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Tab.2  Physical and mechanical parameters of the rock materials
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Fig.3 A section of a typical channel slope profile
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Fig.4 Sketches of channel slope sliding surfaces obtained from three different methods

*3 FAREBEREMNMERZERHE
Tab.3 Safety factors given by different yield criteria
A PRI BE i (A IR E] )

oS S oS R TR B SF-  35

7 peneet el i M-C D-PI D-P2 D-P3 D-P4 D-P5

BRI 1.590 1.598 1.631 1.996 1.750 1.598 1.612 1.701
w®o% 0 0.50% 2.57% 25.53% 10.06% 0.50% 1.38% 6.98%

H: RETELL Spencer s B34 TR AR (.

BEAh  IEARGEA FIE X D-P RS AR v 53 1 I SR A 22 4 2R 8. AR T M-C I, >R HT D-P i
JEHTEY SR SRS R b HA TR AR B R A B9 SRR S AN ECR T M-C NI X 2658 Je i e 7
SR EE ST IR0 1 A T A R AT I 2 B B, AN Bl TARE . XS AN SRS A HEIE 19 M-C i iR



541 2R, AF . BTSRRI T ik R 33

HENAEAERE £ 2 5 B E TR AT A O, BRI, A SN ZG 1 4528 D-P R 91 ik JIR offe U] e 1542 4 R B0 (3R
3) , HAURIRIZE AL D-P R 51 i A0 i AR SR T 55 1 4 (o) ARAHE. B3¢ 3 Wl AS[RE ) D-P fEN B
18224 ZRUR 8K, B D-P1 524 280 K D-P3 5 D-P4 T8¢ 4 2505 M-C HEN T s 424 250
R A LA M-C HENAIEHE  D-P1 5 M-C L4 REUHZE 22. 4% s AN JE IRAENITH 5 H LA 51, 3. 27
HET IR LA —E0 52 1, 3R 1A 5 FORTRITEZCAY D-P ofE N 22 6] 45 — %2 A AR S, 45 1 AR U 75 3]
(AN ] 22 4 2R 02 0] AT AKH B 4, L2 SR e — 3oyt
3 & &

(1) BT BRI BT A IR ST 3 LA B 56 B8 i sk 125 Jor 442 4 2R 5005 W A A B SF- f 10k T A 45 SR 0 42
T, FLM A B AR — B, ULEH 3 ROy e B AR e B e i m] S

(2) 5T M-C YED A Je IR T A2 ) 25 R AEE R R, o T EE RS AR 5 TR, @ % JEAd ) D-P
HEDACE: M-C i EA T3

(3) SR FH R B A8k TSt e B, Jes AR 0] 1) LA S 45 S8 AR K. D-P R 51N D-P1
(B M-C ENIAYSMEIRD) 55 M-C AENIFE 22355 20% DL b ANRE B R 2 4 2R B0 R (45 ME R A 2242
RBETT AT 5540 ) . D-P3 HEII LK D-P4 1 A5 5] (4 235 SR s ApRE e, Lo 3 3 0l 22 50T DA B0 Ry i
FoUE %8 42 2B .

DRI, 7 SRS A e M T AR B BE BRI AR A8 T i W R e 2 4 RBGE M AN, ol A B e B 4 sk 153 B
B SE R D-P3 8¢ D-P4 U8R M-C 38 3 i ).

2 % X #.

[1] DUNCAN J M. State of the art; Limit equilibrium and finite-element analysis of slopes[ J]. Journal of Geotechnical Engineering,
1996, 122(7) . 577-596.

[2] SR, W] RE T A BROCE SR P BEES & 1], A0 1% 5 TR, 2005, 24 (391 2) : 5355-
5359. (ZENG Ya-wu, TIAN Wei-ming. Slope stability analysis by combining FEM with limit equilibrium method[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24 ( Suppl2) : 5355-5359. (in Chinese) )

(3] XUEE, I, ARk, 5. A ROCH R85 SR A B R[] KB RETR RS, 2010, 28(12) : 93-94.
(LIU Zhen-zhen, FANG Chao-yang, ZHU Tao, et al. Application of FEM limit equilibrium method to slope stability analysis
[J]. Water Resources and Power, 2010, 28(12) : 93-94. (in Chinese) )

[4] 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.

