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INTRODUCTION

Observation of the vibration state of a building during earth-
quake is influenced by both the dynamic properties of the building
and the ground condition supporting it. So it is not adequate to
discuss the dynamic behavior of other buildings on the basis of the
observed data, even if they are observed on the base floor in that
building. It is difficult to eliminate from the data the effect of
thelbuilding's own property and the condition of the surrounding
soil,

On the other hand, as the following expression (1), we can get
the seismic force which produce the deflection of the structure
statically. And we call " Ke" seismic coefficient. *1

;U)g 'érs/q,=-Kr N & B

Although it will be possible to calculate the seismic coefficient
by the expression (1) theoretically, it might hardly be possibdle by
an actual observation alone. Then the shearing force of the
storey, calculated by expression (1), is equal to the shearing
force as shown in expression (2).

Qe = By (Yr—Yra) ceeeeenanaraess(2)

If we have the deflection of each storey of that structure, then
we can find its shearing forces by multiplying each deflection
by its rigidity, and finally it will be possible to calculate that
seismic coefficient. But it must be very troublesome to observe
the relative displacements between some storeys of a building. *2
Furthermore it might be difficult to find their rigidity. For
such reason, .even if we can get the data by observation, they
will not be adequate for determination of the distribution of

" seismic coefficient.

Considering these problems the author tried to establish a
consistent procedure, that is composed of the following three
processes. The measurement of the vibration of building due to
earthquake, the determination of dynamic properties of bYuilding by
feedirnig the record measured mechanically into an electric analogue
circuit, and the analysis of the seismic force acting on the
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strueture by means of the analogue circuit. Taking this method we
can save more instruments and labours. So we can get the required
dats without a vibration test. ' :

1. DECIDING THE DYNAMIC PROPERTIES OF BUILDING BY THE MEASUREMENT
DURING EARTHQUAKE

Now let us describe the authorts method which decides the
dynamic properties. Setting two accelerogrsphs in abuilding, one
on the top of the building and the other in the basement. The
instrument takes the electro-magnetic method, and the phenomena are
recorded on the magnetic tape. The tape recorder is a special one,
end ‘its heads which are made for sitereo-recording purpose are
assemblgd carefully to record simultaneously without any difference
of the phase between the two elements of the measurement. .Recorded
“tape is ‘played back at-"n" times speed ‘as compared with recording
speed. The record at thg basement floor is sent to the analogue
‘circuit as the true acceleration, from which the effect of the
pendulum has been eliminated. Figure 2 shows the analogue circuit
which is analogous to the mechanical model of the structure shown
in Fig.1. The analogy between the mechanical model and the
electrical circuit is illustrated in appendix. Now the exciting
power of circult means the acceleration of the bed rock, but we are
not able to measure that motion directly. As the exciting power of
the analogue circuit, we used the acceleration ¥ of the ground, but
it must not be a true value because ¥+ is measured on the foun-
dation, not on the ground. So we used a feed-back circuit which
deducts % from the exciting power. In the analogue circuit, the
voltage between two points corresponding to the acceleration of the
top of the building, is picked up and sent to the X-axis of the
oscilloscope through a filter, which transform the current to a
form of mechanically measured acceleration using a pendulum. On
the other hand, the record at the top of building is sent to the
Y-axis of the oscilloscope.

If the constants of the analogue circuit agree with the
assumed constants of the structure, the same phenomena will appear
on the both axes, the figure on the oscilloscope must be a straight
line inclined 45° to the axis. If not, irregular forms will appear
on the oscilloscope. The irregular form maey be set straight line
by adjusting the circuit conmstants to proper value, which then
correspond to the structures constants such as rigidity and
viscosity. By epplying the expression (6), we are able to decide
the rigidity and damping of the structure and supporting soil.

FProm the analogue circuit we can get the shearing force and
deflections of column and wall, velocity and acceleration of each
floor of the building, by knowing the voltage between the specific
points.

Exciting the basement with the stationary sine wave, we can
get the same bebaviour under the stationary vibrational state as
in the case of a vibration test by shaking table or by vibration
generator.
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The operation is carried out from the measurement to the
calculation, without any checking or tracing by man, except only
watching the figure on the oscilloscope. And it will be possible
to find out the result from the measurement of vibration during the

earthquake in the comparatively short time, compared to other
methods.

2. DATA OF THE MEASURED BUILDINGS

The author adapted this method to the following three
buildings:

1) Reserch Institute of Building Material, called "BLDG-NO.1",
in Tokyo Institute of Technology, at Oookayama, Meguroku, Tokyo.
This building is three storeyed reinforced concrete construction,
Plans and skeleton are shown in Fig.4, and data in Table 1.

2) An office building, called "BLDG-NO.2", at Ginza, Chuooku,
Tokyo. This one is steel reinforced concrete construction, 9
storeys above ground and two basements, plans and skeleton are
shown in Fig.9 and data in Table 2,

3) An office and apartment house building, called "BLDG-NO.3", at
Nampeidai, Shibuyaku, Tokyo. This one is steel reinforced concrete
construction, 10 storeys above ground and one basement, plans and
skeleton are shown in Fig.14 and data in Table 3.

. These buildings bave simple, box-like, plan and sgkeleton, and
the foundation are set upon the soil directly without using piles.

3. DYNAMIC PROPERTIES OF BUILDING

By this method, we could find the several problems about the
dynamic properties of the buildings described above.

