FRARYRE BB FI  ommnmn oonn

Caj = Cdmlm%{“
THE CHINESE JOURNAL OF GEOLOGICAL HAZARD AND CONTROL

FHIUR 2 1L A5 i O B HLE AT

HME, WEE, R A, XEF

Mechanism of bending-sideslip of inclined thick bedding slope: A case study of Qingkou landslide in Wulong, Chongqing
YI Pengying, LIN Junzhi, CHEN Tao, and WU Zhiyong

TEZL AL View online: https://doi.org/10.16031/j.cnki.issn.1003-8035.202212014

L] RERRGBR A HAN S

Articles you may be interested in

R DX R AU Z 1 e R A LR 3By
Instability mechanism of massive oblique bedding rock landslide in the Three—Gorges Reservoir: A case study of the Longjing landslide in

Shizhu County of Chongqing City
TV, ARFEAH, SRBE, R, AN, B T E R FE S PR . 2021, 32(4): 24-32
AT e 2 N )38 3 A 77 Rk SE AT LR

Development characteristics and formation mechanism of the medium-dip bedding slopes: A case study of the landslide on the left bank

of Tuodan reservoir dam

ER, S0, AL o AR S B IR AR 2021, 32(4):17-23

2 DX TR ) S [ S A T R i B RS BIL A BT

Deformation characteristics and failure mechanism of large—secale obliquely dip rock landslide in the Three Gorges Reservoir Region
Poed, kR P E LI E 5 BTR AR 2021, 32(2): 36-42

PRAR e 5 | )7 28 B R B 1 R S FC L

The mechanism of bending—toppling loess collapse caused by headward erosion

MCEFE, 5k NF, BT b E 5K S BRRER. 2021, 32(5): 86-91

A SRR 1 HE O T AL SR R AT

Mechanism and causal analysis on the Yahuokou landslide reactivation and causes (Zhouqu County, Gansu, China)

TR, SRR R ICE S BRI 2021, 32(2): 9-18
IR 2 DX AR I B T I o R R AR AR

An analysis on the destruction mode of Wuxia scissors peak down the shore slope in the Three—Gorges Reservoir area

TV, WA, SO, SR, KR, Ik, B P EMURRCE S PG AR 2021, 32(5): 52-61

KHEMAF AT, PAFHE LT E


http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202212014
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.04-04
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.04-03
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.02.05
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.05-10
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.02.02
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.05-06

o 35 % 5 3 e [ 5 UCE 5 B IR A A Vol. 35 No. 3
2024 4F 6 H The Chinese Journal of Geological Hazard and Control Jun., 2024

DOI: 10.16031/j.cnki.issn.1003-8035.202212014

Gy N, RAEE, WRV, A5 MU 2 LA il -0l 2 LB B —— DL o DR B DR 1 B35 A A1 ], vl 61 5 5 3 5 BV 2741, 2024,
35(3): 36-42.

YI Pengying, LIN Junzhi, CHEN Tao, et al. Mechanism of bending-sideslip of inclined thick bedding slope: A case study of Qingkou
landslide in Wulong, Chonggqing[J]. The Chinese Journal of Geological Hazard and Control, 2024, 35(3): 36-42.

Fn R R WL RS m-0E LR 5 4
—— LR R K 9 b

HMEHKREEL, R FLELEH
(1. ERTHH TAAHRKLATRATRNSE, /K 400021; 2. TARBRFTEFR, T
400074; 3. W EEMTENK ARFTRE, @ XM 635006)

WE:- ERRERAOEHEEAERUZZREEW L, T 8UE F 08 R IE T K AR R 25 X B T X% T &% 1
SR 7% X BHCER L AR AR T R A 14 40 AT, & B M B A S i 5 B AR T A 0 1h) Y RS AR TR, BT T - 0 A AR L AR AR
WA TE 5 o, 405 i A8 8 A0 W A A8 B AN B B, 20 T 1 W B AR TR ARAE  BESE T A R AR AR AL . AR YR 2 T S I A
A A, K LR BE R 4 o 75 il ok BB IR . B AR PR RS 1 W S AR 3 D B B, B L T S MR MY BER A, B OR T
iy -0 ¥ 0 Ve 35 ViR A N TR ML B, SR 9% 2K 3 I A U R L T R AR AR

SRR i AR T 5 00 1] ¥ s A TR R IR B TR R IR P IEDYE Bls AR R s TR ML B

FE 5SS P642.22 XERERERRD: A XEH S 1003-8035(2024)03-0036-07

Mechanism of bending-sideslip of inclined thick bedding slope: A case
study of Qingkou landslide in Wulong, Chongqing

