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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
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Abstract; Perilous rock is a dominant geological hazard in Three Gorges Reservoir area of P. R. China. The
Taibaiyan cliff at Wanzhou is a representative case of massive perilous rocks in the area. Using this cliff as
an example, the conditions triggering massive perilous rocks were studied and described. This included
examining the following three conditions: alternating layers of mudstone and sandstone; steep landforms
such as cliffs or scarps; and intense rainfall. The massive development mechanism for perilous rocks was
discussed, including micro-chained pattern gradual and interval evolution from the bottom to the summit of
the cliffs individually as perilous rock, and a macro-chained pattern evolving stage by stage from the cliff
face backward up the mountain. In some respects, rock cells below sandstone in cliffs serves as the
pulsating valve of the massive development mechanism for perilous rock. In any micro-chained pattern,

perilous rock situated on summits is the easiest to rupture due to the fissure pressure. For any single
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perilous rock, two load compositions were derived. In addition, methods for analyzing perilous rock
stability were established in detail using the limit equilibrium principle. Two key techniques, a union
scheme that both supports and anchors and a union scheme that nails and anchors, are proposed in light of
the massive development mechanism for perilous rock.

Key words: rock mechanics; perilous rock; massive developing mechanism; countermeasure; Three Gorges

Reservoir area

PG A8 L T BE B B BE S b Wl TR 4 A T U
HAETE Ty R RBUK I 55355 B R A R R
MM S AR R A G . ZREX fEE HA
FEAR M IR AMEFNECR ™ EAERAE . )20 A ], =k
JE XA PRI N A f e AR 50 000 24> v 7y A1
15 600 AL BB 80 277 NIy A= fiv 42 4 KL
HACTCHIM 77 2 42 124 [ N AMRHE TAE & Xt e
P BT ST M AE T e BUR By BL. Richad %
(1984) I\ K i 5 J F 4t 32 o 72 1 R A 2 A, Jones
(1984) . Reginald (1999) . Betran(2003)., Hungr
(1999,2004) il Braathen(2004) %5 M b 5 2% 1 i 43
BE T 25 (T8 it B i 3R ML BRI 9L 46 A
20 4 90 4 AR Lok St = e 2 IX Y fE s BT ik
AL TG A AR E R AR BT 5 G R K
R RIS T 5 A B R LR, M
JE K BE B 5 X G A A N s R LB
Bz FEIR AR R GRS, UL T8 & K E B iR &
Xf AN iR X e S 3R IX A b Y R 25 B T R R AR
FMEAKR. BT U, PL=me PR X7 N K 1A e
S XS R R LT RGO I I I IR
RN fE K F A RO LA VA i

1 AL

3N DX ASE T =g o IXC e J 3 39 DX R Y
K A fa i s v B AR BRI Rg % =34, EL 4R B
M fa Ak 127 4, BUAAFLZ) 81 186 m®, 5 B4 M 5
G RHE  LEA YR UG = Gl 1 i)

B AR A AR )y R AT Y, A AR
F R PBE R BEE K Y 850 m, LA 48 A
7 SR 47 662 m®, 43 a7 1€ DL A 2.

KRBT N E S X BT —47 . /i 78
B SN @ = S o S [ S NI R N N % N A
923.45 m’,

MR B aE L e s 61 A, B iAM
24 562 m’, JEVEAE KBk ECULE 3) 5 — b
JIE = B2 265 ~315 m ., T 5 & 325 ~335 m, 55
bk R R PR 350 ~ 360 m., T EB =5 AR 375 ~
380 m, 5 = G B B I & B 395 ~ 405 m, THUHK &

Bl £TRaskENEEXNLSE

B2 ETRaERENEEXES

FE430~435 m,

20 th2e 90 4EAR AR, K H A W A 16 5 i % 3
P N S e WS TR SN AR T N [ &N
AN K 2 A i O E S T R E R B
BEHTHY 4 T3 RN 20 R R AR AL R b e B% LT
il W 330 42 A o AN FE BT N ) e oK 2R A
B PG TR AT W . TR R R R R B Y B R
BAREED AF R T 2R G E BB FEE e
TR ZHAk T il A A e R

2001 4F, = W FE X b 5T K 3 By vA TAE 4 I S
B, K A 5 B a8 A =k 22 X ik i 5 o B
BT I T 2002 45 7 HJF T, 2003 4F 4 H5E T,
H | 2007 48 10 H 9 Wi B opk R B, & 2 50l TR

http://aks.cqu.edu.cn



1180

¥R X F

¥ IR % 31 &

TR PR AE A PR R B S B2 48 30 4 (ELIE D T )
TN FRERSH AWM EAT Z &% F
P & 2004 4E 5 19 H W24 fg 5 f1 W25 1
T Z AR AR R R 1 22 A 1 o B 3% 2 A VR A
RFRZ 2 000m® , BREIR ] Ho 07 4 & . SRR, &
2R B A R 3 AR R SRR
Ak AT BE B B fE A R AL S = BB AR 3
e a TR L™ E .

