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Effect of Transformation Plasticity Behavior on Accuracy of Weld
Residual Stress Analysis in Low Alloy Steel
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—— Synopsis ——

Weld residual stresses are affected by phase transformation of low-alloy steels. When phase transformation occurs,
transformation plasticity occurs in addition to transformation expansion. Conventional predictions of welding residual
stress using the finite element method often consider only transformation expansion, and there are few cases in which
transformation plasticity is taken into factor. In this study, welding residual stress analysis that factors in transformation
plasticity was performed to verify the effect of transformation plasticity on welding residual stress. The results show that
the prediction accuracy of welding residual stress due to transformation expansion of low-alloy steel is improved by factors
in transformation plasticity.
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Fig. 1 Schematic illustration of welding test block for measuring
residual stress.
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Fig. 2 Locations of residual stress measurement and cross-
sectional macro-observation.
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Table 1 Welding conditions.

Welding Shield Welding Current, [ Voltage, U Speed, v Preheat temperature
Method clcgas Material (A) V) (mm/min) C)
Z 3317
GMAW 80%Ar +20%CO, GEIM-2C IM2 280 33 270 190
Table 2 Chemical compositions of the test material. (mass%)
C Si Mn P S Ni Cr Cu Mo \Y% Al Nb
Base metal 0.15 0.04 055 0.006 0.0008 020 250 0.06 1.09  0.31 <0.005  0.03
Weld metal | 0.11 026 0.76 0.010 0.0070 2.3 1.08
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Fig. 3 Specimen shape for measuring transformation plasticity
coefficient.
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Fig. 4 Heating and cooling condition for measuring
transformation plasticity coefficient.
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Fig. 5 Radial strain of base and weld metals measured at each
loading condition.
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Fig. 6 Relationship between transformation plasticity strain and
loading stress of base and weld metals.

Table 3 Transformation plasticity coefficient.

Load Type Base Welded metal
Tensile 15.5 15.4
Comp 6.9 7.0

Unit : X 10 /MPa
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Fig. 7 Phase change treated in this study.

Table 4 Transformation temperatures of the test material.

Acl Ac3 B Bf
820°C 875°C 500°C 400°C
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Fig. 8 FEM model.

Table 5 Other material properties.

Material properties Phase Value
Polson’s rafi
01sson(s)rat1o, v All Phase 03
Density,
Ity3 P All Phase 7850
(kg/m’)
Transformation Bainite 6.26
expansion strain, &™
(x10%) Austenite -3.14
Thermal Bainite 1.42
expansion coefficient, &
(x10°/°C) Austenite 2.77
. . Tensile : 15.4
Transformation Bainite C on 7.0
plasticity coefficient, K ompression -
(x10° MPa™) Austenite -
(5)
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Fig. 9 Temperature dependence of thermal conductivity and
specific heats.
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Fig. 10 Temperature dependence of yield stress and Young' s
modulus.
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Fig. 11 Maximum temperature distribution and cross-sectional
macrostructure.
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Fig. 12 Comparison of residual stress distributions after
reinforcement removal between experiment and

analysis.
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