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For many years seismologists have tried to measure the violence of
earthquake motions by means of so-called seismic intensity scales, which
were divided into a number of grades and were based exclusively on the
effects of earthquake motions on animate and inanimate objects.

The relation between instrumental seismic intensity data and seismic
intensity scale has been investigated by Ishimoto, An empirical formula
concerning the relation between the Japan Meteorological Agency Seismic
Intensity Scale and the maximum acceleration of earthquake motions as
observed at the underground vault of the old building of the Earthquake
Research Institute by means of the 0.1 sec period seismograph obtained
by Ishimoto! is as follows:

Apgr = 0.125 X 100.6021‘”111 R ( 1 )

in which a,.. and I,,, represent the maximum acceleration in gals and
the Japan Meteorological Agency Seismic Intensity Scale, respectively.
Ishimoto noticed that the relation mentioned above should be a function
of the predominant period of ground and Eq. (1) is the result as obtained
at the place in which the predominant period of ground is 0.3 sec.
Kawasumi® later made a thorough investigation on the problem based
on the same data of Ishimoto plus new data, and obtained the following
empirical formula, that is,

ey =0.253 5 10"1704 | (2)

max

The correlation of seismic intensity scale with the instrumental data
on destructive earthquake motions at nine strong motion seismograph
stations obtained by the U. S. Coast and Geodetic Survey has been in-
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vestigated by Neumann®. One of the results obtained by Neumann is
as follows:

Uz = 0.91 x 1030 (3)

in which a,,, and I, represent the maximum recorded acceleration in
gals and the Modified Mercalli Seismic Intensity Scale, respectively.

In the present paper, the correlation stated just previously will be
investigated from a different point of view.

Table 1.
Instrumental data
Name of MM
Date Max, | Predom.
earthquake Station accel. | period scale
(gal) (sec)
I| Vernon 120 0.30 7.5
1| Long Beach Mar. 10, 1933 “Subway
I II Terminal 40 0.65 6.5
Los Angeles I| Vernon 80 0.30 6
2 Country Oct. 2, 1933 Subway
o 11 Terminal 30 0.65 5.75
Hardy River-
—_3_ " Lake Macato Dec. 30, 1934 III { EIl Centro 140 0.20 6
4 | Montana Oct. 31, 1935| IV | Helena 120 0.40 8
5| N. California ‘Sept. 11, 1938 V| Ferndale 70 0.40 6
6 | Imperial Valley ' May 18, 1940 | III | EI Centro 330 0.20 | 7.5
71 Punta Gorda Feb. 9, 1941 V| Ferndale 50 0.40 6
éﬁ Santa Barbara ]\June 30,1941 VI | Santa Barbara 160 0.30 7
_; Eureka Oct. 3, 1941 V | Ferndale 70 0.40 6
.| W-Central -
71(7)7 California Mar. 9, 1949 | VII | Hollister 140 0.35 7
VIII  Olympia 180 0.35 | 8
11 | Pugte Sound Apr. 18, 1949 | —- -
IX © Seattle 50 0.90 8

The data used in the present investigation are represented in Table
1, and the relation between the maximum value of the recorded accelera-
tion and the grade of the Modified Mercalli Seismic Intensity at each
place is shown as a small circle in Fig. 1.

3) F. NEUMA.I;IN, ‘ Sroime Generalized Concepts of Earthquake Motion,”” Proc. Symp.
Earthq. & Blast Effects on Structures, Earthq. Engg. Res. Inst. (1952), 8-19.




A Short Note on Seismic Intensity and Seismic Intensity Scale 341

As seen in Fig. 1, the intensity-maximum acceleration relationship
is not simple, and a most presumable reason of it is that earthquake
motions depend largely on the vibrational characteristic of ground,
especially, on the predominant period of ground. Under the above con-
sideration, it seems that, in general, the maximum acceleration increases
with decrease of predominant period for each grade of MM intensity
from the relation represented in Fig. 1.
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Fig. 1.

Three full lines in Fig. 1 which connecting two data of the same
stations appear to be approximately equal inclinations, the average of
them becoming as follows:

Aaw =X 1075007 (4)

in which ¢ is a function of the vibration characteristics of ground.
The lines passing through each point in Fig, 1 and parallel to a
line derived from Eq. (4) are represented as broken lines in Fig. 1.
Utilizing the broken lines in Fig. 1, the value of the maximum accelera-
tions corresponding to grade 8 of MM intensity at each place will be
estimated. The relation between the estimated values of the maximum
accelerations and the predominant periods of the grounds is shown in
Fig. 2. An empirical formula derived from Fig. 2 becomes as follows:
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oz, sryr—s =42 X T;m ’ (5)

in which T, is the predominant period of ground in sec. From Egs. (4)
and (5), we get

e=1.6xT;™. (6)
Gmaxk(gGU
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Fig. 2.
Applying (6) in (4), we obtain

Oee=1.6 % T3 x 10™1800xr | (7)

From (7), the velocity-intensity relationship is obtained as follows:
Vnmee(Cm/sec) =0.26 x T5%* x 10*800r (8)

7,03 Now, the values of TG"* may be
assumed constant as 1.2 in the
range of T,=0.3—1.0 sec as seen
in Fig. 3. Therefore, as an engi-
s ) neering aspect, the velocity-intensi-
) ty relationship may be rewritten

T e as follows:

TN A NS S SR SR GRS NS S|
0 0.2 0.4 0.6 0.8 1.0 Vnas(Cm/sec) =0.31 x 100~181311|1 .
Fig. 8. (9 )

The relationship mentioned above is shown in Fig. 4 as a full line.
From the final result of the present investigations, we can say that




A Short Note on Seismic Intensity and Seismic Intensity Scale 343

the damage to structures caused by earthquake motions depends mostly
on the maximum velocity amplitude of earthquake motions, because the
grades of seismic intensity used here were estimated by the rate of
damage to structures. The above explanation agrees with the conclusions
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Fig. 4.
of investigations in which the correlation between the damage to build-
ings caused by some of the past big earthquakes and the square of the
maximum velocity amplitude of earthquake motions was studied®.

In conclusion, many thanks are due to Miss S. Yoshizawa who has
assisted me in preparing this paper.
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