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Slope stability at the exit of Xinmin tunnel in 8 degree seismic intensity area

WANG Xinquan', WANG Zhimeng’, NIU Ben*, JIANG Heng’, FENG Chun'* "

(1.Institute of Mechanics, Chinese Academy of Science, Beijing 100190, China; 2. School of Engineering Science, University of
Chinese Academy of Sciences, Beijing 1000493, China; 3. China Railway Eryuan Engineering Group Co., Ltd., Chengdu 610031,
Sichuan, China; 4. School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract; In order to prevent the hazard of landslides caused by earthquakes on the road and ensure the safety of traffic, based on
the continuum-discontinuum element method, a numerical analysis model was established according to the geological data of high
and steep rock slope at the exit of Xinmin tunnel. The model used numerical simulation to analyze the stability of the slope under
earthquake action. Study showed that under the action of an earthquake, the front part of the slope body broke and rock fell. In view
of the fractured rock mass, the safety factor of slope under different reinforcement methods was analyzed. It was found that the over-
hanging body above the tunnel had a high risk of rupture and collapse after earthquake action, which needed to be strengthened. This
result coud provide theoretical basis and scientific guidance for the collapse prevention of high and steep rock slope.

Keywords: continuum-discontinuum element method; slope stability; earthquake; reinforced support; numerical simulation
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Fig.1 Rockfall from dangerous rock at tunnel exit
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Fig.3 Simple slope models with different joints are set up
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Table 1 Slope safety factors under different bedding spacing
] FE/m (PRI ¢ A TR
1.5 1.52 1.40
2.0 1. 64 1.59
2.5 1. 88 1. 69
3.0 2.01 1.73
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Fig.4 Static safety factor of simple slope
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Fig.5 Safety factor after earthquake of simple slope
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Fig.6 Calculation model of Xinmin ttunnel slope
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Fig.7 Displacement of original slope under static state
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Fig.8 Seismic wave acceleration curve
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Fig.9 Schematic diagram of monitoring point
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Fig.10 Displacement of original slope after earthquake
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Fig.11 The displacement of the monitoring point
during the earthquake of the original slope
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Table 2 Volume and degree of fracture of fractured

rock mass
M) A5 WA R AR/ m’® {22358
A—B 102. 6 0.16
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Fig.12 Calculation model of shotcrete anchor net &
roof long bolt support
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Fig.13 Displacement after earthquake (reinforcement scheme 1)
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Fig.14 Displacement of monitoring point during earthquake
action ( reinforcement plan 1)
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Fig.15 Fractured rock mass at the top of the slope
(reinforcement scheme 1)
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Fig.16 Calculation model of spray anchor net & top
long bolt & upper long bolt support
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Fig.17 Displacement after earthquake (reinforcement scheme 2)
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Fig.18 Displacement of monitoring point during earthquake
action ( reinforcement plan 2)
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Fig.19 Fractured rock mass at the top of the slope
(reinforcement scheme 2)
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Fig.20 Calculation model of spray anchor net & top long
bolt & upper spray anchor net with long bolt support
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Fig.21 Displacement after earthquake ( reinforcement scheme 3)
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Fig.22 Displacement of monitoring point during
earthquake action ( reinforcement plan 3)
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Fig.23 Fractured rock mass at the top of the slope
(reinforcement scheme 3)

Xt b = A () T 58 b o A v B A2 A
2, C miRrp LA e R R A LR R, R
N B R R, A R AR R R A P Y
ARSI/ AR TS D E F i A i RS (RN 1
AT 5 MR e A W I 7 A% Al T B M R AR Y
Wi, A7 W (L 10 8 17 0 5 GG I 1% 3 72 282 D FE A7 A
FROGAE , M a5 2 % 32 AN () Jin 61 077 56 (9 S Wi 5 /08
WRR AR S BOASCE R K R, R RR i 22 42
PEAAAERIE M, AN [N ] 75 58 32 BB X i 3 2
ARB R PR BEA T I8, AT 388 i 1 A E MR AR TR
Mt

5 %t

ABIRFER i S AR E Lk B0 5 1, RO R BE T8
AR T AR E PEHEAT BT, 12 X e M 7 0 T
HHEH 0. 308, W72 8 S W R AL A U1 0. 40 s, J@
T8 AU, FETR R BRIE R 1 )7 E I 7 Wi
B DU ST R RS | st S7 T 22 4 B BBE Y
PR 1 8 20 B IR T I SRR Y 4 R AL
ARG HBRR A T T 35 AP AE BRI B, BT I 3
INIET7 58, 4% 2 7= VF S 3 3 1R ) A 5% A% 5
JE , A MR A Y A A 2 4 R

W2 A Z R 1 i o A Y B ) B A A
PRI 2R, BHE R =70 2L ) B 0 0, 0 39 )22 4 2R B T
HAERE Al TR RS RAE T T
INPIEAAAE Z W B EUIH], S B e S
PRI A ) oz 3y, sk TR BIRES A F
TN 7 SR, W 19 T A7 08 N A
A A LAY SRR 5 Rz By, i AT AT 2 ROA

iR R Iz gl (HE LS ) 35 1A i 7 415 77 1 5 22 e
AR TR S R RATER S AR T SR AR
FETERR

SE Lk

[1] FROUDE M, PETLEY D. Global fatal landslide
occurrence from 2004 to 2016[ J]. Natural Hazards and
Earth System Sciences, 2018, 18(8) :2161-2181.