YI Pengying', LIN Junzhi’, CHEN Tao', WU Zhiyong®
(1. Chongqing High-tech Engineering Survey and Design Institute Co. Ltd., Chongging 400021, China; 2. School of River
and Ocean Engineering, Chongqing Jiaotong University, Chongging 400074, China; 3. Natural Resources Bureau of
Dachuan District, Dazhou City, Sichuan Province, Dazhou, Sichuan 635006, China)

Abstract: The Qingkou landslide in Wulong, Chongqing, has developed on an inclined thick abrupt cliff, with a large area of
goaf formed due to hundreds of years of coal mining below. Based on the analysis of the geological conditions, current goaf
situation, and deformation characteristics of the mountain, it is identified that the landslide exhibits both bending-tension and
sideslip deformations, suggesting a bending-sideslip failure mode. The deformation history of the mountain is examined, and
the deformation characteristics of the landslide are analyzed in two stages: bending deformation and sideslipping deformation.
Change in the rock surface occurrence are studied accordingly. Considering the combination relationship between bedding and
the free face, the mountain failure is divided into bending-tension failure, wedge failure and plane-sliding failure. Criteria for
each failure stage are established, revealing the evolution rules and formation mechanism of the bending-sideslip landslide. This

study provides a scientific basis for the disaster prevention and mitigation of such landslides.
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Fig.1 Overall view of the Qingkou landslide
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Fig. 4 Front edge overhanging surface
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Fig. 5 Tail tension cracks
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Fig:6 Schematic diagram of bending deformation
of the landslide body
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Fig. 7 Bending deflection of the landslide body
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Table 1 Statistical table of deformation for the land slide body
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5-5I 4.9 44.5 6.3
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Fig. 8 Dragging phenomenon of the leading edge sliding bed
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Fig. 9 Schematic diagram of bedding deflection changes
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Table 2 Calculated data of bedding deformation /(°)
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5-5"i 85 6.3 222.0 13.9 230 15
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Fig. 10  Simplified stability calculation diagram

X 25 Bty 0 = O o 2 2 5F
0 A R E S, U5 B B WL, b
PLWAE R &0
42 BB EE AT

BT T VPO T 0 6 0 5 4 3 3,
HARIE P58, 3 PR 500

ZyNEE A RHRZ AR -0 AL S B —— DL o PR BR 1 1 3 S £61) - 41 -
FS _ than01+R2tan-92+A1C1+A2C2 (5>
Wsinf
>N EF‘:
R, = Wcos@m.n(fl +0.5&,) )
siné,
R, = Wcos@si.n(fl -0.5%) N
siné,
X Ry Ry—— 93 BN G THD A, AT A, b A9 ]
YEF J1/kN;

ey o —— KT A, BRI kPa N EEEF/(°);
Cyn py—— M A, b FH 2R J1/kPa FIIN EEHE £/ (°);
W—— JJ/KN; W=yhLl;
HAAF 5 WP 10 B
YT RIT A, T A, SE LRI BT, 2 A, T AR
BRI AS N kE 6, (e, BN 0.000 1~ 0.000 15)
PR = A F 24, 56 3N f 18 O o=¢,'—¢, I, B4aE R TR R B
F14 1o B A

Enm:
W= (8)
tano

& A G TR RS RECh
F =cotf[sin(&] — 0.5&,) tan g, +sin(é] +0.5&;) tan g, |+
EmaxC2

tan o
rhlsin@

le, +

D)

4.3 P shERE Pk A

Bl 2R 25 XA R i AR TR AR, 151 10(b) H
14 A4, T FH P2 A DR K- BE R AMEE, ]I - 0.56,) <
0, M A ARl B R R A i 25 R 19 A4, T
SR, HASE R

hrcosa,tang, + ¢,

F,= (100

hrsina,

HRAE 3R 2, 4-4"FITH 94 2778 306° £.14°, A8 B
A 55 B 2 7Y b i I 25 16 7 4R 306° £ 85°) K4y BRI )22 IIfe
25 Ay 5-5 HITH AL 5 TR IR 3200 2150, BT AA Y
2 S T A RFMITIG 23 20 G, A2 PR T BE T )2 T A

