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CONSTITUTIVE MODEL FOR ELASTO-BRITTLE-PLASTIC DAMAGE OF
COAL ROCK MASS DUE TO MINING AND ITS APPLICATION
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Abstract: The exploitation of the protective layer and pressure-relief gas drainage is an effective primary method
to eliminate coal and gas outburst and it is widely used in many mineral fields. In order to improve the effectiveness,

safety and economy of the protective layer mining, a set of numerical equations of elasto-brittle- plastic
constitutive model of coal rock mass damage due to mining are set up based on the plastic flow format of
Drucker-Prager constitutive model in fast Lagrangian analysis of Continua in 3-dimension continua(FLAC’?). And
the model is modified by using the inscribed circle criterion and the ideal brittle-plastic model. The model is
developed into DLL file in VC++2005 programming environment for FLAC’®; and the correctness and rationality
of this model used to study the brittle strain-softening characteristics of coal rock mass due to mining are validated
by comparing with uniaxial and triaxial compression numerical tests. This model is used to simulate the
super-remote protected seams exploitation of Xinjing coal mine in Yangquan coal field. The results show that the
protected layer lies in the top edge of fractured zone 125 m away from the protected layer; and the relieved gas in
the super-remote protected layers could be better drained utilizing the mining influence of the protective layer. And
the conclusions agree with that of the similar experiment, which indicates that the elasto-brittle-plastic constitutive

model of coal rock mass damage due to mining could be used to preliminary evaluation of protective layer mining
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and relief-pressure gas drainage. Simulation results may bring forward reasonable suggestions for the design of

protective layer mining and relief-pressure gas drainage.

Key words: mining engineering; elasto-brittle-plasticity: damage due to mining: constitutive model; protective layer

mining
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«360 HAE ST REER

2010 4

L ) e B R I 5
TFE A ST B 5 5% A o
FHGTEBEMALS, B B SRR
el MBI PR RO AL
P, B SRR R R, TR
W 5 A .4 793 A R 048 0 05
RIBII L, A7 FLAUA 3 S (R L] E b
BN, 551 AT EDM AR M R
BRI D, WA

AS=S-p3S=(1-p)S=DS (1)
b AS ARG, S R K B

TR I AR R BN AR AR, AR
7 A R 8 o e A AR P el D TR B SERL

B 15 AR B AR PR Y ) 3G R AR
AE®* =(1-p)o./E=Do, | E (2)
ASP =AS 3)

K. o WERHIE(ESRE, E MR, AS™H
TR 35

E)E sy ¢4
B4

Ltk S, N BR R ISR

c=pS+0, =(1-D)S+0, )

X o, AVEINTT,

N s FE R T ABIGE e A TR 1A 7 R e A R
BRI ZJE, RAEBMEACPEOI R T, dREEAESR
EAUAH: 1T Ml o2 =X i kv P 20 G R e 1 0 2 ES N H
(i AR R B R AR PG P BT R A A
2.2 RFREEHRE IR G AR ER R

2% FLAC™ B8 51 - Wik AR AL Y 52
BNRA, 22 FLAC™ s SR sl et iy v A
ARSI T 4 T 1 U«

(1) ARG p BT AT I B I N 03 38 O A7 280
J1, PASEELN 2358 5 ISR -

(2) Jeii Bl A WU AT 20N 7 7 ) TR Ay

FP=r+q,0,-k,=0 (5a)

F'=0_ -0, (5b)

E

3sing

%= \ 3(3 +sin® @)
L = J3ccosg

—— 5d
f J3+sin’p )

(5¢)

TZ\/%[(O-H —O-m)2 +(022 _O-m)2 +(O-33 —O-m)z +O'r]

(5¢)
Lo -los 5
On —50',-,- _go-ii i 9
Horf,
o, =0, + 0} + 05, (58)

Arf: FAWIRSY EIRE B FOA PGS T
MREREG o WAPRHPIRISREE: 7 WA T): g,
Rk, BB S8, HURET) c NINEEE M o &
ik pry 2 AP IR A 1) B DL 5 1 4

(3) MR BN SRR

A7 =G [2A¢,Ae, (6)

Aoc=KAe, (7)

AH: G, KRNIV BRI R

WA A, NN A E.,
(4) WGP AHE B R O AR AN 2 By, B
Ag, = Agf + Ag? 8)

YN 7 TR Jusk e R [ ) S 4 I
] ey v B, o A A AR R AR B &
KRQ)WH . AN F MR PER TN
Pag_p
06,
K AP NEHREE T, g AR

(5) FRAIRBhiH 254 T Ak BR 2

e AR b, SRABARSMERA) . MRS D-P
HEN, FRAR BT V)R IR R BOE N

ff=1t+q,0,-k,=0 (10)

f'=0,-0, (11

A R RBYEIRE G ORI
MEHG o, q,, k BAMEIRRBRSE.

