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A Meshfree method Based on the Local Partition of Unity for

Cohesiv cracks
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ABSTRACT

The meshfree method is extended by the local partition of unity method to model the cohesive cracks
in two dimensional contimwum. The shape function of a particle whose domain of influence is completely
cut by a crack is enriched by the step enrichment function. If the domain of influence contains a crack
tip inside, it is enriched by the branch enrichment function without the stress singularity. It is found
that this method is more accurate and converges faster than the meshless methods for LEFM cracks
based on the visibility concept. Several staic and dynamic examples are solved to verify the method.
Keywords: looal partition of unity, meshless methods, cohesive cracks, static fracture, dynamic fracture

1. M 8

792 9% $83e ¥ 2 49 AA 5 457 A% dFS PEE FIA, Belytschko F
(1999) < Ay WFH2 2 (extended finite element method; XFEM) FIEAE vl$ B FsA
g & glon 2445 334X A3 EAWMoes 5, 1999, 2002, Zi 5, 2003; Zi 5, 2004; Gravouil %,
2002)914 Egt ol 23 dolAe] F& EA(Belytschko ¥, 2003; Zi %, 2006)1% & HELHKUDL. &34
FAAPL 7€ 8N V18 Qg T ol&3n 7] e HiHe TEEAL B V)€
F82A TP Tl sbesivke Al A - '

Baaryd e F34 sd(visibility concept)g °] 83 #Y& Rd3=d(Belytschko %, 1996; Lu 5,
1995; Belytschko %, 199%; Belytschko %, 1995; Krysl %, 1999), 3% ©@¢8% 4] oA Faa4¢
ol-g8] FIEAY H2¥ A% JdHE FHES (D) T2 a}dSA o] F2H REL g
¢ gart oy, (2) 8ol HYE BXo EdEAo] glon, (3) 79 £ UMY o]d & AFHeE
FAE 5 e B0l Yok AT eAHANE ditHos Azt YAYRsE AHLslnE FE B #
d olAL XY FAUSFE ASSA FE BE T MYo] gt

2. ERATAY

+» A3 - nHgEa AB AN AW F I X045 E-mail g-zi@korea.ackr
wk L St n AFS 8 F A 2w F 8w A AlakA

10. Advanced Computational Mechanics_357



EF Galerkin X AP 2AHSE &3 29 & F v
Xt) E@I U[(t . (1)

4714 &,(X)=2F 19 BAEE, X, =27 9 9% A 9, u, =37 P A dpEsol,

o] 7} Faiye] A9 EFGH(Belytschko 5, 1934; Belytschko %5, 1995; Belytschko %, 1996)0l41 %
s 0,(X)7} Tt o] Ardn.

¢,< )—p(x)’A( )‘D(X,) @)
Zp (X)T(X,) W(X— X;,h) 3
D(X,) = p(X,;) WX~ X;,h) @

A7, p(X) =71ATE, W=715%F(kemel FF)olth 4 £57 BHEL H8iMe A7 24
Fof ez B d7dAe ZIATRYE p(X)=(1, X, V)2 ¥k o248 Feasyd wg 2%
9] A%4E AYxn 2L FEAA vned $HREE AFLE & & & AWl Yok FaLHY @
4 AFRE Wl 98 FRHE, £ dFANE C°A B-splined 143

]

a8 1 HY gadde S8 oot 24 Ho

3. S5 CeEE A2i0] 2HE SAES

99l PUUAR olgN FLE UEhiY] AT BPL CESE k2 ASHA SARST 8IS
4 TYHES VP Rtk oJF B ANIGIA dSHoz INYFE AIT & WA B
(Belytschiko 5, 2000) |

B4R ELALYZiS Belytschko, 0097 HHAAE & AFANE A4S JFIG% T H38A
(3% Dl et F AN B345E naivch TEo) A JYIGL 943 BIE Fe e
Zo] AW Avds HE AHe¥T

X)>0
me=(L o <o

G7IA f(X;) =AGEFoI the3t o] Aodd

_ [sign[n - (X~ X ) minll X~ X|l] for Xy= W,
fl(X) - {n . ('Xtip— XI) fOI’ XIE I’Vs (6)

