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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 hi 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
IAEA was responsible for the final drafting of the document.
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In preparing this publication for press, staff of the IAEA have made up the pages from the
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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 (TS 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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passive energy dissipation (see Ref. [9]), described applications of these techniques to bridges
and buildings in his country; these applications are rather numerous, taking into account the
limited population of New Zealand, and important work is in progress for the development
of new systems.

The first application of innovative antiseismic techniques to bridges and viaducts in New
Zealand was to the Motu bridge in 1973; the number of such applications was 49 at the time
of the seminar, four being retrofits (see Ref. [13]).

As to civil buildings, the William Clay ton Building in Wellington was the first building
which was isolated in New Zealand (1981). Later, isolation was undertaken for the Union
House at Aukland (1983) and the Central Police Station at Wellington (1990). Three further
applications were in progress: the retrofit to Parliament Building and Parliament Library, and
construction of the New Museum of New Zealand, all at Wellington (see Ref. [13]).

Lectures No. 4 and No. 5 (Italy [18, 19]): These lectures concerned applications in
Italy. The first was given by A. Parducci (Perugia University), who had designed passive
energy dissipation systems for some important bridges and viaducts in Italy. It dealt with
applications of all innovative antiseismic techniques to such structures in this country, where
they are the most numerous in the world (see Ref. [13]).

The second lecture was given by P.M. Mazzolani (University of Naples Federico II):
he was the first who applied all the different innovative antiseismic passive techniques
(seismic isolation, passive energy dissipation and oleodynamic provisional restraints) to
Italian buildings. This lecture dealt with applications of these techniques (mainly seismic
isolation and oleodynamic systems) to new and existing buildings in Italy. Special attention
was also devoted to the problem of selection of an appropriate design input motion and to
evaluation of the force reduction factor for superstructure. Mathematical models for isolation
devices and isolated structures recently developed by Italian researchers were also illustrated.

P.M. Mazzolani stressed that the number of Italian building applications of seismic
isolation and oleodynamic systems was already significant, and among others, included the
construction of rather large structures (like the five 25 m high buildings, each weighting
70 000 kN, of the Administration Center of the National Telephone Company — SIP — at
Ancona), twin isolated and conventionally founded three-storey apartment houses at Squillace
Marina (Catanzaro), and retrofit to historic structures. A complete picture of Italian
applications of passive energy dissipation to Italian buildings was outlined later by
V. Ciampi.

The very first Italian building application of innovative antiseismic techniques was to
the New Fire Station Headquarters at Naples in 1981, which must be regarded as an
application of passive energy dissipation, although seismic isolation devices were also used.
P.M. Mazzolani mentioned that the purpose of this application was to avoid major
modifications of the initially developed design (where seismic loads had not been considered)
by matching at the same time the more stringent requirements which were defined a few
months after initial design completion as a consequence of the 1980 Campano Lucano
(Irpinia) earthquake (when Naples was declared seismic area).

Afterwards, 15 isolated buildings were constructed or were under construction at the
time of the seminar. The first to be isolated was the second Fire Station building at Naples
(1985), where floor slabs are supported by steel towers through neoprene bearings; in this
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building oleodynamic devices were also located between each floor longitudinal beam and
the adjacent steel tower so as to permit free thermal deformation of the structure, but to
provide provisional restraints in case of earthquakes. Further completed applications of
seismic isolation concerned:

the Monte d'Ago Civic Center at Ancona (1989), where large diameter neoprene
bearings were used;
the five SIP buildings at Ancona (1989-1992), where HDRBs were used;
the aforesaid house at Squillace (1992), which was isolated using both LDRBs and
HDRBs;
a Navy building at Ancona (1992), and the Medical Center and four apartment houses
at Augusta Navy base, Sicily (1993), all isolated by means of HDBRs.

In addition, works for retrofitting the S. Pietro Church at Frigento by means of seismic
isolation were already in progress (using again HDRBs) at the time of the seminar, with the
aim of verifying the applicability of this technique to historic monuments (see Ref. [32]).

As far as oleodynamic systems are concerned, after the aforesaid application to the
second New Fire Station building at Naples, this system was used for some more structures:
mentioned by the author were the retrofit to the Collegiate of S. Giovanni Battista in Carife,
Avellino (1990), construction of an industrial building of FIAT at Melfi, Potenza (1993), and
the use of oleadynamic devices in the new ENEL Directional Center at Naples (where,
however, the main technique used was passive dissipation). Some more applications are listed
in Ref. [13].

Lecture No. 6 (Greece [20]): G.C. Manos, who is professor at Aristotle University and
Director of the Institute of Engineering Seismology and Earthquake Engineering (ITEAK)
at Thessaloniki, Greece, mentioned that work is in progress in his country also for
application of new antiseismic techniques to bridges (such as those foreseen on the Corinth
Canal [5]), buildings and industrial facilities (such as the LNG tanks at Revythousa, designed
by the German D&W [40]). G.C. Manos especially covered the aspects related to the new
Greek seismic code, by showing its applicability to seismically isolated structures.

Lecture No. 7 (Portugal [21]): J.J. Azevedo (CMEST - Civil Engineering Department,
" Institute Superior Técnico", Lisbon) illustrated studies in progress for the seismic isolation
of irregular buildings in Portugal. He stressed the particular advantages of this technique for
such buildings.

