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Dynamic simulation technology for crack extension process
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Abstract: Rock fracture mechanics is used widely in geotechnical engineering . Fracture’s simulation technology is one of the main
directions of research; but also a bottleneck restricts the development of fracture mechanics. This problem can be solved relying on
the secondary development of ABAQUS. It is based on the extended finite element idea. It is possible to simulate the discontinuous
displacement field through the introduction of Heaviside function. Also the crack tip displacement field can be simulated by
introducting crack tip approximation function. Then it is easy to solve stress intensity factor (SIF) by J integral. Finally, crack growth
direction is predicted by using the max circumferential stress criterion. Through three classic models of fracture mechanics, it is easy
to verify the feasibility and accuracy of this method by comparing the calculated values with the theoretical values.
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Fig.2 The level set function curve of crack and crack tip
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Fig.3 The secondary development flow chart
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Fig.4 Plate with horizontal edge crack under tensile stress
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Table 1 Theoretical and calculated values under
diffirent lengths of crack

YK oy BB ko VHRAE U
/m /MPa-m'?)  /(MPa-m'?) /%
0.3 1.120 1.085 3.152
0.6 1.737 1.632 6.045
0.9 2.409 2.422 0.540
1.2 3.223 3.304 2.513
1.5 4.282 4.397 2.686
1.8 5.753 5.886 2.312
2.1 7.891 8.014 1.559
2.4 11.056 11.227 1.547
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Table 2 Theoretical and calculated values under diffirent cracking angles

Ry K1 B (E K1 58 K2 BB AE K2 vP5AE Wi mEhe e Wi S

/C) /MPa-m'?)  /MPa-m'"? /MPa-m"* /MPa-m'"?) /C) /C)

0 1373 1.475 0 0 0 0

10 1332 1.440 0.235 0.248 18.911 18.545
20 1212 1.188 0.441 0.413 33.285 32.280
30 1.030 1.094 0.595 0.608 43221 42.413
40 0.806 0.838 0.676 0.656 50.288 49.072
50 0.567 0.582 0.676 0.686 55.650 55.500
60 0.343 0.377 0.595 0.619 60.000 59.455
70 0.161 0.148 0.441 0.406 63.759 63.738
80 0.041 0.047 0.235 0.256 67.200 67.040
90 0 0 0 2.61e-3 70.320 70.187




578 F I S 2011 4F
O ki LB YT TR . 120 S5 R R
e 14 FTR Kt B EE, RIS W R
n‘f 12t b ”:-f!«b |I|:
§ o \\\ —A— K IR 07 r
N 3 S 3k -,

g(g) » 0.6 '«:
% ' 05
E 04 t
202 | E 04 |
0 J =03t ’
0 10 20 30 40 50 60 70 80 90 ) ' .
. . o - - - SCHRIBIES
a1 () 02 T o A&@%Jﬁﬁm
K8 g SRR o .
Fig.8 Theoretical values comparing with the 0 : s
calculated ones 0 0.02 0.04 0.06 0.08 0.10 0.12
% / mm
80
ol B 1 RSl
60 Fig.11 Load-displacement curves of 3-point bending beam
50
SRR — W
= 30| —A— WSS
20
10
0 S S R
9 —
0 10 20 30 ;;)&;“0/(“6)0 70 80 90 12 BAENAHZE
- Fig.12 Contour of max principal stress
Mo HEidHSHHEMEIE .
5 4 ik

Fig.9 Theoretical values comparing with
the calculated ones

43 3 5 RHUEERL

YA R AT R, SRS B B S
B, HnEN0 s 3 20 ih 2T M. B
el S, At s, FEGRI R T L R INAR
g, BUAGHRMRI SO : 2K10 mm, %
B 3 mm, FAPERIEE =100 MPa, WAL v=0.167,
PLHBRSE £=1.0 MPa. IS IFAAHT, ERM FEH
L UIIAN0.05 mmP) T B8 [n) R4, I HaB Eith A
FAEB TG RN D), — Bk BIHihraiE, 4l
WS TR L

10 3 ST WHREE CEA: mm)
Fig.10 Three-point bending beam(unit: mm)

AT T 10020 - 11 prR, #4214
W A A T S A i £, AT DL 2 304
PIEAL i, Aot B, T A I AE AN K,

ASCVEANEIE T AT IROCHISEAC AR, HHE
ABAQUS I T30 TR B, LT o
JEATER IG5 AT FROCIIRE G 0T B, o TAT R
TCIEBUAELLA B I HIA AL . R Gl RE
BEAT T EpSREUNBS Y RS BAE A, 734
TR SR AR I B L. 48RRI, o
SRS PR ERZARN D, BAE TR A AT A
HER L, ASCIRIE T B A ™ AT R OT 5 A AT R
T RDEAF I E Pt TARLE (1 8 % .

2 % XL M

(11 BRI, JHeead, SR, & EFERICraF =

YERCRINSRIT]. HERP LR, 1987, 30(4): 371
—378.
TENG Chun-kai, YIN Xiang-chu, LI Shi-yu. Ex-
perimental study of three dimensional fracture in plane
specimens with non-penetrating crack[J]. Acta Geophsica
Sinica, 1987, 30(4): 371—378.

