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SUMMARY

In this paper, 3 types of estimation methods on earthquake occurrences are
proposed, i.e., (1) Extreme value distributions of earthquake occurrences on an-
nual maximum magnitude, (2) Those on annual maximum magnitude and epicentral dis-
tance and (3) Simultaneous distributions of earthquake occurrences on magnitude
and epicentral distance. Those methods can be available for estimation methods
of seismic input for regional aseismic prevention planning of buildings using
seismic limit analysis.

INTRODUCTION

In order to evaluate the seismic capacity of buildings, it is necessary to
estimate the earthquake occurrence probability in an area around their given
site. For seismic risk analysis many probabilistic models for earthquake occur-
rences are proposed. They mainly dealt with maximum expected values of strong
earthquake ground motion and its return period (Ref.l). But probabilistic models
are only taken into account of earthquake magnitude and the effect of epicentral
distance can not be developed thoroughly (Refs.2,3). On the other hand the
authors have already presented the Earthquake Limit Response Analysis method
(Refs.4,5,6) and applied it to seismic capacity evaluation, seismic damage pre-
diction and seismic structural design of buildings using probability and fuzzy
set theories. In this paper estimation methods on earthquake occurrence prob-
ability for those analyses are shown around Kobe City (Ref.7).

EARTHQUAKE OCCURRENCE DATA

In this paper earthquakes are classified into 2 types, i.e., intra-plate
earthquakes and inter-plate earthquakes and the observation site is settled at
Kobe City (135.2°E,34.7°N) as an example. Earthquake occurrences are estimated
by each observed data, respectively.

Intra-plate earthquake Earthquake occurrence data are compiled from JMA
earthquake data catalog for the period of 57 years from 1926 through 1982
(Refs.8,9). In those data earthquakes which occurred in the area from 132°E to
138°E and from '32°N to 38°N are used. Furthermore intra-plate earthquakes are
selected as follows: a) Earthquakes occurred at the inside of the plate and
within a circular area with radius 200 km around Kobe City, b) Shallow
earthquakes (focal depth was less than 60 km). The distribution of observed
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earthquake occurrences for intra-plate type is shown in Fig.1.

Inter-plate earthquake Earthquake occurrence data are compiled from Utsu's
carthquake data catalog, which complies the earthquake occurrence data near Japan
from 1886 through 1980. In those data earthquakes which occurred for the
period of 75 years from 1906 through 1980 (Refs.10,11) are used.  Furthermore
inter-plate earthquakes are selected as follows: a) Earthquakes qccurred in sea
area and within a circular area with radius 2000 km around Kobe City, b) Shallow
The distribution of observed earthquake occurrences for inter-

earthquakes.
plate type is shown in Fig. 2.

FREQUENCY DISTRIBUTION OF EARTHQUAKE MAGNITUDE

Generally, following the empirical relation, Gutenberg and Richter's equa-
tion (Ref.12), between magnitude M and the number N(M) of earthquakes of mag-
nitude larger than M which occurred at a given area is expressed by

log N(M) = a + b-M (1).
Relations between M and N(M) are shown in Fig.3 for both earthquake types. As
the results of regression analyses regression coefficients a and b and correla-
tion coefficient r are shown in Table 1. For regression analyses magnitude M4
for intra-plate earthquake and M>6 for inter-plate earthquake are used.

EXTREME VALUE DISTRIBUTION OF EARTHQUAKE OCCURRENCE

At first, using the earthquake occurrence data prepared at chapter 2, ex-
treme value distributions (Ref.l13) of earthquake occurrences on annual maximum
magnitude are shown in Fig.4 for intra- and inter-plate earthquakes, respec-
tively. Cumulative frequencies of maximum magnitude greater than M in magnitude
are plotted on Weible's probability paper in Fig.4. In this case only the maxi-
mum values of M per year are taken into account. Regression analysis for follow-
ing equation (Eq.2) are carried out and the results of those using the method of
least square are shown in Table 2 for both earthquake types, respectively.

In[1n{1/(1-y)}] = a + b*M (2)
where y is cumulative earthquake occurrence probability greater than M and a, b
are regression coefficients and r is correlation coefficient.