[5] GIFFITHS D V, LANE P A. Slope stability analysis by finite elements[ J]. Geotechnique, 1999, 49(3) . 387-403.

(6] Mg, BN, skET. ABRICHEEIrRE h s R AR [T]. A 117, 2005, 26(2) : 332-336. (ZHAO
Shang-yi, ZHENG Ying-ren, ZHANG Yu-fang. Study on slope failure criterion in strength reduction finite element method[ J].
Rock and Soil Mechanics, 2005, 26(2) : 332-336. (in Chinese) )

(7] FBIRER, FAAA. HET Spencer I HYIMBEAS EVE P SERESR AR 0 M [ ], A 1%, 2006, 27 (1) : 147-153. (ZHENG Rong-
yue, WU Song. Reliability index analysis of slope stability based on Spencer’s method[ J]. Rock and Soil Mechanics, 2006, 27
(1): 147-153. (in Chinese) )

(8] BespvE. +LJRFE[M]. dtat. K F K B ARH:, 2007. 426-427. ( YIN Zong-ze. Geotechnical principles [ M ].
Beijing: China Water & Power Press, 2007 ; 426-427. (in Chinese) )

(9] Fif, FFR, RBIL, & ARG Rk o s g e vk (1], E R, 2008, 35(5): 1031-1034.
(WANG Lian-jie, ZHOU Chun-jing, WU Zhen-han, et al. Slope stability analysis by the limit equilibrium method based on the
finite element method[ J]. Geology in China, 2008, 35(5) : 1031-1034. (in Chinese) )

[10] ZIENKIEWICZ O C, TAYLOR R L. The finite element method for solid and structural mechanics[ M ]. Oxford: Butterworth-



34 KoM ok BT O BO% M 2013 48 A

Heinemann, 2000 140-143.

[11] GIAM S K, DONALD I B. Determination of critical slip surfaces for slopes via stress-strain calculation[ C] /5™ A N Z Conf
Geomechanics, Sydney, 1988: 461-464.

[12] 3k%=F, EBEE. ATy 3al [ M), REE: REERZE LA, 2006 81-82. (ZHANG Xue-yan, YAN Shu-wang.
Fundamentals of plastic geotechnics M ]. Tianjin: Tianjin University Press, 2006; 81-82. (in Chinese) )

[13] RRAEHE, FTREIZAS, KRB, 2T M-CHENIRY D-P RAMEN L + TR P RN ETE [ T]. %+ TSR, 2006, 28(6) :
735-738. (DENG Chu-jian, HE Guo-jie, ZHENG Ying-ren. Studies on Drucker-Prager yield criterions based on M-C yield
criterion and application in geotechnical engineering[ J]. Chinese Journal of Geotechnical Engineering, 2006, 28 (6): 735-
738. (in Chinese) )

[14] BN, Bm%k, XRAERE, 5. ARITMR TR LA A 2 TP R T]. E TR, 2006, 8(12) : 39-
59. (ZHENG Ying-ren, ZHAO Shang-yi, DENG Chu-jian, et al. Development of finite element limit analysis method and its
applications in geotechnical engineering[ J]. Engineering Science, 2006, 8(12) : 39-59. (in Chinese) )

Comparison of different channel slope stability analysis methods

CEN Wei-jun, DENG Tong-chun, SHI Cong-hao, WANG Meng
(College of Water Conservancy & Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: At present, three methods can be used in channel slope stability analysis, which are the rigid limit
equilibrium method, the finite element limit equilibrium method and the finite element strength reduction method.
In order to compare these three methods and different yield criteria in the slope stability analysis, the stability of a
typical and complex channel slope in the South-to-North Water Transfer Project is calculated. The calculated results
show that these three methods can get a similar safety factor, while the yield criterion is a great impact factor in a
strength reduction method. As the edges and corners of Mohr-Coulomb( M-C) yield criterion can affect the stability
of numerical calculation, the third or the forth Drucker-Prager( D-P) criterion which is used to match M-C criterion
can take place of M-C criterion in the channel slope stability analysis. In this way, the safety factor would be

reasonable and the calculation process would be stable in the finite element strength reduction method.

Key words; channel slope stability analysis; rigid limit equilibrium method; finite element limit equilibrium

method; finite element strength reduction method; yield criterion
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