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Analysis of Disaster Mechanism and Instability Process of Bedding
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[ Abstract] Most of Triassic strata in Guizhou are distributed with bedding rock landslides with weak interbeds, which are character-
ized by strong destructiveness, complex slip mechanism and difficult treatment. Taking the West Second Ring landslide in Guiyang City
as an example, the disaster mechanism and instability evolution process were explored by means of field geological investigation, theo-
retical analysis and discrete element numerical simulation. The results show that the West Second Ring landslide is mainly composed of
dolomitic layered cataclastic rock mass with good permeability and water retention, showing a “sponge” structure, and continuous rain-
fall is the direct cause of the landslide. The landslide is first cut out by the front sliding body and gradually pulled upward, and then
the tensile cracks at the trailing edge of the sliding body developed further, which led to slip-tensile crack failure under the action of
gravity. The simulation results are basically consistent with the actual situation. The landslide in West Second Ring Road can be divid-
ed into four stages of deformation and instability: natural dissolution and cracking, excavation and unloading expansion, saturated and
weakened shear, and slow sliding and accumulation. The conclusions have certain reference significance for the disaster mechanism
analysis and engineering prevention of Triassic bedding rock landslide with weak interlayer in Guizhou.
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Fig. 1  Geological map and geological profile of the Xierhuan landslide
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Fig. 3 Schematic diagram of water pressure distribution and flow on structural plane
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AEY L EE R K R 28 B — 2 By B, W2 i R 2
BRI T 5 R AR — 2, (HR R AR AN
[] , 3302 A Sk 0 38 Sk A 229 T )2 bR R 5 ) 2 AR
WK T BER P SIEERBEER LB, H
& 10 AT, AR 5 3 e S R W B 4R 05 e 12, (H 1 Bk
WA KA R AR, Bl 5 WA R AR 8 e 2, 3
R RR, TR g B iR 5 b AT AR s
JeJZ PN AT O, 213 R R p 3 i v 0 0 v U
T BRI )2 i 5| A, 3 A 1 2 s oI J2 % AR R
—EIEMRIS RS E &%, BrlL, s R R R Rl
TR MR P 55 e 23, (i Lo B I (I e 244 300
WA,
4.3 WEIE B

B 11 B E AP — 3R A A At 2

0 50 100 150 200 240

B 5HE

0 50 100 150 200 240
X/m

(b)3's

0 50 100 150 200 240
X/m

(c)9s

JE BRI TE

80 AR /m

X/m
(e)36's

% fices/m
70 30
60 I25
50 20
E40 15
=30 oy 10
20 5 1]

3

0 50 100 150 200 240
X/m

(£)60 s
E 11 iz i

Fig. 11 Landslide movement process

R ML . www. stae. com. cn



Mook R N5 TR

3600 Science Technology and Engineering

2025,25(9)

TE 3 s B BIARHT 5 S8 B A 22 8 K, LR, T
e B A B, R R B E N AT 8, 7E
9 s B, SRR b EB A A0 B8 22 B ., 3 A i
RS KT R URL KT i SRR , 39 A iy 2 ks
PR IRE] 10 m, BB PR G = AR, 7E 21 s
B, 3B A i 08 A7 A v S SR 67 A% R AR — 3, 1
KT JEEBBURLA S AT rh B Uk 7 #5535 2 20 m,
T A3 A e S hr 2B SN B X, 7E 36 s B, | T
I AR 5% U T 28] B TR T A2 JEE A T MG K, M AR T 2%
ORI H W B0 32 B RHA, TR s, LR, 3
PR RO RS KT AR AT R TR 5 3L, rh
R FEIEE] 30 m,

A0 3 W AN A A R R AN TR] W S A5 ) 4
AL R AR — B (B 12) ,7E 3 s B, Wil 1 FFFI%J%
REREH/NF RIS, 769 s B, W5
Hﬂéﬁfsﬂr%z‘iﬁd\?”w I 2 dhek, 7£9 ~30 s Vq,
B e P S N N 2 S VR X B g
1 30 s ], il 2 k2502 3 R AIG, 3 AR N0k 32 3,
TE 40 s B RER LA AR S 00, 3 4 1Y 3 B A 5
Ao oAb WEI AN 1 7 RS AR E 20 m, WE I A 2 VA
IRE 32 m, WA 3 7 AS IR 24 m, WEI A 2 47
B R T Wi 5 3 KT Wil 1,

] 13 At A £ o7 3 AR e it 2, B4R 45 1
SRR R AR A A B L TR T B R L, 7RO ~
3 s PN, A5 I A 0 o Sl B e R EL SR AS A ] i 3 )

