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3D Semi-elliptical Interfacial Crack Front Stress Fields
in Welded Joints
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Abstract

For a variety of elastic-plastic stress fields of plane strain specimens, many research works verified the validity
of J-T approach. To generalize the validity of /-7 method, however, further investigations are needed for more
practical 3D structures than the idealized geometries as plane strain specimens. In this work, selecting two main
types of structures such as plate and straight pipe, we perform 3D finite element(FE) modeling, and accompanying
elastic, elastic-plastic FE analyses. We then study the validity of J-T application to 3D structures, and present
some useful informations for the design or assessment of pipe welds by comparing the stress fields from the
detailed 3D FE analyses to those predicted with J-T two parameters.

Keywords @ semi-elliptical interfacial crack, finite element analysis, J-integral, T-stress, plate, straight pipe
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facial cracked bimaterial (a) plate and (b) pipe

Fig. 1 Schematic diagram of half of elliptical inter-
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Fig. 2 The 3D mesh near the crack front of (a) plate
(a/t=0.6, a/c=0.24), (b) pipela/t=0.5, a/c
=0.3) and entire 3D mesh of elliptical surface-
cracked (c) plate (d) pipe
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Fig. 3 3D finite element model of the homo-geneous
surface cracked plate : (a) the entire 3D mesh
and the global coordinate system (X—Y—2)
and (b) zoomed 3D mesh for surface crack-
front field, and the local coordinate system
(x—y—2z)
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Fig. 4 Normalized T-stress along the crack front
of interface-cracked plate and pipe under
remote tension and bending
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Fig. b Material properties of constituents in plastic
strength mismatch bimaterials
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Fig. 6 Normalized (a) crack-tip opening stress and
(b) hydrostatic stress along the crack front
of plate under remote tension for various
load levels
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