(6) MRS WAL

YRR AR AEAE N SR T, N ) AR AR
Jost B T b AR A

PR 7 4% JeE Bl B H5 T 45 0 N T SR BRI A1 U 1
g% BY U] i A 2R VA Bh e B A R A IR 100 9 A

Ae, Jy 8

A" =1 )

g =7+4,0, (12)
-k

s _Z_tjﬁéi_____ (13)
G+K(q,)’



B9 Haw LA . R AT AR 1] ~361 -
A o Mol Sy BT IS SRS N ) BV 0 E BRI )y
REINE T DRI UL A0 I T 4 o D DA 3y o v 00" (19
O, =——¢
RUEAVE LB B 5300 Lot

g‘:a[“ (]4)

il — m tr (]5)

SRATIVER AN, th o, Bl T WA F K 4
&, W2

~c 0 r'=0 4

B 2 @B B P EB i A LWL U D-PRIY
Fig.2 Drucker-Prager model defined by plastic damage flow

rules

(O IR, B DIRIRTTR 2 =0 L fi
fit i R 77 FE £ = 0 RIBT DI 55 b7 4 S 2k =0 4 1
T3 10053 BT UIRIA DX (B3E 1) FURL AR X (1X 35K
2)o BIUIBEIAN DG R RRR X 73 H 28 7 B

h=1-1"-0"(0,-0) (16a)
o,
"=k, ~q,0,, "= 1+q;——q¢ (16b)

A o Flar 23 5 AR BY D3R5 I ) B R 25
¥

AR 993 PR BhAE U], 43 BT T RHA DX A S A 20
NRIELN

™=r'-AG
, (17)
o, =0, - A'Kq,
FEFLMMEORIX, B 0N Sy ik N
=7
N . } (18)
o) =0 -AK

YRR I ) AR AR S A IR A0 DU 15 B
KA PR AEIR A i Al o A0 R3S, DK 1 5 3

AL o WERRWA, N HERY JE.
23 RFBEVHERGENRBNTE

15 FLAC® o1, H VC++4 T35 &4 1%
(DLL SCAFR)SEBR L UARGRERY . 12 AT ) 2 5 1)
BE 0T TN AR B8 R (W AR VBB IO N sk e, 3
HiE P SR B 404 AS R BT R U S R WL 3 B

nitzﬁir;@f{_J

|
N
A
N 30 LY Al
NSRS

)\\

\j\

I S T
N:’W)W\’;’\

A A S R I g

EALLIN R (VIR WAL D-P iR
AR

IR A AL T
AREHT U E

i

FE DI AT IC] | 2 YRR R 0
ARASGATBMBN| | s Sy i iR A

AR 437 Jes Mk Al
EEEINDAEINGS

R g U el Tt | | R oA T 0
W RN FRAs | | ARATHT < RO
] I

FLAC” L2754
SE TP TR AL

FrATHE T
B em?

B3 RahBEE PR ING B I ) AR RO ST R
Fig.3 Program flowchart of constitutive model for elasto-
brittle-plastic damage of coal rock mass due to

mining

[958 X FLAC™ AR 1 ih: S0 1K
BB e S BB, B FLAC® [H] A8



ooooooooo

000000000000 0O00O0O0ODOOOOO
Oo0oo0ooOoOoOoOoOoOOoOOOOODOOOOOD
gooO0oOoOoOoOoOoOoOoOOoOoOOoOOOOOODODO
00000000 Vanadph OO OO Vemedp.cpp
000 ve++O oooOsinM@ OO o oooood
O0000O0O00OO0OO0O0O0OO0OO0OOO0OO0OOO0OO0O0OO0

OO0O00D000 VanedpdlO

3 Juouuoooboooood

OOoooOooO0ooDOooOoooDoOoooood
O00oDOO0o0O0ooDoOoooooo
31000000

00000000000 0ooooooooo
OO0 25mm0O0 100mm O 000 cylinder OO O
gOoosoocodCOODOOOOODOOODOO
O004000000000DO0O0OGCDOOO
oooooooooo 1ooo

