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Stability analysis of expansive soil slopes considering shear strength
decay characteristics

LI Jinpeng', WANG Lei'?, WANG Jun', CHEN Yang’, XU Yongfu’
(1. College School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620,
China; 2. Department of Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: In order to address the problem that the dynamic decay of shear strength of expansive soil in the process of rainfall
infiltration cannot be considered in the traditional slope stability analysis of expansive soil, indoor direct shear test was carried
out to systematically study the influence of dry density and water content on the indicators of shear strength of expansive soil,
viz., cohesion and internal friction angle. At the same time, the stability analysis of the expansive soil slope based on the
strength reduction method was carried out with the shear strength testing results, and the change law of slope stability with the
dynamic decay of shear strength was obtained. The results show that the increase of water content and the decrease of dry
density will cause the decay of cohesion and internal friction angle of expansive soil, and the decay of cohesion is significant,
while the decay of internal friction angle is less; the stability of expansive soil slope is mainly controlled by the water content of
weathering layer, and with the increase of water content of expansive soil, the slope gradually evolves from stable state to
unstable state, while the influence of dry density on the stability of expansive soil slope is relatively small.
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Table 1 Basic soil parameters of Ningming expansive soil

S G/(g.em™) w/% Wp/% I /%
s 2.80 59.11 24.68 34.43 42.8
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Fig.1 Sample preparation mould
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Fig. 2 Diagram of the soil preparation process
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Fig. 3 Quadruple direct shear testing device
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Table 2 Results of shear strength of Ningming expensive soils

I e W/% o/(°) c/kPa
8.80 273 100.36
11.7 24.56 93.28
14.6 21.80 67.34
TR IG5 17.5 19.82 54.64
20.8 17.92 41.22
233 15.20 30.86
26.1 12.38 9.90
o =-0.827w+34.36 (2)
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Fig. 4 Variation of cohesive force of Ningming expansive soil with
water content
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Fig. 5 Variation of internal friction angle of Ningming expansive soil
with water content
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Table 3 Results of cohesion decay rate of Ningming
expansive soil

RO 2 W/% c/kPa %
8.8 100.36 -

11.7 93.28 7.05
14.6 67.34 27.81

RIGZE R 17.5 54.64 18.86
20.8 41.22 24.56
233 30.86 25.13
26.1 9.9 67.92
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Fig. 6 Change of the shear strength with vertical pressure of samples
with different water contents
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Fig. 7 Change of the shear strength with water content of specimens
undergoing different vertical loads
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Table 4 Record table of test results under different
dry densities

HIESEL p(grem™) ¢/(kPa) o/(°)
17 97.26 26.5
1.6 54.64 19.82
R4k
AR 15 4034 17.82
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Fig. 8 Variation of cohesive force of Ningming expansive soil

with dry density
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Fig. 9 Variation of internal friction angle of Ningming expansive soil
with dry density
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Fig. 10 Variation of shear strength with vertical stress of specimens of

different dry densities
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Table 5 Soil layer related parameters

SR JE &mE  AEEM FRN o
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Fig. 11 Numerical simulation model
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Fig. 14 The variation of slope safety factor with water content
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the 18% moisture content
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Fig. 17 The variation of slope safety factor with dry density
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