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1. Introduction.

Since the strength test of actual reinforced concrete building
necessarily becomes large in scale, not so many buildings have been
submitted to the test of this kind. The number of satisfactory seis-
mic tests of applied-to concrete buildings is still smaller. For in the
test of strength against earthquake, the ordinary method of measur-
ing the strength by applying to the building statical force does not
satisfy the purpose fully, so a vibration test becomes necessary.

Generally in the vibration measurement of actual reinforced
concrete buildings, the vibrations caused by the wind or small earth-
quake are observed and the natural period and oscillation type of the
building are obtained. On rare occasions the free oscillation of build-
ing is measured by pulling the building and letting it go to get its
natural period and damping coefficient.

However, it is quite difficult to learn the aseismatic property of
building fully from such experiments only. This time, we applied for
the first time the method, by which the vibration of wooden-house
may be measured ®, to concrete buildings. The method is to apply forced
vibration to the building.

The experiment showed that this method is considerably effective
for the seismic test of reinforced concrete building, for we could get
the exact value of the proper period and damping coefficient of the
building as well as the quite approximate oscillation type and the data
concerning the state of the base under the ground.

1) T. SA1TA, “Study of Vibrations of Wooden House”, (in Japanese), Report
Invest. Comm. Earthg.-proof Const. Japan Soc. Prom. Scien. Res., No. 1 (1937), 60, No.
2 (1942), 82.

K. KANAI, “Vibration Experiments with an Actual Wooden Building’’, (in
Japanese), Bull. Earthqg. Res. Inst., 20 (1942), 538, 21 (1943), 206.
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2. The building submitted to the experiment.

The building

4th Floor

Pig. 2. The plan view of the building

submitted to this experiment is four-storied rein-
forced conerete one, located at Kobiki-cho, Chue-ku,
Tokyo, and was once burnt during the late war.
Figs. 1 and 2 show the photograph and plan view
of the building respectivelv. As shown in this
photograph and the plan view, the building, being
small and simply construeted with a width of 4.4 m
in beam direction and 11.6 m in girder direction, is
suitable for analysing the experimental result.

Table I shows the floor height and the weight
of each part of the building which is calculated
from the plan.

In Table I the height of foundation was caleulated
inversely from the experimental result. The weight
of the roof includes the parapet and the vertical
members of the foundation, and the floor weight is
a roughly estimated value.

From data obtained by boring the neighbouring
ground we found that the building stands on ground
having piled soil and reclaimed soil of 4 m thickness
and diluvium of 14 m under them.

subjected to the experiment.
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Table 1.
Number of stories | Base 1 2 l 3 4 l Roof
Height of column (m) L o2.0 | 8.7 | s \ 3.1 | 8.2 . —
Dead load | — | 16.8 | 16.8 . 16.8 | 16.8 | 11.0
Weight| Floor+Beam | Liveload | — | 14.4 | 144 | 144 | 144 | 12.8
(ton) | |
Total | — | 81 31 | 31 31 24
Column+ Wall+Staircase | 66 } 76 l | 6o 64 —

3. Method of experiment.

As for the experiment, the vibration was caused on the building
by a vibrator installed on the roof floor, driven by an electric motor
and producing centrifugal forece, and amplitudes of vibration corres-
ponding to various r.p.m. were measured by two kinds of portable
seismograph. One of them is of inverted pendulum type with air-
damper, smoked paper for recording, period of 6 sec and magnification
of 20. Another has an oscillograph for recording equipped with induc-
tion type transducer, of which the magnification is about 200 at
critical damping. ‘

Vibrational force was given to beam direction and girder direction
individually, and vibrational displacement of each floor was observed
by carrying the transducer to every floor. The observed displacement
was compared with the one measured by seismograph installed on the
floor of forth story.

