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Dynamic tests and damage mechanism of frozen aeolian soil in
western Liaoning area of China
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Abstract: The pore free water contained in the aeolian soil particles will freeze under the negative temperature in winter. In
order to study the dynamic damage mechanism and characteristics of frozen aeolian soil under dynamic load, triaxial loading
tests on frozen soil samples under different conditions are carried out by using the GDS frozen soil triaxial test system. The
dynamic stress-strain curves under different conditions are obtained, and the effective stress analysis method is used to
determine the damage effective stress and cumulative plastic deformation. The mathematical relationship between damage
evolution rate and damage release rate is established by using the Helmholtz free energy as the plastic potential function, and
the damage evolution model is established according to the linear assumption between plastic potential function and cumulative
plastic deformation rate. The parameters of the model are fitted by the proposed effective stress analysis method. The results
show that the calculated results of the model are in agreement with the calculated ones of damage model in related literatures. It
is concluded that the dynamic damage of frozen aeolian soil is mainly caused by plastic damage initially, while fatigue damage
later. By comparing the two damage development processes, the initial damage to the frozen soil and the threshold of plastic
damage under each condition are determined. It may provide the theoretical basis for dynamic disaster prevention and control of
frozen aeolian roadbed.
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Fig. 1 Principle of effective stress method
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Table 1 Basic physical and mechanical indice for undisturbed soil

HE O EBKE OB OB JE4E AEEE FE
J(kN-em™) /% 1% /% FEE/MPa fi/(° ) /kPa

19.21 22.63 28.42 18.35 3.59 21.2 23.6

R2 BRSIER
Table 2 Analysis results of particles

FifF/mm >0.5 0.25~0.5  0.075~0.25 <0.075
EE/Y% 1.9 21.7 70.5 5.9
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Table 3 Design schemes of test

A e AN
1EU e RS . B
iR T/°C [ & /kPa fIHz
1 -2 50 8.0
2 -5 50 8.0
3 -10 50 8.0
4 -2 50 8.0
5 -2 100 8.0
6 -2 200 8.0
7 -2 50 2.0
8 -2 50 4.0
9 -2 50 8.0
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Fig. 3 Dynamic stress-strain curves under different temperatures
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Table 4 Calculated results of yield parameters

RS c/kPa /() a k/kPa
1 25.23 18.56 0.137 10.37
2 33.80 20.43 0.152 15.42
3 42.85 2227 0.167 21.46
4 25.36 18.57 0.137 10.43
5 28.73 19.52 0.145 12.47
6 31.83 21.46 0.160 15.31
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Fig. 6 Plastic strain curves under different conditions
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Table 5 Mechanical and model fitting parameters

2

. K
%S E/MPa u M K /10° R?

s

27.36 025 1.62 0.53 5.13 0.972
33.21 024 133 0.54 4.39 0.983
47.36 025 0.86 0.57 3.43 0.994
27.32 025 1.27 0.68 5.54 0.977
36.25 025 1.16 0.57 4.48 0.991
53.17 0.23 1.08 0.52 2.54 0.985
26.36 024 128 031 1.82 0.982
26.24 025 1.06 0.29 1.60 0.993
27.31 025 084 0.27 4.95 0.982
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