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Abstract; To mitigate the threat of permafrost slope hazards to transportation engineering in high-altitude
regions, and reveal the slope instability mechanisms under freeze-thaw cycles, six covered slopes in western
Sichuan are taken as research objects. Based on the hydrothermal coupling theory, freeze-thaw cycle simula-
tion considering diurnal temperature variation in winter is carried out for the six slopes using COMSOL Mul-
tiphysics numerical simulation software, and the spatio-temporal variation of hydrothermal field is analyzed.
The failure modes of slope are summarized, and the positional relationship between the freeze-thaw interface
and the sliding surface is found. The results show that the freeze-thaw cycles mainly affect the soil in the
shallow layer of frozen soil slopes. After the slopes are subjected to several freeze-thaw cycles, the moisture
content of the soil in a certain depth range is higher than those in other depths, and a water-gathering zone is
formed in the slope. Five kinds of slope failure modes are identified from the six covered slopes, which are
slope shallow melt soil collapse, slope shallow melt soil creep, slope shallow melt soil extrusion, convex

slope shallow melt soil collapse and concave slope shallow melt soil collapse. Under freeze-thaw cycles,

WrRs B H#:2024-05-14 & [E B #:2024-06-06

ESTE LA ARPIARE S FEH ARSI H (E2021210041) 3 504 RHE SR (BRGS0 2024 ) (—Hk 145) )
F—1EE FETFZE(2000—) , 5 WAC IR A+, B TR, W Z5 2 + TR mi T,

* BIE1EE =4 (1986—) , I AR & T 14 B0z, NS TR 0 42 & B 1 T PO IE 9



5 2 1]

TS  URRL IR AR T 1 B O IR AU L M R R Rl A T -5 98 0 7 B O R ST 29

the freeze-thaw interface of covered slope is located deeper than the sliding surface.

Key words: frozen soil slope; hydrothermal coupling model; freeze-thaw interface; sliding surface;
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Fig. 1 Two-dimensional diagram of slope 1#
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Tab. 1 Parameters of rock and soil mass for
slope 1# at Ground A
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