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Effect of Welding Residual Stress and Plastic Constraint on Brittle Fracture of 780 N/mm? Class Steel
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Effects of welding residual stress and plastic constraint on brittle fracture strength of 780 N/mm? class steel were investigated.
Influence of plastic constraint level on fracture strength under the same residual stress distribution was verified by conducting
fracture tests under three point bend ( 3PB ) and tensile loading using the same groove-welded specimens. Further investigation
for the effect of welding residual stress was conducted based on 3PB tests using the parent-material specimens. Finite element
( FE ) analyses were performed to evaluate J integral as a crack driving force and Q parameter as a constraint parameter. From
the results of experiments and FE analyses, it was confirmed that the fracture test results could be evaluated using J-Q theory.
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Table 1 Chemical compositions of 780 N/mm? class steel ( wt% )

b % B 5 (wt%)
C Si Mn P S Mo Ni Cr Ti B
0.20 0.30 1.50 0.015 0.005 0.01 0.02 0.17 0.014 0.001

8523 780 N/mm? #fHl o B
Table 2 Mechanical properties of 780 N/mm? class steel
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(T) (N/mm?) (N/mm?) (%)
RT "2 637.1 754.8 25.7
-30 664.4 792.4 18.9
-75 737.0 865.0 19.1
-100 755.7 869.5 222
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Table 3 Welding conditions

H o H Hofr | 15AH | 2/52H | 37920
VAR - Ar80% + CO,20%
JAVSCibiTAES ¢ 115
w O A 260 ~ 280
&\ T \% 30
TR mm/min 372.6 301.7 267.4
NI kJ/mm 1.30 1.61 1.82
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Fig. 1 Configuration and dimension of specimens ( unit : mm )
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Fig. 4 Comparison of fracture toughness values
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Fig. 5 Mesh division of FE model of specimen ( unit : mm )
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Fig. 7 Residual stress distribution predicted by FE analysis
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Table 5 Jand K values by welding residual stress

o JS K"
(C) (kJ/m?) ( MPa~/m )
-30 7.531 41.29
-50 7.645 41.60
-75 7.775 41.95
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Fig. 8 K, or K,/ versus Q curves and fracture points computed by FE analyses for each test temperature
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