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Analysis of crack development of unsaturated red clay based on
linear elasticity mechanics
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(1. School of Civil Engineering, Central South University, Changsha 410075, China ; 2. School of

Architecture Engineering, Hunan Institute of Engineering, Xiangtan 411108, China)

Abstract ; The red clay distributed along the Chen-Ning Expressway in Hunan Province is a typical high-plasticity
clay, which is readily to dry and crack and cause serious engineering diseases. With the red clay of Chen-Ning
Expressway as an object of study, the mechanism of clay shrinkage crack was analyzed herein. Based on the linear
elastic and unsaturated soil mechanics theories, certain assumptions and with the tensile strength of the soil in
mind, a theoretical solution of the crack depth was derived. Analysis of the theoretical solution shows that, the
depth of the crack development is mainly controlled by the surface matrix suction. The greater the surface matric
suction, the deeper the cracks; crack depth is greatly influenced by the suction gradient when the suction gradient
is small; crack depth development is less influenced by the Poisson ratio.
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Fig.1 Crack of red clay embankment Fig.2 Landside of red clay slope
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Table 1  Mineral composition of red clay %
oSl Cizize) IR AT S ARERA
15 15 25 40 5
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Table 2 Shear strength indexes of red clay

fit O RAREE 0 IR B
P ¢/kPa ©/°(°) /kPa o/(°) ¢/kPa o/ (°)
Bl 24 25.2 2 25.3 40.1 18.9
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Table 3  Basic physical property indexes of red clay
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30.9 2.65 6l 35 26 44.2 0.29 6.34 0.10 28.5
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Fig.3 Change of matric suction with the soil depth
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Fig.4 Impact of surface matrix suction on crack depth Fig.5 Impact of suction gradient on crack depth
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Table 4  Values h corresponding to different combinations of u, and k&
k/u, 120 100 80 60 40 20 10
0.02 0.000 2 0.000 2 0.000 3 0.000 3 0.000 5 0.001 0 0.002 2
0.04 0.000 3 0.000 4 0.000 5 0.000 7 0.001 0 0.002 1 0.004 3
0.08 0.000 7 0.000 8 0.001 0 0.001 4 0.002 0 0.004 2 0.008 6
0.2 0.001 7 0.002 0 0.002 5 0.003 4 0.005 1 0.010 4 0.0215
0.4 0.003 4 0.004 0 0.005 0 0.006 7 0.010 2 0.020 7 0.043 1
0.8 0.006 7 0.008 1 0.010 1 0.013 5 0.020 4 0.041 5 0.086 1
2 0.016 8 0.020 1 0.025 2 0.033 7 0.050 9 0.103 7 0.2152
4 0.033 5 0.040 3 0.050 4 0.067 5 0.101 8 0.207 3 0.4305
8 0.067 1 0.080 6 0.100 9 0.134 9 0.203 6 0.414 7 0.8610
20 0.167 7 0.201 4 0.2522 0.3373 0.509 0 1.036 7 2.152 4
40 0.3353 0.402 9 0.504 5 0.674 6 1.018 0 2.073 4 —
80 0.670 6 0.805 7 1.008 9 1.349 3 2.036 0 — —
120 1.005 9 1.208 6 1.513 4 2.023 9 3.054 0 — —
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