B3 ZMKka®Edkesd

2 TR ART ST T &

Jo B T A A

KEEfEG R W AR5 EME 5
14 3 53 7 )«

DK EE DL T 78 A7 06 4 530 X, 4b T ki
L e 320 I 1) RN AR P ROE T KO RS
FME TR A A b A T e E S B Z A G
s 2P AL ) 22 5 W 3% . 1998~ 2004 4F 1) B
GO 2 B, b 5 R0 A i A 332 43 00 S (7.1~
8.3)X10 ‘em/d fI(1.0~1.6) X 10 *cm/d, =%
FHIE 800 %,

2) 55 DU 28 9] LR K VL 43 5 20T DI A 0B
I o W A VA 1D g7 A 9 2 SR A A 9 BE 8~ 10 m,
I ff 4 N 5 R AL T 583 2 RN IR

M XA FW AR TN — = FH— I BB WL,
ZAET R R 1 181 mm, fiz KAJ &1 635 mm, 20 min
Rif R 98 B L 15 mm F9 58 B FRTREAT H 20 ~50 1K,
2.2 REBEMHtE

D)o 2 A0 e Ho Al A

VEFITEAG AR b 0 fif 206485 B 8 R BK R )
b 52 7, AR A AT R, ) B = b fr R AL A

WA —: HEAHEKET CRRRE

HA T HE A ZBUKE S CGEWED ;

HE = BETRBKE (RKRRE +KF
HE I,

2.1

I3 AESR I K B BE R TR RRAE B 35 fE S
Bii i TR AR R =k K % K G2 AT 30 1) ) M
T2 J3 8L B bR =R AR A T A —
# R

OXF T 3 = 8 =K e SO & kB T
K AE A TG A B %3 Tl o« A &+ 2 BKE
(EEFRR A + 3B 175

@R T HE & 1 B v 26 A TR A A B LS 19 B
AfaAYe BT BRG] g e
B LETREK LA R S B ) 3 T
BN AE MRS, I B W R EKOE HE )
R o b 75 T R OO BBOARE A AR R BN Y
TK V- b 5% 07 B8 e b 7R VR S A B A LR R
T

DR B I

FEF 15 A R BRF-  BE 36, 57 8 A R e R
STV B AN W) ff SR AL T A AR T AL YRR

X B XS A A 9% U B T KOF AR
71N [n] 5 7 AS AT B[] B R B S A AR AR K T
MR ) A s e b 52 ) AR R B, R E R B i i
(D) (DHE,

H +[0.5 sin 28— ksin” B] tan o — Q sin f tan @
e W W .
' sin” B4-0. 5k, sin 28 ’
(D
o % +0.5(1 +k,)sin 243 tan SD*% sin 3 tan ¢

(A +k)sin’ B
(2)
xb T 5 A L A A R O R BUBE N I A
SN F8E FREor ) B 3 L (DB

. H — .
Wa +flk %i e+ll;f()lc

Fo— ]\A?m _ o g H P®

fii - —

/x’l,Who +Q<3§1n‘8 Sinﬁ)

H_
MA‘ V f//e - e+l/)fok
F. — Mmftm — sin 3 H— ’
T W(a+kl,ho)+Q(35T;1‘3 sin Be>

4)

Al O R U 5 . 50 $
AT A0S 4501 05 A A W 0 2O T
b I, SRS KT O R ORI M R A Q
SR 7 4 D 5 42 L 5 0
Mo Q= e R AR L
i B PR LB s /0 5 MR 2 )

http://gks.cqu.edu.cn




% 10 % 3 30

LD ER GBI L S

1181

A B S8R B R AL 4 B 8 RS S for = fu o 2
PR A B A R A B BOZ O A P R
JEBR UE (R s 2 Ry 5 A R 30 28 00 B A K P B R
L, F 2 AV 50 2 9 245 ) T 4 oy 5 00 7 s 19 O 8
e NFE A B S5 T Tm B s he HEA RE O
EX RPN O NN

