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Centrifugal loading finite element method for slope stability under
damage-seepage coupling effect
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Abstract: An dasto-plastic damage seepage coupling model for rock based on the Mohr-Coulomb criterion is established to
analyze slope gtabhility. The stress return method in the principa stress space is given for the Mohr-Coulomb criterion under
damage effect to solve the singular point problem during stress updating. The e astoplastic-damage-seepage finite element
program for rock is compiled based on the stepwise iterative method. The centrifugal loading method is combined with the
program which is used to calculate the factor of safety of slopes under coupling effect, and the damage evolution rules during
failure process are represented. Finally, the numerica simulation is done for an actua dope, and the results may provide

reference for the evaluation of engineering safety.
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Fig. 12 Digribution of damage under different water heights
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Fig. 13 Damage values at monitoring points

5 & it

SO T 3T M=C HENI 5 PR ik 11—
TR, JFSEEL TR A FROCR g . A
IR ¥ 3 22 il 5 A1 R BRI 88 Re e AT 70 #r s
THEAURERY:

(1) BRI, 403475 2 HH LA S
REFEIEHT IR R, e T RSB R 037 s Baife
BRI HHBUAE AT AL s S S AR PN BB o

OB FSFIA AR T LR % 4 R
e, BB 2 A REE

(3) Bl Ak v BE (R8I, 0880 PN 8P 453475 i [
A KA L RIS, B R AR U OB
T 5B Z RS .

SE AL

[1] BN, BWR, TR, A& AR T — et ).
R 43 ) 5 TR AR, 2001, 21(4): 262 - 271, (ZHENG
Yingren, ZHAO Shang-yi, SHI Wei-min, et a. Progress in
Analysis of Sope Sahility[J]. Chinese Journa of Underground
Space and Engineering, 2001, 21(4): 262 - 271. (in Chinese))
BB, RPN, DR, A& HA B o B AT kil
WA 2R A TR, 2002, 24(3): 343 - 346.



511 3

VFE K, A B ERINBTIL A E ERUE B O BE B

2111

(ZHAO Shang-yi, ZHENG Ying-ren, SHI Wei-min, et al.
Analysis on safety factor of slope by strength reduction
FEMIJ]. Chinese Journal of Geotechnical Engineering, 2002,
24(3): 343 - 346. (in Chinese))

KREMS, Walbe, Dhdm, A AEE M I L
ANMAIE[). #5112, 2018, 3%(1): 331 - 338. (ZHU Yan-peng,
YANG Xiao-yu, MA Xiao-rui, et a. Several questions of double
reduction method for dope stability analysigJ]. Rock and Sail
Mechanics, 2018, 39(1): 331 - 338. (in Chinese))

HoouK, 2 4E 1 R, S ML S A R
WX R[], &1 %, 2015, 36(5): 1275 - 1281
(BAI Bing, YUAN Wei, SHI Lu, et d. Comparing a new
double reduction method to classic strength reduction method
for slope stahility anaysis[J]. Rock and Soil Mechanics, 2015,
36(5): 1275 - 1281. (in Chinese))

JEFZ, R, FESE, L A TR R T RFPA B
CVINEFE[T). A TR, 2007, 29(1): 71 - 76. (TANG
Chun-an, TANG Liexian, LI Lian-cong, et d. Centrifuga
loading method of RFPA for the failure process andysis of
rock and soil structure]J]. Chinese Journal of Geotechnical
Engineering, 2007, 29(1): 71 - 76. (in Chinese))

W, X 2z B B IRICTTEEL AR 2 o
IR, &t TR, 2006, 28(14 T1]): 1336 - 1339.
(CAO Jian-jian, DENG An. Centrifugal loading finite
element method for dope stability analysis[Jl. Chinese
Journal of Geotechnical Engineering, 2006, 28(S0): 1336 -
1339. (in Chinese))

