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ABSTRACT

One of the significant concerns in geotechnical-environmental projects is the risk of soil contamination,
whether due to leachate or the percolation of heavy metals from mining waste. Therefore, geomembranes
are one of the most widely used geosynthetics globally as a barrier element, as they exhibit an extremely
low permeability coefficient of fewer than 1.0E-12 cm/s in a millimeter-thick layer. In addition to their rapid
installation with standardized procedures, high-density polyethene (HDPE) geomembranes are formulated
to withstand weathering and last for many years. The non-polar nature of polyethylene provides high
stability against chemical agents and other environments, so their physical and mechanical properties and
durability are not affected in the presence of acids or bases. To understand the durability of geomembranes,
a sample of 1.50 mm was exposed to weathering for fifteen years in southern Brazil to verify variations in
their physical and mechanical properties. Tensile, tear, and puncture tests were conducted based on ASTM
and ABNT procedures, and the values obtained were compared with the minimum values established by
GRI-GM13. The results showed that, after 15 years, the physical-mechanical properties continued to
exceed the minimum values established by GM-13 recommendations. It was concluded that the
geomembranes performed well against weathering without any changes in their behavior during the 15
years of exposure.
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1 INTRODUCTION

Geomembranes are geosynthetics widely used
for soil-containing fluids and residues and
employed in landfills, reservoirs, canals, and
various geotechnical applications (Vertematti,
2015). Manufactured primarily from polymers such
as HDPE, these geomembranes exhibit extremely
low permeability, on the order of 1.10E-12 cm/s,
and high chemical and mechanical resistance,
making them essential for environmental
protection and the control of soil and groundwater

ultraviolet (UV) radiation intensity.

According to Lavoie et al. (2020), various
mechanisms can affect the structural integrity of
geomembranes, including oxidative degradation,
photodegradation, thermal degradation, and
chemical degradation.

Koerner et al. (2017) investigated the half-life of
an HDPE geomembrane with a thickness of 1.5
mm in a laboratory-covered environment and
laboratory UV exposition. Both tests were
conducted for 12 vyears. The study involved

contamination (Koerner, 2005).

Due to their importance in civil engineering
applications, geomembranes' durability is a critical
long-term factor, as their degradation can
compromise the efficiency of the containment
system. Greenwood et al. (2016) explain that
environmental conditions play a fundamental role
in estimating the service life of geosynthetics,
particularly geomembranes. The main factors
affecting their durability include local temperature,
precipitation regime, soil characteristics such as
particle size, installation method, raw material, and

incubating samples in a system simulating a liner
under a 50-meter layer of solid waste, with
temperatures ranging from 55, 65, 75, and 85°C
and UV chamber exposure in different
temperatures. The half-life was defined when the
tensile strength or elongation of the material was
reduced by 50% compared to the original values.
The projection of these results for a temperature of
20°C suggested an approximate service life of 450
years in buried applications and 65 years under UV
exposure.

Reis et al. (2017) evaluated the behaviour of
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five geomembranes exposed to climatic conditions
in Portugal over 12 years. The study investigated
the degradation of these materials considering
environmental factors such as ultraviolet radiation,
temperature, and humidity. The analysis involved
laboratory tests to measure the mechanical and
physicochemical properties of the geomembranes
after different exposure periods. It was found that
exposure to climatic conditions primarily affected
bulk density and oxidation induction time (OIT). In
addition to OIT, ultraviolet radiation influenced
tensile strength.

The physical and mechanical properties, such
as density, thickness, carbon black content, and
MFI, of textured and coloured geomembranes
exposed for different periods were evaluated by
Aparicio-Ardila et al. (2025). In addition to these
tests, the authors examined thermal stability
temperatures and antioxidant depletion through
tests such as TG/DTG and Standard OIT. The
Standard OIT results indicate substantial
antioxidant depletion across all geomembranes.
The authors suggest that the increase in material
stiffness resulted from the reduction in melt flow
index (MFI). Thus, there may be a correlation
between standard OIT and MFI properties.

This work examines the variation in the
mechanical properties of a smooth HDPE
geomembrane exposed for 15 years in southern
Brazil. The geomembrane was manufactured
using the flat die process, recognized for its
excellent thickness control (Junior et al., 2022).
Periodic sampling was carried out at intervals of
approximately 3 years to analyze the property's
evolution.

2 MATERIALS AND METHODS

This study used a 1.50 mm smooth HDPE
geomembrane sample. The sample was exposed
to weathering in southern Brazil (29°52'39.8" S;
51°11'3.1" W) for a period of 15 years. To
maximize the UV exposure factor, the samples
were fixed on panels made of steel and wood with
a 29° inclination. The geomembranes were
exposed in the exact location as the study
conducted by Aparicio-Ardila et al. (2025).
According to the latest version of the Brazilian
Solar Energy Atlas published by INPE, this region
has the highest monthly radiation levels in the
country (Martins et al., 2017). It was impossible to
directly measure the temperature on the

geomembrane during the fifteen years of exposure.

