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Crack nucleation criterion: M
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We can formulate appropriate crack nucleation models for each of the three crack propagation criteria:

e Cracks nucleate from microscopic material defects under high stress/ strain loads.

e For each crack propagation criterion there can be a corresponding nucleation criterion.

e For example for maximum circumferential tensile stress, a crack nucleates when the maximum
principle stress g at a point reaches material strength og:

max_;_ge.0g(r = 0%,0) = 0y = 0y, crack nucleates

Although we assume that there is no initial crack tip, we can measure r relative to the potential
nucleation point.

e Same concept applies to modified maximum circumferential tensile stress criteria:

max_,_gonOeg(r = 01,0) = 00, crack nucleates

A nucleation model that can go well with MERR
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Crack nucleation criterion

e For Maximum Energy Release Rate Criterion if we assume there are no defects, there will be
no crack nucleation. However, assuming that local stress field generates a tensile maximum
principal stress of o1 a “microscopic” initial crack (defect) of length ai,; perpendicular to oy
direction generates,

_ K} +Kj

= Vo

so the microcrack propagates (i.e., a “macroscopic” crack nucleates) when,

G

2
= WQini0j

G.
G=0G. e 01:\‘/7
N Alim

Initial crack direction perpendicular to oy is chosen to maximize G.

We have assumed the initial crack to be small enough to use the infinite domain SIF formula
of K; = \/mas.
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8. Fatigue

8.1. Fatigue regimes

8.2. S-N, P-S-N curves

8.3. Fatigue crack growth models (Paris law)
- Fatigue life prediction

8.4. Variable and random load
- Crack retardation due to overload

Fatigue happens when the applied loads cycle in time

Fatigue fracture is prevalent!

Deliberately applied load reversals (e.g. rotating systems)
Vibrations (machine parts)

* Repeated pressurization and depressurization (airplanes)
* Thermal cycling (switching off electronic devices)

* Random forces (ships, vehicles, planes)
(source: Schreurs fracture notes 2012)

Fatigue occurs always and everywhere and is a major
source of mechanical failure

blunting “"""“1
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Fracture surface of a 2024-T3 aluminum alloy . D o ' ’H
(source S. Suresh MIT)

Striation caused by individual microscale
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Types of fatigue:
Table 7.1 Classification of fatigue damage
Failure cycles  Pertinent Strain ratio Energy ratio
Fatigue Np stress Agl [ Ag® AWP JAWE
{ Vorv hich cuele fnlimlo( ~ 1n7 [ & T m = N

MES524 Page 5



Failure cycles  Pertinent Strain ratio Energy ratio

Fatigue Np stress Ael [ Ae® AWPJAWE
Very high cycle fatigue| > I_O.‘f <op ~0
High cycle fatigue 10° to 10° <oy 20
Low cycle fatigue 107 to 10* oytooy 1o 10 11010 _
Very low cycle fatigue 1 to20 oy 10 to 100 10 to 100
Source: Dufailly and Lemaitre (1995) \ \f
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Cyclic vs. static loadings

® Static: Until K reaches K, crack will not grow

® Cyclic: K applied can be well below K, crack still
grows!!!

® 1961, Paris et al used the theory of LEFM to explain
fatigue cracking successfully.

® Methodology: experiments first, then empirical

equations are proposed. &
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