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Fig.1 Overall map of overthrown deformation in PD6 (area of overthrowing—bending deformation, that

of contiguous overthrown deformation and that not suftering from overthrown deformation)
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Fig.2 Typical characteristics of fracturing rupture in PD29 from 10 m to 20 m
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Fig.3 Engineering geological profile of the right

abutment slope



%365 54

T4 TV VT AR HL 3k A R S A 3 8 T ) 5 (B A

909

K4 iy
(2 B =T A T SR R A TR — 3 B e SR L A 2
Fig.4 Slope models
(Left—slope models of excavated slope; Right—slope models of

failure mechanism)
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Table 1 Parameters of model media
N C . Y HELV A 2 ATl c R Y
it (MPa) v (g/cm®) p A (MPa) (MPa/m) (MPa/m) (g/cm®)
B 0.8 44 2.65 0.3 SR 0 22 8000 17000 21
s 0.85 47 2.57 0.26 G2l 0 16.7 6500 15000 225
RAJms 081 44.7 2.63 0.29 i 2 0 21 9000 18000 23
WEImE  0.84 46.2 2.59 0.28 AT 0.6 31 15000 30000
WHERAEEZE 083 45.5 261 0.27 AL 0 24 9500 19000 25
EHUES 0 32 225 0.35 EHUESSE 5o 0 18 5000 11000
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Fig.5 Analytic results of discrete elements on the abutment slope

(Left—Initial state of excavation; Right—Diagram of ultimate deformation and displacement vector)
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Fig.6 Characteristics of block displacement varying with the elevation

(Left—Horizontal and vertical displacement components; Right—Displacement angular velocity)
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Fig.7 Characteristics of block displacement varying with elevation

(Left—Horizontal and vertical displacement components; Right—Displacement angular velocity)
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Fig.8 Early stages of development of overthrown deformation
(Left—Initial model; Right—Stage of overthrown deformation)
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Fig.9 Development stages of overthrowing—bending deformation and bending—fracturing rupture
(Left—Development stage of overthrowing—bending deformation; Right—Development stage of bending—fracturing rupture)
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Fig.10 Stages of breakthrough fracture surfaces and slope instability

(Left—Stage of breakthrough fracture surfaces; Right—Stage of slope instability)
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Fig.11 Rupture forms and mechanics mechanisms of varying degrees of overthrown rock mass deformation

a—Shear dislocation on weakly overthrown layers; b—Tensile deformation on strongly overthrown layers; ¢—Strain—shear

rupture through strongly overthrown layers)
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Z0m 25u 30n

i 1 (5431 25 4 ok — 20 FH B b ok , — H kB S Engineering Geology [M]. Beijing: Geological Publishing House,
YT, E R ERTD AR e A A W i 1994(in Chinese).

2] 25 WM. S B R B M 2 5[k SO T
TR BT M (1), AL 5T M BT L, 1993,
Wang Lansheng, Zhang Zhuoyuan. The geological mechanism

Z4 W Be T S I B T 4K R R A T B A
Wt PD14 T 48 5 0 MR Rl Rl L A

i Xﬂ%@ @J ﬂﬁ ﬁgﬂ Q ﬂ:/; ﬁﬂi ﬂ: H —Fﬁ“ E HTJ‘ IEJ I E(J Z% i /}E 'ﬂﬁ , model of slope rock deformation and destruction[C]//Hydrogeology
?{:L‘I%E El/\J ,JC j]ﬂ R ﬁzﬁ(%\%fﬂﬂﬂ 5‘{6 ‘]‘%iﬁ ’]ﬂ] . E; I‘Eﬂ ?K Tj‘[ N E and Engineering Geology Essays. Beijing: Geological Publishing
|j;] jﬁjﬂ’r@] ( [z] 12) . House, 1993(in Chinese).
(3] K. 5 AR B o I TR 1 B4 BT 1 B0 5 5 B M. AR
4 45 Ml U2 HE AR, 2002,
Wang Shitian. The Theory and the Fulfillment of the Geology
(1 )iﬁﬁjﬁ%‘ﬁiﬂﬁiﬁﬂbﬁ%m EE% ﬁ&ﬁ E/‘J ﬁﬁ ’ % Engineering Problem Analysis in the Complicated Environment[M].
’M:'ﬂ)ﬁﬁl,l Qﬂ% Y A BJ/I\E% nJ é:}' j"] %}] Eﬁ {tﬁﬁu /ﬁﬁﬁ K lgj/l\ Chengdu: Sichuan University Press, 2002(in Chinese).
B, 3] — 25 il A8 I R R Y B 25 il — 7 D A 2L R R [4] FRTE, B, SRA5TT, AF. EAT A1 R G ASTE
B B , P E R R B B I AR AR, o E R BT K SR AEH, 1997, 8(1):17-22.
., " N N . Wang Laigui, Huang Rungiu, Zhang Zhuoyuan, et al. The analysis
S ’ 1@@“4}}% HO B2 L B2 3 o ’ I HAERL R on whole procedure of the deformation and sliding of slope
b ﬂﬁ@j{ o mﬁiﬂiﬂ: X E/‘JE,ZHIE] F)?*%i_\‘ E"Jﬂﬂ}jﬁ:%ﬂ i} machanical system which contains structural areas [J]. The Chinese
{J‘%*"I‘ , ﬁﬂﬁ?\LH %’ﬁﬁﬁﬂﬁﬁ/; IKJ/I\EQ Y7 [ , T RETFFE Journal of Geological Hazard and Control, 1997, 8 (1)17 =22 (in
TR E AR TR R . Chinese witn English abstract).