(2] BEEK. 20 tH 22 L v [ it oK 4 1 3k e HC & AR LA
(1], B A D125 5 TR, 2007, 26(3) :433-454.
HUANG Rungqiu. Lagre-scale landslides and their sliding
mechanisms in China since the 20" century [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26
(3) .:433-454.

[3] XBAR-, Zesz, BURIE. HuRAE T et i o i

BT [T]. PR R i (H R ),
2014, 45(10) ;3578-3588.
DENG Dongping, LI Liang, ZHAO Lianheng. Research
on quasi-static method of slope stability analysis during
earthquake[ J |. Journal of Central South University ( Nat-
ural science edition) , 2014, 45(10) ;3578-3588.

(4] BIRC, Fabk, R KB 45, = 4 Wl o b ta e v

AT, A S TR, 2011, 30 (3T 1),
2904-2912.
HU Cheng, LU Kunlin, ZHU Dayong, et al. Analysis of
pseudo-static seismic stability for three-dimensional slope
[J]. Journal of Rock Mechanics and Engineering, 2011,
30( Suppl.1) ; 2904-2912.

[5] YOU L, MICHALOWSKI R. Displacement charts for
slopes subjected to seismic loads [ J].
Geotechnics, 1999, 25(1) .45-55.

[6] A8A:3C. 25 IR A5 AL TH IR Ab 19 25 T 341 33 b 72 7 A (LA TR 55
[J]. 5+ T2 ,2007,29(3) :452-457.

QI Shengwen. Evaluation of the permanent displacement

Computers &

of rock mass slope considering deterioration of slide

surface during earthquake [ J ]. Chinese Journal of
Geotechnical Engineering, 2007, 29(3) :452-457.

(7] KRN, MR, Rk, bR 70 3w SR ) 2o ik 54

H I HT R[], A T4 5 TR 524, 2000, 28
(8):1714-1723.
ZHENG Yingren, YE Hailin, HUANG Runqiu. Analysis
and discussion of failure mechanism and fracture surface
of slope under earthquake[ J]. Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(8) :1714-1723.

[8] FIORE V. Seismic site amplification induced by topo-
graphic irregularity ; results of a numerical analysis on 2D
synthetic models [ J |. Engineering Geology, 2010, 114
(3):109-115.

[9] ZIENKIEWICZ O, HUMPHESON C, LEWIS R. Associ-



55 3

Tl A5 8 MR ZURE DR FREBRAH Hh Ak i SRR E 9

ated and non-associated visco-plasticity and plasticity in
soilmechanics[ J]. Geotechnique, 2015, 25(4) :671-689.

[10] MATSUI T, SAN K. Finite element slope stability analy-
sis by shear strength reduction technique [ J]. Soils &
Foundations, 2008, 32( 1) :59-70.

[11] GRIFFITHS D, LANE P. Slope stability analysis by
finite elements [ J ]. Géotechnique, 1999, 49 (3):
387-403.

[12] CUNDALL P, STRACK O. A discrete numerical model
for granular assemblies [ J]. Géotechnique, 2008, 30
(3) :331-336.

[13] LI Shihai, ZHAO Manhong, WANG Yuannian, et al. A
new numerical method for DEM—block and particle
model[ J]. International Journal of Rock Mechanics and
Mining Sciences, 2004, 41.414-418.

[14] FENG Chun, LI Shihai, LIU Xiaoyu, et al. A semi-
spring and semi-edge combined contact model in CDEM
and its application to analysis of Jiweishan landslide[ J ].
Journal of Rock Mechanics and Geotechnical Engineering,
2014, 6(1) :26-35.

[15] Z=titig A, A AR i st e iy g 2= i [ M. b
oL Bk AL, 2018.

[18]

LI Shihai, FENG Chun, ZHOU Dong. Mechanical
methods in landslide research [ M ]. Beijing: Science
Press, 2018.

LI Shihai, WANG lJianguo, LIU Bingshan, et al. Analy-
sis of critical excavation depth for a jointed rock slope u-
sing a face-to-face discrete element method [ J]. Rock
Mechanics and Rock Engineering, 2007, 40 (4).
331-348.

WANG Yuannian, ZHAO Manhong, LI Shihai, et al.
Stochastic structural model of rock and soil aggregates by
continuum-based discrete element method| J]. Science in
China Series E: Engineering & Materials Science, 2005,
48(1) :95-106.

A 2 X I .~ i 3 Al 5 7 R LA i 3
WITE R R R [T]. S12e4, 2011, 43(1):
184-192.

FENG Chun, LIU Xiaoyu.
contact model and its application to failure simulation of
slope[ J]. Chinese Journal of Mechanics, 2011, 43(1) .
184-192.

LI Shihai, Semi-spring

(%4 TR %)



