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Fracture classification method of coal seam with joint propagation
based on Hoek-Brown criterion

ZHANG Li-song' , YAN Xiang-zhen’ , YANG Xiu-juan®, YANG Heng-lin’

(1. College of Mechanical & Electronic Engineering ,China University of Petroleum ,Dongying 257061, China ;2. College of Architecture & Storage Engineer-
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100097, China )

Abstract ; Coal seam fracture was influenced by joint propagation characteristics which were caused by in-site stress, so
the discrimination method of coal joints propagation was given. Appling wavelet neural network and gradual loading al-
gorithm , coal seam stress field was analyzed by the combined inversion method , and the maximum and minimum princi-
pal stress of coal single point were obtained , consequently coal fracture classification quantitative method was presented
based on Hoek-Brown criterion. According to coal fracture coefficient magnitude and energy method , four grades of A,
B,C,D were divided for coal seam fracture degree ,and coal fracture classification standard was determined. By means
of the classification method and standard ,the distribution regularity of coal fracture was studied for Jincheng region in
Qinshui Basin. The research results show that coal seam fracture degree of Yangcheng, Dingdian, Fanzhuang,
Fanzhuang in Jincheng region is defined as grade A ,but coal seam in northwest region is considered as grade D. The
prediction results agree well with the measured values, therefore the classification method and standard were proved.

Key words : Hoek-Brown criterion; joint propagation ; coal seam fracture classification method ; combined inversion a-

nalysis ;in-site stress field ; energy method

TEREZ P R AR T e D) 2B Z BRI T SR AR Y B s e TR
W i AR ES . i FHONCDE R TR 24 RSO RN Ty AR R TR A R R

KR EA2010-01-11  HERE. W B
E&TE : B PR KL W4 5T BT H (2008ZX05036 )
TEFERA KT (1982—) B INER A, 584 . Tel :0546-8391820 , E—mail ; lisongzhang1982@ 163. com



B SKATARAE : LT Hoek—Brown EN 1935 B IR WRE 325 7k 165

A8 A B3 A 5 | A B R AR 1 B SR =
LR S A BT AR R B [ AR AS
ol SN o BB AE F) 7 20 D7 5 s v 32 AR A 5 A
RN FEMZE T A 2T B e 1ty 9 7E
PR R 7 SN FRZR AR SR L EOR =
FEAIE FH , 50 B ZBE A B BN SR,
T R FE P 1 A ST 2 R 0B T YR R A
RO A TN, X2 W O B R P N A TR 3R A1 5 I
FINHAERHIRA, A FEXE R AN R, & 22
ANBENH I MEZ Bl A EOR

BEXT LA L [, A SOHs b 1 g /R P B 58 53
BN R TR R E A A1 F DR AL ZR I T/ Nl
22 W 28 FNZ LN BRI L AT 10 7K F M3 Il X PR
JE TR RO /N BN T, 455 v - A B A i
VU8 T RS R G ik AR e , R IX HUR 2
R AT HEAT 7 G TN 3 o 5 B R b T Y
BEXT LG B0k 13207 R A RAT B TR BB 7 T 4
Je AR RS REW I TR EOR

1 REVEYTRSH

1.1 REWEHEEERRRRE N EEF S
TE MBI 7 VR F T, B 1 B g 30 4 1z A7 73
S, HEsmEE T DU f s E R 7 K, R_fik, o= 1, 11,
10, 43 52 7R R TR RS 7 2D B 7 A0 s o
P18 AR B2 HE LAY, T L 2 22 207 B[] I A7
TE(E L) o BB E i BT R A i
BB A AT PR 3ok S 2 52 M) 2] 15 BR AR S BT
AL AN AR, w7 B 1oy T S EE R

LA B T AR
Fig. 1 Coal joints interaction diagram
WP B B A JE BT n 207 3 0
JIsRBE o K EE A B JCH o BRE Y R )
SR T Koo K BYIR/NS 35 BB AR DA G,
HKmHN

K(x, 0 ,x,)
KO(xIO’“.sx]O.nﬁan)
dK = K(xt, oy, ,) = Ko(p0 27001200 )
T

oK
K(x X 9'“7xn):K o
1\10 5420 0 0 6961
oK
Kj(xlos"'ax(j—l)o’xj"x(j+l)0a""x110) :KO + gdxj
J
oK
Kn(xl()’“'rx(n,—l)() 7xn0) :KU + de"
AR AT
YK =nk, + ?Tdej:nKO + dK
j=1 j=1
]
K=K, +dKk= Y K + (1 -n)K,
j=1
K:Z(Fj—l)K0+KO (1)

