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Another use of plastic zone radius

- Effective crack length

Basically by knowing the plastic zone size one can modify the crack length
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Initial crack length 2a
Two times of the plastic zone can be added to the crack length to find the

effective crack length
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By including the plastic zone size as a part of effective crack K increases
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1. This is crude way to include the effect of plasticity in LEFM theory
when loads increase. Basically, we effectively increase K by
including plastic zone as a part of the crack. Clearly it is better to do
a full nonlinear analysis when the load / yield stress % is high.
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2. SSY condition
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3. In general finding effective crack length requires iteration
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Consider a large central cracked plate subjected to a uniform
stress of 130 MPa. The fracture toughness Kc=50MPaVm, the
yield strength oys=420MPa.

(a) What is the maximum allowable crack length?
(b) What is the maximum crack length if plastic correction
Is taken into account. Plane stress and Irwin’s correction.
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Going back to the 2D models for plasticity

Plane stress vers ne strain
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constrained by the
-~ surrounding material
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As/the thickness incre'ases more through
Plane stress th¢ thickness bahaves as plane strain

Plane strain
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Relation of plate thickness to fracture mechanics

1. Dog bone shape process zone shape

2. The shape of fractures surfaces
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Higher percentage of plate thlckness IS N

strain mode for thicker plates
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Plane stress/plane strain:

T

T

max

Fracture loci
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Plane Strain

Loci of maximum stress for plane stress and strain
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Change of plastic loci to plane stress
mode as “relative B decreases’. ) * IS
Nakamura & Park, ASME 1988 PW\‘L NI
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Reasons why we care about plane stress / plane strain condition in
fracture mechanics

1. The shape of process zone (where yielding occurs)
2. Shape / loci of fracture surface
3. Critical stress intensity facture (fracture toughness)

In plane stress condition we have larger process zone -> larger energy dissipation (per unit area of crack) -> larger
fracture toughness

Plane stress/plane strain
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Plane stress/plane strain
Toughness vs. thickness
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Plane strain fracture toughness
lowest K (safe)

(Irwin) K; (1+ :

1 [ K1Y 2
Note that 57 [K] x (%)

Experiments find K (fracture toughness for plane strain) and the equation above helps
us find Kc for other thicknesses.
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Most Fracture mechanics experiments are done under plane strain condition.

Fracture toughness tests

® Prediction of failure in real-world applications: need the
value of fracture toughness

® Tests on cracked samples: PLANE STRAIN condition!!!
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Fracture tou
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Linear fracture mechanics 1s only useful when the plastic
zone size 1s much smaller than the crack size

5.3. J Integral (Rice 1958)
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Jintegral is in fact energy release rate G in
general (with nonlinear loading)
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« Jintegral in fracture
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