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Fatigue Crack Propagation of Laser Welded Butt Joints

Ayumi MINAGI and Keiro TOKAIJI

Synopsis : Fatigue crack propagation (FCP) has been studied using CT specimens cut from laser welded butt joints of the coupling of two different
steels, cold rolled low carbon steel (SP) and high tensile strength steel (HT). When the FCP direction was parallel to the weld, the FCP rates
of the welded specimens characterized in terms of the effective stress intensity factor range were nearly the same as that of the base steel (SP)

and thus the weld bead had the same intrinsic FCP resistance as the base steel. When the FCP direction was normal to the weld, FCP rates de-

creased temporarily within the weld zone. This decrease of FCP rate still existed after allowing for crack closure and was also seen in FCP

behaviour of the specimens subjected to stress-relief annealing and in crack closure-free FCP behaviour at a high stress ratio. Fractographic

examination revealed that typical fracture mechanism was the mixed mode of intergranular and transgranular fracture in SP plate, while

transgranular fracture mode in the weld zone and HT plate.
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Fig. 1. Specimen configurations: (a) parallel type, (b) nor-
mal type.

Table 1. Combinations of steel and FCP direction.

Specimen code  Steel  FCP direction

SP-P SP+SP Parallel
HT-P SP+HT Parallel
SP-N SP+SP Normal
HT-N SP+HT Normal
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Fig. 2. Residual stress distributions: (a) parallel type, (b) normal type.
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Fig. 3. Relationships between crack propagation rate and stress intensity factor range at R=0.05: (a) parallel type, (b) normal type.
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Fig. 4. Crack closure behaviour.
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Fig. 5. Relationships between crack propagation rate and effective stress intensity factor range at R=0.05: (a) parallel type,

(b) normal type.
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Fig. 6. Relationships between crack propagation rate and stress intensity factor range at R=0.7: (a) parallel type, (b) normal type.
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