Lecture No. 8 (France [22]): This lecture concerned important aspects of work
performed in France, which are essential for the reliability and safety of seismic isolation,
especially for applications to high risk or strategic structures. It was given by C. Coladant
of Electricité de France (EdF), who is a well known expert at seismic isolation, deeply
involved in the development of French design guidelines for isolated structures (EdF was the
first organization which applied seismic isolation to nuclear reactors).

After summarizing the French applications to civil buildings and nuclear structures,
C. Coladant illustrated test results concerning the durability and aging of elastomer bearings,
including steel-laminated neoprene bearings installed in the four units of the 900 MWe PWR
at Cruas, which was the first isolated nuclear power plant in the world (3600 bearings). The
use of seismic isolation in such a reactor had been decided by EdF to allow for keeping the
standardized PWR 900 design (which is characterized by 0.2g z.p.a.) in the Cruas site also,
in spite of larger z.p.a. (0.3g).
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C. Coladant showed that the lifetime of well positioned existing bearings is equal to that
of the superstructure, and stressed the importance of an accurate monitoring of natural aging
effects (in addition to measurements on artificially aged bearings) by performing tests at
appropriate time intervals on bearings kept in actual installation conditions.

Lecture No. 9 (Germany [23]): This lecture was given by D. Heiland of GERB (Essen,
Germany), which is a well known company for the development and fabrication of isolation
and energy dissipation devices, including 3D systems that are efficient for both seismic and
non-seismic vibrations (two seismic applications already exist in the USA). The lecture
covered this aspect, which may be quite important for some types of structures (e.g.
computer centers, etc.), where vertical isolation may also be required, and stressed the
advantages of a new GERB system.

1.2. TECHNICAL SESSION 2 ON ISOLATION OF CIVIL BUILDINGS AND BRIDGES
FROM SEISMIC AND NON-SEISMIC VIBRATIONS

Lecture No. 10 (USA [24]): J.M. Kelly of EERC-UBC provided an updated review on
the numerous applications of this technique to buildings in the USA; he stressed that it is now
generally accepted that a base-isolated building will perform better than a conventional fixed-
base building in moderate or strong earthquakes; he also explained the present, rather severe,
US building code requirements, and expressed the confidence that about an alignment of
codes for fixed-base and isolated structures will be soon possible, so as to reduce the degree
of conservatism that is currently present in the design of isolated structures, and to allow the
economic use of this technology.

The first application of seismic isolation to a new US building was to the Foothill
Communities Law and Justice Center at San Bernardino in 1985, for which HDRBs were
designed in cooperation with MRPRA, in the USA seismic isolation was used for the first
time to retrofit an existing building (the Salt Lake City and County Building in 1988, where
LRBs were used).

There were 18 applications to US civil buildings at the time of the seminar (see also
Refs [7, 10, 13]), including seven in progress (two new constructions and five retrofit). In
addition, several new projects were being developed, which included further seismic retrofit
and applications to industrial buildings.

Applications in progress concerned:

construction of the LRB-isolated Water Control Center/Water Quality Laboratory at
Portland (Oregon), and the new HDRB-isolated Emergency Operations Center at Los
Angeles (California);
retrofit by means of LRBs to the Channing House Retirement Home at Palo Alto and
the Oakland City Hall, both in California (the latter had been damaged in the 1989
Loma Prieta Earthquake);
retrofit to the Educational Service Center and the Kerckhoff Hall - UCLA, both at Los
Angeles (California), using Earthquake Barrier and LRB systems (respectively);
retrofit to the Mackay School of Mines at Reno (Nevada), using HDRBs and FPTF
sliders.
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Most US isolated buildings have been provided with seismic monitoring systems. With
regard to their uses, US applications concern:

buildings that are important for civil protection, like the USC Hospital (1989) and Fire
Command and Control Facility (1990) at Los Angeles (which utilize LRBs and HDRBs,
respectively), or the above-mentioned new Emergency and Operations Center;
other important public buildings, like the aforesaid Foothill Communities Law and
Justice Center at San Bernardino and Salt Lake City and County Building, Oakland City
Hall, Channing House Retirement Home, and Mackay School of Mines;
buildings that are important for strategic reasons, like the Rockwell Center at Seal
Beach (which was retrofitted in 1991 using LRBs to protect electronic equipment used
to process satellite data), and the Kaiser Computer Center at Corona (1992, LRBs and
HDRBs);
buildings that are important for economical reasons, like the Evan and Sutherland
Aircraft Simulator Manufacturing Facility at Salt Lake City (1988, LBRs), and the
aforesaid Water Control Center/Water Quality Laboratory at Portland;
some residential houses, like the Marina apartment house which was retrofitted at San
Francisco after the 1989 Loma Prieta earthquake using Friction Pendulum System
(FPS), and two residences in West Los Angeles, which were isolated in 1992 by means
of the GERB Resistant Base system.

Lecture No. 11 (United Kingdom [25]): This lecture was given by K.N.G. Fuller of
Malaysian Rubber Producers' Association (MRPRA, Hertford, United Kingdom), which has
a long experience on development of natural rubber bearings. It dealt with the most recent
seismic isolation studies being performed by MRPRA, partly in the framework of a project
funded by UNIDO for a four-story apartment block mounted on HDRBs in Indonesia.

Some important recent results concern the demonstration that isolation is still effective
in moderate earthquakes (in spite of relatively large bearing stiffness), that HDRB hardening
at very large displacement is not sufficient as to offer a significant intrinsic restraint to
bearing deformation, and that damping larger than 15% may in some instances be a
significant disadvantage (thus, damping of available HDRBs is adequate).