358_10. Advanced Computational Mechanics



Jsiauisl =23

W, =a%g°] ¢73] B¢ JFIY, W, =8% 2ol UF A4 d¥IHE& Uehdrh
FoaelMe aade] AAZ Qo2 Zi §2003)9 718 AH8E & gen i o o]d¥HA 7t
AFE AR AYRAEAY BY 47 Y JIAEA

B= 7 sin%, cosg-, sing-sirw, cos%sin@ Y]
& AMgata, 4ATEEe B 4 (DY A 94 § e BolAE AAS ol Fe] AHSF.
B= rmsin-g— , with m=1,2,3,,, ®

4 ad Lol A ¢ Z SQ0H% 2ol 4F TS WY et 2ol AF APV} dola
.

bu= Y, &,(X)ou; )
WX
£ Y sxmxe+ S Y X)L BAX
n =171 W,(X) m=1IE W, (X)
u= Y, &,(X)u, 10
e wi(X)
+ 3 X &(X)H} 2 > (X)X B (X bRy
n=11 ¥, (X) =1 1E W,(X) K

A71A n=4FFd e BT TENE, n. =BFTE F, m=¥<d ¥ UE m=¥¥ ¥ ¥
ol

4. XU FHUHA

4.1, 28 Xeuyy

g He WYxA o2 E, Lagrangian el 4y LFTAYL OS5 2ol & & U

poUu= V- P+pb in QN\TI% (1D

AN py =27 AE, u=7I&E, P=3H&Y dA, b=8A9, 02, =tjdg4gelc}. o mEgae ¢
L8 AAZAL ol A3} Zrh

w(X, t)=u(X,t) on I} (12)
ny+ P(X,t)=1t(X,t) on T} (13
ng P =ny- P =ty on I} (14)
to=to(lul) on I% (15)

42, FHYHY

& AT AME Belytschko 5 (2003)o14] A8 Lemaitred] SARDUTDI €2 AF &7 A
€ X3 & & Johmson-Cook EHE(1983)& AHE-Hch e EAHES] 38 EA}@ o AL, F
A= 2459 HAE 2AY | AHERH

10. Advanced Computational Mechanics_3 59



Lemaitre 298 348 &3rdolw 1 FAYAL thedh geo] FoArh

o=(1-D)C e (16)

q714 DE 0o Hul 19 & 7HAe 4548 Shisoln], &4 DE §E ¥YE 9 FFE Fof
At

DE)=1-(1-A)ep e 71— e 7% a”)
G714 FEEYES

_ 3

c= |3 [max(e, O as)

i=1

A, B, ep® BEYSOIT,

Johnson-Cook EEI)E LAA &0 7|2stAel, WeBe] ¥sle 259 Jgo| FEFELY o,
o 4oz nalgd. Gummala 5(199)9) SE$HE AHSsT
oy =max[(A+By")(1+ Clne )(1— exp((T— T))/ry —1)),0] (19)

7N € =4/v A7IH Y= $EAN WYEY WEo)T v, = 71288 (reference strain rate)o]H,

10/59 ©slg 713,
. T, \

= T,—T. (20)

AN T.& 71FLEOIL 7, = AR/t £45E Lxolth A4 WYo) 4z HAJGT AR £
& 35%e e go| Fojun,

Aar= "5

AT fo e

BE 2R &l €2 REHUNT B3 f=1& AHETL

o ydry ' @)

MY AT 229 B9 229 o1FdAE A 9% 109 FFE g9 BAEF AT A
i, o3 2.

n=1IE W,(X) m = 17& W,(X) K
24 odEs [u(X)] o HANE 6, & d&T 20
5,=lu(X)] -n 23)

43 7E MHEY =H ¥ £

79 Byzdoas AT A4ZA(oss of hyperbolicity)& A8 HBelytschko §, 2004). o] =
A9 THAHQ guie AR & HolA SAWYLR NPt GAHA Fdo] YHHE A& Yvis,
£ 9 ¥ M (acoustic tensor) A8 L{A7} Jolug &47} HE 2AcE v & 45 4t} &,

min eig{@) <0 24

Aq7lM, @=n- A - n, n=[sind cosf|olt}, 6 FY Y 4L FAHLE +90E oYM 224
W3she goldh

360 _10. Advanced Computational Mechanics



Jarsuisl =2

5. O|&kst X|HfS I A2l Hajs

M 4] 4EE AR

SW= Wy, — 6 W,, +6 Wi =0 ' (25)

