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FOREWORD

Seismic isolation is one of the most significant seismic engineering developments in
recent years. Research and development, together with application experience — especially
for numerous isolated civil structures, but also for existing nuclear reactors and facilities, had
already shown in past years that this technique is extremely promising for a wide range of
uses in the industrial field, in particular for advanced nuclear plants. The development and
application of further innovative techniques — such as passive energy dissipation, provisional
restraints, and active control of vibrations — has begun and has also shown great potential
for reducing seismic or other dynamic loads acting on structures.

The International Seminar on Isolation, Energy Dissipation and Control of Vibrations
of Structures provided an opportunity for the exchange of updated and detailed information
on the state-of-the-art in these technologies. The seminar addressed the development and
application of innovative techniques that have been developed for the abatement of seismic
vibrations of structures. In addition to base isolation techniques which have been accepted
for construction in some countries, the topics covered by the seminar were floor isolation,
passive energy dissipation and active control of vibrations. The seminar was held following
the recommendation of the International Working Group on Fast Reactors at its 26th Annual
Meeting which was held in Vienna, Austria, from 4 to 7 May 1993.

This report summarizes the contributions to the seminar together with the main
technical issues and conclusions. Particular attention is paid to contributions which provided
new or updated information with respect to that given at the IAEA Specialists Meeting on
Seismic Isolation Technology, held at San Jose (California, USA), 18-20 March 1992.
Attention is also paid to the development and implementation of more recent but very
promising innovative techniques for the reduction of seismic and other dynamic loads.

The report has been prepared by A. Martelli (Working Group on Seismic Isolation
(GLIS) ENEA, Italy) with the co-operation of M. Forni (GLIS, ENEA, Italy) and
A.L. Materazzi and A. Parducci (GLIS and University of Perugia, Italy). A. Rinejski of the
TIAEA was responsible for the final drafting of the document.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscript(s). The views expressed do not necessarily reflect those of the governments of the
nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.
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SUMMARY OF THE SEMINAR
INTRODUCTION

According to the seminar purposes, presented at Capri were overviews on the activities
in progress and future programmes, the state-of-the-art of applications and designs, codes and
standards, research and development and observations of behaviours of structures under
actual dynamic loads. An exhibition concerning innovative antiseismic devices developed and
applied in Italy was held in parallel to the seminar; it was organized by ACEDIS and lasted
the whole duration of the seminar.

The countries and international organizations which participated in the seminar were
Brazil, Bulgaria, Canada, Chile, China, France, Germany, Greece, India, Italy, Japan,
Mexico, New Zealand, Portugal, Republic of Korea, Russian Federation, South Africa, USA,
and the International Atomic Energy Agency and Commission of the European Communities.
138 participants took part in the seminar.

SEMINAR SESSIONS

The seminar consisted of six Technical Sessions (TS), four Panel Sessions (PS) and one
Video Presentation Session. Two Technical Sessions (T'S 1 and TS 2) and the following Panel
Session (PS 1) mainly dealt with isolation of industrial buildings and bridges from seismic
and non-seismic vibrations; one Technical Session (TS 3) was devoted to seismic isolation
of nuclear facilities and one (TS 4) to seismic isolation of non-nuclear industrial structures,
together with one Panel Session (PS 2) regarding both items; two Technical Sessions (TS 5
and TS 6) dealt with passive energy dissipation and active/hybrid control; finally, one Panel
Session (PS 3) was devoted to design guidelines and one (PS 4) to general conclusions.

DISCUSSIONS AND CONCLUSIONS

Seismic isolation of civil structures: The full maturity of seismic isolation for
applications to both new and existing civil constructions (bridges, viaducts and buildings) was
confirmed. Most experts agreed that the studies performed and large number of ascertained
applications existing in several countries (more than 150 to bridges and viaducts and more
than 380 to buildings) have already provided all the necessary information on isolators and
isolation systems, thus, that it is now necessary to proceed to an extensive application, to
bridges, viaducts and important buildings at least.

