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ABSTRACT

This study analyzed the effect of temperature on different types of geomembranes, including HDPE
(High-Density Polyethylene) and LLDPE (Linear Low-Density Polyethylene), with smooth or textured
surfaces and black, white, or green faces, in thicknesses of 1 mm and 1.5 mm. The research was
structured in three stages: installation of reduced-scale panels, monitoring of surface temperature for 48
hours, and measurement of panel dimensions to assess dilatation and contraction variations over time.
The results showed that the White smooth LLDPE 1mm specimen presented a significant reduction in
surface temperature, ranging from 26% to 32.5%, indicating higher thermal reflectivity. The Black smooth
HDPE 1mm and 1.5mm specimens reached the highest maximum temperatures (71.2°C and 71.0°C,
respectively), showing that smooth and dark surfaces absorb more heat. The Green smooth HDPE 1mm
specimen had a temperature 8.06% lower than the Green smooth LLDPE 1mm, suggesting that HDPE has
greater resistance. Additionally, textured specimens exhibited lower surface temperatures, indicating that
texture helps reduce heat accumulation. The LLDPE specimens showed the highest expansions in the
transverse direction, while the Black smooth HDPE specimens showed the greatest variations in
expansion and contraction in the longitudinal direction, due to the greater length in that direction. These
results highlight the importance of the thermal and dimensional characteristics of geomembranes in their
performance and durability, emphasizing how the choice of geomembrane type and surface properties can
influence their behavior under different environmental conditions.
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1 INTRODUCTION

Geosynthetic barriers, using geomembranes,
play a crucial role in engineering, serving various
purposes such as water and effluent retention, as
well as the containment of waste from various
sources, including municipal and industrial solid
waste. Given the diversity of projects and the
mechanical, chemical, and environmental
requirements, the global market currently offers a
wide range of geomembranes made from different
polymers and additives, aiming to optimize the
performance of the solutions (CAZZUFFI et al.,

have lower chemical resistance than HDPE but
offer more flexibility, making them ideal for
situations requiring more malleability, such as
temporary landfill covers, where settlement
occurrences are more frequent (KOERNER;
KOERNER, 1995b).

The interfaces between the geomembrane and
the subgrade, between the geomembrane and
other geosynthetics, or between the geomembrane
and an overlying soil, must be carefully analyzed,
as they can become preferred rupture planes.
When an interface is considered critical, the

2010; KOERNER; KOERNER, 1995a)

Among the available types, HDPE
(High-Density Polyethylene) geomembranes stand
out for their excellent chemical resistance and
good mechanical properties, being historically
recommended for more environmentally severe
applications, such as bottom protection in Class 1
and 2 waste landfills. On the other hand, LLDPE
(Linear Low-Density Polyethylene) geomembranes

surface texturing process is carried out to increase
the interface resistance of the geomembrane, thus
ensuring greater system stability and performance
(Séanchez, Aradjo e Palmeira, 2018).

In addition to functional properties, aesthetics
plays a significant role, especially in projects that
seek landscape integration, such as the
construction of ornamental ponds in farms,
condominiums, and parks. Geomembranes can be
manufactured in bicolor combinations, such as



green and black, blue and black, or white and
black. This color scheme is attractive in the
geosynthetics market, as it facilitates damage
detection during installation and minimizes
wrinkles resulting from lower temperatures on
light-colored surfaces. With the growing application
of these materials, it becomes essential to clearly
and scientifically document their performance and
behavior (Koerner, 2013).

Thermal energy exchange between the Earth's
surface and the atmosphere has a direct impact on
air temperature. On sunny days, the air
temperature rises quickly in the early hours after
dawn, reaching its peak by mid-morning before
slowing down. The maximum intensity of solar
radiation is usually recorded at noon, when the air
temperature reaches its highest point. Afterward,
the temperature begins to gradually drop until
sunset, cooling more sharply until it reaches its
daily minimum just before the following dawn. This
daily variation illustrates the dynamics between
heat absorption by the Earth's surface and its
release into the atmosphere (KOERNER,;
KOERNER, 1995a).

