


2 REASONS WHY BASE-ISOLATED BUILDING
BEING PUT TO PRACTICAL USE

With buildings being subject to an earthquake motion, many
structural designers call only the lateral force into account,

however, the building would never collapse when subjected only to
the lateral force.

The effect of gravitational forces is what should be
considered as the critical factor. While the acceleration of
gravity continually acts at 980 cm/sec2 always in the same
direction, the acceleration of earthquake acts at an intensity of
300 - 500 pm/sécZ, and continues for only 2 - 3 minutes.

In order to determine the structure of a base-isolated
building it is most important not only not to impair the ability
of the building to resist lateral force, but also not to impair
the ability of the building to support itself vertically against

ever—-present gravitational forces that act on the
building.(Fig.l)
Moving only Horizontally Moving Horizontally

—> and Vertiéally

No Gravity Force _Craf{ty Force (g=980cm/sec2)

Fig.l The Effect of Gravity Force

. Base-isolated construction, although long considered unsafe,
is now put to practical use with the advent of rubber bearings.

The reasons why such a base-isolated construction has come
to be relied on not only by structural designers, but also by
architects, building owners and administrative officials, are as
follows:

a. Rubber Bearing's Vertical Bearing Capacity is High

Rubber bearing's vertical bearing capacity is as high as 50
- 100 kg/cm2 in vertical stress; higher than the allowable
compressive stress of concrete. Providing a rubber bearing having
a diameter somewhat smaller than the diameter of a concrete
column, wunderneath the base. of each concrete column will
continually support the building. (Fig.2)
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Fig.2 Vertical Load Bearing Capacity

b. Rubber Bearing is Small in Lateral Rigidity and
Large in Deformability

Rubber bearings have a very small lateral rigidity but a
very large deformability, therefore its stability, even when
deformed with vertical load being acted to half its diameter,
will not be impaired. Furthermore, it is characteristic in that
it does not come down in a vertical direction when laterally
deformed. Thus, its stability is high, not inducing an unstable
phenomenon due to the P-Delta effect.(Fig.3)

c. Energy Dissipater not Supporting Vertical Load

For common buildings, the columns supporting the wvertical
load have to carry the lateral force of an earthquake as well as
absorb the elastic ard plastic strain energy. For this reason, if
the columns themselves become yielded, their vertical bearing
capacity also declines, resulting in a collapse of the building.
With base-isolated structures, elastic and plastic loops of force
and deformation made of lead or steel are utilized as an energy
dissipater, or oil dampers and frictional dampers are used.
Because these devices do not support vertical load, the building
mounted on rubber bearings slowly oscillates whatever severely
they become yeilded.(Fig.3)
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3 ASEISMATIC DESIGN OF BASE-ISOLATED BUILDINGS

In Japan, buildings over 60 meters in height are regarded as
high-rise buildings, and their dynamic response analysis has to
be considered during structural designing.(Fig.4)

Base-isolated buildings are common to high-rise buildings in
that natural period of first mode must be long to decrease the
acceleration response generating in the building.

Therefore, the safety level of base-isolated building must
be established and confirmed, under the current administrative
legislation, for high-rise buildings, by dynamic response
analysis during structural designing.

Although no legal criteria governing the design methods of
base-isolated buildings are in force at present, the-conventional
input levels and criteria which are equivalent to those for high-
rise buildings have Gtezn used. In this case, isolators and
dampers are designed so that they fall within the ultimate
deformability based on the experimental results.

High Rise Building Taller Than 60m.

All Base Isolated Sfructures

\\\\Isolation Device

Fig.4 Structural Design Based on the Dynamic Response Analysis
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4 INSTITUTIONAL ACTIVITIES FOR BASE-ISOLATED BUILDINGS

In January 1987, the Subcommittee of Base-isolated Structure
was  established in the Committee of  Structure of the
Architectural Institute of Japan, and the preparation of
recommendations for tase-isolated buildings has been under way by
the five working groups that follow:

Working Group l: Evaluation of Input Earthquake Motion.

Working Group 2: Dynamic Response and Structural Design

Working Group 3: General Design Problems

Working Group 4: Example Design

Working Group 5: Mechanical Properties of Isolator and
Damper

Totaling 40 members, the subcommittee consists of members
from universities, natlornal research institutes, architect
offices, and constructor. The recommendations being prepared will
be published by March 1989, followed by lecture classes
throughout the country.

