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Stress approach: Energy approach:
Stress Concentration Griffith
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Plane stress

o = o s Griffith (1921), ideally brittle solids
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o \/2E(73 + %) Irwin, Orowan (1948), metals
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e wy: Fracture energy from plastic, viscoelastic, or viscoplastic effects &N
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e w; can also be influenced by crack meandering and branching

e Caution: If nonlinear displacement regions are large enough t]llb (%uatlou is
not accurate as it is based on linear elastic solution (IT = [Ty — B)
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Energy release rate
: dIl Crack extension force
?m\w 1956 @ _EJ % Crack dritving force
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Stable vs. unstable crack growth:
For both crack will grow, but for unstable crack growth it will not stop propagating with the current "loading"
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A key question is how to calculate G j\
Different ways to calculate G: [N }>7
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Consider a linear elastic bar of stiffness k, length L, area A, subjected to a force F,
the work is
F

1

U U 1
W = Fdu = / kudu = —ku? = ~Fu
0 0 2 2
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This work will be completely stored in the structure
in the form of strain energy. Therefore, the external work and strain energy are

equal to one another —
Oz, V\(V\
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In terms of stress/strain
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For a quasi-static problem with no plasticity and fracture all external work goes to internal
energy.

Evaluation of G

Given: A point load - displacement system P A n:a

with a crack and two data points: ny:a+Ada
M n
e Load Py, displacement u,, & crack P} . ’
length a /" fz‘)
Py N 29 ng
e Load P», displacement us, & crack ‘\:\o, ].°
length as = a; + Aa (small Aa) ) g \,\] a2
Q7
Goal: Compute G RPN
Notation: 2
0 u Us )
. U 1o: External work from n. to no 1 2
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