Secondly, extreme value distributions of earthquake occurrences within the
pitches of epicentral distance are estimated. In this method earthquake occur-
rence area is divided into some annular zones, i.e., for intra-plate earthquake
10 annular zones by concentric circles with an interval of 20 km from the obser-
vation site and for inter-plate earthquake 9 zones by those with an interval of
200 km from the point 150 km far from the observation site. For each annular
zone regression analyses on Eq.(2) are carried out. The results are shown in
Figs.5,6 with regression lines and the results of the regression analysis using
the method of least square are shown in Table 3 for both earthquake types,
respectively. Using the recurrence coefficients of Eq.2 in Table 3, contour
lines with the same earthquake occurrence probability are illustrated in
magnitude(M)-epicentral distance (A) plane in Fig.7. In its center values of A
in each annular zone are adopted as the central values and the linear interpola-
tion method between the each zone is adopted.

Simultaneous Probability Distribution of Earthquake Occurrence
Generally,. characteristics of earthquake ground motion are described by
earthquake magnitude M and epicentral distance A. In this chapter simultaneous

probability distributions of earthquake occurrences are estimated as following
procedures regarding M and A as random variables.
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(a) For earthquake occurrence data M and A are limited to M, <M<M_ and OZA<A_,
where M; and M are lower and upper bounds of M and A_ is upper bound of A.

(b) M-A planes in (a) are divided into sections. Interval for M is 0.1. That
of A is 10 km for intra-plate and 100km for inter-plate earthquakes, respec—
tively.

(c) Cumulatlve frequency of MzM and A >A is evaluated for each divided section
area (M; =

(d) Using tke r%sults of frequency distribution in (c) probability distributions
are plotted as shown in Figs.8(a),9(a).

(e) In order to make multiple regression analysis, probability density function
f(M,A) is assumed for both _earthquake types as follows.
£0M,8) = a (M, - MK 4 pen? (3).
Probability dlstrlbutlon function F(M,A) is derived from following integra-
tion on Eq.(3).

F(M,A) = fﬁs fé f(m,8)dédm (4).
Consequently,
F(M,0) = asde(Mg - XL/ + 1) + b-(Mg - M)ep 3/3 (5).

(f) Using the cumulatlve probability distributions of observed data in (d) mul-
tiple regression analyses on Eq.(5) are carried out, where M;=4.0, M_=7.5
and A =200 km for intra-plate earthquake and M;=6.0, M_=8.5 and A 2060 km
for 1nter plate earthquake. Regression coefficients are shown in Table 4
and distributions of F(M,A) and £f(M,A) are shown in Fig.8(b),(c) and Fig.9
(b),(c), respectively.

CONCLUDING REMARKS

Judging from Figs.1,2 the locations of earthquake epicenters are not dis-
tributed uniformly around the given area. In case of intra-plate earthquakes many
earthquakes occurred near Wakayama Prefecture and in case of inter-plate
earthquakes the locations of earthquake epicenters are distributed along the sub-
duction areas of plates locally.

Figs.4,5,6 show that the extreme value distributions of earthquake mag-
nitudes have good coincidence with the Weible-distribution for both earthquake
types. In case of Fig.4 annual probability or return period of earthquake occur-
rences with maximum magnitude can be available only in given whole areas and in
case of Figs.5,6 the effects of epicentral distances can be taken into account.
Judging from Fig.7 when epicental distance is far the maximum value of M has
higher value for the same annual probability of earthquake occurrence in case of
intra-plate earthquake and in case of inter-plate earthquake that of M has the

lowest value when epicentral distances are between 500 and 1500 km. In com-
parison with the regression results in Tables 2,3 'a' values in Table 2 are
larger than those in Table 3. These methods treat the maximum value of

earthquake magnitudes, so the results of seismic risk analyses using these
methods are predicted in the safe side. As an application example of these
methods, in Ref.5 the linguistic evaluations of seismic input are carried out
taken into account of earthquake magnitude, epicentral distance, return period
and the life time of buildings using fuzzy set theory.

Figs.8,9 show that the effects of epicentral distance can be roughly taken
into consideration. This method may be used as probabilistic model of earthquake
occurrences taken into account of locality of those and epicentral distances.
Using Eq.(3) and the regression results in Table 4, earthquake occurrence prob-
abilities for seismic risk analyses are estimated freely. As an application ex-
ample, in Ref.6 the seismic failure probability of buildings is calculated using
earthquake occurrence probability estimated this method and failure probability
of buildings.

These 3 types of estimation methods on earthquake occurrences are proposed
and the results are available for estimation methods of seismic input for
regional aseismic prevention planning of buildings.
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