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Abstract  
According to experimental observations, the failure modes of piping in nuclear power plants caused by 
large seismic motion are fatigue or ratchet deformation. However, the mechanism of ratchet deformation 
under the large seismic load is not so clear. In this study, authors conducted experiments and analysis of 
beams which simulates piping due to cyclic sinusoidal or more complicated waves (composite sinusoidal 
wave). As the results, authors confirmed that ratchet deformation occurrence conditions are strongly 
affected by the frequency of input wave. Moreover, he mechanism of ratchet deformation was explained 
from the view point of energy transfer from input loading to the beam and amplification factor of the beam. 
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Fig.1 An example of strain at ratchet deformation 
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Fig.2 A schematic of the analysis model 

 

 
Fig.3 Ratchet deformation occurrence condition at 1.0fn 

 
Fig.4 Ratchet deformation occurrence conditions 

(experiments) 

 

 
Fig.5 Ratchet deformation occurrence conditions (analysis) 
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Fig.6 Experiment apparatus 

 
Table1 Material properties of Pb99%-Sb1% 

Young’s modulus Yield Stress Density 
16GPa 8.5MPa 11340kg/m^3 

 

 
Fig.7 Size of specimen 
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Fig.8 An analysis model 

 

Table.3 Material properties of pure Pb 

Young’s 
modulus  

Yield 
stress  

Density 
 

Poisson 
ratio 

16 GPa 5.0 MPa 11340 kg/m^3 0.44 
 



 

 

Fig.9 Stress vs Strain (Elastic perfectly plastic model)  
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Fig.10 Y value vs frequency ratio (Sinusoidal and 

Composite)  
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Fig.11 Input energy per 1 cycle load 
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Fig.12 Amplification factor (sinusoidal) 

 

 
Fig.13 Amplification factor (composite) 
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