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RESPONSE OF STRUCTURE SYSTEM TO A MODEL EARTHQUAKE
MOTION WITH TWO PREDOMINANT PERIODS
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1. Introduction

The response spectrum for earthquake accelera-
tion usually shows a curve with more than two
peaks instead of a single peak. This means that
the earthquake motion is composed of a few
predominant periods. In case of strong motion
earthquakes the component of long period has
often been observed with that of short one.

On the other hand when the mean of the re-
sponse spectra to many earthquake motions are
taken,? the motion can be assumed by a stationary
random vibration having a filtered noise character-
istic from the engineering view point, %% the

spectrum for the acceleration is given by a curve

with one peak at the predominant period of the

ground.

This report discusses the response spectrum
obtained by simulating the earthquake motion with
a stationary random vibration possesing two
predominant periods. The results are compared
with those by actual earthquake records and

good agreement is shown.

2. The Formulation of the Ground Model
and the Maximum
The transfer function of a model of the ground
with two predominant periods is assumed by
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if A=0, it is equal to that of one-degree-of-

Hy(s)=

freedom system on which a lot of studies have
been performed. The probability density function

of extreme p(y) for a time functional random
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process I(z) with Gaussian distribution is given
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H(s)=Hy(s)+ Hr(s)and H(s)= H(s)« Hy(s)+ Hs(s)
are substituted into (3) for the random vibration
corresponding to earthquake and for that of re-
sponse of one-degree-of-freedom structure system
to the model earthquake. H,(s) and Hy(s) are

represented as
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Where % is a constant related with constant

spectrum at basement, ¢ and ¢ are time constant
of high-pass and low-pass filter characteristics, ws

and %, are natural circular frequency and damping

2
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ratio of the structure, Tgl(
g1

and hg» are the predominant periods and the

the equivalent damping ratio of the ground model.

The maximum is represented by a point where

p(y) is amall enough. In this report p(y)=0.01 is

adopted.
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Fig. 1 The acceleration response spectrum by the
statistical computation.

3. Examples of Calculated Response
Spectrum

Fig. 1 (a) shows an example of acceleration
response spectra by the anafytical method setting
Tyn=0.2sec and Ty:=0.5sec. hy1 and Az are
taken as 0.4 and 03 fespectively. The former
is the value recommended as a standard - for the
case of single predominant period and the latter
is an example for computation. The amplification
factor at Ty1=0.2 sec shows maximum in case
A=0 and diminishes as it becomes larger. This
implies that merging the component of long period
makes the acceleration amplification factor de-
crease in comparison with the case of the origi-
nal single predominant ﬁeriod. As the result for
certain value of A the spectrum has two peaks at
the both predominant periods of the ground.

Even if Ty gets longer than that of the
example, the tendency does nof change. Fig. 1
(b) shows another. example. " In this case the

longer predominant period exists at five times as
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Fig. 2 The comparison of the acceleration'spectra by
earthquake records with that by the statisti-
cal computation.

much as the short one. The decreasing rate of
the amplification factor to the variance of 2
becomes smaller.

In Fig. 2 the analytical results and the spectra
by actual earthquake records as El Centro (NS

May 18, 1940) and Taft (NS July 21, 1952) are
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Fig. 3 The displacement response spectrum by the
- .statistical computation.
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e compared. A=0.9 is taken for the analysis

o e ;/;: pd ’ because of their analogy of spectrum figure.

,‘f},i%f, . ,/'/.f\ Although there is discrepancy between the both

aol  e0s io computations, the shape of the spectrum shows

£ good agreement. How to evaluate the two pre-

6.0 dominant periods and how to predict the accelera-

4.0 O Tj=0.2sec, Try=0.5sec A=0.8~1.0
-0-To1=0.2sec, Ty;=0.4sec A=0.75~1.0
® EL Centro
2.0+
+ Tarr
0 1 | {
0 0.2 0.4 0.6 0.3 1.0 Tysec

Fig. 4 The comparision of the displacement spectra
by earthquake records with that by the statistical
computation.
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Fig. 5 The comparison of the power spectrum of
El Centro with that of the theoretical model.

tion amplification factor from designer’s view
point depend on future accumulation of data which
will describe the relation between earthquake
records and the response spectra to these.

Fig. 3 (a) and (b) show

displacement response spectra by the analytical

the example of
computation. They correspond to Fig. 1 (a) and
(b) respectively. Fig. 4 is on the comparison of
the displacement spectrum to earthquake records
and that by the analytical computation. This also
shows that this model gives better agreement than
that with the single predominant period of the
ground. The magnitude of the displacement
spectrum at long Ty2 depends on not only 4, but
whether there is a ground predominat period in
less period than that.

In Fig. 5 the power spectrum of El Centro and
that of the analytical model are compared. 1 is
set as 1. 0. Frequency where the spectrum reaches
the maximum is equal for both. However, the

shape of the spectrum shows differences.

4. Conclusions and Acknowledgement
As the simulation of the earthquake motion

a stationary random vibration system which has

band limitted spectrum at base and two ground

predominant periods are studied and several con-
clusions are obtained.

1) The spectrum to the actual earthquake records
shows better agreement with the spectrum
through this analysis than that given by the
system with the single predominant period.

2) In the system aforementioned it makes the
acceleration amplification factor small at the
original predominant period to add the com-
ponent of a longer period.

3) The new

component makes the displacement spectrum

existence of the long period
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magnify, which is even originally large in
the long period. This suggests that for the
structure system with a long natural period we
should take the displacement response spectrum
into consideration.
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