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Fig. 1  On-site soil extraction of glacial moraine
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Fig.2  Cumulative weight passing of glacial moraine
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Tab.1 Basic physical and mechanical parameters of glacial moraine
RNV BOREr B R/ % TR/ % HIKAE % W/ (g om™?) P LB
UNTRIVES FEt 14.3 0 10.7 1.77 2.66 0.728
VI ¥ i 30 em AL 16.5 6.1 17.3 1.88 2.69 0.67
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Fig.4 Temperature data of Shannan City in recent 10 years
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Fig.5 Test flow chart of dynamic characteristics degradation of glacial moraine under freeze-thaw cycles
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Fig. 6  Single hysteresis loop of dynamic stress-strain curve
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Degradation Law of Dynamic Properties of Glacial Till
in Southern Xizang of China under Freeze-Thaw Cycles

WU E"*?, LI Mingli* , ZHANG Fengshu'"**, YANG Fan’ ®, WANG Nana'' >’
(1. Sichuan Geological Environment Survey and Research Center, Chengdu 610036, China;
2. Sichuan 915 Construction Group CO. , LTD. , Chengdu 620020, China;
3. Sichuan Province Engineering Technology Research Center of Geohazard Prevention, Chengdu 610036, China;
4. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610054, China;
5. Institute of Sichuan Metal Geology Survey, Chengdu 611700, China;
6. Sichuan Shushui Geological Environment Research CO. , LTD. , Chengdu 611700, China)

Abstract; The coupling effect of freeze-thaw cycles and dynamic loading leads to continuous degradation of the
dynamic properties of glacial till, posing a serious threat to the long-term stability of transportation infrastructure in
cold regions of China. However, the underlying coupled damage mechanism remains unclear.

This study investigated typical glacial moraine deposits from the Nujuego Gully in southern Qinghai-Tibet
Plateau. By simulating natural freeze-thaw processes under controlled drainage conditions, coupled freeze-thaw and
dynamic triaxial tests were conducted on surface and 30 c¢cm deep glacial till samples to systematically reveal the
evolution of soil dynamic parameters under varying numbers of freeze-thaw cycles (N =0 — 10) combined with
dynamic loading. The main findings are as follows:

(1) The dynamic stress-strain hysteresis loops exhibited an asymmetric, plasticity-dominated behavior,
characterized by significant hysteresis, nonlinearity, and strain accumulation, the continuous accumulation of soil
structure damage has reached 35% , and the rate of decline in deformation resistance capacity has reached
-10% /kPa.

(2) The most drastic deterioration of dynamic parameters occurred during the early freeze-thaw stages
(N<5). After 5 freeze-thaw cycles, the dynamic elastic modulus (E,) and the dynamic shear modulus ( G,)
damped by 21% and 30% , respectively. When the number of cycles reached N =10, the damage level of E,
reached as high as 90.81% , indicating that the soil had lost its ability to effectively resist deformation.

(3) The damping ratio (A ) accumulated a total reduction of 25.21% after 20 freeze-thaw cycles, with its
decay rate decreasing from an initial 2. 85% per cycle to 0.24% per cycle in later stages, indicating a sustained
decline in the soil’ s ability to dissipate vibrational energy through particle friction — resulting in more energy being
converted into structural damage work.

These findings provide essential parameter support for seismic engineering design and geological hazard

monitoring and early warning systems in the alpine regions of the Qinghai-Tibet Plateau.

Key words: glacial moraine; freeze-thaw and dynamic loading coupling; dynamic parameter degradation;

hysteresis behavior; damping ratio
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