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First order approximate of 
plastic zone size with truncation

From T.L. Anderson, chap2 LEFM

Second order approximate of plastic 
zone size with stress redistribution

Mode I crack of length a in a solid with a far-field average 
stress σ and no work hardening.
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First order approximate of plastic zone size with truncation

The reduction in stress in the yield zone must be compensated by an increase in K (small plastic zone so 
the stresses at the crack tip are controlled by K). In other words, the specimen should behave as if the 
crack length has increased on yielding by some distance that we shall call ∆a. 

How to calculate ∆a ?  by iterations .....

Let’s suppose that the specimen behaves as if it 
contains a virtual crack of length a + ∆a with a 
plastic zone of length rp - ∆a ahead of its virtual tip.

KI = KI(a + ∆a) where a is the true crack length. 

Therefore, area A must equal area B 
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In an all-elastic solution, the normal stress ahead of the tip of this virtual crack will be given by 

taking the origin of r to be at the virtual crack tip. 

Now assume that this stress distribution is the same as the stress distribution at the tip of the real 
crack of length a with a plastic zone of length rp, when r > rp - ∆a, i.e. outside the plastic zone.  
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Fracture toughness, yield strength 
and process zone
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Diameter of the process zone :

can be larger than 100 mm !



Elastic stress field in mode I
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Stress components along xx and yy 3 principal stress components 

From T.L. Anderson, chap2 LEFM

Equivalent Von Mises stress:



Plastic zone shape
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Locus ry(θ) where Von Mises is equal to σYS :

σYS

For plane stress:

For plane strain:

With ν ≈ 0.3, (1-2ν)2 ≈ (1-0.6)2 = 0.16 so (1-2ν)2 (1+cosθ) varies between 0. and  0.32 
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11Plastic zone shape
Butterfly shapes From plane stress at the surface to plane strain at the center…
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13Influence of triaxiality

Mind the unit
of KI !  Ksi-inch1/2
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14Conditions for valid KIc testing
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