4. Results of Observation.

The vibrational force produced by the vibrator is represented by
F=M4=*/T"r(sin 0/6), where M=5.5kg, r=20cm, 0=44°. Therefore,
the observed values represent the amplitudes corresponding to the
applied force which changes according to frequency. This makes theo-
retical consideration rather complicated. So the values are converted
into the amplitudes supposing that the constant force acts regardless
of frequency. Next, as the transducer is of the induction type which
records the values proportional to velocity, the values were also convert-
ed into vibrational displacement. Making these two conversions we
made clear the relations of amplitude and frequency concerning every
floor of the building, which are shown by mark @ in Figs. 3~7. The
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Fig. 8. Relation of amplitude at Fig. 4. Relation of amplitude at
roof floor and vibration period. Mark third floor and vibration period. Mark
@ ; experimental result, curved line ; @ ; experimental result, curved line;
theoretical result. theoretical result.
mm
A
mm
0.05r Q.05
. ——" 0
L »sec -
OQZ Q3 o4 oz N
Fig. 5. Relation of amplitude at Fig. 6. Relation of amplitude at
second floor and vibration period. first floor and vibration period. Mark
Mark @ ; experimental result, curved @ ; experimental result, curved line ;
line ; theoretical result. theoretical result. .
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Fig. 7. Relation of amplitude at ground
floor and vibration period. Mark @ ; experi-
mental result, curved line ; theoretieal result.
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Fig. 8. Distribution of resonance amplitude of each
floor. Mark @ ; beam direction, X ; girder direction. Two
lines represent the theoretical results of rocking vibration
and bending vibration respectively.

constant force applied here is F'=bx
10° dyne which means actual force in
case of T=0.81 sec.

The maximum amplitudes (reson-
ance amplitudes) of each floor in both
the beam and girder direction are
represented respectively by @ and X
in Fig. 8. At the present it is dif-
ficult to speed up the rotation of
vibrator over 800 r.p.m. For this
reason, the relation between frequency
and amplitude in the girder direetion,
where the resonance frequency is
very high, cannot be made so clear
as in the beam direction.
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Fig. 9. Relation of damping
coefficient and vibration ampli-
tude of the beam direction.

Producing free oscillation, we got damping coefficient as shown in

Fig. 9,
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5. Theoretical consideration.

In considering the vibration in the girder direction, we found that
the whole building may be fairly considered as a rigid body making a
rocking oseillation around the axis which lies about 2m under the
ground. This is shown in Fig. 8. Now let us go a step further with
theoretical consideration, assuming this building to make a complete
rocking oscillation.

Constants concerning the building are represented as follows:
mass moment of inertia of building = I, damping coefficient = ¢, pres-
sure corresponding to unit depression of ground = p, geometrical
moment of inertia of base =i, weight of whole building — W, height
of the center of gravity from base surface = %, gravity acceleration—=
¢, Vvibrational force = f, height of the point where force acts from the
base = H.

Then the equation of rocking oscillation is

I0 +2c 04+ (pi—Wh)gO=FH. .ovrurrnrnrnnnnn. (1)

if we represent the vibrational force f=F sinpt and write ¢/I=2,
(pt—Wh)g/I=n?, § becomes

FH sin (pt— o) I:« —gan-1f 2D )]
0___" S === _—t i 9w J I oo e e e 00
I V(@—py+42p’ o (722—17‘ (2)

If o denotes displacement and L the height from the base surface, x=
0l and the absolute value of equation (2) becomes

o=t N
AR

In this equation, T, means the natural period of the building, and T
the period of oscillation force. As F, H, 1, I, T, and A are known, we
get the resonance curve from equation (3). I is calculated from Table
I, namely, I=8.8x10" grem?, F'=5x10"dyne, H=1520cm, 7T and 2 are
found to be T,=0.31 see, and 1=0.5 sec™ according to the experiment.

Putting these value in equation (8), the resonance curve of every
floor is got, which is shown in Fig. 8~7. Every curve agrees well
with the values of which show the experimental results.

The period of rocking oscillation T, is
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T, =2n}/___f_ e (4)
’ (i —Wh)g
and p, results in from equation (4)
I (2z\*, Wh
po——i—‘g‘ 7-,0“) +—'Z:_' ............ ceseese ( 5 )

Now let us assume that the side of the buried part (I) of the building
and the half of the base surface act as resisting surface. ¢ and b
represent the width in the beam direction and in the girder direction
of the building respectively. Then the geometrical moment of inertia
7 becomes

. bt bzi{ sing 1 1+ sin go)}
1= 27 +“‘8 2COS2 SD + 4 IOg‘ (i——:gl;w ................. ( 6 )
where _
== -1 l_)
¢=tan ( 777 MR LR LR TP PEPRPPRR (7)

The first and the second term on the right side of equations (6) denote
the geometrical moment of inertia at the base surface and the side
surface respectively. Putting 5=1040, =440, [=200 into equations
(6) and (7), we have

1=16.4x10cm’ ...iiiiiiiniiiinnnn... (8)

Next, we put this value of ¢ and the values calculated from Table I,
that is, /=38.8x10" grem’, W=4.9x10°gr and A=750cm, and 7,=0.31
sec which was obtained from experiment, into equation (5). Then p,,
the pressure corresponding to unit depression of ground is

2o=95x10grlem®. ................. ..(5%)

This value is almost equal to p, of Loam layer, 4.8x10°~9.6 x 10°
gr/em®.?