01 000obbooooooobooog
Table | Panam eteFSof constitutive model [or elasto.brittle.plasti C

damage of coal rock mass due tomining

oo 0000 000 0000 000 0000
plkg. m(B] [IGPa 0 OO0  dMPa  [ZMPa
240 163 021 41 20 141
ooogo 0000 000000 O0o0obOooboooooo
dIMPa olMPa 0/00 clZMTa D
o6 28 35 02 02

goooooob shooooooobbooo
okPal DO ODDOOOODOOOODO 1080
oo Uoooo
o000 ooooo
oo oooooooo4000

—£+-0.0MPa +
—*—15MPa +

05MPa —a—10 MPa
20MPa o[—25MPa

0O 0grF 000

oooo/o-2
04 00000000 0O0O0O OoDOOoo
Fig4 RelatiOnShip Shetween axial stre Ssand axial strain Of

testing $pecimen under dif erent conéning pressureS

gobooooobbooooobooobboo
goooooboboooooboobobooo400
oo oooooooooooo
dooooooogs3sMPaOOoooonon
goooog oo 31aMPaldd 0 35MPa O
goopoooobooooooboobbooooon
gobobooooooouobboooonoao

U0 1040 0000FLACDODODOO
goodoooooooooooooooo oo
gobooooobooooobooobobooooon
goboooooooog
32 0D0O0ODODODODOOOO

gooooooooooooooooooo
godbPOOO0MZOOOOOOOOOOO
goobooobboooobbooobbooooon
gooodoooosgan

Oooo/wi2
Us toboooboooooboocoboob obooo

Fig.5 Relationship curveSbetw een stressand Srain ofdifferent

constitutive mGdelSunder uniaxial COnpreSih

gosdoo0oooooooooooooon
oo ooooooooo
MelOUooooobRUOUODUODUODODOUOOOOOO
DROOOUOOOOO0OUOOOLOUUOOO M
goooooo

oooooooooooooM=<Oooono
ugbfO0O00O0000OO0O0O0OOOUUOOOO
oo ooo oo
oo oooo
oo o ood
oo ooooooo
oo uoooooo
goooooog

4 0JO4gu

oo oooooogegd



W29 4E 2 1 Ak, 8

KA AL 5405 AR BB RN

*363

JrEee ACHER AL, B 3T T 125 m
RIS Jy 6.14 m 19 157002, B2 05 FOl
FEK, AT 3TN R R

FRYE (BT IRt T LT I ) IO B O i) )
(KSR, (RFFERB LR Tt KA RN
AT 100 mo I0HTSEHT 15745 5 37034 L]
PFHIERIT 125 m, @ AT ey sk, JEiie
Kﬁ%%uﬂ%,W%FﬂXmm%ﬁuﬁmoﬁ

EVIS&EWAFTﬁA,mmTMMMM

BICE KRBT Ba AR T, 4
Thxf)" JAFER AP PR AD AR B 32 B K B hR
(% R BEAT TR OFAR

ARG R CRVY e 5 TN TN e S AR [(TR2 YA = A
RN 500 mx 500 mx210 mo IR ) ik ) 354

B A BB LA e, RITRE b0l A R
At NI TR RE I, A AT KA RS 1]

o AT HUEA ST R AR A 2EVE, oFE
A 53 0l) K YK By 00 7 A 050 G 990 P 453 407 A0 R
M-C #EARL . BERL ISP, Ky 380 m,  LAFIA]
[CHE 300 mo REAUL IBRE SR M2 M) 1 ) 7 28
WL 2,

Kua AR r 2 MAMBIHE S UL
K 3)e 1T SCEERS MM, DO K ah b s
P AT AR BRI B 1) L AR R U 77 A S
AR ANH, wlE 6, 7 Brac. RN R AR

AR EN . RUR T M AR T 1L R

FET, YL 136 m LN AT S LU,
s BTN A TR TR AN AT

il 7 Ry e i sl R LER A
TR 4t m, AU 94 m, Tl
KT 6.7 A1 153 4%, 3L N N A £
7 35m, XK WV%AW@M%%ﬁM‘ﬁO
MR 1STETIIA R 125 m, T KRBT
JE(HRE A Ry S 2 Rk 21 1 BSm,Hwt
] DA S I L (R L 3K Ry ol
2, KaHBECONRE, BRI #, Bk
WrhlRoKG A R U RCR, BENTBR B AR b
W thFE B