1) Rigidity and demping of each storey

Rigidity and damping, decided by this method, ae shown in Table
1, 2, and 3. These results include the influence of the aseismic
wall, the frame, the soil condition, foundation construction and
others. But these are not discussed in this paper.

2) Resonance curve

Analogue circuit with the decided constants is excited by sine
wave, and gives the acceleration and the deflections of each storey
at various frequencies of excited wave. The acceleration resonance
curves are plotted in Figs.5, 10, and 15. The deflection of each
storey and inclination of foundation are plotted in Figs.6, 11, and
16. Resonance period about these curves are shown in Tables 1, 2,
and 3. On the other hand the response spectra of the basement
motion are shown in Figs.7, 12, and 17. These data indicate that
the resonance periods agree with the peak of the response spectrum,
but the response spectrum has other peaks not corresponding with
the peaks of resonance curve, these pesks might be reasoned by
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other effects.

3} Normal mode ' .

The shape of the rescnance curve, nearing the first resonance
point, is very likely to the forming of the first normal mode, so
we could decide the mode by the resonance curve. That is shown in
Figs.8, 13, and 18.

4) Acceleration during earthquake

About a few cases of earthguakes the calculated acceleration
of each storey, the maximum values of them are shown in PFigs.8, 13,
and 18, and Tables 1, 2, and 3, are shown on the oscilloscope.
The figures and tables show the ratio of the maximum acceleration
at each storey and on the basement.

5) Shearing force and seismic force distribution

About the same examples we show the shearing forces and
seismic forces of each storey. These are also maximum values during
the earthguakes, excited by unit acceleration of basement, as shown
in the same figures and tables. Seismic factors defined as a
quotient of the shearing force acting on some storey devided by
the total value of the mass sbove that storey. Supposing the maximum
value of the shearing force of each storey, acting on each storey
simul tanecusly, we can get the seismic coefficient which is con-
ventional one. These are different from the accelaration distri-
bution.

6) Deflections of building during earthquake
The maximum deflections of each storey during the earthquake
are shown in the same figures and tables.

7) Overturning moment and inclination of base

The overturning moment will be produced by the vibration of
building during earthquake, by this moment occurres the incli-
nation of base. This moment and the inclination of base are shown
in the tables.

CONCLUSION

This paper has indicated a method to get the dynamic pro-
perties and seismic forces of the buildings by measuring vibrations
during earthquake. The following are special points:

1; It is possible to get good data ty least measurement.

2 The method is easy and speedy without any tracing and calcu-
lation by man.

3) The method can produce many constants of building which we
could not find before.
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APPENDIX

ANALOGY BETWEEN DYNAMIC PROPERTIES OF STRUCTURE AND ELECTRICAL
CIRCUIT

Now congider the multi-mass system, shown in Fig.1, to il-
lustrate the vibration of the structure. The frame is assumed
three-mass system, and the masses are connected by spring and
damper. The foundation is assumed iwo-mass system, one of them
shows for the sway of foundation and the other is for the rota-
tion of it, they are also connected by spring and damper. Egui-
librium equation is as follows:
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Ma %o v Cala=§0) - Ca (G- o) + Rl )= Ral fo- o)

J "'MZHJG"“Whao ~m;Y =0

m, a +Ci i~ ~ca (4 —3 )+ Rigi- B2 (4a-4 JrmHe rm gorm¥=0
Mo o+ Colgo= Co i+ Rolfom Riygie MY =0

\I6 + Cob + B8 +ZmiHi¥+ TnuH{ &+ Zmiifor ImiHifh=0
N &)

pﬁtting ld}-\- %o=‘— Ze go=7.o

it 22+ Cs (és"éz) * ﬁs(ZrZz)"‘ m;H3 &6 = —m3Y
mz .2.2 + C2 (éz—iﬂ)-Ca (:7.3‘ 22) "'EZ(Zz'Z\)“ %3(23‘22)
J +Mm, Hz’@' - - M2 Y

MiE + Ci(Z- 2.)- CalF-2) + Rulz-2)- R (Z-2)
+wm H & = —mY

m.oio + Co éo"Ct(él“i‘o)"'?lo’za-—ﬁ|(2,-2°) = — M-eY

L(I 2wmiHi*)e + Co &+ ﬁa@ +ZMIH(2L ;—‘; —ZmiHi Y
------------- \

On the other hand the equilibrium equation of circuit potential,
shown in Pig.2, is as follows:
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NOMENCLATURE

.

suffix, vibratio mode

\a : suffix, storey's or mass's number

s-th natural frequency

£

3‘5 s+ deflection between r-th floor and basement of the s-th
mode

% : acceleration of gravity
P(T : seismic coefficient acting on the r-th floor
CQr s shearing force of the r-th storey

far s rigidity of the r-th storey

: mass of the r-th floor, mass of the r-th concentrated
mass

: viscous damping of the r-th storey

: height of the r-th floor

inclination of base

»

moment of inertia of the basement

: mass of the virtual concetrated mass

T3—pfop

height of the virtual concentrated mass
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damping ratio of the r-~th storey , °/°cri

natural frequency of the r-th storey alone

displacement of bed rock
displacement of the r-the floor
arbitrary constant

speed ratio between the exciting current of circuit and
the acceleration of earthquake motion

in put voltage
electric current
capacitance
resistance

reactance

1128



Dynamic Properties of Building Decided by leasurement

Fig.1 Mechanical model of structure  Fig.2 Analogue circuit
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