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1. Introduction.

If there were no movements of damping or dissipation in the
vibrations of a structure, it is probable that almost any structure would
suffer damage in an earthquake owing to resonance, as actual earth-
quake movements consist generally of a large range of vibrational
periods.

Fortunately, however, we have many kinds of damping and dissipa-
tion in a structure on land, so that a structure may be free from
resonance even in synchronous vibrations. The question of air resis-
tance and damping in the material used in the structure as well as in
the foundation has been studied by some investigators®. The pro-
blem of the dissipation of vibrational energy of building in the form
of elastic waves transmitted into the ground have been studied
theoretically by us. The statistical studies concerning the damage of
non-wooden buildings due to earthquake were explained considerably by
the results of the theoretical studies based upon the idea of dissipation.

In this investigation, we examined the damping coefficient of many
kinds of actual buildings, using the results of vibration experiments by

means of vibrator in order to obtain a better insight into the aseismic
properties of a structure.
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2. Damping ratio of the actual buildings.

Firstly, the following process was used in examining the damping
ratio of the actual buildings by means of resonance curves. When a
constant foree is applied to one mass system, the damping coefficient
will be evaluated from the following formula.
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where, h=¢n, e=¢/M, n=1/?(/7l; and &, K, M are damping coefficient,
stiffness, mass respectively. p,, p, and n, are frequencies of resonance
curve at 1/7/2 times resonance amplitude and resonance fregnency.
Generally speaking, for actual buildings, the value of [p— ][ ny 18
much less than 1, so equation (1) may be transformed as follows;

h=(p2—pA)[Ang. «eeevevnno... ceeea(2)

Damping ratio v(=e*”) will then be calculated easily by means of equa-
tion (2) using the results of vibration experiments, the results are
shown in Fig. 1.

It will be seen that, for actual ferro-concrete buildings, the damp-
ing .ratio increases with the decrease in natural period. This feature
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Fig. 1. Relation between the damping ratio and the natural period
of actual buildings. Marks @, O, &, A, M and B, G represent
ferro-concrete, non-column ferro-concrete, precast ferro- -concrete,
wooden, concrete block building and beam, girder direction respec-
tively. Mark S reperesents the condition fixed brace-strut.




Part 2.] On the Damping of Vibration of Actual Buildings. I. 123

tells us that the-rigid construction in ferro-concrete building is very
desirable in preventing earthquake damage. On the other hand, for
actual precast ferro-concrete, wooden and brick building, the damping
ratio in question scarcely increases with the decrease in natural period,
and takes very small value.

3. Damping coefficient of the actual buildings.

Secondly, the following method was used in examining the damping
coefficient of the actual buildings. It can be shown that, in a one mass
gystem with damping, the resonance amplitude is given by

r%oz(ﬁ), R 23

where m and r are the eccentric mass and eccentricity of vibrator.
From equation (3), we obtain
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Fig. 2. Relation between the damping coefficient and the natural period
of actual buildings. Marks @, a and B, G represent ferro-concrete,
wooden building and beam, girder direction respectively.
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Damping coefficient was then caleulated by means of equation (4), and
the results are given in Fig. 2. In Fig. 2, the relation between the
two points connected by broken lines shows that the damping coefficient
for the direction of short period is larger than the damping coefficient
for long period of the same building. In other words, as the value of
mass is constant for two directions of the same building, the damping
coefficient of actual building increases with the increase in the vibra-
tional stiffness.

This fact can be explained by the results® of theoretical studies,
based upon the idea that the vibration energy of buildings dissipates
to the ground as elastic waves originating from the foundation.

The constants of the buildings as well as the vibrator and the
results of experiments are shown in Table I and Table II.