From these two examinations into the values of resonance curve
and the pressure corresponding to the unit depression of ground, the
vibration in the beam’ direction in this experiment was found to be
an almost perfect rocking osecillation.

The experiment concerning the oscillation in the girder direction
has not produced satisfactory results due to imperfection in the instal-

2) K. SuYEHIRO, ‘“The Vibration of Structures and a Method of Measuring It”,

' Journ. Awrchit. Inst. Japan, 40 (_1926), 531, (_in Japan_e:;e), Tech. Papers A. Imokuty

(1928), Memor. Lect., 188,
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lation of the vibrator, but we shall at present make a brief examina-
tion taking into consideration the amplitude only.

Assuming that the columns are clamped completely to the base
and the beam, that the masses of vertical members are concentrated

at each floor and that the columns of each story have equal stiffness,
height and concentrated mass, we made the calculation regarding the
four storied building. Then the displacement distribution becomes as
is shown by the lower curve in Fig. 8 which fairly coincides with the
experimental results denoted by x marks.

If it is taken into consideration that the floor height of the first
story is larger and the mass of roof floor smaller than those of the
other stories, the result concerning the first floor have a tendency to
be more and the result concerning the roof floor to be less. There-
fore the results almost coincide with bending oscillation form, of con-
centrated mass under clamped condition.

Thus, from the result of theoretical analysis of the vibration in
both the beam and the girder directions, we found that if the effective
resistance in the contact surface of building and ground is small as
in case of the beam direction, it produces rocking oscillation, and if
the effective resistance is as large as in the case of the girder direc-
tion, it is near to a bending oscillation with fixed base.

The condition to overturn a rigid structure with basement by
vibration is complicated. For the simplest case, we take the worst
condition for a building, that is the state of resonance, to seek the
condition under which the vertical line through the centre of gravity
of the building comes off the base surface.

If a represents the horizontal acceleration of earthquake, ¢ becomes

_ gan t . ahTM
== tan Vel Al et
and putting the constants of building and measured value into -this

equation, we have
a=5.9X10°cm/[sec’. ...iiiiiiiiiiiinaen (10)

Namely, even in the case of resonance condition where the basement
is of no use in preventing the building from overturning, an accelera-
tion more than ten times larger than that of actual great earthquake
is neccessary for the overturning of this building. Therefore, we can
induce from the experiments that there is no possibility of an earth-
quake large enough to overturn this building. ‘
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5. Conclusion.

From the experiments above stated, it was made clear that rigid
structures on soft ground is very capable of rocking oscillation. As
the damping at basement in case of rocking oscillation is larger than
damping due to solid viscosity ete., in case of elastic oscillation, if
there is even a little rocking property in vibration, it is proof of so
much aseismaticity of the building. )

Considering the character of oscillation induced from these ex-
periments as well ag the improvement of the tendency that the vibra-
tion energy of building dissipates to the ground again transforming
itself into the elastic waves as the rigidity of the building becomes
largér in comparison with that of the ground, we find that the softer
the ground on which rigid structure stands is, the less serious its
damage by earthquake is. This coincides with the data obtained from
the exploration of damaged districts.”

However, there are pretty many cases of earthquake damage due
to inequal sinking of building base on soft ground, against which
caution must be taken in designing and executing.

In conclusion, the writers wish to express their hearty thanks to
Mr. M. Tachikawa and Prof. H. Tsuya for the greatest help to this
experiment and they are also indebted to Messrs. T. Suzuki and S.
Kaneko for their kind assistance throughout the progress of this ex-
periment. )

3) K. KANAI, “Relation between the Earthquake Damage of Non-wooden Buildings
and the Nature of the Ground”, Bull. Earthq. Res. Inst., 27 (1949), 97, 29 (1951), 209,
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