Yield load solution for the SE(B) fracture toughness specimen with heterogeneous welded joint
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Inhomogeneous multipass welded joints with half overmatched (OM) and half undermatched (UM) welding metal are common in repair welding applications [1] especially where cracks induced by cold hydrogen may appear [2]. If the metals being welded can exhibit large plasticity deformations, the plastic limit load, defined as the load level at which the yielding of the material continuously spreads through the entire net section, needs to be determined. For the SE(B) fracture toughness specimens, traditionally used in laboratory experiments, the yielding loads can be found using the EFAM ETM-MM 96 method [3] but this solution is given only for homogenous welded joints. Therefore, this work deals with the estimation of the fracture behaviour of the SE(B) specimen with heterogeneity in the welding zone.

Relative to the base material of the SE(B) specimen used in this investigation, the yielding strengths of the OM and UM part of the welded joint are 19% higher and 14% lower, respectively. The parametric study was conducted for two cases when the crack tip location is in the OM and also in the UM part of the welded joint. The crack length and the width of the welded joint were taken as variables given that these are geometric parameters with predominant influence on the mismatch yield load value FYM. The load that induces continuous yielding through the ligament is determined directly from the plane strain finite element analysis. All materials in the joint were considered as bilinear elastic-plastic with the same post-yielding strain hardening rate. The standard 8-node isoparametric plane strain elements were used and the total load was applied incrementally in small steps in order to have the yielding point within the welded joint accurately determined.
In the most extreme analysed situations, the FE model comprised crack tips that propagated to the half of the specimen width. For the two possible configurations of the cracks forming in the OM and the UM part of the joint, the results reveal differences larger than 30% in calculation of the yielding loads. It is concluded from the presented analysis that the material surrounding the crack tip does not affect the yielding load value as much as the material in front of the crack tip does. This is worthy to note from the practical point of view as, according to the present welding codex procedures, the filler material is required to have better mechanical properties than the base material and this may not be suitable in repair welding applications.  In view of the unexpectedly high values of yield loads obtained for specimens with the crack lying in the UM region, such configurations should be considered as an alternative in reparation of welded components. 
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