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ABSTRACT 

 
Bituminous geomembranes (BGMs) are a multilayer/composite geosynthetic that can consist of a core of nonwoven 

polyester geotextile plus a fibreglass reinforcement fleece, or a single polyester/glass composite, which are 

impregnated with modified bitumen to form a low permeability and flexible geomembrane. The bitumen component 

of BGMs typically used on large area civil applications today are modified with Styrene-Butadiene-Styrene (SBS), 

which improves the BGM’s stability at elevated chemical and temperature conditions. Since BGMs are often 

installed on slopes, their interface shear characteristics in relation to substrates and superstrates are crucial for 

ensuring safe design. There are published datasets for BGMs in manufacturers guidelines for interface shear strength 

when the BGM is sheared against various soil types. Similar to the other traditional physical and mechanical index 

testing of geosynthetic materials in the laboratory, the interface shear tests are generally conducted in an 

environmentally controlled atmosphere (e.g., laboratory room temperature, 21 ± 2oC). However, the site conditions 

can result in BGMs being exposed to temperatures outside that range. For example, lining systems can be exposed to 

direct sunlight, and black materials such as BGMs absorb light resulting in diurnal elevated heating of the material (≥ 

65oC have been measured). Additionally, lining systems are often used to store or cap waste materials, which can 

generate heat through exothermic reactions. Combined with UV exposure, this can lead to temperature increases on 

both sides of the BGM, impacting its performance. Geosynthetic materials are known to experience changes in their 

mechanical and durability properties at elevated temperatures. Therefore, it is essential to assess whether increased 

temperatures could impact BGM performance and slope stability by altering its interface and/or internal shear 

characteristics. 

 

This paper explores the impact of BGM interface shear strength over a range of elevated temperatures. A range of 

different BGM configurations are investigated when interfaced against compacted clay. Supporting evidence was 

also collected from site investigations of BGMs installed on slopes. 
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1 INTRODUCTION 

Bituminous geomembranes (BGMs), in a factory 

produced rolled format, have a long history in civil 

applications since their inception in the mid-1970s. 

BGMs are a multilayer/composite geosynthetic liner 

that can consist of a core of nonwoven polyester 

geotextile plus a fibreglass reinforcement fleece, or a 

single polyester/glass composite, that are impregnated 

with modified bitumen to form a low permeability and 

flexible geomembrane (Marta, 2020). The surface is 

finished with sand for friction enhancement, foot traffic 

safety, and some UV protection to the underlying 

bitumen. Some BGMs can incorporate an additional 

geotextile bonded to the surface during manufacturing 

for protection and/or further enhancement of interface 

shear strength. The underside of a BGM can include a 

fused thin film, essentially stopping the roll sticking to 

itself in the rolled form, but this film can also be 

replaced with a removable film, which when removed 

during deployment exposes the tacky bitumen on the 

underside to increase interaction with soil subgrades.  

The bitumen component of BGMs typically used on 

large footprint civil applications today are modified 

with Styrene-Butadiene-Styrene (SBS), which improves 

the BGM’s stability at elevated chemical and 

temperature conditions (Peggs 2008; Touze-Foltz and 

Farcas 2017). Modified bitumen is a viscoelastic 

material, and recent studies (Francey and Rowe 2024; 

Fan and Rowe 2024) have detailed BGM susceptibility 

to creep at the seams when the seams are subjected to a 

constant tensile load. Further to this, the creep behavior 
is accelerated by elevated temperatures (Blond, 

GeoANZ#2). 



 

Traditionally, physical, and mechanical index 

testing of geosynthetic materials in the laboratory is 

conducted in an environmentally controlled 

atmosphere. Temperatures of test laboratories are 

typically set to 21 ± 2oC (and relative humidities over 

the range of 50-70%). Resultant properties are then 

reported and are specific to these environmental 

conditions. When installed on the slope, the stability 

analysis between the interface of BGMs and the 

underlying/overlying mediums (wastes, soils, 

aggregates, other geosynthetics etc.) requires the test of 

the interface shear resistance. There are published 

datasets for BGMs in manufacturers guidelines for 

interface shear strength when the liner is sheared 

against various soil types. This testing has been 

conducted to either NFP 84-522, ASTM D5321/5321M 

or ISO 12957 methods on a tilting table or a 300mm 

direct shear box, and notably under laboratory 

environmentally controlled conditions. 

