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Experimental study on stiffness softening of frozen-thawed soil under
subway loading
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(Department of Civil Engineering, Zhejiang University City College, Hangzhou, Zhejiang 310015, China)

Abstract: Freezing technology is frequently used in the construction of connection tunnel between metro tunnels
and in the operation of shield break-in and break-out. The freezing-thawing action has the negative effect on the
stiffness of soil. When the subway comes into service, its safety could be undermined under metro loading. In this
paper, the undrained dynamic triaxial test was conducted in laboratory to simulate the dynamic stress state of
frozen-thawed soil under metro loading. The variation of soil stiffness was obtained and a stiffness softening
model was established. A piecewise function was found to describe the stiffness softening of frozen-thawed soil
under cyclic loading. When the metro loading is firstly loaded on the sample, there is a semi logarithmic
correlation between the stiffness G and the loading times N. When the value of InN reaches to 8.25 to 9.5, a turning
point of the softening curve appears, and the stiffness declines little after this turning point. The freezing-thawing
operation also accelerates the stiffness softening process under the metro loading. The stiffness can be increased by
raising the consolidation degree. The higher the consolidation degree of the frozen-thawed soil is, the lower the

stiffness loss ratio and softening speed are.
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Table 1 Physical properties of soil
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1.81~1.83 2.75 329~375 334 51.6 18.2
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Table 2 GDS experimental scenarios

Cc-1 0.2 40 1 PRGN 1 20 000
Cc-2 0.2 40 1 =30 1 20 000
Cc-3 0.2 40 1 -20 1 20 000
C-4 0.2 40 1 -10 1 20 000
Cc-5 0.2 40 1 PRGN 0.9 20 000
C-6 0.2 40 1 =30 0.9 20 000
c-7 0.2 40 1 —20 0.9 20 000
Cc-38 0.2 40 1 -10 0.9 20 000
Cc-9 0.2 40 1 AR Rl 0.8 20 000
Cc-10 0.2 40 1 -30 0.8 20 000
Cc-11 0.2 40 1 —20 0.8 20 000
Cc-12 0.2 40 1 -10 0.8 20 000
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Fig.1 Stiffness softening curves
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Fig.2 Matching the softening curves with a piecewise function
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Table 3  Fitting parameters

IR A Go c Gy InN,
0.8 4213 —16.93 270.6 8.90

ENARE 0.9 4507 —15.30 3223 8.39
1.0 5253 —1327 400.7 9.39

0.8 4352 —1878 254.5 9.62

—-10°C 0.9 4353 —13.02 327.9 8.25
1.0 5542 —15.02 4183 9.05

0.8 3647 —19.54 203.3 8.26

—20°C 0.9 4163 2321 201.8 9.24
1.0 5069  —21.40 319.9 8.74

0.8 3034 —20.76 1523 7.28

-30°C 0.9 4507  —19.39 292.1 8.18
1.0 5275 —29.73 284.9 8.16
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Table 4 Parameters of stiffness degradation

BHERT G Gy G w c a
C-1 445 270.6 174.4 0.39 —16.93 0.040
c-2 320 152.3 167.7 0.52 —20.76 0.068
Cc-3 391 203.3 187.7 0.48 —19.54 0.054
C-4 444 254.5 189.5 0.43 —18.78 0.043
C-5 474 3223 151.7 0.32 —15.30 0.034
C-6 391 292.1 98.9 0.25 —19.39 0.043
c-7 437 201.8 235.2 0.54 —23.21 0.056
C-8 447 327.9 119.1 0.27 —13.02 0.030
Cc-9 527 400.7 126.3 0.24 —13.27 0.025
C-10 525 284.9 240.1 0.46 —29.73 0.056
C-11 511 319.9 191.1 0.37 —21.40 0.042
C-12 565 418.3 146.7 0.26 —15.02 0.027
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