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AN IMPROVED ALGORITHM OF XFEM FOR THE CRACK
PROPAGATION PROBLEMS

RU Zhong-liang , ZHU Chuan-rui, ZHAO Hong-bo

(College of Civil Engineering, Henan Polytechnic University, Jiaozuo, Henan 454010, China)

Abstract: Based on the extended finite element method and level set method, the crack propagation problem is
modeled. The extended finite element method is also used to compute the stress and displacement field near the
crack tip in order to determine the angle of the crack propagation. The level set method is used to represent the
crack interface and the location of the crack tips, and to track the crack propagation paths. In the practice, there
are some limitations judging the element types. The reason is the limitation of the level set method in judge the
element types. Thusly, the advantage project which called the virtual crack method is come up. At last, two typical
numerical examples are simulated for the crack propagation problems. This combined method requires no
remeshing as a crack propagating, making the algorithm very efficient, and the results are present to demonstrate
the accuracy of the advantage project.
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H(x) A BER o5, S ST 7 32 1K) AN IESENE -
+L,  R®AbJy

H(x)= 2
“){4, WL @

51

@, (x) SEBIBUT AT R Ty BREL, SRR )
INESEZREF
Py (X)=

(\/;sin%,\/;cos%,x/;sinQ sin%,ﬁsin@ cos%}

A3)
Sorp, r 0 S LABEUR G R A BRI AR AR AR R
2 KEE&E
2.1 HGUKFEEE
ACPHENOT IR A ik, — M it 4 8Lk
ARy R AT AKOTSER AL ¢ e AU E,
HRHIERS
2 18 e ] P s L (B 2 BR), T
FRBGERM,  (X,)<ip TR REHIKTHE
Sy (x)
min || x—x, |=d(x,x), (x—x)-é=0
y)=1""" . o @
;nel;lcﬂx—xc |==d(x,x ), (x—x)-e<0
e d(,) M Buclidian B8, x WEGERIE T,
bR x MR x, AT, B EE— R
PRI AT HE BB BGE SR ¢, (x,0) = (x—x,) -1, X
e FORFRBAIYI M KRR, x BN NRR.
gi BTk, AP RGN R L LK
SFAEFE AT W 2 iR, RGN ER
™M w=0, ¢, <0, ¢,<0.

/
/
S $,>0

' /
| /
L /

."'-.¢l<0 (X%

>0 I,

- T

- ™

K2 RIUKTE
Fig.2 Crack described by level set method
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Fig.6 The model of improvement
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Table 1 The coordinate of crack tip
HH R (x B 2R filn)
L 2.0900 5.1000
1 2.2897 5.1103
2 2.4886 5.1312
3 2.6796 5.1906
4 2.8796 5.1885
5 3.0767 5.2227
6 3.2764 5.2719
7 3.4726 5.2719
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Fig.9 The crack propagation of three point bending beam

i

K10 pocHlRE K
Fig.10 The results of element types
42 BEBR
ZAAEIUCCER13]Hh B Y, el 11 B
7N, h=1.2m, D=6m, FAPEBIE 210GPa, VAL
2T 0.305, i b EA - REK S a=3m;
fei gt b RIS R AT ) P=10MPa, A2
BRRLL, GEYIIRTT R 00K I ).

P
A

\ D

K11 SRR

Fig.11 Cantilever beam



16 T s

)1

2
S

FERUR ] 74%32 AT FROTIMAE, WIUG T34 0
Iy 00, 1.43°, 2.68°. 4.35°, 5.71°. & 12 HJT
FOPKAET 0.2, Ry e 7 DRNANFEIL 1)
Pt KB 12 T2l WILaMmET 00, ¥
JEBRATAT A4l T BUREOR 7 My R IRtk B
WIRM IR, Rary e thZazirin B, 43
FITH S5 5 SO 13T R+ & .

