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1. Definições (Definitions)
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Carregamento Cíclico (Cycling Loading)

The term alternating stress is used as synonymous for stress amplitude

 Constant Amplitude Loading

 Definitions

max minσ σ σ∆ = − Stress range

max min

2m
σ σσ +

= Mean stress

max min
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Carregamento Cíclico (Cycling Loading)

 Constant Amplitude Loading

Nonzero mean stress (σm)

Zero-to-tension loads (σmin = 0)

If σm is not zero, 2 independent values are needed to specify the loading
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Carregamento Cíclico (Cycling Loading)

 Constant Amplitude Loading

Completely Reversed Cycling (σm= 0 or R = -1 )

Same subscripts are used for other variables: Force P, strain ε, Momen M, etc
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Tensão no ponto versus Tensão Nominal
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Nominal (average) stress is calculated from force P or moment M or their combinations
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Tensão no ponto versus Tensão Nominal

• Notched member
– Área neta = (w-d)t

xx xy xz
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Notch= stress raiser ( holes, grooves, fillets, etc)
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Stress Life Curves

After N cycles

Specimen subjected to sufficiently severe cyclic stress

Fatigue crack or other damage will develop

Specimen fails
Change Stress levels 

( higher or lower)
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Stress Life Curves

The repetition of such procedure is used to obtain a stress-life
curve.

It is also called S-N curve
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Stress Life Curves
S-N curve
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Stress Life Curves
S-N curve fitting

The cyclic number are plotted on a logaritmic scale.

A logarithmic scale is also often used for the stress axis.

If S-N data are a straight line on a log-linear plot:

loga fC D Nσ = +

C and D are fitting constants
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Stress Life Curves
S-N curve fitting

If S-N data are a straight line on a log-log plot:

( )B

a fA Nσ =
or

( )' 2
b

a f fNσ σ=

'2b
fA σ= b B=
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Constants for Stress Life Curves

( )' 2
b

a f fNσ σ=

0mσ =
'

f fσ σ≈ 
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Stress Life Curves
Fatigue limits or endurance

e eS σ=

Material Property
• Specimens

– Smooth surface
– Unnotched
– R = -1
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Princípio de Similaridade (Similitude)

• If nominal stress history in the
structure and the test specimen
are the same, the fatigue
response in each case will be
the same and describe by the
S-N curve.
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Example

Obtain the fitting constants for the fatigue data given in table 1

σa Nf

MPa cycles
541 15
436 50
394 200
361 2080
316 5900
275 34100
244 121000
232 450000
215 1500000

Table 1
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R² = 0,9813
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Example

Obtain the fitting constants for the fatigue data given in table 1
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Example
Obtain the fitting constants for the fatigue data given in table 1
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Safety Factors
Number of cycles desiredN̂

ˆaσ Stress level expected in service
SAFE COMBINATION

Fatigue Life sensitive to stress
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Safety Factors

N̂
ˆaσ

A given XS corresponds to a 
particular XN and vice versa
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Safety Factors
• Notched engineering components B ~ -0.2
• Welded Structural members B~ -0.33

Large S.F in Life is needed to achieve a modest S.F in Stress
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Mean Stress Effects

Nonzero mean stress (σm)
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Mean Stress Effects
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Mean Stress Effects
Constant-life diagram

( ),m aσ σ

( ) tanCons t
N
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Mean Stress Effects
Constant-life diagram

( ),m aσ σ

( ) tanCons t
N

( )mσ ↑

( )aσ ↓
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Mean Stress Effects
Normalized Amplitude-Mean Diagrams

a

ar

σ
σ

0mσ = → a arσ σ=

Plot: 

vs. mσ

Consolidate data 
into a single curve 
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Mean Stress Effects
Normalized Amplitude-Mean Diagrams

a

ar

σ
σ

vs. mσ

Fit a single curve  to 
obtain an equation
representing the 
data
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Mean Stress Effects
Normalized Amplitude-Mean Diagrams

1a m

ar u

σ σ
σ σ

+ =

Godman Equation
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Mean Stress Effects
Additional Mean Stress Equations

2

1

0

a m
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Gerber parabola:
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Mean Stress Effects
Additional Mean Stress Equations

' 1

1

a m

ar f

a m

ar fB

σ σ
σ σ

σ σ
σ σ

+ =

+ =


Morrow lines:

:fBσ True fracture strength from tension 
test
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Mean Stress Effects
Additional Mean Stress Equations

Morrow line

' :fσ Constant from unnotched axial S-N 
curve for R=-1.