St P B A BEESS J 15 A 7 2 T3
KT BB R A, B K = F Ky K, 2580 S0, 4
A I BT

2 4RI s T AT ST TR R F,
ST ek AT TR I T TR T2 I, BT
S A FLB T N

e/b=0.5 b0 | 0.9

0.2 04 0.6 0.8 1.0
2a/ r

(b)
PR 2 M TR S5 18 AR T [ R ) 5 ) R 5

Fig.2 Influence coefficient of coplanar and

different plane joints

1.2 FEYRAFIH
B RS PR AR R
K, = K, (io=1,0IN,1) (2)
A, K, o BUSE 3 PR i AL
L= 1y BEATHONHOT R X Ry fE
SHUEA IR Y = 1T, A, 3 B TR A
TRy i IX PR PR IR D T — O S K



166 # %

F 1#® 2010 445 35 %

A5 BERIR
2 EZETEYRNEENNZEKS RESH

2.1 INEHMERMEREEN B REETS R

AN R 2 I 2% 2 R /N I T R R A 48 R 2% B
W S AR I —Fh O ik S Al Gt N i S
PREAEIE N, AL v A S /N pR K BRI Y — T 2
PRIBSCIR A5 A 25 I 4%

W28 B & J2 I Rl & T AL b R B g (1) =
cos(1.75t) exp( = 1°/2) , FRH Morlet /N ; 5 )2 A%
WHREE o(u) =1/(1 +e™), FXH Sigmoid PREL,

PR 28 B ¢

&<x<j>>=a{§wx[§x<f - ! ;Kbkj i
3)

&0ﬁ%ﬁ§ﬁ w;\a; & b](] = 1,2,"',L) éﬂﬁi
B, 0= (w,,a.,b )", M

EO)=5 X [5G —v() [
FFSEHIBRE T W9 2/ 6B E(0)
F T VRS 5 4 0, 2 AU 0(K+1) =
OCK)-VE(B(K)) 30 m 92321 & K VE(O(K))
o FLRBREE(O(K) ) 3 T2 0 b1 E)

N-M

VE(®) = X [7(X()) = y(D] 1 X(D)

HARTHR AR .

(1) ¥R+ a EFREEF b FR 28 44X
B w, T BEHLRI R AE

(2) BN REAR X(G) AR R By 3 52 i
y(J)s

(3) FIHZ(3) MR 17 P 28 S 50T 5 M 25 1)
LIRS

(4) TR HbRREAIELEE

(5) RZEM G HE BN 4% S5 ay by FI

(6) 41522 REUE/ N F UL E I HEAMA, 15 1k
2] IR EEER (2) EHEE A

FRAE /N BRI b 255 ) 2% 2 a1l AH N R AT FR T AR
Yo, TEXTRIR IR T — i S A 36 A | 3l AR i
SRR 12240, R A BR s B4 7 e i T
B AT ARAR T BT AR RN N I, &t kel AR
R BN 1% 2805 AT IE MR KRS Y
XIS BN S o3t o, o o, AR ER S 2T i A
FEAS TR Xk IO P9 340 S 4 2 RRE 5 07 2 S0 A o
], AR SCHE G A2k far A1) 2 S50 REGE L, %)

Hon] BEHUELRYE F B U 9 LA AKSFE T A TR
12 RS R (VR AL L x T7 18] 204y
7 Ty AT ) 4 50 % A R CARE Y HE AT I F A H A D 1Y
R J3 gy, RS 12 430 )4 s A il 2
B AR | T2 i 1 /N 22 T 245 0 FE 2,12 2
TR SR I GR R H  R2I ZR5¢ il PRS2
I A5 18 FE 002 3 3 e O s AREASAS Bl H RS, Bl
Pt BBR e SH
2.2 TEBY RHEERNNIHERMBE LD
LM Y RS N B AR AR T AE AT
WA 22 28R AT 30 B33 A A BRI L, B X B = 77 By
JRAFPAAR Y2 SO 2R 1 SR A L2 1 18 1 39 93 A
BLHIERMB L AT b LA IS b A
I AP, BOXHARGE R RIS T N o,
Jide N Aoy

9
AJI::%(Pk_Pk—l>:]APk (4)

SRARAEZ AT I EAE T N i3 & Ao, JF 5
95 k=1 RATEAE T RIRNS] o, B A 305E £ Hpar
HAEHTIHIN ] o)
o, =0, , +JAP,
J B E AT E A BRI 25 0015 3
- do, Ao, _ o, (P, Py, P+ APJ.,---,Pn)
voop AX AX;
o (P, Py, P P)
AX.