HR A 2 LV B 0 I8 5 B B PR A R B, 4, T
320° £ 21°f %% Fy 345° ~ 15°£.21° ~ 23°, {E & A R V5 ]
B sRPLSEEE 55 4k T A RN ) 2 5, I 2 T
Ii] 5 B B2 A 1] ) & AU/ 0N, B 2 AR iR & R Sk LA
i, Sy A SR AL 1 B 1 5, B v il T AR AR O
SHEHUAR B T SRS VRS O 2 5 0 A, T2 B



- 42 -

Hh [ M KE S B iR

Eird 5531

5 45E

ARSC LR DR F 3 A 451, 3 o M R AR L SR R
Wiy 24534, 45 25 o002 > SR A A 2 o 25 i AR B B
B AT IR B Be L W sh B B, 04 17 mE S84k, B
— BT T IR SR, B R AR R B AL R0
TR A S 2R, 4t 25 il - 0 3 2 e A9 i o
7, SRR FA R AL TR AR

2 % 3Tk (References) :

(1]

(2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

e, LR, E24, % TRBBAHIEE [M] .
3. b EC: M SR S R AL, 2009. [ ZHANG Zhuoyuan, WANG
Shitian, WANG Lansheng, et al. Principles of engineering
geological analysis [ M] . 3rd ed. Beijing:
Publishing House, 2009. (in Chinese) ]
FAS S, R, X e, W BCE S BRI AR
[M] . dtmt. of = 2l piat, 2004, [ WANG Gongxian,
XU Junling, LIU Guang, et al. Landslide science and landslide
China

Geological

prevention  technology [ M ] .  Beijing:
Publishing House, 2004. (in Chinese) ]
WO A, VFR . h E L RO B [ M b R
B 41, 2008. [ HUANG Rungiu, XU Qiang. Catastrophic
landslides in China [ M ] . Beijing: Science Press, 2008. (in
Chinese) |

GEERTSEMA M, CLAGUE J J, SCHWAB J W, et al. An

overview of recent large catastrophic landslides in northern

Railway

British Columbia, Canada [ J] . Engineering Geology, 2006,
83(1/2/3): 120 — 143.
GUTHRIE R H, EVANS S G, CATANE S G, et al. The 17
February 2006 rock slide-debris avalanche at Guinsaugon
Philippines: A synthesis [ J ] . Bulletin of Engineering Geology
and the Environment, 2009, 68(2): 201 —213.
FEURAS, KA o0, B B O35 WY R S A B U 2
WA I SRE RS (1] A a %S
T 242, 2004, 23(11): 1874 — 1882. [ CHENG Qiangong,
ZHANG Zhuoyuan, HUANG Rungiu. Dynamics and stability
criterion of oblique layered rocky landslide under lockup with
combination of flank and bedding plane [ J'] . Chinese Journal
of Rock Mechanics and Engineering, 2004, 23(11): 1874 —
1882. (iin Chinese with English abstract) |
B, B e I ] 3 )2 IR 5 4 1) e o R R R
Per s [ 1] CH A S TR SRR, 2000, 28(3): 628 -
634. [ CHAI' Bo, YIN Kunlong. Influence of intersection angle
between trend of slope and strata on stability of bedding
slope.[ J] . “Chinese Journal of Rock Mechanics and
Engineering, 2009, 28(3): 628 — 634. (in Chinese with English
abstract) |
X% IE . R BE S M B TR M SR ) A AT (7] .
JK 3CHiL 5 T2 L T, 2013, 40(2): 1 - 8. [ LIU Chuanzheng.
Primary research on the geological environment around Yangjiao
China [ J] .
Hydrogeology & Engineering Geology, 2013, 40(2): 1 — 8. (in
Chinese with English abstract) |
Wr ¥ . 3 DAk B DC 1 G A B RO 1 B R R R O
LI b B b 5K % 5 B R 2 4, 2020, 31(3): 50 - 57.

town in  Wulong County, Chongging,

[11]

[13]

[14]

[16]

[ CHEN Tao.
instability mode of Qingkou dangerous rock in Wulong District,

Discussion on formation mechanism and

Chongqing City [ J] . The Chinese Journal of Geological
Hazard and Control, 2020, 31(3): 50 — 57. (in Chinese with
English abstract) |

T, W, S, S VR L X R B S R TR E R AR
FEVEBCE A A B [T A du B 4 2 B o i, 2019,
16(5): 51 — 56. [ WANG Lei, LI Bin, GAO Yang, et al.
Stability analysis of largeperilous rock in southwest mountains
under earthquake action by numerical simulation [ J] . Journal
of North China Institute of Science and Technology, 2019,
16(5): 51 — 56. (iin Chinese with English abstract) |