' 1a m

ar f

σ σ
σ σ

+ = It gives reasonable results for steels
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Mean Stress Effects
Additional Mean Stress Equations

Smith, Watson and Topper (STW)

max

max

0

m a

σ
σ σ σ

>
= +

maxar aσ σ σ= × It gives good results for Alminum alloys

Advantage of not relying on any material 
constant
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Mean Stress Effects
Additional Mean Stress Equations

 Godman often is conservative

 Gerber often is nonconservative

Morrow is reasonably accurate
 Fit data very well for steels
 Should be avoided for aluminum alloys

' 1a m

ar f

σ σ
σ σ

+ =
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Life Estimation including Mean Stress

Let’s solve Morrow’s equation for arσ

'

'

1
1

a m a
ar

mar f

f

σ σ σσ σσ σ
σ

+ = ⇒ =
−

Substituting (σa,σm) gives a stress amplitude σar that 
is expected to produce the same fatigue life at zero
mean stress as (σa,σm) combination.
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Life Estimation including Mean Stress

Let’s solve Morrow’s equation for arσ

'

'

1
1

a m a
ar

mar f

f

σ σ σ
σ

σσ σ
σ

+ = ⇒ =
−

Therefore, σar can be considered as an equivalent 
completely reversed stress amplitude.

arσ +stres-life curve for σm=0
life estimation for 
(σa,σm)  combination
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Life Estimation including Mean Stress

Stres-life curve for σm=0  ( )' 2
b

ar f fNσ σ=

'1

a
ar

m

f

σσ σ
σ

=
−

General stres-life curve for nonzero σm
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f f

m

f
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( )( )' 2
b

a f m fNσ σ σ= −
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Life Estimation including Mean Stress

General stres-life curve for nonzero σm

( )( )' 2
b

a f m fNσ σ σ= −

• Produce a family of fatigue curves for different σm

General stres-life curve for nonzero σm using SWT

( )'
max 2

b

a f fNσ σ σ× =
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Life Estimation including Mean Stress

1a m

ar u

σ σ
σ σ

+ = Godman (1899)

2

1a m

ar u

σ σ
σ σ

 
+ = 
 

Gerber (1874)

1a m

ar y

σ σ
σ σ

+ = Soderberg (1930)

' 1a m

ar f

σ σ
σ σ

+ = Morrow (1960)
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Life Estimation including Mean Stress

Example

• Um eixo cilindrico com área uniforme possui um raio de 1 in. 
O eixo está submetido a uma força axial média de 120 kN. 
Ensaios em corpos de prova sem entalhe mostram que a 
vida à fadiga do componente para um tensão alternada (σa) 
de 250 MPa é 1 milhão de ciclos com R = -1. Estime a 
amplitude da força permitida para que o eixo suporte pelo 
menos um (1) milhão de ciclos. Considere que
• σy=0.55σu=228 Mpa (~SAE 1015)
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Life Estimation including Mean Stress

Example

1 1a m m
a ar

ar u u

σ σ σ
σ σ

σ σ σ
 

+ = ⇒ = − 
 

Godman (1899)

( ),a mσ σ

?

2m
F

r
σ

π
=

×

3

2

120 10 59
25.4m MPaσ

π
×

= =
×
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Life Estimation including Mean Stress

Example

1 1a m m
a ar

ar u u

σ σ σ
σ σ

σ σ σ
 

+ = ⇒ = − 
 

Godman (1899)

( ),a mσ σ

?

0.55
y

u

σ
σ =

228 415
0.55u MPaσ = =



dsarzosa@usp.br

Life Estimation including Mean Stress

Example

591 250 1
415

a m
a

ar u

σ σ
σ

σ σ
 + = ⇒ = × − 
 

Godman (1899)

( ),a mσ σ

?

214a MPaσ =
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Life Estimation including Mean Stress

Example

2 2591 250 1
415

a m
a

ar u

σ σ
σ

σ σ

    + = ⇒ = × −         

Gerber (1899)

( ),a mσ σ

?

245a MPaσ =
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Life Estimation including Mean Stress

Example

2 2591 250 1
415

a m
a

ar u

σ σ
σ

σ σ

    + = ⇒ = × −         

Gerber (1874)

( ),a mσ σ

?