§714

6Wm=f (Vo®ou)": Pd, (26)
LN

5I/Véxt=/ poéu-bdﬂo-i-f 6u-20dF0+f 5[[1‘]] .tc{)dFO (27)
20N\T3 g g

W= [ pobu- udy 028
AN

4 ©¢ (108 ANgEF AHETE 4 QOFE DA dYste 2F dAdsy dEY du, da, &b
€ HERY ddd wet AANY, oS 2L ojitg Aol dojA,

Myu,= Ff™t — Fj™ (29)
714
i mi mi3 m g e
—&: '&I M]J — m% m‘;f} mgg Flext. = f(;, ext FImh = .faf int (30)
" bu . ba, bb \ .
by my; myymy; y £
6. £ WA

61 B2 | MYEM THEA

a9 20 e RE 1 HERA ZUEAE $REYE 42 e, 298 858 AAzdes
39 0§ 98 & U, 19 3% 2L Griffth EANA SHGUASE FAZATH sEYeel g g
A5, FAABNNN K= p/ra oI, ol p ARSHold 44 RYIAE FE HY Fag 23F
+3¢ AR A8l e 2e AR KIS BANE AET 4 A

J= K1Y 31)

I 0 0 0 AREENNRERSRRN AN

LSS R A A T kb bbbt b b
df 2 22 | MEEd TEEA 18 3 Griffth 24

10. Advanced Computational Mechanics_36 1



A e et 2

[ Uy ™ Ugpalytic | 32

err T T o ae oo e
“ H energy “ uudym “ energy

h ] cnerer = (fﬂ ETu): C: E(w)dn, i @

o714 Ex Green ¥¥Eo|t},
- RE] EAGA oA weo dE 2AE 28 da)d] JeERG.

3 2.5 2 al& 4 0.5 T -'g @2 4 P
o
3 4 £33
e Gmos 238 ——visibility t';-"'

g o Slope 952 -4 § 22 - @ -branch enrichmant
£ - 5 o B2
g | re—visibility & 3 = g
& | | - ® branch enrichment . § g -
£ e Ll 1 E8 . 1.05

o eaneTt o Stopa 0,85 - € ~r/:, | SOSr WP |

‘: -3 -2 -1 o
in {h) - (v
(@ A ext b) FESdAs] 23t

9 4 AR 2350 sl BE e | dIEA

62 SRS MYEY FRH
Saehn& EHEE AYEA A & 43 8 o 29S o83 E&3qnt
Ty

MMMMMHM&M

T

o]
g

E
TELTILRAYEININY]

HHH%HMHHM

g

O8 5 SEaE MHEM TERA
Az FellAe] exsh Raby JidoiMel o3 HEEY, RE 1 A¥SH FIEANA vshd
%ol BYRE Y FEEANAE ¥xsA Yehdti(ad 5). ¢ SHE8 &3¢ o43d o
AEE A9 o] L FEEL olF d F AT, LAt B2 EAEY fi 3A Yehdoh

6.3. 2719l X7t A= 48 A3t & BA

2709 =X7F Q3 48 AsHele] 2o disiA, 160000708 AL AHSRE W, T3 2L FE 8H
€ BAE T A+

362_10. Advanced Computational Mechanics



Jsrstis] =2

200

100

0 200 400 600
O3 6 F el =& Ue He 7d Y=
EAE 79 gde Agd o8 FE ¥u AY dX@3, AL 59 AEE AgEx nay A4
23E 2€ T ASE ¢ S Ak

