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Japan is on a seismically active zone, the people are frequently
shaken, and there is good reason to develop vibration control systems
(Table I). Ministries and major construction companies have contributed
to the progress of the technology. An example is the Fast Breeder
Reactor (FBR) Research project, which may be equipped with a base-
isolation system. Rubber bearings will be standardized and base-isolated
buildings will be designed and constructed easily on good ground in the
near future. But one needs time to realize a building with an active
control system, which is effective in potentially destructive
earthquakes.

Introduction

As is well known, construction of all buildings and houses in Japan, except

those defined as light and small structures, is ruled by the building code.

It demands that they should be structurally designed by experienced engineers

who are licensed architects, and that design documents including structural

calculations and drawings should be checked and approved by public engineers

so the structural design is certified to clear the minimum safety level

required by the code. A building adopting special materials or structural

methods can be constructed only when the Minister of Construction authorizes

it on the basis of a recommendation by the committee of experts formed for the

purpose of checking structural safety, as described in Article 36 of the

building cods.

Base-isolated buildings belong to the special structural methods category,

and only about 30 base-isolated buildings have been authorized (Table II).

The number is very small in comparison with that of new buildings, but it is

the largest number in the world. Three committees have been formed in the

Building Center of Japan (BCJ), concerning base-isolated buildings; the

Research, Check, and Development Committees (Fig. 1). The Research Committee

discusses fundamental subjects such as the design philosophy, structural

design criteria, qualification of engineers, costs, maintenance, etc. The

Check Committee certifies the safety of buildings, and the Development

Committee works to standardize the design methods and the equipment used for

base isolation.
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Ke«l behavior during earthquakes of more than ten base-isolated buildings,
owned by major construction companies, is being measured, and a lot of data
from small- and middle-strength earthquakes have been accumulated, but none
during potentially destructive ones.^"11

Recent Developments

There has been no remarkable progress in recent years, but the control of

building vibration has developed steadily and come into wide use. Currently,

active control systems are more popular for research, with passive systems in

practice. Only one building in Japan has been installed with an active

control system, but its capacity is too small to control the response during

potentially destructive earthquakes.

Several new types of dampers have been proposed and applied to real passive
systems, but there Is a tendency to use simple devices like high damping
rubber bearings (HDR) and lead rubber bearings (LRB, NZ type) where the
bearing and damper are together. Rubber bearings produced in Japan are of
high quality, but are expensive, and improvements are still being made. For
example, the shear-modulus (G) of HDR bearings varied with temperature, but
its temperature dependence has now been much reduced.

The number of seismic-observation-array systems for base-isolated buildings

is increasing, and for some buildings, there are plans to measure the behavior

of the supporting piles as well. The behavior may be very different from that

of ordinary ones as the inertial force applied by buildings to pile heads is

expected to be small12 (Fig. 2).

Most of the nuclear power reactors in Japan are light-water-type reactors

(LWR) and are rigid structures built on hard ground. Consequently, if base-

isolation is applied, the horizontal shearing forces of the structures are

expected to be greatly reduced. No special action has been taken to apply

base isolation. The light-water reactor needs thick RC ^alls for radiation

protection, and thick high-pressure pipes. Consequently, the cost for

introducing "new" methods to the already completed system may not pay. For

:;ow types of reactors that are still being planned it is worth studying the

effects of using base isolation. A big project in the Japan Central Research

Institute of the Electric Power Industry (CRIEPI) is studying the application

of base isolation to the fast breeder reactor (FBR). A large biaxial testing
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maehine (600-ton compression and 6Q-cm deformation) was recently built there,
financed by the Ministry of Trade and Industry (M1TI), and series of fracture
tests of rubber bearings are being carried out. This action has encouraged
research engineers and rubber makers. Some electric power companies have also
started to do some research, and have applied the system to real buildings.
An example is the new computer center of Tohoku Electric Power Company in
Sendai, which will be one of the largest base-isolated buildings in Japan
(Fig. 3).

More encouragement has come from the Ministry of Construction (MIC), which

is eager for the development of new technology concerning building engi-

neering. A project team to study vibration control was formed and present

problems and future scope were discussed, including the standardization of

devices.

