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A STUDY ON CONFIDENCE INTERVAL IN PREDICTING
ACCELERATION AMPLIFICATION FACTOR ‘
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1 Introduction

The maximum acceleration amplification factor
is given as the ratio of the maximum accelera-
tion of response of structure system to that of
earthquake acceleration as input. . The factor for
a group of response spectral® with a constant
damping ratio to various earthquake records scat-
ters around a mean. The scattering occurs be-
cause of stochastic characteristics of the wave
form, non-stationarity of earthquake motion and
so on. The characteristic how the factor distrib-
ute were studied by making use of y*- and
t-distribution test in previous paper.:?

On the other hand methods predicting the factor
have been shown, that is, the earthquake is sim-
ulated by a stationary random vibration?»® which
is filtered from white noise through a one-
degree-of-freedom system representing a ground
model.”” Then the maximum is given as the
value to which the probability density function of
extreme reaches small enough. This makes it
possible that the factor can be given by knowing
the natural period of the structure system T, the
dominant period of ground T, and damping ratio
of the system. However, the complete coincidence
of the design estimation and the value actually
obtained of those is hardly expected, since the
dominant period of ground appears statistically in
earthquakes recorded at a specific site. The nat-
ural period of constructed structures would be
also different from the design value. Realization
of the natural periods of the system can be con-
sidered as probabilistic event.

These necessarily require that the estimation of
the acceleration amplification factor should accom-
pany the sense of statistical characteristic as mean
and variance. In this paper log-normal distributon
is principally assumed for stochastic variable and
the effect of the distribution to the factor is dis-
cussed. ‘

2 Mean and Variance of the Acceleration

Amplification Factor
Fig. 1 shows an example of relation between the
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Fig. 1 The ground dominant period observed
in earthquake motions and frequency of the
occurences (Kanai)®

dominant period of ground obsereved in earth-
quakes and frequency of the occurence at Hongo.
This suggests that the dominant period of ground
implies a probabilistic event. The mean # and
the variance 0% are computed as
#=0. 35sec, 02=0.0109 sec?, 0=0. 105sec
if ¢ is transfered to 1.0sec, the relative relation
of ¢ and ¢ is presereved as 6=0, 3 sec.
As the simplest assumption normal distribution
)2
#a)= s rpene] -] (1)
is applicable instead of the actual distribution. As
the variance become larger, foot of the distribu-
tion merges into negative region. However, period
as probabilistic variable should exist in positive.
Then log-normal distribution, which is obtained
by substituting x=logy to (1) and is defined
only in positive,
— 2
p(y):_ol/lz_xz]/-_exp{_(logz?/az “ } (2)
is principally used. The frequency of the occur-
ence of dominant period observed in micro-tremor
also suggests approximate log-normal distribution.
The computation to obtain the mean and the
variance of the amplification factor is carried out
for these three cases:
1) only for the ground dominant period the
probabilistic distribution is assumed,
2) only for the natural period of structural system
the probabilistic distribution is assumed,
3) for both periods the probabilistic distribution
is assumed under the condition that both
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variables are independent.

The computation procedure is shown by taking
the case 1) as an example.
A(Tw/T,): The amplification factor given by a
function of T/ T, through a statistical
computation (Fig. 2).
The probability density function for
estimation of 7.
Then the mean E[A) and the variance ¢4? of the
amplification factor are derived by

Tge
E(4)={ "A(Ty T)p(TodT,

p(Ty):

aAz=§::’{A<Tb/ TIPHTIAT, | (3)

—{EA) P /

where T and Ty, show region of the integral.
Computations are performed by assuming that
nominal dominant period of ground 7 is equal
to 1.0sec. Fig. 3 illustrates a relation between
standard deviation ¢ of p(7T,) and the mean or
304 confidence intervals of the factor for case 1).
Fig. 4 and 5 show the same relation for case 2).
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Fig. 2 Spectrum of the acceleration amplification
factor by a statistical computation
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Fig. 3 Mean and confidence interval of the accel-
eration amplification factor (Probability density
function with log-nomal distribution is assumed only
for estimation of the ground dominant period)

The former is for p(7%) of log-normal distribution
and the latter for that of normal distribution.

These figures show that as ¢ becom:s large
the mean of the factor decreases and the confi-
dence interval increases. It is also known that
the confidence interval by normal distribution is
wider than that by log-normal for same o.

Case 3) is supposed to be closest to actual sit-
uation, since another distribution of probabity
density function is assumed in addition to that for
either Ty or T,. Fig. 6 shows some results.

Let us examine the mean and the variance of
the factor for the case shown in Fig. 1. 0.35
sec, the mean, is taken as its normal ground do-
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Fig. 4 Mean and confidence interval of the accel-
eration amplification factor (Probability density
function log-normal distribution .is assumed only
for estimation of the natural period of structure)
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Fig. 5 Mean and confidence interval of the accel-
eration amplification factor (Probability density
function with normal distribution is assumed only
for estimation of the natural period of structure)
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Fig. 6 Mean and confidence interval of the accel-
eration amplification factor (Probability density
function with log-normal distribution is assumed
for estimation of both the natural period of struc-
ture and the ground dominant period)

minant period. The natural period of structure
" system would be set as T,=0. 35sec, too. This
means that both period of the system are nomi-
nally equal and the condition is worst in view of
the aseismic design. Provided that the amplifica-
tion factor is given by Fig. 2, the mean and the
variance can be computed as
E(A)=3.15, 042=0.185, 04=0.430

Theoretical value which corresponds to same stand-
ard deviation 6=0. 3 is obtained as follows from
Fig. 3, 4 and 5 respectively.

E(A)=3.23 g4=0. 327
E(A)=3.17 04=0. 377
E(A)=3.12 04=0. 443

Thus, the mean obtained by the actual example
can be considered same as theoretical one, and
the variance is close to that by normal distribu-
tion, though it is only one example at present.

According to reference 4) the confidence interval
304 is given as 304=0.45 for damping ratio of
the structure 2=0.05. In order to obtain same
amount of interval, 0,/ Tgs=0/ Tss:=0. 15 can be
given from the theoretical computatation show in
Fig. 3 and 4. Suffix d means design value. This
suggests that the confidence interval of response
spectrum can be predicted by assuming a proba-
bility density function for the estmation of natu-
ral period of the system.
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3 Conclusions and Acknowledgment

Thus a method to obtain the mean and the
variance which are expected in predicting the
acceleration amplification factor of structure to
earthquakes has been shown and several con-
clusions are derived.

1) The mean and the variance of the factor
based on normal distribution give smaller and
larger results respectively than those by log-
normal distribution for same variance of the
distribution.

2) The mean and the variance of the factor are
also given for the case that both periods of
the system are taken as probabilistic variables.
Generally they are given as a curved surface
which is a function of the variance of the
probability density function.

3) The mean and the variance of the factor

* based on an actual relation between the
ground dominant period and numbers of the
occurence at a specific site are compared with
the theoretical estimation. It showed that the
estimation can be a good approximation.
However, the same kind of observation data
should be accumlated in future to make the
method generalize,

4) The variance of the probability density func-
tion which gives same amount of confidence
interval as that for maxima of response spec-
tra is discussed. This is also should be
studied in future.

Author is very grateful to Professors A. Watari,
S. Fujii and H. Shibata at University of Tokyo
for their useful discussions. He also owes much
to helpful arrangements for computation by Mr.
M. Komazaki. (Manuscript received Apr. 30, 1969)
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