However, it’s worth noting that the in-situ site 

conditions can result in BGMs being exposed to 

temperatures outside of the usual laboratory 

environment. For example, lining systems can be 

exposed to direct sunlight, and black materials such as 

BGM absorb light resulting in diurnal elevated heating 

of the material (≥65oC have been measured on 30oC 

ambient temperature day). Additionally, lining systems 

can be used to store or cap waste materials, and in some 

instances the waste material can produce exothermic 

reactions, thus also elevating the temperature of the 

lining system.   

By carrying out interface shear testing with different 

testing temperatures (20oC to 60oC range), this paper 

explores the impact of BGM interface shear strength 

over a range of elevated temperatures, when shearing 

against aggregates and compacted clays. The results 

indicate the traditional BGM may show notable 

interface shear strength lost as the temperature 

increases. Such risks may be reduced by new 

technology such as laminating a layer of geotextile on 

the BGM to provide higher friction particularly at high 

temperatures. This paper also provides some 

observations from sites where BGMs are installed and 

experienced the interface shear strength decline when 

they are exposed to elevated temperatures. 

2 LABORATORY TEST 

2.1 Materials  

Commercially available BGMs were used in this 

study. BGM1 has one side of its surface coated with 

silica sand, and on the other, it has a peel-off silicone 

coated film, which covers its tacky bitumen surface 

which can in theory provide high friction between itself 

and the soil or geosynthetic material it’s in contact 

with. BGM2 has one side of its surface coated with 

silica sand, and on the other a fused non-removable 

film. BGM3 has one side of its surface with a bonded 

PP geotextile, and on the other a fused non-removable 

film.  

The basic properties of the BGMs used in the study 

are provided below: 

 
Table 1. Basic properties of the BGMs used in this study. 

Properties Test 

Method 

BGM1 BGM2 BGM3 

Composition - Surface 1: 

Sand. 

Reinforcement: 

Nonwoven 

geotextile + 

glass mat 

Compound: 

SBS elastomer 

bitumen 

Surface 2: 

Peel-off 

silicone coated 

film with tacky 

bitumen 

underneath 

Surface 1: 

Sand. 

Reinforcement: 

Nonwoven 

geotextile + 

glass mat 

Compound: 

SBS elastomer 

bitumen 

Surface 2: 

Fused film 

Surface 1: 

Fused 

nonwoven PP 

geotextile 

Reinforcement: 

Nonwoven 

geotextile + 

glass mat 

Compound: 

SBS elastomer 

bitumen 

Surface 2: 

Fused film 

Thickness* 

(mm) 

ASTM 

D5199-12 

5.5 ± 0.1 5.5 ± 0.1 5.9 ± 0.3 

Mass per 

Unit Area 

(kg/m2) 

ASTM 

D5261-10 

6.34 ± 0.09 6.21 ± 0.03 4.66 ± 0.22 

Tensile 

Strength 

(kN/m) 

ASTM 

D7275-07 

36.65 ± 1.82 

(MD) 

30.14 ± 1.46 

(XMD) 

35.23 ± 0.71 

(MD) 

29.45 ± 1.58 

(XMD) 

47.07 ± 3.59 

(MD) 

29.91 ± 5.55 

(XMD) 

Tensile-tear 

Strength (N) 

ASTM 

D4073-19 

1193 ± 45 

(MD) 

1050 ± 66 

(XMD) 

1180 ± 132 

(MD) 

997 ± 18 

(XMD) 

 

Static 

Puncture 

Resistance 

(N) 

ASTM 

D4833-07 

620 ± 62 681 ± 39 1230 ± 117 

* Tested under 20 kPa confining pressure. 

 

The subsoil used in this study was a medium 

plasticity clay. The clay was compacted to 95% 

standard maximum dry density (1.75 t/m3) and 14.5% 

(3% dry of optimum moisture content of 17.5%). 

2.2 Interface Shear Tests 

The interface shear tests between the BGMs and the 

compacted clay were carried out in a fashion that 

followed the procedures given by ASTM 

D5321/5321M-21 Procedure B. The substrates were 

carefully prepared to level the compacted clay surface 

approximately 1 mm above the bottom half of the box. 

This ensured that the intended shear plane during the 

shearing phase remained aligned and was not affected 

by the gap between the two halves of the box due to 

consolidation. 

Three normal stresses, i.e., 10, 25, 50 kPa were 

chosen to capture the typical low confining stress 

condition often seen in a capping liner application. All 

tests included a consolidation stage at the target normal 



 

stress that lasts for 24 hours and followed by a constant 

rate of shear (1 mm/min). During shearing, the top half 

box remained stable while the bottom half box is 

pushed horizontally to achieve the shear along the 

interface between the two. The maximum shear 

displacement for each test was 85 mm. 

