peak mobilization of the tested geosynthetics 
during the shearing process. Comparing the typical 
stress-displacement curves presented in Figure 2, it can 
be observed that the relationships investigated when the 
nail plate was used provided a close range of the actual 
behaviour of the GXT/GM interface than the sandpaper. 
This suggests that the nail plate was the most effective 
gripping surface for the GXT/GM interface shear strength 
testing.  

Visual post exanimation for all the failed specimens 
reviewed no sign of tension occurred during the shearing 
process. Table 1 shows the summary of shear peak 
stresses and displacements of the GXT/GM interface.  
 
 
Table 1: Summary of the shear peak stresses and 
displacements for the GXT/GM Interface. 

Gripping 
Surface 

Normal 
Stress 
 (kPa) 

Shear 
Peak  
(kPa) 

PD* 

(%) 

Shear 
Displ. 
(mm)  

Nail Plate 50 28.5  
0 

4.5 
Sandpaper 28.5 4.5 
Nail Plate 100 61.4 

0 
5.8 

Sandpaper 61.7 7.3 
Nail Plate 200 124 

9.7 
6.6 

Sandpaper 112 7.6 
Nail Plate 295 188 

15.4 
8.2 

Sandpaper 159 7.9 
Nail Plate 400 223 

7.2 
7.1 

Sandpaper 207 8.3 

*Percentage Difference in shear peak stresses 
 
 
4.2 GM-GCL Interface 
 
A shear stress-displacement curve representing the 
actual performance of the material’s shear behaviour has 
a smooth transition from the start of loading to the shear 
peak stresses and then to large displacement/residual 
shear strength, like the one presented in Figure 4a by 
Fox in 2010. Figure 13 displayed the shear stress-
displacement results for GM/GCL interface. 
 

 
Figure 12: Shear stress - displacement relationships for 
GM/GCL interface 
 
 

In Figure 13, uniform shear stress-displacement 
relationships with marked maximum shear stresses, are 
displayed except for the tests conducted at normal 
stresses of 50 and 100 kPa using the sandpaper. The 
sandpaper produced irregular shear stress-displacement 
relationships with broader higher peaks at a range of 
displacement values for normal stresses of 50 and 
100kPa. These relationships are similar to what Fox, 
Stark and Swan presented in 2004 and suggested that 
the wider peaks were due to slippage that had occurred 
during shearing. This was confirmed by the visual post 
examinations of the failed specimens that indicated that 
the bottom sheared specimen had slightly tensioned just 
before the clamping device indicating that the sandpaper 
allowed the specimen to slip during shearing. 

In all the GM/GCL interface test, the sandpaper 
achieved higher maximum shear strength but at “higher” 
horizontal displacement as compared to the nail plate. 
For instance, the tests conducted at 200 and 295 kPa 
displayed a more peculiar difference from that of the nail 
plate. The sandpaper produced higher shear peak 
stresses and displacements of 215 and 172 kPa at 12.6 
and 10.2 mm for 295 and 200 kPa applied stresses, 
respectively.  The nail plate produced a shear peak 
stresses of 113 and 94.3 kPa at shear displacements of 
5.5 and 8.5 mm.  This represented about 46 percent 
difference in shear peak stress.  Table 2 shows the 
summary of the shear peak stresses and displacements 
of the GM/GCL interface.  
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Table 2: Summary of the shear peak stresses and 
displacement for the GM/GCL Interface.  

Gripping 
Surface 

Normal 
Stress 
(kPa) 

Shear 
Peak 

(kPa) 

PD* 

(%)  

Shear 
Displ.  
(mm)  

Nail Plate 50 70.8 
5.2 

10.5 
Sandpaper 74.7 16.9* 
Nail Plate 100 89.3 

16.5 
6.9 

Sandpaper 107 15.4* 
Nail Plate 200 94.3 

45.2 
8.6 

Sandpaper 172 11.2 
Nail Plate 295 113 

47.4 
5.5 

Sandpaper 215 12.4 
Nail Plate 400 225 

13.7 
6.6 

Sandpaper 249 11.6 

*Percentage Difference in shear peak stresses 
 
 
5 CONCLUSION 
 
This paper presented an investigation of the effects of 
gripping systems on the shear stress at the 
geosynthetics – geosynthetics interface. The GXT/GM 
and GM/GCL interface were tested at normal stresses of 
50, 100, 200, 295 and 400 kPa using the nail plate and 
the sandpaper as the gripping surfaces. Based on the 
test results, the following conclusions and 
recommendations were made: 
 The nail plate produced higher sharp shear peak 

stresses at lower displacements than the sandpaper 
for all the GXT/GM interface tests conducted. The 
measured shear stresses from the nail plate rose 
rapidly and reached the shear peak stress value at 
shear displacements of less than 8.4 mm then 
decreased rapidly to approach the LD condition. 
Post visual examinations reviewed no tensioning of 
the specimens, hence, it is believed that the nail 
plate is the most effective gripping surface for 
GXT/GM interface tests.  

 In all GM/GCL interface tests, the nail plate 
produced “smooth” stress-displacement curves for 
all the normal loads considered. However, all the 
shear peak stresses recorded were lower than that 
of the sandpaper. The sandpaper produced 
“smooth” stress-displacement relationships with 
“well-defined” shear peak stresses for all normal 
loads except for 50 and 100 kPa. It was anticipated 
that the sandpaper could not produce adequate 
resistance against slippage of the specimens during 
the shearing process due to its asperities not 
developing enough interlocking mechanism to hold 
the tested specimen firmly as much as the nail plate 
did at low pressures (50 and 100 kPa). Thus, it can 
be suggested that the sandpaper is the most 
effective gripping surface in the GM/GCL interface 
shear strength testing conducted at normal stresses 
of 200 kPa and higher.   

 Geotechnical Engineering is about giving sound 
advise based on the tests results obtained from in 
situ or/and lab test. If the quality of results from tests 
is compromised, the geotechnical designs for the 
structures will be affected either by cost or failure. 
Therefore, knowing the most effective gripping 
systems to use in geosynthetic interface shear 
testing on a direct shear box will result in safer and 

cost-effective designs of the geosynthetic-
structures. 
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