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Abstract

This paper deals with the analysis and prediction of a high-cycle fatigue behaviour in notched and damaged specimens,
as well as butt-welded joints by using a threshold curve for fatigue crack propagation that includes the short crack regime
(a function of crack length, a). The approach regards the effective driving force applied to the crack as the difference
between the total applied driving force defined by the applied stress distribution corresponding to a given geometrical
and loading configuration, AK(a), and the threshold for crack propagation, AKy,(a). Chapetti’s model is used to estimate
the threshold for crack propagation by using the plain fatigue limit, Ag.z, the threshold for long cracks, AKy,z, and the
microstructural characteristic dimension (e.g. grain size). Applications, predictions and results, in good agreement with
experimental results from the literature, demonstrate the ability of the method to carry out quantitative analyses of the
high cycle fatigue propagation behavior (near threshold) of short cracks in different geometrical, mechanical and micro-
structural configurations.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The problem of the fatigue strength estimation of materials or components that contain natural defects,
inclusions or inhomogeneities is of great importance from both a scientific and industrial point of view. Fati-
gue damage is one of the major life limiting factors in most structural components subjected to variable load-
ing during service. Hence, the containment of this damage is essential for an intelligent design and selection of
materials to minimize the total life-cycle costs. Fatigue damage can be estimated by using the safe-life philos-
ophy, i.e. by controlling fatigue damage through the use of safety factors in the structure design or by using
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the damage tolerant mechanism based on fracture mechanics, where a given structure should be periodically
examined at specific critical locations by non-destructive inspection (NDI) methods to quantify the nature of
the imperfections.

The natural tendency in the implementation of a “‘damage tolerant” approach to fatigue is to relate the
remaining life based on the predictions of the crack propagation rate to inspectable flaw size. In low cycle fati-
gue (LCF), this has proved to be a suitable approach. For high cycle fatigue (HCF), the direct application of
such approach cannot work for “pure” fatigue, since the required inspection sizes are well below the state of
the art in non-destructive inspections (NDI). The underlying problem is that LCF involves early crack initi-
ation and long propagation life as a fraction of total life. On the whole, LCF cracks are typically of an inspect-
able size early enough in total life, so that there is a considerable fraction of remaining life during which an
inspection can be made. HCF, however, requires a relatively large fraction of life to initiate an inspectable size
crack, which should be in the order of 1 mm, the minimum size for a crack to be considered long (a crack
whose length is greater than that at which crack closure is fully developed), and for which the threshold
for crack propagation in terms of AK is independent of crack length for a given load ratio. This results in
a very small fraction of remaining life for macro-crack propagation. It can be generally observed that a com-
ponent in service spends about 80% of its life-time in the region of short crack growth (crack length <1 mm)
[1-12]. Consequently, further research to understand, identify, detect, and estimate HCF damage in the early
stages of total fatigue life becomes of vital importance. To do so, it is necessary to deal with complex processes
in the early stages of crack nucleation, initiation and early propagation, and to understand how this behaviour
might be influenced by the presence of defects, stress concentrations, residual stresses, and other features
related with processing and surface treatment.

This work presents examples of the application of an integrated threshold curve method that includes the
short crack regime to analyze and estimate the high cycle fatigue behaviour of notched and damaged metallic
components.

1.1. Threshold for short crack propagation

The effect of crack size on the fatigue crack propagation threshold of many metals can be described con-
veniently by means of the Kitagawa—Takahashi diagram, which relates the threshold stress with the crack size,
as shown in Fig. 1a. If the strongest microstructural barrier for fatigue crack propagation is placed at a given
distance d from the material surface, the crack is non-damaging with respect to the fatigue limit up to a crack
size a = d [1-4]. For a microstructurally small crack initiated from a smooth surface, the fatigue limit at a
given stress ratio R, Ao.g, defines the critical nominal stress range needed for a continued crack growth
(microstructural threshold). On the other hand, for long or large cracks the threshold stress for propagation
is given by the threshold for a long cracks (AKy,gz) and decreases with an increasing crack size [1-9]. In the
physically small crack regime, which corresponds to the transition between the microstructurally small and
long crack regimes, the threshold is below Ac.r and the Aay, is given by AKy, .
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Fig. 1. Threshold curves given by: (a) expression (2) and (b) expression (1).
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