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1. Introduction.

The property of building vibration has a variety according to the
ground property even if the same vibrational force acts on the buildings
of same structure, and the property of earthquake motion depends on
the ground nature. Therefore it can be said that the buildings under
earthquake are doubly influenced by the ground property.

On one hand the influence of the ground property on building vibra-
tion is made clear by giving forced vibration artificially to the building
through a vibrator or other means, and on the other hand the property
of earthquake motion itself is observed on the ground of various pro-
perties. Then these results may be combined so as to make it possible
to presume the vibration of actual buildings caused by earthquake. Not
a few studies from these two standpoints have been made and the rela-
tion between them is getting clearer. ‘

Besides such an indireet method of study which can be applied gener-
ally, a direct method, that is the observation of earthquake motion in
the buildings on various kinds of ground has been adopted. In Japan
earthquake motions were observed in various wooden houses and a few
reinforced concrete buildings by installing acceleration seismographs
temporarily. In U.S. A., observations are made by means of strong
motion seismographs installed at both the upper and lower parts of
-some buildings of reinforced conecrete.

The present paper is intended to show systematically the relation
of the property of building vibration in the course of earthquake to the
ground property, which is obtained from the simultaneous observation
made at the ground-floor and the roof-floor of the buildings of same
structure standing on the ground of different properties.




306 K. KANAI and T. SUZUKI [Vol. XXXI,

2. Method of examination.

Two combinations of buildings of same structure with the ground
of different properties are represented by A and B. In both A and B
combinations, the buildings are four-storied apartments of bearing wall
reinforeed concrete eonstruction. The building in A is ecalled “49B of
the Construetion Ministry”, the observation was made at two places:
halfway up a mountain in Hyogo Prefecture (the surface; piled up clay,
bearing power; 6.5 t/m? and on the alluvium in the same prefecture (the
surface; reclaimed land of a pond, bearing power; 7t/m?. In B, the
type of building is called “Tokyo-to Residential Association 46” and obser-
vations were made on the diluvium and the thick alluvium in Tokyo.

The data concerning each building and place and the seismograph
constants are shown in Table I. In Table I, the natural period of
building is obtained from the results of vibration experiments made by
using a vibrator®.

Table I. (a; Earthquake No. B1-B3, b; B4-B8)

Building Seismograph
Type Pézlc(;d Position Position P(zglco)d Iz,z’g;g Magnif.
0.20 | Lakaha-Takemaru, Nada-ku,| Roof 1.0 | 13:1 _1@——
A 98B | Kobe-eity Ground ” " 208
0.27 Kita-Nagato-cho, Nishinomi-| Roof ” " 186
ya-city Ground ” " 246
0.32 | Komagome-chd, Toshima-ku, Roof | » | » |138]102
B 46 Tokyo Ground | 7 " 174 | 98
0.98 Senju-hashido-ch6, Adachi-| Roof ” " 198|117
) ku, Tokyo Ground ” " 233 1146
a b

Figs. 1 and 2 illustrate the sketches of the buildings of type 49B
and type 46, and Figs. 3 and 4 are the photographs of these buildings.

3. Results of observations.

The earthquakes in A and B are indicated in Tables II and III, and
the epicenters are shown in Figs. 5 and 6.

The frequency-period relation of main shocks obtained from the
seismograms of the earthquakes in A and B are shown in Figs. 7-16

1) K. Kanai, T. Hisapa, K. NakAGawaA and T. SuzZUKil, Res. Report, Awrchitect.
Inst., Japan, No. 24 (1953), 185 (in Japanese). .
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Fig. 2a.

Table II.

Earthq. Origin

No. Date Depth

(km)
Al 19561 IX 23 40 3.3
A2 ” 27| 20~30  33.9
A3 v w30 0~10 34.3
A4 ” v 31 0~10  34.8
A D v X 9 20 34.
A6 v w11 40 33.°
AT " r 14 S0 32.5
A 8B ” v 16 40~5H0 32.8
A 9 ” v 23 20 3.6
Al0 ” w27 10 3.5

Fig. 1b.
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Fig. 4.

