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Analysis of Residual Stress Relaxation in Welded Joints
due to External Loads
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ABSTRACT: Thermal elastic-plastic analysis was performed to assess the initial residual stress distribution of welded joints-
considering temperature dependent material properties. The test model was the idealized boxing fillet specimen, frequently
appeared in the joints of longitudinal and transverse members of ship structure. Residual stress relaxations due to external
loads were analyzed by subsequent elastic-plastic analysis considering loading and unloading steps, and the characteristics of
residual stress relaxations were discussed with the levels of external loads. Additionally, to define the fatzgue life of crack
initiation and propagation, the S-N data for each crack length were appraised.
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Table 2 Welding conditions

Current

280 A

Voltage
31V

Type
FCAW

Speed
372.7 mm/min
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Fig. 2 S-N curves for each crack length
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Table 3 Temperature dependent material properties

i E oy v ) a C k h.
0] 206.0 320.0 0.29 7830 1.16 435.83 52.7 0.50
100 201.0 3109 0.31 7780 1.22 463.78 51.9 1.30
200 198.0 300.6 0.33 7740 1.27 491.74 51.1 1.50
300 191.0 281.1 0.35 7720 1.31 518.42 48.6 1.60
400 181.0 260.4 0.37 7710 1.35 557.81 444 1.70
500 175.0 239.7 0.39 7680 1.39 601.02 42.7 .79
600 163.0 187.9 0.41 7650 1.44 667.09 39.4 1.86
700 121.0 113.6 0.43 7640 1.49 749.68 35.6 1.92
800 80.3 57.7 0.44 7620 1.26 1108.0 31.8 1.98
900 39.2 159 0.45 7600 1.24 817.03 26.0 2.04
1000 19.6 5.08 048 7580 1.34 626.43 26.4 2.09
1100 17.0 3.65 0.48 7550 1.42 622.62 272 2.14
1200 15.0 3.23 0.48 7540 1.48 622.62 28.5 2.18
1300 13.7 2.94 0.48 7500 1.54 637.86 29.7 2.22
1400 134 2.88 0.48 7200 1.61 645.49 30.5 2.26
1482 13.2 2.82 0.48 7200 1.66 645.49 105 2.29
2227 11.1 2.38 0.48 7200 2.16 645.49 105 232
where,
T : Temperature [ U] E : Young's modulus [GP4]
0y : Yield stress [MPa] v : Poisson ratio
o : Density [kg/m’] a : Thermal expansion coefficient [ £7'](x10®)
C : Specific heat [J/kg - U]
k : Thermal conductivity coefficient [J/m - sec - T]
h ; Heat convective coefficient [J/m’ - sec - C]
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Fig. 5 Residual stress distribution at inside toe

Fig. 6 Residual stress distribution at outside toe
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Fig. 7 Residual stress comparison at inside toe
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Fig. 8 Residual stress comparison at outside toe
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