Temperature control during the test was achieved by 

circulating water at the target temperature into the shear 

box, inundating the substrates and the BGM specimen. 

Before the start of the consolidation and shearing phase, 

the water temperature in the shear box was measured to 

confirm the target temperature was maintained. 

Temperatures in this study were set at 20oC, 40oC, and 

60oC. For all tests, the shearing direction is parallel to 

the machine direction (MD) of the BGM specimen. The 

tacky bitumen surface designed to provide high 

interface friction, was used to shear against the 

substrates. 

3 RESULTS AND ANALYSIS 

3.1 BGM1 vs Clay 

The results obtained from the BGM – clay interface 

test suites showed that the elevated temperature notably 

affected the shear resistance, especially at the highest 

confining stress tested here, i.e., 50 kPa. The peak shear 

stress at 50 kPa dropped from 42.1 kPa at 20oC, to 32.7 

kPa at 40oC and 15.4 kPa at 60oC, accounting for 

22.3% and 63.4% shear stress decline, respectively. The 

shear stresses measured at lower confining stress levels 

(10 kPa and 25 kPa) also decreased as the testing 

temperature increases. As a result, the shear angle 

interpreted decreased significantly as the temperature 

increases (Figure 2). Similar trends were also seen at 

large displacements. 

 
Table 2. Tabulated BGM1 - clay interface shear test results 

Temperature 

(oC) 

Mohr-Coulomb Interpretation 

Peak Shear L.D. Shear 

Angle 

(o) 

Adhesion 

(kPa) 

Angle 

(o) 

Adhesion 

(kPa) 

20 39.7 0.1 28.4 1.8 

40 30.4 3.0 20.1 3.6 

60 10.3 6.6 6.9 4.1 

 
 

 
Fig. 1. Failure envelope obtained from BGM1 – clay interface 

shear tests at different temperatures.  

3.2 BGM2 vs Clay 

This test suite was conducted as a baseline test with 

a traditional BGM with the fused root film sheared 

against the clay at standard lab temperature. The peak 

friction angle 29.7 degrees at 20oC is ~8 to 10 degrees 

less than was measured with either a tacky sided BGM 

surface or a bonded geotextile surface at 20oC. 

 
Table 3. Tabulated BGM2 - clay interface shear test results 

Temperature 

(oC) 

Mohr-Coulomb Interpretation 

Peak Shear L.D. Shear 

Angle 

(o) 

Adhesion 

(kPa) 

Angle 

(o) 

Adhesion 

(kPa) 

20 29.7 0.1 35.8 0 

 

 
 

Fig. 2. Failure envelope obtained from BGM2 film – clay 

interface shear tests at 20oC temperature.  

 

3.1 BGM3 vs Clay 

A BGM-Geotextile composite was tested with the 

theory that this configuration may reduce the risks of 

interface strength lost at high temperature observed 

from the results presented above. This BGM has a 

nonwoven polypropylene (PP) geotextile heat bonded 

during BGM production to one of its surfaces. The 



 

same tests were carried out on the BGM’s laminated 

geotextile – clay interface at 40 and 60oC. 

 
Table 4. Tabulated laminated geotextile - clay interface shear test 

results 

Temperature 

(oC) 

Mohr-Coulomb Interpretation 

Peak Shear L.D. Shear 

Angle 

(o) 

Adhesion 

(kPa) 

Angle 

(o) 

Adhesion 

(kPa) 

40 38.1 0.5 35.6 1.7 

60 41.9 0.0 42.0 0.3 

 

 
Fig. 3. Failure envelope obtained from BGM3 heat-bonded PP 

geotextile – clay interface shear tests at different temperatures.  

 

According to Table 4, the heat-bonded PP geotextile 

layer provided notably better interface shear 

performance compared to the bitumen surface (Table 

2). At 40oC, the shear angle at peak and large 

displacement for the geotextile – clay interface was 

38.1o and 35.6o, respectively. At 60oC the values were 

41.9o and 42.0o.  

The after-test photos of the BGM specimens tested 

at 60oC at 50 kPa are presented below. These photos 

show that for the bitumen surface, the high temperature 

resulted in their softening, indicated by the notable 

abrasion marks found in BGM – clay interface (Fig. 

