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MECHANISM OF PROGRESSIVE FAILURE OF A KIND OF FAULTED
ROCK SLOPE DUE TO SLIP-WEAKENING

Zhang Junfeng, Ding Hua, Xu Yongjun, Meng Xiangyue
(Institute of Mechanics, The Chinese Academy of Sciences, Beijing 100080 China)

Abstract Slip-weakening is one of the characteristics of faulted rock material under a certain loading condition.
Non-uniform rock structure may exist in the vicinity of the slip surface in a rock slope. Some portions of the slip
surface may be mutually penetrated but the others may not. For the latter case, the cracks or the fault surfaces will
undergo shear deformation before a successive surface forms under certain loadings. As the slipped portion
advances, slip-weakening occurs over a distance behind the crack tip. In the weakening zone, the shear strength
will decrease from its peak value to residual friction level. The stress will redistribute along the crack surface.
Therefore the changed local stress concentration will cause the crack to extend and the ratio of penetration of the
slip surface will increase. From the large-scale view of the whole slip surface, the shear strength will decrease due
to the damage of the interior rock structure, and the faulted rock behaves as a softening material. Such a kind of
mechanism happens in many practical landslides subjected to strong earthquakes. It should be noted that this
mechanism is different from that of the breakage of structural clay, in which the geological material is regarded as
a medium containing structural lumps and structural bands. The strain-softening property exhibited in the
structural clay is the result of structure damage (i.e. the disintegration of the soil structure). The softening behavior
of faulted rock should be regarded as a comprehensive result of the whole complicated process including
slip-weakening, stress redistribution, crack tip extension and the penetration of slip surfaces. This process is
accompanied by progressive failure and abrupt structural damage. The size of slip-weakening zone is related to the
undergoing strain. Therefore, once a landslide is initiated (local or integrated), the effect of slip-weakening will
exist in a certain length behind the crack tips until the formation of the whole slip surface even without dynamic
loading.

2003 4 12 A 8 HWEIWIF, 2004 4E 1 A 17 HICEME S

" R SRR JER(973) 35 H (2002CB412706)F1 [ 5% [ AREL 442 (10372104) % B .

e skI%e fif: 5, 37 %, W, 1987 AR PR H RN ¥R, BUT SRR RN, 32 R e SR R i 4 A 07 T F I LA
E-mail: zhangjf@imech.ac.cn.



* 3680 ¢

HAT D1 TR

2004 4F

Key words rock mechanics, faulted rock slope, slip-weakening, progressive failure

[l

1 3

KIPLIOK, 5 2B O3 (R RER ) i L
b RS TR SR A3 R ) S R R 5 A
A TR AR R L K 2 B BT VIR, T
IR RS ARG A R
FEAR BRI UIIR, 38 XA AT —
St CEREA T, Bl rh BB 1N T 1
Ty AR AR, AR B S S DY A ALy
Phs FEMERAT T, FRRE F o DXk A R A 5T
o BN, AR AR A S BT B 98 A R PE

MRS BERF 3 LA rp 28 Bt 8 X
3 A PR Bl 58 A T AR TR SUR A AN J
J7 TR ST i GRS S R R DR, AR
N RS EB K N AR AL o 2% R R AR i (T g 323
SO ), N ¥ HDFT 23 et — 20 5 DESAT AT X K
[ 585 e (R AT 08 DX 32 DAy 3 18 2R 50 8 PR L ) DX 4K,
W AR BRI X3 o IR A B AR SR B 32 2
RT3 S E A B EAS R BT YIRS d K
(RIHPIR X, il 2 A A B T I

EH T RGUA T S8R, BLR B,
AR T S BT T I R A S5 K A L
B, ORABTRBEAYL R B ANE .

2 B ARERE S LRI

MR AR, K2 B A S HERR R
e S PN HEA A E I e Ve SR TRA S
AT LSRN TR . SR R R AR
FEBY DR R B AL e R, BEBY AN, 2REL
R PRI 8 X P (B 5 5 2 HH L 3 55 10 L
S R BT L) 5 B 59 AL AN TR R L
SIRITEROR, AT T BT .

FEREIE L A PRI ST I, 33~ 614EXT
RO 1 SR PEBEAT T MR AR I 5 25
fiti b, B AR KRN TR TR 1 45 F PR A
M, NIRRT R RS 0 (R A e A A
(K1, & s K 7 T B A L (S R AR, e 4G 58 B
TEIBE & () 1 T3 T2 AR 55 415 (AT ) o 6 AR Al
IR R MR 45 38 I R 3828 R AAE I

R, B R AT PR D B T RS Y B Y
It FE . a EAPRAE S B AR T B IR AT A %
M ERDUNIACEFPE, B ot L ARA B 5 i ait ik
Wk, HEm AR g LA AR MBS iR PR, fx
BT BRSO A

X B AR BT, SCITIRIRT R,
SR A AR BRI S I RE R, (HIRIIN G, BY
KR AR BT 1 RS L SR TR I LR
gk, R EA, BRI Bh I8 LA RN HE B e
B 90 5 IS AR B R RS, (HP & X
IR L ) A 3 20 55 A AT B IR ) DS [ o B
I AR PR A DX R AR 1 2 PR R i, B 5 R i
(K1 Z BUMBBEIA 5 7 2R R B (R G T 3l 554K 1)
DA R FR R GRS Ja 5 RO D, 32X 3
KA HERBE G R RS TE . N IR
G R IR S SN E E VA E 2 L) | VA 7 e
L&yt T sh s e X R B, ¢ MBI,
u N RGN o

B B ALK

K1 SRR B 5 A X R B -
Fig.1 Schematic diagram of slip-weakening zone in faulted

rock under shear force

FE—REBATAE T, A Py SR B 0 1) 1 230 55
AR AA A PR R T 23 AT A6 451 g B
Jill, BRI DY e, A R AP R,
PEE=X: S g1k STRE Y, da 5ol 2 SR PN ) P E B
M — R U A G LB .

