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Calculation of 3-D Stress Intensity Factors Using the
Finite Elements and the J-Integral

Chu, Seok Jae
Dept. of Mechanical Engineering

<Abstract>

The J-integral method widely used for 2-D crack problems is extended to cover
3-D crack problems. Selecting a cylindrical surface of sufficiently small radius and
nearly zero length along the crack front as an integration surface, the 3-D j-integral
can be reduced to the 2-D J-integral defined on the plane perpendicular to the crack
front. To make the plane perpendicular to the crack front, two triangular faces of the
15-node degenerate elements around the crack front are set to be perpendicular to the
crack front. The accuracy and stability of the present method are confirmed through
some 3-D example crack problems.
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Table 1 Normalized stress intensity Table 3 Normalized stress intensity
factors for a penny-shaped crack in a factors for a surface-breaking
cylinder penny-shaped crack in an infinite body
‘b/a=1,08 =%
Ki / Ope(na)"® Ki / 20(a/m)"?
deLorenzi” | 0.604 Newman® 1.0407
present 05978 (Model A) Tada® 1.0250
0.6024 (Model B)
0.6025 (Model C) Farris”’ 1.0320
reference’® 0.602 present 1.0326

Table 2 Normalized stress intensity
factors for an embedded penny-shaped
crack in an infinite body

K; / 20(a/m)"?

Farris"” average 1.0025
( min. 0.9972, max. 1.0057 )

present average 0.9994
( min. 0.9989, max. 0.9999 )

theory 1.0000




Fig. 1 3-D integration surface A, A; and A: around a segment of the crack front

Fig. 2 2-D integration contour I around a crack tip
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Fig. 3 15-node degenerate elements around the crack front

Fig. 4 Integration contours along the crack front
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Fig. 5 A penny-shaped crack in a cylinder
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Fig. 6 Finite element model for a penny-shaped crack in a cylinder
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Fig. 7 A penny-shaped crack in a large medium
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Fig. 8 Finite element model for a penny-shaped crack in a large medium
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Fig. 9 A semi-circular or a semi-elliptical surface crack in a large medium

Fig. 10 Finite element model for a semi-elliptical surface crack in a large medium
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Fig. 12 Stress intensitv factors for a semi-circular or a semi-elliptical surface crack
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