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PROPERTIES OF ELASTO-PLASTIC MATRIX D, AND A CRITERION ON
LIMITING STATE OF SLOPE STABILITY BY FEM

ZHENG Hong* ? LIU De-fu'
(1. College of Civil and Hydroelectric Engineering China Three Gorges University  Yichang 443002 China
2. Institute of Rock and Soil Mechanics Chinese Academy of Sciences Wuhan 430071 China)

Abstract It is proven that under assumption of the associated flow rule the elasto-plastic matrix De, is positive
definite for hardening materials positive semi-definite (the rank deficiency being one) for perfectly plastic
materials and indefinite for softening materials respectively. Based on the fact that De, is singular for perfectly
plastic materials it is stated that if a lope arrives at the state of limit equilibrium alayer of elements must go
through the slope from the bottom of the slopeto thetop each element in the layer being in plastic state. Hence

it is rational that the contour plots of the equivalent plastic strain or the plastic work are used to judge if slopes
reach the limit equilibrium state. The paper makes a qualitative analysis for the abnormal phenomenon in which
the plastic zones are usually overestimated in analyzing slope problems by FEM. The skill for overcoming such an
abnormal phenomenon is proposed as well.
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Fig.l1 Regular mesh for a homogeneous slope

Fig.2 Damaged zonesin the limited state






1104-

2005

[

[22]

[22]

0.81

(1

(2

(3]

(4

(9]

gD
EP
EP
g, £,=0.03
3
EP
[12]
)
) Do,
( )
©)
(4) &
EP
(References)

Dawson EM Roth W H Drescher A. Slope stability analysis by
strength reduction[J]. Geotechnique 1999 49(6) 835— 840.
GriffithsD V Lane PA. Slope stability analysis by finite elements[J].
Geotechnique 1999 49(3) 387- 403.

Lechman JB Griffiths D V. Analysis of the progression of failure of
earth slopes by finite elements{A]. In  Geotechnical Specia
Publication Slope Stability 2000[C]. U. S. A ASCE 2000. 250—
265.

1. 2002 24(3) 343- 346.(Zhao Shangyi
Zheng Yinren Shi Weimin et al. Analysis on safety factor of slope by
strength reduction FEM[J]. Chinese Journa of Geotechnica
Engineering 2002 24(3) 343- 346.(in Chinese))

J.
1997 19(1) 1~ 7.(Song Erxiang. Finite element analysis of safety
factor for soil structures[J. Chinese Journal of Geotechnical
Engineering 1997 19(1) 1~ 7.(in Chinese))



24 7 : Do

* 1105

(6]

(8l

(9

(10]

(11]

[12]

3
[J. 2003 25(4) 389 394.(Ge
Xiurun RenJianxi Li Chunguang et a.3D-FEM analysis of deep

diding stability of 3* dam foundation of left power house of the

Three Gorges Project[J]. Chinese Journa of Geotechnica
Engineering 2003 25(4) 389- 394.(in Chinese))
[J. 2001 23(4) 406- 411.(Lian Zhenying

Han Guocheng Kong Xianjing. Stability analysis of excavation by
strength reduction FEM[J]. Chinese Journa of Geotechnica

Engineering 2001 23(4) 406- 411.(in Chinese))

1. 2003 3 1- 8(Luan
Maotian Wu Yajun Nian Tingkai. A criterion for evaluating slope
stability based on development of plastic zone by shear strength
reduction FEM[J]. Journal of Disaster Prevention and Mitigation
Engineering 2003 3 1- 8.(in Chinese))

3.
2002 24(5) 626- 628.(ZhengHong Li Chunguang

Ge Xiurun et a. Finite element method for the factor of safety [J].
Chinese Journal of Geotechnical Engineering 2002 24(5) 626—
628.(in Chinese))
Dawson E You K Park Y. Strength-reduction stability analysis of
rock slopes using the Hoek-Brown failure criterion[A]. In  Labuz JF
ed. Geotechnical Specia Publication Trendsin Rock Mechanics[C].
[s.l] ASCE 2000.65- 77.

[J. 2003 22(5) 813-
819.(Wang Chenghua XiaXuyong Li Guangxin. Ant algorithmin
search of the critical dlip surface in soil slopes based on stress
fieldg[J]. Chinese Journal of Rock Mechanics and Engineering
2003 22(5) 813- 819.(in Chinese))

1. 2004 23(5) 706 719.(Zheng Hong

(13]

[14]

[19]

(16]

[17]

(18]

(19]

[20]

[21]

[22]

LiuDefu  Luo Xiangi. Determination of potential slide line of slopes
based on deformation analysis[J. Chinese Journa of Rock
Mechanics and Engineering 2004 23(5) 706— 719.(in Chinese))
Crisfield M A. Non-linear Finite Element Analysis of Solid and
Structures(V.2)[M]. New York  John Wiley & Sons 1997.
[J.

2003 24(5) 691- 696.(Shao Guojian Zhuo
Jiashou Zhang Qing. Research on Analysis Method and Criterion of
Rock Mass Stability [J]. Chinese Journa of Rock Mechanics and
Engineering 2003 24(5) 691- 696.(in Chinese))
Zienkiewicz O C. The Finite Element Method(V.2)[M]. [s. I.]

McGraw-Hill  1991.

(3.
1991 13(6) 35— 41.(Zhang Mengxi Chen Zhizhao. The studies
on the stabilization for soil slopes by tracking analysis with the finite
element method[J]. Chinese Journa of Geotechnical Engineering
1991 13(6) 35— 41.(in Chinese))
YosidaY. Functiona AnalysisiM]. [s.].] Springer-Verlag 1980.
Zheng Hong LiuDefu LeeChack Fan et al. Principle of analysis
of brittle-plastic rock mass[J]. International Journa of Solids and
Structures 2005 42(2) 139- 158.
Duchateau P Zachmann D. Theory and Problems of Partia
Differential Equations{M]. New York Mcgraw-Hill 1986.
Chen W F. Limit Analysis and Soil Plasticity[M]. Amsterdam
Elsevier 1975.
Zheng Hong Liu Defu Lee Chack Fan et a. Displacement-
controlled method and its applications to material non-linearity[J].
International Journal for Numerical and Analytica Methods in
Geomechanics 2005 29(3) 209- 226.
Ortiz M Leroy Y Needleman A. A finite element method for
localized failure anaysis[J. Computer Methods in Applied

Mechanicsand Engineering 1987 61 189 214.



