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Study of Application of Element-Free Galerkin Method
to Dynamic Crack Problem
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* Department of Mechanical Engineering, Saga University, 1 Honjocho, Saga-shi, Saga, 840-8502 Japan

The objective of this study is to apply the element-free Galerkin method (EFGM) to the dynamic
crack problem for evaluating dynamic fracture mechanics parameters. The EFGM is first applied to
a stationary crack problem under dynamic loading. Then we apply the EFGM to a generation phase
problem of dynamic crack growth. Both results obtained from the EFGM analysis are compared with
those of the FEM analysis using a very fine finite element mesh or the moving singular element
technique. It is found that the EFGM analysis has enough accuracy both for a stationary crack
problem under dynamic loading and for a dynamic crack problem, compared with the FEM analysis.
Moreover, the EFGM has the advantage of selecting arbitrary integral paths or moving integral
paths for the J-integral without restriction of elements in the EFGM.
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Fig.1 Coordinate systems and contour path of J-integral

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

IVAV 7Y —HT—F VEOEN X FREA~OMC BT 2 HE 379

=72l p WEE, DOIEHIL -0 AT ) v F AT
H0,NIIMLSM2»o B o AHIREH< P v 7 R,
B i3U0FA—EM~ ) v 7 X,AT | T AF F 3%h
Fh, ANEERS, NTE, RENES, BRI b
VTHY,0 XN PV THS.

24 BMEIBHFENSA—45% HEWETOIRR
EETHITT 2 EROBIBHFENT XA — 5 25HET 57
I, BB IS D 5B, RRILIZHBVTEFGM D
BIRORE I SRR~ 8 F M 12 A9 12, Nishioka 5 12
L) EhN S RBIRT IR T SO0 TEHE 24T
3. L=tso TERIEH IOV CRIBLICBIBE 24T .
H10X) REFTICEELTWAEREEZ L. H1
RTSREEREHVEE, BNIBRSIIARTE
Sha,

Jp= Jlim Le [(W + K)nk - tiui‘k]dS

i, { [ (7 K- s

+ f [pﬁiui,k ‘puiﬂi,k]dv} (12)
vr- VE

IXTWRUOTAIREEE KILEHT AV FERE,
u;, BN & RES, pl 3 TIE, n, (3HERE L O BALIERRA
7 M VEERT T AL EBLEBETORE, MNIERESTO
BB TEHAEORETHS. $7-, BRI+, TH
TNERE VLT + T CHINCHEREZV LT 5.
RA)TEENIBIFES L, BT AN FRRE
FEAMTH Yo, EAHRHOIH LRI TaH hay,
BRI AT L CRIRA RS ERICRIL T 592
EENTWE. Ldt> THIERIT T, ROBMITR
BEREAVDLZENTE LD,

J,= f [(W +K)n, - t,.ui,k]ds
r+r,

+ f [piiiui,k —Pﬂif‘i.k]dv 13
Vr

BRI ST A— 7 TLERDDIIH o TiE, &
HEmE LT AEREOMARKR LOBRET LD
HNERDEBRAE S 2 V2. O HFHEIIODWTE, Y R
5% BHvi72. EFGMTit, MLSM 2 W CREDOE T
B, RSO EEBESHIIROLIENTELDT, 7
ARG ETOLELREEZ MLSM £ VTR 7. £
72, BENERT LEHEIE, EFGMOBELZENL,

bbb 4 h ot

Dr = gl

AN AN AYEREA

W=52mm, L=20mm, a=12mm

Fig. 2 Analyzed model for a plate with a center crack
under dynamic loading
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Fig. 3 History of dynamic loading.

Table 1 Number of nodes and nodal configuration of EFGM

model | MUTbCTof baclllclgé?&rdocfeus crack
Modell 297 260 stationary
Model2 831 765 stationary

~ Model3 2449 2340 | stationary
Model4 2820 2340 propagation

Fig. 4 Finite element mesh for stationary crack analysis

FORBEIROERL L O IIBH I L.

B BERBLUER

BABHMER BIHRICT P RIBIRE £ OBAT
EHERRT. BRICHV MR ERIITRENEY
THb.

NI | -El ectronic Library Service



IV A7) =T —F kOB E WREA~OBEH BT 3 %%

Engi neers

The Japan Soci ety of Mechani cal
380

D
v

-
> >
y ==

7

Bwi-
Z

DHAIZ
Vava
BT AE
=72l

f

LTH5.

10.0

i}{.y

7.

I3 FEM & <5 &

N

NI | -El ectronic Library Service

i) =¥]
EFGM f#47 |
£tz

9.0

’

Troohs,

%

-

-

I

{

-

3
BBE

G

EFET S 10x10 DS H 2 HD

8.0
Radius of integral path [mm]
&
DR

AN

f

A

%]
=

B X B AT
wE

R

Z=,

-

Z

FEu%Hwn

E P
iz

7.0

®

v
B H A

RO

FLEIRIOX
%ﬂ

T, K514
79

Fig. 8 Path independence of dynamic J-integral.
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Fig. 9 Normalized stress intensity factor calculated by
dynamic J-integral for the stationary crack.
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Fig. 10 Normalized stress intensity factor calculated by
dynamic J-integral for the crack propagation.
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