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Fig. 2 Chain development model and section view of dangerous rock mass on the slope of Yanghe River
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Tab.1 Rock physical and mechanical parameters of theYangcha river bank slope

Ak BPERIHE E/MPa TR L Ki%h 71 ¢/kPa PBESEA o/ () WM o/ C) i o/ (kg e m ™)

e = 4 980 0. 23 5 780 43.77 0 2 490
K 5 744 0.12 4 800 45. 84 0 2 672
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Fig. 3 The large principal stress clouds of Fig. 4 The small principal stress clouds of
perilous rock in initial state perilous rock in initial state
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Fig. 7 The large principal stress clouds of Fig. 8 The small principal stress clouds of
the perilous rock in the formation of the perilous rock in the formation of
the critical cavities of the first macroscopic chain the critical cavities of the first macroscopic chain
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the first macroscopic chain when the formation of the critical rock cavities of
the initial rock cavities are formed the first macroscopic chain
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the second microscopic chain perilous rock the second microscopic chain perilous rock

A Aok X I 2 TR N 0 72 A S T LA 8 B — 5 LB A I A T 1 IO ) R BT A AR Ak il £k (P 15~
16) o MR T A5 il 2 0 0« A5 Sl 6 A 7 o AR o i s T AR T G ALV, 2k B i (L 3% T el /) A A R
T3 AERLIE 7 f5e K AL Ak 2 75 A IWOUL B 1) e 7 5 A e o 7 e R o B O g 5 e IO g ) S AR LW L BT
T3R5 0 1) B T S AR R B AT A AR 2 A s A — W R R .

4.00x 10* 2.00% 10°
2.00 x 10* i
0.00 e —o— bl
£ ERBERT T e i e S G i
N 0.00 st B +%}gﬁuzj—ﬁ§ me- I
s o iR & 200%x10° |
S-200x10° S PO s e
B —x — 5 O = —X— 5 o
400 10¢ xR B _400x10° -
i —— 5 = ROILE
, —o — SR UM
-6.00 x 10 I 7 s U
~8.00 % 10* X X X X X X L L L L L L |
20 25 30 35 40 45 50 55 20 25 30 35 40 45 50 55 60
R /m i FE/m
B $-ZREXARTAEAMNELEL Bl6 $—BNEEEIRSEN NNl
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2AE— N EUEME_ANENELRNRERNBEENN LA

2 S BE B A A s AR G HEAt o AR ORI A e AR 1 B A L 8 5 LB R I ik e R .
o S WA S SO A R AT A R iR AR BIER — A WL B P RO B A T IR AR A R L
MO BE R IT R T A T . - UG 5 — N LB RN A 2% Wk % OE i B R m R b L faa A
/N E RS 25 A5 R NS 2 AN 17 ~20 froR .

M 17~20 wn] DU o P32 WU 4 B8 G [R] i B B U T 97 » 2 WL w9 i o R DR S 10 ) 249 b A 37 17
JARZS A7 WBE I 6 I i R 2 A B0 738 2 0. 15 MPas /)y F2 07 7 1 F 07 3 1 52 87 77 3 95 AR 25
Wt P A 7 WLBE PP Y SOV B TB T R A 7T G A IR AL T R BRZS 5) R A B R IR

B 3o 6 e 2 TR Y R 8 A e M T A 0 5 o W A e s T g Y g R B 0 g A A R (B 21~
22) o g FIT A iR A — % DL P A s T g 1 T R B N T A Al e A BE AT AT 3 ST e B AR AR W
lE A Mo MR AT e 79 N S PR P R S g 0 A 45 56— 2% UL R g g g ) A A R AR — B B R
1t iy 7 g S AR R PR R o T) AR 88 i) R ) R R PR 2 R — A O BE I A T



%2 BRI, % R E R A s R A R T —— DL = kX X R N A 41
SIG1/MPa SIG3/MPa
8}5 -0.2
0.08 :8;@
005 -0.8
-1
T
~0.15 i
-0.2 —1.
~025 -1.8
~03 -2
-0.35 =22
-0.4 2.4
-0.45 -2.6
-2.8
1 -3
17 EZAENENBEERRE N 17 & S R =
B BT ERENRERR AN ZE B 18 8= A BN S B AL N E R =
Fig. 17 The lrage principal stress clouds during

the formation of the initial rock cavities of

the second macroscopic chain

B19 EAENERFEEEBRRXEIRNZE

Fig. 18 The small principal stress clouds during
the formation of the initial rock cavities of

the second macroscopic chain

SIG1/MPa SIG3/MPa
0.25 ~0.2
02 ~04
0.15 ~0.6
0.1 0.8
0.05 1
0 -1.2
_8.(1)5 _%é
~0.15 -18
—02 -2
-0.25 -2.2
05 24
035 26
o0 238
2045 32
05 -3.
055 34
~0.6

