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Abstract; Freeze-thaw cycles induce soil strength deterioration and deformation in seasonal frozen regions can threaten
the subgrade stability. Polypropylene fiber can effectively enhance the mechanical performance of silty clay. To investi-
gate the effect of fiber content on the mechanical properties of polypropylene fiber-reinforced silty clay in seasonally fro-
zen regions, triaxial compression, unconfined compression, and scanning electron microscopy (SEM) tests were con-
ducted under freeze-thaw cycles. The variations in stress-strain curves, shear strength parameters, and unconfined
compressive strength at fiber contents of 0. 1% , 0.3% , and 0. 5% were analyzed, along with the microstructural

changes of fibers and soil after freeze-thaw cycles. Test results show that after 7 freeze-thaw cycles, at 0. 1% polypro-
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pylene fiber content, deviatoric stress increases under all confining pressures but by less than 0. 3% , with evident
strain hardening under high confining pressure; as cycles increase, cohesion decreases, friction angle increases, shear
strength rises with confining pressure,, unconfined compressive strength drops, and the reinforcement effect is weak. At
0.3% fiber content, the enhancement is most significant under low confining pressure ; high confining pressure induces
strain hardening with a gentle post-peak decline at 150 kPa, improving both strength and toughness; as cycles in-
crease, cohesion peaks, friction angle slightly decreases, and shear strength and unconfined compressive strength reach
maximum, yielding the best reinforcement. At 0.5% fiber content, deviatoric stress increases more notably with confi-
ning pressure, but post-peak decay accelerates under high confining pressure; as cycles increase to 7, cohesion de-
creases, friction angle slightly increases, shear strength rises with confining pressure, and unconfined compressive
strength gradually declines, giving a good reinforcement effect. At 0.3% fiber content, fibers readily form a stable
three-dimensional network structure, enhancing soil strength and toughness. Increased freeze-thaw cycles reduce the
contact area and bonding capacity between fibers and soil particles, disrupt fiber-soil connections, and decrease the re-
inforcement-soil interface strength. In summary, 0.3% is the optimal polypropylene fiber content for improving season-
al-frozen silty clay under freeze-thaw cycles, providing theoretical and technical guidance for subgrade improvement.

Keywords: triaxial compression test; unconfined compression test; fiber content; polypropylene fiber; me-

chanical properties; scanning electron microscopy
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