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In 1971 Elber proposed [1] a very reasonable concept assuming that only a portion of the cyclic 
load imposed on a cracked component would be responsible to control its fatigue crack growth 
(FCG) behavior. This assumption was based on his identification of plasticity-induced crack 
closure under tension through compliance measurements, a mechanism that can rationalize 
transient effects on FCG ratios observed under service loading, such as acceleration, delays 
and arrests. Due to this fact, this interesting idea was readily accepted by a research community 
avid for explaining such sequence effects, and based on it several models were developed in 
order to predict residual lives, which are still used in many important practical applications [2-3].  
However, even after more than 45 years of its development many uncertainties related to the 
validity of its assumptions (in particular its central hypothesis that the actual fatigue crack driving 

force is the effective stress intensity range Keff) remain unsolved. Indeed, crack retardation or 
arrest after overloads when the applied minimum load is higher than the opening load [4], cracks 

that grow with constant rates under fixed {K, Kmax} but highly variable Keff conditions (Fig. 1) 
[5], or a crack arrested at a given R-ratio that can restart to grow at a lower R without changing 

its Keff [6], are examples that cannot be explained by Elber's hypothesis. Due to the major 
importance of this topic for practical applications, this work revisits the main arguments that 
seriously support or question plasticity-induced crack closure as the primary cause for sequence 
effects, through a critical analysis of soundness of the experimental evidences published by their 
supporters and critics. This interesting exercise has produced surprising results, which should 
be properly discussed by all interested in practical structural integrity evaluations that depend on 
residual life predictions. 
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Fig. 1: FCG rates da/dN and crack opening ratios Kop/Kmax measured along the crack path under 

fixed {K, Kmax} conditions in a thin (2mm) DC(T) specimen [5]. 

 

 