20 EZAENFEFRERERRNER N EE
Fig. 20 The small principal stress clouds during

Fig. 19 The large principal stress clouds during
the formation of the second macroscopic the formation of the second macroscopic
chain critical rock cavities chain critical rock cavities
5.00 x 10° 200x10° -
0.00 $b 0 4000 o3 0.00 4
+F s by
~1.00 x 10°}- —— WA _4.00x 10°F . — bty
£ —a- G = N ¥ Foopa );; —x— VIR
R < 'S — f - - g s
= sE —— 5O R SE o Sy - S
2,00 10 8.00x 10 X )
= = W[ e O
2 —+— 5 O = X x
] o = X o
-3.00 x 10°F BRGRGESL -1.20x 109 % o A MO
o DU \ o
X
—4.00 x 10° ! ! ! ! -1.60 x 10° ! L L !
20 25 30 35 40 20 25 30 35 40
R /m B /m
B2l F_ENERZRERZTEEEMNTHMEL E22 F_REMELXERZTEHTENTUHE

Fig. 21

The change curve of vertical stress in

the second macroscopic chain

Fig. 22 The change curve of shear stress in

the second macroscopic chain

3 BEBEB R 135571

Bt 6 o T 2 T R T T 95075 97 4 A 5 LG e 19 BHOUR 6 36 0 R F 2 TP B 10 =
AR LRI 42 BT 55 A UL 22 7 5 WA VP K % PR/ 2 80 5 PR L 23 T 24 SR
FEIRT LA Hh 3 ST 7 26505 A 7 W R 7 S5 46 58 R 45 01K 2 1) /AN 2 1 0y 25 P 7T LR e 122 R



42 BRI A FEFRCE BB

http://www. cqnuj. cn # 36 %

A AL IR B e R TR R ) SIGL, TUAERAL T4 7 I3 AR 2« e RBLRE 3 2 0. 35 MPa, /NFERE J) SIG3 F2 82
AR R F3 28 55 0 4k 5450 12 7 v B ] IR0 0 T 38 B 75 5 51 A i B 22 B R — S O

SIG1/MPa
0.35

wn

| OOOO000
(98]
N

|
OO oot
wn

05

pesth ~0.45
‘!r’“ -05

B2 REBEAXRERNZHE

Fig. 23 The small principal stress clouds of perilous rock
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Fig. 24 The large principal stress clouds of perilous rock

0.0

s
-3.0x 1074 .

5 RS
£ -6.0x 10*

= -9.0x 10°
-1.2x 10

-1.5x 10°

30 35 40 45 50 55
R /m

BT FE B X B VLA SO e 5 R AT BB M T e

AR BERERY 3 3o X & 08 1 3 3 23 B LA B G S R P9 I S Y
SNSRI RS S G LN OE =N LN Ui W s BN S X

Praf & m .

B 25 fEEMIGEE S 6 A ) 5 ) ih 2k
Fig. 25 The vertical stress and shear stress

curve on the face of perilous rock mass

D MSEE R T I BB B I8 R 55 M 05 R v 2 T e 2 T 498 O 2 7 g B B AL 7 T3 AR S /N £V )

DU A0 A s A 3 B A 1 i AR 2

2) e a R WUEEAE BB AR AT 2 B i 5 WUGE 2 0 e 77 A K% WL A OO B ik X F o TR 5 40 T Y
iy PR 25 2 B i SR 1187 32 T RS Gl O EE R B VR E LB L A PR AR TR
3) E A S e e TR 0 g 2 AR O A A5 P BB 2 2R S S PR DL W) S AR Ko [ IS A T o0 B 45

Ry it BZ B fa 0 I AR B AR A 1 RS R A4 2

B3 30k

[1] CHEN H K, TANG H M, YE S Q. Research on damage [4]
model of control fissure in perilous rock[J]. Applied Math-
ematics and Mechanics,2006,27(7):967-974.

[2] CHEN H K, TANG H M. Method to calculate fatigue frac-
ture life of control fissure in perilous rock [ J]. Applied
Mathematics and Mechanics,2007,28(5) :575-580.

(3] MMk 30 E v, EAEE, & o An 4 2 B B I AL B A5 4 [5]
AELT ] 540 012 5 TR 224, 2006, 25 (s1) : 2629-2633.
XIAO S X,FENG Y T,WANG Z H.,et al. Shape character-
istics of evolvement in chain-styled phases of disasters[]J].
Chinese Journal of Rock Mechanics and Eenineering, 2006,
25(s1):2629-2633.