On hot days, geomembranes can reach surface
temperatures exceeding 72°C (Koerner; Koerner,
1995), significantly hindering the work of installers.
This condition not only impairs proper settling and
uniform application during installation but also the
ability to inspect, weld, and test the material. High
temperatures can cause  expansion in
geomembranes, leading to wrinkles that
compromise performance and effectiveness.
These wrinkles, if not corrected, affect
impermeability, creating faults that increase the
risk of leaks and undermine the barrier function.
Additionally, the increased tension caused by
wrinkles can lead to stress concentrations, raising
the risk of ruptures due to thermal expansion and
contraction. Wrinkles also promote water
accumulation, forming pockets that increase
hydrostatic pressure and may cause structural
damage. Finally, geomembranes with wrinkles

become harder to inspect and maintain,
complicating damage detection, for instance,
during geoelectrical tests. Therefore, surface

temperatures and the expansion behavior of
geomembranes directly impact installation
productivity (Koerner, 2013).

In this context, this study investigated the effect
of temperature on different types of
geomembranes, such as HDPE and LLDPE, with
smooth or textured surfaces and black or colored
faces (white and green), in two thicknesses (1 mm
and 1.5 mm). The investigation was divided into
three stages. The first consisted of installing 24
reduced-scale panels in the municipality of

Jacutinga, Minas Gerais, Brazil, located at
22°17'08" south latitude and 46°36'44" west
longitude, at an altitude of 839 meters. The second
stage began immediately after installation
completion to ensure system equilibrium. During
this phase, the surface temperature of the different
exposed geomembranes was monitored every
hour for 48 hours. Finally, the third stage involved
measuring the panel dimensions, allowing the
evaluation of expansion and contraction in
response to temperature variations over the days.
The versatility of geomembranes in various types
of projects makes investigating temperature
variations and resulting deformations essential, as
these factors directly influence the geomembrane's
effectiveness as a waterproofing barrier.

2 MATERIALS AND METHODS

2.1 Materials

For the execution of the experimental program,
eight different geomembranes were selected,
varying in polymer type, thickness, color, and
surface  finish  (smooth or textured), all
manufactured using the Blown film method. Table
1 presents the selected types.

Table 1. Description of the geomembranes specimen.
Geomembrane

Description Terminology

White smooth LLDPE

1mm LLDPE-smooth-WH-1mm
Green smooth LLDPE

1mm LLDPE-smooth-GR-1mm
Green Two-sided textured

LLDPE 1mm LLDPE-TXT-GR-1mm
Green smooth HDPE

1mm HDPE-smooth-GR-1mm
Black smooth HDPE

1mm HDPE-smooth-black-1mm
Black smooth HDPE

1.5mm HDPE-smooth-black-1.5mm
Black Two-sided textured

HDPE 1mm HDPE-TXT-black-1mm
Black Two-sided textured

HDPE 1.5mm HDPE-TXT-black-1.5mm

For surface temperature readings on the
geomembrane panels, the Fluke VTO4A infrared
thermometer was used. This device has an
accuracy of 2% of the reading, with a
measurement range from -10°C to 250°C and a
resolution of 0.1°C, allowing for precise and
detailed measurements.

To measure the expansion and contraction of
the geomembrane panels, the 50m fiberglass tape
measure Y1750cm by Lufkin was used, which has
an accuracy of *1.0 mm per 10 meters of
measurement, varying depending on the usage
conditions and tape tension.



2.2 Methods

Initially, the test specimens were cut to a
reduced scale compared to the actual size of the
geomembranes, which are produced with 7 m in
width and 100 m in length. The test specimens
were sized at 0.5 m in width and 7.15 m in length.
For each type of geomembrane, three test
specimens were cut in the longitudinal direction of
the roll. Figure 1 illustrates the cutting diagram of
the test specimens on the roll, as well as the
dimensions.

= 1.26m
= T 25m \
1.25m\ Spec. 3

‘ﬂSnk. Spec. 2
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Fig. 1. Cutting diagram of the test specimens on the roll.

The test specimens were identified and marked
with specific points for surface temperature
readings. The measurements were taken at the
center of the longitudinal direction, at the midpoint
of the transversal direction, and 1 meter from the
edges, as illustrated in Figure 2.

