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Element-free Galerkin analysis of stable crack growth
based on experimental results
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The element-free Galerkin method (EFGM) is one of the meshless method without node-element
connectivity information. It is expected to reduce the work for creating the mesh. It has been tried to be applied to
various problems. Another notable feature of the EFGM is that it has the continuity of the first derivative i.e. strain
and stress for a structural analysis by selecting the weight function. Since the displacement, strain and stress can be
obtained anywhere, it is more advantageous to calculate the fracture mechanics parameters for nonlinear fracture
mechanics problems than the finite element method (FEM). We can set the arbitrary integral contour or the moving
integral contour along the crack propagation when we calculate them.

In the present paper, the EFGM is applied to two-dimensional stable crack growth analysis which is required

to estimate J-integral and T*-integral, and we confirm that the EFGM is effective for stable crack growth analysis.
Key Words: Computational Mechanics, Numerical Analysis, Element-Free Galerkin Method, Meshless Method,
Finite Element Method, Fracture Mechanics, Crack Growth
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Fig. 1 Contour path for evaluation of J integral.
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Fig. 2 Contour path for evaluation of T* integral.

START

1
ooooooo
| | |
ooooooooo
| | |
oooo0oooogoooo
| |
| |
| |

1
ooooooofboooooon
1
ooooooooo
1

gooooooooooobooon
gooooobooo

1
| coooooooooooooo |
1

oooooooooooooooog
goooooooooobooooo

|
00000000 |
1

gboooooooobo
oooobooooDo

1
IEEEEEGEEGEES |
1
IEGEEGEEGE]E |
1

gboobooogobooboonog

000000 kj

| Dooooooo)

Jjooo

1
0000000000000
070000

T™OOO
]

oooooooooooooop
0@oooo

| booooooooooooooo)
| |

END

Fig. 3 Flow chart of analysis using a stably growing crack
with elastio-plastic plobelm.
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Fig. 4 Dimensions and boundary conditions of
the analyzed CT specimen (half model).

Fig. 5 Node allocation of CT specimen (half model).

Fig. 6 Background cells of CT specimen (half model).
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Fig. 7 Stress - strain relation used in the present analysis.
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Fig. 8 Relationship between half of displacement at the load
point and crack growth obtained by experiment.
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Fig. 9 Conour paths for J-integral.
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Fig. 10 Contour path and mesh for domain integral used for
T*-integral.
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Fig. 11 Path dependence of J-integral
for stable crack growth.
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Fig. 12 Relationship between J-integral
and crack propagation.
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Fig. 13 Path independence of T*-integral
for stable crack growth.
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Fig. 14 Relationship between T*-integral
and crack propagation.

gboboboobooobooboobobiob0obOobo
gbobobooobooobouobuobobobooooog
gboboboooboooboobobobobi1ob0obo
gbobobooobooboobobobOobOobOoEerGM
gbobobooobooobouobuobobobooooog
gbobooboooobooboobobobobooooog
gbobooboooobooboobobobobooooog
oo®OOoO0 T™oooooooooooooooon
gbobobooobooboobobobobooobooog
gbobobooobooboobobobobooobooog
gboboooobooobouobuobobobooooog
00000 O PathlO r=0.001md Path20 r=0.003m]
Path3[ r=0.005m[] Path40 r=0.009mO 0 400000 0O
gboboobooooobouobobobobobooogoo
gbobobooobooboobobobobooobooog
gooo
420J000000b00b0obobooooJobooo
gboboboonoooboJooooooooobogobo
gbobobooobooboobobobobooobooog
gboboooobooobouobuobobobooooog



gobodbogJdooboooobooboobboo
gboboobooobooboobobobobooooog

gboboobooooobobobobooobooon
EFGMO0O00O0O0O0O0O0ODOO

ogbobo1rzogJooboboooooooboooboon -
ROODODOODOODOODOODOOOODOODOODOODOO

000p DJMcD[ID[ID[ID[IDJD(EXP) O
JMC(EXP) 000000000 OJEmst®™0 0 Merkle O
Corten®I 000000 DDOO0ODOOOOMOODDOOO

