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Slope stability analysis by strength reduction method
based on ubiquitous-joint model

WU Shun-chuan, JIN Ai-bing, GAO Yong-tao
(School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Due to the merits of strength reduction method, it has been broadly used in nonlinear numerical analysis of the slope
stability. In general, the rock and soil are regarded as to be an idealized elastoplastic model; and Mises yield criterion is used. The
stability analysis of densely jointed rock slopes using ubiquitous-joint model , the joint property can be considered as well as the rock,
thus fitting better with the practical engineering. It is assumed that failure might occur first either in rock or along joint or in both
during the rock strength reduction. According to a real engineering project and based on strength reduction method with
ubiquitous-joint model, the calculation results show that the potential slip surface appears in style of a polygonal plane; and the dip
angle of the potential slip near slope foot is similar to the equivalent friction angle of joint, while the potential slip near the top slope
is related to tension failure of rock. The results also show that the dip angle of the joint determines the slope safety factor and the
potential slip range. The steeper joint sets affect less the slope stability. Throughout the investigation of the slope failure criteria and
the slip surface, it is recognized that the case of the force or displacement becoming not convergent can be properly used as the failure
criteria of slope. The shear strain rate in slope can also be used as the criteria for confirming the potential slip of slope because its
physical meaning is very explicit.
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Fig.3 Curve of the max-unbalance force vs. cycle step
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Fig.4 Displacement vector diagram before slope failure
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Fig.5 Shear strain rate distribution of slope
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Fig.6 Accumulated shear strain distribution of slope
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Fig.8 Shear strain rate distribution at joint angle 50°

X T BRI A L A SR A A, E
AT LUR A R S A AL S5 SO SR A 3B, g
A TRESEGI HSHE 18, LA TS 1 i
Prid s BARBT AL AT U] 9 Fros, B 224
RHCN 1,060 X TRGENE LRI T S H s
WL, AT AT LG, BRI A
AREHZEAK GuiA B 1,100, (HIZ3 KA
BRIAHLRE S AE T AR 2 e AN, 181 9 Bl
ARSI IO RSB RS, M 6 5 45 F i
FHOR I SRS i oA, AR BT A T 11
T B vt R AN R .

B9 EEROEERITHE B RARBT AR A
Fig.9 Accumulated shear strain distribution of slope based
on equivalent continuum model

5 4 @

(1) ARG A i PR ATy Fs R LAY
SRR, I D ) SORTEIrE I . R ik
Ay BRI T [N 25 R BRI B vk, AT s
MOIRES B TR

(2) T3 R A4 iy i i E AT ok BT v
(RIOCHEE D, SRAN S 5% B AR B PR A2 A5 A
SR T LR SO AR A s T A IS R
SURIIARS, AT REILI AT AT, A kS
Byt —DArie 7y B RS AR WA
TERRBIAZTE ,  AHAR I3 R A 38 24 1 o

(3) JSBCHRAE I R ThTf 2 I ] 7 1 225 4K



542 Fer +

71

2 2006 4F

Yz —, ABEER RS T2 B S A
112 KR 7 19 R AR SR A AR AR R Bk, R
TSP B I A T AR A Ay 320 IR A T R T PR R
fi VB Sy IR, (H LAY NAR AR E 1114
BORAEAZ I S OB NAR L ) SR AR AR
BV NAR Gy BT 2 RARZE A K

(4) & TR, e T A 7y PSR i ik i
P v R AU R W], AR GER) 3 U AR R S0
AR M T e R IS, v A A2 T
i 5T BT AR RON BEE A BB, RS AT RS
115 5 R AR G, R WA AR R e AR B
IEAERER T E7 NS

(5) BRI A A A WA B
SEMRR,  RRAEAN ) BB 25 AF R AL 38R otk
FEAT RS, AT A T BN I BRSPS R N o

(6) X TR SFROE S A (1 2 4L 1Y
BUE A, BUAE TR K2 8 2 4 AR B0 5 Ay B
THEAURM L ZE R AR, HILUUR RSN &
AR A R e AN

Z2 % X W

(11 EBCE, shER, L7 SR RTEDHUHZ

AW ARGE ML) A TR, 2001, 23(4): 407
—411.
LIAN Zhen-ying, HAN Guo-cheng, KONG Xian-jing.
Stability analysis of excavation by strength reduction
FEM[J]. Chinese Journal of Geotechnical Engineering,
2001, 23(4): 407 —411.

2] Z%H, sIEZ%E, FEYL. rBEATIA Rocik il ok

RRIREBPE DRI S SR HI[I]. B K TRES#4], 2003,
23(3): 1—=8.
LUAN Mao-tian, WU Ya-jun, NIAN Ting-kai. 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, 23(3): 1—8.

31 JAzRsE, XIAERK, WL, 55 AR BRI R
ARTEATBRICIHT[T]. i E 1%, 2003, 24(4): 644—647.
ZHOU Cui-ying, LIU Zuo-qiu, DONG Li-guo, et al.
Large deformation FE analysis of slopes failure[J]. Rock
and Soil Mechanics, 2003, 24(4): 644 —647.

(4] XUFERK, FIZRDE, LI, A% 3R E SOTE S AT
AT PRTCIRBETIIA]. 7%, 2005, 26(4): 558—561.
LIU Zuo-qiu, ZHOU Cui-ying, DONG Li-guo, et al.

(6]

(8]

(]

[10]

(11]

Slope stability and strengthening analysis by strength
reduction FEM[J]. Rock and Soil Mechanics, 2005,
26(4): 558—561.

AR, RN, A DZR. A BT A kA7
A BOASASE AT, A )25 TTREAR, 2003,
22(2): 254—260.

ZHAO Shang-yi, ZHENG Ying-ren, DENG Wei-dong.
Jointed rock slope stability analysis by strength reduction
FEM[J]. Chinese Journal of Rock Mechanics and
Engineering, 2003, 22(2): 254—260.

BN, BB A PR ICHR BT Ik AE 3 2 o
(KIRHI[]. A A7 D02 5 TREZA A, 2004,23(19): 3 381
—3388.

ZHENG Ying-ren, ZHAO Shang-yi. Application of
strength reduction FEM to soil and rock slope[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004,
23(19): 3381 —3 388.

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

BN, B R, A DIR. AL PRI e
ERAL T[] A D1 %5 TR, 2003, 22(12):
1943—1952.

ZHAO Shang-yi, ZHENG Ying-ren, DENG Wei-dong.
Numerical simulation on failure mechanism of rock slope
by strength reduction FEM[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(12): 1 943—1 952.
AR, RN, IR, A A BRIC SR BT i Sk
HYRE TR AL TSR, 2002, 24(3): 343
—346.

ZHAO Shang-yi, ZHENG Ying-ren, SHI Wei-ming, et al.
Analysis of safety factor of slope by strength reduction
FEM[J]. Chinese Journal of Geotechnical Engineering,
2002, 24(3): 343 —346.

BE, BN, SKET7. A IR ITHR sk il ok
FAMAEHAS[I]. A 0%, 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.

Itasca Consulting Group. Inc. FLAC2D (Fast Lagrangian
Analysis of Continua) Theory and Background[M]. USA:
Itasca Consulting Group, Minneapolis, Minnesota 55401,
2002.



