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Abstract: Wanzhou District in the Three Gorges Reservoir Area is a representative area where dangerous rock disasters develop

intensively. Numerous dangerous rocks have been found developing at Sicengyan cliff zone in the main urban area of Wanzhou,
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which pose a great threat to the roads and residential areas below. To prevent and control the dangerous rock hazards effectively, the
engineering geological conditions and development characteristics of the dangerous rock zone are determined through detailed field
investigations and explorations. The shapes of the dangerous rocks are divided into three kinds: blocky, platy and irregular, with
volumes ranging from dozens to thousands of cubic meters. The failure modes of dangerous rocks are classified into two types:
falling mode and toppling mode. By analyzing the geo-environmental conditions of the dangerous rock zone, it is concluded that the
main factors leading to the formation of the dangerous rocks are the topography of multi-level cliffs, the combination of upper hard
rocks and lower soft rocks, and the rock mass structures formed by the cutting of the structural planes, the action of rainfall and
groundwater, and the splitting effect of plant roots. On this basis, the macroscopic stability of the cliff zone has been analyzed
qualitatively using stereographic projection technology, and furthermore, the stability of each dangerous rock under different
conditions is evaluated quantitatively using the rigid body limit equilibrium method. The results show that the overall cliff zone is
currently in a stable state, and the dangerous rocks are mostly in a basically stable to stable state in their natural state. However, the
stability of them is likely to decrease significantly under heavy rainfall and earthquake conditions, and the earthquake action exhibits
a greater impact than the heavy rainfall on the stability of the dangerous rocks. Finally, according to the development characteristics
and instability modes of the dangerous rocks, as well as the construction conditions of the cliff belt, several preventive measures are
suggested, such as the removal of the dangerous rocks, patching and supporting of the rock cavities, grouting of fissures, anchorage
and passive protection net. This paper could provide a significant reference for research into and efforts to prevent similar dangerous
rock hazards.

Key words: dangerous rock; failure mode; stability evaluation; stereographic projection; limit equilibrium method; preventive

measures
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Fig. 1 Structure outline map of Wanzhou District (modified from Chongqing Gaoxin Engineering
Survey and Design Institute Co., Ltd., 2016)
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Table 1 Characteristics of the dangerous rocks
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Fig. 8 The Calculated models for stability evaluation of the dangerous rocks
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Table 2 Physical and mechanical parameters of the rock masses

#HE/ (KN'm™) PU & 5 E /MPa L 0 B o

1t — ——— B 58 /MPa =
KRR T R Vel ¢/MPa @°
WA 23.8 242 19.54 14.76 0.40 1.88 36.4
A 24.7 25.1 6.16 3.97 0.19 0.92 33.8
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Table 3 The classification standard for the stability states

of the dangerous rocks

P fo A FE R

A FEE R FEE RARE R

Wi F<1.00 1.00SF<125 125<F<F, F=F,
BAVER, F<1.00 1.00<SF<135 135<F<F, F=F,

VE: BB F=150; BN F=1.60.
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Fig. 9 Statistical stability states of the dangerous rocks under different calculation conditions



2023 4F-(4)

S DX TN DX U 2 A

R HRIE | R E VAN KB 6 X 5 827

TR R, LA T A B v 40 BT B AN
TENAT o

6 %

(1) A F = e X5 M XA PR 5 B b
I RE 3JBER, KT R/MEEER 214k, fE
ARIEZS A3 5 R HOIR . BCR A RLUPIR 3 2§, 44
BN ILARILTIrANSE, BB 240 2 By
UM 20 2 28, feia i IR SR 90UR TP 25

(2) ZHBERW HIPURFAE, ERE N BAY A R
EHRFE . ZEM T AL G VIR | FERN AR KA L
LAEPARERAE D S BUE H P B 2R, Xk
PR 2 3l N 165 BB LB A3t 1 00 25 1 W i A
BERFERI LA R A1 8 1 A

(3) R E P2 A TS AR A 5 1 T ik
X DU SR BE R R S AR AT AR TEPR A, 46
R BEERAT H TR TR IR fe a7 R
SRIRZS T Z A T HA T E TR, 165% FT H
RATET, AR T B T, 24T XEE—A
FRE AR, M2 A5 MR HE 2% b B

(4) ZETAE A i A 7 RAIE . ALY K37
Wil T 25 A, SR TS G | AN RIS A T | 2R
HESE BT B h B R A B AR A D . X TR
B /INE A AR BT R, 0 T MU R R R AR 1
B2, SCR U J 0 ]+ L B S+ 1 PR 25
IR E it

References

Chen HK, Xian X F, Tang HM, etal., 2008. A massive development
mechanism and countermeasures for perilous rocks in the Three Gorges
Reservoir area of P. R. China: The example of the Taibaiyan cliff at
Wanzhou[J]. Journal of Chongging University, 31 (10) : 1178 —
1184 (in Chinese with English abstract).