Earthq.
Na. Date
B 1 1953 1
B 2 rooon
B3 o on
B 4 r 11
B 5 v
B 6 "
B 7 "o
B 8 G "

Fig. 2b. Side view

of type 46.

Building of type 46.

Table TI1.
Origin

Depth

(km) | ¢ | 8
20 40 36.9 141 .4
22 60 36.2 141.3
26 40 36.1 139.8
11 10 36.4  140.6
13 — | Chiba-Prefect?
18 | 40 36.5 | 141.0
v | 60 | 85.3/4 140.1/2
22 | — 'I‘m‘hi;_gi-Pj‘Ef&'i .
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and Figs. 17-24 respectively. Among these earthquakes, the represent-
ative seismograms concerning A and B are shown in Figs. 25 and 26
respectively.

As for the frequency-period curves of Kobe, Nishinomiya and Senju,
it can be seen that generally the frequency at roof-floor has peaks at
both periods corresponding to the maximum of frequency at the ground-
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floor and to the natural period of the building. At Komagome, as the

natural period is very approximate to that of the building, such a
phenomenon can not be seen so clearly.
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Tables IV and V show the respective largest amplitudes, the mean
amplitudes and periods of five waves including the wave of largest
amplitude both on the roof-floor and the ground-floor in the course of
the earthquakes shown in Tables IT and III.

From Tables IV and V, it is seen that, regarding each earthquake,

Table IV. (Kb; Kobe, N; Nishinomiya)

Amplitude (micron) Mean Period (sec)
Largest
Earthq. .
No. Roof Ground Kb/N Roof Ground
Kb N Kb N Roof |[Ground| Kb N Kb N
Al —_ 236 — 146 — — —_ 0.24 — 0.60
A 2 — 19 — 10 — — — 0.30 — 0.36
A3 104 63 69 37 1.9 1.9 0.36 0.31 0.44 0.40
A 4 68 —_— 25 —_ - — 0.29 —_ 0.40 —_
Ab 90 53 54 20 1.7 2.7 0.22 0.28 0.46 0.26
A6 31 — 17 —_ — — 0.29 — 0.40 —_
AT 30 30 16 11 1.0 1.5 0.31 0.27 0.50 0.30
A 8 1569 — 130 — —_ —_ 0.44 — 0.70 —
A9 116 —_— 62 — — —_ 0.25 — 0.50 —
Al0 100 86 36 39 1.2 0.92 0.22 0.32 0.22 0.40
Table V. (Km; Komagome, S; Senju)
Amplitude (mieron) Mea?sggriod
Earthg. Largegt Mean
No. Roof Ground S/Km Roof Ground Roof Ground
Km| S |Km| S |Roof ?;;?{ Km ‘ S |Km ‘ S {Km | S |Km| S
B1 1351 8 65| 81 |0.64 © 1.2 113 | 68| 48| 60| 0.82 | 0.49 | 0.46 | 0.60
B2 69 | 101 43| 70 1.6 I '1.6| 63| 73| 84| 58| 0.33]0.46 ‘ 0.45 | 0.87
B3 |127| — 34| 34| — ’ 1.00 90| —| 32| 27]0.3¢| — 0.37 | 0.41
B4 28| 49 17| 42 1.8 | 2.5 18| 35| 11| 381 0.350.47 , 0.45 | 0.56
B b 83| 74 42| 420.89 i 1.0 71| 67 32| 29{0.34|0.28 . 0.41 | 0.31
B 6 761104 40| 73[1.4 f 1.8 49| 8| 27| 530.83 | 0.381 | 0.44 | 0.46
B7 67 133 411102 2.0 ‘ 2.6 661103 | 32| 79 0.43] 0.57 : 0.49 | 0.63
B 8 9 — 61| —| — | —| 64| —| 32! —|o.81! — 1 0.47 | —
SN S i R |
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the mean period of five waves including the wave of the largest ampli-
tude on the ground-floor does not always coincide with the mean period
on the roof-floor. But, the period of such meaning on the roof-floor of
each earthquake becomes constant in general, and the value agrees
roughly with the natural period of the building.

