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1. INTRODUCTION

Professor

TakemiyaHirokazu

In this study, it is objected to investigate the earthquake motion characteristics of Kocadli Earthquake (August 17, 1999), Ji-Ji
Earthquake(September 21, 1999) and Hyogo-ken Nanbu Earthquake(January 17, 1995) with the application of wavelet analysis

which provides us to understand time-frequency characteristics of the motions.
2. OBSERVED STRONG GROUND MOTIONS

1000

The ground motions with peak accderations as shown in Figure 1 were used in this 500 | JMA-Kobe (N-S)
study. The IMA-Kobe record was obtained in a station located on a smal hill about 0 $e
20km NE of the epicenter. The YPT record was obtained a Y arimca Petrochemica 500 k-
complex about 10km NW of the epicenter, and the TCU129 record was obtained in 1000 s s s
the epicentrd areaiin an dementary school building whichislocated 13.2km W of the “’g 400
epicenter at J-J. Theimportant quantities rdated to the intengity of ground motion for T 200f YPT(N-S)
above 3 earthquakes are summarized in Table 1. The PSA and PSV of the3 &
earthquakes are shown in Figure 2. The Totd Energy in Teble 1 wasidentified usng B Lol
the following conventiona formulation; % 0 ) ) )
q < 1000
E, = ‘[U’gz(t)dt ) 500k TCU129 (E-W)
0
-500 )
Here, i, (t) isthe ground acoderation-time history and  t, isitstimeduration. The -1000 ' ' , Time(ses
totd energy givesthe energy of acceeration record, and as a ground motion intensity 0 Fi qlzlo Accel (;Oaﬂon reigrds &
it is sometimes a more appropriate index than pesk accderation itself since it doesn't 3000
depend only on acceleration amplitude but dso on time duration. In Figure 3, the
variation of totd energy with time is shown for above mentioned 3 earthquakes. Itis <% 2000 —— MMA(N-S)
observed from the figure that dlthough MA-Kobe record hesasharp increaseinavery & e \T(gj((';a),)
short time period, YPT and TCU129 records have adight increase in along time period. $ 1000
3.WAVELET ANALYSIS o
Wavdet andysis provides us to cheracterize the ground mations in both frequency and 300
timedomain. It decomposesthe origind Sgnd into aset of level Sgnds. 2
WC(a,b) =W (j k)= g T ) 95 0)=271"2pf7 t-k) 2.3 £ .
E 100 . ’_ogv:g.,,,.”w‘
a=2 b=k2) jON kOZ ) A P =
0 2 4 6 8 10
where | is frequency level, k istime shift, WC is wavelet coeffidient, and ¢ is _ Period(sec)
wavelet function. Dabechies 10 coefficient mother wavelet function as Fi:2 PSA and PSV of the records
shown in Figure 4 was used for wavdet andyss of ground motions. In
Figure 5 the time-frequency characteridtics of each earthquake motion was Earthquakd  Record PGA | PGV | Total Energy | Main motion
presented. It shows that IMA-Kobe record has 2 main frequencies around 1.2 (cmvis) | (emv9)| (x 10° em?s)| duration (s)
and 2.3 Hz. The YPT record has low and high frequency content in fird 20 [Hyogo-ken| IMA-Kobe 3206 | 917 5 30 15
seconds, however around 40 seconds only high frequency content appears. Nanbu (N-S) : i '
The TCU129 record shows quite high frequency contert. Kocadi (\I(\IP;) 3222 | 89.0 1.00 35
4. ENERGY DISTRIBUTION IN WAVELET DOMAIN : TCU129
The equation (1) can be applied for each frequency level in wavelet andlysis IV ) Ewy | 972103 5% 30

Using the decomposed signd wavelet coefficients instead of origind sgnd,
thetota energy of each frequency leve isobtained asin equation (4).

Table 1 Ground mationsintensities for each earthquake

td w2
Er =‘[WCj‘k2(t)dt Eir :2I|F(w)|2dw ), 5)
aj

Through the Parseval's theorem the total energy can be obtained in frequency domain asin equation (5). Here |F (w] isthe Fourier amplitude

of theorigind signd inthefrequency rangefrom w;; to w,; , where;
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wy =27 At wy =27 1A (©)
In Figure 6, the total energies for each earthquake in different frequency bands are
presented. Itis seen that if the totd energiesin each frequency bands are added to each
other, the totd energy of the conventiond method which is shown in Figure 3 is
obtained. It can be figured out from Fgure 6 that IMA-Kaobe record has main total
energy within the frequency range from 0.78 to 3.125Hz. The YPT record has amost
same levd totd energy for each frequency bands For the TCU129 record, it is
gpparent from the figure thet the record hasthe main total energy in the high frequency
band within 3.125-6.25Hz range. The energy input for each frequency level becomesas
follows by averaging the square of Fourier amplitudein eech frequency range.
@2
J’|F(w]2dw
o1
and using the equations (4), (5) and (6), it is converted to time domain asfollows,
td
E;, =27 atfwe,, (et

1
B
Wy — Wy

U]

©®

InFigure 7, the Energy input into structuresin different frequency bandsis shown. This

equas to the energy input into a SDOF system with a mass of 2 in different frequency

ranges. Although TCU129 record in Figure 6 has the total energy 10 times larger than

YPT record, it is seen from the Figure 7 that the Energy input into Structures are dmogt

same in two records but in different frequency ranges The YPT record shows thet the

main energy input into the structuresisin long periods, and for the TCU129 record it isin

short periods

5.CONCLUSION

The ground motion characterigtics of Hyogo-ken Nanbu, Kocadi and Ji-J earthquakes

were sudied with wavelet analyss goplication. The conventiona energy principles were

goplied to wavelet andyss The results showed an agreement with the conventiona

methods and wavelet andyss The wavde andyss reveded the ground motion

characterigicsin both time and frequency domain.
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Fig.3 Total Energy of 3 acceleration records
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Fig.4 Daubechies 10 coefficient Wavelet function
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Fig 5 Tima-Fraquency representation of
carthiquake ground motions

------- 3125625Hz  —F— 078156Hz = = 0.195-0.39Hz seeen 3125:625Hz  —F— 078156Hz = = 0.195039Hz
—— 1563125Hz  ===: 0.39-078Hz —— 1563125Hz  ---: 0.39-078Hz
3 12
IMA-Kobe [IMA-K obe
2F (N9 0.8l (Ng)
B I S R B <RI EEEERLEELECEEEEEEEERECEEE
b b et 14
5 o0a 5
'-% YPT(NS) '-%
e ] Y = o =
& |  eESmmmTET oo 2
o] ” <
o =
o >
T 4 g
=] =0
= 3 Tcu129(EW) P T 4k TourzeEw) P
2F o -
1 s 02F  eeemrpE R
0 ==
0 20 40 60 80
time (sec) time (sec)
Fig.6 Total Energy in Frequency Bands with Wavelet analysis Fig.7 Energy Input in Frequency Bands with Wavelet analysis
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