
FATIGUE

• Finite Life/Strength

• Cumulative Fatigue Damage
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Fatigue and Fracture

• Introduction to Fatigue

• Fatigue-Life Methods

• Fatigue Strength and Endurance Limits

• Endurance Limit Modifying Factors

• Stress Concentrations and Notch Sensitivity

• Fluctuating Stresses

• Combination of Loading Modes

• Varying, Fluctuating Stresses; Cumulative 
Fatigue Damage
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Stress-Life Method:
R.R Moore Machine
• Repeated or varying loads

• Specified Magnitude
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Stress-Life Method:
S-N Diagram – Log-Log Axes
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• Plotted on Log-Log 

Scale

• Three Regions 

Observed

 Low Cycle
o Significant Plastic 

Deformation

o Difficult to Predict

 Finite Life, Sf

 Endurance Limit, Se
o Mostly Ferrous 

Metals

o Infinite Life
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Fatigue and Fracture

• Introduction to Fatigue

• Fatigue-Life Methods

• Fatigue Strength and Endurance Limits

• Endurance Limit Modifying Factors

• Stress Concentrations and Notch Sensitivity

• Fluctuating Stresses

• Combination of Loading Modes

• Varying, Fluctuating Stresses; Cumulative 
Fatigue Damage
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Stress-Life Method: 
Calculating Fatigue Life
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Fatigue Strength Factors, Sf(103)
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• Actual strength not as high as 

predicted

• Loading that will cause  failure 

at 103 cycles will typically cause 

plastic deformation
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Influence of Loading Configuration
on 103 Cycle Strength (Sf’)
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Endurance Limit for Std. Specimen as a 
function of Ultimate Strength
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Steel

• Steel
• English Units

• Metric Units

• Cast Iron

• Aluminum and 
Magnesium (5x108)

• Copper Allows (108)
(Brass, bronzes, etc.)

• Titanium
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Influence of Loading Configuration
on 106 Cycle Strength (Se’)
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Example 1

• Given an Alloy Steel with a Tensile Strength of 
1580 MPa, determine the 103 fatigue strength 
and the endurance limits for the following 
loading cases: Standard Rotating Beam 
Specimen, Axial Loading (no eccentricity), and 
Pure Torsion.
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Typical Material Fatigue Values
(Reported by F.B. Stulen, H.N. Cummings, and W.C. Schulte, Preventing Fatigue Failures, Part 5, Machine Design, vol. 33, P. 161, 22 June 

1961)

Material

UNS No.
(Alloys are heat treated, hot 

worked, specimens smooth, 

subjected to long life rotating 

beam test)

Tensile Strength, Sut Endurance Limit, S’E Standard Deviation

MPa ksi MPa ksi ksi %

G43400 Steel

965

1310

1580

1790

140

190

230

260

489

586

620

668

71

85

90

97

3.5

6.7

5.3

6.3

4.9

7.8

5.9

6.5

G43500 Steel 2070 300 689 100 4.4 4.4

R50001-series 

Titanium Alloy
1000 145 579 84 5.4 6.4

A97076 

Aluminum Alloy
524 76 186 27 1.6 6.0

C63000 

Aluminum Bronze
806 117 331 48 4.5 9.4

C17200 

Beryllium Copper
1210 175 248 36 2.7 7.5
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Constructing the Log-Log Plot

103 104 105 106
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σ – Cyclic Stress Level

n – Number of Cycles

S’f – Fatigue Strength at N

N – Number of Cycles to Failure 

given S’f
S’e - Endurance Limit

Sut- Ultimate Strength

RBB MER419: FATIGUE REVIEW 14



Equation for the S-N Curve
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Example 2

For the standard rotating beam specimen with an ultimate tensile strength 

of 990 MPa, determine the following.

a. What is the intercept of the S-N Curve. What life does the intercept 

correspond to?

b. What is the slope of the S-N Curve?

c. What fatigue strength corresponds to a life of 70(103) cycles?

