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Stability analysis of excavation by strength reduction FEM
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Abstract: An elasto-plastic shear strength reduction FEM is used to analyze the stability of excavation slope. A well defined failure shear strain
| zone is formed in the excavation slope. It is found that elastic modules, Poisson’s ratio, dilation angle and lateral pressure coefficient, compared
with cohesion and friction angle, have little effect on safety factor of slope. As failure pattern of excavation slope is similar with that of natural
slope, it is concluded that the method is appropriate for stability analysis of excavation slope. It is believed that the shear strength reduction FE
method can be widely applied in the engineering practice because this method benefits over limit equilibrium method.
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Fig.1 Reduction factor versus shear strain
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Fig.3  Shear strain corresponding to limit collapse of natural slope

AT 2E— 4 UL B [ 8, 4% 3P 58 BE 4 A PR 7T 7
B — BB B R AR A, K AR 3 10 LA R
T RS ENEH] 4.1 FZDB GFERE N 4.5 m)
SERMF . B 3 4T R RD A R o)
SCBYRARG AR FFFAZ AR B, 2 A 1(c), T
T WA R XA B AR K RO AR A , TR E STk [ 5 ]
H SR BRI 5300 38 B Y AE BB X S R K i 22
o AR BEHTIA FRICH AT S I % 4
RPN 1.18; FSR BEYTIA BRITHT B6 A7 K AR 31 3 19
RTEREON 1.20; FiF Z 811 2 51 2 i T IS %%

| TRENEBRIERUSMNEZ BI85 7 4 R AIE A,

I T AR AT, 24 R B R AR 1w
/N BSOS , TA 3R BE T A PR TG 7 vk T 1A
MTIHEHB TGRS WS FER , TS
DY, WRAT [ AR ERTR N , 24 R R AT 5>
W, SRMELENELRE. YRNTERAEE, %
REMZ2RBENRRMRK,

6 HitERE

7% 3 PR BEHT IR A BRI A eR B9 T TRl i
SEPE, BB — e B LIRS

(1) A S 5 — W T S 2 725 M
A BT _E T B3 , JUTIA Ay Ok T 047 080 28 0 3 3
MESRB . B ERIERE, YIRS, 4 T
SRARUESE SCHY SRR I

Q)XYW 3 2 2 BRI LIRS BORTT T
KBRIESHNSEBIT . S RIEEE I RS BOE
VSR, PR B SR E v BTk o FODIEE /B
ko XL 2 RBHHRRIBA .,

(3)i 1t 55— MEAR B AR A Ho g
R I P SCH B BE ST IR A BRIT 7 2k ST T4 th ok e

|




FaW

HEEES . RETTHA RCEPI RIS e 411

BN KRB W A BT VIR o AR SUHIBIF ST
R REEIRHART T AR E 2 RECTHEEA
TS IR E T

+ T B A0 24 2 B 0 I IR e Y 7E
BRI B REBEH A B — DA E, AR (2
TR FORSMT R AR ) B EBR X AR AR
BRI BTEAUL, 538 B R — (B A T BT R AE H
AR %o T A DR ) A B 2 1 T — 8 A 1 T P
o, BSR4 58 U R THE— 2 IR AR
Fo BREITIA FRITHE A MBI L 2 8] A9V 1 A
W B BARTE R, BRI 25 B RE AL R 2% LA 40 6
ML ZA A T2 B3 AN RS A TR

SE 0K

(1] Duncan J M. State of the art: Limit equilibrium and finite-ele-
ment analysis of slopes [J]. Journal of Geotechnical Engineer-
'ing, ASCE, 1996,122(7): 577 ~ 596.

[2] Zienkiewicz O C, Humpheson C, Lewis R W. Associated and
non-associated visco-plasticity and plasticity in soil mechanics
[J]. Geotechnique, 1975, 25(4): 671 ~ 689.

(3] Wong F S. Uncertainties in FE modeling of slope stability [J].
Computer & Structures, 1984,19:777 ~791.

[4] Ugai K. A method of calculation of total factor of safety of
slopes by elaso-plastic FEM [J]. Soils and Foundations, 1989,
29(2): 190~ 195.

[5] Matsui T, San K C. Finite element slope stability analysis by
shear strength reduction technique [J]. Soils and Foundations,

1992, 32(1): 59~ 70. ‘

[6] Ugai K, Leshchinsky D. Three-dimensional limit equilibrium and
finite element analysis: a comparison of results [J]. Soils and
Foundations, 1995, 35(4): 1~7.

(7] Griffiths D V, Lane P A. Slope stability analysis by finite ele-
ments [J]. Geotechnique, 1999, 49(3): 387 ~ 403.

[8] Dawson E M, Roth W H, Drescher A. Slope stability analysis
by strength reduction [J]. Geotechnique, 1999, 49(6): 835 ~
840.

[9] Manzari M T, Nour M A. Significance of soil dilatancy in slope
stability analysis [J]. Journal of Geotechnical and Geoenviron-
mental Engineering, ASCE, 2000, 126(1): 75 ~ 80.

[10] R=#. L IHMEZLREWARTIHED]. ALT#
AR, 1997, 19(2): 1~ 7.

[11] Tamura C, Han G C, Kato K. A study on vibration failure
mechanism of sand models of fill type dam [J]. %5 6 [a] B Z<#h
BRI VRV 4, 1982: 921 ~928 . (in Japanese)

[12] K165 . AT EE SN AM]. 65 R E AR AR
#t,1998.333 ~ 337.



