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Element Partition Method with Mohr-Coulomb Criterion for
Simulating Joint Propagation Subjected to Confining Stress

YANG Fan', ZHANG Zhen-nan’
(1. Department of Civil Engineering, Shanghai University, Shanghai 200072, China;
2. School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; To explore and develop a simple and efficient method for simulating joint propagation, we take
the element partition method (EPM) as a basic method and use the Mohr-Coulomb ecriterion in element
partition. Since EPM takes advantage of geometric features of triangular elements to construct a special
three-node contact element, it can simulate fracture propagation in the original mesh scheme. The Mohr-
Coulomb criterion is a widely used failure criterion in geomechanics, which can accurately predict the
failure behavior of geomaterials. Combination of EPM and Mohr-Coulomb criterion has advantages in
simulating joint propagation. To validate the proposed method, failure processes of crack material with
double crack subject to different confining stresses are simulated. The results show general agreement with
experiments. Comparison between the simulated and experimental results suggests that the method can
represent typical features of joint propagation and coalescence subject to confining stress.
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Fig.3 Mechanism of crack propagation
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Table 1 Parameters for numerical simulation

RIS R

BY ST S AL

E/GPa ¢/MPa » o/MPa o /MPa g/(x107)

e/ (x107?)

K,/GPa K!/GPa C/MPa K./(x107'Pa) h/(x10>m)

12.0 3.0 0.2 0.916 11.0 0.075 76

0.909

1.0 1.0 1.0 1.0 1.0

63.5 cm

|« 27.9 cm >
(a) B

(b) BEREHF 1R
4 ZEMBRGMRE

Fig.4 Specimen containing pre-existed cracks'®

e -//;//

(c) 254025

(a) 220435 (b) 838425

BES B/a=45°/0°HAREHT THRIY K
Fig.5 Fracture propagation at different loading steps
when B/« =45°/0°

1 6 Sfliifit B/ =45°/30° AN [l fif 28045 T Y2
oy AR UL B R LU B A7 2808 9380, 4
U5 22 AR P B T 1) BT R A 3R Y

A BRR ALY R I, gk i 7 iy A RS 5 5Y
DI EUR B G 383 TR REUN 2 A~
ORI H AT UL A XA RN 2 £h 0 U 5K r B
I3 E R 4

I’

v v

(c) #2705

(a) 2519655 (b) #2565

6 B/a=45°/30°MAREEHT THRIY B
Fig.6 Fracture propagation at different loading steps
when B/a =45°/30°

B 7 A5 B/ o =45°/45° B AR [R] ff 245 T 124
Lr e OL. (R AT A 1S DUARL, B SE R AN SRR
[ 8 B 5 1097 Ji& , sk 3 — e AR LA , W1 4R B
R a B X B T NFRE R SNRILE)R,
L S A N W LI RN S eL s
A IR, 1 8 ~ & 10 73 B A i B/ = 45°/60°,
45°/75°,45°/90° I A [F) fif 225 N B ZRELY AR L.
Hy P AT L, B 17 B8O B N, 38 2R B R 2 e
T 27 013 e, B 70 A A7 X AR Y DI 2R
FRILTRLSREU A, T B0 B 2 R A A



108 LiExFF A (1 KB B 518 %
(a) B20125 (b) 5524635 (c) #2753 (a) 251965 (b) 2823225 (c) 22558

E7 p/a=45°/45°HAATHS THELY E
Fig. 7 Fracture propagation at different loading steps
when B/« =45°/45°

// EHH

(a) Z51945

(b) 523435 () #5265

8 B/a=45°/60° R ARFHT THRUY R
Fig. 8 Fracture propagation at different loading steps
when B/« =45°/60°

/
/

(a) 281894 (b) 21425 (c) 28235

9 B/a=45/T5°MARFHRT THRYY R
Fig.9 Fracture propagation at different loading steps
when B/« =45°/75°

N T AET AR I A5 R SR R AR X AT,
bR NCiE Sy N U ERibl £ Ve R R S DN L S
VIF A PR R T 00, A HF th 8L T 87 D) 3¢
UG (R A 280 N 2R MR S5 A 2807 1)

10 B/a=45°/90°KMARFHT THRLT R
Fig.10 Fracture propagation at different loading steps
when B/a =45°/90°

P BTYTELAGE A ) R RS 4 CEDE 247
PP B T R 7). R L, IR
(B T RV BT 10 50 e B
A,

LA 11 o T A SRS 5 5
A A 25 5. AR I 2 1L
SR T ELADI A0 P R IF 15 R, TR
U el A O 9L AR R 3
TS AR AT 1 10 49
AN, 07 BUAT AR 4 R e, R T A
o RS A AR R, T %t BB
BUASOG. TAEA B, 07 2 bR B
A H B 10 B DL UL A (RS
A A TS RS, 5 1B 25 5 1 8
S S B T, LD -5 M O 9 5
TEG L T LML FRLFE R 25 B B0 R AL 4
.