ThnEzE s, 757 s BF Wl & 2 FnWE o5 3 Ao ek i
FEA 3 ) 9 P WAL, T A0 1 A WA FEAE 25 s

BFA TR H] 45 Wi s B0 o B (R 5 /N, A 0. 75 ~
1.25 m/s, AP ) A 2 R Wﬁﬂzjt, wmua 3
FEWEAE IR Z , W o5 1 S (B /N, B AARTE 2 3
SRR AT A W A5 3 7E 12 s R S i
iz gy, HUOR AR I A W A 2 FF 18 s B, i
S AR T R A W 3 AR 27 s SR P E B,

S5 e AR v BT T WA A5 P 7 A% A8 Ak i R ot B AR Ak

30

— MW s
B 2
— M3

0 20 40 60
i /s

12 W S A% -k ] i 2

Fig. 12 Displacement-time curves of monitored particles

B A
— W2
— W3

M/ (m-s™)

0 20 m 60
B )s
PRI 13 M A o 32 - ] T 2

Fig. 13 Velocity-time curves of monitored particles

MR (B 12 B 13) 750, FERT 4R B B, 3 A4 i v
IS 18 7 6 TR B X80 R 39 R J 38, (LR XY M A T 2%
T Sh Z BT b E WA RT B T 22 R] A R 4 AR
RELAS T8 (A 117 32, T LA 9 A 58 A 1) 3l F S
W, Bt BH A AR J5 G A% 38, i A4 9 v 358 RS
S IE R I B A A W A 1

5 BWTERERBIFIE

i3 MatDEM X 75— PRUE 3 AR T e PR i R 5501
R, E— 38 R T P8 BRI A I e R A,
*iﬂ%’*iﬂzﬂ’ﬂ‘rﬁ;hﬁﬂ%%_fﬁ%% 4 BB AR

ol S Al -4 S A 4 R - K 55 Ak 5 )2 18 i RS o
i\( K 14) BB -f A RIB RR Bilgh R
SRR AR ]

(1) H R A B B, % R R

SERZ Y, PR R EE A A, Ak
?Ll‘ﬁ?%ﬂf”lﬁ??yi AR 0) 22 FL B A I3 0 4% S 3O
KPR Eﬂtw[‘ﬂﬂﬂ’ﬁﬂﬂr,bﬂiﬁﬂﬂi%kﬂi%,
WY SE A T A, R K TGS naE, B = A s
{“’4’5%&5” ERWHBEMNT, A Mgt —4
IR,

(2) JFEZEIfm I R B, TP I e
P IR IR 2, T BRI [ I 2 T, SR v 3
AIBT BT T BB A, R A5 AT A
FPIRZS K A AR, SR Y B B Sk 0 7 A
J15E

(3) MRS IT VIR B, 78 ESLE 40T,
B T8 B K T 4R 55 32 12 B Rk itk , 40 e )2
SR FRAIG, Vi ORE 1 B R 0 RN 1 Bh R KO 4R
T, W ORI I, s e 2 W BT, W R S
FeE LA B 1) T W 8, 76 1 shad A2 o S O sk
P8k WY IR AR

Mtk . www. stae. com. cn



2025,25(9)

AT, 55 - S = 2R & 038 e 2 U 3 SR KA LS e A # o3 #r 3601

HEE ggggep
() 1 AV A

P

()R BAL BT DM BE

T YEEITE

HEE i

(D)FFFZENTF T J B B

()RR B

B4 pY BRI A A S LB R A

Fig. 14 Evolution process and formation mechanism of the Xierhuan landslide

(4) NGB HERIG BL, 8055 e J= 90y
J  HARTE VR F R W AR e 2 1 R T sh, W
(ST o R N R UNC W) 1R 2 LR R N T ST 7 E
—E LRSI 52 BHL, il BH D R W R Gl i, e
A s RT ok

6 it

456 L RHTTPY B AT SC PR 00, X P 3R
WA TR AT, B BS HOT A MatDEM £ 57
TSRS A P B 1 B 0 N i R
BT $7n Y IR A T2 BRI AR R B A2 IR
RASFF AL

(1) S BH TP Z3RREE 0 35 B35 Je JZ 1 2 o
I i 33355, 35 BT 425 77 A I8 3 R v, 39k 5 B SR
KE IR G54 SRS E R T A
JESEN 555 e 2 00 B ARG, TR R AR BT R X
S I SR A T ST A i) BRI