Lecture No. 12 (China [26]): F.L. Zhou (University of Guangzhou) outlined the
research in progress in China on seismic isolation to bridges and buildings and cited the
numerous applications that already exist there: 15 isolated bridges and 50 isolated buildings.

As to buildings, the author stressed the existence of 40 very ancient isolated structures:
these were palace buildings, monasteries, temples and bridges which survived destructive
earthquakes. The 10 more recent isolated buildings are:

four 4 to 7 storey brick buildings with sliding layers as isolators and steel elements as
energy dissipators, built in West China;
five low rise brick buildings with sand sliding isolation, built in North China;
an 8-storey concrete frame house being constructed in Shantou City (South China),
isolated by means of HDRBs.

In addition, twin isolated and conventionally founded 8-story r.c. buildings are to be
built for test purposes and three further r.c. buildings, to be isolated by means of HDRBs,
will be built in South and North China.
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F.L. Zhou concluded his presentation by pointing out the believe that application of
seismic isolation will become wide, because "the new system is more safe, effective,
economic and simple".

Lecture No. 13 (Chile [27]): M. Sarrazin — dean of the "Universidad de Chile"
(Santiago), which has been involved in seismic isolation research for several years —
presented the last lecture concerning seismic isolation of buildings. He detailed such studies
and mentioned some first applications of seismic isolation and other antiseismic systems to
three buildings and an iron ship-loader at Guadaloca's port.

The most interesting application of seismic isolation has been to a four-story building
at Santiago, which is supported by rubber bearings and is adjacent to a twin conventional
building; both buildings have been provided with a seismic monitoring system, which already
recorded vibrations from three minor earthquakes, by confirming theoretical predictions. This
application is similar to the Sedai buildings in Japan [15, 31] and the Squillace buildings in
Italy [19, 39].

1.3. PANEL SESSION 1 ON SHORT PRESENTATIONS AND DISCUSSION ON
FUTURE PROSPECTS FOR THE EXTENSION OF APPLICATIONS OF SEISMIC
ISOLATION TECHNIQUES TO CIVIL BUILDINGS AND BRIDGES

Paper la (Russian Federation [28]): J.M. Eisenberg presented the work performed hi
former USSR, and more recent work in the Russian Federation. He illustrated low-cost
isolation systems developed and applied in the aforesaid Republics; he showed that a long
experience exists there on applications to buildings (as shown below, more than 200 have
been isolated by means of different systems), and stressed the interest in simple and not
expensive systems.

The first application mentioned was at Ashkabad, Turkmenistan, in 1959, where a
pendulum suspension and steel springs system was used. After that, the following numbers
of buildings were isolated in the period 1972 to 1990 [13]:

97 in Russia (North Baikal, Siberia, and Kamchatka) using flexible ground story
columns in conjunction with energy dissipation switching-off elements and rigid
inelastic displacement limiters (1972-1990);
2, again in Russia (Tynda, Siberia), using pile-in-tube systems with switching-off
inelastic elements (1989);
28 in Kirgizia (Bishkek) and Russia (Kamchatka), using low-friction teflon/steel
supports with rigid displacement limiters (1984-1990);
3 in Ukraine (Sebastopole), using rocking r.c. supports consisting of columns with
spheric ends with switching-off elements plus dry friction elements (1972-1974);
61 in Kazakhstan (Alma-Ata) and Russia (Kamchatka), using rocking r.c. supports
consisting of upside-down mushroom type supports (1979-1989);
8 in Russia (Buryatia, Siberia), using rocking r.c. supports consisting of columns with
plane ends, with displacement limiters and friction (1987-1990);
1 in Byelorussia (Minsk) using steel-laminated rubber bearings (1985).

Paper Ib (USA [29]): A.S. Whittaker, Associate Director of EERC-UBC, presented this
paper on behalf of the author, R.L. Mayes, President of Dynamic Isolation Systems (DIS),
Inc., Berkeley (California), who could not attend. The paper focusses on the applications of
seismic isolation to bridges and viaducts in the USA, namely a topic which was not included
in the US lecture of Ref. [24].
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Mr. Whittaker provided an overview of the new AASHTO seismic design requirements,
force-redistribution concept, and benefits of seismic isolation in retrofit applications; he also
outlined the key features of the almost 50 US bridge applications and stressed that to date,
about 50% of the US seismic isolation applications are retrofit projects [13].

Paper le (India [30]): S.K. Thakkar mentioned that important numerical and
experimental studies for seismically isolated masonry and r.c. buildings, equipment,
foundation and nuclear reactor buildings have also been performed in India for fifteen years,
although no application is available to actual structures, yet. Sliding systems and laminated
rubber bearings coupled with sliders were considered. One conclusion of the author was that
"there is a need to bring awareness and confidence in structural engineers for application of
this new technique in seismic areas". Also, he agreed with J.M. Eisenberg that "development
of low-cost base isolation system is necessary for its wider acceptability in developing
countries".

Paper Id (Japan [31]): M. Izumi illustrated earthquake recordings on isolated buildings
in Japan, namely a very important topic which needed to be particularly stressed. He
mentioned that about 20 buildings are equipped with seismic monitoring systems in Japan,
and showed that available recording demonstrated that seismic isolation is effective in
decreasing the shearing force produced in buildings by earthquakes. Furthermore, he
proposed "passive intelligent systems" as systems which "are expected to work more
efficiently with much less expenses and more reliability than active control systems".