KT RS A BH SRR S R R R
LEIERART A7 PE, Ay B0 BUBTRIR e vt 8 s Ay it
WIS S, A4 2 TR LRl ) 2 Rl
A H T AR PR T T P BEAT BUBERL R A0 . AR AU
LRSS A R A g5 i 8, 9 s

K 2 ADAKIBITI R 1S Eh Ut A AL UL 28 b
PR, W& 30 Mok 3 aTLLfrilh, i 1Rah
s B 03 157 A R BB N AR A (R A E AU ST WS
(IS0 BRI N, 53 Rt e PG R A RIS /s 1= M-C
KR AN, E R s R . SRR L ) L R RN
3N NUTE SN 1 M-C AR RERL, Reah
WEIBPE R A FRT (o B4l SR H MR & R —
BVER LT, XA SCER PR Bl s G
P AR RREE M-C R TR 0 i S il ' ol HE R 4%

WIRE LSRR B AR R AN R A TR 80 R 1
THA AT, B 6 TR R 15 Bty RSB 9l s, B 1SR
K2 LR B R MR ) B
Table 2 Physico-mechanical parameters of coal strata in simulated domain
P s BT RBIBUR OVIIETE NREEEA SR PUBRIE BRARPEREN SRRV ) SEARIE SR RHUI WETERM
/m /m K/GPa G/GPa @/°) <¢/MPa  o/MPa o./0) ¢/MPa)  o/MPa  J¥o/MPa R¥D
1Rk 270 2103 2740 18.800 38 6.40 4.17 33 2.50 11.50 0.3 0.10
2R 3.4 183.3 1.80 0.929 30 2.67 2.50 24 1.13 0.62 0.4 0.30
3 BRI Y 7.8 179.9 2.03 1.040 33 3.20 3.34 27 1.00 0.69 0.4 0.25
4 L 2.6 155.5 2.58 1.190 26 1.23 1.28 22 0.62 0.84 0.2 0.40
5 AiR:: 3.2 66.7 1050 6.910 37 4.70 6.83 31 1.12 4.70 0.8 0.15
T3 ARG AT B AT L
Table 3 Comparison between different constitutive models with similar experiment
AR STDL L bR T B m YA S m RV R /m Lty 3L UG N FotRim 3R BT AR A
RAFIEIRIE R 15 AR 475 300 5.644%10° 41.0 94.0 68.0 3.5 Ry L%
M-C A 164 220 5.662 X 10° 29.0 64.0 61.0 3.0 i iRl
LB IR VEEVREN S - - 40.7 97.5 71.3 3.6 TG B URES




OUOg OooOo0d o

obooocooooo

200

{
0 150

oo

50

o0 wo oo

(0]

0100 0 100 200 300 400
gobooodm

06 00000000000 OOOOOOO
Fig.6 FIOQd diSribWiOn Of SeparatiOn and hQizOnhtal SreSSO

theoverbUrden
200 100 000
Ood Om
40100 110 o0l o002 oo
j 0zO @O0 Jo{LL—4—1 ooolo gg Eg:gég
oo 9 00.209
100 7 00.500
15 —1.000
[ 1B —1500
50 Il 02500
150 D D 9 —3500
o) 7 —4.000
5 —4.740
200 200 3 —5255
ooooood/m

07 D00D0oO0oOOoOoboboooooooo

Fig.7 10dinesdiStribution of vertical diSplay and prOtected

areas of the overbur den

g8 ODoooooooobobooooooobo
Fig.8 Photo of rock mOvem ent and mining 6ssure aller

prQeQivelayer mining

09 ODO0o0OO0O0O0ob0obOOooboooooOoo

Fig.9 RelatiVedelormation cur\es of protected laye in
Smilar expeiment

goobooooooboo3ocoooooooonn
ooooooobDbODoOOoOoO0O0OO0oO0oO0On0v 0.1%0O

0000000 18.17m3t 00 54m3t0

goobooooobooooobooooooo
oo oogo
oo uuououogo
oo ogooogo
gdoodoooooooooooooooooo
oon

5 0O 0O

AO0000000000000 00 oo
000 FLAC3DOO O OO0 O Idrucker+Prager
0000000000 ooDoooooooood
0000000000000 ve++20060000
0 FRACDOUDODODODODODODODODODOOOO
00000000000 o0ooo0oooooooog
000000

ROOOODOODOODOOOODOOOOOOO
000000000000 oo0oooooood
goobooooobobboboouoodboooaodd
00000000 ooo0ooDoooooooood
0000000000000 000ooo0o0Oaon

