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SUMMARY

This paper presents the results of study for a prediction model for synthesizing
earthquake accelerograms of stiff ground in Japan having nonstationary characteristics.

At first, it was assumed that earthquake accelerograms could be expressed by the
nonstationary second order auto-regressive moving average (AR-MA) process and then
the nonstationary characteristics of earthquake accelerograms were extracted as AR-
MA parameters from 88 accelerogram records. Then, those nonstationary parameters
were expressed by simple time functions to obtain the parameters constituting their time
functions. Finally, the attenuation laws of these time function’s parameters with
relation to magunitude M and epicentral distance A were derived from a regression

analysis.

The applicability of the attenuation laws was examined using mean response
spectra obtained from predicted accelerograms.

INTRODUCTION

When performing a linear or nonlinear earthquake response analysis of a structure
including adjacent ground, it is required to estimate characteristics of input earthquake
motion appropriately such as not only maximum intensity but also nonstationary
intensity, frequency and duration time of itself. In the common earthquake response
analysis, the suitably modified waves have been practically used as an input earthquake
motions based on the maximum intensity and frequency characteristics of the
representative records such as EL Centro 1940 NS, Taft 1952 EW and so on. However,
these records are likely to be affected by the dynamic properties of ground at the
pbse{veg site and the parameters, M and A corresponding to the records may be uniquely
involved.

In the present study, the prediction model was proposed to synthesize earthquake
accelerograms with nonstationary characteristics in which both M and A and the specific
ground condition were taken into account.
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PREDICTION MODEL

Modeling of Nonstationary Earthquake Accelerograms An earthquake accelerogram
can be modeled with a stochastic time series based on the nonstationary second order
auto-regressive moving average (AR-MA) process as follows ;

Yi = -a1t)-Yi.1 - ag(t)- Yo + €4+ P1(t)-Et-1 + Pa(t)-Et-2 1)

in which €t is the input white noise, Yt is the observed earthquake accelerogram, ai(t),
Bi(t) (1=1,2) are nonstationary AR-MA parameters. This means that a synthesized
accelerogram is an output of a single degree of freedom system excited by a
nonstationary white noise as shown in Fig. 1.

The parameters a;(t) are related to the natural frequency f(t) and the damping
foctor h(t) of a single degree of freedom system as follows (Refs.1,2) ;

A
A2+a1A+ag=0, = exp (-2nf hTs * i2nf Ts V 1-h2) (2)
}L*

in which 1 = V-1, A and A* are cojugate complex solutions of the quadratic equation and
Tsis the sampling interval with value of 0.02 second.

It is not easy to estimate the nonstationary AR-MA parameters aj(t), Bi(t)
reasonably and so the rectangular window is multiplied to a given acceleration date
series and the center point time vy, of the window is assumed to be the time at which the
AR-MA parameters are specified as shown in Fig. 2. 1 second was adopted for the
window length Tw.

The filtering characteristics such as f(t) ‘and h(t) of a single degree of freedom
system can be calculated from the AR-MA parameters a;j(t), Bi(t) which are determined
by the two stage least square method proposed by Gersh (Ref.3). In the first least-square
stage, the auto-regressive (AR) parameters "are estimated by using the concept of
maximum entropy method proposed by Burg (Ref.4).

Earthquake Accelerogram Records Analyzed and Their Correction on Instrumental
Error A total of 88 sets of horizontal accelerogram records of 34 earthquakes were used
in this analysis. They were observed between 1964 and 1980 for a period of 17 years at
17 free field sites on stiff ground (Group 1) (Ref.5) in Japan.

Fig. 3 shows the distribution of magunitude M and epicentral distance A. It is
apparant that near-field records induced by large magunitude are quite few and that
some records have small M-short A and the others have large M-long A.

Most of records analyzed were obtained with SMAC-B2 model accelerometers. The
sensitivity at high frequency of this accelerometer is substantiarily low. Then correction
on the instrumental error was performed using accelerometer’s property and band-pass
filter as shown in Fig. 4. Fig. 5 shows the relation between corrected and uncorrected
peak accelerations. Corrected peak accelerations is 1.5 times on average as high as
uncorrected ones.

Time Functions and Regression Analysis Fig. 6 shows an example of nonstationary
characteristics of an observed accelerogram(M=6.7, A=49km) in which simulated
accelerogram was synthesized using extracted AR-MA parameters directly and o(t) is
input white noise intensity and it is likely to the envelope function of accelerogram.
With the elapse of time f(t) seems to decrease and h(t) to increase respectively. In this
way, after examining typical of accelerogram records, the nonstationarity of the AR-MA
parameters were specified by simple time functions. The nonstationarities of parameters
are given in Table 1. In this Table, omax and tp are the maximum value of intensity and
its occurence time respectively, and T is duration which is determined with the same
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criteria (Ref.8).
The regression equations are provided by, with regard to omayx, fa and ha
logP = By +Ba-M +Bgs-log (A+20) (3)
and with regard to tp, B, hB,B—l,FZ and T
P = B1 +B2-M +B3-log (A +20) 4
in which P stands for the parameters.

The regression analysis was made for each parameters in Table 1 using M and A.

The results of regression analysis is shown in Table 2, in which B1, B2 and B3 are
regression coefficents and op is standard deviation of the parameters for the regression
equations. Fig. 7 shows the effect of M and A on some parameters.

RESULTS

Predicted accelerograms for M=8.5 at various A from constructed prediction model
are shown in Fig. 8. When A becomes longer, peak accelerations decrease and T becomes
longer.

Fig. 9 shows comparisons of absolute acceleration response spectra of earthquake
accelerograms generated by applying various kinds of M and A to the constructed
prediction model. When A becomes shorter, responses increase uniformly all over the
period range. The predominant period in response spectra have no change in a range
from 0.10 to 0.15 second. When M becomes larger, responses increase and predominant
period tends to shift toward the long period range slightly. It is apparent that this
tendency is more obvious in the long period range more than 0.15 second.

Fig. 10 shows a comparison with past attenuation models on stiff ground. The
attenuation of the prediction model is not sensitive with A and has higher peak
accelerations than others with the same M and A.

Fig. 11 shows a comparison with a typical design spectra for nuclear electric power
plants in Japan. In the long period range more than 0.5 second, predicted spectra
becomes larger than the design spectra. But in short period range, both spectra show a
comparatively good agreement.

CONCLUSIONS

(1) The attenuations and spectral characteristics of predicted earthquake accelerograms
coincided with the general trend of the earthquake motions recognized in past
studies.

(2) It was ascertained that the natural frequency f(t) of earthquake motions of stiff
ground decreased and the parameter h(t) of frequency distribution width increased
with elapse of time. Such nonstationary characteristics were prominant for
earthquakes with large M and small A,

(3) When the correction on instrumental error of the seismograph was added to the
accelerograms of stiff ground, the peak acceleration increased 1.5 times on average
and the response amplitudes of acceleration response spectra also increased.
Moreover, the peak amplitude shifted to the short period side. This kind of correction
should be made when analyzing earthquake accelerograms record obtained with
SMAC-B2 model accelerometers commonly used in Japan.
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Fig.6 An Example of Nonstationary Characteristics

Tablel Time Functions
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