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Fracture Mechanics

“...every structure contains small flaws whose size and
distribution are dependent upon the material and its
processing. These may vary from nonmetallic inclusions
and micro voids to weld defects, grinding cracks, quench
cracks, surface laps, etc.”

The objective of a Fracture M echanics analysis is to
determine if these small flaws will grow into large enough
cracks to cause the component to fail catastrophically.

T.J. Dolan, Preclude Failure: A Philosophy for
Material Selection and Simulated Service Testing,
SESA J. Exp. Mech., Jan. 1970.

WW || Tanker Failure

Small cracks and defects can lead to catastrophic
failure of large structural systems.

Norton, Fig. 5-13

Rocket Case Failure

Norton, Fig. 5-14
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Norton, Fig. 5-15

Stress Intensity Factor FA R
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Norton, Fig. 5-15




Crack Tip Plastic Zone

Norton, Fig. 5-16

Experimental Examples

Felbeck, D.K., A.G. Atkins, Strength and Fracture of N
Engineering Solids, Prentice-Hall, 1984, Fig. 14-17. www.stressphotonics.com

Crack Displacement Modes

Model Modell Modelll
Opening Sliding Tearing

Hamrock, Fig. 6.8

Fracture Toughness

K = Stress Intensity Factor . .
As long as the stress intensity

factor K stays below a critical value
chmmJEQ called the fracturetoughness, Kc,
for the crack is considered stable.

a<<b If K reaches K _, the crack

will propagate and lead to

O o = Stress in the sudden failure. Propagation

absence of the crack rates can reach 1 mile/sec.

Fracture toughness is a

MPa ksi material property.
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Brittleto Ductile Transition
Temperature

Shaded arens ore o

w1 N\_"f"  Low temperatures and

: high strain rates
generally promote brittle
behavior (i.e. low
fracture toughness).

Felbeck, Fig. 14-4
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Felbeck, Fig. 14-5




Temperature Sensitivity of K-
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Sailors, R.H., H.T. Corten, “ Relationship Between Material Fracture Toughness Using Fracture

Mechanics & Transition Temperature Tests, Stress Analysisand Growth of Cracks,” ASTM
STP514, Am. Society of Testing Materials, 1972.

Comparison with Charpy
V-Notch Test Data
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Sailors, R.H., H.T. Corten,
“Relationship Between M aterial
Fracture Toughness Using Fracture
Mechanics & Transition Temperature
s Tests, Stress Analysisand Growth of
Cracks,” ASTM STP514, Am. Society of
Testing Materials, 1972

StressIntensity Factorsfor Different
Crack Geometries

Relationships between K-
; and other crack geometries
/ and loading conditions may
J be found in text books and
i industry publications.

K, =0, ,vrld

_..-'"'l-:f Shigley contains several
o examples.

Shigley, Fig. 5-22

Yield Failure Before Fracture
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The cross section will yield before unstable
fracturefor any crack lessthan 2 mm in

total length.

Assignment

It is determined that a high strength alloy plate

to the direction of loading. Material tests
indicate that the Mode I fracture toughness, K¢,
-

plate will experience a steady stress of 100 ksi.
Will the plate experience unstable crack

propagation.

[ ]
has a ' inch long through crack running normal AT
juiig

is 80 ksi/in'”2. A stress analysis indicates that the
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