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Figure 1. A schematic view of the formation of a plastic zone at the tip of a progressing fatigue crack 

with (a) Formation of a monotonic plastic zone at the moment of reaching the maximum nominal 

stress level (for the first time after crack initiation); (b) Formation of the cyclic plastic zone after 

unloading of step (a); (c) Shifting of the position of the plastic zone, along with the progressing crack 

tip; (d) Resulting areas of plastic deformation in the wake of crack growth, being the remnants of 

former plastic zones, in the earlier stage of crack growth. 

An estimate of the MPZ for the plane stress condition made by Irwin [2] is given in the 

following Equation (1):  
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whereby 2ry is the plastic zone size according to Irwin, Kmax is the maximum applied stress intensity 

(at the peak of the fatigue load; σ = σmax), σYS is the materials’ yield stress, K is the applied stress 

intensity, σ the applied bulk stress, C a geometry factor [3], and a the crack length. 

The mechanical properties of the material and the state of stress govern the size and shape of 

the plastic zone, as well as the distribution of stress and strain within the plastic zone itself. In 

general, the cyclic plastic zone is approximately one quarter of the size of the monotonic plastic 

zone [4]. 

How to quantitatively describe the propagation of cracks has been one of the most significant 

problems in fracture mechanics. The plastic zone size at the crack tip is a very important 

characteristic of the crack behaviour; it has obvious physical meaning, and can be directly observed 

in experiments. 

There are various techniques that have been used to characterize the plastic zone size [4,5]. The 

microhardness technique is perhaps the most widely used. It is applicable when the plastic zone 

ahead of a fatigue crack is cyclically loaded, which leads to hardening or softening. This can be 

done by taking hardness indentations in front of and around the crack tip. Depending on the 

density and arrangement of dislocation and consequently on the strain history, hardness 

indentation can be used to reveal the plastic zone size. The monotonic plastic zone can be identified 

by a nearly constant hardness, while it increases parabolically in the cyclic plastic zone [4]. 

However, the spatial resolution of hardness measurements is very poor, and hence such local 

hardness measurements do not give any insight into the distribution of plastic strain around the 

crack tip. 

Etching is another microstructural method that can be used to reveal the plastic zone. In a 

remarkable work of Hahn et al. [5], the shape and size of the plastic zone in Fe-3%Si Steel was 

determined. They could also confirm the plastic zone size by theoretical calculations. In this 

technique, specimens containing cracks were etched with an appropriate etchant. Because of the 

high amount of deformation and high dislocation density at the crack tip and wake, the 

microstructure responds differently to etching, and therefore the plastic zone can be easily observed 


