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A STOCHASTIC MODEL FOR EVOL UTION OF COLL ECTIVE
SHORT - FATIGUE - CRACKS BASED ONLOCAL FIELD ANALYSIS’

Qiao Yu Hong Youshi
(Lab for Nonlinear Mechanics of Continuous Media (LNM) , Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract It has been observed that , the evolution process of short fatigue cracks in sosme metallic
materia s presents collective damage characteristics The cumulation of the damage is produced by a
number of short fatigue cracks. The extent of damageis not dependent on a dngle crack , but on the
whole repponse of tota short cracks For this dtuation, we adopted the method of the balance of
crack number dendty to describe such an evolutionary process. The basc consderation of the model
isthat , at a certain time duration, the number of cracks with a given length is due to two agects:
(a) crack nucleation, and (b) crack growth. In the previous study , the evolution of short cracksis
conddered uniform throughout the gauge area of a gecimen. However, during a fatigue damage
process, theinitiation and the growth of short cracks are always randomly distributed. In some local
areas, short cracks may densdly appear; dmultaneoudy, there may exis some other areas even
without any short crack damage. In this paper, the development of collective damage for short fa
tigue cracksin different local fidldsof metallic materiadsis described by local crack numerica dens-
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ty. By consdering the influence of the loca damage and the stochastic fluctuation of loca materid
propertieson the evolution of totd extent of damage, the evolution equation of local crack numerical
densty is established. The processof short crack fatigue damage is Smulated by slving the evolu-
tion equation numericaly. The results demonstrate the stochastic distribution of short crack growth,
which imply that fast damage development area in the beginning stage may not be the location of a
main crack , whereas the local area with dow gpeed of damage development at the beginning may
form a main crack leading to final fracture. In addition, with the progresson of fatigue process, the
difference between the mean - field theory and the stochastic analys s becomes evident , showing the
value of the maximum crack length in the whole field obtained by the mean - field theory being larg
er than that obtained by the stochastic anayss The characteristicsof statistica development for the
maxi mum crack length and the total number of cracks are further discussed.

Key words short fatigue cracks, locd crack numericd dendty, oollective damage, stochastic
evolution