However, based on historical records, the average
temperature of the local is estimated to have been
22°C.

The mechanical characterization of the
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geomembranes was carried out according to the
parameters established by the GRI GM-13
standard (2024). All the geomembrane tests
performed over the years are listed in the table
below:

Table 1. HDPE Geomembrane Test.

Properties Test Method  GRI-GM13
Tensile Properties
Yield strength - KN/m 22
Break strength - kN/m  ASTM D 6693 40
Yield elongation - % 12
Break elongation - % 70
Tear Resistance - N ASTM D 1004 187

Puncture Resistance -N  ASTM D 4833 480

Density - g/cc ASTM D 1505/ >0.940
D792
Carbon Black Content - % ASTM D 4218 2.0-3.0

Carbon Black Dispersion ASTM D 5595 Category 1 or
2

The exposure of the geomembrane sample
began in January 2009. The subsequent
evaluation tests were conducted on the following
dates:

Table 1. HDPE Geomembrane Test.

Test Dates

Test — Virgin Sample January 2009
Test — N°1 August 2012
Test — N°2 July 2015

Test — N°3 July 2018
Test— N°4 September 2021
Test — N°5 April 2024

The sample was exposed for 5,542 days
between the beginning of sampling and Test 5.

3 RESULTS AND DISCUSSION

The results obtained from the tests conducted
on the geomembranes are presented in the graphs
below.
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Fig. 1. Tensile Proprieties over time — Yield Strength.
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Fig. 2. Tensile Proprieties over time — Break Strength.
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Fig. 3. Tensile Proprieties over time — Yield Elongation.
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Fig. 4. Tensile Proprieties over time — Break Elongation.
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Fig. 5. Tear Resistance over time.
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Fig. 6. Puncture Resistance.
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Fig. 8. Carbon Black Content.

The analysis of the results obtained over 15
years of exposure to the HDPE geomembrane
demonstrated outstanding  stability in its
mechanical properties, consistently exceeding the
minimum requirements established by the GM13
standard. The yield tensile strength averaged
27.95 kN/m, while the break tensile strength
reached 46.67 kN/m, both values exceeding the
minimum boundaries of 22 kN/m and 40 kN/m,
respectively. These results indicate that the
geomembrane maintained its structural integrity
and mechanical resistance capacity even after a
long exposure period.

The elongation at break was one of the
parameters that most evidenced the material's
stability, reaching an average value of 837.1%,
well above the minimum limit of 700% stipulated by
GM13. This behaviour suggests that the
geomembrane preserved its flexibility and ageing
resistance, which is crucial for its durability in
geotechnical and environmental engineering
applications.

In addition to tensile strength, the
geomembrane performed excellently in tear and
puncture resistance tests. The tear resistance was
221.2 N, exceeding the minimum required value of
187 N, while the puncture resistance reached
641.7 N, significantly above the reference value of
480 N. These data reinforce the geomembrane's
ability to withstand localized stresses and
mechanical impacts, ensuring its functionality as a
waterproofing barrier over the years.

Another relevant aspect of the analysis was the
stability of the material's density. The results
indicated an average of 0.953 g/cm?, higher than
the minimum required value of 0.940 g/cm3,
demonstrating that the geomembrane maintained
its original composition without significant
structural changes. Density is a key factor in the
quality of the geomembrane, as it directly
influences its chemical and mechanical resistance.
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The carbon black content, responsible for
protection against UV radiation, remained within
the recommended range of 2% to 3%, with a final
value of 2.2%. This indicates that the
geomembrane remains  protected against
photo-oxidative degradation, one of the main
ageing mechanisms of polymers exposed to
weathering. Maintaining this content over time
suggests the material did not suffer significant
losses from its stabilizing additives.

The results reinforce the HDPE geomembrane's
effectiveness in protecting against environmental
degradation and ensure its applicability in
long-term projects. However, for a more
comprehensive evaluation of the material's
durability, complementary tests, such as OIT
analysis and thermal degradation studies via
thermogravimetry, would be advisable. These tests
could provide additional information on the stability
of antioxidants and the polymer's ageing
progression over the years.

3 CONCLUSIONS

Based on the test results, the 1.50mm Smooth
HDPE geomembrane maintained its mechanical
properties above the limits established by the
GM-13 recommendation even after 15 years of
exposure to weathering. The obtained values
indicate that the material can still efficiently
function as a geosynthetic barrier.

However, in addition to mechanical properties,
other parameters, such as density, MFI, and OIT,
are essential for a comprehensive evaluation of the
durability of HDPE geomembranes, as discussed
in the study by Aparicio-Ardila et al. (2025).
Although the mechanical test results did not
indicate significant reductions in the
geomembrane's properties, the material may
undergo degradation processes that can only be
detected through these complementary analyses.
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