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The Welding Residual Stress and Fracture Toughness Characteristics of
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ABSTRACT: Recently, many industries have been employing the application of laser beam welding, due to the resulting high welding quality,
such as smaller width of melting and heat affective zone, smaller welding deformation, and fine grains of weldment, compared to arc welding.
However, in order to appropriately utilize this welding process with steel structure, the characteristics of welding residual stresses and fracture
toughness in welded joints are to be investigated for reliability. Therefore, in this study, the mechanical properties of weldments by arc and
laser welding are investigated using FEM to confirm the weldability of laser welding to the general structural steel (HI50). The Charpy impact
test and 3-points bending CTOD test are carried out in the range of temperatures between -60 Cand 20T, in order to understand the effect on
the fracture toughness of weldments. From the research resulls, it has been found that the maximum residual stress appears at the center of

plate thickness, and that the fracture toughness is influenced by strength mis-match.
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Fig. 1 Configuration of welding specimen
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Table 1 Chemical composition (wt%)

C Si Mn P S Cu Ni Cr

015 026 114 0011 0002 001 001 0034

Table 2 Mechanical properties

Tensile test CVN

0 p(Kgf/mm?) 0 (Kgt/mm?) EL(%) YR(%) Temp(T) ave.)

40 54 28 736 0 340

0y Yield stress, © r Tensile strength,
El: Elongation(G.L.=32mm), Y.R: Yield to tensile ratio

Table 3 Welding condition of 12kw CO; laser beam welding

Gas
capacity

Welding
speed

Average
output

Working
gas

Focus

10 kKW He 40 L/min 1.2 m/min 189 mm

CO; #lolA &34 93 A APHA st viA2 7
%, #3324 2 33 FE CTOD 438e #3319k
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(b) 3-point bend test specimen
Fig. 2 Charpy impact and 3-point bend test specimens
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Fig. 3 Mesh division for numerical analysis
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Table 4 Vickers hardness & width of weldment

Width of Hardn Stren i
Bead shape Position idth o ____es_s_ g%Mra OBM
weldment " gy wM (Sr=Hv /Hv )
1/4 35 mm 158 330 222
2/4 32mm 160 324 203
3/4t 29 mm 161 318 1.98
Average 32 mm 160 330 2.06
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Fig. 5 Thermal history comparison of SAW & LBW
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Fig. 6 Residual stress patterns transverse to the weld line
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Fig. 11 Fracture path of 3-point CTOD bend test (6~0.719mm)
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