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Estimating plastic zone sizes 

E. S. F O L I A S  

College of En#ineering, University of Utah, Salt Lake City, Utah (U.S.A.) 

(Received January 18, 1973 and in revised form April 14, 1973) 

Inasmuch as the Dugdale model [1] is an approximate model for a pseudo elasto-plastic 
analysis, the following simple method for estimating plastic zone sizes ahead of the crack tip is 
somewhat justifiable. 

1. P l a s t i c  z o n e  s i z e  for  a p la te  

Consider the tensile stress a as acting on a thin plate containing a crack of length 2ap (see 
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Figure 1. (a) Internal stress distribution used in the Dugdale model of elastic-plastic deformation near a crack of length 
2a under plane-stress tensile loading. (b) Displacements 2V associated with crack opening. 

figure 1). Then the singular term of the stress a~lj along the crack prolongation at the point 
x = a v + r  is 

to,? 
a~ t~= a \2 r /  + "'" (1) 

Consider next the yield compressive stress as acting on a thin plate containing a crack of 
length 2p. Similarly, the singular term of the stress a~ 2~ at the same point x = a v + r  is 

_~2~ = _ % + (2) Oy . . . .  

Superimposing, therefore, the two solutions and requiring that the stress % be finite, one has 

~ 2rJ - ~ = 0 (3) 

or  
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a 
=- - -  = 1 - . (4) 

ap 

In Figure 2 experimental values are shown in relation to the curves calculated from Dugdale's 
equation and equation (4). 

2. P las t i c  zone  s ize  for a cyl indrical  shell  

Proceeding along the same lines as in the derivation of equation (4) one, in view of reference [2], 
has 

ahM(ap) fa--e% ~ (~--r) ½ - = 0 ( 5 )  

where the function M(a) is a geometry correction factor and for an axial crack it may be 
approximated (within a 6 percent error) by 

M(a) ~ (1 +0.3422) ½ . (6) 

Next, solving for the ratio a/a v one has 

1-t- 0.34 22 ( ~ )  2 
a (a_hh~Z 

-= - -  = 1 - 2 (7) 
ap \ar/ 1 + 0 . 3 4 2 2 ( ! _ 1  ) 

It is interesting to note that the results obtained from equation (7) compare well with those 
of Figure 2 of reference [3]. 

3. Crack  opening  d isp lacement  

It is clear that as the plastic zones spread from the tip of the crack, the crack opening displace- 
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Figure 2. Comparison of plastic zone lengths. 
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ments 2V(a) produced at the tip will increase. These displacements, in the case of a plate, are 
related to the plastic zone size p by 

2V(a) = 8°'a ( ~) i n  . (8)  

One may conjecture, therefore, that the crack opening displacement for a cylindrical shell 
will be of the same form except of an appropriate geometry correction factor, in particular 

8%a M(ap) ln (~f ) (9) 2V(a) = ~ 

Comparing equation (9) with Figure 9 of reference [3], one finds a fairly good agreement. 
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RI~SUME 
Dans la mesure oh le mod61e de Dugdale est un modfle approximatif pour l'analyse pseudo 61astoplastique, l'auteur 
propose une m6thode simple pour estimer les dimensions de la zone plastique se trouvant en avant de rextr6mit6 
d'une fissure. 

Z U S A M M E N F A S S U N G  
Da das Dugdale Modell ein ann~iherndes Modell f6r pseudo elastisch plastisch¢ Analyse ist, kann man das folgende 
Verfahren zur Bewertung der Abmessungender plastischen Zonen an der Spitze eines Risses ziemlich rechtfertigen. 
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