(2) 383 SRSB4 14 38 Bl 3 AR AR AL
S B NEE Je hRT IR R BT HL ) A
1, RS ARG ok hr R — 0 R E e IR
P SO i A W R -1 2T RREIR

(3) K MatDEM 5 (A 00514 %o P — 3R 31k
12 Bl FERADL 43 AT, TR S 100 4 R R AN, R
HATF0.75 ~ 1. 25 m/s, FFEEE st ] 29 40 s, W3
FARNIFEL) 25 m, WA KT RIERANE &,
TR KRS 32 m, BRI /MY RS 20 m, 454
PUZHE UG SOk, B4 25 1 5 50 bR il il LAy
A T I MatDEM B0 0328 shad 2 B AT
B aE M X T S B A B 1 B —E S
ZM(H.

(4) 38 3 X PG 3R 1 3 R R B A FUL U 4 0A
Sk, V8 IR B AR TR R AR T 4k 4 BB B
SRR P 240 -TF 42 E) g 97 S -1 7K 55 4k 59 V1- 22 12
FEHER

& % x o

(1] XFHM,RAE, Z2HEF, 5. SN J R U 5% FE 0 Sl
YBEEEZBIT M. JEat. Bheg i, 2023.
Liu Xiuwei, Zhao Weihua, Li Yangchun, et al. Major geological
disaster events and successful avoidance cases in Guizhou Province
[M]. Beijing: Science Press, 2023.

(2] ARALZE driBk, ARBER, 5. op [F V6 R 4 I L 8 O b o K
TR AL S W E RO (M), dbat: B R

R ML . www. stae. com. cn



3602

B

woARA 5 TR

Science Technology and Engineering

2025,25(9)

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

#t, 2018.

Zhu Lijun, Huang Runqiu, Zhu Yaoqiang, et al. Research on the
mechanism, monitoring and early warning system of major geological
disasters in karst mountainous areas of southwest China[ M ]. Bei-
jing: Science Press, 2018.

AERL. JET AR ROBE (1 5 M A8 T 3 95K R 4 A AR 5 0 AL
B FSE[ D], WS . WUAREE R, 2019.

Ren Jing. Research on the development and distribution law and
quantitative risk assessment of landslide disasters in Guizhou
Province based on different scales [ D]. Chengdu: Chengdu Univer-
sity of Technology, 2019.

WRiE, J& SO, M3, SEBHTIT VD o 0 3 9 35 AR A B A
FE[J]. BMMIT, 1999(2) : 64-67, 63.

Chen Jin, Xi Yiming, Yang Taoyi. Study on the characteristics and
causes of landslide disasters in Shachong Road, Guiyang City [J].
Guizhou Geology, 1999(2) . 64-67, 63.

I, B S =5 XM s <20 i i3 §) 57
[J]. #F7K, 2015, 37(6) : 201-203.

Li Yangchun, Tian Bo. Preliminary analysis of * 5 + 20 landslide’
in Haimachong, Yunyan District, Guiyang City [ J]. Groundwater,
2015, 37(6) : 201-203.

BN, KA, SRAKE, A BTN G IR IX S H O S
AE KRB BT[], P E B R E S BiA AE R, 2022, 33
(5): 11-19.

Hu Yu, Zhang Nan, Wu Dongran, et al. Analysis of the activity
characteristics and genetic mechanism of Tianwanzi landslide in Jin-
hai Lake New Area, Guizhou Province[ J].
logical Disasters and Prevention, 2022, 33(5) . 11-19.

Visk, SR, LR R UK EME[T]. A A S TR
2, 2023, 42(1) . 28-50.

Xu Qiang, Tang Ran. Research on red beds and their geological
hazards[ ] ].
2023, 42(1) : 28-50.

FEEREW, G y5. e PR XS R 0 R A I A R A Y
[1]. TREHAHR, 2018, 26(1) : 129-136.

Tang Huiming, Lu Sha. Study on the spatial distribution characteris-

China Journal of Geo-

Chinese Journal of Rock Mechanics and Engineering,

tics of Huangtupo landslide in the Three Gorges Reservoir area [ J].
Journal of Engineering Geology, 2018, 26(1) : 129-136.
Zang M, Yang G, Dong J, et al. Experimental study on seismic re-
sponse and progressive failure characteristics of bedding rock slopes
[J].
2022, 14(5) : 1394-1405.
ARG, ROER, REARAT, SR RTUIGZ A BT BT R
BB S RGE T (1], A0 155 TR, 2012,
31(11) . 2222-2231.
Zou Zongxing, Tang Huiming, Xiong Chengren, et al. Gradual

Journal of Rock Mechanics and Geotechnical Engineering,

failure geomechanical model and stability analysis of large bedding
rock landslide [ J]. Journal of Rock Mechanics and Engineering,
2012, 31(11); 2222-2231.

