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Shallow failure stability analysis of expansive soil slope

XIAO Jie, YANG He-ping, LI Han-feng, TANG Xian-yuan
(Engineering Research Center of Catastrophic Prophylaxis and Treatment of Road and Traffic Safety of Ministry
of Education, Changsha University of Science and Technology. Changsha 410004, Hunan. China)

Abstract; Conventional saturated slow shear test, solidification quick shear test and quick shear
test were carried out for Nanning expansive soil under low stresses condition, the change laws of
various shear strengths with the change of vertical stresses were gotten, and the influences of low
stresses on various shear strengths were analyzed. Residual shear strength tests were performed
under the vertical stresses of 75, 100, 200 and 300 kPa, and the expansive soil slop stabilities at
various shear strengths were compared by using the softwares of Seep/W and Slope/W with the
consideration of rainfall infiltration and three limit equilibrium methods including M-P method,
Ordinary method and Bishop method. Analysis result shows that the shear strengths are
significantly influenced by the low stresses. The influences have nonlinear trends and the trends
can be expressed by power functions. The saturated slow shear strength is lowest at low stress
and highest at high stress. The stability analysis result of expansive soil slope calculated by
nonlinear saturated slow shear at low stress is consistent with the actual slope failure situation.
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Tab. 1 Characteristic indexes of expansive soil
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Fig. 2 Linear fitting
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Tab. 2 Parameters of nonlinear fitting
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Fig. 3 Test result of residual strength
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Fig. 4 Numerical model
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Fig. 5 Curves of soil-water characteristic and permeability function
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Fig. 6 Initial pore water pressure distribution
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Fig. 7 Spline curve of slow shear strength
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Fig. 8 Distribution of water pore pressure after 24 h
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Fig. 9 Distribution of water pore pressure after 48 h
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Tab. 4 Safety coefficients
e B E F
it/

ho | L\ 2| 5k S | Dk V| D5k 2| ik 3 |k 15k 2|0k 3

0 | 2.54 | 2,47 | 2.55 | 2.19 | 2.09 | 2.19 | 2.09 | 1.95] 2.09

4 | 2.46 | 2.38 | 2.48 | 2.02 | 1.97 | 2.05 | 2.02|1.89]2.02

8 | 2.39 | 2.33 | 2.44 | 1.96 | 1.88 | 2.00 | 1.78 | 1.75 | 1.88

12 2.35 | 2.28 | 2.41 | 1.92 | 1.85 | 1.97 | 1.49 | 1.45| 1.58

16 | 2.33 | 2.25 | 2.39 | 1.88 | 1.87 | 1.93 | 1.39 [ 1.35| 1.48

20 2.3 | 2.28 | 2,38 | .79 | 1.78 | 1.84 | 1.34 | 1.30 | 1.42

24 | 218 | 2.16 | 2.26 | 1.72 | 1.70 | 1.78 | 1.30 | 1.26 | 1.38

28 | 2.07 | 2.04 | 2.14 | 1.63 | 1.61 | 1.69 | 1.26|1.22|1.34

32 | 1.96 | 1.95 | 2.03 | 1.53 | 1.51 | 1.59 | 1.22|1.19 | 1.30

36 | 1.87 | 1.85 | 1.94 | 1.43 | 1.40 | 1.48 | 1.18 | 1.14 | 1.26

40 | 179 | .77 | 1.85 | 1.36 | 1.33 | 1.41 | 1.14 | 1.10 | 1.22

44 | 175 | 173 ) 1081 | 1034 | 1,31 | 1.38 | 1.13 | 1.09 | 1.20

48 | 173 | 171 | 1.79 | 1.32 | 1.29 | 1.37 | 1.12|1.08 | 1.20
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Fig. 10 Relations between safety coeffiicient and rainfall duration
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Tab.5 Analysis results of slope stability under steady seepage

[se 2 M-P ¥ Ordinary ¥ Bishop 7
B 1. 49 1. 39 1. 49
C 2.11 2.00 2.11
D 2.21 2.12 2.21
E 1.15 1.05 1.15
F 1.11 1. 00 1.12
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