1. #&

A HFERT T > MWL, )KL ORFEIC X

INSS JOURNAL Vol. 20 2013 NT-12

SRR TN X B85 4 7 V57 O 4R G R
(sl LB T D55 75 )

Damage Assessment of Low-cycle Fatigue by Crack Growth Prediction
(Fatigue Life under Cyclic Thermal Stress)
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Abstract The number of cycles to failure of specimens in fatigue tests can be estimated by
predicting crack growth. Under a cyclic thermal stress caused by fluctuation of fluid
temperature, due to the stress gradient in the thickness direction, the estimated fatigue life
differs from that estimated for mechanical fatigue tests. In this paper, the influence of crack
growth under cyclic thermal loading on the fatigue life was investigated. First, the thermal stress
was derived by superposing analytical solutions, and then, the stress intensity factor was
obtained by the weight function method. It was shown that the thermal stress depended not on
the rate of the fluid temperature change but on the rise time, and the magnitude of the stress was
increased as the rise time was decreased. The stress intensity factor under the cyclic thermal
stress was smaller than that under the uniform stress distribution. The change in the stress
intensity factor with the crack depth did not depend on the heat transfer coefficient and only
slightly depended on the rise time. The estimated fatigue life under the cyclic thermal loading
could be 1.6 times longer than that under the uniform stress distribution. The critical size for the
fatigue life determination was assumed to be 3 mm for fatigue test specimens of 10 mm diameter.
By evaluating the critical size by structural integrity analyses, the fatigue life was increased and
the effect of the critical size on the fatigue life was more pronounced for the cyclic thermal stress.

Keywords Thermal Fatigue, Fatigue Life, Strain Intensity Factor, Crack Growth Prediction, Stainless
Steel
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Fig. 3 Decomposition of temperature distribution in the thickness direction into three components.
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Table 1 Constants used for analyses.
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Fig. 4 Model for cracked plate subjected to fluid
temperature fluctuation.
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Fig. 6 Change in stress on the surface of the plate (solid line: analytical solutions, broken line: finite element analysis results) .
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Fig. 11 Change in normalized stress intensity factor with crack depth under various conditions (two-dimensional crack) .
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