Papers le and If (Italy [32, 33]): These contributions provided information on work
in progress in Italy for seismic retrofitting of existing buildings by means of isolation
systems, namely on a topic which may be particularly important in seismic countries like
Italy, where so many historic buildings have already been damaged or risk to be damaged
by earthquakes, and where a large number of residential buildings is not seismic-resistant.

The first paper was presented by R. Giacchetti; it mentioned cases where the application
of seismic isolation to retrofit existing buildings, although demonstrated both technically and
economically advantageous, was made impossible for "bureaucratic and cultural" reasons
(e.g. the landmark building "Villa Fiorita" near Ancona).

The second paper concerned the already mentioned first application of seismic isolation
to an existing building of historical interest: the S. Pietro Church at Frigento. This paper
(coauthored by R. Sparacio of the University of Naples Federico II, F. Cavuoto of S.A.S.
Progetti, Napoli, and G. Zampino, Superintendent for Environmental, Architectural and
Historical Goods at Avellino) could not be presented at the seminar, but the text has been
included in the proceedings. It reports on the rehabilitation works which were beginning on
the church and the project of inserting HDRBs at its base.

Paper Ig (Italy [34]): This paper was again a contribution of Italy, which concerned
a further issue that is rather important for a correct design of seismically isolated structures,
namely the problem of reduction of the response spectra ordinales due to the rather large
damping which characterizes isolated structures. It was presented by G. Di Pasquale, who
confirmed that damping does not affect the response at very low and very high frequencies,
and showed that the indications of some codes (EC8) are slightly optimistic, while those of
others (SEAOC, AASHTO) are adequate.

Paper Ih (CEC [35]): E. Gutierrez stressed the potential of the Reaction Wall of the
ELSA Laboratory at the JRC-Ispra of CEC for seismic isolation studies. He pointed out that
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the pseudodynamic method applied at ELSA is applicable, for the correct account of rate
dependency of rubber compounds also.

1.4. TECHNICAL SESSION 3 ON SEISMIC ISOLATION OF NUCLEAR FACILITIES

Lecture No. 14 (USA [36]): This lecture was given by E.L. Gluekler (GE Nuclear
Energy, San Jose, California, USA), who summarized the topics discussed at the IAEA
Specialists Meeting held at San Jose in 1992 [6], and — as far as the most recent
developments in the USA are concerned — reported on the progress of seismic isolation
studies in view of the application of this technique for the ALMRs.

As regards the IAEA Specialists Meeting, Mr. Gluekler recalled, among others, the
existing isolated nuclear facilities and isolated reactor projects being developed. The
applications which have already been completed are mainly due to French (with the only
exception of a fuel reprocessing plant in the UK). These applications, concerning plants
which traditionally make use of proven and safe technologies, stress the maturity level which,
even several years ago, had already been attributed to seismic isolation systems.

More precisely, in 1963 the French began isolating, by means of neoprene bearings,
the vessels of GCRs at Saint Laurent and Bugey in France, and at Vandellos in Spain;
although the purpose of these applications was to control thermal deformations, rather than
seismic isolation, interesting results to this aim also were obtained (bearings had not shown
any detrimental aging effects, yet).

Later (in the 1970s), EdF isolated the PWR of Cruas in France, using again neoprene
bearings: as also stressed in Ref. [22], such a solution was selected to avoid modifying the
PWR standard design in France. For similar reasons Framatome isolated the Koeberg PWR
in South Africa, using sliding systems formed by neoprene bearings coupled with friction
plates (see also the contribution presented later in PS 2 by D.E. Lee, ESKOM [44] and had
begun isolating (by means of the same sliding system) the Karun River reactor in the Islamic
Republic of Iran (construction was interrupted in 1978 due to well-known events).

Furthermore, as explained later more in detail by J. Dalbera [38], the French
COGEMA isolated three pools for the decay of spent fuel in the reprocessing plant at La
Hague, by use of neoprene bearings similar to those used by EdF at Cruas. (Mr. Coladant
had also mentioned a further application, to a two-story building containing radioactive
wastes, which was isolated by the French Navy at Tolon in 1981, using the G APEC
neoprene bearing system.)

As to the nuclear plants which are in the design phase, applications cited were the
French PWR at Le Carnet (1300 M We), for which the nuclear island should be supported
by neoprene bearings, the European Fast Breeder Reactor (1500 M We), some US advanced
reactor projects (such as PRISM of GE, for which HDRBs have been foreseen), and the
seismic isolation projects concerning future Japanese nuclear reactors of different kinds
(PWRs, BWRs, FBRs). The latter are based on the experience attained for conventional
structures, so as to allow for construction in sites that are more seismic than the (already
scarce) moderate seismicity areas used to date: as shown by M. Izumi [31] several isolated
buildings have been provided with seismic monitoring systems, which already gave very
precise information on the behaviour of isolated structures in real earthquakes. For the work
in progress for Japanese FBRs more details were provided by the subsequent lecture by
M. Kato [37].
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With regard to the developments of the isolated ALMR project in the USA, Mr.
Gluekler outlined the considerable design and experimental and analytical work in progress,
focussing on seismic bearing and isolation system performances, and evaluation of seismic
bearing environmental effects (aging, temperature, irradiation).

As a conclusion, Mr. Gluekler stressed the full maturity achieved by seismic isolation
for its use for nuclear reactors also, which was demonstrated for the PRISM project by the
fact that all the performance requirements of isolation bearings had been exceeded
considerably and all technical problems concerning isolators and isolation system had been
solved. Finally, he also pointed out the importance of international collaborations.