3) R VP

WX R A 127 AN fE A RN WAL A T iE
EERBCHZIEFIRAEEEDIR LREEERN
— A 121 A fE AR T AT LA, A
6 MEARAT TRAEE,

3 BB AMEIE

Z B KRR A R AR KA A G S
HER AL SEAS S0, e i o5 I Ve e I
POk ey iy a R IBLNINEREUE ARNER S kel Y
— 3PS a I G R LI 4) . REVE A RER PEDL
AT L4 o 5 AN BB RN T~ VIBr Be (B Be 1) (2%
S AR BECB B 2) S& 2 A8 BB B (BBt 3) i —
fa e AR 7 B BE (Y BE 4 1 24 16 e B 7L K e 7 B
Be(BrBe 5) (WL 5) . BER M A I s LR 484

T TR i 5 VAR W10 B % 1) et i S SO fE i R T
(1 OB o 17 DA BEE 2 B 38 o) O 98 1L 1y B BEPE I
B R RE NG AT IR LR - I A>B—>Ce- o i
WLBE P A — G A BRI 22 7 5 45 45 4 TR JCS W
2R AR AR A (I 6) . I 2 IR Ok S
WL 7) F 9% B B CUL AL 8) + i B Be A& 2 R i A
Y] el AR T R AT TR A RIS BLAE ) SR T
BTG A PR IE i

B @ S T 7% WL A ROV B 2 6 BRI O 8 A 1
PERLEL, ] 3 S 5 SR A X (UL BT 9) B & A i B A X
CILPE 100 . fag B 202 48 7 BE B 90 R /T 20 m
I 7E A I LR AR B — A2 Wk (e A
7% WL N R IOUL 6 2 T A A LB T A IOV 2
HG HEATT — A WL 5 T 24 BE s B T 20 m
I 5 AE A PRI B IR B 52 G ik B R B R B
2 AN LB R % WL T] I 2 7 . BE R e B AEOR L [ I
KT R R R o A A g BT AL
FREDUTE LAY R T G A K S S B % W Y R
— O AR 8 B R R R AT RE S X e
B AR L BCHR BB 0 8 e B AR 1 52 3 2EBUK IR
9 3L [ 1 AT .

[ %2/&71 ......
| e
B wm — &
O —— [
ESeTr—— [
— e — — %777
C B A
T N\
............... o \
............... ‘-
................... A\
e T RS
Ly
Bzl
C B A
() — i
R IR AR
T —
B4 BrEss
e Eee—ewn | i

BS5 KazsisBFRmme

http://gks.cqu.edu.cn



1182

TRKRFFR % 31 %

H6 R&TEFERBRKRENLENKR

B7 RTHEIRKRENESHR

LR ETN

B9 BBBL AR EEX

B 10 BB RMNEILSHEHRX

4 BEAMEEGERA

M 5 G 5 Bl IR LR 1 HLE ) (DB50/5029 —
2004) B T Al S P SR B LR HEOK T BR
S5 TCEIR IR X B R R F2 B X A AR,
ISR SRR b =g LR WO 7 N S 1 e
B BE R T f o 0 IR BN RS IG 5 R B e R ML
B Xof S A5 e MR ol 5 P SR AL B 9 A o R S it TR
TRFE, 2003 4ROk BRILHLE DI IT R T fa s P -
BEEEA IR FEE R WL 11 .12) R T -4 AT ()
A IR PR AR (LI 13) B AZ O AR i 2
T TR B B VA R e A X R kM S
H G AR G R EE A TR A S A Pk
S i A T 0 BN I S 2R R
b PV R A TR AR A A RS — A
A A I FH A T S 28K A AR [ 2 BE
B LR E M BA RN . AN AR (I 14)
A WL 5 36 A TR D /N R R S R A B
(A R it

x\ Ex ety

FFF (SR )

B{12 RIBWESEXF-WEFRESEE

http://aks.cqu.edu.cn



S
%E
X

% 10 1 i

Fo Dk B X B E B MIEL B

1183

FFFE R

A 13

B 14

KB FPREEELR

Dfg & =X EEM R FRYZ —. T
PH K A 2 2 = ok 3 XA A 1 A o 11 L TR 56 43 ) 20
AU 127 e AR VE L 2~ 3 HBER b, Lk
T X B AR O B v S B - &2 A 1L, KRR
R T PR 8 2 RV S 58 H R 2 BE IR 1Y) TP % i
588 J3E 1) T R S8 A B AR 2 R 5 R 1 10 R IR R
T I o TR G e B e PR AL B Y P o L9
i 2 E R IR AR — B G a E d FE

