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Numerical Analysis of Residual Stress by J-weld and Repair Weld of Bottom
Mounted Instrument Nozzles in Reactor Vessel Penetration
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In this study, a fast simulation technique of Iterative Substructure Method (ISM) was applied for numerical
analysis of the distribution of residual stress by J-weld and repair weld of Bottom Mounted Instrument (BMI)
nozzle in reactor vessel penetration. The calculated results were compared with the measured values to validate
the constructed residual stress analysis model. The effect of BMI mounting angles on distribution of residual
stress at J-welds was investigated. Based on the results, similarity and difference in residual stress distribution
among different BMI mounting angles were discussed. Additionally, repair welding having straight weld bead
around BMI was simulated to estimate the distribution of residual stress at repair welds. As the results, the
distribution of residual stress at repair welds was not sensitive to welding heat input and pass sequence
conditions. It was concluded that the residual stress analysis models constructed for BMI nozzles was useful to
investigate the effect of several factors on the distribution of residual stress around the BMI nozzles.
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Fig. 2 Configuration of J-groove welds

Fig.1 Finite element model of BMI nozzle
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Fig. 5 Stress measurement points of mock-up test by JNES
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Fig. 6 Comparison of residual stress distribution in J-welds
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(d) BMI mounting angle is 45°

Fig. 7 Effect of BMI mounting angle on distribution of
maximum principal stress in J-welds (weld

center part)
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(a) Dissimilar welded structure
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(b) Configuration of groove geometry for repair welding

Fig. 9 Finite element model of repair welding
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Fig. 11 Distribution of residual longitudinal stress
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Fig. 12 Distribution of residual transverse stress
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