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ABSTRACT

Failure in materials under cyclic loading occurs by the growth and propagation of
cracks. If they are sufficiently numerous, the cracks can be considered to be
continuously distributed in the material. In this paper, a mathematical model is
proposed to predict failure in materials with defects in the form of randomly
distributed pores. The model includes anisotropic damage accumulation, the effects
of crack closure and the coupling of elasticity with damage. Defects are modelled as
pre-existing isotropic damage. A numerical implementation of the model is used to
predict failure in specimens with both high and low defect densities, under a cyclical
load. Comparison of the predicted failure time with the experimental values shows
that the approach captures the variability found in the failure of the specimens.
Therefore the model provides a computational scheme that can be used to predict the
variability in the failure of load-bearing structures operating under cyclical loads.

1. Introduction

Prediction of structural failure is one of the central problems in the mechanics of

solid materials. The first work on failure prediction for materials that undergo plastic
deformation before failure was reported by Huber and others at the turn of the

nineteenth century [27], but it was not until Wöhler [29] that a model was proposed

for how materials would fail in response to cyclically varying loads. He reported

diagrams of stress (S) versus number of cycles to failure (N), and now S�/N (Wöhler)

curves are the most usual approach for predicting failure in engineering applications.

However, Wöhler’s approach was empirical and did not involve a mathematical

model of damage evolution in the material. In a component subjected to a cyclical

load, cracks grow from various internal flaws until one crack becomes dominant.
This dominant crack becomes critical in the sense that, when it reaches a particular

length, it becomes unstable and propagates rapidly. Griffith [8] proposed that the

stress intensity in front of a crack could be compared with the fracture toughness to

determine whether or not the crack is critical. Later, Paris and Erdogan [21]

presented a fatigue crack growth equation relating the rate of crack growth to the

stress intensity ahead of a crack tip.

There are many instances, however, where the failure of a component is not

governed by the growth of a single crack; rather, many microcracks grow
simultaneously and coalesce. In particular, the high strength materials used for
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