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Abstract: Welding is a well-developed, widely used process for permanently joining metal components. However, the
mechanical reliability of welded parts still offers room for improvement. A weld region consists of a fusion zone, a
partially melted zone, and a heat-affected zone, and each zone has different material properties. In addition, the
geometrical shape of a weld bead or fillet influences the mechanical reliability. A precise structural analysis must
consider how a local welded region influences the mechanical behavior of the entire structure. This study focuses on an
effective modeling scheme for the weld region. It relies on experimental and numerical methods to determine the proper
correlation based on experimental results and to propose a modeling scheme for welded parts.
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Fig. 1 (a) Four types of butt shapes; (b) hardness
distribution of the weld part (the base metal:
BM, the heat-affected zone: HAZ, and the
fusion zone: FZ)
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Table 1 Summary of the hardness variation of various
types of welding butt
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I-type Single-V Single-bevel Double-V
Y —— Yield Elastic
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(MPa) _ (GPa)
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HAZ2 83 159 159 366.58  143.75
- HAZ1 S0 150 150 3407 143.75
S““ﬁle' FZ 91 190 190 45574 31829
HAZ?2 83 159 159 366.58  143.75
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2 FZ 93 200 200 4845 318.29
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bevel, and double V)
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Fig. 3 Photographs on the U-bending tests: the test rig
(upper-left) and the test results come from two
types of specimens having weld bead and no bead
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Fig. 4 (a) Schematic diagram of the load wvs.
displacement relation obtained from the
nanoindentation test; (b) real data from a total
of 11 nanoindentation tests
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Fig. 5 Simulation results of the tensile test: (a) solid
element with unbalanced real material properties
of the weld part (HAZ1#HAZ2); (b) shell
element with symmetrical material properties of
the weld part (HAZ1=HAZ2). HAZI1 refers to
the left side of the welded FZ; HAZ2 refers to
right side of the welded FZ
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