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Determination of Stress Intensity Factor for a Crack Perpendicular to Bimaterial
Interface by Finite Element Method

Won-Kyun Lim, Sang-Chul Kim and Chang-Soo Lee
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Abstract

Abdi’s numerical method(ref. 13) for representing a stress singularity by shifting the mid-side
nodes of isoparametric elements is reviewed. A simple technique to obtain the optimal position of
the mid-side nodes in quadratic isoparametric finite element is presented. From this technique we
can directly obtain the position of the side-nodes adjacent to the crack tip. It is also observed that
the present technique provides good accuracy for the expression of the opening displacement and
the determination of the mid-side nodes for more wide range of material properties than that
obtained by Abdi. And the finite element method is applied to determine stress intensity factors
for pressurized crack perpendicular to and terminating at the interface of two bonded dissimilar
materials. A proper definition for stress intensity factors of a crack perpendicular to bimaterial
interface is provided. It is based upon a near-tip displacement solutions on the crack surface for
interface crack between two dissimilar materials. Numerical testing is carried out with the
eight-node and six-node elements. The results obtained are compared with the previous solutions.
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Table 1 A, values computed by modified least
spuare method for various A values

QUF - A -

A A, A A,
0.3 0.0970 0.5 0.4030
0.4 0.1780 0.5 0.322
0.5 0.25 0.5 0.25
0.6 0.3133 0.5 0.1867
0.7 0.3690 0.5 0.131
0.8 0.4180 0.5 0.082
0.9 0.4614 0.5 0.0386
1.0 0.5 0.5 0.0
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Fig. 5 Approximate values of a theoretical opening
displacement (1=0.3)
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Table 2 ¢ values for various A values

A a a
(Abdi’s results) (Present results)

0.3 0.0984 0.0970

0.4 0.1772 0.1780

0.5 0.25 0.025
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Fig. 12 Finite element discretization
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Table 3 Stress intensity factor of a crack perpendicular at the bondline of two dissimilar materials

K,/K,
L/a Q8 Element Té6 Element
Value(Eq. 19) | %diff. | Value(Eq. 21) | %diff. | Value(Eq. 19) | %diff. | Value(Eq. 21) | %diff.
0.05 1.0253 2.53 1.2086 20.9 0.9838 —1.62 0.0945 9.4
0.08 1.0144 1.44 1.0994 9.9 0.9947 —0.5 0.0376 3.8
0.10 1.0116 1.16 1,0688 6.9 0.9986 —-0.1 0.0235 2.4
0.133 1.0091 0.91 1.0446 4.5 1.0025 0.2 1.0155 15
0.16 1.0081 0.81 1.0369 3.7 1.0042 0.4 1.0151 15
0.20 1.0074 0.74 1.0334 3.3 1.0063 0.6 1.0197 2.0
0.266 1.0063 0.63 1.0369 3.7 1.0084 038 1.0327 3.3
0.40 1.0025 0.25 1.0558 5.6 1.0105 1.1 1.0671 6.7
Tracey and Cooks® 1.0
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