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Strength and failure properties of frozen clay under varying loading rates
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Abstract: The strength properties of frozen soils under varying loading rates are the important parameters for improving the
mechanical excavation methods and equipments. The strength, modulus and failure properties of frozen clay are studied through
a series of uniaxial compressive tests conducted on remolded frozen clay samples. From the test results, it is concluded that (1)
The compressive strength and the initial yield stress increase with the decreasing temperature and the increasing loading rate,
and there exists a good linear relationship between the failure strength and the initial yield stress. (2) The initial yield modulus
and the tangent modulus are sensitive to the temperature and loading rates, and there is a logarithmic function relationship
between the tangent modulus and the loading rates under different temperatures. (3) The failure strain and damage time
decrease with the increase of loading rates under different temperatures. (4) The effects of temperature on the failure strain and
damage time are not evident at large loading rates.
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Table 1 Particle composition of samples

RAAERE/mMm 2~1  1~0.5 0.5~0.25 0.25~0.075 <0.075
HEE/% 2407 31.05  17.42 23.84 3.63
1.3 WMEFFE

PRI A R, SR TR 7V hR i)
JC AN PR AT 8 R e il ) B AR BB B 1%~
3% C(EIN#EGEF N 1.25~3.75 mm/min), 5% /M
BN 4 mm/min (BJ 0.067 mm/s); 58P T2
SRR A2 AR LI i T2 B ] DA LA AR Z Ry
10 '~ 10/s HI3EE BEAF FH T 12, (825 8 B8 54 1

PERE, RIS RN EE R BN 500 mm/s (R R ARy
4/8) o APARIEFAFUR . INEH R BN 0.067,
0.333, 1, 2, 4, 20, 50, 100, 500 mm/s, RZiRE
HN-3C. —10°C. —20°C . BT 1056 e 2% f KBl [ 72 A
N 50 kN, A BEREIT-20C 2414~ 100, 500 mm/s {5 .
ARG IR . BRI ARSE Br B R R 2%
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Fig. 1 Relationship between stress and strain under different

loading rates
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Fig. 2 Relationship between uniaxial compressive strength and
temperature under different loading rates
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Table 2 Results of fitting
INFE R/ (mm-s ") a b R?
0.067 0.569 0.854 0.997
0.333 0.924 0.750 0.973
1 1.122 0.722 0.989
2 1.149 0.738 0.997
4 1.153 0.768 0.999
20 1.297 0.796 0.996
50 1.478 0.777 0.999
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Fig. 3 Relationship between a and loading rates
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Table 3 Comparison between measured and predicted values of compressive strength

N o SAE BUIRED
IR A/ (s ) 3C “10C 20C 3C “10C 20C
0.067 1471 3.049 7502 1.589 0.067 1.589
0333 2.183 4727 9.208 2.044 0333 2.044
1 2532 5.591 10.120 2353 1 2353
2 2.606 6.115 10.644 2553 2 2.553
4 2.700 6.613 11.500 2.749 4 2.749
20 3.067 8.424 13.746 3.206 20 3.206
50 3.481 8.776 15.242 3.466 8.769 14.963
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Fig. 4 Relationship between initial yield stress and compressive
strength under different temperatures and loading rates
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Table 4 Results of fitting

W/ C k C R?
-3 0.785 -0.908 0.964
-10 0.829 -1.882 0.991
-20 1.001 -4.915 0.966
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Fig. 5 The relationship of initial yield strength and loading rate
under different temperature
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Fig. 6 Relationship between initial yield modulus and loading rate
under different temperatures
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Table 5 Results of fitting

W/ C m n R?
-3 0.158 0.074 0.909
-10 0.396 0.132 0.977
-20 0.663 0.138 0.966
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Fig. 7 Relationship between tangent modulus and loading rate
under different temperatures
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Fig. 8 Relationships between failure strain and loading rate under different temperatures
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Fig. 9 Relationships between failure time and loading rate under different temperatures
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Table 6 Results of fitting

W/ C A A, vy P R’
-3 20.053  4.628  11.943  3.180 0.995
-10 20.254  5.688 3.171 2.426 0.978
-20 22.120  5.576 0.670 0.828 0.991
®7 PEER
Table 7 Results of fitting

W/ C a' b R?
-3 25.188 —-1.001 0.999
-10 22.535 -1.044 0.999
-20 17.434 -1.138 0.999
:l: ~
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