Table 1.
: - Vibrator
[ Name of . Stor- Plan R
No. i Building Construction ies (m) }'ic)z?f;?;r Ec:;g;grxc Location
| (em) | ‘(kg) | (floor)
1 |Sanno A 4 | 12x8 21.5 65 Roof
2 | Sanno B 4 | 20x11.4 " ” v
| Ferro-concrete ,
3 | Aoyama fire-damaged 3 54x11 " 80 2nd
4 | Mampei 4 | 44.4%21.0 ” 66 4th
5 | Nonomiya 7 33x19 " " Tth
6 | Takaba No. 6 | 4 |37.9x6.6 v , Roof
! Non-column ,
7 | Takaba No. 2 | ferro-concrete 4 ” » : » »
| apartment ST
8 | Nishinomiya 4 " 1 P » ,
9 | Matsui Concrete block 2 4.83%x3.6 ! 9.0 45.7 2nd
Women’s i
10 Medical College Precast 2 28x12 ? 22.5 7.5 !
11 | Examination | [crroconcrete | ™, 4x3 | 5.0 45.7 ’
i A; 11.0 ”
12 | Chitose Wooden 10x8 | ”
13 | Kamakura school "y 1 qy046 | 23.0 1.68 | Beam

2) K. SEzawa and K. KANAL ‘““Improved Theory of Energy Dissipation in Seismie
Vibrations of a Structure”, Bull. Earthq. Res. Inst., 14 (1936), 164.
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Table II. Results of vibration experiment. G; girder direction,
B; beam direction, (S); the condition fixed brace struts.
s Resonance Damping
No. Name of Build. |Diree-, . 70" - o
} tion | Force | Period | Ampl. W(=¢/n) lo(=e7 10-9
rrrrrr - T U tom) | (see) | (mm) [M=e/m) p(=etT) 16
G 0.96 | 0.24 |0.0494 | 0.14 2.4 | 5.7
1 Sanno A e -
B | 076 | 0.27 |0.0748, 0.15 2.6 | 3.0
2 | Sanno B G  1.23 | o.212]0.0252 0.11 | 21 |18
_ G | 061 | 03340025 | 0.11 | 2.0 |18
3 Aoyama ! —
B 0.28 | 0.49 |0.15 0.042 | 1.3 | 1.1
4 | Mampei G | 0.3 | 0.0 |0.034 | 0.12 | 2.1 | 2.7
G 0.85 | 0,40 {0.047 | 0.10 1.9 | 2.5
5 Nonomiya :
B | 0.2¢4 | 0.475[0.097 | 0.052| 1.4 | 1.8
6 | Takaba No. 6 B | 1.33 | 0.204 [0.095 | 0.070 | 1.6 | 4.5
7 | Takaba No. 2 B 1.09 | 0.2250.160 | 0.091| 1.8 | 2.2
. 8 | Nishinomiya B | 0.17 | 0.2680.155 | 0.090 1.8 | 1.8
9 | Matsui G | 0.61 | 0.1630.76 | 0.071| 1.6 | 0.16
10 Women’s Medical G t 0.15 0.208 0.100 0.084 1.7 0.48
College B | 015 | 0.210|0.167 | 0.078| 1.6 | 0.33
11 | Exarnination. G 0.033 | 0.526 | 2.6 0.039| 1.3 | 0.081
G 0.11 | 0.426 19.0 0,045' 1.3 | 0.002
12 | Chitose School =
B 0.12 | 0.402 14.0 0.074 . 1.6 | 0.003
(S | 0.027| 0.232]0.366 | 0.068 1.5 | 0.014
13 Kamakura School -
0.017 | 0.295|0.920 | 0.073 1.6 | 0.004

4. Conclusion.

From the present investigations, it was found that the damping
due to air resistance and the inner friction due to visco-elastic property
of the materials composing the structure do not appear to dominate

the damping in usual cases.

But the dissipation of energy of vibrations
into the ground seems to play an important part in the prevention of
the vibrations of a building.
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In conclusion, it must be added that the above is a research work
done as a member of the Committee for Seismic Tests of Structures,
undertaken under the grant from the Scientific Research Expenditure
of Department of Education to whom the authors wish to express their
gratitude. The authors also wish to express their hearty thanks to
Mr. K. Nakagawa of the Architectual Research Institute, Messrs. T.
Tanaka, T. Suzuki who has aided the authors in preparing the pre-
sent paper. '
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