2% T 38 e R G SO S B v
XSG a BB fa & e, Bt Lol k™ B &+ 2 BUK ET)
CRFARED +HURE S 7 0 T HE R A A 7 500 s D
fEE SR LIS BT A & s B B 0L 3 R
717 Herp MR I [R5 R OK F- i R= T A S R
1 2 T O BURE 5 e RS AR BB /N IR KR L AR
8 % i MR Ty VR A s A TAR M BT T, 2
TR BRO- i e ST T e A AR E M M O ik

3R TG RE VAL B 260 AR B0 A BE
R VR TS 0 4 i R T A0 B ARROURARE A B I 25 T L A
PN T A 11 25 L  — A 2 DL PP L B TOUA) ARl L
i B A5 o e B 32 B R OK R ) B4R T TRt R IR
AR Z TR WA o B I (8] B

D RET G A RERPENLBE A& T 8 5 34— 5
KA1 BB AR BT 34T (50O 43 3h BB W 26

Rl AR S RIS Dy 7 38 S B e M i e T B B 2
WAE Ry 8 3t BEOR = A 8 220 B3 LB IR

BH I HK
1] MRutol, FEact, nf mar, 55, s B B M]. db &t .
HbE R, 2006.

[ 2] RICHARD J C, STANLEY A S,
Geomorphology [ M]. Cambridge: University Press of
Cambridge, 1984.

[ 3] JONES B L, CHINN S S W, Brice J] C. Ololele rock
avalanche, island of Kauai, Hawii [J]. Geology. 1984,
12(4) :209-211.

[ 4] RRGINALD L. HERMANNS, MANFRED R,
STRECKER. Structural and lithological controls on

David E S.

large quaternary rock avalanche (sturzstroms) in arid

northwestern argentina [ J]. GSA Bulletin, 1999,
111(6):934-948.

[ 51 BERTRAN P. The rock-avalanche of February 1995 at
Claix ¢ French Alps) [JJ]. Geomorphology. 2003,
54(3) :339-346.

[ 6 ] HUNGR O, EVANS S G, HAZZARD J. Magnitude
and frequency of rock falls and rock slides along the
main transportation corridors of southwestern British
Columbia [ J]. Canadian Geotechnical Journal, 1999,
36(2):224-238.

[ 7] HUNGR O,
classification of massive
Felsbau, 2004, 22(2). 16-23.

[ 8 ] BRAATHEN A, BLIKRA L H, KARLSEN S S.

EVANS S G. The occurrence and
[T

rock slope failure

Rock-slope failure in Norway: geometry,

type.,
deformation mechanisms and stability [J]. Norweigian
Journal of Geology, 2004, 84. 67-88.

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

[10] CHEN H K, TANG H M. Method to calculate fatigue
fracture life of control fissure in perilous rock [J].
Applied 2007,
28(5): 643-649.

[11] CHEN H K, TANG H M. Research on duration for

Mathematics and Mechanics.

perilous rock to form [J]. Weas Transactions on

Applied and Theoretical Mechanics, 2006, (12):
169-173.

(127 BRubPL, LM, XIOGAe S 5 5 4 - SR & 1 55 07
HE L)) &+ T4 H.2004,26(3) :383-388.
CHEN HONG-KAI, TANG HONG-MEI, LIU G H,
et al. Research on calculation method of support-

anchorage union to unstable rock [J]. Chinese Journal
http://aks.cqu.edu.cn



1184

¥R X F

¥ IR % 31 &

of Geotechnical Engineering,2004,26(3) ;:383-388.

[13] CHEN H K, TANG H M. Chained mechanism and
moving routine for perilous rock to avalanche in the
area of the Three Gorges Reservoir of China[ J]. The
Proceedings of the China Association for Sciencf and
Technology.2006,3(1):501-506.

(147 RFL0Ay. Brog R fe 4k Bl BB IR [T ], B ROR %
#4R. 2006,29(6) :115-119.

TANG HONG-MEIL Testing research on development
of perilous rock in tension-shear fracture [ J]. Journal
of Chongqing University,2006,29(6) :115-119.

(15] WRubHl, fEerty, 510, 55, A f Bk sy wr s (],

HAA S5 G T RS, 2005,24(8) :1121-1327,
CHEN HONG-KAI, TANG HONG-MEI. HU
MING,
method for unstable, rock [J]. Chinese Journal of Rock
Mechanics and Engineering,2005,24(8) :1121-1327.