5 JAPAN'S BASE-ISOLATED BUILDINGS PRIOR TO 1981

Following the Kanto Great Earthquake of 1923, patents for
base-isolated construction were applied respectively by Kenzaburo
Kito and Okiie Yamashita to the Patent Agency of Japan. Both were
granted. -

Kito's patent of aseismatic device for buildings was such
that the building foundation and column bases are provided with
concave pan type disks set at opposed positions, and then a ball
bearing is fitted in between the disks to support the
building.(Fig.5)

Yamashita's patent was such that provision is made so that

the structure foundation and column bases slide to alleviate the
force of the earthquake to the superstructure.(Fig. 6)
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Fig.5 Aseismatic Device by Kenzaburo Kito
(Courtesy of the Kenchiku Gijutsu)
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Fig.6 Aseismatic Device by Okiie Yamashita
(Courtesy of the Kenchiku Gijutsu)
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In 1927, Taro .Nakamura discussed the earthquake response of
a building from the viewpoint of energy. He pointed out that the
earthquake resistibility of a building increases the energy could
be absorbed in the building, and proposed a method to support the
building with 1long piles with a pump type damper mechanism
provided on the first floor.(Fig.7)
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Fig.7 Equipment of Energy Dissipation for an Earthquake
(Courtesy of the Kenchiku Gijutsu)

Salbverovpiore

After 1928, Ryuichi Oka repeatedly proposed a "base-isolated
foundation". This base-isolated foundation is comprised of
floating type vibration-free column, where spherical base planes
with a large radius are erected on the foundation slab, and the
joints on the top of the columns are located at a height lower
than the center of the spherical surface mentioned above. The
joints are of the spherical pin
type construction, and connected to the superstructure.(Fig.8)
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Fig.8 Base Isolation Column-by Ryuichi Oka
(Courtesy of the Kenchiku Gijutsu)
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This vibration-free foundation was later applied to the
three buildings. One of them, the Fudo Chokin Bank Hime ji Branch
Building of 3-stories, one-basement building of reinforced
concrete constructien with a total floor area of about 790m2,
completed in 1934 and is being used now.

In 1934, Kanzaburo Majima acquired a patent on a vibration-
free construction. His theory stated that a 2-storied building
could be independently separated and the second story supported
with columns of low rigidity.(Fig.9) :

In 1951, Toshio Otsuki proposed a method (a device to 1limit -
transmitted earthquake force) that rollers operable to intersect
at right angles are provided in the foundation, and the
foundation is supported at four sides. He named this the
"Vibration Attenuation Frame”.

In 1965, Masatetsu Izumi presented, at the 3rd World
Conference on Earthquake Engineering held in New Zealand, a
paper on the dynamic structural analysis to isolate the
foundation from the superstructure by locking balls.

Furthermore, in 1964, Senri Katsuta of the Tokyo Institute
of Technology presented a study on a vibration-free device
utilizing an electrical-hydraulical automatic control system,
abreast of the development of an electrical-hydraulical automatic
controlled transient-state vibration table.

90 ©§ op A5 % GE
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Fig.9 Aseismatic Housing Structure by Kenzaburo Majima
(Courtesy of the Kenchiku Gijutsu?
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6 BASE-ISOLATED BUILDINGS IN JAPAN AFTER 1982

From the time France and New Zealand began constructing
base-isolated building using rubber bearings, Japan also pushed
forward with a similar study, but progress was slow. In November
1982, a based-isolated building utilizing rubber bearings was
designed by Hideyuki Tada and Shoichi Yamaguchi in Japan, and the
construction of this building was officially recognized.

Later on, many general contractors developed unique base-
isolated buildings, and constructed buildings at the compounds of
their laboratories as well as their staff dormitories by base-
isolated construction methods. These buildings have been used for
seismic observations and are subject to further studies. Since
1987, base-isolated construction has been applied in wvarious
aspects to high-rise apartment houses, general office buildings,
national laboratories, etc. Subsequent pages outline the base-
isolated buildings constructed recently in Japan.(Fig.10,11,12,13
,14)

7 CONCLUSION

In this paper, first of all, the history of the base-
isolated structures in Japan is reported, and current design
methods for the base-isolated structures with rubber bearing and
some examples are described.

It is famous in the world that there have been many
earthquakes in Japan. Recently, many buildings with the base-
isolated structures have been built in Japan. They have already
some experiences by the actual earthquakes. The real data on the

base-isolated buildings for these actual earthquakes have been
gathered gradually.

According to these data, the report that accelerations on
the base-isolated buildings were decreased in the values 1/2 -
1/4 with comparing those on the ground surfaces has been issued.

There are many kinds of the isolators, and dampers that have
been started to use in the current base-isolated buildings. The
effect for these instruments has been obvious gradually.

In the future, the development about this technology will be
expected to enlarge still more. The age that the base-isolated
s.ructure is one of the principal seismic design methods would be
come now. ;
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