Mo o TR AT R A T Iy AL 3R 2 K
TRERFE[D]. M at: WK%, 2005 (XIAO Wu. Slope
stability study on strength reduction and gravity increase
method and its engineering application[D]. Nanjing: HoHai
University, 2005. (in Chinese))

EZEH, ZEY, REOF. 6 #IBYERN -2 -1 s 1
RIS ) ARB T R B ESR AR [ 0077,
2014, 35157 2): 626 - 637. (WANG Jun-xiang, JANG
An-nan, SONG Zhan-ping. Study of the coupling model of
rock elastoplastic stress-seepage-damage (1): modelling and
its numerical solution procedure[J]. Rock and Soil Mechanics,
2014, 35(S2): 626 - 637, 644. (in Chinese))

Wik, FIEE, B 0%, 55 RI9E A0S N AR L)
SEUEVERFIT[]. A A 1S TR AR, 2010, 29(3): 640 -
648. (LU Yin-long, WANG Lian-guo, YANG Feng, €t al.
Post-peak strain softening mechanical properties of weak
rock[J]. Chinese Journal of Rock Mechanics and Engineering,
2010, 29(3): 640 - 648. (in Chinese))

[10] /NP, xlgrsy, F&Fr. 2T Drucker-Prager #ERIFIA A

[11]

[12]

[13]

[14]

[19]

[16]

HAYE G A ARTFS[]]. A%, 2012, 33(4): 148
- 153. (YUAN Xiao-ping, LIU Hong-yan, WANG Zhi-giao.
Study of elastoplastic damage constitutive model of rocks
based on Drucker-Prager criterion[J. Rock and Soail
Mechanics, 2012, 33(4): 1103 - 1108. (in Chinese))

HOCht, B 7, gk BB, AR B IBHU RAERE I 1S A
PG HACANIRI S SR e IEL]. a1
THE2AHR, 2008, 27(6): 1148 - 1154. (CAO Wen-gui, ZHAO
Heng, ZHANG ling, et a. Damage datistical softening
constitutive model for rock considering effect of damage
threshold and its parameters determination method[J].
Chinese Journa of Rock Mechanics and Engineering, 2008,
27(6): 1148 - 1154. (in Chinese))

EZEH, ZE5, REOF. o #2101
BRI 2 R X BRI, 5 )7, 2015,
36(12): 3606 - 3614. (WANG Jun-xiang, JJANG An-nan,
SONG Zhan-ping. An dastoplastic stress-seepage-damage
coupling model of rock (II): parametric inverson and
numerical simulation[J]. Rock and Soil Mechanics, 2015,
36(12): 3606 - 3614. (in Chinese))

B, BRTUR, Tt S VA BRI T R s
W 5 Ny A i S BRI 9T [ e )%, 2009,
30(1): 19 - 26. (JA Shan-po, CHEN Wei-zhong, YU
Hong-dan, et a. Research on seepage-stress coupling damage
model of Boom clay during tunneling[J]. Rock and Soil
Mechanics, 2009, 30(1): 19 - 26. (in Chinesg))

X, B WL B, SRS SRR R
ASKERRAY ] 32 8 K sl [Pl SRR T[], 027,
2017, 38(Jf Tl 1): 418 - 428. (LIU Yang, YANG Gang,
WANG Jun-xiang, et al. Mohr-Coulomb elastoplastic damage
constitutive model of rock and implicit return mapping
algorithm in principal stress space[J]. Rock and Soail
Mechanics, 2017, 38(S1): 418 - 428. (in Chinese))

g, Rt FRE T Mohr-Coulomb #E Ui ik
T 77 S L AL BT VA [, VT B R 2R (A SRR IR,
2013, 32(4): 486 - 489. (RU Zhong-liang, ZHAO Hong-bo.
Methodology for handing singular points on the
Mohr-Coulomb yield surface in easto-plastic computationa
procedures]J]. Journa of Henan Polytechnic University, 2013,
32(4): 486 - 489. (in Chinese))

AR, BN, SKET7. BRI A R TiE gk ——II
A PR TC IR LTI AR A A R[] T,
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))






