WX A A AR EHR ST BT AR LIRS R IR B#128
RATaR - B P RRE  HIKMIER R AT

BEFMARERN A+ AEEE F 24 Bt SR E
A REME FeEHz BRR WL
WXIRENE

F s EBA L > AR RS SAE IR AT 4038~ 39 R X IR EREIC AR BRI R R
ST LA A L3R g I M RJE o TR R R A A R AT H 0 SAE AR ESARE B R 2
FALRFET BB LR 2 Gn 8 > AHABRERGEM LB AIREBZEZE -

R RAER &% B R LSST T M 5] %> 1985~1987 F R A 2] 2 3308y Bk » 4 7]
WERE (T AR EAE A 150gal) ~ 35 (F K Avik A&/ 80gal) Bk > AR H
A4 B # Port Island # F B 2|7 1995 F%5 4 49 Hyogo-ken Nanbu £ E( R AR EE 5
555gal) Fudh BB K > & 1994 #3553 F (A poik B IR 15gal) Bk o F) A %0548 K
#2345 (Short Time Fourier Transform) ~ /JNi& 5 #7 (Wavelet Analysis ) & 8 353835 bk
( Spectral Ratio Method ) ZR4F 3 @& 3k £ 38 3£ 3k £ 48 8 65 F) 2 4L o 4] A AT A A R 46
RAiF40 & R LSST @ 3k5& ~ 5 EX 4R 48 57 4 4 2Hz & 3Hz M3 0 3 b3FE A
HEAETBREINLERBEMRZIEGFHE > @M FRMERE - BhIFRMERGH
RER FIEHFILZTITH o

f2 LSST # FEFIFF R ER T - ABF M BB BTR G A& 2 S8 E LA AR T ERALZ
A RBEEIR A Z St AR E I B EZ LR KT A B & RT IR
FHRME D IR EAMF R XS ASHz L A— R RETHIELBEFEAT
BHMRIE - MASEZRE L TAHEEER TR — ML EIREIE %L 3Hz > 8255
Ez HIRESAARE > LB IEAGMRIE  AH ke Rig > £IRESELE 2HZ AT »
SEEF IR AIEG M RIE  AH A kiBiB% 0 HIRESAF DA E 2.5~3Hz 0 sbEF HIE4
PEVRAE 2 ¥255 EAR B Z R JE o

f£ B Port Island # FRIARERTY > BEZLIRFBAT N X BBIEHE
2HZ AF > BAEBREHEZEIREIA4Hz ) BRETATAZIARER » L EALE
WAEATRICRZ  E LB REHFHRR L HEAREAIFAEDRELEEHR
JEBFZ ESRME o

RE RN AD R IHME A L F R R A R 2 A 2 HHT (Hilbert Huang Transform )
Tk R LSST T s R etk » R&ERE LRy A BANERLIRMAER - £
BERELE AREFBEIARAA—CME > ZRETHUSIELERIBE £2BEREL
BEBERLETRAET R ERAAANBZELE -

BR T 0 AR BEIR AT B R T ST SR BB B 36 4 6 JF Sk RO T B R ey 42
A6 M4 fTER HHT F ik o4 b8 ey 3B M E R — FRAZITR -



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.
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