2.0 :
——6=0°

1.8+
£ 16

1.4+

1.2

2.‘5 3.6 3‘.5 4.‘0 4.5
x/m
12 NRVIE ARG Rz

Fig.12 The propagation path of different initial angles

Kl 13 ARG son R 5 Fon B,
HIZEI AT E MY 7 25, oo i sk iE
T, BOUE T ASCHE H 7 S HERR T .

13 FICH R R
Fig.13  The results of element types

5 it

I IREAT PR TTAT: DAy A T AN S 48 i) s A7 R0 FA) 4
HIVE, ASCRY AT BROGR S A BRIE S 15
e SAGHE T I DA G o SES RS B LI S
RIIAAL, 2307 T RS, R4 TR 5.
R RHU T = 5 R MEE R Ry e, 155
LI 451

(1) ASCHEH M B AR LU 5 5 RENS BT 1A fi vk
92 FES D ] 4 D0 x5 e 234 SCE AT B 0 S AR U R A
AL, TR SRR IR I 7 SR AT AR L .

(2) B = A R R RGN R At
5O BER A HEE, RYIASCR Y AT T
IR S AR AT YERURE R L o

() K e AT RIC KPR S SRR ALY
JEI AN A% HEAL, S0 RS AR EL O (AR A

AEHE G T RE )
S K-

(1]

[4]

FARMR, BB, WIB TR AR A Y
H. &A1 5 TR, 1997, 16(5): 405—410.
Wang Shuilin, Ge Xiurun. Application of manifold
method in simulating crack propagation [J]. Chinese
Journal of Rock Mechanics and Engineering, 1997, 16(5):
405—410. (in Chinese)

ZENR, FIoBl, BRIGHE. TCMARIETE TR T E
NH]. B 0%5 TR, 2001, 20(4): 462—466.
Li Wodong, Wang Yuanhan, Chen Xiaobo. Application of
meshless method in fracture mechanics [J]. Chinese
Journal of Rock Mechanics and Engineering, 2001, 20(4):
462 —466. (in Chinese)

WEM, N, BB, XA RICEN S A REL
R BUE B[] A A 2 TREAE AR, 2004,
23(18): 3132—3137.

Peng Ziqiang, Li Xiaokai, Ge Xiurun. Numerical
simulation of dynamic crack propagation with
generalized finite element method [J]. Chinese Journal of
Rock Mechanics and Engineering, 2004, 23(18): 3132—
3137. (in Chinese)

MUK, W, M ocor g a i Eare R
SR R[T). THE J125243), 2003, 20(6): 721—724.
Xiao Hongtian, Yue Zhongqi. Boundary element analysis
of 3D crack problems in layered materials [J]. Chinese
Journal of Computational Mechanics, 2003, 20(6): 721 —
724. (in Chinese)

Belytschko T, Black T. Elastic crack growth in finite
elements with minimal remeshing [J]. International
Journal for Numerical Method in Engineering, 1999,
45(5): 601 —620.

WRMEZ:, VE D, ARUIE, FEm. /N kUL g 2
FI7 BR BTGV HT[T]. ZKAI2431), 2003(1): 66—67.
Chen Shenghong, Wang Weiming, Xu Mingyi, Cheng Li.
Finite element analysis of crack propagation in high arch
dam heel of Xiaowan project [J]. Journal of Hydraulic
Engineering, 2003(1): 66 —67. (in Chinese)

Mose N, Belytschko T. Extended finite element method
for cohesive crack growth [J]. Engineering Fracture
Mechanics, 2002, 69(7): 813 —833.

Sukumar N, Moes N, Moran B, Belytschko T. Extended
finite element method for three dimensional crack
modeling [J]. International Journal for Numerical
Methods in Engineering, 2000, 48(11): 1549—1570.
Sukumar N, Prevost J H. Modeling quasi-static crack
growth with the extended finite element method Part I:
Computer implementation [J]. International Journal of
Solids and Structures, 2003, 40(26): 7513 —7537.