7

A, o, = DLK'F(P) ; D Jy#bESE R L 905
THE K N BARNIEEREFE s F (P) i A s 51

O FH BT HRAT R A 531 5 3 4 W 45 BT A% 4 Y
HLY RN BAIC Y 58 R IR , IS5 k-1 Gf B
KT ERY” R BT G B RR B TR, A TR
SR, IR [ 26 k+1 GAar 80T 555 % AR G,
DNDRE T304 BT A ) BT 2 2 R L B R i JEE
BRI TR BUACAAR B A B E, v, , FF BT A &
PTG R T RN S Aoy, ] 2D BR, 2
55 m YT, IR A BTy B R T 1A O S
m—1 Y& LS Jo I He 7 LY Ji BT M5 JBE IR
T, BRI T o) BREE b AT AR R
NiJT oo K AMEINES k+1 AT 3G BT, HESE n
Hfir, Rl e A TN o =0,

3 BREWRES LK EHR Hoek-Brown #E M 43
Hr

3.1 Hoek-Brown 4N
Hoek F1 Brown!"* 1A K , o A IR AR 5 52 56




B SKATARAE : LT Hoek—Brown EN 1935 B IR WRE 325 7k 167

SRS, HAC A RR U R i o, F Hoa A
BRI R ] T 445 5 B A I R B B B A1 A1
3L 2 T TR R R4 1) S AR R A R A

a

g3
g, :0'3+0'ci(mb0_ci+sj (5)
K, o, oy B0 A B SR R 1) e K A /s £ T 5
o N TEEE B 0 SR BT SR B my, A AR
BG5S AW m, K s .o BT A AR Y
Hoek-Brown 2 ¥ 0] &34 0y W Jit 38 JE 48 bR GSI 1)
pREL, FOE AR

GSI - 100)
28 - 14D

GSI - 100)
9 -3D

(6)

(7)

szexp(

1 1

a:7+€(e —6720/3> (8)

L, D R kst + BUE R 0 ~ 1,
3.2 BEWESREEMRAE

3 3k /NP 8 R 245 B I A BR R B S T Y
FY RN 15 BB R S o, Flooy [, B
o fXA Hoek-Brown {fi ) 3K FLAE VR sf 1) £ K 3 1 )
Lo, 1,015 o #AT L, SIAIRZ W R AL & KR
HIvE N

&= (o] " o (9)
] o, +o,(mo,/o,; +s)

UREHE R E>1 W B R AR Z e, FRIe
I E AR ) Z R AR BB Ry, JE A DAL A
SRR B AT, il S S5 H R 9K

(1) I FH /IR A3 235 D0 86 RT3 % o 48053 105 4
JZRIR 153 A ARSI B K B/ N DT

(2) R HEC(9) MBI 2 W RAL &5

(3) FIHILIZ W45 B I J2 A e 155 0, 5 ol 2%
HRHEATX AT,
3.3 HEWEaEXEHE

HEZ TP AR IR S BE B (BN S LLRE ) W

-GSI/15

g, g,

0'? + o'g MO 04
2E 2E

H T URAS € AR TR E IR R R R AN A2
T A fie (B A Ry b 7 0 90 2[R B 5 45 2 0l e 7
FE o )RR AR B E A W] RE R AR B
W, HRARREMAE WK, R —E A2 B,
P O] AL B A R R Rk B R (R A
FERE YA — o SR BRI, LR PR B A . AR
P LA Bk gl T 2 R o T A

W =

(10)

3.4 BREWESRINERTE
N T ERIFREBERERE  TE 5] AE AL RERE
AOSERE T AR IS SR Z B R B NRI 3o 4 ASSF
FEEBE(A) EE(B) I FLEEE(C) ORBERE(D) .
T TR B IS RE R B AR
F1REWES G

Table 1 Coal fracture classification standard

PRI A e
A B C D
WRIERS e >1.2

z M

1.2~1.0 1.0~0.8 <0.8

4 EWXSRERES R

4.1 BENAZHEERESH

IR B =k RS A B R 5
SRR SN AR v DR LY B R 5 |k i B T 2
G, L SR AR AT IRZ I ) AT WY R A
D7 I RE A, SR FHER A BT 7 i o A 0 J2 07 1 3 53
EiTe

