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A probability analysis method and application of stress intensity limit S, in

creep evaluation of high-temperature components

HOU Xinyang, GONG Jianguo, FU Jinhui, GAO Yang, XUAN Fuzhen
(School of Mechanical and Power Engineering, East China University of Science and Technology , Shanghai 200237, China)

Abstract: Creep is a major damage mechanism for high-temperature components in nuclear power plants; and the temperature-
and time-dependent stress intensity limit S, is an important material parameter for creep assessment.In the ASME Code, safety
factors are directly applied to the three criteria for determining the stress intensity limit S, but the implied failure probability and
conservatism of this method have rarely been reported.To quantify the failure probability of S,, functional expressions for the
failure probability corresponding to each criterion were derived in this study based on creep data of Alloy 617, combined with the
relationship between each S, criterion and the average creep rupture life equation.The failure probabilities of the three criteria for
S, of Alloy 617 were calculated, and the effects of safety factors (1.0, 1.25, 1.5) on the failure probabilities were discussed.The
results show that the stress intensity limit S, of Alloy 617 exhibits a relatively low failure probability (at 750 “C, 107?~1077; at
850 °C,1078~107; at 950 °C, 107°~10™) , indicating a high level of conservatism.The minimum stress for the onset of tertiary
creep criterion and the minimum creep rupture stress criterion play a controlling role in S,, depending on the stress level. The
findings can provide a theoretical basis for the probabilistic evaluation of material parameters related to high-temperature strength
assessment.

Key words:Alloy 617 ;stress intensity limit S, ; safety factor; failure probability
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Fig.10  Failure probability analysis results of stress intensity

limit S, of 316 stainless steel at different temperatures
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Fig.11 Failure probability analysis results of stress intensity

limit S, of 304 stainless steel at different temperatures
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