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3-Dimensional Fatigue Life Evaluation for Major Components of
Nuclear Power Plant
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Abstract

In general, major components of nuclear power plant have been evaluated based on 2-dimensiona
design codes conservatively. However, more exact assessment is necessary for continued operation
beyond the design life. In this paper, 3-dimensional stress and fatigue analyses reflecting full geometry
and monitored operating condition of reactor pressure vessel have been carried out. The analyses results
showed that conservatism of current 2-dimensional evaluation based on design transient. Therefore, it is
anticipated that the schemes developed from this research such as 3-dimensiona finite element
modeling, stress analysis and fatigue analysis related techniques can be utilized as fundamental tools for
exact lifetime evaluation and license renewa of major nuclear components.
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Fig. 1 Geometry of the representative RPV
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Fig. 2 3-dimensional finite element model of RPV
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Table 1 Material properties of representative RPV

Moduli | Coeff. of ' | specific Thermal .
Material| omP| _ Of | Thermal Poisson's e pnductivity| DS
'F) E|£I'Clty E'xp'anson Ratio (Btulb - F)|Bib - F) (Ib/in”)

(psi) | (in/in/7F)

70 |29.20e+6| 7.02e-6 0.3 0.106 0.000516 | 0.283

100 |29.04et6| 7.13e-6 0.3 0.108 0.000523 | 0.283

SA-533 200 | 28.50et+6| 7.45e-6 0.3 0.114 0.000542 | 0.283
GrB 300 |28.00et6| 7.74e-6 0.3 0.119 0.000551 | 0.283
cn 400 |27.40et+6| 8.0le-6 0.3 0.125 0.000551 | 0.283
500 |27.00e+6| 8.25e-6 0.3 0.131 0.000544 | 0.283

600 |26.40e+6| 8.46e-6 0.3 0.138 0.000532 | 0.283

700 | 25.30et+6| 8.63e-6 0.3 0.143 0.000516 | 0.283
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Fig. 4 The interest section of RPV
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Fig. 6 Monitored thermal-hydraulic data of RPV
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Fig. 9 Comparison of hoop stresses of RPV
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