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Example on how we can extend the applicability of LEFM just a bit further -> modifying the crack length by Irwin's correction:

For a mid-crack in an infinite domain:
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Consider a large central cracked plate subjected to a uniform stress \
of 130 MPa. The fracture toughness K.=50MPavm, the yield strengt!
oys=420MPa.

(a) What is the maximum allowable crack length? D/O\
(b) What is the maximum crack length if plastic correction
is taken into account. Plane stress and Irwin’s correction.
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5.2.2 Plastic zone shape: 2D models

2D models

- plane stress versus plane strain plastic zones
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Now instead of 1D plasticity models that only looked ahead of the crack, we want to investigate what zone around the crack inall directions is yielding.
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g1 = K cos o
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plane stress
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)2(1 + cos §) + gsin2 9} plane strain
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Why the yield region is smaller for plane strain condition?
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Why the yield region is smaller for plane strain condition?
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Plastic zone shape:
Mode I-IlI
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So we did above for 2D is pretty much the 2D generalization of 1st order approximation that does not take stress redistribution into account:

Recall from 1D models:

.

a+r,) v x P Ty Fy x
a
{a) Elastic crack
ib) Real crack with plastic zone
To take stress redistribution due to yielding, we really need to solve the problem taking yielding into account from the beginning.
Dodds, 1991, FEM solutions
amberg-Osgoad material model
n— o&°
P o e Low n: High strain-hardening.

e n — oo: Similar to elastic perfectly plastic.
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0.25
0.35

Effect of strain-hardening:
Higher hardening (lower n) =>
smaller zone

n 7
0.15 |o
50

Effect of definition of yield
(some level of ambiguity)

These solutions show that even the crude 2D models we covered before this (without considering stress redistribution) provide a decent estimate on the size of "plastic yielding"

Continuing the discussion on plane stress vs. plane strain ‘ \
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Plane stress/plane strain:
What thicknesses are plane stress?

=) .
* As 2T increases:
1. The plastic zone expands (load is increasing)

2, Plastic zone transitions from plane strain to plain stress

o Note that rp, o [‘L)'IhI
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Change of plastic loci to plane stress mode
as “relative B decreases”. Nakamura &
Park, ASME 1988
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Experimentalists want to stay in the plane-strain region

For good experiments we want all relevant length scales to be much larger than r_p?
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Fracture toughness tests

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

® Tests on cracked samples: PLANE STRAIN condition!!!

Compact Tension
Test Ky
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ASTM (based on Irwin’s model) for
plane strain condition:
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