(3% CHR[10]— 135 23 1)



T’

7

2 23

B AN [ e A AL SR BE IR PDF 23 A TR AR AT 5 1R AT
=3k, iz 3 REEE WA Kolmogorov UL
I}, PDF 73 A (TR T K A2 224K, PDF U AE [n]
I REAL RS Bl HLIEAEAT BT R, vadbhiss BE X 48
PDF 1A It F#{I% . PDF 73 A R HEADUAEL T i i
Wb WK RBE 2N RBE R 2 pad %, i H 2R
THREHOL R RE R AL

S K

[1] Comte-Bellot G, Corrsin S. Simple Eulerian time
correlation of full- and narrow-band velocity signals in
grid-generated, ‘isotropic’ turbulence [J]. Journal of
Fluid Mechanics, 1971, 48(2): 273 —337.

[2] Kang H S, Chester S, Meneveau C. Decaying turbulence
in an active-grid-generated flow and comparisons with
large-eddy simulation [J]. Journal of Fluid Mechanics,
2003, 480: 129—160.

[3] She Z S, Jackson E, Orszag S A. Structure and dynamics
of homogeneous turbulence: models and simulations [J].
Proceedings of the Royal Society of London A, 1991,
434(1980): 101—124.

[4] Zang T A, Dahlburg R B, Dahlburg J P. Direct and
large-eddy simulations of three-dimensional
compressible Navier-Stokes turbulence [J]. Physics of
Fluids, 1992, 4(1): 127—140.

[5] Stolz S, Adams N A. An approximate deconvolution
procedure for large-eddy simulation [J].
Fluids, 1999, 11(7): 1699—1701.

[6] Zhang S, Rutland C J. Premixed flame effects on

Physics of

[11]

[12]

turbulence and pressure-related terms [J]. Combustion
and Flame, 1995, 102(4): 447—461.

Thévenin D. Three-dimensional direct numerical
simulations and structure of expanding turbulent methane
flames [J]. Proceedings of the Combustion Institute, 2005,
30(1): 629—637.

Morinishi Y, Lund T S, Vasilyev O V, Moin P. Fully
conservative higher order finite difference schemes for
incompressible flow [J]. Journal of Computational
Physics, 1998, 143(1): 90— 124.

Gottlieb S, Shu C W. Total variation diminishing
Runge-Kutta schemes [J]. Mathematics of Computation,
1998, 67(221): 73—85.

Rai M M, Moin P. Direct simulations of turbulent flow
using finite-difference schemes [J]. Journal of
Computational Physics, 1991, 96(1): 15—53.

Rogallo R S. Numerical experiments in homogeneous
turbulence [R]. Moffett Field, CA: NASA Technical
Memorandum, TM-81315, 1981.

Mansour N N, Wray A A. Decay of isotropic turbulence
at low Reynolds number [J]. Physics of Fluids, 1994,
6(2): 808 —814.

Veeravalli S V. An experimental study of the effects of
rapid rotation on turbulence [C]// Center for Turbulence
Research. Annual Research Briefs. Stanford, CA:
Stanford University, 1989: 51—57.

Tavoularis S, Bennett J C, Corrsin S. Velocity-derivative
skewness in small Reynolds number, nearly isotropic
turbulence [J]. Journal of Fluid Mechanics, 1978, 88(1):
63—069.

(RS 16 10)

[10] Stolarska M, Chopp D L, Mose N. Modelling crack
growth by level sets in the extended finite element [J].
International Journal for Numerical Methods in
Engineering, 2001, 51(8): 943 —960.

Ventura G, Xu J X, Belytschko T. A vector level set

method and new discontinuity approximations for crack

(1]

growth by EFG [J]. International Journal for Numerical
Method in Engineering, 2002, 54(6): 923 —944.
(12] FEBEOIFEE. N R TR M]. Jbat: B

HipRAE, 1981.

Chinese Aeronautical Establishment. Handbook of stress
intensity factor [M]. Beijing: Science Press, 1981. (in
Chinese)

Huang R, Sukumar N, Prevost ] H. Modeling quasi-static
crack growth with the extended finite element method

Part II: Numerical applications [J]. International Journal
of Solids and Structures, 2003, 40: 7539—7552.



