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4. Linear Elastic Fracture Mechanics (LEFM)

Discrepancy between theoretical and experimental values of material strengths:
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Aside from E, we want to derive fracture toughness from the atomistic model:
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Elliptic hole

Inglis, 1913, theory of elasticity
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FM was developed during WWI by English aeronautical
engineer A. A. Griffith to explain the following observations:

® The stress needed to fracture bulk glass is around 100 MPa

® The theoretical stress needed for breaking atomic bonds is
approximately 10,000 MPa

® experiments on glass fibers that Griffith himself conducted:
the fracture stress increases as the fiber diameter decreases
=> Hence the uniaxial tensile strength, which had been
used extensively to predict material failure before Giriffith,
could not be a specimen-independent material property.
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Griffith’s size effect experiment

TABLE 1.1. Strength of glass fibers according to Griffith’s experiments.

Diameter
(10~3 in)
.00

278

2.25

2.00

1.85

1.75

1.40

1.32
1.15

Breaking stress Diameter Breaking stress
(Ib/in’) (10~ in) (Ibfin’)

24 900 0.95 117 000

=T3300 075 134 000
50 800 0.70 164 000
64 100 0.60 185 000
79 600 0.56 154 000
88 500 0.50 195 000
82 600 0.38 232 000
85 200 0.26 332 000
99 500 0.165 498 000
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glass 3x1071° 60 14 170

steel 10710 210 45 250

silica fibers 1019 100 31 25000
iron whiskers 1010 295 54 13000
silicon whiskers 10~ 165 41 6500
alumina whiskers| 10710 495 70 15000
ausformed steel = 10710 200 45 3000
piano wire 10710 200 45 2750
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Griffith’s verification experiment

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

l

Crack Length, 2a Measured Strength, o ¢ o la
mm MPa /

I Y 4 | MPavm
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 Criffith experimeht) I

Gp . [EXs 4 i V; ([

Previous derivation was based on stress concentration and basically was a stress approach.

We want to demonstrate the same phenomena using the energy approach.

4.1.3. Cause of discrepancy:
2. Energy approach
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kinetic energy

external work _ _
D E Y

internal strain energy

Brittle fracture: ignore Up term
Quasi-static fracture: ignore dynamic effects ( U\] )
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