X A% IE . F R A5 & 14 LU AR T 2 3 i S5 e L TR M
Bt [ M] K FH: KA B, 1999, [ LIU Chuanzheng.
Geological hazards of mountain cracking, collapse and sliding
China,
environment [ M ] .‘Changchun; Changchun Publishing House,
1999. (in Chinese) ]

X AZE CH R B XS R LN fE A R OB RS A 3R R R A
B[] . AR Hb T % 4R, 2010, 18(3): 297 — 304. [ LIU

Chuanzheng. Mechanism analysis on the jiweishan rockfall

induced by mining in Engineering  geological

disaster happened in Wulong, Chongging, June 5, 2009 [ J ] .
Journal of Engineering Geology, 2010, 18(3): 297 — 304. (in
Chinese with English abstract) |

XU Qiang, FAN Xuanmei, HUANG Runqiu, et al. A
catastrophic rockslide-debris flow in Wulong, Chonggqing, China
in" 2009: background, characterization,
Landslides, 2010, 7(1): 75— 87.

JBE RSP . AT JEE 2 L Ak i 33 00 1 3 2l HL ok B Y — — DA TR
RIREERS RIS f [ 1] A4 1% 5 TR, 2010,
29(2): 217 —226. [ YIN Yueping. Mechanism of apparent dip
slide of inclined bedding rockslide: A case study of Jiweishan

and causes [ J] .

rockslide in Wulong, Chongging [ J ] . Chinese Journal of Rock
Mechanics and Engineering, 2010, 29(2): 217 — 226. (in
Chinese with English abstract) ]
W e, ok R PR L =k A XM R IR AR} ) 2 B 3 B A O
AR AT S R R AL 3 B [T ] .o [l Bk % 5 Bl 3R 2
i, 2021, 32(2): 36 — 42. [ JIANG Xiannian, ZHANG
Chenyang. Deformation characteristics and failure mechanism of
large-scale obliquely dip rock landslide in the Three Gorges
Reservoir Region [ J] . The Chinese Journal of Geological
Hazard and Control, 2021, 32(2): 36 — 42. (in Chinese with
English abstract) |
MRaz B, O B, B A, AR 9B M A T AR 3 IR A% 1
S T8 AL 16 43 A7 —— L 75 g T 2 4 R 9 e S 441
(U] v B o B 95 15 B 36 24 4l 2020, 31(2): 18 - 23.
[ CHEN Quanming, FANG Qiong, LUO Guanzhi, et al. Failure
conditions and mechanism of the gentle dip bedding slopes: A
case study of the Zhuquedong Landslide [ J] . The Chinese
Journal of Geological Hazard and Control, 2020, 31(2): 18 —
23. (iin Chinese with English abstract) ]
FAE, MR, A /NE BT B R O AL A e
- B BRIy 224 [ 9] . E L, 2019, 46(2) : 381 -
388. [ WANG Jiayun, WANG Genlong, SHI

Mechanical analysis of apparent dip creep-buckling failure of

Xiaoya.

Shanyang Super large-scale rockslide in Shaanxi Province [ J | .
Geology in China, 2019, 46(2): 381 — 388. (in Chinese with
English abstract) ]


https://doi.org/10.1007/s10064-009-0205-2
https://doi.org/10.1007/s10064-009-0205-2
https://doi.org/10.3321/j.issn:1000-6915.2004.11.017
https://doi.org/10.3321/j.issn:1000-6915.2004.11.017
https://doi.org/10.3321/j.issn:1000-6915.2004.11.017
https://doi.org/10.3321/j.issn:1000-6915.2004.11.017
https://doi.org/10.3969/j.issn.1672-7169.2019.05.011
https://doi.org/10.3969/j.issn.1672-7169.2019.05.011
https://doi.org/10.3969/j.issn.1672-7169.2019.05.011
https://doi.org/10.1007/s10346-009-0179-y

	0 引言
	1 地质环境
	1.1 地质条件
	1.2 采空区特征

	2 变形特征与形成条件分析
	2.1 弯曲变形特征
	2.2 滑移特征
	2.3 形成条件分析

	3 滑面变形分析
	4 失稳机理分析
	4.1 弯曲张拉裂缝形成
	4.2 楔形滑动稳定性分析
	4.3 平面滑动稳定性分析

	5 结语
	参考文献

