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Temperature driving strength reduction method for slope stability analysis
CAO Xian-feng, XU Qian-jun

(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Temperature driving strength reduction method was studied for slope stability analysis. It was shown from two
examples that the maximum displacement of the slope would increase rapidly after a certain time step. The strength reduction
multiplier corresponding to that critical time step was suggested to be safety factor of the slope. It was also shown that both
accuracy and convergence could be ensured by 4-node quadrilateral element.
Key words: slope stability analysis; temperature driving strength reduction; ABAQUS; criterion for stability
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Table 1 Shear strength of the soils

12 e/kPa P°)  AKNem?)  E/kPa v
® 0.0 38.0 19.5 1.0E4 025
@ 53 23.0 19.5 1.0E4 025
® 7.2 20.0 19.5 1.0E4  0.25

0.06

0.05

0.04

=

gnm

Y

0.0

0.004

0.050.10 (.150.200.25 0.30 0.35
i

E5 TENUBSHT rBXE

Fig. 5 Relation between &,,,, / H and ¢
Xof 1L A A AT 1) A, BTGRP PEAN A ]
Griffiths 1 Lame" S FH s 4ii #5243 1) )\ 45 240 DU i JE
JG, BB NS AR S DU ST N
W AT O RSO EEE) 1SR S A
JEHIG (CPE3) « DU pa Uil e ot (CPE4) W
LRAERITRI N S = ARG (CPE6) « U il
JEHLIG (CPE8) W28 IR HLICHEAT /0BT, 19 3IAH N
AR NN 1,585, 1.387. 1.360. 1.383. As[i]#
TCRIF AR Sa/ H SN0 £ KRR WLIE 7. W]
W, CPE3 Mycil Bz kK, AilS ke se il
Al AN R JGAT CPE4 Fu#liE &b, H
HGTHRE K, CPE4 HooAT BaF (T 08 5 R R4



2042 o

2006 4

HOMCSiRE, SR, 5 CPES M7THb, JLf=Hhk
T s TE ARSI T S (AR, #5SFE o AU
S IR, 54 RS SRR NI B

1

!

]
I
:
|

(b) EIEMHE

B 6 3T F=1.375 BIMRERE
Fig. 6 Deformation of the slope corresponding to Fi=1.375

0.07 "
0.06F
0.051
= o04f
5 003F - CPF3
-=— CPE6
002 -+ CPE4
—+—CPFS L
001}

0 005010 0.15 0.20 0.250.30 0.35 040 045
!

7T TRIBETEBMTEENUBER S 1 HIXR
Fig. 7 Relation between &,,,/H and ¢

4 & IF

£ ABAQUS F¢ /3 il ik i B 3745 A kL 2 5040
PRI R T S RS e LA R AL ALREAT Rt
FIH ABAQUS A G T HATMVHERS R R ARZR kR
fitfe o nTAEPESR . ISR A, T HAH
SN REIRET, AT R R, KK
fajtb 7S CAE R .

ASCHE BANAFSLG], A S/ H 1 FEAR IS
XN S EATIR R L F, AE A2 2 REOX— T3
P BRAR A Fr e TR oh 5, a8k S i T A S
A AR BRR 5 b (1) N A AN e P (R o TE SR R W
SR P DU 25 DU T 88 76 43 B 320 45 1) 151 i 6% E U A1
(AR i ELRAT R st

%%Iﬁk:

(1] B W, GBI, W8 JLBE R TR E PRV
90 FEAIT AT BROTIE (D). 4 b TR SRR, 2005,27(1):38 -
41.(CHENG Ye, ZHAO Ming-hua, CAO Wen-gui. Study on

stability evaluation of karst cave roof with strength reduction
FEM[J]. Chinese Journal of Geotechnical Engineering,
2005,27(1):38 - 41.)

(2] RAE, W, BE B JEBURET S8 e R AU e
SHATMAT R IC TR, R TR, 2005,27(3):258 -
263.(SONG Er-xiang, GAO Xiang, QIU Yue. Finite element
calculation for safety factor of soil nailing through reduction
of strength parameters[J]. Chinese Journal of Geotechnical
Engineering, 2005,27(3):258 - 263.)

(3] MR, RN RE. b TR PR 23 # A7 R Gk B BER T[]
AR TR 22 AR, 2005,38(1):91 - 98.(ZHENG  Ying-ren,
ZHAO Shang-yi. Limit state finite element method for
geotechnical engineering analysis and its applications[J].
China Civil Engineering Journal, 2005,38(1):91 - 98.)

[4] DAWSON E M, ROTH W H, DRESCHER A. Slope stability
analysis by strength reduction[J]. Geotechnique, 1999,49(6):
835 - 840.

[5] GRIFFITHS D V, LAME P A. Slope stability analysis by
finite elements[J]. Geotechnique, 1999.49(3):387 - 403

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

(7] 2%, W%, SEEYL. 50 AT AT BTk il Rk Fe
i 58 Pk DA A R JE N 3], B R R TR OF AR
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.)

[8] Y, whlEIh FLY%E 5T, SR SO Z L3 e
Tk 1. % b T S 4R, 2001,23(4):406 - 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):406 - 411.)

(9] BRAtlds. b Bl A b 8 « Jride « BP M), Jest:
o [ KR K L AL, 2003:364 - 376.(CHEN Z Y. Soil
slope stability analysis — theory, methods and program [M].
Beijing: China Water Power Press, 2003:364 - 376.)

[10] B, RS, MBI LIRS E 2 B A7 PR Ci (1], 3
B4 |, 2001,21(5):450 - 454.(ZHAO Shang-yi, SHI
Wei-min, ZHENG Ying-ren. FEM for analysis of slope
stability[J]. Underground Space, 2001,21(5):450 - 454.)