Standardization

For wide use of vibration control systems in buildings, simplification of

the authorization administration, reduction of device costs, and more

advantages are necessary.

At present, the design office and the construction companies should submit

their general concepts, design criteria, and design methods of base-isolated

buildings first to the Research Committee of BCJ to show their capability of

handling the new technology. After many discussions with committee members,

their concepts are finally approved with some amendments. It takes time and

money. When they have a real construction project, they should submit their

documents concerning structural design and calculation to the Check Committee

of BCJ, and after discussions and amendments the documents are authorized and

are .*eady to get construction approval from the Ministry of Construction.

These steps are barriers to the development of new technology, but some base-

isolated buildings still can be built on very soft ground where differential

settlement of structures, liquefaction of sandy soils, and low-frequency

seismic excitation can be observed. In the near future, the barriers, the

committees double checking, may be removed under definite conditions like good

ground, small size and well-shaped buildings, etc.

On the other hand, the standardization of devices may be steadily achieved,

but there is the possibility of blunting the power of new device invention.
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The rubber bearing is the first target for standardization. Now, most of
the main rubber tire makers and a few electric wire makers have manufactured
rubber bearings. At present it is not easy to standardize the size or qual-
ity, but now is the time to do it as no company has yet made mass production
lines for the bearings. The quality will be certified by some public material
testing institutions, but the tests have not yet been standardized.

The standardization of dampers is more difficult than that of rubber

bearings. There are various devices with different damping mechanisms. Some

have been invented by construction companies, and they use them in their

constructions; that is, dampers developed by other companies will not be used

in the construction. Therefore, dampers will continue to be listed with their

certified values of quality in some authorized catalogs instead of being

standardized. Therefore, both bearings and dampers (or their combinations)

will be easily purchased by referring to the authorized catalogs, the makers

have the responsibility for the described characteristics of the devices, and

public administrateves need not check their quality every time.

Application to Nuclear Power Stations

Generally speaking, the structural design of nuclear power stations tends
to be conservative in consideration of the possibility of accidents and their
effects on people. It is the main reason why Japanese reactors are rigidly
built on hard ground; one of the worst combinations from the viewpoint of
structural dynamics. The secondary effects due to soft ground are still, to
some extent, vague and designers are afraid of unknown phenomena. These
effects may become clear someday. For the same reason plus economic consid-
erations, applications of base-isolation systems to nuclear power stations
have not been positively developed. The LWRs in Japan are designed so that
they respond in the elastic range to level 1 earthquakes of 190-320 gal and
that they are safe enough to level 2 earthquakes of 285-M50 gal. If they are
base isolated, the design earthquake force may be reduced to less than half.
But we have no plan to base isolate LWRs.

The Japanese are even more sensitive than people in other countries to

nuclear problems. Many reactors were built in areas which seismologists

cautioned as high seismic potential areas. If unexpected or unfavorable

phenomena are observed in the behavior of the reactor structures or machinery
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during, small or moderate earthquakes, installation of the teae-isolation
devices may be considered. The expected value of horizontal acceleration in
the control room during potentially destructive earthquakes is big enough to
cause the operators in the room to fall down, so unless the whole structure is
isolated, partial floor isolation may be introduced first."

FBRs are still not in use in Japan, and base-isolation systems may be

considered in the fundamental design of the plant. Committees have been

formed and some study has been carried out in CRIEPI with sponsorship from

MITI. When research work is concerned with energy problems, it can be

financed by the governmental budget. The research work on base-isolation

systems has been done at random by many small groups, ~2" and fundamental

research is bound to be behind practical research. Now research engineers can

expeet integrated research and many remaining problems will be analyzed and

solved.

Future Scope

Technology for the control of structural vibration must continuously
advance and be widely applied to buildings. Japanese people, who are
threatened daily by earthquakes (about 1000 earthquakes are felt in Japan per
year), hope to have a space safe against the earthquake hazard, and are ready
to pay extra money for their own safety. They will take it for granted that a
base-isolated building is a little more expensive than an ordinary one,
provided the base-isolated building is really earthquake-proof. There still
remain several problems concerning the reliability of control systems. Active
systems are too expensive and only passive systems are presently available.