PCHVE RIS, A EIRIER R, W
PEANTR] 5 R i 1R KV BB N 3t S BT D) =, i
WARN B4 T KT SN A 0, HJR BB A AR i R
IR, BIREANT AT BHE . 1 3h 5540 1 4 ROl
2R PSS 18 DX AR R BT R R BRI B



H23d 21 W

I,

SRS IR A R B 95 10 B D BRI

* 3681

JIOFIMBC, MU N 7 5 v A8 AT R
o A B NIRRT, N T T d 5 3 B30T 30

3 EHSUXEERNIRE

3.1 BHMBUREBNHE
SC[8 MR sz 24 B T BY Y1) 5 5 5 i sl A B8 ik
KA, 4t T 2B G 159X T
1GS
= (1)
A1-v)(zc—1¢)
X GoNBIUIRCR; v oARAtL; & hI5ikiEsh
WIFE S 7o, 70 20 B IEAEHUBY 50 RISk R YUY 5
£
SC[2045 H 5T 5540 DX 38R ST IR ARBLEE SR A
3(GS”
) 4(1—v§)<rc —) @
e R ZHE OIS =120.11.
32 BHSBEUXBABENTK
TE Bl DX 3 P i TR B TR O R — M e R
33, tn] SR A ) O ROk A .
SC[2] M s 24 B T BY Y1) 5 5 5 i sl A B ik
KR, W

e L ()
T.—T¢ W,

e 2 BN u I IOHUBTEREE ;. w. =6 /2
NIRRT IR KIS SR s w AR, w i
PHOE AN

Wﬂ(u):aan+3/2un+3/2 (l’lzly 2’ ".) (4)

L a, WEFENL P ES.
FRPEAE B = A 1 =00 25 R, 2175 2101
RS-S9 AT B O FR 2R LI 2.

1.0
0.8
0.6

0.4

(t —/(%—m)

0.2

0.0 | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

wiw,

B2 JER AR -9 A O 3R

Fig.2 Shear strength 7versus slip-weakening displacement w

of a triaxially tested granite specimen
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Fig.3 Schematic diagram of a faulted rock slope
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Fig.7 Cohesion versus shear strain
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Fig.6 Determination for the developing trend of

slip-weakening zone
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Fig.9 Progressive failure process of a faulted rock slope

&

B

B g e A AR BUA AR PE . £

E AT (R 31 A L s B An ) A T 5 2R it 10 DXk
AT )T B A A i B BEAR, B JEFT e . 2R
R ) i Y AR AR Ay e, P BRI THTE
TRET IR . I, W gs it s Bl or It
T BB T 380 ) T 38 A K U] ) — L
AR HOMLRE 0 m] A 2R A i S HERR = b e DRI, R
NG FOE TP, SRR R iIX
R T 1), DU B b AR D A AN BT
R

2 % XM

1 Atkinson B K. Fracture Mechanics of Rock[M]. London: Academic
Press Limited, 1987

2 He C R. Slip-weakening constitutive relation and the structure in the
vicinity of a shear crack tip[A]. In: Wang R, Keiiti A ed. Mechanics
Problems in Geodynamics Part I[C]. Basel: Birkhduser Verlag, 1995,
145(3/4): 747~757

30 IRERIL. ARSIV BCE R ——21 Al )R ).
A TR, 1996, 18(1): 95~97

4 fAITRE, DRERIL. SRR L SR S AU ). KRR TR
AR, 2002, (4): 7~13

5 VRERVL. A LRI E. AR OB MR A L DR AR,
2003, 25(3): 253~257

6 FUIFME, VRERIL. RARVOBUR A5 ML A1), R AR# 4R
(ASREHEIR), 2002, 32(5): 7~13

7 Teufel L W. Pore volume changes during frictional sliding of simulated
faults[A]. In: Cater N L, Friedman M ed. Mechanical Behavior of
Crustal Rocks[C]. Washington D. C.: American Geophysical Union,
1981, 135~145

8 Palmer A C, Rice J R. The growth of slip surface in the progressive

failure of over-consolidated clay[J]. Proc. Roy. Soc. Lond., 1973, 332:

527~548
9 EE, o R ST AR R A AR B VTR

RESHAEI]. A0 255 TREZAR, 2003, 22(5): 747~750

10 L5, &, B/, HEBGETERD RN A R AR B RO RS 3 1
WIEM). A 2 5 IREAER, 2003, 22(2): 188~191

11 E2AE, i, R ST R R R A T A B A
WESEM]. A4 717 5 TR A, 2003, 22(4): 521~524



