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J-T Characterization of Stress Fields Along 3D Semi-Elliptical
Interfacial Crack Front
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Abstract

Many research works have validated the J-7 approach to elastic-plastic crack-tip stress fields in a
variety of plane srain specimens. To generalize the validity of J-T method, further investigations are
however needed for more practical 3D structures than the idealized plane strain specimens. In this
work, we perform 3D finite element (FF) modeling of welded plate and straight pipe, and accompanying
elastic, elastic-plastic FE analyses. Manual 3D modeling is almost prohibitive, since the models contain
semi-cHiptical interfacial cracks which require singular eJements. To overcome this kind of barrier, we
develop a program generating the meshes for semi-elliptival imerfucial cracks. We then compare the
detailed 3D FE stress fields o those predicted with /7 two parameters, Thereby we exiend the
validity of J-T application to 3D struciures and infer some useful informations for the design or
assessment of pipe welds.
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tension *bending

ension g

(a) (b}

Fig. 1 Schematic diagram of half of clliptical inter-
facial-cracked bimaterial (a) plate and (b) pipe

{a) (b}

Fig. 2 The 3D mesh near the crack front of (a) plme
{a/t = 0.6, gic = (.24), (b) pipe (afr = 0.5,
@fe = 0.3) and entire 3D mesh of cli!puml
surface-cracked (¢) plate (d) pipe

{a} {h

Fig. 3 3-D finite element model of the homogencous
surtace cracked plate @ {a) the entire 31 mesh
and the global coordinate system (N-Y-2) and
(b) zoomed 3D mesh for surface crack-front

field, und the local coordinate system (x-v-2)
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Fig. 4 Nommalized T-stress along the crack front of Fig. 5 Rice and Rosengren piecewise power law
interface-cracked plate and pipe under remote type hardening materials for various values
tension and bending of hardening exponents n
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Fig. 6 Normalized crack-tip opening stress along the Fig. 7 Normalized hydrostatic stress along the crack
crack front of plate under remote tension for front of plate under remote tension  for
various load levels [(2) n =1, (b) n = o] various load levels [(a) » =1, (b) 5 = oo}
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Fig. 8 Normalized stress along the crack front of plae
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Fig. 9 Normalized crack-tip opening stress along the Fig. 10 Nomnalized stress along the crack fromt of plate
crack fromt of plate under remote bending for under remote bending for various hardening
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Fig. 11 Normalized crack-tip opening stress along the
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Fig. 13 Normalized interfacial hydrostatic stresses
obtained from Eqoation (3) and FEM for
vartous values of normalized 7-stress and
plastic hardening mismatch
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