Lecture No. 15 (Japan [37]: As mentioned above, M. Kato (Japan Atomic Power
Company) illustrated the progress of studies for base-isolated FBR in Japan. He confirmed
that fundamental R&D for such an application had been completed, together with conceptual
design for horizontal isolation; he stressed that demonstration of seismic safety, economical
merit and construction feasibility in highly seismic sites had been achieved, although some
safety and reliability problems of the system had still to be resolved in relation to the design
of the system itself.

Lecture No. 16 (France [38]): This lecture was a contribution of France, presented by
M. J. Dalbera (COGEMA) and co-authored by experts of SGN, which dealt with the
application of seismic isolation to three spent fuel storage pools of the reprocessing plant at
La Hague. After describing such an application in detail, Mr. Dalbera stressed that the
available nine years experience of service of such a plant demonstrated that the elastomer
bearing pads used in this system "are a good choice for all unusual supporting problems
which occur in spent fuel storage pools".

Lecture No. 17 (Italy [39]): M. Forni (ENEA, Bologna) — who is the GLIS secretary
and is responsible for seismic isolation R&D at ENEA — gave this lecture, coauthored by
representatives of several organization which are collaborating in Italy in the framework of
GLIS.

Mr. Forni outlined the considerable progress made in Italy on numerical and
experimental studies for HDRB compounds, HDRBs, isolated structure mock-ups and isolated
buildings (on-site tests and detailed analysis of one SIP building at Ancona and both twin
houses at Squillace). He also cited design guidelines development being performed in Italy
on seismic isolation of nuclear and non-nuclear structures, and recent installation of seismic
monitoring systems on both SIP buildings at Ancona and the twin houses at Squillace.

He showed that the above-mentioned studies confirmed the adequacy of the HDRBs
considered, for wide-ranging applications. Finally, he mentioned collaborations existing with
the CEC, Japan and the USA and future work, such as that beginning in cooperation with
Germany (D&W and SHW) and the UK (MRPRA) in the framework of a CEC-funded Brite-
Euram II project.

1.5. TECHNICAL SESSION 4 ON SEISMIC ISOLATION OF NON-NUCLEAR
INDUSTRIAL FACILITIES

Lecture No. 18 (Germany [40]): L. Stempniewski of D&W (Muenchen, Germany)
focussed on the application of seismic isolation to liquefied natural gas (LNG) storage tanks.
D&W had designed seismically isolated LNG tanks for highly seismic areas, such as
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Revithousa (Greece) and Incon (Rep. of Korea), using HDRBs. It is noted that, for the first
application, the installation of HDRBs manufactured in Italy (ALGA) is foreseen.

L. Stempniewski stressed that the aforesaid applications of seismic isolation will be
among the first ones to high risk non-nuclear facilities such as those of chemical industry.
The lecture demonstrated the great potential of this technique for these facilities also, where
it permits large and even extremely large tanks to be safely erected without any need for
embedment to quite high ground acceleration (0.5g).

Lecture No. 19 (Italy [41]): G. Bonacina — who is responsible for the seismic isolation
project at ISMES SpA (Bergamo, Italy), where most Italian seismic isolation experiments
have been performed — illustrated the research program which was undertaken by ENEL,
in cooperation with ISMES, and with the support of ALGA, ENEA and Naples University,
on seismic isolation of two different typical types of electric gas-insulated substations
(outdoor plant and substation housed in a small building).

The reasons for the study was that on the one hand electric substations are quite
strategic for civil protection (i.e. they must remain functional in strong earthquakes) and are
quite costly, and on the other hand, experience shows that the conventionally founded
substations may be severely damaged even in not too severe earthquakes.

For isolators, reference was already made in the study to HDRBs; the use of other
isolators types was also planned. Finite-element analysis had been performed for both
substation types, and experiments had begun to qualify isolation devices. The first results
obtained indicated an excellent performance of the isolated design; the study should also
provide important information to evaluate the applicability of seismic isolation to other
industrial plant types.

Lecture No. 20 (USA [42]): This lecture was presented by F.F. Tajirian of Bechtel
Corporation (San Francisco, California), who is a well-known expert at the innovative
antiseismic techniques in the USA. It outlined the state-of-the-art on applications of seismic
isolation to US industrial plants; these are already relatively numerous and include the use
of this technique for components, tanks and buildings which may be classified as industrial
facilities.

Most of the latter have already been considered among isolated buildings, although they
may be also regarded as industrial applications (this is especially the case of the Evans and
Sutherland Aircraft Simulator Manufacturing Facility at Salt Lake City).

As to isolation of components, F.F. Tajirian mentioned that applications were
completed for:

230 kV Circuit Breakers of California Department of Water Resources (HDRBs, 1979) ;
the Liquid Argon Calorimeter and Mark II Detector at the Stanford Linear Acceleration
Center (LRBs, 1987);
art objects at the J. Paul Jetty Museum in Malibu, California (which were isolated by
off-the-shell ball transfer units which roll on steel plates placed on the floor);
the Titan IV solid rocket motor upgrade segments at Vandenberg Air Force Base,
California (HDRs, 1992).

HDRBs were also fabricated and placed in storage at Diablo Canyon nuclear power
plant, to be used for isolating two 32 tons mobile exciters (consisting of transformers and
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switch gear mounted on a truck trailer) which would replace the main turbine generator
exciter in the turbine building in the case of major malfunctioning of such an exciter.
Furthermore, some more component isolation cases were extensively studied (although no
application existed, yet), like that of computer floors (which as mentioned, is a common
practice in Japan), and a waste storage facility weather enclosure structure at Idaho National
Engineering Laboratory (for which FPS was considered).

