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Incomplete self-similarity and fatigue-crack growth
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5. Conclusions

The property of self-similarity associated with scaling laws has been considered in
the context of the well known Paris power law — da/dN = C(AK)™ — relating the
fatigue-crack growth rates to the stress-intensity range. Although the constants C
and m in the Paris law are generally assumed to depend only on material properties,
dimensional and similarity analysis predicts that they should additionally be depen-
dent on specimen size. Through comparison to the fatigue-crack growth properties of
a wide range of low to high strength steels, the Paris exponent m is shown to indeed
increase with increasing Z, the basic similarity parameter equal to oy/h/Ki., where
h is a characteristic specimen dimension. By identifying & respectively, with the spec-
imen width W and thickness B, it is further shown that in terms of physical mech-
anisms, (1) low values of m (m — 2) at small Z (Z <~ 3) are consistent with exten-
sive crack-tip plasticity which promotes crack advance via ductile striation formation
(where da/dN o« AK?), whereas (ii) high values of m at larger Z result from increased
triaxial constraint/plane-strain conditions at the crack tip that promote additional
more brittle fatigue fracture mechanisms, i.e., static modes, leading to a much higher
dependence of growth rates on the stress intensity.
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