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31. Extreme Value Statistics for 
Predicting Pitting Damage – 
Intro 

Extreme Value Statistics 
 

Engineering systems may have a large number of pits and corroded areas of varying degree of severity. The first 
perforation, whose time and location will be a matter of probability, may cause the failure of the construction.  
Accordingly, the probability of such failure must be known as accurately as possible. 

 
Extreme value statistics (EVS) is one of the most powerful statistical techniques that have been used extensively to 
extrapolate damage (maximum pit depth) from small samples in the laboratory to larger area samples in the field (see, for 
example, Eldridge G. 1957, Shibata T. et al. 1988, Kowaka et al. 1994). Thus, it was shown (Shibata T. et al. 1988) that 
probability of failure of a construction, Pf, i.e. the probability that at least one pit reaches the critical dimension, d, (for 
example wall thickness) in the system with area S is described by the equation: 
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where location parameter, u, and scale parameter, α, are measured by using small samples with constant area, s. Equation 
(1) is to extrapolate corrosion damage from a small reference area, such as a coupon to a larger operation area, S. This is 
the classical use of Extreme Value Statistics. Experimental studies demonstrate that both the shape and location 
parameters are time-dependent. However, those dependencies must be established empirically and since no theory 
contained within classical EVS is available for the functional forms of u(t) and α(t), it is necessary to know answer 
(prediction) in advance for predicting the damage at long times. This has proven to be a severe constrains of the 
applicability of classical EVS.  

 
This problem can be overcome by applying damage function analysis (DFA) method that considers propagation of 
corrosion damage by drawing an analogy between the growth of a pit and the movement of a particle (Engelhardt and 
Macdonald, 2004). In many cases DFA yields an analytical expression for u and α in terms of time of the hyperbolic 
form: 
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where a1, a2, and a3 are readily determined by calibration from short term data in order to predict damage over the longer 
time. Namely, equations (2) are used now by OLI software for predicting damage in corroding systems. It must be noted 
that a different (power) form of such dependencies has been used by Laycock et al. 1990. 

Input and Output 
 

For applying this technique the user has to provide a set of experimental data (xi, ti, si), i = 1,2,…,N, where xi is the depth 
of the deepest pit over area si, of a metal exposed to corrosion attack. The separate area, si, could be distinct coupons 
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from a designed experiment or random samples at various times from different locations in the system. Experiments 
must be performed for at least two different times.  

 
The output of the code yields the probability of failure as a function of time for a large system with area S. The code also 
allows the user to answers on several engineering questions, for example, what service life, t, will have the pipe with the 
width, d, and length L in order to ensure acceptable performance (probability of failure, Pf ). 

Advantages and Disadvantages of EVS 
 

The advantage of this approach is self-evident. The prediction of corrosion damage for long times will be done by using 
experimental data for short times without requiring the explicit determination of any information about the kinetic 
parameters of the system. However, such approach has evident disadvantages, as follows:    

 
a) The results of the analysis cannot be transferred for predicting corrosion damage 

to other systems (for example pipelines) due to the different technological and 
environmental conditions that generally exist. The results cannot be used for 
predicting damage in the same system if technological and environmental 
conditions change.  

b) We can expect that when the depth of the pit increases some critical value, the 
nucleation of cracks can occur. It is clear that a purely statistical method cannot 
predict such a transition. This method also cannot predict any catastrophic event.   

c) This method cannot be used for design of new constriction, because it relies 
upon calibration upon a pre-existing system. 

  