The passive systems are not usually very expensive, but they have not been
proved to be effective in potentially destructive earthquakes, especially when
structures with base-isolation systems are built on soft ground, as previously
mentioned. Thanks to the many research projects related to the construction
of nuclear power plants in highly active seismic areas, the characteristics of
ground motion in and on hard ground have been clarified to some extent. But
those on soft ground have not been studied sufficiently as they cannot be a
site for a nuclear plant. For the velocity response spectra specified in
design regulations, the value decreases for low frequencies in Japan, while it
increases in the USA regulations. Earthquake excitations of low frequencies
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may be caused by surface waves, reduced values of soil rigidities for large
deformations, effects of geological and topological structures, etc.; for
example, a basin-shaped geological structure. One should know not only the
detail of the ground around the structure, but the source and the media of the
seismic waves. This makes the research difficult.

Rubber bearings should also be improved. They a u inflammable, they have
aging effects, and some of them are sensitive to temperature. They sometimes
cause the vertical response of the structure to be amplified. How to decrease
vertical motion of the structure is one of the most significant problems of
present base-isolation systems. Some dampers require very careful
maintenance, and should be replaced with new ones every few years.

The people want building-vibration control and it must be improved and

developed. Vibration control has a long history, but practical application to

ordinary buildings has a relatively short history, and there remain a lot of

pages to be filled.
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Table 1
Brief History of Major Earthquakes and Base-1 solated System in Japan with
Related Foreign Events

1360 Yokohama Earthquake
1891 Nobi Earthquake

1891 K. Kawai's speech and paper,- "A Structural Method Free From
Earthquake Excitation," Architectural Institute of Japan (AIJ)

1906 San Francisco Earthquake (USA)
1909 J. A. Calantarients, "Improvements in and Connected with

Buildings and Other Works and Appurtenances to Resist the
Action of Earthquake and the Like," Stanford University

1923 Great Kanto Earthquake
1921 New Building Regulation, Seismic Code: k=0.1
1924 K. Kito and 0. Yamashita's patent: Bearing

(After this, the number of patents increased)
1928 R. Oka's proposal: Passive system
1929 Idea of flexible first story in USA
1930 K. Muto and K. Majima's discussions on "Rigid or Flexible

Building"
1933 Long Beach Earthquake (USA): First strong motion accelerograms recorded

1934 R. Oka built the first base-isolated building: passive type
1940 El Centro Earthquake (USA)
1948 Fukui Earthquake: k=0.2

1956 1WCEE (San Francisco)
1957 Kobori's proposal: Active system

1964 Niigata Earthquake: Liquefaction of sand
1964 S. Shoda's patent: Active system
1965 K. Matsushita and M. Izumi, "Some Analyses on Mechanism to

Decrease Seismic Force Applied to Buildings," 3WCEE(NZ)'
(They presented some papers at following WCEE2"5)

1968 Off Tokachi Earthquake: Collapse of RC structure
1969 Pestalozzi School (Yugoslavia): Rubber bearing
1969 Yokohama Rubber Co.'s laminated rubber bearing
1970 Olive View Hospital (USA): Flexible first story

1972 San Fernand Earthquake (USA)
1973 S. Kawamata's proposal: "Mass Pump Dumper"

1976 Tang Shan Earthquake (China)
1978 Off Miyagi Earthquake: Collapse of RC structure,

Life-line troubles in the urban area
1978 Lambsec School (France): Laminated rubber bearing
1981 Science University of Tokyo: Double column

1983 Mid-Japan Sea Earthquake: Liquefaction of sand, Damaged by big "Tsunami"
1983 Hitachi Co. Main Office: Steel dumpers
1984 Cruas Nuclear Power Plant (France)

(Major construction companies started the Research on base
isolation)

1985 Mexico Earthquake (Mexico): Damage on soft ground
1986 Twin test building of Tohoku University and Shimizu Corp.

1987 Off Chiba Pref. Earthquake: Many records were obtained at base-isolated
structures in/around Tokyo

1988 9HCEE: Many papers on vibration control systems
1989 Kyo-bashi Seiwa Bldg.: Active system for wind and middle-

level earthquake



TabJO u
Bnso-Isolated Buildings In Japan Authorized by the Cheek Coiranittee ©f BCJ

