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SUMMARY

A new regressional principle for multiple random parameters is suggested.
The suggested regressional principle together with the currently used ones are tested
by the intensity-acceleration conversion relation derived from attenuation relations
for single earthquakes. A third parameter of magnitude or distance should be added
to the conversion. The suggested principle applies also to other regressional problems
in engineering seismology, such as the relations of earthquake magnitude and the
fault rupture length, of body-wave and surface-wave magnitude, and of one parameter
of ground motion to the other.

INTRODUCTION

The regressional analysis of intensity and peak acceleration is an old topic
of study for the past 40 years. After careful studies, many investigators drew nega-
tive conclusions of such a functional relationship because of very large scattering
of data. Nevertheless, some relations between intensity and acceleration thus obtained
have been used in building design code and ground motion assessment because only
intensity data are available in the regions. Such conversion relations have been derived
for a long time by regressing lga on I (Ref. 1). One reason ever given for this routine
principle is that intensity I is given and thus free from error. According to this reason-
ing, if it is to find intensity for given acceleration, I should be regressed on lga and
two regressional relations are obtained from one set of observed data of both I and
a (Refs. 2,3,4). Authors try to suggest some new regressional principles which consider
the randomness of both I and a simultaneously and to provide a reasoning to support
their suggestion.

REGRESSIONAL PRINCIPLES

For the general case of r normalized deterministic variables Xj(i=l,...,r) and
m normalized random variables Yi(i=1,---,m), the regressional function may be written
as
ZBiXi + ZCiYi =0 (1)

and the suggested regressional principle is
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3 = £LE6RAY;)% = min. (2)

with 8; = variance of Y; from randomness, p = the weighting index, and AYi-:Y{--Yi~,

ther% Ylj and Yij are respectively the jth observed and regressed values of ‘the 'vari-
able Y.
i

It is generally agreed that the deterministic variables X; will not participate
directly in least squares of Eq.(2), but the participation of random variables Y; is

§ubéected to question. Different selections of variable Yj(i=l,...,m) to be included
in Eq. (2) result in different regressional principles as given in next section.

REGRESSIONAL RELATIONS BETWEEN INTENSITY AND ACCELERATION

When there are only two random parameters, intensity I and peak acceleration
a, after normalization by introducing Y| = (lga - Iga)/ Olga and Y5 = (1 -T)/ @}, where
62 is the variance of data, the regressional relation of Eq. (1) becomes

Y| =KY, or Yp=Y/K (3
The regressional principles often used or suggested here are as follows.
Method 1 (often used): J| = Z(YII—KY'Z)Z =min., K=p (4)
Method 2 (occasionally used): J» =Z(Y'2—Y'1/K)2 =min,, K=1/¢ (Refs. 2,5 )
Method 3 (suggested here): J3 = J; + J5 = min,, K = sign [P] (6)

Method 4 (suggested here): Jy = )\Zp-Jl + Jp = min.,, N\= 8,/8, and K is the real
root of the following equation (p=2 is used in the present paper)
NP K3(K-p) + (K- 1) = 0 )
Method 5: Kendall's principle of maximum likelihood (Ref. 6)
K = {1 =N+ [(1-0D2 + e N2 021112} /(20) (8)

Method 6: see the following section.

CHECK OF RESULTS

Method of Checking In order to check the adequacy of the regressional principles,

as a standard of check, the conversion relation of intensity and acceleration

lga = (CO - BO Cl/Bl) + 1 C_[/Bl (9)

may be obtained from the attenuation laws of intensity and acceleration on the basis
of data from the same earthquake

I=Bg+ By IgR + Ry (10)
lga = Co+ C) Ig(R + RY) (1)
by eliminating the distance term. Eq. (9) is taken as method 6. For the purpose of

checking, authors collected (I, a) data from 14 earthquakes over the world as listed
in Table 1, with some results of regression given in Figs. 1 and 2.
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Analysis of Results Following conclusions are observed from the analysis of all numeri-

cal results listed in Tables 1 and 2.

