
Lecture 5

Fatigue Concepts



Fatigue

1. Cyclic loading leads to failure – crack-
like defects initiate and grow to failure 

1. Economic Impact in the USA> $100B/yr

3. Failure examples:  airplanes, turbines 
bridges



Fatigue versus monotonoic load failure
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Approaches 

• High cycle – stress versus life plot (S-N)

 

• Low cycle – Strain versus life plot ( – Nf)

• Crack growth rate – da/dN versus K

(this is a fracture mechanics approach)



High Cycle Fatigue
Stress – Life, S–N, approach

Specimen is subjected to cyclic loading

• Stress amplitude is imposed, a

• Cycles to fail is measured, Nf

• Result is a point on the S-N plot

,



S-N Curve

• 8 to 10 specimens are run to create an S-
N curve

• Points on the S-N curve can be fitted
– Semi-log; a = C + D log Nf

–  log-log; a = A (Nf)B



S-N Curve
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Stress – life Nomenclature
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Nomenclature 

 max = maximum stress

 min = minimum stress

  = stress range = max – min

 a = stress amplitude = /2

 m = mean stress = (max+ min)/2

 R = stress ratio = min/max



Test methods

1. Rotating bend – m is always zero

2. Reversed bend – m can be adjusted

3. Axial, same as 2 but more scientific 
approach













S-N Data, Log-Log fit - N

• A, B are constants

• Examples:
– 4340 steel; A= 238 ksi, B = - 0.0977

– 2024-T4 Al; A = 122 ksi, B = - 0.102

For Nf = 1x106, a = 122(1x106)-0.102 =29.8 ksi 

For a = 40 ksi, Nf = (10/122)-1/0.102 = 55,980
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Variables in S-N fatigue 

• Endurance limit

• Mean stress, m

• Notch effect

• Ramdom loading



Variables in S-N fatigue

• Endurance limit
– For some metals, steel and Ti alloys, life is 

infinite below a given a

– This is called Endurance limit, E

• Mean stress, m

• Notch effect

• Ramdom loading





S-N Curve – with endurance limit
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Results from CrNi 13-4



Variables in S-N fatigue 

• Endurance limit

• Mean stress, m

Use Goodman Equation

• Notch effect

• Ramdom loading
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Effect of m

Sa = 180

Al 7075 (Dowling)





Variables in S-N fatigue 

• Endurance limit

• Mean stress, m

• Notch effect
– Use a notch concentration factor

– kt or kf

• Ramdom loading





Variables in S-N fatigue 

• Endurance limit

• Mean stress, m

• Notch effect

• Ramdom loading
– Cycle counting

– Linear damage
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Stress range examples
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Variable amplitude, 
application
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Constant amplitude, 
test

R = -1

R = 0



Palmgren- Miner variables
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Low cycle fatigue life equations

• Strain amplitude is a sum of elastic and 
plastic strain amplitudes

• Fitted power law lines are combined to 
give total life, four fitting constants
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Low cycle fatigue,  - Nf 

• Low cycle fatigue uses strain for the controlling 
parameter

• Stress and srtain are related through the cyclic 
stress-strain curve

• Strain versus life is fitted with an elastic and a plastic 
fitting curve. These two are combined
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Low cycle fatigue variables

1. Notch effect
• Get strain at notch tip

• Use Neuber’s Rule

2.  Mean stress effect – Morrow parameter
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Fatigue Crack Growth, da/dN vs K

• Crack growth rate, da/dN is crack extension per 
fatigue cycle

• da/dN is a function of the K range, K

• In the middle range of crack growth rate a power 
law fit is used da/dN = C(K)n

• A threshold value of K is used in the low growth 
rate region to characterize non-growing cracks



da/dN vs K curve

















Latest Crack Growth Rate Standard

• ASTM E647 - 11 Standard Test Method 
for Measurement of Fatigue Crack 
Growth Rates





Methods for measuring crack 
length

1. Visual – traveling microscope, lines on a 
specimen, calibrated rule, photographic

2.  Compliance – load versus displacement slopes

3.  Electrical potential drop – electrodes directly on 
the specimen; AC and DC

4.  Other – ultrasonics, crack gage



Visual crack length measurement

1. Use a microscope with a calibrated traveling 
stage to measure crack length, a, versus 
elapsed cycles, N as the crack grows

2. Crack length, a, is a surface measurement, 
usually only on one side

3.  Alternate, put calibrated lines on the specimen 
surface and view with a magnifying glass 















Lecture 6

Fatigue Properties





Structural Steel



A 517 Steel



Aluminum Alloys



Stainless Steel





Region 2 da/dN vs ΔK

• Crack growth rates are consistent for a 
given alloy type, regardless of strength

• Growth rate aligns better with modulus 
than with strength

• Scatter is likely to be related to test 
technique



Sources of Fatigue CGR Data

• Damage Tolerant Handbook

• Barsom and Rolfe





Effect  of R ratio

1. R ratio is
R = Kmin/Kmax

2.  The level of R controls the threshold, 
ΔKTH

3.  The R ratio is important in corrosion 
fatigue













Threshold fatigue

1. In region 1 of da/dN vs ΔK, the crack 
growth rate slows and growth may stop

2. This is called ΔKTH, threshold value of ΔK 
below which there is no crack growth

3. ΔKTH may be controlled by crack closure





Testing for fatigue threshold

• Standard from ASTM 647

• Crack growth rates: 

da/dN < 1x10-8 m/cyc (4x10-7 in/cyc)

• Test usually conducted with a decreasing 
K value





Decreasing K test -N

• Manually;
– Decrease the load, P after a small amount of crack 

growth

– Continue until no crack growth after X no. of cycles

• Computer controlled 
– Program a continuous decrease in K

– Program this function with C ~ -0.1/mm

)](exp[ oo aaCKK 



Fatigue threshold related to crack 
closure

• During the fatigue cycle the crack may 
close before zero load

• Early closure decreases the effective K of 
the fatigue cycle



Effect of Crack Closure on K Range

Closure 
Level

Effective 
K range

Total K 
range














	Lecture 5
	Fatigue
	PowerPoint Presentation
	Slide 4
	Approaches
	Slide 6
	S-N Curve
	Slide 8
	Slide 9
	Slide 10
	Test methods
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	S-N Data, Log-Log fit - N
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Low cycle fatigue variables
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Latest Crack Growth Rate Standard
	Slide 52
	Methods for measuring crack length
	Visual crack length measurement
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Lecture 6
	Slide 62
	Structural Steel
	A 517 Steel
	Aluminum Alloys
	Stainless Steel
	Slide 67
	Region 2 da/dN vs ΔK
	Sources of Fatigue CGR Data
	Slide 70
	Effect of R ratio
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Threshold fatigue
	Slide 78
	Testing for fatigue threshold
	Slide 80
	Decreasing DK test -N
	Fatigue threshold related to crack closure
	Effect of Crack Closure on K Range
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89

