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Abstract: The nature of sudden failure of unstable hard rock 1s brittle fracture. Taking unstable rocks in
Taibaiyan, Wanzhou District, Chongqing Municipality, China, as an example, this paper simplified
the extension and connection of unloading cracks at the back edge of unstable rock as the edge crack
fracture of semi-infinite plate. Then it established the mechanical models of crack fracture, and deduced
expressions of stress intensity factors and unite stress intensity factors for model-I crack and model-I1

crack. Calculation methods of normal stress and shear stress at structural surface of unstable rocks were
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proposed using numerical simulations. This fracture failure of unstable rock W10 was analyzed, and it

can be concluded that unstable rock collapse was controlled by rock-cell depth. When the depth of the

rock-cell increased, the unloading fissure at the back edge expanded, and its mechanical mechanisms

were tensile failure and tensile shear failure according to the variation of the depth of the rock-—cell. For

unstable rock W10, the unite stress intensity factor first increased, then decreased and finally increased

with rock-cell depth increasing, and the stress intensity factor for model-I crack had the same character-

istics as the unite stress intensity factor. When the rock-—cell depth was 3-6 m and 9-10 m, crack fracture

failure was controlled by concentration tension stress. When the rock-cell depth was 6 meters to 9 me-

ters, crack fracture failure was controlled by concentration tension-shear stress; when the rock-cell

depth was 3.8 m, unstable rock W10 collapsed and its extension angle was 29.5°.

Keywords: mechanical model of fracture; stress intensity factor; fracture criterion; unstable rock;
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Fig.3 Mechanical model of crack fracture for unstable rock

212 WEABRERTRM®

KEE TG G D BUA R 52 8 10 e B 50 7= A=
EfVE T ZEAE ARG S8 MUK LA BR . sk LB A
TE 2T L, —Fh o 2L B 5 4 sk I, S4BT AR B AN fid 5

— o2 SR I S e B A AR AR 8 A BB AL T

SRR BAT HE ok Ty B T A SRR T AR G AR TR
SN TAFAEARRI LS A H b a9 E T o PR, T T
G312 R LR A T S0 AL i B R TR i

(1) 24 B 5 4= T, 24 Bt T AN 42 ik

TE 2B AN 42 il 251, i 5 24T =2 18] TC )
HIAE ] B 5 ) W (a,) W R 8007 ) FIEE BT 8007
W EAT AR, i W) o5 Wa)) e 3T %24

i 2 AE B A PR e Kt S i G 2 ) i, T AU 3

SR S BE R R
KI:FIW(GO)\I (1)

A Ty
Horr,
W(aO)N: W(ao)cosa (2)
F,—1.1237 + 68.277( % )— 285.54( L0y 4

370.58(% ) (3)

A K o T BRSO Ty 58 JE R 15 F O C i 4 R
B Wa) N IE AT T W a,) 36 BT 2800 5 16
(95 91 5 ao B4 SR B B, BRSO 5 6 O B 2%

B, B AE A VR 24 8000 7 1) B fa A K B 5 o o B 24 R
57K 5 18] i I A o
11 760 0 45 4 oy 4 2 T
KH:FZW(CIO)T (4)
N Ty
Hrp,
W(ao)'r:W(ao)Sina (5)
Ao Ao\,
F,=[1.3—0.65(— b )+0.37(?) +
Ao 5 _ Qo
028(5)]//1 ; (6)

b Ky o 1 B RS Ty 98 B 15 F, O 0 49 &
B Wlay)» J 16 3 1 W (ao) T R SCIE TT 10 19 70
15 HoAts ¥y 2 LI F o

T

PEl 4 BT I JC 2 fih A% PR T BES0N 58 PR T R i A A
Fig.4 Solution model of stress intensity factor for crack with-

out contact

(2) f& % 8B 50 B Iy S 51300 , 28 BT 1 422 i
T BT Mk 2% R T B 18 2R ST g X
ORI B IR 8 fE o E T W () A5 28RS
8T Wa) 5 Wa,) LA KAE R T 24800 E Y
LM, Z WERMME SR, BT Wia) 5
W (ao) o 5 47 28, AN 8 052 S e R B0 THT B 7 14
A 15 DL, T SR ST Y R 7 73 A T 45 82 Wi 17 77 5
SRS =N NS N T 0 A3 3 T o L DDA R 8
RIS oA o RGOS 2 Al T BT R BT ]
Bl BT AR BR R X T R TR0
CIEORCTE= S VAN - o | 2 A E A O VA I I
o(2), i R ATF Y 2 I
) (7)

FH Mol Y RS

2 (

E{} m\az

P, N Z I %L S
SR L.