Chen Q G, Zheng W M, Chang X J, 2011. An approach to the
relationship between recharge, runoff and drainage of groundwater in
the typical red beds: An example from Rongchang in Chongging[J].
Sedimentary Geology and Tethyan Geology, 31 (3) : 107 — 112 (in
Chinese with English abstract).

Chongqing High-tech Engineering Survey and Design Institute Co.,
Ltd., 2016. Geological disaster prevention project in the Three
Gorges reservoir area of Chongqing — —supplementary
exploration report of the Sicengyan dangerous rocks zone and
lower slope in Wanzhou District[R]. Chongqing: Chongqing High-
tech Engineering Survey and Design Institute Co., Ltd..

Chen H K, Wang S J, 2017. Study on sinking-disintegration evolution

mechanism of perilous rock for rock slope in limestone area of Three
Gorges reservoir area: taking Zhenziyan cliff of Jinfo Mountain in
Chongqing City as an example[J]. Journal of Chongging Normal
University (Natural Science) , 34 (3) : 38 — 43 (in Chinese with
English abstract).

Dong H G, Chen L D, Huang C S, 2010. Influence factors and
stability assessment of dangerous rocks in Yunyang—Jiangjin on
Three Gorges reservoir[J]. Journal of Engineering Geology,
18 (5) :645—650 (in Chinese with English abstract).

Deng S S, Chen H K, You L F, 2012. Developing mechanics for
perilous rock in karst area: taking the Hailuo Bay in the Three Gorges
as an example[J]. Journal of Chongging Normal University (Natural
Science) ,29 (6) :35-38(in Chinese with English abstract).

Hu H T, 1989. Rockfall and falling rock[M]. Beijing: China Railway
Publishing House.

Huang D, Yang W D, Chen Z Q, 2018. Collapse mechanism of
Wangxia dangerous rock mass considering weathering effect of
underlying soft rock[J]. Yangtze River, 49 (6) : 64 — 69+78 (in
Chinese with English abstract).

He K, GaoY, YinY P, etal., 2020. Stability assessment methods for
huge high-steep unstable rock mass based on damage theory[J].
Hydrogeology & Engineering Geology, 47 (4) : 82 — 89 (in Chinese
with English abstract).

Jian W X, Yin K L, Ma C Q, et al.,, 2005. Characteristics of
incompetent beds in Jurassic red clastic rocks in Wanzhou[J]. Rock
and Soil Mechanics, 26 (6) : 901 — 906 (in Chinese with English
abstract).

Liao W J, Nie BL, He Y M, etal, 2018. Analysis of formation
mechanism and countermeasures of Lianziyan rock collapse in Badong
County of Three Gorges reservoir area[J]. Resources Environment &
Engineering, 32 (4) :642 — 647 (in Chinese with English abstract).

Liu G N, Chen Z F, Huang B L, 2012. Instability modes and
influencing factors of dangerous rock in Wanzhou section of Three
Gorges reservoir area[J]. Exploration Engineering in Western China,
24 (12) :14-17 (in Chinese with English abstract).

LiuCC, YinKL, 2014. Risk analysis for the Daijiayan perilous rock in
Wanzhou of Chongqing[J]. Hydrogeology & Engineering Geology,
41 (6) : 128 —133 (in Chinese with English abstract).

Ran T, Wen B P, Su C, et al., 2012. Analysis of the formation
mechanism of the Zhaojiayan rock fall in Wufeng County, Hubei
Province[J]. Hydrogeology & Engineering Geology, 39 (6) : 114 —
118 (in Chinese with English abstract).

SuTM, WuFQ, ZhuJ W, etal., 2006. Research on collapse model
of high cutting slope in Wanzhou District[J]. Journal of Engineering
Geology, 14 (Suppl.) : 337 — 343 (in Chinese with English
abstract).

Shao Q D, 2011. Treatment technology of dangerous rock landslide in
Tianshengcheng, Wanzhou District, Three Gorges reservoir area[J].
Exploration Engineering in Western China, 23 (2) : 51 — 53 (in
Chinese with English abstract).

