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Introduction 

 Nonlinearity 

 The nonlinear relation in the case of large strains may play an 

important role in ground motions at soil sites near the source 

during large earthquakes. 

 It has been known that non-linear effects in near-surface deposits 

can be manifested in increased damping and reduced shear wave 

velocity. 

 Since V = 4Hf, the decrease in shear wave velocity should be 

associated with the downward shift in the resonance frequency of 

the layer. 

 A main obstacle to identifying non-linear site effect is that observed 

spectra are contaminated by source and path spectral contributions. 
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Results 

 Japan array 

 



Discussion 

 No statistically significant non-linear response is 

detected on the SMART2 array, that is tentatively 

accounted for by the stiffer soil conditions and weaker 

accelerations achieved at the SMART2 site. 

LSST                                                    SMART2 

LSST 193gal >SMART2 150gal 



Discussion 

 The change of the S-wave velocities in the surficial 

layers affects the peak frequencies of the ratios. 



Discussion 

 The liquefaction causes a permanent variation of the 

elastic properties of the liquefied layers. 



Discussion 

 Change in velocity only can be explained with a 

simultaneously increase of density and reduction of G. 



Conclusions 

 The peak frequencies in the spectral ratios of the strong 

motion are shifted to lower frequencies comparison to 

the spectral ratios of the weak motion. 

 The non-linear amplification can be detectable at 

certain soil conditions above a threshold acceleration 

level. 

 The clear differences between the velocity structures 

obtained before and after the mainshock. 

 Deamplification is one of the characteristic symptoms 

of non-linear ground response of strong motion 

compared with the weak motion. 


