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Stress concentration (from defects or other features) is the main reason we do experience much higher stresses pointwise
compared to average applied stress

Elliptic hole

Inglis, 1913, theory of elasticity 2q
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Griffith’s size effect experimerni

TABLE 1.1. Strength of glass fibers according to Griffith’s experiments.
Diameter Breaking stress Diameter Breaking stress
(10=2in)  (bAn*) __ (1077 in) (Ibfin?)

X4000 V @y 0.95 117 000

4.20 42 300 0.75 134 000
2.78 50 800 0.70 164 000

D 2.25 64 100 0.60 185 000 \asS
20 ) ﬂ 79 600 0.56 154 000 3
C

1.85 88 500 0.50 195 000 K\f//
1.75 82 600 0.38 232 000 '
1.40 85 200 0.26 332 000
1.32 99 500 0.165 498 000
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glass 3x10-10
steel 10710
silica fibers 10710

iron whiskers 1010
silicon whiskers 1010

alumina whiskers 1010
ausformed steel 1010
piano wire 10-%
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Fracture stress: discrepancy
between theory and experiment

Oth = \/% ap [m] E [GPa] Oth [Gpa] Op [Mpa]
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How can we test this hypothesis (the effect of existing crack lengths on fracture strength)?

Griffith’s verification experiment

® Glass fibers with artificial cracks (much larger
than natural crack-like flaws), tension tests

Crack Length, 2a Measured Strength, o ¢ g Ja
mm i
MPa MPa \/m
sample 1 3.8 6.0 0.26
sample 2 6.9 4.3 0.25
sample 3 13.7 3.3 0.27
sample 4 22.6 2.5 0.27

(Data from the Griffith experimeht)
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Stress approach: Energy approach:
Stress Concentration Griftith

o =0.5/F2 of_\f,/“fv( Els



Energy equation for
ductile materials

Plane stress

- 1/2E7 Griffith (1921), ideally brittle solids S ¢
1 =
W \/%rwm Orowan (1948), metals
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Generalization of Energy

equation

|'2E|’."lr
op = \V.f :

Ta
e w: Fracture energy from plastic, viscoelastic, or viscoplastic effects
® w; can also be influenced by crack meandering and branching

o Caution: If nonlinear displacement regions are large enough this 9q11+1t‘10n 15
. . . . — rolalB
not accurate as it is based on linear elastic solution (II = I@— ™7+ B

Crack Propagation

Energy Release rate versus fracture resistance
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