4a). Comparatively, the PP geotextile surface remained 

relatively intact apart from some extension deformation 

caused by the shear drag (Fig. 4b).  

 

  
(a) Bitumen (b) Heat-bonded GTX  

Fig. 4. Photos of the after-test specimen, both tested at 50 kPa 

normal stress at 60oC.  

4 SITE OBSERVATIONS 

Field inspections of BGM installations have 

revealed significant temperature-related effects on seam 

integrity, aligning with laboratory findings of reduced 

interface shear strength at elevated temperatures. Sites 

exposed to direct sunlight or thermal influences from 

stored waste materials exhibited notable signs of BGM 

degradation, including cracking of the BGM surface 

layer (Fig. 5), which subsequently exposes the 

underlying polyester geotextile reinforcement. This 

exposure accelerates the breakdown of the geotextile 

due to environmental factors such as UV radiation, 

moisture ingress, and mechanical stresses (Fig. 6), 

leading to progressive seam weakening and increased 

susceptibility to movement, strain and sometimes 

tearing. 

 

 
Fig. 5. Extensive crocodile cracking 
 

 
Fig. 6. Cracking resulting in tearing 
 

4.1 Seam Failure Mechanism and Poisson’s effect 

A key hypothesis regarding seam failures relates to 

Poisson’s effect, where settling and consolidation of 

tailings/sediment/waste induce longitudinal 

strain/stress, which translates into lateral strain  

perpendicular to the seams (Figs. 7, 8 & 9). 

Additionally, lateral shrinkage from thermal exposure 

and aging can independently contribute to seam 

separation (Fig. 10) or exacerbate the effects of 

Poisson-induced stress. This stress, combined with 

reduced interface friction between the BGM and the 

underlying layer due to thermal effects, further 

increases the likelihood of seam failure.  

This aligns with observations from field 



 

investigations where seam failures have been linked to 

tensile strain perpendicular to the seam direction, 

particularly when BGMs are exposed to differential 

settlement, downdrag (Fig. 11a & Fig. 11b), or 

temperature-induced shrinkage. 

 

  

Fig. 7. Boundary conditions 
 

  

Fig. 8. Introduction of longitudinal strain / stress  

 

 
 

Fig. 9. Lateral strain perpendicular to seam 

 

 
Fig. 10. Small seam separation 

 

 
(a) Long BGM seam failure due to downdrag loads 

 

 
(b) Short BGM seam failure due to downdrag loads 

Fig. 11. BGM seam failure attributed to Poisson’s effect failure 

mechanism 

 

The research by (Fan and Rowe 2024) demonstrated 

that even BGM seams considered to be of high quality, 

defined as having a weld strength at least 80% of the 

short-term sheet strength, exhibited significant 

vulnerability to rupture when subjected to sustained 

tensile loading. This susceptibility was evident in both 



 

small-scale and large-scale tests. Achieving optimal 

seam strength requires experienced and skilled 

installers, as variability in workmanship significantly 

influences seam quality. Improper execution during 

seaming can result in inconsistent bitumen squeeze-out 

(Fig. 10), poor adhesion, and increased vulnerability to 

creep and environmental degradation, further 

compromising long-term performance. 

 

 
Fig. 12. Poorly executed patch with excessive bitumen run-out 

 

5 CONCLUSIONS 

The laboratory experimental investigation, using the 

interface shear tests carried out at different 

temperatures up to 60oC, clearly showed that the BGM 

interface shear performance was heavily affected by the 

environmental temperatures and the surface properties 

of the BGM.  

1. When sheared against compacted clay, the 

shearing angle at peak shear stress decreased 

from 39.7o to 10.3o, when the testing 

temperature increased from 20oC to 60oC. 

2. Higher interface shear decline was observed at 

higher normal stress, e.g., 50 kPa. The after-test 

photo showed obvious abrasion marks on the 

softened bitumen surface of the specimen tested 

at 50 kPa, 60oC, suggesting that the bitumen 

softening is a key factor responsible for the 

interface shear resistance reduction. 

3. A BGM product with surface heat-bonded to a 

PP geotextile was also sheared against the clay 

subsoil at 40oC and 60oC. The PP geotextile 

effectively mitigated the negative influence of 

the softening bitumen during the interface shear 

test. 

Site observations reinforce the necessity of 

considering elevated temperature effects in the design 

and application of BGMs. Both the interface shear 

strength reduction and seam vulnerabilities due to 

downdrag highlight the importance of selecting 

appropriate materials and installation techniques to 

mitigate long-term performance risks. 
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