In particular, there are no more doubts about the sufficient durability of rubber
isolators, which was a major concern until recently. Indeed, both accelerated aging tests
performed in various countries and tests on naturally aged bearings confirmed that rubber
bearing lifetime of at least 60 to 80 years may be assured, which is not shorter than the usual
lifetime of structures (Japanese accelerated aging tests showed that bearings should maintain
acceptable characteristics even for more than 100 years). According to this result,
replacement feasibility of bearings has been judged no more necessary in New Zealand,
where a long experience of use of rubber bearings exists (although in the other countries such
a feasibility has still to be ensured).

An extensive application of seismic isolation to residential houses also, might be
restrained by usually higher construction costs, with respect to those of conventionally
founded structures. However, a complete economic balance (taking into account costs related



to possible unhabitableness periods and the necessary repair of the structural and non-
structural elements) might be frequently favourable to seismic isolation in this case also;
furthermore, the higher construction costs might be easily recovered, in the case of rental
buildings, by somewhat higher but still acceptable rents, and advantage could be taken in the
future from lower insurance costs. Finally, low-cost seismic isolation systems, similar to
those in use in China and in the former USSR, might be adequate for such applications.

Among others, it was mentioned by Japanese experts during the seminar that seismic
isolators, if adequately designed, were proven to be in some cases effective to reduce the
effects of non-seismic vibrations also (for instance, those due to traffic).

Most experts agreed that the only problems to take care of in the application of seismic
isolation are those related to seismic input, the quality of isolators, the effects on the design
of inner equipment and the exact definition of roles, especially as far as maintenance is
concerned.

The importance of providing isolated structures (as well as structures using other
innovative antiseismic techniques) with adequate seismic monitoring systems was stressed,
because increasing information on the actual behaviour of such structures in earthquakes is
essential to support development and extension of the new techniques, to high risk plants
also.

Finally, the need for an alignment of codes for fixed-base and isolated structures was
judged feasible and urgent, so as to reduce the unnecessary degree of conservatism that is
currently present in the design of isolated structures, and to allow the economic use of this
technology.

Seismic isolation of nuclear plants and other industrial facilities: Seismic isolation
seems now mature enough for a wider use in the industrial field as well, like for high risk
facilities (in particular, but not only, nuclear structures), electric equipment, other
sophisticated strategic or valuable components, and tanks. However, great care must be paid
to issues mentioned above, and some more applications are needed, with respect to the few
already existing, in order to fully confirm the aforesaid conclusion: the ascertained numbers
of such existing applications are only 14 for non-nuclear facilities (in addition to some
buildings which may be regarded as industrial structures), and 14 for nuclear structures.
Anyway, there was a general consensus of opinion at the seminar that a large number of
applications will be soon available.

With regard to nuclear structures, confirmed was the great interest in an extended use
of seismic isolation not only in reactors, but also in other nuclear facilities (like spent fuel
element pools, reprocessing plants, etc.); in spite of the only few nuclear applications
existing to date, important projects or researches have been developed in several countries.
The reasons for the aforesaid interest are both the increased safety and overall reliability
achievable, and economical reasons, including the possibility of keeping standard designs for
construction in highly seismic countries also.

In addition, stressed at Capri were the advantages of a possible wide application of
seismic isolation to other high risk plants, for instance to allow for a correct antiseismic
construction or retrofit of some chemical facilities, for which only very few, but very
encouraging, applications already exist.



Finally, all agreed on the need for solid international cooperation, especially for the
nuclear applications.

Passive energy dissipation and provisional restraint of civil and industrial
structures: Particularly for passive energy dissipation, recognized at Capri was the need for
and the interest in further R&D, before undertaking an extensive use of this technique in
structures other than bridges and viaducts. Indeed, while in the latter the ascertained number
of applications was already significant (more than 90, although mostly in Italy), for buildings
only 18 applications were reported, and for industrial plants none.

