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Another set of results showing the effect of in-situ defects

between theory and experimeny

Fracture stress: discrepancy
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Griffith’s verification experiment

® Glass fibers with artificial cracks (much larger
than natural crack-like flaws), tension tests
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sample 1 3.8
sample 2 6.9 a /
sample 3 13.7
sample 4 22.6

(Data from the Griffith experiment) _/\\Lf/ (
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So, this experiment verifies the power of -0.5 of strength versus crack length.
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We had the stress-based (using stress concentration concept)
explanation why sigma_f << sigma_c

Energy-based explanation:
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Simplification:
1. Ignore plastic part (acceptable for more brittle fracture)
2. Ignore dynamic effect -> Kinetic energy (rate) is almost zero
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4.1.3. Cause of discrepancy:
2. Energy approach
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Use equation (*) to explain why strength is much lower than theoretical strength
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Both approaches predict the same formula for the strength, except the factor upfront.

How can we incorporate plasticity (with some approximation)

Energy equation for
ductile materials

Plane stress

Griffith (1921), ideally brittle solids
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] Irwin, Orowan (1948), metals

Y» plastic work per unit area of surface created

Yp > Vs

\ Y» ~ 10°ys (metals)




) s X ?y d“o(vlglw

Lm‘b’ﬂ Jtomi &'“"‘\S c/a(‘ﬁ 1‘1(3

Generalization of Energy
equation E
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e w: Fracture energy from plastic, viscoelastic, or viscoplastic effects
e w; can also be influenced by crack meandering and branching

e Caution: If nonlinear displacement regions are large enough this ((lllitl()ll 1s
not accurate as it is based on linear elastic solution (11 = Il — ‘”—'“)

Crack Propagation
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The crack will not grow with this sustained loading as with an 6
increment of crack length R becomes larger than G
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How to calculate G?

1. For P-Delta (u) systems
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