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1. Introduction 
 

In general, earthquake response analysis of nuclear 
facilities with vertically propagating plane shear and 
compressional coherent seismic waves produces 
conservative in-structure responses. Wave incoherence 
can reduce earthquake responses of structures on soil as 
well as rock sites. Due to the complexity of the soil-
structure interaction (SSI) treatment of the incoherent 
wave field, simple models to estimate foundation 
motion, including the effects of incoherence, shall not 
be used [1].  

In this study, an approach to consider the effects of 
wave incoherence in SSI analysis is proposed and 
applied to nonlinear SSI analysis of a nuclear power 
plant (NPP) containment structure. 
 

2. Generation of incoherent ground motions 
 

Incoherent ground motions are generated using a 
spectral-representation-based algorithm [2]. Fig. 1 
shows a flow chart for the generation. In this study, the 
Modified Kanai-Tajimi power spectral density (PSD) 
function and the coherency function by Luco and Wong 
in Fig. 2 are considered. Examples of the generated 
incoherent ground motions are shown in Fig. 3 
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Fig. 1. Flow chart for the generation of incoherent 

ground motions 
 

 
(a) Modified Kanai-Tajimi PSD function 

 
(b) Coherency function by 

Fig. 2 PSD function and coherency function 
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Fig. 3 Generated incoherent ground motions 
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3. Effective earthquake forces 
 

 
Free-field analysis is performed when the generated 

incoherent ground motions are incident to an NPP site 
[3]. The generated incoherent ground motions are 
decomposed into their components in the wavenumber-
frequency domain. Free-field responses to the 
components are calculated by solving a corresponding 
one-dimensional wave equation. Then, effective 
earthquake forces are evaluated from the free-field 
analysis.  
 

4. Soil-structure interaction analysis 
 

Soil-structure interaction analysis of an NPP 
containment structure in Fig. 4 is performed when the 
generated incoherent ground motions are applied to its 
site. Material nonlinearity in soil is considered using the 
Drucker-Prager model. Fig. 5 shows plastic responses 
in soil due to coherent and incoherent ground motions.  
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Fig. 4 NPP containment structure 

 
5. Conclusion 

 
In this study, an approach to consider the effects of 

wave incoherence in SSI analysis was proposed and 
applied to nonlinear SSI analysis of a nuclear power 
plant (NPP) containment structure. It can be observed 
that the incoherent ground motions can influence 
earthquake responses of an NPP containment structure 
significantly. 
 

 
(a) Coherent ground motions 

 
(b) Incoherent ground motions 

Fig. 5 Plastic response in soil 
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