2] BRIE, RS, DEFRS, 55 A nREy ENER Y
HUEHTRITLD]. oA 28 TR, 2003, 22(1):
18—23.

CHEN Wei-zhong, LI Shu-cai, QIU Xiang-bo. Ex-
perimental and numerical research on crack propagation

in rock under compression[J]. Chinese Journal of Rock



B2

Br LG RO RS & HBR

579

(3]

(6]

Mechanics and Engineering, 2003, 22 (1): 18—23.
B, ERRZE. ¥R AT ICIE(XFEM) MM H ]
12, 2005, 35(1): 5—20.

LI Lu-xian, WANG Tie-jun. The extended finite element
method and its applications
Mechanics, 2005, 35(1): 5—20.

P, £F, B TR GVA AR A I
I HBFTLI]. VH % B TOR A2 2A4R, 2008, 24(4): 476—
479.

LI Jiu-hong, WANG Xue, ZHAO Qin. The applied study

A review[J]. Advances in

of the element free galerk in method to crack
propagation[J]. Journal of Xi’an University of Te-
chnology, 2008, 24(4): 476—479.

MOES N, DOLBOW J, BELYTSCHKO T. A finite
element method for crack growth without remeshing[J].
Int. J. Numer. Meth. Engng. 1999, 46(1): 131 —50.
MELENK J M, BABUSKA L. The partition of unity finite
element method:basic and

theory application[J].

Computer Methods and
Engineering. 1996, 139: 289—314.
RRE. JRATIROGAMEUET )], = 0%, 2007,

28(H4F) 1): 305—310.

in Applied Mechanics

EEEFES2RH

[10]

(11]

[12]

[13]

experiment and fracture mechanism study of propagation
of echelon pattern cracks[J]. Acta Mechanica Solida
Sinica, 1998, 19(4): 355—360.

TOILER, MRS, R, S5 WU WSk a2
SUEHLHIRBITET]. A D05 5 TR, 2002, 21(6):
808—816.

HUANG Kai-zhu, LIN Peng, TANG Chun-an, et al.
Mechanisms of crack coalescence of pre-existing flaws
under biaxial compression[J]. Chinese Journal of Rock
Mechanics and Engineering, 2002, 21(6): 808 —816.

MR ILE, AR, RYEm, 55 A A RAY NSRS
AT, A 025 TR 2EAR, 2003, 22(1):
18—23.

CHEN Wei-zhong, LI Shu-cai, ZHU Wei-shen, et al.
Experimental and numerical research on crack
propagation in rock under compression[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003,
22(1): 18—23.

MOES N, DOLBOW J, BELYTSCHKO T. A finite
element method for crack growth without remeshing[J].
International Journal for Numerical Methods in
Engineering, 1999, 46: 131—150.

BABUSKA I, MELENK J M. The partition of unity

[10]

(11]

[12]
[13]

[14]

[14]

[13]

[16]

[17]

[18]

YU Tian-tang. Numerical aspects of the extended finite
element method[J]. Rock and Seil Mechanics, 2007, 28
(Supp.1): 305—310.

JIER;, ik, JET ABAQUS T3 (M3 JEATFRUITIL[T].
TSI, 2007, 24(7): 6—10.

FANG Xiu-jun, JIN Feng. Extended finite element
method based on ABAQUS[J]. Engineering Mechanics,
2007, 24(7): 6—10.

SETHIAN J A. Level set methods and fast marching
methods: Evolving interfaces in computational geometry,
fluid mechanics, computer vision, and material
science[M]. Cambridge UK: Cambridge University Press,
1999.

PR, AW EM] Bt R E R RRR
HRAL, 2010.

Wtk SFIRE MK A B OTVA D). Fat:
Fa U TR K%, 2007 .

TERM. WIRELRIERRM]. bt BE HRRAL, 2003.
ANDERSON T L. Fracture mechanics-fundamentals and
applications (2nd ed.)[M]. CRC: Boca Raton, 1995.

T ATEEETTE. N T M. et B
HRRCHE AR, 1993.

method[J]. International Journal of Numerical Method
in Engineering, 1997, 40: 727—758.

FLEMING M, CHU Y A, MORAN B, et al. Enriched
element-free Galerkin methods for crack tip fields[J].
International Journal of Numerical in Methods
Engineering, 1997, 40(8): 1483 —1504.

ZAK AR, WILLIAMS M L. Crack point singularities at a
biomaterial interface[J]. Journal of Applied Mechanics,
1963, 30: 142—143.

MUSKHELISHVILI N L. Some basic problems of the
mathematical theory of elasticity[M]. Leyden: Noordhoff,
1953.

ERDOGAN F, SIH G C. On the crack extension in plates
under plane loading and transverse shear[J]. Journal of
Basic Engineering, 1963, 85(4): 519—527.

PHCP, BRI AU UFTRAE NS BT 55 I 11 5%
Wi 23 AT [I). AT 5 TREAE AR, 2006, 25(3): 462—
466.

LI Yin-ping, YANG Chun-he. Influence of geometric
characteristics of pre-existing cracks on mixed mode
fracture under compression-shear loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2006,

25(3): 462 —466.