ZENFAE, AR, R, AF. RBUILEIUZ A B At
BEEA[)]. AAES TR, 2007(12) ; 2473-2480.
Li Shouding, Li Xiao, Wu Jiang, et al. Evolutionary processes
and patterns of large bedrock landslides[ J]. Journal of Rock Me-
chanics and Engineering, 2007 (12) . 2473-2480.

TeEwE, RS, 8 UHE, 5. U JC 240 T I B 0 I B AR X
BAEFHARLT]. B4, 2019, 44(10) ; 3031-3040.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Long Jianhui, Ren Jie, Zeng Fanggui, et al. Sliding mode and de-
formation law of double weakly interbedded rock slide[ J]. Journal
of Coal, 2019, 44(10) . 3031-3040.

Xu B, Yan C, Xu S. Analysis of the bedding landslide due to the
presence of the weak intercalated layer in the limestone[ J].
ronmental Earth Sciences, 2013, 70(6) ; 2817-2825.
LAWY, Bt XU, 45, SRR R Je 2 IR BE XA 55 50 2 0
BERSMR AT ()], B2 HoR 5 TR, 2022, 22(2) : 648-659.
Kong Lingya, Teng Weifu, Liu Meng, et al. Analysis of the influ-

Envi-

ence of water content and interlayer thickness on the strength of
weak interlayer[ J ].
22(2): 648-659.

Hu Q J, Shi R D, Zheng L N, et al. Progressive failure mecha-

nism of a large bedding slope with a strain-softening interface[ J].

Science Technology and Engineering, 2022,

Bulletin of Engineering Geology and the Environment, 2018, 77
(1):69-85.

Tipanti D, Rabuffetti D, Salandin A, et al. Development of a new
translational and rotational slides prediction model in Langhe hills
(north-western Italy) and its application to the 2011 March land-
slide event[ J]. Landslides, 2013, 10(2); 121-138.

sk, B, TA, . LT YA R S 22505
FJEJRNZ T2 80 30 W T SRR AR A AT [ 7] vl [ o 5 o
HPRAYAMR, 2022, 33(3) : 61-67.

Mu Chenglin, Pei Xiangjun, Wang Rui, et al. Characteristic
analysis of deformation and damage of high slopes with multilayered
weak interlayer excavation based on physical model test[ J]. Chi-
nese Journal of Geological Hazards and Prevention, 2022, 33(3) :
61-67.

AR, JHWAE, Dok, S TR AR 2
WIHEBIR[T]. KITRERE B, 2022, 39(6) : 69-75, 81.

Su Peidong, Tang Yusheng, Ma Yunchang, et al. Progressive
failure of weakly interbedded slopes based on strain softening[ J ].
Journal of Changjiang Academy of Sciences, 2022, 39 (6): 69-
75, 81.

Gy, A, T, AR AKOPRESIZEE  EOR AL &
JRBAEL)]. REAHAR S TR, 2022, 22(11) ; 43134320,

Yi Zhigiang, Long Jianhui, Zhang Jining, et al. Formation mech-
anism and initiation angle of loess landslides with horizontal weak
interlayer [ J]. Science Technology and Engineering, 2022, 22
(11): 43134320.

REAEH, B, R, AF. CUHTE A TR T O]
BREE SN[, A0 155 TR, 2015, 34(4) .
649-658.

Zhu Weishen, Zhao Chenglong, Zhou Hao, et al. Thoughts and
understanding of some key issues in current rock mechanics re-
search[ J]. Journal of Rock Mechanics and Engineering, 2015,
34(4): 649-658.

EEUE, PF5k, FRWES, 5. R SAIB R T I - 8
WIS E SHERRE M AR SL IR [J]. A Ay 5 TR
4, 2016, 35(9) : 1776-1791.

Wang Yufeng, Xu Qiang, Cheng Qiangong, et al. Experimental
study on physical simulation of landslide-debris flow movement and
accumulation characteristics under complex three-dimensional ter-
rain conditions[ J]. Journal of Rock Mechanics and Engineering,
2016, 35(9) : 1776-1791.

ZUNE, B, K, S ORI TS SR R

Mtk . www. stae. com. cn



2025,25(9)

AT, 55 - S = 2R & 038 e 2 U 3 SR KA LS e A # o3 #r

3603

[23]

[24]

[25]

[26]

[27]

(28]

HERFTEL )] B 9a TR, 2020, 40(6) : 867-877.

