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Corrosion Fatigue 

It is well established that crack growth proceeds at a higher rate in aggressive environments 
than in air. This complicates even f~irther the prediction of fatigue life, where safety factors 
are required to account for these uncertainties. However, considering that these correction 
factors are derived fi-om projected service conditions (which are shortened in time for 
laboratory testing), make questioiiable the accuracy of the predictions, although designs are 
evaluated tlirougli service simulation tests. 

To increase the accuracy of the predictions it is necessary to develop models of corrosion 
fatigue that incoi-porate the main aspects of tlie physical phenomena. These aspects of the 
environineiitally assisted corrosion fatigue of metals in aqueous solutions involve clectro- 
cheliiical proccsscs which include anodic and cathodic reactions. The former is related to an 
anodic dissolution nieclianism and the latter is associated with hydrogen embrittlement. 
Several possible corrosion fatigue mechanisms related to anodic dissolut~on have been 
suggested, including pitting induced crack initiation and short crack growth, fil~ii-ri~pti~rc, 
dissolution of slip bands at tlie crack tip and grain boimdasy oxidatioli. Of tlicse, pitting 
corrosion is thc most damaging and wlli be discussed next. 

Pitting corrosion 

Pitting is the res~rlt of electrochemical reactions in local cells on the surface of a metal [I], 
At the site of a pit, coi-sosioii O C C U ~ S  at the local anode, caused by electrocheiiiical differences 
between one site and its surrounding area at the metal-liquid interface. Pits are usually found 
at the origin of fracture in industrial machinery parts as well as on test specimens. This 
implies that pit initiation triggers fatigue crack initiation. Therefore, the quantitative 
evaluation of pitting is very mportant in the prediction of corrosion fatigue life. 

Pitting is a common phenoinenon occurring above the pitting potential (Ep) for low carbon 
steel, medium carbon steel and Al-alloys. However, pitting still occurs below Ep in some Al- 
alloys [2]. 

In the case of a low stress level and a low loading frequency, pits may play a inajor role in 
short fatigue crack initiation and propagation. Akid and Miller [3] observed short fatigue 
crack initiation at the corner of pits. When pit-depth together with the initiated short crack 
depth exceeded a critical length, short fatigue cracks propagated at increasing crack growth 
rates. An cxaiiiple of fatigue cracks initiated at pits is shown in Fig. I 



A model of corrosio~~ fatigue was developed by de 10s Rios et. a1 [ 5 ]  which considers the 
eCfect of I~emisphcrical pits in the initiation and pt-opagat~on of fatigue cracks. Experimental 
evide~ice has sliown that the d~ameter of the 11irtjor pit, which eventually created a dominant 
fatigue crack, ~ncreased as a f~mctiou of time (t), i.c. 1%. 

H c  - H 0  = B(t- t,J< 

H c  - M,, = B[(N - N,,)/f]l i  

Where t, (incubation time), H, critical pit size, 1-1, (mean inclusion size) and coefficient B 
are dctern~i~led experimentally. Then the number of cycles for pit growth can be calculated as: 

N ,,,, = S  t,, +(H, H , ) '  - ( 
Stress concentration rrro~rnd an inclusion or api t  

According to Weiss, Stickler and Blom [b] ,  the field of stress concentration around an 
isolated micropit was found to extend to approximately twice the radius of the micropit or 
less. A similar analysis can be used to estimate the effective ranges of stress coilcentration for 

a pit. Co~isidering the local pit stress reduces (by a power of the r-2 form) for a semi-infinite 
body, Equation (4) is proposed to evaluate the stress concentration as a function of distance 
from the pit centre. 

Consequently, the local stress surrounding the pit, o,,, as a function of  the distance from 
the original pit centre will take the following form: 






