0000000000000000000000000
O00000O0O0C0OO0OOEFGMOJOO0O0O0O0O0O0OO
0000000000 Pathd000000EFGMOODO
000J000000000J00000000000
000000000000D00000000000 12
000000000000 @)IOOOOOoOOoOO
D000000000000000000Jp(Exp) O
IMc(ExP) 00 00000000000000 EFGMO
00000J0000000000000000000
0000000000000 00EFGMOO0O00000
0000000000000000000000000
0000000000000000000000000
430T*0000420000000000000000
0000 T™OOOOODOOO0O0001300000 11
000000000000D00000000 T 000

gobodbbooboobboobo™oooyg

gbobooooooobobOobeErcMObDODOOnO
gboboobooobooboobobobobooooog

goJooboobooobobooboboo

00000 10Path30 000 T™TODOOOODOOOO
oooooT™OooOoOoobDoooooooooo@oo
gboboboooooboobob ™oooooboobo
ooooooooooOoob@ooooooooooDo
gbobooboooooboboboboboobooog 12
ogbob™oOooobobobooboboooobooobo
gboboobooobooboobobobobooooog
gboboobooobooboobobobobooooog

T™TOOoOOoooooooooDoboeErcMOOOOODO

gboboobooobooboobobobobooooog
gboboobooobooboobobobobooooog

gobooobod

SHERERN

gboboobooobooboobobobobooooog
gboboobooobooboobobobobooooog
gboboooobooobouobuobobobooooog
gboboobooobooboobobobobooooog

gbobooooooobobobooooooon

dbobobooErGMOOOO0OOOODODODODO

gboboobooooobobobobooobooon

gboboobooobooboobobobobooooog

gobodobboooboobooooboo

gboboobooobooboobobobobooooog

gbobobooobooobouobuobobobooooog
ogbobooT™oooooboboboboooboooo
EFGMO 0000000000000 0O00bO00O00
oboobobooobooouobooobo

)

@

©)

4)

godd

Belytschko, T., Lu, Y. Y. and Gu, L., Element-free
Galerkin method, Int. J. Num.Methods Eng., 37 (1994),
229-256.

Liu, W. K., Jun, S., Li, S., Adee, J. and Belytschko, T.,
Reproducing Kernel Particle Methods for Structural
Dynamics, Int. J. Numer. Methods Eng. , 38(1995),
1655-1679.

Yagawa, G. and Yamada T., Free Mesh Method: A New
Meshless Finite Element Method, Comput. Mech., 18
(1996) , pp.383-386.

0000000000 D00ooDoDoooooo
gooooooobooooboooobouooobooa
000oooooooooooooooooood
0000 0000000000 64-6240 A(1998)0
2073-2079.

G)ooooOoooboOobooOobobObooOoOoooooon

(6)

U]

®)

©)

(10)

(1)

(12)

(13)

0o000oooDooooooooooooooog
0000000000000 4-2(1999) 61-64.
Rice, J. R., A Path Independent Integral and the
Approximate Analysis of Strain Concentration by
Notches and Cracks , J. Appl. Mech. , 35 (1968), 379-
386.

Atluri, S.N., Nishioka, T. and Nakagaki, M., Engineering
Fracture Mechanics, Incremental Path-Independent
Integrals in Inelastic and Dynamic Fracture Mechanics,
Eng. Frac. Mech., 20- 2, (1984), 209-244.

Lu, Y. Y., Belytschko,T. and Gu,L., A new
inplementation of element-free Galerkin method,
Comput. Methods Appl. Mech. Engrg. , 113 (1994), 397-
414,
OO00D0O0OFEMOOODDOOOODOOOOOODO
0000o0ooooo@een oooo.
goobbboooooubbbooooobobo
00oooooooooooooooooooogd
0000 0000000000 61-5820 A(1995)0
289-296.

0 0O 00O d Brust, F. W., Nakagaki, M. and Springfield,
S., Integral Parameters for Thermal Fracture, Eng. Frac.
Mech., 33- 4, (1989), 561-579.0 O .

Ernst, H. A., Estimation on J-integral and tearing
modulus from a single specimen test record, ASTM STP
743,(1981), 476

Merkle, J.G.and Corten, H.T, A J Integral Analysis for
the Compact Specimen, Considering Axial Force as Well
as Bending Effects, Trans. ASME, J. Press. Vessel Tech.,
96-4, (1974), 286-292.