FH A DX S0 g A (181 3) R e R FE 0
TE 8 ~13 MPa Z 8], 7 fii 5 NE30 ~60°, WijZ Wi
0 e R F2 I 0 AR A B B s ) N T A X
o (L X T AR v 3R R A A X, P b ) AR
MR, BN ER S ATES ~9 MPaZ
], 75 181 S NW ] AR DX v 7 Ik e 3 DXk (A
A RN, AR M PR R,

4.2 BEWHES RS

= PN E S8 B R R I BT R RJE o, =
25 MPa; B2 Hb 5T 38 28 bR GSI AL T 55 ~ 85; 4K
m.=15,a=0.5,D=0.46,

4(a) AW FH Hoek-Brown i I35 5 31 ) 14
RN REL & FHL MR, B L F 7R F i
YRR 52 T, 8 3k DX B 199 1 i 2R 80 3 22 43 A 7
0.20 ~1.32, BERERECNPGICER RN AR w5 20 i 3 K,
Y S B Y TR v By i P 8 S S
AL HIE (4 (b)) 152 A0 25 SR AR ; W 2244 v Y
0 S LB S O 2 AR AR LA B R R, TE R R
MR HL A T e b Wy, AR R B o P i
T J5 3%, WA R, R )23 7 A i B A R 1Y
AREMEROR, S5 A E B RERE R AT 0 X
HUIE 2 A B 3 A3 A R - 3 3K I 2445 B 30T B 38
WY B W DA B i A DS 2 e )™
(A G W58 T2 DX 4 T 0 DX ok 110 )2 ol o 2 B R 2
(B ) 5 X Herp b DO 211 B (C )  HARTE



168 # %

F 1#® 2010 4E45 35 %

-84

1.2

—12.0
—124
-12.8

-13

-49
=352
—55
-58
—6.1
-6.4
-6.7
-7.0
-73
-76
=79

-82

(b R LR A
3 T el R K T 1 26 (.24 5

Fig.3 Maximum and minimum horizontal principal stress

contour map in Jincheng block

73

N,
T3

A

BB S5 ARkRy

0.031
0.030
0.029
0.028
0.027
0.026
0.025
0.024
0.023
0.022
0.020
0.019

T AER / MPa

(b)
K4 B IX B 2 a2 RO R BE 8 B0 A1

Fig.4 Coal fracture coefficient and

energy value in Jincheng region
AL X 2B 52 (D ) .

i I 7 15 3] 1) B b ST R 1T R AT BRI
T ) KR A8 25t DX R 22 M e 175 150, 4 L At b [X

T SRR N A R (A ) WIS B
RUNZTTEARA OB Z W70 G TN 235 SR 2 mT HUA
TG B A TREEER

5 &

(1) % P77 L R 52 1) AN st R 7 4 B
FHWT ST 53 0 1 15 B U 1o, 7 58 B PRI B X
JETELG YRR AN B R N 1 10 /N e 2 )
28 FIB DMK A S 7%, IR 3 X e 2 10 T
G A1 o3, RS R R W] R X PR R N T
8 ~13 MPa, Ififie/NEN JIFE 5 ~9 MPa,

(2) W FHER A BTy ik 0 BB J2 B e R L B/ s
FIE T, A5G v — A W DU B R A R O T
STk MR 2 B 3R B/ NI e o 12 4 e
MEZRERE R LRI 93 A (B C.D PUANEEE, i I
R it

(3) IO FHAS SCHR H IR 2 i 53 0 0 R
X B Ik DX B S R AR R B A T N, 35 SRR W kX
T %) P 750 DX ol SR W A Oy ™ (A ) T X R
PYACER b XM Z R B (D 2) . X 5N
S22 M TR — B, B UE T AR R Y TR 4 AR

Sk

(1] SEAR S0, 4 W, 45 Hb R 52 e 1 2 S T & 1 i
FEBRS R[] ], P EMR M BT, 2009,21(4) :31-34.

Wu Guodai, Sang Shuxun, Yang Zhigang, et al. Current research sta-
tus and prospect of geo-stress impact on CBM exploration and exploi-
tation[ J]. Coal Geology of China,2009,21(4) :31-34.

[2] Zhou Xiaoping, Ha Qiuling, Zhang Yongxing, et al. Analysis of de-
formation localization and the complete stress-strain relation for brit-
tle rock subjected to dynamic compressive loads[ J]. International
Journal of Rock Mechanics and Mining Sciences,2004,41(2) :311
-319.