PRL L. = e X e o i = M Y 3 3R 2 e [0 ], R AL
TR A2 AR CH AR 2 D . 200827 (1) : 91-95.

CHEN H K. Geomorphology Research on chained regulari-
ty of perilous rock in the area of the Three Gorges reservoir
[J]. Journal of Chongging Jiaotong University(Natural Sci-
ence) ,2008,27(1) :91-95.

TR, AR SR - AL 22 S KA B AE A T R AN IR AL
BLT]. AR5 T T . 2010,32(2) 1 1-6.

ZHANG Y X,LU L,ZHANG S P, et al. Development and
failure principle of differential weathering overhanging rock
[17. Journal of Civil, Architectural & Environmental Engi-
neering,2010,32(2) ;1-6.



Vol. 36 No. 2 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn 43

[6] MITCHELL W A,MCSAVENEY M J,ZONDERVAN A, dynamics on a protection forest hillslope in the European
et al. The keylong serial rock avalanche, NW Indian Hima- Alps[J]. Geomorphology,2004,57:151-167.
laya: geomorphology and palaeoseismic implications [ J]. [11] COX S C,ALLEN S K. Vampire rock avalanches of Janu-
Landslides.2007,4 :245-254. ary 2008 and 2003, Southern Alps, New Zealand[J]. Land-

[7] SOSIO R,CROSTA G B, HUNGR O. Complete dynamic slides,2009,6:161-166.
modeling calibration for the Thurwieser rock avalanche (I- [12] SAVENEY M J. Recent rock falls and rock avalanches in
talian Central Alps)[J]. Engineering Geology,2008,100(1/ Mount Cook national park,New Zealand[]J]. Geol Soc Am
2):11-26. Rev Eng Geol,2002,15:35-70.

[87] RICHEFEU V,MOLLON G,DAUDON D, et al. Dissipa- (137 Pk 4, R br. 2 4171 B B 78 % Mk FLAC3D $0{H 4 #7
tive contacts and realistic block shapes for modeling rock [J). pEZ LB 223 ,2007,17(1) :29-33.
avalanches[ J]. Engineering Geology,2012,149/150(4) :78- SHEN ] R,LIN H. The numerical analysis on the stability
92. of slope with several sets of joints by FLAC3D[J]. China

[9] PIRULLI M, MANGENEY A. Results of back-analysis of Safety Science Journal,2007,17(1) :29-33.
the propagation of rock avalanches as a function of the as- [147] FEA 2P, INIRFe. B R0 L A 3 B B 5F T e & M
sumed rheology[J]. Rock Mechanics and Rock Engineer- HEE N &1 )14 ,2007(3% 1) :595-598.
ing,2008,41(1) :59-84. YIN X J, YAN E C,SUN Z L. Slip surface ascertaining

[10] DORREN L K A,MAIER B,PUTTERS U S.et al. Com- and stability analyzing of the countertendency shale slope

bining field and modelling techniques to assess rockfall [J]. Rock and Soil Mechanics,2007,28(z1) :595-598.

Resources, Environment and Ecology in Three Gorges Area

Analysis of Chain Evolution Characteristics of Perilous Rock Body on Limestone Bank Slope :

Taking Yangcha River Slope Three Gorges Reservoir Area as an Example

CHEN Hongkai'*, ZHANG Jinhao', YANG Zhiyong'
(1. Institute of Geotechnical Engineering, Chongqing Jiaotong University, Chongqing 400074
2. School of City and Architectural Engineering, Zaozhuang University, Zaozhuang Shandong 277160, China)
Abstract: [ Purposes | Taking the bank slope of Yangcha river in the Three Gorges reservoir area as an example, the chain evolution
characteristics of dangerous rock mass on limestone bank slope are analyzed. [ Methods]The FLAC3D numerical software was used
to construct the dangerous rock mass model and analyze its stress field. [Findings |From the formation of the dangerous rock mass to
the final formation of the critical rock cavity, the large principal stress of the rock surface presents a tensile stress state, and the
small principal stress is in the critical state of compression and tensile stress transformation. The macro-chain of dangerous rock
mass has nesting development characteristics, which always appears as a tensile or shear-stress state, and through the expansion,
development and penetration of the micro-chain, and finally the unstable fracture. [ Conclusions | Through the numerical simulation of
the stress process of the dangerous rock mass, it can be seen that the simulation results are consistent with the actual chain develop-
ment. The research results explore the landform evolution process of the bank slope from the angle of the development of the dan-
gerous rock mass, which has positive guiding significance for the prevention and cure of the dangerous rock mass on the bank slope.

Keywords: Three Gorges reservoir; perilous rock body; chain development; Yangcha river basin
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