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Fatigue Crack Closure and Residual Stress Effect of Overload
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Abstract: Engineering structures are frequently subjected to the variable amplitude loads which have a significant
impact on the fatigue crack growth. In order to understand the relationship between the overload effect and the plas—
ticity induced crack closure we simulated fatigue crack propagation using elastic—plastic finite element method. The
techniques of the simulation and the determination of crack opening/closing stresses are introduced. Crack growth
induced residual stress distribution and the crack closure behavior are firstly obtained for the baseline loading which
is the constant K (keeping the maximum stress intensity factor as constant and the stress ratio R as 0 during crack
growth) cyclic loading. The values of the crack opening/closing stress levels relative to the maximum applied stress
keep constant during the crack extension. Then similar results are obtained for different overload cases inserted into
baseline cycles such as a single tensile overload cycle a single compressive overload cycle or a single tensile o—
verload followed by a compressive overload. The results demonstrate that the compressive residual stress induced by
the tensile overload in front of crack tip and later in the wake of the crack causes the increase of crack closure level
and the retardation of crack growth. The crack closure effect is weakened instantaneously after the tensile overload
and enhanced rapidly along with the crack growth until a level much higher than that of the baseline cycles. The
effect of a single compression overload itself on crack closure should be overlooked but the beneficial effect of a
tensile overload can be attenuated by a compressive overload immediately after it by reducing the crack opening/

closing levels.
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