Finally, with regard to tank isolation, Mr. Tajirian mentioned that a certain number of
applications were studied, and in a few cases already undertaken. More precisely, the
existing tower of an emergency water tank at the DOW Chemical Company in Pittsburgh was
seismically upgraded using FPS in 1988, and HDRBs were more recently used to upgrade
large (3.78 million liter capacity) tanks at Seattle, Washington; a 200 tons ammonia tank was
isolated using FPS in Calvert City, Kentucky, in 1993; finally, a detailed study was
performed for large concrete and steel LNG tanks, which demonstrated large benefits of
seismic isolation.

Mr. Tajirian stressed the benefits of seismic isolation of components which have to be
requalified for higher seismic loads, and those concerning the design of large tanks, where
the use of this technique may result in elimination or simplification of hold down anchors.
However, he emphasized the need for more comprehensive quality assurance tests and tighter
acceptance tolerances than normally required for isolated buildings, especially where only
four isolators are used.

In any case, he judged that seismic isolation has a great potential for non-nuclear
industrial plants, for which the conventional design approach may not be adequate; he also
mentioned that the development of new isolation techniques including soft elastomers and low
friction rollers will allow for the isolation of lighter components and for extending the use
of isolation to soft sites.

Lecture No. 21 (Japan [43]): Y. Hazumoto of Chubu Electric Power Company, Japan,
stressed that, although no applications of seismic isolation to actual industrial plants existed
in Japan, yet, this technique had been adopted there for some buildings which may be
classified as industrial facilities (computer centers, buildings of thermal power companies,
etc., see Ref. [15].

Thus, this lecture dealt with one of the most interesting among such applications,
namely to the twin buildings forming the east and west wings of the new thermal power
administration center of the author's company at Nogoya, one being isolated by means of
improved LRBs and the other by means of HDRBs. Both buildings have been provided with
seismic monitoring systems and were subjected to detailed analysis and forced vibration tests
(performed using vibrators on the roof). The aim was to achieve experience for a wider
application to industrial structures, including nuclear reactors. Good agreement between
calculations and measurements was found.

1.6. PANEL SESSION 2 ON SHORT PRESENTATIONS AND DISCUSSION ON
FUTURE PROSPECTS FOR THE EXTENSION OF APPLICATIONS OF SEISMIC
ISOLATION TO NUCLEAR AND NON-NUCLEAR INDUSTRIAL FACILITIES

Paper 2a (South Africa [14]): D.E. Lee described the base isolation system used in the
two 900 MWe units of the PWR Koeberg Nuclear Power Station, owned and operated by
ESKOM, in South Africa, as well as tests completed in 1992 (some 14 years after isolators'
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installation) to evaluate the long term characteristics of such a system, and the related
analysis.

The Koeberg nuclear reactor was the second (after that at Cruas in France) which was
isolated in the world: indeed, it was constructed by Framatome in 1977 to 1978; it makes
use of 1829 steel-laminated neoprene bearings provided with bronze friction plates containing
fine led droplets at the top (the so-called "EdF system", which was characterized by a design
friction coefficient of 0.15 to 0.25).

Tests showed that friction coefficients increased by about 70%; however, no noticeable
corrosion was evident on friction plates, and the neoprene shear modulus remained within
the design range. Furthermore, it was found that both neoprene bearings and the
superstructure are capable of withstanding the larger stresses caused by increased friction
coefficients (i.e. by the beginning of sliding at higher seismic loads). Finally, analysis
showed that progressive sliding will occur during strong motions, due to the fact that
bearings sustain different vertical loads: this will lead to a decrease of the response, but will
further increase stresses acting on the neoprene bearings.

Paper 2b (Russia [45]): J.M. Eisenberg and his co-authors of Atomenergoproject, St.
Petersburg, suggested the use of a seismic isolation system for industrial structures in Russia,
in particular for nuclear reactors such as VVER-500. For this reactor, a project is being
developed in the framework of space industry technology transfer and consists of pneumo-
shock absorbers combined with viscous dampers.

Both numerical analyses (carried out to 0.4-0.6 g input acceleration) and experiments
(performed to magnitude 9-10 by means of explosive techniques and for different soil
conditions on a 1/7 scale reactor building model) showed that the above-mentioned system
is capable of considerably reducing the seismic loads acting on reactor building and inner
equipment, by limiting at the same time displacement (to about 0.1 m). It was also mentioned
that further tests have been planned on a full-scale part of isolated reactor building to
complete the project, so as to enable construction of seismically isolated high risk plants in
highly seismic areas in Russia.

Paper 2c (India [46]): R.S. Soni illustrated studies on the applicability of seismic
isolation to PHWRs in India. He mentioned that further work is necessary in India before
adopting this technique (by means of laminated elastomer bearings) for primary systems,
while great advantage had already been derived from the use of energy absorbing devices in
secondary systems.

Paper 2d (China [47]): D. Li (also on behalf of his co-author L. Lin of China Institute
of Atomic Energy — CIAE) commented on the technologies and approaches which have been
adopted or developed in China for seismic isolation of industrial facilities, focussing on the
use of rubber bearings and friction devices. D. Li stressed that industry constructions
including nuclear power plants, hydropower stations on the three gorges of Yantze River and
many other industry projects and facilities all face the problem of seismic and non-seismic
vibrations.

