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The analysis of discontinuous bifurcation of rocklike materials
and its engineering application

o 5, BROHT, A%E

(IR AR A, BT 100084)

55 KU Ouosen FVRS(E (7 40 B0 16 SCIBEA O LM A AR HE 5 4 S0 W P LR 36 77 0 0 MR AR, 5 14 T 24
58 B F Y Mohr— Coulomb F1 Drucker— Prager oHE TU) PR s 7 T e A R SRy 0 ), et A Rl A T ) R Ak itk AT T bR

B 0P T AR R IRE b BGE AT 43 U3 b, 5 B0 SCAS R B AT BT R 1 JR) 3 A DX R T G R A R 2 AR L I R S L AT 5%
Y53 S0 M, o S5 AR ) I AL d 5 A N SR A, A LA M 5 A AL

KBRIA: 77 3 Wi B8 A0 B B 5 Ml 5 J=y A 7 s 92 ) A

th[E S TU 452 SCERARIRAD: A XEHRS: 1000~ 4548(2001) 04— 0403- 04

TEEE N W 9, 55, 1964 4F24E . 1988 AR TERS A A2 3T 2547, 1996 47 7E B Innsbruck K 2= 3K 1 L 254, IR 46 K25 KR &
I EEE . BN F K LS S A )35 D5 T 5 A

YANG Qiang, CHEN Xin, ZHOU Wer yuan

(Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Based on Ottosen” s discontinuous bifurcation solutions in elasto- plasticity, the critical bifurcation directions and their corresponding hard-
ening modulus for rocklike materials are derived. The two critical bifurcation directions on Mohi- Coulomb and Drucker-Prager criterion under uni-
axial compression for different ¥, Vare compared to each other. In addition to the traditional FEM, the bifurcation analysis is performed in a thin

p]ate under compression and in an arch dam, and the (-.nmpulec] localized elements show there is a shear failure zone in the p]ate and in the dam

heel where the compressive stress is the maximum.
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Fig. 1

Localized elements in a thin plate under compression

in different displacement load steps

ARSCERT FEHE W AT 1 5B 5 X, tHERLIX
BAFEIAAEER . FE TN E+ BE+ B+
5AEKER . REALIX F B HIAEA. B 2>a). (b) £
AR R R A SR A R R T, HE SR ) SR
L e W 2( ) . AT LLR IR, JR Ak A A 76 BE30 I B
JIHER (P30 E B T g G I U
5 & I8

FR 4 STHR[ 3] 15 31 1) K A AN IE S 73 S i A AL
AL ISy Ak 7 ) () e T A, 3 E T AR R N AR Dy
AL 11 ff £ 82 A8 9 IR B SR S8 PE k) . AR
SCEAR ARG T A A M ENE ) Mohr— Coulomb F
Drucker— Prager # I % Ifi 57 A 44 45 55 1 =) 358 46 7 17,
(BN - e e R e A o D, -t w50 B O

AT B 73 SO i S B8 A ASE R JR) AL 7 1]

2360 = JH R

2340

By ¢335

(o) R

B2 REYBEEM S o5
Fig. 2 Elasto plastic bifurcation analysis of an arch dam
A SRIBNE 73 oy BT R e, T S DX 4 45 1
FOFERH, FF o] AEBE Al ch RS0 2 . D T kR W, e R
#AEM 48— X T Drucker— Prager #fEW] . 7E 115 Hid ]
SEANR AR, SR JLEHEN, PABGETHRORS R .

SEHL:

[ 1] Hill R, Hutchinson ] W. Bifurcation phenomena in the plane ten-
sion test[ J]. J Mech Phys Solids, 1975, 23: 239~ 264.

[ 2] Rudnicki ] W, Rice ] R. Conditions for the localization of defor-
mation in pressure-sensitive dilatant materials[ J]. J Mech Phys
Solids, 1975, 23: 371~ 394,

[3

Ottosen N S, Runesson K. Properties of discontinuous bifurcation

solutions in elasto-plasticity [ J]. Int J Solids Struet, 1991, 27
(4): 401~ 421.

[4] X4 A 5 AT )R AL SR i 2 3o e[ AL AT HE
etk 1 "E B 5 SBR[ M]. AT B E kK AR A,
1997. 113~ 121.

[5] o, ffsehs, BB 50 781 1 R A SR AR R B B
(1) 53 SLAF BT J) . w2541, 1999, 24(4) : 364~ 367.

[6] Ortiz M, Leroy Y. Needleman A. A finite element method for

localized failure analysis| J]. Comput Meths Appl Mech Eng,

1987, 61: 189~ 214.





