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Nonlinear fracture mechanics analyses considering the material nonuniformities
in and the vicinities of welded joints
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The failures of welded structures, in many cases, initiate from their welded
joints and their vicinities. The weld processes generate the weld residual stresses. The material
properties may vary in the joints and their vicinities due to the complex temperature and
deformation histories. In the past, many fracture mechanics methodologies have been developed for
homogeneous materials. In order for us to apply them to the fracture evaluations of cracks in and in
the vicinity of welded joints, the fracture mechanics methodologies need certain extensions. In the
present investigation, we successfully developed new J-integral formulations for infinitesimally
small deformation and for finite deformation problems with spatially varying mechanical properties.
Furthermore, an iterative s-Version Finite Element Method for material and geometrical nonlinear
problems was proposed in the investigation.
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