Firstly, ratio >\of the standard errors &) and &, respectively of Y, and Y,

varies in the range of 0.65 to l.54 with an average very close to 1.0 5 the randomness
of any of the two variables should not be ignored, and the regressional methods 1
and 2 are not adequate.

Secondly, the correlation coeificient @ of lga and I varies from 0.45 to 0.83.
When = 0.45, as given in Table 2 for some Japanese earthquakes, acceleration a/g
for Japan intensity V (approximately VIII for the 12 grade scales) is 0.05 by method
1 and 1.0 by method 2, a difference of 20 times.

Thirdly, when the ratio \ is unity, regressional methods 3, 4 and 5 give identical
result as that from the attenuation laws (method 6). Since the ratio A is very close
to unity when data from many earthquakes considered together, the suggested method
3 is recommended to substitute the currently used method 1.

CONVERSION OF INTENSITY TO ACCELERATION

First of all, authors do not consider that I-a conversion is a good approach
to find acceleration, because acceleration is only one of many independent factors
affecting intensity. Compromising with the current approach, the first author has
suggested a modified I-a conversion function by adding a third parameter, the magni-
tude M or distance R (Ref. 7), which can be easily obtained by eliminating the R
terms or the M terms from the attenuation laws of intensity and acceleration of
the same region, such as Eq's (10) and (11). One result obtained for the Western United
States is given in Fig. 3 and Table 3. It can be seen that the peak acceleration can
be as high as lg or 2g for intensity IX and 3g or 4g for intensity X. Such high acceler-
ations are incorrect results from incorrect extrapolation to an unreal focal distance,
smaller than the focal depth or even of negative values as shown in Fig. 3 by dotted
part of lines.

It is not only realistic but also more reasonable to introduce a third parameter
M or R in the conversion relation to consider indirectly other parameter of ground
motion, such as spectrum or duration. Because the ground motion of an earthquake
of small magnitude at close distance is rich in high frequency content, the peak accel-
eration is large but the velocity and duration are not large; on the contrary, the ground
motion of an earthquake of large magnitude at far distance usually has large duration
and velocity but smaller acceleration. A ground motion with high acceleration but
small velocity and short duration may correspond to same intensity as a ground motion
with low acceleration but high velocity and long duration.

OTHER REGRESSIONAL PROBLEMS IN ENGINEERING SEISMOLOGY

In addition to I-a conversion, other similar problems of regression of multiple
random variables also exist in engineering seismology and many other fields, for which
the regressional principle suggested here can also apply.

Bolt (Ref. 1) and Mark (Ref. 3) have challenged the adequacy of the routine
regressional principle in studying the relation between earthquake magnitude M and
the fault rupture length L. The purpose of their studies is to find out possible maximum
magnitude from the fault rupture length or the linear dimension of the seismic gap;
but when used in seismic hazard analysis, the purpose is to estimate the fault rupture
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length for known earthquake magnitude. For both cases, the rupture length should
be that of the source, not the rupture on ground surface. Fig. 4 gives the results
from different regressional methods mentioned in the present paper for a set of China
data of magnitude M and linear dimension of the area surrounded by aftershock foci.
The differences between methods are also significant.

Ohsaki et al (Ref. #) have studied relations between two parameters of the
ground motion at the same point and the parameters considered include acceleration,
velocity, displacement and Housner spectral intensity of the horizontal and vertical
components. They used separately methods | and 2 and presented both results. Since
the correlation coefficients of the parameters they studied are on average greater
than those in the present paper, the differences of methods 1, 2 and 3 for their cases
should be less than those of the present paper. One example for the relation between

peak horizontal displacerfent Dy, and the vertical acceleration A, is
Ay = 15.98 Dy, (method 1), 25.71 Dy, (method 2), 20.27 Dy, (method 3)

The differences are also considerable here.
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