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Effect of Pre-Fatigue on Impact Tensile Properties of Laser Welded 

Butt Joint of High Strength Steel Plates

by

Hiroshi TSUDA*,  Masashi DAIMARUYA* * 

Hidetoshi KOBAYASHI*** and,  Yoshihiko SUNAYAMA****

           In this research, the effect of pre-fatigue on the impact tensile properties of the laser welded butt joint of high 
strength steel plates of HR590 and HR780 were investigated by split Hopkinson bar apparatus. Quasi-static tensile tests 
were also performed to examine the effect of strain rate on the strength and the elongation. It was found that the effect of 
pre-fatigue on the tensile strength of welded butt joints is quite small if the applied stress in the pre-fatigue is less than 
the apparent yield stress of the welded butt joints. In the results of impact tensile tests for the welded butt joint of 
HR780 steel, however, the fracture strain of the specimens subjected to high cycle pre-fatigue was smaller than that of 
the virgin specimens. This may be caused by interaction of a number of cracks introduced by pre-fatigue with high strain 
rate.
     Key Words: Impact tension, Pre-fatigue, Hopkinson bar, Laser welded butt joint, High strength steel.
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Table 1  Chemical composition of specimen materials.

Table 2  Welding conditions of laser welding.

Fig.1  Laser welded butt joint specimen.
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Fig.2 Micrographs of welding part and metallographic 
� structures of base metal and weld metal.



Fig.3  Distribution of Vicker's hardness measured on side of
 � welded joint specimens. 

Table 3  Tensile properties and fatigue limit.
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Fig.4   Results of fatigue tests for two base metals and 
    �  welded butt joints.

Table 4  Pre-fatigue conditions.
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Fig.5   Sprit Hopkinson bar setup for impact tensile test.
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Fig.6   Stress-strain curves of base metal and welded butt 
� joints from static tension tests for HR590 and HR780.
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Fig.7   Dynamic stress-strain curves of base metal and 
� welded butt joint of HR590  and HR780.



Fig.8  Effects of strain-rate and pre-fatigue on tensile
� strength and fracture strain observed in static and
 � impact tensile tests.
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Fig.9  Micrographs of fracture surface of HR780 welded 
� joint specimens subjected to high-cycle pre-fatigue; 
� (a) tested at dynamic rate and (b) tested at static rate.
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