Headquarters for Geological Disaster Prevention in the Three Gorges
Reservoir  Area, 2014. Technical

Geological  Exploration


https://doi.org/10.3969/j.issn.1009-3850.2011.03.017
https://doi.org/10.3969/j.issn.1004-5716.2012.12.006
https://doi.org/10.16030/j.cnki.issn.1000-3665.2014.06.023
https://doi.org/10.3969/j.issn.1004-5716.2011.02.018

828 DURRS S e (4)

Requirements of Geological Disaster Prevention Project in the Three
Gorges Reservoir Area[S]. Wuhan: China University of Geosciences
Press.

Tang HM, Wang C X, Chen HK, etal., 2005.Preliminary research
on formation and long-term stability of cliff along the bank of the
Three Gorges reservoir[J]. Journal of Chongqing Jiaotong University,
24 (6) :104—107 (in Chinese with English abstract).

Tang HM, 2005. Research on control design case to sliding unstable rock
in FEM [J]. Journal of Chongging Jiaotong University, 24 (5) : 62 —
64+81 (in Chinese with English abstract).

Tang H M, 2006. Research on control design case to toppling unstable
rock in FEM[J]. Chinese Journal of Underground Space and
Engineering, 2 (4) : 658 — 661+699 (in Chinese with English
abstract).

Tang HM, Yan N, ZhouF C, etal., 2021. Analysis on the failure
mechanism of tensile fracture —sliding of unstable rock with
steep slope in the Three Gorges reservoir areal[J]. Journal of
Chongqing Normal University (Natural Science) , 38 (2) :38 —47
(in Chinese with English abstract).

Xiao T, 2019. Stability analysis of a dangerous rock in the Three Gorges
reservoir area of Wanzhou District, Chongqing[D]. Beijing: China
University of Geosciences.

Ye S Q, Tang H M, Zhu H, 2007. Typical formation causes of
dangerous rock development in Wanzhou area[J]. Water Power,
33 (2) :31-33(in Chinese with English abstract).

Yan J S, Tan J M, 2018. Preliminary analysis on development
characteristics and genetic mechanism of Guanmuling dangerous rock
in Zigui County, Three Gorges Reservoir Area[J]. Geology and
Mineral Resources of South China, 34 (4) : 347 — 353 (in Chinese
with English abstract).

General Administration of Quality Supervision, Inspection and Quarantine
of the People's Republic of China, Standardization Administration of
China, 2015. Seismic ground motion parameters zonation map of
China (GB 18306-2015) [S]. Beijing: China Standards Press.

ZhouY T, ShiSW, ZhangY, etal., 2017. Stability of unstable rock in
nearly-horizontal sandstone-mudstone stratum due to enlarged rock-
cell[J]. Journal of Engineering Geology, 25 (5) : 1220 — 1229 (in
Chinese with English abstract).

Mt e 32228 3R

BRULEL, BERAR, FEAME, 25, 2008 SURE X fE A EER ENLELS
Bi i ——LL MR A A 60 (0], B R R % %44k, 31 (10) : 1178 —
1184.

MR, TR, WNE, 2011 SRR X H R AK AN . 4R
HESC R AR I —— LU E R T 5 B B B (7], OB R AR it 5
31 (3) :107—-112

PR R LR g T e PR A F, 2016, B BRI =0k A X b T 5
FHFIE T H ——J7 N X U J2 25 f e ST R kb 7 38 A ¢
[R]. L JR: E BRI Myl LRE B Bt e A bR A #).

BREEPL, ERH, 2017, =R X ACH Hh X 25 510 I 6 25 R 2L T AL
B 7 —— DU BT 4 i 1L B2 ] (D). 3 RN v K 2 2
O CHRRIAED L34 (3) :38-43.

HUFRI, BRoLfE, B4, 2010, =0 X 2 B8 B G A B K
Uiz R 3R R ke e VAN (D). AR BT 4, 18 (5) @ 645 — 650.

A, FRUEYL, Wk, 2012, WG HEE 1L IX G 2 38 R L ] BE
Ft—— L =0k g X ARV Vi MR VS s 7 D) (9. B BRI K 2% 5 3R
CHERBIERD ,29 (6) :35-38.

I, 1989, i 5% A [M]. dbnt: o E RiE At

BIA, MR, BREGR, 2018, R HEE A R XL R B i e
HIBHLE 0 0] ARKIT, 49 (6) : 64— 69+78.