7.15m

0.5m

Fig. 2. Test specimens with markings of the points where
the surface temperature readings were taken.

The installation of 24 panels (3 specimens of
each type of geomembrane) was carried out in the
municipality of Jacutinga, located in the state of
Minas Gerais, Brazil, at 22°17'08" South latitude
and 46°36'44" West longitude, at an altitude of 839
meters. The tests were conducted over two days,
with readings taken between 7:30 AM and 6:30 PM,
during the month of January 2025, in the summer
season.

The panels were positioned on relatively dry soil

to avoid cooling caused by moisture, in an area
away from trees or constructions that could cast
shadows at any time of the day. For anchoring,
medium sandbags weighing 5 kg each were used,
placed at the intermediate points of the markings
for surface temperature readings. Figure 3

illustrates the panels exposed in the field during
the testing process.

; S - :
Fig. 3. Geomembrane panels exposed in the field for
testing.

3 RESULTS AND DISCUSSION

3.1 Analysis of surface temperatures

Every hour, three temperature measurements
were taken on each of the 24 geomembrane
panels to ensure greater accuracy of the obtained
data. The average of the three readings were
calculated to determine the average temperature
recorded during each one-hour interval. For each
of the 8 distinct types of geomembranes, the
obtained temperatures were compared to the
average ambient temperature recorded by INMET
(National Institute of Meteorology), the official
Brazilian government agency responsible for
collecting, monitoring, and analyzing climatic data
across the country. The data provided by INMET
was used as a reference for the local weather
conditions during the experiment period. These
comparisons are illustrated between Graphs 1 to 8
for each of the specimens analyzed.
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Graph 1. Surface Temperatures Throughout the Test (48h)
for the LLDPE-smooth-WH-1mm Specimen.
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Graph 2. Surface Temperatures Throughout the Test (48h)
for the LLDPE-smooth-GR-1mm Specimen.
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Graph 3. Surface Temperatures Throughout the Test (48h)
for the LLDPE-TXT-GR-1mm Specimen.
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Graph 4. Surface Temperatures Throughout the Test (48h)
for the HDPE-smooth-GR-1mm Specimen.
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Graph 5. Surface Temperatures Throughout the Test (48h)
for the HDPE-smooth-black-1mm Specimen.
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Graph 6. Surface Temperatures Throughout the Test (48h)
for the HDPE-smooth-black-1.5mm Specimen.
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Graph 7. Surface Temperatures Throughout the Test (48h)
for the HDPE-TXT-black-1mm Specimen.
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Graph 8. Surface Temperatures Throughout the Test (48h)
for the HDPE-TXT-black-1.5mm Specimen.

The surface temperature curves presented in
Figures 1 to 8 show that the
HDPE-smooth-black-lmm and HDPE-smooth-
black-1.5mm specimens reached the highest
maximum temperatures, 71.2°C and 71.0°C,
respectively. This result was expected, as black
and smooth surfaces tend to absorb more heat
compared to lighter surfaces. Similar results were
observed by Koerner, G.R., and Koerner, R.M.
(1995). The LLDPE-smooth-WH-1mm specimen,
on the other hand, reached a maximum
temperature of 48°C, showing a reduction of
approximately 16°C to 23.2°C compared to the
other geomembrane types.

The HDPE-smooth-GR-1mm specimen showed
a lower maximum temperature than the
LLDPE-smooth-GR-1mm (-5.7°C), suggesting that
HDPE has a higher resistance to UV radiation.

The specimens with the same characteristics,
differing only in having a smooth or textured
surface, showed that the textured surface versions
had lower surface temperatures. This indicates
that, in addition to enhancing the adhesion of the
geomembrane to the soil and concrete, the texture
helps to reduce the maximum surface temperature.
Similar results were observed by Koerner, G.R.,
and Koerner, R.M. (1995).

Table 2 presents the results of the maximum
temperatures recorded for the different types of
geomembranes, as well as the peak temperature
of the average ambient temperature. A difference
of 13°C to 36°C higher was observed in the
geomembranes compared to the ambient



temperature.

Table 2. Results Surface Temperatures from Exposed
Geomembrane Studied.

