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A Consideration on the Finite Element Method for Calculating
Stress Intensity Factor K; using the J-Integral Method

Shigetoshi SHimIzu, Shunichi KAWANO,
and Toshiaki NAKASIMA

Abstract

In determining the stress intensity factor Ki, the direct application of the finite element method
gives poor results in the accuracy, but the J-Integral method developed by Rice can be expected

somewhat good accuracy for relatively coarse meshes.
Recently Yamamoto et al. have proposed a calculation method based on superposition of analytical

and finite element solution. They obtained fairly good results.
The purpose of this paper is to get good accuracy for extremely coarse meshes by the application

of J-Integral method to the superposition method.

The numerical calculations were performed for such three cases as center cracked, symmetrical
edge cracked and single edge cracked rectangular plates (aspect ratio, L/W=1.4) using 215, 110

and 35 meshes.

The calculated values for the correction factor, F(a/W) were obtained within 1~ 3 % against

the exact solution for every cases.
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Fig. 1 The superposition method based on analytical and finite element solution
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Fig. 4 Geometry and loading condition of calculated models
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Fig. 7 Relation between error and a. « is the ratio of the length of
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Fig. 8 Correction factor F(a/W)for a central crack

Table 1 Values of F(a/W) for the central crack

Finite element method Anal‘);tic
alue
a/W ,
, Stress Displacement Energy Present Isida
method method method method

0.1 1.206 | 0.907 0.954 1.000 1.008
0.2 1.252 0.923 0.996 1.033 1.032
0.3 1.293 0.987 1.048 1.071 1.072
0.4 1.367 1.018 1.108 |  1.133 1.131
0.5 1.474 1.120 1.196 1.211 1.215
0.6 1.618 | 1.188 1.315 1.332 1.334
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Fig, 9 Correction factor F(a/W) for a single edge crack
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Table 2 Values of F(a/W) for the symmetrical edge cracks

Finite element method Analy ti]c
o/ W » i B value
Stress | Displacement Energy Present Irwin*
method ) method method method wi
i
0.1 1.286 0.962 1.057 1.086 1.098
0.2 1.309 0.987 1.085 1.115 1.105
0.3 1.357 1.032 1.111 1.136 1.119
0.4 1.391 1.033 1.136 1.166 1.144
0.5 1.447 1.086 1.180 1.198 1.183
0.6 1.511 1.126 1.243 1.254 1.250

¥ HREMEERE OB & ORENTE

WA AFTEBHA B



18 (202)

Wk HERew E 25 EE

a/W

e NO. OF MESH
IR S - ® 215
T | A 110
i oy FRR oy o ®
o
l W] 215 8 110 (GQRRCTED
L5k —— X 35 C 7
oo ——  lrwin
L/W=1.4
2
0}
®
Lot
a
00 0.2 04 06

Fig. 10 Correction factor F(a/W) for symmetrical‘edge cracks

Table 3 Values of F(a/W) for the single side crack

Finite element method Analz;llilce

a/Ww Stress Displacement Energy Present Gross
method method method method | .

0.1 1.364 0.967 1.162 1.204 1.186
0.2 1.609 1.177 1.351 1.320 1.373
0.3 1.986 1.486 1.652 1.623 1.663
0.4 2.518 1.838 2.098 2.036 2.107
0.5 3.490 2.551 2.772 2.709 2.830
0.6 4.900 3.461 4.101 3.750 4.030
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