245a MPaσ =
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Life Estimation including Mean Stress

Example

( ),a mσ σ

?

185a MPaσ =

591 250 1
228

a m
a

ar y

σ σ
σ

σ σ
 + = ⇒ = × − 
 

288y MPaσ =
(SAE 1015)

Soderberg (1930)
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Life Estimation including Mean Stress

Example

( ),a mσ σ

?

235a MPaσ =

Morrow (1960)

'

591 250 1
1020

a m
a

ar f

σ σ
σ

σ σ
 + = ⇒ = × − 
 

' 1020f MPaσ =
(SAE 1015)



dsarzosa@usp.br

Life Estimation including Mean Stress

Example

( ),a mσ σ

?

235a MPaσ =
Morrow (1960)

185a MPaσ =

Soderberg (1930)

Gerber (1874)

245a MPaσ =

Godman (1899)

214a MPaσ =
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Life Estimation including Mean Stress

Example 2

Um componente estrutural é construido com um aço AISI 4340 e
está submetido a um carregamento cíclico com tensão média de
150 MPa. Estime a vida à fadiga do componente se a amplitude
da tensão aplicada é 400 MPa.
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Life Estimation including Mean Stress

Example 2

Um componente estrutural é construido com um aço AISI 4340 e
está submetido a um carregamento cíclico com tensão média de
150 MPa. Estime a vida à fadiga do componente se a amplitude
da tensão aplicada é 400 MPa.

400a MPaσ =

150m MPaσ =

Dados:

Aço AISI 4340

Procurar dados (propriedades) 
de fadiga na literatura!

Morrow (1960)
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Constants for Stress Life Curves

( )' 2
b

a f fNσ σ=

0mσ =
'

f fσ σ≈ 
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Life Estimation including Mean Stress

Example 2

Um componente estrutural é construido com um aço AISI 4340 e
está submetido a um carregamento cíclico com tensão média de
150 MPa. Estime a vida à fadiga do componente se a amplitude
da tensão aplicada é 400 MPa.

400a MPaσ =

150m MPaσ =

Dados:

' 1758f MPaσ =

Aço AISI 4340

0.0977b = −
Morrow (1960)
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Life Estimation including Mean Stress

Example 2

Um componente estrutural é construido com um aço AISI 4340 e
está submetido a um carregamento cíclico com tensão média de
150 MPa. Estime a vida à fadiga do componente se a amplitude
da tensão aplicada é 400 MPa.

3764 10fN Cycles= ×

( )( )' 2
b

a f m fNσ σ σ= −

( )( ) 0.0977
400 1758 150 2 fN

−
= −
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Life Estimation including Mean Stress

Example 2

Um componente estrutural é construido com um aço AISI 4340 e
está submetido a um carregamento cíclico com tensão média de
150 MPa. Estime a vida à fadiga do componente se a amplitude
da tensão aplicada é 400 MPa.

3764 10fN Cycles= ×

( )( )' 2
b

a f m fNσ σ σ= −

( )( ) 0.0977
400 1758 150 2 fN

−
= −
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Life Estimation including Mean Stress

Example 2
Usando a relação SWT

3313 10fN Cycles= ×

max

max 150 400 550
m a

MPa
σ σ σ
σ

= +

= + =

( )'
max 2

b

a f fNσ σ σ× =

( )
1

1
max

' 2
b b ba

f
f

N
σ σ
σ

 ×  =      

1

max
'

1
2

b
a

f
f

N
σ σ
σ

 ×
=  

  
1

0.09771 550 400
2 1728fN

− ×
=  
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Life Estimation including Mean Stress

Example 2

SWT

3313 10fN Cycles= ×

( )'
max 2

b

a f fNσ σ σ× =

3764 10fN Cycles= ×

Morrow

'1

a
ar

m

f

σ
σ

σ
σ

=
−

vs.
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Life Estimation including Mean Stress

Example 3

Um componente está submetido a um carregamento cíclico com
σmax =110 ksi e σmin =10 ksi. O componente está feito de um aço
com limíte de resistência σu = 150 ksi, limíte de fadiga Se= 60 ksi
e possui uma resistência à fadiga (fatigue strength), com
carregamento reverso, de 110 ksi para 1000 ciclos. Estime a
vida à fadiga do componente.
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Life Estimation including Mean Stress

Example 3
Um componente está submetido a um carregamento cíclico com σmax =110 ksi e σmin
=10 ksi. O componente está feito de um aço com limíte de resistência σu = 150 ksi,
limíte de fadiga Se= 60 ksi e possui uma resistência à fadiga (fatigue strength), com
carregamento reverso, de 110 ksi para 1000 ciclos. Estime a vida à fadiga do
componente.