Li Xiaogin, Fu Haiying, Zhang Yingbin, et al. Study on the in-
fluence of topographic relief on landslide movement[J]. Journal of
Disaster Prevention and Mitigation Engineering, 2020, 40 (6):
867-8717.

taitede, 27, B —. AL N s SRR IE 2 KE Bl
BESSTML]. TSR, 2019, 27(6) : 1379-1388.
Yang Hailong, Pei Xiangjun, Fan Xiaoyi. Motion characterisation
and motion distance prediction of foot-of-slope type landslides[ J].
Journal of Engineering Geology, 2019, 27(6) : 1379-1388.
WRAEESR TR T, ST DU 14 DOIR L g A SRR AT 5 02 )
WG [I]. BHEHOR G TR, 2024, 24(17) : 7448-7454.
Chen Jianqiang, Shen He, Feng Wenkai. Analysis of landslide
characteristics and movement process in Zhonghai village,
Hanyuan County, Sichuan Province [ J]. Science Technology and
Engineering, 2024, 24(17) . 7448-7454.

JAFL, EAME, VR, S SUTLEOARIE IS S BRI B
RS Rk SO (], TR A4, 2019, 27(6)
1395-1404.

Zhou Li, Fan Xuanmei, Xu Qiang, et al. Study on numerical sim-
ulation of motion process characteristics and hazard prediction of
Baige landslide in Jinshajiang River[ J]. Journal of Engineering
Geology, 2019, 27(6) : 1395-1404.

T, X, WA, % LT PRC ~ (2D) AR BRI AR TR
FEAEBHUBISEL )], B doR 5 TR, 2023, 23(3) : 973-981.
Hui Hang, Liu Feng, Feng Bing, et al. Simulation study on de-
formation characteristics of Shizishuping landslide based on PFC ~
(2D) [J]. Science Technology and Engineering, 2023, 23(3) .
973-981.

Zhang M, Wu L, Zhang J, et al. The 2009 Jiweishan rock ava-
lanche, Wulong, China: deposit characteristics and implications
for its fragmentation[ J]. Landslides, 2019, 16(5) : 893-906.
Xia G, Liu C, Xu C, et al. Dynamic Analysis of the high-speed
and Long-Runout landslide movement process based on the discrete

element method: a case study of the Shuicheng landslide in

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Guizhou, China [ J].
(6): 8854194.

Li X, Li Q, Hu Y, et al. Evolution characteristics of mining fis-

Advances in Civil Engineering, 2021

sures in overlying strata of stope after converting from open-pit to
underground [ J ]. Arabian Journal of Geosciences, 2021, 14
(24): 2795.

Zhang X, Krabbenhoft K, Sheng D, et al. Numerical simulation
of a flow-like landslide using the particle finite element method
[J]. Computational Mechanics, 2015, 55(1) ; 167-177.

Conte E, Pugliese L, Troncone A. Post-failure stage simulation of
a landslide using the material point method [ J]. Engineering
Geology, 2019, 253 149-159.

Wei J, Zhao Z, Xu C, et al. Numerical investigation of landslide
kinetics for the recent Mabian landslide ( Sichuan, China) [ J].
Landslides, 2019, 16(11) . 2287-2298.

EPURRR, FERE, AR, K7 AR R NUZ UL R E
WFELT]. PR RAE, 2012, 41(4) ; 521-525.

Shu Jisen, Tang Zhen, Cai Qingxiang. Stability of rocky slopes
under hydrodynamic action [ J]. Journal of China University of
Mining and Technology, 2012, 41(4) : 521-525.

Liu C, Xu Q, Shi B, et al. Mechanical properties and energy con-
version of 3D close-packed lattice model for brittle rocks [ J].
Computers & Geosciences, 2017, 103 12-20.

Mora P, Place D. A lattice solid model for the nonlinear dynamics
of earthquakes [ J]. International Journal of Modern Physics C,
1993, 4(6) : 1059-1074.

Place D, Mora P. The Lattice solid model to simulate the physics
of rocks and earthquakes: incorporation of friction[ J]. Journal of
Computational Physics, 1999, 150(2) : 332-372.

SRR, TR SC, #5800V T i b XA o 0y o 32 52
WARLAEIT )] A T2, 2012, 28(5) : 241-245.
Zhang Xiaoming, Ding Shuwen, Cai Chongfa. Nonlinear analysis
of shear strength attenuation of rock and soil in collapsing gully ar-
ea under dry-wet effect [ J]. Acta Agricultural Engineering,
2012, 28(5) : 241-245.

Mtk . www. stae. com. cn



