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Variable Loading 
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Variable Loading 

Aircraft wing skin 

Stress Fluctuations 
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Variable Loading 

Wind Turbine Blade 

Stress Fluctuations 
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Variable Loading 

Wind Turbine Blade 
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Variable Loading 

Ship 

Stress Fluctuations 



8 

Rainflow Counted Cycles 

Rainflow Counting Method by Matsuishi and Endo  (1968) 

• The first accepted method used to extract closed loading reversals 

or cycles 

• The “rainflow” was named from a comparison of this method to the flow of 

rain falling on a pagoda and running down the edges of the roof. 
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Rainflow Counted Cycles 

Rainflow Counting Method by Matsuishi and Endo  (1968) 

The rainflow cycle counting algorithm is summarized as follows: 

1. Rotate the loading history 90° such that the time axis is vertically downward 

       and the load time history resembles a pagoda roof. 

2. Imagine a flow of rain starting at each successive extremum point. 

3. Define a loading reversal (half-cycle) by allowing each rainflow to  

    continue to drip down these roofs until: 

 a. It falls opposite a larger maximum (or smaller minimum) point. 

 b.It meets a previous flow falling from above. 

 c.It falls below the roof. 

 4. Identify each hysteresis loop (cycle) by pairing up the same counted 

     reversals. 

 

https://www.sciencedirect.com/topics/engineering/extremum-point
https://www.sciencedirect.com/topics/engineering/extremum-point
https://www.sciencedirect.com/topics/engineering/extremum-point
https://www.sciencedirect.com/topics/engineering/hysteresis-loop
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A rainflow counted cycle is identified when any two adjacent reversals in thee 

stress history satisfy the following relation: 

Procedure must start from the highest peask or lowest valley 
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Range-mean histogram by rainflow  



DAMAGE EVOLUTION 

Palmgren-Miner Linear Damage Rule 



DAMAGE EVOLUTION & FATIGUE LIFE ESTIMATION 
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DAMAGE EVOLUTION 

Nonlinear Damage Rule 
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DAMAGE EVOLUTION 

Nonlinear Damage Rule (Initiation) 
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DAMAGE EVOLUTION 

Nonlinear Damage Rule (Propagation) 
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Rainflow + Damage 

– Análise dos procedimentos correntes de avaliação usando 

normas de construção naval e de estruturas oceânicas. 
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Rainflow + Damage 

+ 

• Forças Motrizes Cíclicas (efetivas) e Taxas de Propagação 

+ 

+ 



AGENDA 

4. Metodologias para Avaliação da Vida à Fadiga 
(Fatigue Methodologies) 

• Carregamento Constante (Constant Amplitude) 
 S-N 

 e-N 

 da/dN-DK 

• Efeitos de Entalhes (Notches) 

• Carregamento Variável (Variable Amplitude Loading) 
 Contagem de Ciclos (Cycle Counting) 

 Acúmulo de Dano (Damage Summing Methods) 

 Efeitos da Sequência (Sequence Effects) 

• Juntas Soldadas (Welded Joints) 

• Fadiga Multiaxial (Multiaxial Fatigue) 
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Fatigue of Welds 

© 2010-2014 Darrell Socie  

Weld Problems 
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Stress State 

• Multiaxial State of Stress at the 

weld toe 

• Due to notch xx is the largest 

componente and responsible 

for fatigue damage 



Stress Distribution in Welds 



Design Fatigue Curves 
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Design Curves 



Failure Locations 



Fatigue of Welds 

Weld Shape? Weld Quality? 



Material Properties 
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Multiaxial Fatigue 

3D Stresses 



Multiaxial Fatigue 

3D Stresses 



Multiaxial Fatigue 

Maximum Stress (Plane) 



Multiaxial Fatigue 

Proportional Loading 
Nonproportional Loading 

Out-of-phase 



Multiaxial Fatigue 



Obrigado! 
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