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Recognition of nonlinear site response  
applying the time-frequency analysis method 

 
 

ABSTRACT 
 

The predominant frequency decrease and de-amplification of strong motion spectra at a 
soil site are recognized as occurring nonlinear site effects. In this study, the strong and weak 
motion events recorded by the LSST borehole array in Taiwan and the Port Island borehole 
array in Japan are analyzed by spectral ratio method with the Short Time Fourier Transform 
(STFT) and Wavelet Analysis. The spectral ratios of surface to borehole sites are calculated to 
analyze the predominant frequency variations with time. We knew the predominant frequency 
of the week motion respectively is 2-3 Hz and 3-4 Hz by the previous results for the LSST 
array and the Port Island array. Then we estimate the practicability of the proposed methods to 
show the soil nonlinear response during the time history of the strong motion events. 

 For the LSST array in Taiwan, the predominant frequency varies with time from 

beginning to end of the week motion is about 3 Hz obviously using this method and it 
demonstrated that the soil response is linear on the weak motion. On the other situation, we 
can see the predominant frequency of the strong motion event is 3 Hz at the initial portion and 
it’s the same with the weak motion result so it shows linear soil response at this time period. 
Then the predominant frequency of the shear wave is decrease to 2 Hz during the strong 
motion portion, the findings indicate that the soil response is nonlinear. At the later portion 
after the strong motion portion, the predominant frequency returns to 2.5-3 Hz immediately 
and the soil response recovers to linear condition.  

 In the result of Port Island array in Japan, the predominant frequency varies with time 
from beginning to end of the weak motion is about 3.5-4 Hz. On the case of 1995 Kobe 
earthquake, the predominant frequency after the shear wave is decreasing less than 2 Hz on 
the mainshock because the soil is liquefied. And 3 hours after the mainshock, the predominant 
frequency returns to about 3 Hz which is less than 3.5-4 Hz, and this shows the soil 
characteristic can’t return to the original situation due to the liquefaction effect. 

 In this study, spectral ratio method with the time-frequency analysis was used to observe 

the variations of predominant frequency with time on the strong motion event. Much remains 
to be done, then, but we anticipate that the same results will be generated by the HHT method 
to improve the resolution of the time and frequency domains. 