Max Average Difference

Speciment Temp. Amb. (°C)
(°C) Temp. (°C)

LLDPE-smooth-WH-1mm 48,0 +13,0
LLDPE-smooth-GR-1mm 70,7 +35,7
LLDPE-TXT-2F-GR-1mm 68,7 +33,7
HDPE-smooth-GR-1mm 65,0 +30,0
HDPE-smooth-black-1mm 71,2 35 +36,2
HDPE-smooth-black-1.5mm 71,0 +36,0
HDPE-TXT-2F-black-1mm 68,9 +33,9
HDPE-TXT-2F-black-1.5mm 70,1 +35,1

3.2 Analysis of Thermal Behavior: Expansion
and Contraction of Geomembranes

The evaluation of the expansion and
contraction of the geomembrane panels, in
response to temperature variations over the days,
was conducted through the  systematic
measurement of the panels' dimensions every 1
hour. The measurements covered both the width
and length of the panels, allowing for a detailed
analysis of the dimensional changes over time.
This process was essential to understand how
different geomembranes respond to thermal
changes, taking into account the environmental
conditions during the study period.

Furthermore, the variations observed in the
panels' dimensions were analyzed and compared
among the different types of geomembranes,
focusing on their thermal resistance and the
expansion and contraction properties of each
material. The comparisons of these expansion and

contraction measurements are illustrated in
Graphs 9 to 24.
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Graph 9. Analysis of Thermal Behavior Throughout the Test
(48h) for the LLDPE-smooth-WH-1mm Specimen- width.
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Graph 10. Analysis of Thermal Behavior Throughout the

Test (48h) for the LLDPE-smooth-WH-1mm Specimen-
-length.
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Graph 11. Analysis of Thermal Behavior Throughout the
Test (48h) for the LLDPE-smooth-GR-1mm Specimen-
width.
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Graph 12. Analysis of Thermal Behavior Throughout the

Test (48h) for the LLDPE-smooth-GR-1mm Specimen-

length.
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Graph 13. Analysis of Thermal Behavior Throughout the
Test (48h) for the LLDPE-TXT-2F-GR-1lmm Specimen-
width.
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Graph 14. Analysis of Thermal Behavior Throughout the
Test (48h) for the LLDPE-TXT-2F-GR-1lmm Specimen
-length.
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Graph 15. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-GR-1mm Specimen-
width.
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Graph 16. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-GR-1mm Specimen-

length.
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Graph 17. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-black-1mm Specimen-
width.
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Graph 18. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-black-1mm Specimen-
length.
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Graph 19. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-black-1.5mm Specimen-
width.
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Graph 20. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-smooth-black-1.5mm Specimen-
length.
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Graph 21. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-TXT-black-1mm Specimen- width.
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Graph 22. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-TXT-black-1mm Specimen- length.
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Graph 23. Analysis of Thermal Behavior Throughout the
Test (48h) for the HDPE-TXT-black-1.5mm Specimen-
width.
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The expansion and contraction curves
presented in Graphs 9 to 24 indicate that, in the
width direction, the expansion and contraction
movements ranged from 0.007 m to 0.004 m,
respectively. The specimens LLDPE-smooth-
BW-1mm, LLDPE-smooth-GR-1mm, and LLDPE-
TXT-2F-GR-1mm exhibited the highest expansions.
In contrast, in the length direction, the expansion
and compression variations occurred between
0.100 m and 0.065 m, with the highest values
recorded in the specimens HDPE-smooth-
black-1lmm and HDPE-smooth- black-1.5mm.
Table 3 presents the highest expansion and
contraction values for each specimen, both in the
longitudinal and transverse directions.

Table 3. Maximum Expansion and Contraction
Results of Geomembranes in Width and Length.

width (m) length {m)
Speciment Max. Max. Max. Max.

