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The Mechanism of Crack Propagation Behaviour after a Single Tensile Overload
under Negative Stress Ratio

In the present investigation, focused on the negative stress ratio, the effects of a
single tensile overload as well as the effects of a tensile overload followed mmedlmely
by a compressive underload on subsequent fatigue crack growth, and the effect of an
overload level on the residual fatigue life after applying an overload were investigated.
Because the crack propagation following an overload is associated with the residual
stress state in the affected-overload zone, the investigation on the mechanism
responsible to the change of residual stress in the affected-overload zone related to the
extent of the delay and the acceleration cycles of the crack propagation was carried out.

It was found that the crack propagation behavior following a single tensile
overload under negative stress ratio can lead to the acceleration of fatigue crack growth
in some loading conditions. Consequently, the fatigue life is shortened. This type of
crack propagation behavior is related to the change in the compression residual stress to
tensile residual stress distributed in the vicinity of the crack tip after overloading. The
change of residual stress state is associated with the displacement of the crack tip upon
the overload and the material movement to outward in the overload-affected zone. In
addition, the number of delay cycles or acceleration cycles depends on the value of R,
which is defined as the ratio of the minimum stress to the maximum stress of the
constant amplitude load and the overload level. Moreover, the investigation result
shows that the rate of fatigue crack growth, da/dN, as a function of AK . —AK g, is
independent of the R value, the overload level, loading history and the mechanical
properties.
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