EokoE, L. BT SO 53 RIEH A (C)/ /3 RIEE T
A TR R 25 BB SCER L 1987,
Wang Yongjia, Xing Jipo. Discrete model and the coupling of

(2)ZE I ARG P s Bk sy P
FRREONN L, TRAYITHEE S BCR RN
(73 VR ISR, T3 R 2 50 A th BB R T

boundary element [C]//Boundary Element Method Applies the

Fl 11 Tﬁ@jj Gaitl s R %M:§%1@iﬁ Woir J2 4 o) 4 Conference Collection in the Rock Mechanics and the Project. 1987
;ﬁjﬁ@jj % I:Fl }I)E% o T{j_:‘ T%%jjlﬁ ﬂ:j?%’ E]Tj‘ , @%Eﬂ*ﬁ@ E’:J (in Chinese witn English abstract).
EE Y e L [6] & DA%, SRR, i Bl 0606 A8 T8 14 T8 B AL 55 5 e PR 43 BT ).

AR T4, 1999, 7(3):213—217.

(3) TRE A I AL 5 o A {30 AR I B P A
)F& y‘:’ ED% . E@ *Ha‘é‘@ © §$& o ,fbﬁ:ﬁ::lj %‘M:}E% ﬁbﬂz% E?}: of Slope and analysis of influencing factors on it [J]. Journal of
il 0 T Bl R 2 AR S RS AR I d Rk B T SR B Engineering Geology, 1999, 7(3):213—217(in Chinese witn English
i 0 1 B 0 3 S 25 AT PSS , L 01 abstract).
B R S AT [ R R R BRI R (7] % AL, SRR, AR /NIRRT AR R X M AR R SR ).
R BRI, AT s e PR ORI 99 o2t

. . o , Chang Zufeng, Xieyang, Liang Haihua. Study on the Deformation

B g A AR BN RS IE

Han Beichuan, Wang Sijing. Mechanism for toppling deformation

of Rock Bankslope in the Reservoir Region of Xiaolangdi Project
[J]. The Chinese Journal of Geological Hazard and Control, 1999,

£ % 3k (References):
= ( ) ) 10(1) :28—31(in Chinese witn English abstract).

[1] A6 TE, F K, T 224 TR TS BT M. b st e R (8] ¥Rk, FH O AT 0 3 42T 0 8 T AR A RO R it 3 A
k. 1994, ). K SCHLBE TR BT, 2007, 06:44—54.
Zhang Zhuoyuan, Wang Shitian, Wang Lansheng. Principles of Huang Rungiu, Tang shiqiang. On the deformation characteristics

and reinforcement measures of a toppling slope under excavation([]].



914 i 5| i J 2009 4F

Hydrogeology & Engineering Geology, 2007, 06:44—54(in Chinese Chinese).

witn English abstract). [10] ShARAE, ARG, War Bk, A £50 A8 T 44 5 0 10 255 45 5 BE 2 800 i
(914 JE WY, A, X . AW ) 2 5T A8 A8 T i R AR AE B 92 ). & By PEAEIKHEL, 2002, 02(2):22-24.

A1 1% 5 TR AR, 2003, 2203 T1) . 2707-2710. Ma Fuxiang, Wang Linwei, Cheng Qizhu. Selection of synthetic

Ren Guangming, Nie Dexing, Liu gao. Studies on deformation and strength parameters for deformable landslide slipping surface [J].

failure properties of anti—dip rockmass slope [J]. Chinese Journal of Northwest Water Power, 2002, 02 (2):22-24 (in Chinese witn

Rock Mechanics and Engineering, 2003, 22 (supp.2):2707—2710(in English abstract)..

Numerical simulation of toppling rock mass deformation in the right dam
abutment of a hydropower station on the Lancang River

XIE Li', LT Yu—sheng', CAO Jian—jun® LIU Gen—liang'

(1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, Sichuan,
China; 2. Xi’an Branch of China Coal Research Institute, Xi’an 710054, Shaanxi, China)

Abstract ; Steep and antithetic platy structure of rock mass and geomorphology of the longitudinal valley in the
dam site area cause wide —range toppling deformation on the cross—strait slope. Aimed at solving problems of
toppling deformation, the authors, in the light of regional engineering geological conditions, analyzed
characteristics of toppling rock mass deformation, made degree classification of toppling ruptures, established
discrete element slope models for excavation and failure mechanism, and detected characteristics of the excavated
slope and four developing processes of failure mechanism. There exist shear dislocation in weak toppling rock
deformation, tensile deformation on layers in strong toppling rock deformation, strain —shear rupture through
layers in strong toppling rock deformation and tensile fracture on very strong toppling rock rupture. The results
provide a scientific basis for stability evaluation of the dip—slip body and the excavation work.

Key words: excavated slope; failure mechanism model; toppling deformation; discrete element method
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