WYL, Eh, BERT, 2%, 20200 BT A RS 0K B BE G A R
E PP 7 15 (0] K SCH BT AR H BT, 47 (4) 1 82— 89.

fiISCE, B, DERT, %, 2005 J5MkP 442 Bk 2
fE[I]. 5 1772, 26 (6) 1901 —906.

BARA, TR, (TEREL, &, 2018, =k X R BT E
TE AL 43 M 5 B o6 36 0], IR T2, 32 (4) @642 —
647.

XU, BRANEE, BPEAR, 2012, =k X 5 M BEVSIT G A e AR
AR e R 2R A (0], PR A%, 24 (12) @ 14-17.

XK, BHE, 2014, BRI X K A fa a5 % KR 44 ).
JKSCHL R TREHL R, 41 (6) @ 128 — 133,

¥, CEMH, B8, %, 2012, W46 TR F A BT L 5
BT (3], K SCHL T TAEHL R, 39 (6) : 114 —118.

TRRE, ARBRL, AL, £, 2006. 75 MM (X 32 3 5 35 ok Fa b X
Je 070, TREMRR 244, 14 (K] : 337 —343.

AREA, 2011, = 3 X 5 M X R AL 3 G A T e BB R (0. v
W TR, 23 (2) :51-53,

Uk P X M SR 9k B IR TARSRHE RS, 2014, =0k E IX M R 5 B IR
AR ML B A R R R (ST, B A b 5T K 2 H R AL
JELME, EEB %, BREYL, &, 2005 =ik X5 EER K R
& PRI G 58 —— VAT M XK B D9 il (3], 36 PR A2 38 & B - 4,

24 (6) :104—107.

FELLME, 2005, 8 B A A B ) T T B AL g (0], R RS
JAEERE S, 24 (5) @62 — 64+81.

JELLHE,  2006. HE T A8 BLDURT 7 (] 200 A 00 45 ) ok T (T
R AR TR 2R, 2 (4) 1658 — 661+699.

FELLME, EEE, AR, S, 2021 =k A X B IE e I b -
AL G A SR AL 43 # (T, 3 PRIV K % 4 CHARBEIRD |
38 (2) :38—47.

P 0, 2019, BRI J3 /M X =ik IR X K e e P 40 4 [D]. dbnt
F ] 5 K 2

MPORE, LM, BOME, 2007. 7ML X fa A K A ISR A [T,
KK, 33 (2) :31-33.

EA A, AR, 2018, =R X B IH B A AW & AOR B RAE K&
FRE MU R (O], R LR 58777, 34 (4) 1347 -353.

rp A N TR S A T R 5K B A B0 R R, o R R R v A A

Figr, 2015 E R B 2 X LK (GB 18306-2015) [S].
Jbmt: i AR R

=W, A, KB, %, 2017 AR ERIKPR-EELEG

FARE T D). TR AR, 25 (5) @ 1220 - 1229.


https://doi.org/10.13544/j.cnki.jeg.2017.05.006
https://doi.org/10.3969/j.issn.1009-3850.2011.03.017
https://doi.org/10.3969/j.issn.1004-5716.2012.12.006
https://doi.org/10.16030/j.cnki.issn.1000-3665.2014.06.023
https://doi.org/10.3969/j.issn.1004-5716.2011.02.018
https://doi.org/10.3969/j.issn.1004-5716.2011.02.018
https://doi.org/10.13544/j.cnki.jeg.2017.05.006

	0 引言
	1 区域地质环境背景
	1.1 地形地貌
	1.2 地层岩性
	1.3 地质构造
	1.4 气象水文
	1.5 新构造运动与地震

	2 危岩发育特征
	2.1 危岩带总体特征
	2.2 危岩体发育特征
	2.2.1 形态特征
	2.2.2 规模特征

	2.3 危岩体破坏模式
	2.3.1 坠落式
	2.3.2 倾倒式


	3 危岩形成因素
	3.1 多级陡崖带地貌特征
	3.2 上硬下软的岩性组合特征
	3.3 结构面的组合切割
	3.4 水的作用
	3.5 植物根劈作用

	4 危岩稳定性评价
	4.1 陡崖带宏观稳定性分析
	4.2 危岩单体稳定性评价
	4.2.1 计算模型
	4.2.2 计算工况和计算参数
	4.2.3 稳定性计算评价
	4.2.4 计算结果分析


	5 防治措施建议
	6 结论
	参考文献