64. Tge &7
g B7) #AE 28 79 2L 4] 0lm, F 00dmd] A7t e A4E HHE et 3R
4% F4d FYoz Fdo] AANHNRLH, FAHFLE 42 IMPad] ALY E FUC

0.04 m

a8 7 nEol Ye HWE

Lemaitre (1971)9] &4 FAR #J44 &420¢ A43m, 43 3P HAES 448 A A+ 7
4 ¥3¢ =&3ud

% 16000708} oz ¥¥E 33, 3FL 0001mst}]°ﬂ/‘1 Y 1M Pad] BA0e EEHES 34
93, 79 3L 29 119 Jehidch

I

a8 1 =Ab UE AlBe BY Bl %4

7.9 8

£ d7dME 29 JA A9 A3 Faa9E L340 FRAYE AR7E R4S ol Hy
Fol B4 S Yehdde g4 2A8T FaaydAM §4 499 e /1A 57t 48307,
AR EAS FRow 9L B B 2do] AHEHI

AR £x $AH HolHE o848 & JE H /19 4H L F3 £A0 ¥ SHEY 4] 72
Fasded F4391, 43 88 o8 & e B2 [ 49894 TIEAS S¥RE 499y 7¥

10. Advanced Computational Mechanics_ 363



A Hgaen, 2 ¢ AP B, AL 59 dPRoz: YUY 7Y A28 Y5¥ &
AN '

ME Qg JHARSES ¢ 49 FEAHoH 2F A T8 ARE vl a8y 339 7t
Agre LY de 98 A o dne $HEXE dE 5 YU

A3 #E 330 F4Y W 79 FHAE FE A 7Y #7] 4R & ZHsE AL 44 @4 BA
ojm, o2 o] RRE i A77t o &L o]FoAer ¥ Ao AR

Zale 2
€ =82 d4ugR7t 29da AU LRI)eH LA A7 A8 20068 E 349471 dTA
YA 05 7)dHrE D04-03 R 06 4 M DIl 4o ofFoihFurh

HIAEs

T. Belytschko, H. Chen, J. Xu, and G. Zi(2(X)3)Dynarmcmckpropagannbasedonlossof
hyperbolicity and a new discontinuous enrichment. International Journal for Numerical Methods in
Engineering, 58(12), pp.1873 - 1905

T. Belytschko, Y. Krongauz, D. Organ, M. Fleming, and P. Krysl (1996) Meshless methods: An
overview and recent developments. Computer Methods in Applied Mechanics and Engineering, 139,
3-7. A

T. Belytschko and Y.Y. Lu (1995) Element-free galerkin methods for static and dynamic fracture,
International Journal of Solids and Structures, 32, pp.2547 - 2570.

T. Belytschko, Y.Y. Lu, and L. Gu (1994) Element-free galerkin methods, Intermational Journal for
Numerical Methods in Engineering, 37, pp.229 - 256.

A. Gravouil, N. Moes, and T. Belytschko (2002) Non-planar 3D crack growth by the extended finite
element and level sets - part ii: Level set update, International Journal for Numerical Methods in
Engineering, 53, pp.2569 - 2586.

GR. Johnson and WH. Cook (1983) A constitutive model and data for metals subjected to large
strains, high strain rates, and high temperatures, In Proc 7th International Symp. on Ballistics.

J. Lemaitre (1971) Evaluation of dlssmanon and damage in metal submitted to dynamic loading,
Proceedings ICM 1.

N. Moes, A. Gravouil, and T. Belytschko, (2002) Non-planar 3-D crack growth by the extended finite
element method and level sets, parti Mechanical ‘model, International Journal for Numerical
Methods in Engineering, 53(11), pp.2549 - 2568.

G. Zi and T. Belytschko (2003) New crack-tip elements for xfem and applications to cohesive cracks,
International Journal for Numerical Methods in Engineering, 57(15)2221 - 2240.

G. Zi, H. Chen, J. Xu, and T. Belytschko (2005) The extended finite element method for dynamic
fractures, Shock and Vibration, 12(1), pp9 - 3.

G. 7i, ]J.-H. Song, E. Budyn, S.-H. Lee, and T. Belytschko (2004) A method for grawing multiple
cracks without remeshing and its application to fatigue crack growth, Modelling and Sirudation in
Materials Science and Engineering, 12(1), pp.901 - 915.

364._10. Advanced Computational Mechanics



