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1. Mathematical theory.

The problem of energy dissipation in the seismic vibrations of a
structure that does not exceed 7-stories having already been studied, we
shall now discuss a similar problem for an 8-storied sturcture, and in
doing so, shall begin with the mathematical formulae that will necessari-
ly be involved.

_ It is very important to know whether or not the floors are in a
flexible condition. Our investigations® showed that were the formulae
for extremely rigid floors used, the flexibility of the floors of virtually
every building in Tokyo would be equivalent to a reduction to one-half
the original effective value of 1/ ET/mlP.

The solutions and the boundary conditions of the problem for the
case in which the floors are extremely rigid are shown in (32)~ (41)
of our previous paper®. When E\=FE,=..., I;=I,=..., my=my=...,
the constants that belong to expressions for deflections of columns are
as follows: '
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1) K. Sezawa and K. KaNa1, “The Effect of Stiffness of Floors on the Horizontal
Vibrations of a Framed Structure”, Bull. Earthq. Res. Inst., 14 (1936), 367~376.

2) K. Sezawa and K. KANAI, “Improved Theory of Energy Dissipation in Seis-
mic Vibrations of a Structure”, Bull. Earthq. Res. Inst., 14 (1936), 164~188.
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A= —127(r—12)% ,

1BD,=2.127 r%[:
B,=0, C,=%lD,, (s=1, 2 ....8) 1)
where
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The values of the constants thus obtained should be substituted in
the expressions for the deflections, namely,

y,= (A4,+ B,x,+ Ca2+ Dx’)e.
(s=1,2,....,8) 3)
The ratio of bending moments in the columns on each floor to the

product of ml due to the acceleration of the ground (on which no struc-
ture stands) is expressed by equations of the forms

1
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2. Resonance and corresonance frequencies.

¢=0 gives the natural vibration frequencies in the usual sense, that
is, the frequencies where the ground is infinitely rigid. 7 satisfies the
equation ¢=0 when
y=03521, 3:6, 92, 17435, 262, 34'7, 41-76, 4638,
or when '
3/ v =06933, 1-897, 3:034, 4:176, 512, 589, 646, 6:81.

¢=0 gives the natural vibration frequencies of the structure in the
case where the ground is extremely soft. This we have called the cor-
resonance condition. 7 satisfies ¢=0 when

r=1-8269, 7-0296,-14-816, 24, 33-185, 40-9704, 46-17,
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or when
1/ y =1-3518, 2:6515, 3:85, 4-899, 5759, 6:399, 6-795.

3. Application of the theory to the Marunouti Building.

The Marunouti Building, in Marunouti, Tokyo, is an 8-storied steel-
framed reinforced concrete structure with a partial basement as well as
a partial penthouse roof and a machine rocom roof, and let for shops
and business offices by the owners, the Mitsubishi Co.. Although the
building was completed in February 1923, some strengthening members
were added to it soon after the Great Kwanto Earthquake of the same
year. In the present prediction calculation, use has been made of data
covering its present structural condition. The general view of the
building and the general plan of the second floor are shown in Figs. 1,
2. (Fig. 1 was photographed by Mr. T. Takayama, whereas Fig. 2 was
reproduced by Mr. K. Kaminaga from a sketch in the Architectural
Engineering Pocket Book).

' e

Fig. 1. A View from NE-corner.

The general and structural arrangements of floors higher than the
2nd and up to Tth, inclusive, are similar to the plan in Fig. 2. An
arcade runs through the middle of the ground floor in a NS-direction.
On the 1st floor are spaces over such parts of the arcade as correspond
to the inner court yards. The positions of the columns are the same
for every floor excepting the parts of the arcade just mentioned. The
sizes of the columns and all the other structural members naturally
diminish with their proximity to the roof floor.

The section of the steel frame in every column is of plate type,
forming the built-up I in a plate and four angles, while that of some
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of the girders consists of two channels, so as to form box girders, the
remainder being the simple I-shape, although the frame of every beam
consists of a smaller I-bar.
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Fig. 2. General Plan of the Second Floor. Scale 1/580.