PR 5 T I 4 fih A% 1R T BESONT ) R SR A AR
Fig.5 Solution model of stress intensity factor for crack with

contact

Kb F 4 it 22 24800 ) ) ff 28 W (ay) o, IE B
SR S350 R o(2) RN 2 T

z)—ZVT,,(Z) (8)

141



K, To0Ff o R0 oAb 38 & W I

BRI, A SO 16 55 52 fp 28T 1 8 24 ) A4
RIGERCR T 232 R (Fr) W ) 6(2) (B W J) o(2)
DAL K 25 M3 W] AR i 2L S0k R T e W L )
R A 6 BT s o

¥ o)

aaaaa
e
A
&
a
]

2) o2)

zZ

K6 fi i 2S00 TT T R ) o S AR A

Fig.6 Mechanical equivalent model of crack fracture for un-

stable rock

MIEL6 ol e Bz P (k) (Y A K A

AR AR 2 S BT SR g 2 e i SR g 2
ALK ) 32 5T LA K 52 2 25 A8 1 L H7 58 3 I 5
PEAT 3 50 SR it

XFFRL ) 2500 B9 2L80, 17 g o B ] 1 Y —
& S WO

K1<J=F3J“0(z)dzdnao (9)

>R FH W 53¢ 77 2 14 B0 R B0k SR S g S e 1) At )
A (9) P IC WA A] T U E

Fgfu'"(ﬁnz>a& (10)

T
AP K R R W 51 R T #8800 7 5 B A
Fy0(2) R L0 Fr 32 AR ¥ S b () B 1 434 5 82K
TR WBLKE , p=2/b;m(B, =) WA REF,oh TG
e ¢

X F 2 (10) 5 A9 KL pR ﬁmwz>iﬁmm%

T TR A, AR X BN R PRELm(B,2) H
m(,@,z>:% v o (11)

[)71
#0(7) 5 (1) AL (10) ol 3545 T & 4 &
ﬁFé

FS——J:(n#b})Z“dz (12)
P (12) 3 A (9) If 8 P mT A5 2] 57 () 514
TR L Sy R Ko

142

No(n+1)S,a," "
K,,= ‘ (13)
=2 e e V™

n=0

PO R F N R NBIR & &llﬂx‘@i nE 6 i,

S i I 07 7 5 BE IRl e
K|, =F,ou\ ma, (14)
Hrfr,
6M
oy = 8 (15)
Ao Ao\,
fa—Lmz—Lmzﬁ+r%«;)
Qo 3 o\
13.08(—27) + 1.40( 5 ) (16)

AP K B RESER T ARG T 38 T 50y
Ry SRR AR Y B KON T 5 MRy B4 ST AR 2 Y A
ISP IR
AR 2k 51 W 2R g 2 1) B 0 DB, X T ik
SLB T A fE o 1 B REE)N i TR TR
K, =K, + Ky, (17)
B HXADMNAKXADHRE K,

N (n+ 1)571(1 2n+1
KIZZ (271+1);72” M+F4G.Mm(18)
n=20

Xf T 5 R g SRR RS, 40 18] 6 i R
S i N 7 3 PR Kl R

Ki=vra fi(0)] c(2)dz  (19)

Hrr,
S A)=(1.122 — 0.5614 + 0.0852° +
1
0.181%) (20)
J1—2
1= (21)

b
B3 (8) i AL (19) T 453 2 R4 1w 32 A 24 2] 59
IO 7 25 A T 28U S L 7 5 B TR T K

N n+l

Ky =+ra, fi(A z; p” (22)
22 HEFEMERINNHEFE

ph 2 () A0 (4) 7T, X6 T T 4 ik 1) 480 F 45 4%
T, RSO 5 K IR 7 ] ad i [ e AR AT SR A
TG 0F 5 2 P S0 2854 1D AT A7 A O T 8 X 2K
(7) 5 35 (8) AR ¥ 2J IE N J1 53415 0 (2) 5 39 B T3 9 A
o) BEATOR M o FUH, 8 T B 48 b TR 0 35807 vk
SR ) S i O S R D vk SR ) S R iR TN 32



f& 25 52 2% 1 JLART RS ALt 53 45 A Por B o o it 53
PRI | PRI, AR SO 38 B0 A0 7 1 v 45 4 1 - i I
YA TE I H7 45 5 R Sy AR A . AT N XK A S
W10 R, x5 B 1(e) B AE 7 W10 #E 47 JLAT &7 4k,
WE 7 frs , A 13 S B A A, o ) Sk e e e

221 MR 5

¥ H FLAC-3D J7 i % f 5 W10 9 i b 52 A
CEL7) AT k& T 43, 3 4 5 SR 81 8 s o & Ak
W10 b i 5 8 5 34 5% FH S8 AR 50T, ) i 45 48 T 5
b=l 5 43 S 1R FH 43 S TH R OT .