BUOODODODODODDODODODODODODDOOOOOO
000000 6M4mOU0D0O00O0O0OC0OOOOO
013 mO00000004 mOOODODODOO
IAamid0dooDoO 125mO0dOoooooonon
0000000000000 o0oooooooooag
0000000000000 00000o0o0oo0O0
gooboooboobooooobooooood
000000000000 0000000000
goooodgd

Joooooooooboboooboood
000000000000 o0ooooooooood
godooooboouoboooobooobood
000000000 ouoooooooooooog
0000000000000 0ooo0o0ooDooaog
oad
OO0 00000000000 momoooad
00000000 0o0ooooooooao

00 00 Referencesd]

O 0oooooooo. oopgooooooooMml 0ooooo
0000 02005.C&tete AdOiCst@tion of coal Mileé saflly of chilT]
Rules of gas control 8r gate-ewnad codminelMLIBejingchina



329 4

g2 XK,

KA RS A AR B0

A NV * 365

(3]

(4]

[6]

(71

[9]

(1o}

()

[12]

Coal Industry Publishing House, 2005.(in Chinese))

LE AR g2 4 s g, BTN G BUAT R BB M), bt KR |
Wi FE, 2009.(State Administration of Coal Mine Safety of China.

Rules of coal and gas outburst prevention[M]. Beijing: China Coal
Industry Publishing House, 2009.(in Chinese))

AR, PRV /KRR, AR FURTRE UGS K b
F sl AR ERT]. P PR AR, 2004, 33(2): 128 - 131.(YU
Qixiang, CHENG Yuanping, JIANG Chenglin, et al. Principles and
applications of exploitation of coal and pressure reiief gas in thick
and high gas seams[J]. Journal of China University of Mining and
Technology. 2004, 33(2):; 128 - 131.(in Chinese))

SIS, TR, B S8 RRER R OB AR L R
JBCREARBETEI]. T TR AR K K], 2003, 22(4): 483 -

486.(CHENG Yuanping. YU Qixiang. YUAN Liang. Gas extraction
techniques and movement properties of long distance and pressure
relief rock mass upon exploited coal seam[J]. Journal of Liaoning

Technical University, 2003, 22(4): 483 - 486.(in Chinese))

Fiulr-, @kifr, = 55, W R PO R A U R
WAIFTEI] g \Il/)\'r' i, 2004, 33(2): 132 - 136.(CHENG

Yuanping, YU Qixiang, YUAN Liang, et al. Experimental research
of sate and high efficient exploitation of coal and pressure relief gas
in long distance[J]. Journal of China University of Mining and Tech-
nology, 2004, 33(2):; 132 - 136.(in Chinese))

ZHM, TR RN ) - MR RBIENE RG] L
TR, 2001, 23(2): 153 - 156.(JIANG Zhenquan, JI Liangjun.
The laboratory study of behavior of permeability of rock along the
complete stress-strain path[J]. Chinese Journal of Geotechnical
Engineering, 2001, 23(2): 153 - 156.(in Chinese))

SR, (L A FN A TRIMLL B BEEIIR
#t. 2002.(CAI Meifeng, HE Manchao, LIU Dongyan. Rock mechanics
and engineering[M]. Beijing: Science Press, 2002.(in Chinese))
PRN B, 0T I RN R R D I R -
AR T RR]. BEIHHLRT I, 2001, 29(1): 22 - 25.(L1 Shugang,
QIAN Minggao, SHI Pingwu. Permeability-strain equation relation to
complete stress-strain path of coal sample[J]. Coal Geology and
Exploration, 2001, 29(1): 22 - 25.(in Chinese))

5/kAh. R R WI:JJ%%@?%«J%A&L’J R a8
M LA 1R 30D JE5T: B BR2ERF S 8%, 2008.
(PENG Yongwei. Study of evolution of mining-induced fractures
field and its coupling effect with gas seepage under the conditions of
high-strength underground mining[Ph. D. Thesis][D]. Beijng: China
Coal Research Institute, 2008.(in Chinese))

DEMS K, MROZ Z. Stability condition for brittle plastic structure

with propagation damage surface[J]. Journal of Structure Mechanics.,

1985, 13(1): 85 -122.
XISCBL e Y 25 b B R R 003 37 5 TRV I [ 7 i
XD dbni: #5HE A", 1989(LIU Wenzheng, Load bearing capacity

calculation of brittle-plastic structures and its application to engineering
practice[Ph. D. Thesis][D 1989.(in
Chinese))

W BB, RE. MO MEE R AT R AL JEN ).