It was assumed in the numerical calculation that E =2:1.10° kg m?
= 21.10°.9-8 kg mass m/s?/m?, and that the floors are so rigid that the
ends of the columns are always vertical. The calculated results of the
important elements are shown in Table I, which may be used in almost
any theoretical treatment of horizontal vibration of the structure under
consideration. The moments of inertia of the columns in the table can
be used for the case of vibration in a NS-direction.

By adjusting “the additional items” in the table, the total weight
of the structure was made to be the same as that calculated by the
designer.  Since the weight due to the penthouse roof and the machine
room roof is 73-66.10° kg, we added 73-66.10°kg/8 to the mean weight
67-13.105kg of every floor from the Ist floor to the roof. Thus 76:33.105kg
was used as the concentrated mass on every floor. The value of I was
calculated as 21035 m¢, but 1/2 of the value of 1/ obtained here was
used in the dissipation calculation to adjust the condition of slight flexi-
bility of the floors.

To obtain the dissipation we put ,/z/0 =50 m/s, which may be some-
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what too small, and p=2, whence

18Ej2: —668,
ul?
I 9—-0:02518y, I,=1-0994,/7 —0:0001246;°",
A;=T—0-0067, - 4,=03458,/ 1.
The calculated result is shown in Figs. 3a, 3 b%.
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Fig. 3a. Full, broken, chain, and double chain lines represent
moments in columns of ground, first, second, and third floors
respectively.

For the bending moment in every column, it is assumed that its max-
imum value at the frequency corresponding to /7 =110, which is inter-

b mediate between the virtual first resonance and the first corresonance.
The actual resonance period is
. T=-2= 2” ml3 2 ml Y —0-566sec.

The greatest value of the maximum bending moments is induced
in columns between the third and fourth floors, the bending moments

3) The effect of such a deeply piled foundation as in the case of Marunouti Build-
ing is rather to greatly increase the energy dissipation owing to the fact that the
area of contact surface between the piles and the ground soil is enormously increased.
However, we are here discussing the problem of a hypothetical pileless structure
wherein the dissipation is never very marked.
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in all columns at this resonance period being of the magnitudes in Table II.
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Fig. 3b. Full, broken, chain, and double chain lines represent

moments in columns of fourth, fifth, sixth, and seventh floors
respectively.

Table II.

Column between floors 1~0 | 2~1 | 3~2|4~3 | 5~4 | 6~5 | 7~6 | 8~7

Number of moment value

at resonance 7 5 3 1 2 4 6 8

at resonance 120 | 17-3 | 205 | 21-8 | 20-9 | 17-8 | 13-0 6-8

The same at zero frequency 40| 35| 30| 25| 20| 1-5{ 10 05

The full and broken vertical lines along the abscissa in Figs. 3a, 8b
represent the virtual resonance and corresonance conditions, namely, the
condition wherein the ground is very rigid and one in which it is very
soft.

It was pointed out in the previous paper® that the vibrational fre-
quency at which the bending moments become maximum, and the floor

4) K. SEzawA and K. KaNAI, “Energy Dissipation in Seismic Vibrations of Ac-
tual Buildings Predicted through Improved Theory”, Bull. Earthq. Res. Inst., 14
(1936), 377—386.
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number at which the bending moments in the columns assume the greatest
value at such vibrational frequency, depend on the ratio of Ef%e/plP. In
the present case the first resonance condition in the sense that the bend-
ing moment becomes maximum at that condition takes place at a fre-
quency that is not far from the one for the corresonance condition. It
was furthermore ascertained that the higher the order of resonance, the
more its frequency approaches that of the corresponding corresonance
condition. The greatest bending moment at these higher resonance con-
ditions are induced in different columns according as they differ in their
_order of resonance. But, it is easily confirmable from Figs. 8a, 8b that
the greatest bending mements under consideration are fairly small for
the second or any higher resonance condition.

It was also ascertained in writing this paper that in seismie vibra-
tions, the greatest bending moment is not likely to be induced in the
columns in the lower floors, such as the ground floor or the first,
unless of course dissipation of the vibrational energy into the ground is
neglected.

In conclusion we wish to express our thanks to the Council of the
Foundation for the Promotion of Scientific and Industrial Research in
Japan, by whose aid the present series of investigation was made, and
also to the members of the staffs of the Mitsubishi Co., who kindly
allowed us the use of the valuable data on the structure.
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