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1. Introduction

Geosynthetics are among the most widely used materials in reinforced soil structures, embankments,
pavements, and retaining walls. Owing to their polymeric nature, the mechanical behavior of these materials is
highly sensitive to temperature variations, as the thermomechanical response of polymer chains directly
influences their stiffness, strength, strain at failure, and creep. Although numerous studies have investigated
the tensile response of geosynthetics at ambient temperature, only a limited number have addressed their
performance at elevated temperatures under confining stress. Conventional testing methods, such as ASTM
D6637, are conducted under unconfined laboratory conditions, whereas in the field, geosynthetics are buried
within soil and subjected to confinement. Neglecting the realistic soil and geogrid interaction leads to overly
conservative predictions and uneconomical designs. Elevated service temperatures significantly reduce the
stiffness and ultimate strength of geosynthetics; therefore, investigating the thermomechanical behavior of
these materials under conditions more representative of field conditions is essential. The objective of the
present study is to design and develop a novel apparatus for evaluating the tensile behavior of geogrids at
elevated temperatures, which is a system capable of performing tests under both confined and unconfined
conditions with precise control of temperature and confinement. Data obtained from confined tests, which
more closely represent field behavior, can be employed in back-analysis procedures and the calibration of
predictive models.

2. Methodology

To simulate the real in-situ performance conditions of geogrids, a novel laboratory apparatus was designed
and constructed based on the following design principles, functional requirements, and components:
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2.1. Main design requirements

e  Ability to maintain uniform temperature throughout the test duration.

e  Full compatibility with a Universal Testing Machine (UTM).

e  Capability to perform tests under both confined and unconfined conditions.
e  Prevention of stress concentration at the clamping zones.

e  Accurate temperature monitoring with a precision of +0.1°C.

e  Precise measurement of load and strain values.

2.2. Main components of the apparatus

e A double-walled insulated chamber providing uniform heating and housing the specimen embedded
in compacted granular soil.

e Aheating and circulating system using heat-resistant oil to maintain thermal stability and uniform heat
distribution.

e  Temperature sensors, strain gauges, and thermostatic controllers for instant and precise monitoring
and control of temperature and strain.

e  Ahydraulic confinement system for applying lateral pressure and thus enhancing test realism.
o Asafe electrical section containing SSR, contactor, bimetal, and protective fuses.

e A specialized clamping system designed for direct connection to the UTM to ensure effective force

transmission.

The thermal chamber was carefully designed to guarantee uniform temperature distribution along the
entire specimen length. Additionally, the clamping system was modified to prevent stress concentration and
localized tearing. This setup enabled tensile testing of geosynthetics under controlled and realistic laboratory
conditions.

2.3. Materials

Two types of dry granular materials were used to provide lateral confinement: washed sand (SW) and base
course aggregate (GW). The particle-size distribution and physical indices of these materials were determined
in accordance with ASTM C125, ASTM C127, ASTM D4253, and ASTM D4254 standards. The geogrid used was a
polyester geogrid coated with PVC, type (80-20), with a nominal ultimate tensile strength of 80kN/m. The
dimensions and effective gauge length of samples were set according to ASTM D6637.

2.4. Experimental procedure

Tensile tests were conducted at four target temperatures (20, 40, 60, and 80°C) in accordance with ASTM
D6637 standard and at a constant strain rate of 5% per minute. Under unconfined conditions, the geogrid
specimen was fixed within a thermal chamber. After reaching the target temperature and maintaining it for
one-hour, tensile loading was applied, and the stress—strain curves were recorded. In the confined condition,
the geogrid was first secured in place, followed by the placement of the confining material (sand or sub-base
aggregate) with a specified weight around it using the raining down method. Subsequently, a constant vertical
stress (80 or 120kPa) was applied and maintained by a hydraulic jack. Finally, the entire assembly was heated
to the target temperature, and after a one-hour soak at that temperature, the tensile test was performed under
the same specified conditions.

3. Results and discussion
3.1. Effect of temperature under unconfined conditions

Increasing temperature caused a significant reduction in the geogrid’s initial stiffness and ultimate tensile
strength, together with an increase in the failure strain. The degradation intensified at higher temperatures at
an approximate rate of 0.35% per °C, which is consistent with the viscoelastic behavior of polymers (Table 1).
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Table 1. Effect of temperature on the tensile strength and failure strain of geogrid under free-tension conditions

t(°C) 40 60 80
Tne/ Thzo 0.95 0.87 0.79
%(Tnt'TZO)/TnZO 52 133 214
ene /€20 1.4 1.06 1.05
%AT,1°C 0.26 0.33 0.35

Tazo and T,,: Failure strength in 20°C and t°C

&0 and €,,: failure strain in 20°C and t°C

3.2. Effect of confinement in soil

Introducing confinement by embedding the geogrid within compacted granular materials resulted in a
pronounced change in its mechanical response. Confinement led to a notable increase in tensile modulus,
particularly at low strain levels. In confined conditions, the effective resistance and stiffness were higher than
in the unconfined case, mainly due to frictional and mechanical interaction between the geogrid and the
surrounding soil. However, the negative influence of elevated temperature persisted even under confinement.

3.3. Temperature-confinement interaction

In the confined tensile testing of the geogrid, increasing the temperature from 40 to 80°C, in conjunction
with a 50% increase in vertical confining stress and the substitution of sand with base-layer material, resulted
in a pronounced increase in tensile stiffness at low strain levels (up to 3%), with enhancements of
approximately 40%. This response is primarily attributed to improved interfacial contact and more effective
stress transfer under elevated thermal conditions. Conversely, at higher strain levels, an increase in
temperature led to a reduction in the ultimate tensile capacity of the geogrid, with failure occurring at lower
strain values (Fig. 1).
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Fig. 1. Effect of temperature increase and confinement condition (free, sand, and base course)

3.4. Value of the developed apparatus

The newly developed testing device provides accurate temperature control, ensures uniform thermal
distribution, and enables tensile testing under conditions that closely replicate field-relevant behavior.
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Therefore, it can be used as an effective tool for future research and for the development of new laboratory
testing standards.

Results showed that increasing temperature led to a significant reduction in the initial stiffness and ultimate
tensile strength of the geogrid. This trend was especially pronounced at temperatures above 40°C, indicating
the onset of polymer thermal softening. Under confined conditions, the apparent strength increased due to the
soil-geogrid interaction and restriction of lateral deformation. However, the overall tendency of strength
reduction with increasing temperature still persisted. The thermal sensitivity of the unconfined specimens was
higher, since the surrounding soil under confinement partially mitigates thermal effects.

4. Conclusions

This study demonstrated that the mechanical behavior of geogrids arises from the complex interaction
between the viscoelastic characteristics of the polymer and the interaction mechanisms mobilized within the
surrounding medium. Confinement, through the development of mechanical interlocking, compensates for
thermally induced stiffness degradation at low strain levels, and this compensatory effect is further enhanced
by increasing confining pressure and the surface roughness of the granular material. Despite the limitation
imposed by stress concentration at the grips under high strain levels, conventional design approaches based
on unconfined tests by neglecting the realistic soil-geogrid interaction-lead to overly conservative and
economically inefficient predictions. Therefore, shifting from idealized laboratory properties toward data
obtained from confined tests (which more closely represent field behavior) and incorporating such data into
back-analysis procedures is essential for optimizing geotechnical designs.
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