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Crack propagation:
We talked about it before

Crack nucleation criterion

Different models:

1. Maximum effective stress
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This nucleation model goes really well with maximum circumferential
(or effective) stress crack propagation model

How about the case when crack propagation is based on maximum energy release rate?
Remember the following crack propagation condition:
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Maximum Energy Release

R — K, (6%, K, (6]

Stress intensity factors for kinked crack extension:
Hussain, Pu and Underwood (Hussain et al. 1974)
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What is an appropriate crack nucleation model?
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\,\& Failure cycles  Pertinent Strain ratio Energy ratio

Fatigue Np stress Ael [ Ag® AWP ] AWE
Very high cycle fatigue > 107 <OF 20 20
High cycle fatigue 10° to 10° <oy 2 () =0
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Strain is used for low cycle fatigue
because when we have large plastic
deformation strain is a much better
measure

We only consider high cycle fatigue ->

« Very high cycle and high cycle fatigue: l
» Stresses are well below yield/ultimate strength.
» There is almost no plastic deformation (in terms of strain and energy ratios)
» Fatigue models based on LEFM theory (e.g. SIF K) are applicable.
» Stress-life approaches are used (stress-centered criteria)

Definitions:

Omax — —Omin

Fully Reversed Loading Tension-Tension with Applied Stress
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A0 = Omax — Omin
0q = 0.5(0max — Omin) me ﬂf han gre m SIpesd

Om = 0.5(0max + Omin)
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Two types of approaches for fatigue crack growth:

1. Older approach: Finds maximum allowable stress
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How can we handle the scatter in data?

We add P( probability) to the S-N curves:

S-N-P curve: scatter effects
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One correction to S-N plot when the loading is not centered at zero
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Approach 2:



Approach 2: oy = 1y
Correction-factor formulas f T
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where o, is the amplitude of allowable stress (alternating stress).

S 10 is the stress at fatigue fracture when the material under zero mean stress cycled loading
T 5, is the mean stress of the actual loading.
o, is the tensile strength of the material.

r = 1 is called Goodman line which is close to the results of notched specimens.
r = 2 is the Gerber parabola which better represents ductile metals.

Motivation for Paris law:

Pttt

a gl

23 | A A ke
(ng “ A0 ;R0 O\X‘Léj"i /Y/O\

W = \/
TTTTT ..

kvmx /{ = M:e/

g, NS = loon

i, LW, }/% ol
w, AR, N - P al

cycle f

>

ME524 Page 13



M a\ylo e k)'lf\c)( (l@'f‘?/f'ml‘:(/)
A2 gm\/ﬂv (OALU ”W‘('

(,&g / of ZW‘N\)

grorih |
. N
U T 8 <
// V|
DA ak 3 QL;IQ 01' i
i/‘fi




Paris law:
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