He mentioned that several vibration research centers have been constructed, and that
more and more engineers are attracted by the topic of vibration isolation in China, which
opens important prospects for the use of this technique in both nuclear and non-nuclear
industrial facilities in that country, although many still worry there about the quality and high
market costs of isolation materials. In particular, D. Li mentioned that seismic isolation will
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will be considered for the new experimental FBR which is being designed by CIAE, because
it has to withstand a magnitude 8 earthquake.

Paper 2e (Korea, Rep. of, [48]): B. Yoo of Korea Atomic Energy Research Institute
(KAERI) and his co-authors of the same institute and Korea Advanced Institute of Science
& Technology summarized the current status and prospects of the applications of seismic
isolation technology in the Republic of Korea.

As to nuclear structures, B. Yoo mentioned that seismic isolation is being seriously
considered for both an advanced demonstration LMR and an away-from-reactor interim spent
fuel storage facility; analysis of the isolated LMR was in progress and a prototype laminated
rubber bearing had been designed and would have been ordered shortly to evaluate the
manufacturing process and to evaluate bearing properties by test. Numerical models were
also developed for the spent fuel storage facility, for which HDRB was judged to be the most
effective isolation device.

As to non-nuclear structures, B. Yoo mentioned that seismic isolation had been already
applied to Korean highway bridges and LNG tanks, using laminated rubber bearings, and is
being considered for further use in such structures; with regard to LNG tanks, he pointed out
that construction of the first isolated tanks dated several years, and that tests were later
performed using a pseudodynamic method incorporating a substructuring technique, which
demonstrated adequacy of such an application.

Finally, B. Yoo's conclusions were that there are good prospects that seismic isolation
application will expand in the Rep. of Korea in the future (in association with vibration
control), also to tall buildings, critical public buildings, computer fabrication facilities, and
rehabilitation of historical buildings, and that to this aim, solid international co-operation is
essential.

Paper 2f (Canada [49]): A. Alizadeh reported that the design of CANDU 6 plant was
currently being reviewed by AECL CANDU, Canada, for locating in areas of high
seismicity, and that the use of isolation bearings was being considered in such an analysis.
He summarized an analytical study undertaken to predict the seismic behaviour of isolated
CANDU 6.

Steel laminated rubber bearings were considered in the study. The conclusions were that
isolation will lead to large reductions of seismic loads at Safe-Shutdown Earthquake (SSE),
that such a design earthquake will envelop the conditions for lesser earthquakes, and that only
minor adjustments will be required in layout and interfaces of interconnected systems: these
results will make the standard plant design adequate for a wide range of seismic conditions.

Paper 2g (New Zealand [17]): The text of the contribution of W.H. Robinson
concerning applications of seismic isolation to industrial non-nuclear structures in New
Zealand (no nuclear plants exist in this country) was included in his Lecture No. 3, presented
inTS 1.

W.H. Robinson mentioned that three important applications to very different structures
already existed in his country, namely to a brittle cast-iron printing press in Petone, a
chimney in Christchurch, and AC capacitor banks at Haywards Substation. In the first case
LRBs were used, while in the second rocking with steel dampers was adopted, and in the last
case steel LDRBs coupled with steel dampers were inserted at the base to seismically retrofit
the capacitor stack and its insulators.
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The latter was a first example of a process undertaken by electricity suppliers in New
Zealand of selective retrofitting of seismic isolation to key items of highly vulnerable
substation equipment.

1.7. TECHNICAL SESSION 5 ON PASSIVE ENERGY DISSIPATION AND ACTIVE
CONTROL OF VIBRATIONS OF STRUCTURES

Lecture No. 22 (Italy [50]): V. Ciampi of the University of Roma La Sapienza, who
is a well known expert at passive energy dissipation in Italy, opened the presentations on
passive energy dissipation, according to the considerable Italian experience achieved at this
technique. Because applications of passive energy dissipation to Italian bridges had already
been described in detail in TS 1 [18], the presentation of V. Ciampi was devoted to an
overview of the systems which had been investigated in Italy with specific reference to
buildings.

He illustrated theoretical and experimental studies concerning dissipative bracing
systems and dissipative coupling of adjacent buildings, together with the four applications
reported in Italy. These applications concerned:

the New Fire Station Headquarters at Naples (1981), where yielding steel devices were
inserted between steel roof and top of cores, in addition isolators introduced between
top steel grid and towers (see also Ref. [19]);
a hospital at Siena (1988), where dissipation was provided by friction in slotted bolted
connections at the end of braces;
a CNR laboratory building at Frascati (1990), where rectangular yielding steel devices,
in cross bracing, with tension only struts were used;
the twin buildings of the New ENEL Directional Center at Naples (1991), where
yielding steel devices have been inserted between r.c. cores and steel suspended floor
slabs.

In the last structure, oleodynamic systems were also used: they are located at the
bottom of the suspended part (furthermore, elastic devices were also used at upper trusses).

V. Ciampi mentioned that the development of energy dissipation techniques for building
protection against earthquakes, although less advanced with respect to that of seismic
isolation, is a growing field worldwide and that there is much interest on the subject in Italy:
in spite of very few applications already existing, important experimental and theoretical
research activity is in progress (for instance, detailed shake table tests were performed at
ISMES on a detailed scale model of the twin buildings at Naples, which included foundations
and soil).

