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Experimental study on uniaxial compressive strength of ultra-low
temperature frozen clay

WANG En-liang, REN Zhi-feng, HAN Hong-wei, TIAN Yu, HU Sheng-bo, LIU Xing-chao
(School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China)
Abstract: Underground transportation, coal mining and other projects often encounter the construction problems of sandy soil
crisscross and extremely rich groundwater in soft soil strata. Liquid nitrogen can be used to make the soil in the ultra-low
temperature freezing state achieve the purpose of soil stability and reinforcement. Therefore, it is of great significance to
explore the compressive strength of the ultra-low temperature frozen soil for the long-term stability and safety of engineering
construction. In order to reveal the variation of uniaxial compressive properties of ultra-low temperature frozen clay, the
uniaxial compression tests at —10°C to —180°C are carried out on the soil samples with moisture contents of 17%, 20% and 23%.
The results show that when the temperature of frozen soil is higher than —80°C, elastic-plastic failure occurs. When the
temperature is lower than —80°C, shows brittle failure. As the temperature decreases, the compressive strength of frozen soil
increases linearly first. When the temperature is lower than —80°C, the strength is basically stable, and the temperature is fitted
by the compressive strength of frozen soil, and the fitting effect is good. When the moisture content is 17%~23%, the
compressive strength of frozen soil increases with the increase of water content, and the elastic modulus of frozen soil increases
with the decrease of temperature. Finally, the applicability of four kinds of stress-strain equations to the relationship of the
ultra-low temperature frozen soil is compared and analyzed. It is found that the accuracy of the power function and hyperbolic
formula to fit the stress-strain relationship of the ultra-low temperature frozen soil is low, and the fitting effect is not ideal. The

composite power exponent model has a good fitting accuracy
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the model has some limitations. The viscoelastic plastic equation has the best fitting accuracy for the stress-strain relationship of

frozen soil. Then the temperature function is introduced to improve the viscoelastic plastic equation, and a composite equation

related to the temperature of frozen soil is proposed. The fitting accuracy of the equation is higher, which improves the theory

of stress-strain equation of the ultra-low temperature frozen soil, and can provide theoretical reference for practical projects.
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Table 1 Basic properties of soil samples
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Fig. 1 Uniaxial compression test process of ultra-low temperature

frozen soil
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Fig. 2 Failure modes of frozen soil under different temperatures
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Table 2 Parametric solutions of fitting curve between compressive
strength and negative temperature

EIKFE Y% a b c R?
17 25.25 0.061 42.18 0.9903
21 27.59 0.061 43.26 0.9924
23 30.04 0.056 44.05 0.9845
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Fig. 4 Variation curves of elastic modulus in cooling process under
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Table 3 Parametric solutions of simple power function

IRE,C A m R?

-30 30.54 0.510 0.86430
—60 231.79 0.840 0.91558
-80 1.9478 2.092 0.94367
-120 75889.56 2.300 0.96976
-180 21943.28 1.910 0.92273
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Table 4 Parametric solutions of hyperbolic equation
i/ a b m n k R?
/°C
-30 0.074 0.002 -0.07 -1.66 0.002 0.9996
-60 286 1343 1.809 1.749 0.184 0.9997
-80 0.0372 0.01796 3.3526 2.912 -2.048 0.9992
-120 3139 2369 4305 5669 -11.1  0.9991
—180 6222 57.88 -37.6 -0.26  0.007  0.9857
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Fig. 7 Comparison of experimental and calculated values of

hyperbolic equation
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Table 5 Parametric solutions of composite power exponential

model
BErC a b R?
=30 0.0031 0.0807 0.94097
—60 0.0018 0.0166 0.94052
—80 0.3438 -0.0603 0.91577
-120 0.0037 —0.0811 0.94251
-180 0.0026 —0.0500 0.89904
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Fig. 8 Comparison of experimental and calculated values of
composite power exponent model
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Table 6 Parametric solutions of viscoelastic plasticity equation

wErc o, /MPa & 1% n R?
=30 8.30 0.1059 0.5087 0.99866
—60 18.61 0.0550 0.8372 0.99981
-80 24.21 0.0276 2.0919 0.99991
-120 24.24 0.0301 2.3048 0.99995
—-180 25.89 0.0265 1.9069 0.99995
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Fig. 9 Comparison of experimental and calculated values of
elastoplastic equation under different temperatures
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Table 7 Parametric solutions of composite temperature model

HE/C O, /MPa n a b R?
=30 8.30 0.509 0.176  —0.105 0.99903
-60 18.61 0.837 1.682  —-0.466 0.99981
-80 24.21 2.0919 0.8833 -0.0054 0.99992
-120 24.24 2.305 1.752  -0.009 0.99995
-180 25.89 1.907 0.031  0.0003  0.99997
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