d. What is the life of the specimen corresponding to a fatigue strength of 

700 MPa?
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Fatigue and Fracture

• Introduction to Fatigue

• Fatigue-Life Methods

• Fatigue Strength and Endurance Limits

• Endurance Limit Modifying Factors

• Stress Concentrations and Notch Sensitivity

• Fluctuating Stresses

• Combination of Loading Modes

• Varying, Fluctuating Stresses; Cumulative 
Fatigue Damage
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Endurance Limit Modifying Factors

• Unrealistic to expect Structural or Mechanical 
Component to Match Laboratory Specimen

• Se=kakbkckdkekfS’e
• ka-surface factor

• kb-size factor

• kc-load factor

• kd-temperature factor

• ke-reliability factor

• kf-miscellaneous effects factor
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ka – Surface factor

b

a utk a S 
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ka for Ordinary Gray Cast Iron  1



kb – Size Effect, Circular X-Sections
• Rotating beam test specimen is 0.3 in in 

diameter

• For rotating bending and torsion, kb

• For Axial loading, kb=1
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kb – Size Effect, Non-Circular X-
Sections

• kb for NOT round and/or NOT rotating parts

• Equivalent round rotating diameter is (de) obtained

• Equating volume of material stressed AT and 
ABOVE 95% of the maximum rotating-beam stress

• Lengths cancel  Equate Areas

• ROTATING ROUND SECTION 95% STRESS 
AREA

• d=de
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kb – Size Effect, Non-Circular X-
Sections

• For Non-Rotating Round

• Non-Rotating 
Rectangular Section

• Other Non-Rotating
Sections in Table
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kc- Loading Factor

• Torsion kc=0.59
oDistortional Energy Theory

 Sus=0.8·Su for Steel

 Sus=0.7·Su for Other Ductile Metals

oOnly for pure torsion
oCombined loading

 kc=1 

 Use Equivalent Von Mises
RBB MER419: FATIGUE REVIEW 24

103 104 105 106 107
0.1

0.3

0.5

1.0

Life N [cycles]

F
a
ti

g
u

e
 S

tr
e
n

g
th

 S
’ f
/S

u
t

Bending

Se’=0.5Sut

Axial 

0.85Se’

0.45Sut

Torsion

0.58Se’

0.29Sut

Bending

0.9Sut 

Axial

0.75Sut

Torsion

0.9Sus

0.72Sut

• Bending kc=1

• Axial kc=0.85



kd - Temperature
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ke - Reliability

Reliability, R Standardized 

Variable, zR

kc

0.50 0 1.000

0.90 1.288 0.897

0.95 1.645 0.868

0.99 2.326 0.814

0.999 3.091 0.753

0.999 9 3.719 0.702

0.999 99 4.265 0.659

0.999 999 4.753 0.620

0.999 999 9 5.199 0.584

0.999 999 99 5.612 0.551

0.999 999 999 5.997 0.520
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kf – Miscellaneous – Effects Factors
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• Residual Stresses
o Compressive surface residual stresses improves endurance limit

• Corrosion
o Corrosion and stressing occur at the same time
o Try to minimize factors the affect fatigue: mean or static stress, 

alternating stress, electrolyte concentration, dissolved oxygen in 
electrolyte, material properties and composition, temperature, cyclic 
frequency, fluid flow rate around specimen, and local crevices

• Electrolytic Plating
o Chromium plating, nickel plating, and cadmium plating REDUCE the 

endurance limit
o Zinc plating does not affect the fatigue strength
o Anodic oxidation of light alloys reduces bending endurance limit, but 

not torsional

• Metal Spraying

• Cyclic Frequency
o When corrosion or high temperatures are encourntered, cyclic frequency impact crack 

growth rate

• Frettage Corrosion



Example 1
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Using the empirical relationships given in 

this section, estimate the S-N curve and 

a family of constant-life fatigue curves 

(103, 104, 105, 106) pertaining to the axial 

loading of the precision steel parts having 

Sut= 150 ksi, Sy=120 ksi, and 

commercially polished surfaces.  All 

cross-section dimensions are to be under 

2 in.
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