Such a property of frequency-period and the mean period as relation
here implies that an actual building has a tendency to cause a resonance
selecting the waves of which the period corresponds to its natural
period from the earthquake motion with irregular wave-form.

Fig. 27 and 28 show the ratio of largest amplitude obtained both
on the ground-floor and the roof-floor to the mean period of five waves
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Fig. 27. A and T represent the largest amplitude and the
natural period of building respectively.

A(Roof)
A(Ground)

—

Ts T;(r'n ——Period of Ground (sec)

| | | | | | |
0 d-l Ol'2 03 04 05 06 07 08 09

Fig. 28. A and T represent the largest amplitude and the
natural period of building respectively.
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including the largest amplitude on the ground-floor. (This relation is
unchanged in the case of the mean amplitude of five waves including
the wave of the largest amplitude observed both of the ground and roof
floors). These figures indicate that the relation between the amplitude
of building vibration and the period of earthquake motion strongly
resembles that of the amplitude to the period of the building to which
the forced vibration is exerted sinusoidally.

From the results related above it is found that the quasi-resonance
amplitude obtained on the roof-floor becomes 2-4 time larger than that
of the ground motion and the value gets smaller as the ground increases
its softness. This is easily explained qualitatively from the nature of
vibrational energy of building into the ground during earthquake®.

4. Conclusion.

From the observation of vibration property of buildings of same
structure standing on the ground of different properties, the following
results were obtained.

(i) The relation between the largest amplitude of buildings in
actual earthquakes and the mean period in the neighbour of the largest
amplitude is approximate to the resonance curves which are obtained
when sinusoidal forced vibration is exerted to the buildings. Therefore,
from the point of earthquake-proof construction, it is needed that the
resonance amplitude of the building is considered before it is possible to
presume the period of destructive earthquake.

(ii) The ratio between the amplitude of quasi-resonance of building
and that of earthquake motion varies according to the property of
ground even when the buildings are of the same structure. The value
of the above-mentioned becomes smaller as the ground gets softer.
This can be explained from the fact that the damping caused by the
vibrational energy of the building which dissipates into the ground
becomes larger as the ground gets softer.

(iii) On the roof-floor, the amplitude of quasi-resonance of the four-
storied buildings of bearing-wall type of reinforced concrete becomes
2-4 times larger than that of earthquake motion. Roughly speaking,
it is 4-times larger on diluvium, 3-times larger on alluvium and 2-times
larger on a specially soft ground.

2) K. SEzAwA and K. KANAI, “Improved Theory of Energy Dissipation in Seismic
Vibrations of a Structure”, Bull. Farthq. Res. Inst., 14 (1936), 168,
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(iv) The extent of the amplitude of ground vibration depends on the
property of ground in case of earthquake is related to the period of
seismic waves which reach the boundary surface between base rock and
surface layer. Moreover, as seen from Tables IV and V, the ratio be-
tween the respective largest amplitudes obtained on the ground-floor of
the buildings of same structure which stand on different kind of ground
depends on the property of earthquake, but, generally speaking, on
softer ground the value gets larger.

Therefore, at the time of earthquake, the effect of the amplitude of
ground vibration on buildings counteracts the effect of damping of
building vibration, and the difference among the largest amplitudes of
buildings due to the ground property is not so great.

In conclusion, we wish to express our thanks to the Science Section of
the Educational Ministry, for the financial aid (Research Funds) granted
us. Also thanks are due to the members of the Building Section of
Hyogo Prefectural Office and of the Residential Association of Tokyo-to
for their help and to Mr. K. Nakagawa and others of the Architectural
Institute of Construction Ministry, for their cooperation in the course
of these observations and to Miss S. Yoshizawa who assisted us in pre-
paring this paper.
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