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A simple view of fatigue

1. Will acrack nucleate? 2. Will it grow? 3. How fast will it grow?

Cyclic nucleation and arrested growth Crack growth

Infinite}liife Einiteie




Simple Test Coupons Model
the Damage Process
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Fatigue of a component
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The fatigue life of an
engineering component
consists of two main life
periods:

Initiation or nucleation of a
fatigue crack (N,)

And

Its growth to failure (Np)
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Fatigue Crack Initiation .
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o Notched fatigue limit based on stress
to initiate crack at notch root

@ Notched fatigue limit based on
complete fracture

Finite life - crack growth

At sufficiently
high
alternating
stresses a
crack will
nucleate and
grow until the
component
breaks.



Short and long life behavior
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Crack nucleation dominates at long lives, crack growth
dominates at short lives.



5.3 Finite Life

1 MW 4 smooth specimens
~— = Short cracks
= Long cracks
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o Notched fatigue limit based on stress
to initiate crack at notch root
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At sufficiently
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smooth
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will nucleate a
crack and
ultimately fail
In fatigue.



Aep/ze; , Plastic Strain Amplitude / Fatigue Ductility Coefficient

Plastic strains cause fatigue
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2Nf, Reversals to Failure

Plastic strains
cause the
nucleation of
fatigue cracks.
Thelifeto
fatigue failure
of smooth
specimens
correlates with
the plastic
strain.



Strain-life curve
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Behavior of Aluminum Alloys

Strong materials give the best fatigue

resistance at long lives, whereas, ductile
materials give the best fatigue resistance
L00E-01 at short lives.
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Comparison of various metals

Strong materials give the best fatigue

1 . . .
resistance at long lives, whereas, ductile
\ materials give the best fatigue resistance
ot NN at short lives.
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Smooth specimen behavior
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Transition Fatigue Life
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Stress amplitude, MPa

Aluminum - smooth specimens
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small

crack growth
dominate

so fatigue
strength
correlates with
UTS and

small grain size.
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Steel - smooth specimens
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As with aluminum, both tensile strength (hardness) and grain size
Influence the long-life fatigue resistance. Ductility is more
Important at short lives. At livesof = 5x103, all have the same

fatigue resistance.
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Stress amplitude, MPa

Titanium - smooth specimens
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5.3 Finite Life

1 M . Smooth specimens
~— = Short cracks
= Long cracks

l

17



Growth of Small Cracks
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Here the ?K isthe remote stress intensity
factor based on remote stresses....
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Short Cracks, Long Cracks
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Crack Growth at a Notch

Cracks growing from notches
don’t know that that stress
BULK STRESS- STRAIN FIELE field they are experiencing is
o confined to the notch root.
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Crack closure
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Intrinsic, extrinsic crack closure

Extrinsic Toughening Intrinsic Toughening
{J interlocking :
grains ' initiation of
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Cyclic plastic zone size
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Cyclic plastic zone is the region ahead of a growing
fatigue crack in which slip takes place. Its size
relative to the microstructure determines the behavior

of the fatigue crack, i.e.. Stage | and Stage Il behavior.
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& Effect of grain size

Greater Mode Il displacement Lesser Mode |1 displacement
(slower) (faster) 25



Effect mean stress

R™ O (slower) R™ 0.5 (faster)



Effect stress range

Near threshhold: closure important High stress range: closureles'5|mportant
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The use of the
effective stress

/i intensity factor
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effects of mean
stress and short

Crack |effects.
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da/dN, mm/cycle

Aluminum - crack growth
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Steel - crack growth
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Crack growth behavior of FP-steels does not vary much
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da/dN, mm/cycle

Titanium - crack growth
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Orientation can make alarge difference with Ti. Aswith steel and
Al, grain size (also O, content) make a large difference. Large GS

= good!

31



5.3 Finite Life

1 M . Smooth specimens
~— = Short cracks
= Long cracks

l
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Log Crack Growth Rate, da/dN (m/cycle)
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Stage Il crack growth

fatigue crack

Stage I
crack growth t Plexiglas
(1, >> d)
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Behavior of structural metals
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Macroscopic growth rate (um/cyc.)

Crack Growth Rates of Metals
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The fatigue crack growth rates for Al and Ti are much more rapid

than steel for agiven ?K. However, when normalized by
Y oung's Modulus all metals exhibit about the same behavior.
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