(167 FELLAME, W PO Rt B f6 & 32 45 25 1 T ;) 5 B2 1A
TR 1] 1R 2 (a5 LA, 2006, 2(3):
393-397.

TANG HONG-MEI. YE SI-QIAO. CHEN HONG-

et al. Research on anchorage calculation

KAIL Analysis on solution of stress strength factor of
control fissure in unstable rock [J]. Chinese Journal of
Underground Space and Engineering, 2006, 2 (3):
393-397.

C17] BRELDL . B L0 . UL = K R IX A 2 3 28 B 0L ) 4
BFIECIT. oh 63 ¢ 5 15 B 94 2 4R 200516 ()
53-57.
CHEN HONG-KAI, TANG HONG-MEL

Classification and identify of perilous rock in the area of

the Three Gorges Reservoir [J]. The Chinese Jourrnal

of Geological Hazard and Control,2005,16(4): 53-57.

[18] fEathy. fa a2 Akt Ay ko). h E s K F S
5 36 2% 42 »2005,16(3) : 12-15.

TANG HONG-MEIL Research on calculation method
for block-rock wall [ J]. The Chinese Journal of
Geological Hazard and Control,2005,16(3) :12-15.

(197 BRULHL. FEA M. =R X fa i R B AR [ Cl /5%
TEAEAE TS LREARK S SCE. LB R
#£,2006:837-842.

(200 WRub B, 51 W1, R 201, fa 3 i [ B3 A 8 22 ) 2% 4y
BT B R 7274, 2006, 28(5) :101-105.
CHEN HONG-KAI, HU MING, TANG HONG-
MEI. Fracture mechanism analysis of control fissure of
bolted perilous rock [J]. Journal of Chongqing Jianzhu
University,2006, 28(5):101-105.

[21] BRULEL. B L0MG. =K 2 X fE e B iR B R [T . v [

Ji K E 5B ,2005,16(2) : 105-110.
CHEN HONG-KAI, TANG HONG-MEI. Research on
control techniques to unstable dangerous rock mass in
the Three Gorges Reservoir area [ J]. The Chinese
Journal of Gedogical Hazarol and Control, 2005,16(2) ;
105-110.

[22] BRULPL, FE LM, faa ER AR ES OB F
0] TAR M4 . 2007, 16 (1) - 37-41.

CHEN HONG-KAI. TANG HONG-MEIL Method for
calculation strength parameters of structural planes
controlling the rock block stability [ J]. Journal of

Engineering Geology, 2007,16(1) :37-41.

CRE & #

~IPNZPNZPN LD NLPN LD NLP LD NLPNLDNZD NN LD NP LD NPT NZD NPT NDNZD LD LD NP LD NI LD NP NLD DTN DNZD NP LD NP LD NI LD NI DD

(E#% 1177 )

L9 XVALFE, 2000 36 1 W), 55 of [ Bk R 50 0l A= 7 LR
St e[)]. JEHLEE Tl , 2006, 38(1): 9-12.
LIU MU-DAN, LI GUANG-HUI,DONG HAI-GANG
and present status of strontium

et al. Progress

carbonate industry in China[J]. Inorganic Chemicals
Industry, 2006, 38(1): 9-12.

L1070 E M AR5 B0 AR & A7 R 3 A 07 B2 i Ik B2 58 04 B
J5 LT )AL 5 R ] . 1999 (2) :23-25.
XIA SHI-PENG, LIN WAN-ZHU. A new method of

content

1999

carbonate from lower

Chemical

extracting strontium

celestite [ J 1.

(2):23-25.
(1] A R s, B B 0%, 55— [ml g & Ak B0 R i TR 2 1Y

Sichuan Industry,

Jrid L 92111993. 3 [P]. 1993-07-21.

[12] FAIRBRIDGE C, NG S H, PALMER A D. Fractal
analysis of gas adsorption on Syncrude coke[J]. Fuel,
1986, 65(12):1759.

[13] FARIN D, AVNIR D. Reaction fractal surface[]J]. ]
Phys Chem, 1987, 91:5517.

(147 dhac. SRR X FREE 052 i K Bl s R 58 [D]. F AR

PR KA 2008,

[15] XU L J, ZHOU Z G, LIU C L, et al. Fractal-like
adsorption kinetics of Pb?*" in rocks [ J]. Chin ]
Geochem,2008,27(2) :126-129.

(B A%

http://gks.cqu.edu.cn



	自科0810-1178
	自科0810-1179
	自科0810-1180
	自科0810-1181
	自科0810-1182
	自科0810-1183
	自科0810-1184