Expansion Contraction  Expansion  Contraction
LLDPE-smooth-BW-1mm 0,007 0,001 0,045 0,016
LLDPE-smooth-GR-1mm 0,008 0,000 0,074 0,061
LLDPE-TXT-2F-GR-1mm 0,007 0,000 0,059 0,042
HDPE-smooth-GR-1mm 0,006 0,000 0,070 0,050
HDPE-smooth-black-1mm 0,005 0,005 0,100 0,065
HDPE-smooth-black-1.5mm 0,006 0,002 0,088 0,024
HDPE-TXT-2F-black-1mm 0,005 0,003 0,071 0,036
HDPE-TXT-2F-black-1.5mm 0,006 0,004 0,059 0,044

The high surface temperatures had a significant
impact on the expansion of the specimens in the
longitudinal direction, as the length of the
geomembranes is greater in this direction than in
the transversal one. The choice of these
dimensions was deliberate, aiming to more
realistically simulate the movements observed in
the field.

Table 4 presents a comparative analysis of the
maximum expansion and contraction observed in
the specimens, expressed as percentages relative
to the initial size of the geomembrane panels.
These values were obtained from measurements
of dimensional variations in both the transverse
and longitudinal directions. The results showed a
maximum expansion of 1.60% in the width
direction of the specimens, with the highest
recorded contraction being 1%. In the longitudinal
direction, the thermal behavior resulted in a
maximum expansion of 1.40%, accompanied by a
contraction of 0.91%.

Table 4. Percentage of Expansion and Contraction
Relative to the Initial Size of Geomembranes in Width
and Length.

width (%) length (%)
Speciment Max. Max. Max. Max.

Expansion Contraction  Expansion  Contraction
LLDPE-smooth-BW-1mm 1,40 0,20 0,63 0,22
LLDPE-smooth-GR-1mm 1,60 0,00 1,03 0,85
LLDPE-TXT-2F-GR-1mm 1,40 0,00 0,83 0,59
HDPE-smooth-GR-1mm 1,20 0,00 0,98 0,70
HDPE-smooth-black-1mm 1,00 1,00 1,40 0,91
HDPE-smooth-black-1.5mm 1,20 0,40 1,23 0,34
HDPE-TXT-2F-black-Tmm 1,00 0,60 0,99 0,50
HDPE-TXT-2F-black-1.5mm 1,20 0,80 0,83 0,62

4 CONCLUSIONS

Based on the data obtained, this study
investigated the effect of temperature on different
types of geomembranes, including HDPE and
LLDPE, with smooth or textured surfaces and
black or colored faces (white and green), in
thicknesses of 1 mm and 1.5 mm. Several
important conclusions can be highlighted:

o The White smooth LLDPE 1mm
specimen showed a significant reduction in surface



temperature, ranging from 26% to 32.5% lower
compared to the other specimens analyzed,
indicating a higher thermal reflectivity.

o The Black smooth HDPE 1mm and Black
smooth HDPE 1.5mm specimens reached the
highest maximum temperatures, 71.2°C and
71.0°C, respectively. This result demonstrates that
smooth black surfaces tend to absorb more heat
compared to lighter and textured surfaces.

. The Green smooth HDPE 1mm specimen
showed a maximum temperature 8.06% lower than
that of Green smooth LLDPE 1mm, suggesting
that HDPE has higher resistance to elevated
temperatures, which can be advantageous in
applications requiring greater thermal stability.

. The specimens with the same
characteristics, varying only between smooth and
textured surfaces, showed that the textured
versions had lower surface temperatures,
indicating that texture helps reduce heat
accumulation in the geomembrane.

o The LLDPE specimens exhibited the
highest expansions in the transverse direction,
while in the longitudinal direction, the variations in
expansion and contraction occurred in the Black
smooth HDPE 1mm and Black smooth HDPE
1.5mm specimens. These same specimens, which
had the highest surface temperatures, also
showed the greatest impact on longitudinal
expansion. This phenomenon is explained by the
fact that the length of the geomembranes is greater
in the longitudinal direction, amplifying the thermal
variation effect in that direction.

These results emphasize the importance of the
thermal and dimensional characteristics of
geomembranes in their performance and durability,
highlighting how the choice of geomembrane type
and surface properties can affect their behavior
under different environmental conditions.

5 RECOMMENDATIONS

This study represents a preliminary analysis of
the expansion and contraction of different types of
geomembranes. However, it is essential to conduct
further investigations during different seasons to
allow for a comparison of results under various
climatic and thermal conditions, ensuring a more
comprehensive understanding of the behavior of
these geomembranes across seasonal variations.
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