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Simplified estimations of elastic-plastic fracture mechanics parameters under
combined primary and secondary loadings
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Abstract

When structures are loaded by a combination of primary and secondary stresses, plasticity effects occur
which cannot be evaluated by a simple linear addition of the effects resulting from the two independent stress
systems. Thermal stress due to temperature gradient is classified as secondary stress. It is known that
secondary stress is released as increase of plastic zone. In this paper, two and three dimensional elastic-plastic
finite element analyses are performed for the cracked plates and pipes under combined thermal and
mechanical loading. And V-factor is introduced to account for plasticity effect. The present results provide
that V-factor is function of thermal factor and loading and is consistent regardless of geometry. We developed
the prediction method of elastic-plastic fracture mechanics parameter under combined primary and secondary
loading from the present results.
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Fig. 1 Stress-strain data for 316L stainless steel

Table 1 Material properties for 316L stainless steel
Material | E (GPa) | o, (MPa v a(/°C)
316L 195.6 296 0.294 14.6E-6
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Fig. 2 M(T) specimen and temperature distribution
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Fig. 3 FE results of plane strain middle cracked
tension M(T) specimens with a/w=0.4
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