[3] LiSC,Zhu W S,Chen W Z, et al. Mechanical model of multi-crack
rock mass and its engineering application[ J]. Acta Mechanica Sini-
ca,2000,16(3) :357-362.

[4] Zhu W,Zhang Q,Li S, et al. Brittle elastoplastic damage constitutive
model for jointed rock-mass and computation concerning bolt-rein-
forcement|[ J ] . International Journal of Damage Mechanics,2003,12 .
65-84.

(5] MV brarks, 2 o, % AR a9 g R R MRS B
GPHTLT]. 44917 ,2007,28(10) ;2 245-2 248.

Zang Xiuping, Ruan Hanting, Li Ping, et al. Status quo and trends
analysis of factors considered in rock mass classification methods
[J]. Rock and Soil Mechanics,2007,28(10) ;2 245-2 248.

(6] UG A 1R B 5 9 Bayes FUA M7 [ 1], BEaR 2441,
2008,33(4) :395-399.

Wen Changping. Bayes discriminant analysis method of rock-mass

quality classification [ J ]. Journal of China Coal Society, 2008, 33



BT KL HASE 3T Hoek—Brown N f) 45 B4 JR 4L 22 e 88 7320y 12 169
(4) :395-399. 639-642.
(7] WEKR IR, RAER. B A GRS RN Tk A (127 SRSRDTRAEHT, 0] 3C, 5. 7 3 2 (A T 240 IR0 B 3153 J T
+ 732 ,2005,26(S) :88-90. FRRE [T A2 4R (L2208 ,2005,35(1) :98-102.
Xu Hongfa, Zhou Jianmin, Wu Huajie. Simplified method for national Zhang Qiangyong,Zhu Weishen, Xiang Wen, et al. Computation of
standard for engineering classification of rock mass[ J]. Rock and fracture failure strength for jointed rockmass and its application in
Soil Mechanics,2005,26(S) :88-90. engineering[ J ]. Journal of Shandong University ( Engineering Sci-
(8] Jm F, Wik b, A7 fE Ak, A5 15 LR b BE RS M 4 T A A5 A ence) ,2005,35(1) :98-102.
[J]. fih2A48,2009 ,30(3) :455-459. [13] Nelson R A. Geologic analysis of naturally fractured reservoirs
Qu Ping, Shen Ruichen, Yang Henglin, et al. Evaluation model of [ M]. Texas : Gulf Publishing Company, 1985 .8 226.
wellbore stability in coal seam[ J]. Acta Petrolei Sinica, 2009, 30 [14] T, B EE. T AT MM KweiEitn 1135 =
(3) :455-459. Y ST [T TR AR5, 2002,30(3) :52-56.
[9] Klerck P A,Sellers E J,Owen D R J. Discrete fracture in quasi-brit- Jiang Zhongming, Xu Weiya, Shao Jianfu. ANN based 3D back
tle materials under compressive and tensile stress states[ J |. Comput- analysis of initial stress in rock masses[ J]. Journal of Hohai Uni-
er Methods in Applied Mechanics and Engineering,2004,193 (27— versity,2002,30(3) :52-56.
29) :3 035-3 056. (151 5 35 ARWIE BRI 45 N T & 70 4 AR 06 13 01 )
[10] Bazant Z P,Oh B H. Crack band theory for fracture of concrete SEAP RN [ T]. A& 1%,2004 ,25(6) :943-946.
[J]. Material and Constructions,1983,16(9) :155-177. Yi Da,Xu Mingyi, Chen Shenghong, et al. Application of artificial
[11]  JE/NF ,Ifl%ﬂg ,gk/](}‘é TR HAERTR I ROSE47 45 B A = neural network to back analysis of initial stress field of rock masses
B4 XARFE[ )], A 15,2007 ,28 (4) :639-642. [J]. Rock and Soil Mechanics,2004 ,25(6) :943-946.
Zhou Xiaoping, Wang Jianhua, Zhang Yongxing. Bifurcation condi- [16] Hoek E,Carranza-Torres C, Corkum B. Hoek-Brown failure criteri-

tion of crack pattern in two dimensional parallel cracks under far

field shear stress [ J ]. Rock and Soil Mechanics, 2007 ,28 (4):

on-2002 Edition[ A ]. Proc. NARMS-TAC Conference[ C ]. Toron-
to: University of Toronto,2002:267-273.





