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Toppling failure mechanism of rock slope induced by heavy rainfall .
a case study of the Zhaojiayan Rockfall in Western Hubei

ZENG Rui, JIANG Mingshun, SUN Linkui, XIONG Chengren
( Three Gorges Research Center for Geohazards, Minisiry of Education ,ChinaUniversity of Geosciences ,
Wuhan , Hubei 430074, China)

Abstract;In Western Hubei Province, there are many steep mountains, karst phenomena and abundant
rainfall which leading to frequent collapse under heavy rainfall. Therefore it is important to study the toppling
failure mechanism of rock collapse in this area. The typical Zhaojiayan Collapse as the research object,
through field investigation, engineering geological analysis, ABAQUS numerical simulation, the deformation
failure mechanism were studied. The results show that; three facing the steep terrain near right angle, upper
hard and lower soft rock combination are the intrinsic factors affecting collapse failure; coal seam excavation
made the rock mass overhead, changed the stress distribution and accelerated the development of rock mass
creep failure; the development of joints and cracks transformed the internal structure of rock mass, reduced
the strength, and promoted the effect of water pressure on rock mass under rainfall condition; heavy rainfall
made cracks rapid water filling, exerted outward thrust on the rock mass, is a direct cause of toppling
failure.
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Fig. 1 Debris flow path map of Zhaojiayan Collapse
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Fig. 2 Original terrain map of Zhaojiayan
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Fig.3 Geological profile of Zhaojiayan
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Fig. 4 Mesh diagram of Zhaojiayan simulation model
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Fig. 5 Maximum principal stress distribution

of original Zhaojiayan
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Table 1 Physical and mechanical parameters of rock mass

Pegid PR E/GPa BB C/MPa WNEEIESM @/(°) HER/N T TR/ (KN-m?) R/ GPa
WK ( quzS ) 5.3 38.76 34.99 0.271 26.20 3.44
A IR (Pyw®) 5.9 31.45 36. 13 0.241 25.95 2.50
ij%ﬁﬁ:ﬁi%(Pzw‘) 4.5 21.02 17. 66 0.221 24.48 1.90
WA AR R R AR K, B R 45 /N, 1998 gf?g(u)x{gg ’
A S5 SR B AW 1k . JFAEVR B 29 80 m, JF X LA 120810
5 B2 1.5 m, AR P A 1] B 29 20 ~ 30 m, A6 gggiigg
L R (TR 6) ., B =y WAL 11y B4 8 A , Tanii
6.878x10°
fE} 9.071 x 10° Pa, ABAQUS #i {4 R IA i 1 {5 My IF J2 ~2436x10¢
~2.106%10°

FLRE 3, R AR N T3 IR 2SS 32 HL o R A I A 5 R
Ui 1) P > JREAT: ot L B N ) B TR B4, v R OK i
e R FER S K -2.106 x 10° Pa, i B 5 Hp = A~ S TH
v e R B ST I 9. 178 x 10° Pa, — 7. 646 x
10° Pa, —4.054 x 10° Pa, P\ Yk JiE £k T 2 1A 17 J7 R 25
SR ARL S K E AR Y =PI o) i« 4 1
1) B A 3 AR AT AR I R 4 R A, N T A oA
B BCE R AR B AR A T R B R [
B i T B T BPE R, LA T 2 A 4 2 T
FER S R R T ¥ R Ul . AR B TR A 52 T
X LA R DL B S AR TR ™ N BT RE AT AR S8 48, i
5BV S M SRR 5 B 2 BB Z IS A
PR AR S A PR AR 7 T 43 A, I T A R 05 A
INB R X B G A R e M — s e (BN R 15 R H
SRR AR 2R
3.4 WHMBEH

R IR N 2R H WAL T OF 32 Y BE i Ty
B2 A e E T R N T B R E . Hoh
Xof 8 G R A T R ) e R B L AR S S R B i Y
S8 YWD TTRL, 1998 AF 4 A & 8 H bl E R Ltk
WL, ZAEE 58 B M 0.1 m 3N Z 0. 62 m, fie A 3¢ 32 24

Eo6 REFEHNERENISHE
Fig. 6 Maximum principal stress distribution

of coal seam excavation
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Fig.8 Maximum principal stress distribution of heavy rainfall
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