No. Name Locatioj!
Total

Floor Area

1. Christian Museum
2. Research Lab. of GKUMURA Corp.
3. Research Lab. of OHBAYASH1 Corp.
1. Lab. A Office of GILES Corp.
5. Dormitory of TAKENAKA Co.
6. Research Lab. of KAJIHA Corp.
7. Christian Museum (revised)
8. Apt. Fukumiya (Apartment)
9. Shibuya Shimizu Daiiti Bldg. (Office)
10. Research Lab. of FUJITA Corp.
11. Inorganic Material Lab.
12. Office of SHIMIZU Corp.
13- Research Lab. of TAISEI Corp.
14. Kohshinzuka Heights (Apartment)
15. Toranomon Bldg. (Office)
16. Minami-koshigaya Apartment
17. Dormitory of KUMAGA1 Road Co.
18. H4F-PR (Apartment)
19. Clean Room of TAKENAKA Co.
20. (Swimming Pool)
21. Ogawa Apartment
22. Asano Bldg. (Office & Shop)
23. Kusuda Bldg. (Office, Shop & Residence)
2H. Company House of KOHNOIKE Corp.
25. Computer Center of Tohoku Electric Co.
26. Office of TOKYU Const. Co.
27. Tokyo General Lab. of Aged Persons
28. Mitsui-home M-30C (Wooden House)
29. Harvest Hilles (Shop & Apartment)
30. Research Lab. of KAJ1MA Corp. (modified)
31. Tohsin 24-Ohmori Bldg. (Office, etc.)
32. Research Lab. of HASEKO Corp.
33- Minami-Ohtsuka 2-chome Cooperative Bldg.
34. Research Lab. of TOBISHIMA Corp.
35. C.P, Fukuzumi Bldg. (Apartment, etc.)
36. Staff's Facility of MAEDA Corp. (2 Bldgs.)

Kanagawa Pref.
lbaraki Pref.
Tokyo
Kanagawa Pref.
Chiba Pref.
Tokyo
Tokyo
Tokyo
Tokyo
Kanagawa Pref.
Ibaraki Pref.
Ibaraki Pref.
Yokohama
Tokyo
Tokyo
Saitama Pref.
Tokyo
Kanagawa Pref.
Tokyo
Shizuoka Pref.
Tokyo
Nagoya
Tokyo
Tokyo
Miyagi Pref.
Kanagawa Pref.
Tokyo
Shizuoka Pref.
Shizuoka Pref.
Tokyo
Tokyo
Kanagawa Pref.
Tokyo
Chiba Pref.
Tokyo
Chiba Pref.

•2,-1

+5,-1
+5
+3
•2
•2
•U
•5,-1
•3
• 1

+3
+8
+ 10
-3
+ 1U
•2
+ 1
*U
+7
+U,-1
+2
+6
+3
•2,-1
+2
+6
+2
+9,-1
•3
+12,-2
+3
+5

1330
1623
<J765
1530
656
294
682
3385
307
616
637
1173

3373
3537
771

16391
U05

mo
1186
3256
10*47
298

10032
255
1112
310

2065
656
7571
681

5963
862
141407

653*2

Viscous Damp.
Steel Damp,
Steel Damp.
Steel Damp.
Steel Damp.

Steel Damp.

UB * Steel Damp.
RB -• Steel Damp.
RB • Steel Damp.
LRB
RB -
RB 4
RB 4
RB 4
RB -
LRB
RB -•
LRB
RB -* Friction Plate
RB • Steel Damp.
RB + Steel Damp.
LRB
RB + Steel Damp.
RB • Steel Damp.
Multi-tiered RB
Friction Plate
HDR
LRB
HDR
RB • Steel + Lead
HDR
HDR
RBV
LRB
RB
RB
RB
RB
LRB
RDR
RB + Lead Damp.
LRB

3
IB

Steel Danp.

Steel Damp,
Steel Damp.
Steel Damp.
Steel Damp.

Fric. t>amp.

RB: Laminated Rubber Bearing HDR:
RBV: RB which is effective even for Vertical Vibration RDR:
LRB: Lead Rubber Bearing

High-Damping Rubber Bearing
HDR Including Rubber Damper
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Fig. 1. Construction of the Building Center of Japan for Development of
Vibration Control Systems
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