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Fatigue crack growth:
Microcrack formation in accumulated slip

bands due to repeated loading
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Fracture sufface of a 2024-T3 aluminum alloy
(source S. puresh MIT)

Striation caused by individual microscale
crack advance incidents

Fatigue Regimes
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Table 7.1 Classification of fatigue damage
Failure cycles  Pertinent Strain ratio Energy ratio
Fatigue Np stress AgP [ Ag® AWP [ AWE
A
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Failure cycles  Pertinent Strain ratio Energy ratio
Fatigue Np stress AeP [ Ag® AWP | AWe
3 Very high cycle fatigue > 107 <or ~0
High cycle fatigue 10° to 10° <oy ~ () ~ 0

Lowcycle fatigue 10~ to 107 oytooy to- 10 1to 10
Very low cycle fatigue  11to 20 oy 10 to 100 10 to 100

Source: Dufailly and Lemaitre (1995)

» Very high cycle and high cycle fatigue:

» 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)

* Low cycle and very low cycle fatigue:

« Stresses are in the order of yield/ultimate strength.

* There is considerable plastic deformation. <
* Fatigue models based on PFIVI theory (e.g. | integral) are applicable.
* Strain-life approaches are used (strain-centered criteria)
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Definitions from a cyclic loading:

Fully Reversed Loading Tension-Tension with Applied Stress
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Fully Reversed Loading Tension -Tension with Applied Stress
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Ao = Omax — Omin
o.a — O.5(0ma_x - O.mln)
Om = 0-5(0max + Umin)
Omi .
R = "™ Joad ratio
O max
. /

Two approaches for fatigue:
1) Older one: S-N plots
2) Paris-Erdogan relation

Stress (S)
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N curve

Reminder: ASTM defines fatigue life, Ny, as the number of stress cycles of a specified character

that a specimen sustains before failure of a specified nature occurs.
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S-N-P curve: scatter effects
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Effect of mean stress

Omean |
o, O mean 2
Omean 3

Omean 3 > Omean 2 > Omean |

Mowmum stress. WP

Approach 1: R=San

Approach 2: S 1_[6_",]' Master diagram O
Correction-factor formulas A i a=Cta _1-R
oy 1+R

where o, is the amplitude of allowable stress (alternating stress).

orpis the stress at fatigue fracture when the material under zero mean stress cycled loading
Other correction factor

. 2
Gerber (1874) A (h)

o, is the mean stress of the actual loading.

o, is the tensile strength of the material.

Goodman (1899) Ja.—q, I
r = 1is called Goodman line which is close to the results of notched specimins. ”"' Tu
r = 2 is the Gerber parabola which better represents ductile metals. Soderberg (1939) %a _ ficn Im
Jre Ta Ty0
Approach 2) Paris-Erdogan R < K =ovma
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Crack growth data
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Paris’ law (fatigue)
ORI
1 metals 1

Paris’law | 2<m <7

[— = C(AK)™, AK = Kpax — Kmin]

(Power law relationship for fatigue crack
growth in region Il)

Fatigue crack growth behavior N: number of load CVC|€S
in metals base 10 logarithm

@ Paris’ law is the most popular fatigue crack growth model

Paris' law can be used to quantify the residual life

(in terms of load cycles) of a specimen given a particular crack size.

AK < AK;y @ no crack growth

. 10°8 1
(dormant period) s mum/cycle

not depends on load ratio R

da
[W — C(AK)m, AK — Kmax — Kmin
Table 1: Numerical parameters in the Paris equation.

alloy m A

Steel 3 10~ 1

Aluminum | 3 1012

Nickel 3.3 | 4% 10~22

Titanium | 5 )

C,m

are material properties that must be
Jetermined experimentally from a log(delta ~ 2-4 metals

K)-log(da/dN) plot. 4-100 ceramics/ polymers
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Stress (S)
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Importance of
initial crack length
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