1 kilopound per square  inch (ksi) = 6.895 MPa 

Dados:

max 758.5 MPaσ =

min 68.9 MPaσ =

Mechanical Properties Loading
1034u MPaσ =
414e MPaσ =

( ) ( ), 758.5,0 1000a m fN Cyclesσ σ = → =
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Life Estimation including Mean Stress

Example 3 Experimental Data

max 758.5 MPaσ =

min 68.9 MPaσ =

1034u MPaσ =414e MPaσ =

( ) ( ), 758.5,0

1000

a m

fN Cycles

σ σ =

↓
=

Applied Cycle Loading

?fN =
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Life Estimation including Mean Stress

Example 3

max 758.5 MPaσ =

min 68.9 MPaσ =

min

2
max

a
σ σσ −

=

min

2
max

m
σ σσ +

=

758.5 68.9 345
2a MPaσ −

= =

758.5 68.9 414
2m MPaσ +

= =
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Life Estimation including Mean Stress
Example 3

345a MPaσ =

m 414 MPaσ =

Generate Haigh Diagram
(σa vs. σm)

( ) ( ), 758.5,0

1000

a m

fN Cycles

σ σ =

↓
=

( ) ( )

6

, 414,0

1 10

e m

fN Cycles

σ σ =

↓

= ×

Haigh diagram is constructed by connecting the endurance
limit, Se, and the fatigue strength for 1000 cycles (S1000) on the
vertical axis to the ultimate strength σu, Godman criteria, on the
horizontal axis (mean stress axis).

Loading
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Life Estimation including Mean Stress

Example 3

345a MPaσ =

m 414 MPaσ =

Generate Haigh Diagram
(σa vs. σm)

Expected life between 10
3

e

10
6

cycles

Loading
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Life Estimation including Mean Stress

Example 3

345a MPaσ =

m 414 MPaσ =

Loading

1a m

ar u

σ σ
σ σ

+ =Godman

Fully reversed stress level corresponding to the same life 
as that obtained with the stress combination (σa, σm).

?
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Life Estimation including Mean Stress

Example 3

345a MPaσ =

m 414 MPaσ =

Loading

1

a
ar

m

u

σσ
σ
σ

=
−

Godman
345 575.44141
1034

arσ = =
−
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Life Estimation including Mean Stress

Example 3

345a MPaσ =

m 414 MPaσ =

Loading
575.4arσ =
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Life Estimation including Mean Stress

Example 3

345a MPaσ =

m 414 MPaσ =

Loading
575.4arσ =

It is necessary to estimate the stress-life 
curve for R=-1

First approximation



dsarzosa@usp.br

Life Estimation including Mean Stress

Example 3
Dados:

( )3758.5,10

( )B

a fA Nσ =

( )6414,10

575.4arσ =

0.08765B = −
1389A MPa=

( ) 0.08765
575.4 1389 fN

−
=
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Life Estimation including Mean Stress

Example 3

Morrow?
STWP?
Gerber?

575.4ar MPaσ = 23382fN cycles=
42.34 10fN cycles= ×
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Modifying Factors on Baseline S-N
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Modifying Factors on Baseline S-N

' ...e e size load surface temperatureS S C C C C= × × × × ×

• Ci factors are specified for the endurance limite.
• Corrections for the remainder of the S-N curve is not clearly defined.
• At extreme limit of monotonic loading all factors aproach 1.
• Conservative estimate is to use the Ci factors on the entire S-N Curve.
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Modifying Factors on Baseline S-N

Size effects
• Fatigue failure is dependent on the interaction of a large stress with a critical flaw.

• Fatigue can be tought to be controlled by the weakest link  of the material. 

• Probability of a weak link increase with material volume. 
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Modifying Factors on Baseline S-N

Size effects
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Modifying Factors on Baseline S-N

Loading effects
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Modifying Factors on Baseline S-N

Surface finish effects
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