The aforesaid conclusion was reached according to the very promising features of
passive energy dissipation systems, but also taking into account that some doubts still remain,
especially on design methodologies.

A similar conclusion applied to oleodynamic systems, for which even lesser applications
were reported at the seminar (about 40 for bridges and viaducts, 10 for buildings and only
1 for large industrial components).

Active/hybrid control of structures: Active/hybrid control of vibrations — for which
9 important applications already existed in Japan — was judged to be quite an interesting
technique, but it was recognized that its purpose must be limited — at the time being, at least
— to ensure comfort in moderate earthquakes and especially protection from wind loads,
more than seismic safety, for which the technique is still too costly and not reliable enough
(also due to the use of complicated equipment and need for quite a large power).



1. OVERVIEW OF LECTURES AND PAPERS PRESENTED AT THE SEMINAR

The topics covered by the various lectures and short papers are mentioned below,
following the presentation order. Some remarks are also made with regard to speakers.
Special attention is paid to items of interest for industrial structures, including nuclear
reactors and other high risk facilities, and to new information and other topics which are
particularly innovative or may be important in view of the extension of applications of
innovative antiseismic techniques to the above-mentioned structures.

1.1. TECHNICAL SESSION 1 ON ISOLATION OF CIVIL BUILDINGS AND BRIDGES
FROM SEISMIC AND NON-SEISMIC VIBRATIONS

Lectures No. 1 and No. 2 (Japan [15, 16]): These lectures were both presented by
experts from Japan. The first was given by H. Akiyama (Tokyo University) and concerned
the state-of-the-art, worldwide and in Japan, on isolation from seismic vibrations; it stressed
the maturity of seismic isolation and its further potential, which are making it possible to
widely use such a technique, especially in Japan, where several building applications already
exist (see also Ref. [13]).

In Japan, the first building application of seismic isolation was to the Yachiyodai
Isolated House in Chiba, in 1982. In 1992, 65 isolated buildings had already been completed
in Tokyo and many other sites. They are manly reinforced concrete (r.c.) structures, but
there are also examples of composite, steel and wooden structures. They have various sizes
(to fourteen floors) and uses; many belong to private owners. Applications have been to
residences, apartment buildings, houses, dormitories, museums, laboratories, test rooms,
offices, shop apartments, pools, computer centers, machine works, clinics, health resorts,
and guard houses. Isolators of many different types have been used: lead plug rubber
bearings (LRBs), HDRBs, friction devices, steel devices and low damping natural rubber
bearings (LDRBs). The latter (which were used in several cases) were coupled to various
types of dampers: steel hysteresis dampers, viscous dampers, lead dampers or friction
dampers.

As to bridges, H. Akyiama mentioned that seismic isolation applications began in Japan
much more recently and are not very numerous, yet (indeed, Ref. [13] shows that the first
application was to the Onnetoh bridge in Hokkaido in 1992, and that only 15 applications
were completed in 1993, which utilize LRBs with the exception of two cases, where HDRBs
were adopted).

The second lecture was given by H. Koshida (Kajima Technical Research Institute,
Tokyo); it dealt with isolation of Japanese buildings from both seismic and non-seismic
vibrations and showed that seismic isolation systems may also be effective for isolation from
micro-vibrations, such as those due to traffic. Examples given were two buildings at Tokyo:
the Acoustic Laboratory of Kajima Technical Institute (where the purpose was very accurate
acoustic environmental tests, thus vibration isolation was a major requirement), and the
Tohshin 24 Ohmori Building (which is only 5 m distant from two JR railroad lines). Both
buildings were isolated using laminated rubber bearings (which had much thicker rubber
layers than ordinary bearings for earthquake protection only) combined with steel rod
dampers.

Lecture No. 3 (New Zealand [17]): W.H. Robinson of New Zealand Institute for
Industrial Research and Development, who is one of the "fathers" of seismic isolation and
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