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Large-Scale 3D Residual Stress Analysis of Cylindrical Multilayer Welded Joints Using Idealized
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Thick plates are used in steel structures of nuclear powe
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r plants, and multi-layer welding is used in their manufacturing

methods and assembly. However, when the welds are constructed, residual stresses are generated near the welds that may

cause stress corrosion cracking and fatigue cracking.

Currently, numerical analysis using the nonlinear finite element method (FEM) based on thermo-elastic plastic analysis
theory is commonly used as a method for predicting weld residual stress, but the calculation time required for the analysis

is problematic due to the enormous amount of calculation

required. In this study, the idealized explicit FEM, which is a

fast and memory-saving method, is applied to the residual stress problem in multi-layer welding of cylinders, and the
effects of work-hardening model and grouping on the residual stress are discussed, considering a three-dimensional

moving heat source.
Keywords: stress corrosion cracking, residual stress,

Multilayer welding, IEFEM, Large-scale analysis
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Fig. 1 Analysis model of V groove multi-pass welding.

Fig. 2 Cross section of weld joint.
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Fig. 3 Welding pass sequence of grouping model.
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Fig. 4 Comparison of axial stress distribution between actual model and grouping model on the cross section at

180° from start point of welding.

Table 1 Welding condition of X groove model.

Group Layer Pass Voltage [V] Current [A] Speed [cm/min]
1 1-3 27.0 120.0 19.0
! 2 4-6 27.0 120.0 19.0
3 7-8 27.0 120.0 19.0
2 4 9-11 27.0 120.0 19.0
5 12-14 27.0 120.0 19.0
6 15-18 27.0 120.0 19.0
3 7 19-22 27.0 120.0 19.0
8 23-27 27.0 120.0 19.0
9 28-30 27.0 120.0 19.0
10 31-34 27.0 120.0 19.0
4 11 35-39 27.0 120.0 19.0
12 40-44 27.0 120.0 19.0
13 45-48 27.0 130.0 19.0
14 49-53 27.0 125.0 19.0
5 15 54-57 27.0 125.0 19.0
16 58-62 27.0 130.0 19.0
17 63-67 27.0 130.0 19.0
18 68-75 27.0 120.0 19.0
19 76-81 27.0 125.0 19.0
20 82-87 27.0 125.0 19.0
21 88-92 27.0 125.0 19.0
6 22 93-99 27.0 125.0 19.0
23 100-108 27.0 120.0 19.0
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Fig. 5 Comparison of hoop stress distribution between actual model and grouping model on the cross section at 180°
from start point of welding.
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Fig. 6 Distribution of residual stress along line A-A’.
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Fig. 7 Distribution of maximum temperature at 45th pass on

full pass model and 13th pass on grouping model.
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Fig. 8 Comparison of hoop stress distribution between full pass model and grouping model on the cross section
at 180° from start point of welding at beginning of welding, torch passing and end of welding.
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