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Abstract – A critical review concerning fatigue crack growth rate [FCGR] modelling is presented in this paper. The paper give a detailed of previous attempts have been made to model the FCGR from the simplest empirical model by Paris to advance and contemporary models such as the Weertman strain energy model, Tomkins high strain model, Coffin and Manson plastic strain model, Hobson-Brown model and Navarro- E de Los Rios,  N-R models. The pros and cons of each model are also discussed in term of capability of the model to incorporate the effects of a microstructure, hardening, residual stress, mean stress effects and surface roughness of the materials. 
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I. Introduction
Many attempts have been made to formulate experimentally based power laws for fatigue crack growth rate (FCGR), but none has been developed to yield a generally accepted model [1]. The difficulty in providing a consistent theory stems from the observation that different mechanisms of different scales are involved in the failure process. This leads to different types of FCGR model. Furthermore, most of the models have been suggested for metals, but when no precise fracture mechanism is defined, they can be applied to polymers and composites as well.  Attempts to model the FCGR can be divided into two groups: 

1) Empirical models or Engineering models in which the parameters, usually referred to as material constants, are extracted from experiment by curve fitting. In fatigue, the Paris equation is an example of a model that does not reveal a definite mechanism for crack growth. The models succeed in describing FCGR curves but have limited insight, or predictive capability and fail to predict the short crack behaviour.

2) Semi-empirical and analytical models or Academic models, in which the parameters are usually not referred to as material constants, may be divided further according to their basic assumptions.  Examples such as CTOD models, energy related models and high strain to failure models are typical.

In fatigue, the choice of model to represent the FCGR extends from the simplest Engineering model by Paris [2] to advanced or Academic models such as Weertman [3] strain energy model, Hobson-Brown [4] model, Tomkins high strain [5] model, Coffin and Manson plastic strain [6] model and Navarro-Rios [7-9] microstructural based  N-R models. Again before commencing modelling, it is extremely important to identify and characterise the types of crack behaviour in any engineering components. 

II. LEFM based model
In 1960s, Paris and Erdogan [2, 10] observed that the rate of growth of fatigue cracks could be related to the stress intensity factor parameter, K. They presented extensive data show that the crack propagation rate per cycle, da/dN, could be related to the range of cyclic stress intensity,
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are the minimum and maximum stress respectively. Researchers [10-20] manipulate the original Paris Eq. (1) to take into account the presence of residual stress, mean stress and closure effects. The presence of residual stress is often treated as an effect of mean stress, which alters R. This can be explained by applying the principle of superposition such that R will change to:
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where 
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 is effective load ratio influenced by residual stress, 
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are the minimum and maximum stress intensity factor respectively, 
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. The value of Y depends on the geometry, 
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 is a crack length,
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is the stress intensity factor due to the residual stress. The value of 
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will be positive for a crack in a tensile residual stress field leading to 
[image: image20.wmf]eff

R

( R . An effective stress intensity factor range 
[image: image21.wmf]eff

K

D

is defined which is regarded as being responsible for the cracking process. With this approach Eq (2) becomes:
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This model works very well in the steady state crack growth regime or LEFM valid regime, the so called Paris regime. Thus it does not work for predicting FCGR of short fatigue cracks where the propagation rates are far higher than LEFM predictions suggested by Paris [21]. Moreover in this model, theoretical explanations are needed to explain some features of Paris relations, how many parameters are needed to describe that FCGR in the and LEFM regime and what is the physical meaning of these parameters.   

III. Strain energy based model
The model was proposed by Weertman [22] in 1979. Recently  Zuo et al. (2002) [23] proposed the advanced strain energy density crack growth model. Based on this model, the sequence of fatigue crack growth in a structure can be illustrated in Figure 1. 

During fatigue, the increment of crack growth can be assumed as:
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where 
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 is the strain energy density factor and 
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its critical value. When 
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is the increment of crack propagation at jth step.
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Fig.1: Illustration of fatigue crack growth from [23].

It implies in Eq. (4) that the increment is proportional to the local strain energy density factor. 
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 is the critical strain energy density function. The crack is assumed to grow an increment of  
[image: image30.wmf]j

r

 when 
[image: image31.wmf](

)

min

dV

dW

 reaches its critical value 
[image: image32.wmf](

)

c

dV

dW

 where
[image: image33.wmf](

)

min

dV

dW

 is the minimum of strain energy density whose position with respect to the crack tip can be used to determine the direction of fatigue crack propagation. The critical value 
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 is calculated from the area under the true stress and true strain curve at fracture as shown in Figure 2. In this model the crack is assumed to propagate when a length of 
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 cycles under the amplitude of strain energy density factor 
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. The crack growth rate is written as:
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After substituting the value of 
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 with their relationship with strain energy density factor 
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 the rate of fatigue crack growth is expressed as:
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where m, 
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f, A and 
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are material constants which are determined experimentally. 
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is the range of strain energy density factor in the mode I crack growth direction. E is Young modulus and 
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 is Poisson’s ratio. The detailed derivation of Eq. (6) can be referred into [23].
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Fig.2: Schematic of the definition of critical value 
[image: image47.wmf](

)

c

dV

dW

from [23].

Some model limitations are the effects of mean stress, closure, residual stress and its relaxation, which are not incorporated. This model also insensitive for short fatigue crack growth under MFM and EPFM regimes. 

( From a limited amount of experimental data it has been reported that the crack propagation rates diminishes (retardation) in the vicinity of the interface when the fatigue crack approaches the interface from the plastic weaker material, and accelerates when the crack approaches the interface from the plastically stronger material.

( For the purpose of modelling the crack in bimaterial, one should incorporate the effect of plastic mismatch as the crack propagates from single to bimaterial regimes.

( When the crack propagating from weaker to stronger material, one should consider the phenomenon of the bifurcation of the crack to the interfaces in the interlayer system.

(  Previous attempts proved that fatigue crack growth rates in bimaterials can be described by the use of Paris equation, CTOD and J-integral when incorporating the elastic and plastic mismatch effects.

IV. Conclusion
Even though a conclusion may review the main results or contributions of the paper, do not duplicate the abstract or the introduction. For a conclusion, you might elaborate on the importance of the work or suggest the potential applications and extensions. Having reviewed the existing FCGR models, the remaining question is, which models are appropriate and would they be able to model the FCGR in any engineering components by fully incorporating the microstructure, hardening, residual stress or mean stress effects. Ideally a robust model is needed to handle the situation of the crack propagating from one region to another experiencing different residual stress, hardness and closure effects, and whether or not the residual stress will relax. Are there any phenomena of crack retardation or acceleration while propagating from one zone to another in welding or in metal composite sort of materials? 

In simulating the process, the models have to be developed based on fatigue design criteria. Therefore in terms of structural integrity these are issues concerning fatigue design approaches i.e. infinite life, safe life, fail safe and damage tolerant design, which need to be resolved quickly. 
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