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Stress intensity factor is a fracture mechanics parameter which represents the stress state in the vicinity
of a crack tip for linear elasticity materials. Generally, stress distribution and yield strength
distribution are present around the welding region. The gradient of those distributions in front of the
crack tip may affect the stress state in the vicinity of the crack tip. Therefore, the stress intensity
factor as the elasticity solution has the potential of deviation from actual stress state and it may not
be applicable under such conditions. In this study, when the stress distribution or yield strength
distribution is present along the crack propagation path, the influence of those distributions on the
applicability of the stress intensity factor was investigated analytically. The Dugdale model was adopted
as an analytical model. The applicability of the stress intensity factor as the elasticity solution was
evaluated by comparing with the elastoplastic solution based on the crack tip opening displacement. As
a result, when steep stress distribution or steep yield strength distribution is present, the stress
intensity factor tended to be inapplicable as the parameter of stress state in the vicinity of the crack
tip. In addition, new parameters for judging the applicability were proposed instead of traditional
small-scale yielding criterion and the applicable range was clarified. The gradient term of the stress
intensity factor and the gradient term of the yield strength at the crack tip were incorporated into the
new parameters in order to evaluate the applicability of the stress intensity factor under the
distributions. The applicable range of the stress intensity factor under the distributions was clarified
using the new parameters. The applicable range of new parameter — modified stress intensity factor — as
the stress state in the vicinity of the crack was also investigated. As a result, the stress intensity
factor and the modified stress intensity factor may not be applicable when stress intensity factor gradient
and yield strength gradient was opposite of the positive/negative sign.
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