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Lower bound finite element method for analyzing tenso-shear failure of slopes

GAO Ru-chao™?, LI Chun-guang', SUN Cong', ZHENG Hong', GE Xiu-run*
(1. Stete Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China;

2. National Enterprise Technology Center, CCCC Second Harbour Engineering Co., Ltd., Wuhan, Hubei 430040, China)

Abstract: The failure modes of slopes include not only the shear failure but also the tensile failure, especialy in the back of frontier
of slopes. The traditional yield criterion of Mohr-Coulomb is difficult to deal with the shear failure with the tensile crack modesin the
lower bound limit analysis. The paper reformulates the yield criterion of Mohr-Coulomb with respect to the linearized spatial
discretization in the lower bound limit analysis based on finite element method. Meanwhile, a pseudo cohesion isintroduced to assure
that neither the Mohr-Coulomb yield criterion nor the tensional failure criterion is violated, and a lower bound limit finite element
method is developed for analyzing the tenso-shear failure of slopes. The numerical examples illustrate the validity of the proposed
method, while showing that if only the shear failure is considered, the factor of safety would be overestimated in the slope stability

analysis.
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c=42kPa =17

3 1
Fig.3 Meshing of example 1

1
Tablel Safety factorsof different methods

[18] [6]

M-C 1.120 0.997
- 1.060 1.061 0.978
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Fig. 4 Distribution of plastic field without
considering tensile failure
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Fig.5 Distribution of plastic field considering tensile
failure(the yellow zoneisthetensile plastic field)

0.978
0.997 -
2%
4
56 m
5
47 m
5.2 2
[6]
8m 11
10m 1:0.75 15m
6 2
7
Ay
Az
AQ
/ As
As
6 2
Fig.6 Sketch map of example 2
2 2
Table2 Physical and mechanical parametersof example 2
b4 E c ®
[N IMPa /kPa ()
Ay 18.8 12.0 0.30 27.3 136
A, 19.0 12.0 0.30 224 13.6
As 16.5 21 0.42 15.6 8.7
Aq 19.0 12.0 0.30 239 232
As 19.0 15.0 0.28 34.4 29.8

7 2

Fig.7 Meshing of example 2
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3
Table3 Safety factorsof different methods

FLACY 1

M-C 1.067 0.955
- 1.010 1.050 1.036 0.931
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10

Fig.8 Distribution of plastic field without
considering tensile failure
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Fig.9 Distribution of plastic field considering tensile
failure(the yellow zone isthetensile plastic field)
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Fig.10 Calculation model of sope 3

4 3
Table4 Physical and mechanical parametersof example 3
Y E c ®
J(NIMY)  /MPa " / kPa /(=)
A; 18.82 10.0 0.35 29.4 12
Az 18.82 10.0 0.35 9.8 5
As 18.82 10.0 0.35 294.0 40

1 3
Fig.11 Meshing of example 3

5
Table5 Safety factors of different methods
Conjugate
J 'g ST_2
Gradient 9] o o
(9]
M-C 0.405 0401 0.417 0.441 0401

- 0390 0400 0.386
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12
Fig.12 Distribution of plastic field without
considering tensilefailure
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Fig. 13 Distribution of plastic field considering tensile
failure(the yellow zone isthetensile plastic field)
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