4.3 FRAEETRAY BHLHH

AR BTARI FRLIE T L0 T 40, A
XEANF A DR, 2351 0. 35,0..70,1. 50 MPa
3 B0 ) [P A 2 400 BB 4 UL B 12
B/ =45°/45° 3 R [l [ 2600 T
WA Hh T LA i, 2 JE g 0. 35 MPa 8 K 5
0.70 MPaffy Frft, AECH B R AL AT 221, 7
KA 0.70 MPa [HIE T, 3R FLASLY 22 14"
T KRR E] 150 MPa i, SR H ALK
F0ET RG22 0 D100 ) IR TF
. SR AR AR T, I8 R 2R
LR AL R LB TR M, S 245
B LU TR R ALY R



513 Mo WL, A A R K- DU ) R B DL P T T 1 L 109
Ble 45°/0° 45°/30° 45°/45° 45°/60° 45°/75° 45°/90°
Coalescence Coalescence “ Coalescence Ext.shear Cr\iCk Coalescence
shear crack | Coalescence |~ | | |tensile-sheap shear crac tensile crack -
4 | | shear crack; craclf s / ‘
i S [\ i
# W4 ) \ | Coalefénce B
R / v ﬁéescence ‘ / \ tensife crack / ‘
nt.wing.crack| | |~ tensile crack e ‘ lv \
VA “Coalescence \
Ext.wing crack Extiwing crack Ex{. wing crack E)Ring crack fejile crack Ext shear crack

L _4/M 7/r 71'

g - b | ,,J/ |

% %

B 11 HgLABRHRBER" SRt

Fig. 11

| ﬁ 4

(a) 0.35 MPa (b) 0.70 MPa (c) 1.50 MPa

B 12 AREEETHRYY R (B/a=45°/45°)

Fig.12 Comparison of fracture propagation under

different confining stresses (B/a =45°/45°)

Jei , B TR s A — 2 MO TR s 58 4 2 AT 17 5K A
TIF LY i, I H BEBT VIR e, X — S AT
A EAE T B RO JERFHAE. T 13 52 B/a =
45°/45° i, ANIR] B BR Al 1) 10 7 -0 2% i 2R A&
Hal LAFE G Bl S A, I8 2 e (B A
FER X5 S PR s BLAHAT.

5 & RiE

i 5 B RS TR B 25 SR AT X HE AT LA
J B, ) 55 B K- 2R R U ) R C B 2k mT LA

Comparison of the coalescence pattern between the experimental®’ and the simulated results

6 -
5F —+—1.50 MPa
——0.70 MPa

g4ar ——0.35 MPa
2
R3t
t:‘
Eol
#

1L

0 1 2 3 4 5 6

1] PEAZ/( X 10-4)
B 13 R T AL - R 25 5 B/ = 45°/45°)

Fig.13 Uniaxial stress-strain curves under different
confining stresses (B/a =45°/45°)

BRAD AT T R A S i R, RESE A I
PRI R BRI X2 TR0 BE 2045 RE 7E K
REAZ RS LU T BT B P R AN A 4T,
G T EBT o A D8 TSR AT A R A
P B PR RR B A o B —E AL (HoT
BYROE B 5 TEBYRUR T i 2 Bk B B i i
ERVEARIY | BT LAZ 5 vk e — Rl 0 k.

S 2k

[1] YANGS Q, DAI' Y H, HAN L J, et al. Experimental



110

LiEXFYH (8 %22

%18 &

(2]

(3]

(4]

[5]

(6]

study on mechanical behavior of brittle marble samples
containing different flaws under uniaxial compression
[J]. Engineering Fracture Mechanics, 2009, 76.1833-
1845.

IR 5RIMR A7 R, 5. A BRI 6 TG B T T A 2L
P FEEARL 43 A ) R e g T [T ] A R AR,
2003,25(5) :527-531.

Tk B BN KR A L 22 BB A IR 2R
g AT BRIT o Hr [T ] 6 )y 5 TR 41, 2000,
19(3) :295-298.

TR, 1 R RE , TR ZREHEA RS A B Y
PRESTEALE T [T ], A 1 J17,2002,23(2) < 142-
146.

GOODMAN R E, TAYLOR R L, BREKKE T L. A model
for the mechanics of joint rock [ J]. Journal of the Soil
Mechanics and Foundations Division, 1968, 94. 637-
659.

MUGHIEDA O, KARASNEH I. Coalescence of offset rock

[10]

joints under biaxial loading [ J]. Geotechnical and
Geological Engineering, 2006, 24 :985-999.

SRR , Bk R — T A R R A 7 7 7 -
JuEF AL [T]. %A = TR 74k, 2009, 31 (12) : 1858-
1864.

ZHANG Z N, CHEN Y Q.

propagation subjected to compressive and shear stress

Simulation of fracture

field using virtual multidimensional internal bonds [ J].
International Journal of Rock Mechanics and Mining
Sciences, 2009, 46(6) :1010-1022.

MOES N, DOLBOW J, BELYTSCHKO T. A finite element
method for crack growth without remeshing [ J]. Int J
Numer Methods Engrg, 1999, 46(1) :131-150.
LARSSON R, FAGERSTROM M. A framework for fracture
modelling based on the material forces concept with
XFEM kinematics [ J]. Int J Numer Methods Engrg,
2005, 62(13) :1763-1788.



