Earthquake Measurement in a Brick Building.
BY
F. OMORI, D. Sc.

1.—The great amount of damage dome to brick buildings by
earthquakes is generally due to the breaking of their walls in con-
sequence of the strong horizontal motion, and therefore it would be
of interest to study the shaking during earthquakes of different
portions of the walls. As an instance of investigations of this nature,
I give in the present paper the result of a seismographical measure-
ment made in the Engineering College of the Tokyo Imperial Univer-
sity, whose object was the comparison of the motion of a wall with
that of the ground.*

2.—The wall chosen for the experiment was the external wall
of the upper corridor of the western side of the Engineering College,
and the motion was recorded by Prof. Ewing’s Horizontal Pendulum
Seismograph fixed mnear the top of the wall at the middle of its
length. (See figs. 1 and 2.) Another seismograph of the same
pattern was set up on the ground between the Engineering College
aud the Geological Iustitute, aund its record was taken as repre-
senting the earthquake motion of the basement of the former, there
being mno particular topographical irregularity in the grounds, on

which these buildings stand. Subsequently the ground-surface obser-

* Similar measurement with duplex pendulum seismographs have hbeen made in
1883-4 by Prof. J. Milne. See his paper: ZLhe movement produced in certain buildings by
earthquakes. 'l'rans. Seis. Soc. Vol. XII.
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vations were discontinued, and the records of the Instrument in
the Seismological Institute were substituted. All the seismographs
multiplied the motion five times, the measurement having been rest-
ricted only to the horizontal component of the earthquake motion.
3.—The experiment was carried on between 1894 and 1898,
doring which period ten moderate earthquakes have successfully been

recorded. The result is summarized in the following table.
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EARTHQUAKE MEASUREMENT IN A BRICK BUILDING. 9

To the above table the following explanatory notes may be
added. |
Eqke. No. 2. Intensity weak. The motion had a single well-
pronounced maximum. -
Eqke. No. 4. Intensity slight. The motion had no well-pronounced
maximum.
Egke. No. 5. Intensity weak. The duration was 80 seconds.
(Engineering College, upstairs.) The preliminary tremor
consisted of vibrations of an average period of 0.18 sec. in
the EW and 0.21 sec. in the NS direction and was followed
abruptly by larger movements which were most active for
the next 2.2 seconds, and whose average period was 0.23
second in the EW and 0.19 second in the NS direction.
The maximum horizontal motion was 2 mm in the EW and
3.2 mm in the NS direction. Measuring at about 22 seconds
from the commencement, the average period was found to be
0.22 second in each direction.
(Engineering College, ground surface.) The principal
portion whose maximum motion was 1.4 mm in the EW and
1.6 mm in the NS direction had an average period of
0.22 second in the EW and 0.19 second in the NS direction.
Measuring at about 23 seconds from the commencement, the
average period was found to be 0.22 second in each com-
ponent.
Egke. No. 7. Intensity weak. The duration was 100 seconds.
(Seismological Institute.) The preliminary tremor was
followed abruptly by the maximum motion. The average
period of vibration in the principal portion was in the EW
component 0.4 second.

Egke. No. 8. Intensity weak. The duration was 90 seconds.
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(Engincering College, upstairs.) The preliminary tremor
was followed abruptly by a well-defined maximum movement,
whose period was 0.36 second, and whose range was 2 mm
in the EW and 4.1 mm in the NS direction, the rest of the
shock consisting of far smaller vibrations. In the NS direc-
tion, the average periods of vibration in the preliminary tremor,
principal portion and end portion were vespectively 0.3, 0.4 and
0.46 second.
(Seismological Iustitute.) The maximum motion was
2.2 mm in the EW and 3.2 mm iu the NS component, the
average period in the principal portion being 0.41 second.
Eqke. No. 9. Iutensity slight. The earthquake consisted of very
quick vibrations, the average period being in the EW direction
0.14 second. (Seismological Institute.)
4.—As will be seenn from the table, the motion of earthquakes
Nos. 2, 8 and 7, which cousisted of vibrations of comparatively slow
period, that is to say, above 0.5 second, was practically the same in
the upper storey of the Engineering College as on the ground surface,
the mean ratio of the ranges of motion at these two stations being 1.
Ou the other hand in the remaining seven earthquakes which con-
sisted of quick-pericd vibrations, the motion of the top of the wall
as greater in the average ratio of 2:1 than that of the ground
surface.  As besides, the period of vibration was the same in both
cases, 1t seems that in shocks of violemt mnature the wall, on which
the roof rested, behaved like an inverted pendulum subjected to a
forced vibration, its motion synchronizing with the earthquake motion.
Figs. 3a, 3b, 4a and 4b, give, as typical illustrations of this kind,
the diagrams of earthq_uakes Nos. 5 and 8. X
Practically, in cases of destructive earthquakes, the damage of

two-storied brick buildings is in general limited to the upper storey.
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Thus it is not seldom that the walls of the lower storey remain
uninjured or very slightly cracked, evenn though the damage to the
upper storey be so severe that its walls are knocked down and its
roof fallen in.  This is evidently due to the magnification of motion
in the upper storey walls. Typical illustrations are given in figs. 5
and 6 which represent the condition after the great earthquake of
Oct. 28th 1891, of the Aichi Cotton Mill and the Post and Telegraph

Office, both at Nagoya.
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Fig. 1. WEST SIDE OF THE ENGINEERING COLLEGEK.
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Fig. 3. The Harthquake of Nover ber 30th, 1894.
{Surface ground.)

Multiplication of motion=5.
Time of xevolution of the glass plate=68 sec.
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PFig. 4. The Eorthquake of March 6th, 1896
(Surface ground.)

Multiplication of motion=5,

Time of revolution of the glass plate=37 sec.




Fig, 4b. The Earthquake of March 6th, 1896,
(Engineering College upstairs.)
Maultiplication of motion=35,

Time of revolution of the glass plate=48 sec.
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