JZ, T R 3L S A T, — A5 T AL T b
TR A AL A e 2B AE R T, K O a=11 m,
HARMLL N FAT S5 T, b — e 73 LT

-

29

K8 fi s W10 #5443
Fig.8 Mesh generation map of unstable rock W10

¥ 20 +  Hfm

7 JrMIX R H A G A W0 fif e R &
Fig.7 Sketch map of the simplified model of unstable rock
W10 in Taibaiyan, Wanzhou District

222 KMBARE A F A
f& 5 W10 N 5 52K 300 5 4 S 1 B o0 3 5% A
JEE IR — A AR IR R A S SR 1,

K1 BEWIOEREXSH

Table 1 Relative parameters of unstable rock W10 model

S REBE I/ DYDIEE/  BUBIER O NPEEM/ BRI/ T4 1) W E AR K/ D1 1) W1 2 2 K/
MPa MPa £ /MPa (") MPa (MPascm™") (MPascm ')
b 6 900.0 2 300.0 2.19 41.72 4.38 — —
biday 5100.0 1700.0 1.13 36.46 2.49 — —
ST 25 44 T — — 0.01 15.00 0.02 46.80 2.38
-8 73 i — — 0.02 20.00 0.03 33.79 1.71
223 RMANIE ) ‘

T B R A R X T oo SEERER T Rdeaibie
R W10, 58 911 B VR IE 3RV BA TR ) (45,6, wf EEERem ;gg%gg%gﬁ
7.8.9.10 m 3R, I 4 B0 450 7 ) 1 AL § o -hbmmin CUHERAGERET
ARG 0.5 m B W i M TE R ) 5 5 ) A7 g
Wik Wb G 6 L WP 8 R =Y ; :

224 BASH L E wi i f :

LI 2 B0 0 50 A A s O 2/ 6 B e S
AR TE R H1 0(2) 15 0 R A o(2) AR, R4 R ol s
(7) 5225 (8) 73 5% IE I J) 734 o(2) 55 59 17 J3 73 A BO R S s v i F S T 1E IV 1 50 A o)1 25

o(2) AT, 15 AN [ o i R BE 45 16 1 TE I ) 23 A1
o) 4UA M2k (B 9) 5 89 1 I 70 A o () 40 2k (]
10). A5 A R EOT E5 15E REAEILE 2.

Fig.9 Fitted curve of normal stress o(z) at crack fissure with

different rock-cell depths

143



I [ 14 (=] : 5

g 0| “*amﬁgﬁ ------- 5 R A0 m
= cE R0 m B AMA S B0 m
- e .

= .

& N

_R

B

=3

0.6
-10L RO MmEEREY /b
EI10 AN e TR B T 248010 B B H1 4370 (=) 4804 ih 28

Fig.10 Fitted curve of shear stress z(z) at crack fissure with

different rock-cell depths

ME 9O~10LL M F 2mf LA H , IEWN 1055
I F7 53 A0 5 R 3R £k A, 2 3 XL n=3, 4
B IEYIRE] 96 % LA L, 5 R R

23 EEHRWAFESHE

N 6 FT 7R, & 4 28 B 50 W 4 )~ A Y Dy —
AP BT w4 A W R O T ORE fE e R TR
W 2R AR, W7 5t 2 11 5 RSOl o IR Y

S 2B AT i K 1 oz g o D ’*Eiﬂﬁﬂli/ﬁ
DN LA R V7 78 i % R TR 9 0], R 9K T LR A2 45 I 24
HE A 45 [ A9 9 B S & A PR BT T

FEAAFAE R . o T 52 2 S0R I 1 AR K F- 19 R A
I AN BE X 2R S0 P 5 L ROSE R 7 7 A8
HER AW . IR H., %Ml‘*(ﬁ'fl\‘ﬁ 5 SRR AR
fAfE—E 22 . L, = H A 505, 545 0 90
e R B e RER T PV TSk SO i R Wl | i =
BRG], F 1A TP RERGN LT RES
2O Il SR A B K 5K B9 A S O A il

LU O S B 2 o) T B ol T RO A
ARME A 5 WO — 4> 0 40 BEAF & S B o A S TR A AR

THE TGS B T R R 2 SRR I A
P, 1 -1 252 45 280 i W 2800 3 3 /m R

K, K,
+ =1 (23)

Kl(‘ KI](T
XL K cHEA | RG24 E (kPavm ) K

Sy e 11 70 20 50 2440 B (kPasy/m ), 1] 1 3 £
52 B TR B 2 ) 2 S0 B A 5 LAl 4 B L
NS
T -10 %52 4 2480 i 4 Jé Jy 17 Al i
37 78 UL L2 i
3K+ JK! +8KIK:
Ki + 9Kj
£ TSR AR 5 H b BT

i 5 K JH 1]

(24)

0,= = arccos

SN NS D (R = =4
[l I o

K2 AAERERETRYAENNSHToQEHRNNH @ RBERY

Table 2 Normal stress 6(z) distribution and shear stress 7(z) distribution at crack fissure with different rock-cell depths

and undetermined coefficients
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