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Abstract

Geosynthetic-reinforced soil structures are recognized as geotechnical engineering technology, both
domestically and internationally. This excellent structural form is widely applied in the field of geotechnical
engineering, benefiting from its advantages of low cost, strong adaptability, and superior mechanical
properties. However, due to the limitations in the traditional engineering technology theories, specifically
related to the low-temperature mechanical properties of geosynthetics and the interface characteristics of
complex filler-reinforced soil structures under low-temperature conditions, technological progress in the
stability control of reinforced soil structures has been restricted in cold regions. Consequently, further
application of this technology has been plagued, particularly in severe cold regions. The mechanical
properties of reinforcing materials and the geosynthetic-soil interface characteristics remain as the core
research directions for engineering applications in cold regions. These research areas primarily focus on the
two aspects: the temperature impacts on the mechanical properties of different materials, considering the
long-lasting exposure of geosynthetics to low temperature in the soil, as well as the mechanism of variations
in the geosynthetic-soil interface characteristics in the case of complex fillers, particularly coarse-grained
soil, under the influence of low temperatures, which is yet to be comprehensively understood. To address
these challenges in the application of geosynthetics in cold regions, this research was initiated under the
funding provided by the "Research on the reinforcement mechanism of geocell and the key technology for
application in highway subgrade engineering in cold and arid regions" project. The research efforts
encompass the following main components.

(1) To explore the mechanical properties of geosynthetics in low-temperature environments, laboratory
tests were conducted. Specifically, uniaxial tensile mechanical tests were carried out using high- and low-
temperature tensile testing machine at 20°C, -5°C, -20°C and -35°C. During the low-temperature tensile test
process, slipping was observed between the fixtures and geosynthetics, which was solved by using modified
fixtures. The mechanical properties of three commonly used engineering materials, namely high-density
polyethylene (HDPE), polypropylene (PP), and polyester (PET), were studied using sheet specimens. These
materials were compared in terms of tensile strength, fracture mode, and sensitivity to temperature. Fracture
micro-analysis of these sheet specimens using scanning electron microscopy (SEM) helped summarize the
influence of different production processes on their tensile strength. Their tensile mechanical properties were
then quantitatively analyzed using strength ratio and elongation ratio. The analysis results unveiled the

reinforcing materials suitable for the climatic conditions in severe cold regions, thus providing a theoretical



basis for the engineering application of geosynthetic-reinforced soil structures in cold regions.

(2) To explore the geogrid-coarse grained soil interface characteristics and reinforcement mechanism at
low temperatures, a large-scale direct shear test was carried out using typical coarse-grained soil in Xinjiang.
This test focused on the parameters representing the tensile mechanical properties of the geogrid specimens
at low temperatures, as well as the indexes showcasing the physical and mechanical properties of the coarse-
grained soil specimens. Special attention was given to the study on the curve characteristics pertaining to
shear displacement-shear stress, the variation law of peak shear stress, and the formation mechanism of
dilatancy characteristics at the geogrid-typical coarse-grained soil interface under non-freezing and freezing
states. Moreover, the shear strength index of the geosynthetic-soil interface was analyzed, giving account to
the Mohr-Coulomb strength criterion. The formation mechanism of the dilatancy characteristics in reinforced
soil structures was elucidated by examining the apparent friction coefficient, as well as the horizontal
displacement and dilatancy of the soil. This study revealed the presence of pore ice cementation in the soil
under severe cold conditions, as well as the influence on geosynthetic-soil interface parameters due to
freezing, which leads to increasing strength of the soil particles. The study results provide data support for
the selection of parameters in the engineering design of reinforced soil structures in areas with seasonal frozen
soil.

(3) To explore the evolution law of micro-fabric in coarse-grained soil and geosynthetic-soil interface
characteristics, the PFC3P software was used to simulate the interface characteristics between geogrid and
coarse-grained soil by the discrete element method. The direct shear process of geogrid reinforced coarse-
grained soil structures was analyzed from a microscopic perspective, including the geogrid deformation
characteristics, displacement and rotation of coarse-grained soil particles, stress field inside the soil,
distribution of force chain, and change in porosity. The analysis results revealed the influence of the
embedding effect of coarse-grained soil particles on the reinforcement mechanism of geogrid-reinforced
coarse-grained soil structures, thus providing a theoretical explanation for the reinforcement mechanism of
coarse-grained soil structures from a microscopic standpoint.

Key words: severe cold region; geosynthetics; tensile test; direct shear test; geosynthetic-soil interface
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