A1 3775 TR, 1997, 16(1): 8 - 21 (ZHENG Hong, GE Xiurun,

LEE C F. Analysis principle for rock mass with brittle-plasticity and

]. Beijing: Tsinghua University ,

its applications(J]. Chinese Journal of Rock Mechanics and Engineering,

(13]

(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

(22]

(23]

(24]

1997, 16(1): 8 - 21.(in Chinese))

GE X R. Post failure behaviour and a brittle-plastic model of brittle
rock[C)// Computer Methods and Advances in Geomechanics. Rotterdam:
Balkema, 1997: 151 - 160.

SR AT BRI A TR [ R AL R AT L A
TCRE O BERLAE (T 22 A0 18 (D wUB: D IE AR B
F37EEFCHT, 2005.(SHI Guicai. Research on post-failure mechanical
properties of brittle-plastic rocks by OOFEM coupled with IEM[Ph. D.

Thesis][D]. Wuhan:

Institute of Rock and Soil Mechanics, Chinese
Academy of Sciences, 2005.(in Chinese))
LE, AT, R O TR A MR R A IR
THVST10). e AR, 1995, 35(2): 22 - 27.(SHEN Xinpu,
CEN Zhangzhi, XU Bingye. The characteristics of elasto-brittle-
plastic softening constitutive theory and its numerical calculation[J].
Journal of Tsinghua University, 1995, 35(2): 22 - 27.(in Chinese))
RIOE, Plpi, eRWIE, E S5 AORLES RIS DA
BATWRTE(I. HRAE (0 S Edk, 1997, 7(3): 85 - 89.(WANG
Xiaochun, SHEN Xinpu, XUE Mingde. et al. Numerical study of the
clasto-brittle-plasticity mechanical behavior of composite structures[J].
The Chinese Journal of Nonferrous Metals, 1997, 7(3): 85 - 89.(in
Chinese))
RELR g, A0 AT B TR R ] R 77 D REEER,
1997, 16(4): 368 - 374.(TANG Chun’an. Numerical simulation of AE
in rock failure[J]. Chinese Journal of Rock Mechanics and Engineering,
1997, 16(4): 368 — 374.(in Chinese))
MRibm, AR, AR SRR B B B A B
FLf[)). &£ T RE, 1998, 20(6): 9 - 15.(CHEN Zhonghui,
TANG Chun’an, FU Yufang. Infinite element simulation of catastrophe
induced by evolution of rock microfracturing damage[J]. Chinese
Journal of Geotechnical Engineering, 1998, 20(6): 9 - 15.(in Chinese))
TEAL BB, R AR N MM BRTE AE R T,
SR URRSA, 2006, 25(8): 1 625 - 1 631.(SHI Guicai,
GE Xiurun, LU Yunde. Experimental study of coefficients of brittle
stress drop of marble[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(8): 1625 - 1631.(in Chinese))
SKERWT, AR, 2RI, SR BRI IS BRI N BV Bk
T I B8 R A K 5 FE R4 A%#J ¢, 2008, 23(3): 234 - 240.
(ZHANG Liming, WANG Zalquan, LI Huafeng, et al. Theoretical
and experimental study of siltstone brittle stress drop in post-failure
region[J]. Journal of Experimental Mechanics. 2008, 23(3): 234 - 240.
(in Chinese))
LO K Y, LEE C E. Stress analysis and slope stability in strain-
softening material[J]. Geotechnique, 1973, 23(1): 1 - 11,
Itasca Consulting Group Inc.. FLAC®® users” manual[R]. Minneapolis:
Itasca Consulting Group Inc., 2005,
Boooal, Ak, R G A AR SN e ARAE W M RS
BN RATITI[I). 20K, 2005, 24(3): 32 - 35.(DUAN Bin,
HE Jiangda, LI Li. Study of conditions for taking value of parameters
of plasticity yielding criterion to rock and soil[J]. Hongshui River,
2005, 24(3): 32 - 35.(in Chinese))
B8, XUHFEE. By R ADRBN A TR BB A BT ). &
SR, 2006, 6(7): 76 - 78.(REN Qiang, LIU Weitao.
Numerical simulation analysis of overburden crack belt developing
disciplinary[J]. Journal of Safety and Environment, 2006, 6(7): 76 -
78.(in Chinese))