Lecture No. 23 (USA [51]): I.D. Aiken of EERC-UBC provided a summary of three
viable types of passive energy dissipation devices (ADAS device, 3M viscoelastic shear
damper and Taylor Devices' fluid viscous damper) that have been studied experimentally on
shake tables and had been implemented, or were in the process of being implemented, in
structures in the USA, and described provisions for the analysis, design, and implementation
which had been developed.

Steel yielding ADAS (Added Damping and Stiffness) elements were used to retrofit a
two-story r.c. structure in downtown San Francisco after the building suffered structural and
non-structural damage in the 1989 Loma Prieta earthquake; this was the only completed
application of passive energy dissipation systems to US buildings at the time of the seminar.
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However, a retrofit project using viscoelastic shear dampers was also underway for a 13-
story building, located in San Jose, for which significant non-structural damage had occurred
in a number of small and moderate earthquakes.

Furthermore, the use of viscous dampers was being considered to seismically retrofit
the seven-story Travelers Hotel in Sacramento (which was constructed in the 1920s), because
detailing of the critical components and connections had been found inadequate in spite of
a seismic upgrading in 1984. Preliminary analysis had shown that this type of devices should
be the most adequate among various solutions considered (the use of seismic isolation was
precluded by non-structural issues).

I.D. Aiken stressed that although building code provisions being developed for the
implementation of passive energy dissipation devices require the use of detailed non-linear
analysis, experience will allow for a simplification of analysis and design procedures; at any
rate, the publication and adoption of such provisions will immediately result in increased
interest and application for buildings, bridges and industrial structures.

Lecture No. 24 (Japan [52]): K. Tamura (Shimizu Corporation, Tokyo, Japan) first
presented a brief review of the common mechanisms and algorithms of active control systems
for buildings. Then, he described the response properties of actively controlled mass damper
systems using optimal control theory and showed that Hybrid Mass Damper (HMD) system,
which utilizes the effects of passive and active control forces simultaneously, has very
effective performance through comparative studies on some typical mass damper systems.
He mentioned that passive forces in HMD may be provided by rubber bearings, a spring plus
rail device, pendulum, or arch shaped roller.

K. Tamura also introduced a fifty-story building (more than 200 m high) as an example
of adopting HMD system, and stressed that such a system was proven to have excellent
characteristics to suppress the vibration responses of the building, through in-situ tests and
results observed during strong winds.

Lecture No. 25 (Japan [53]): This lecture was presented by T. Fujita (Institute of
Industrial Science, University of Tokyo), who is one the most renowned expert at all
innovative antiseismic techniques in Japan and was a coorganizer of the seminar. He
completed the presentation of K. Tamura by summarizing the main features of the many
types of active/hybrid mass damper systems which have been developed in Japan for active
response control of tall buildings to improve habitability or human comfort during winds and
weak but frequent earthquakes.

He mentioned that systems were hybrid type, utilizing various passive device types,
namely the XY-Motion Mechanism type, Multistage Rubber Bearing type, Multistage
Pendulum type, and Rigid Body Pendulum type. Control systems with both hydraulic
actuators and servomotors were described, together with experimental results obtained on
large scale structure models.

Finally, T. Fujita outlined active/hybrid mass damper systems applied to five of the
nine existing Japanese application: these are high-rise, all well taller than 100 m. Two of
these — the Hankyu Chayamachi Building (1992, Osaka, 161 m high) and the Long Term
Credit Bank of Japan Building (1993, Tokyo, 130 m) — utilize the multistage rubber bearing
system and hydraulic actuators, while three — the Yokohama Landmark Tower (1993,
Yokohama, 296 m), the ORC 200 Symbol Tower (1992, Osaka, 200 m), and the Shinjuku
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Park Tower (1994, Tokyo, 226.5 m) — utilize servomotor control and three different types
of systems (multistage pendulum, multistage rubber bearing, and rigid body pendulum,
respectively). The lecturer also mentioned that 7 or 8 further buildings are under construction
or design in Japan with active mass dampers.

It is worthwhile noting that the tallest among the aforesaid buildings (the 296 m high
Yokohama Landmark Tower) has a first natural period of 5.4 s, which makes it evident why
control of vibrations is essential, and also, why a very large power is necessary to operate
the control system: such a power (720 kW) is of the same order than the overall power
consumption for all activities inside the building.

In his conclusions T. Fujita stressed that:

the main purpose of active vibration control is to effectively control the first-mode
vibration of the buildings due to wind;
active/hybrid mass damper systems are mainly applied to tall buildings with upper
floors used for hotel rooms;
tall buildings with flat plans have a strong requirement for active/hybrid mass damper
systems to control the first-mode lateral vibration in transverse direction coupled with
the torsional one caused by strong winds;
hybrid mass dampers become general, and can work as passive mass dampers anyway
against strong earthquakes and winds beyond capacities of actuators, although
technology levels are various for the active/passive mode switching;
it would be necessary to make hybrid mass damper systems more intelligent in various
senses, in order to make full use of such expensive systems.

1.8. TECHNICAL SESSION 6 ON PASSIVE ENERGY DISSIPATION AND ACTIVE
CONTROL OF VIBRATIONS OF STRUCTURES

Lecture No. 26 (Japan [54]): H. Kitamura of Nikken Sekkei Ltd (Tokyo) addressed the
topic of development and application of passive energy dissipation techniques in Japan, where
experience in the use of such techniques is certainly the largest in the world (similar to
seismic isolation and active/hybrid control of vibrations). Indeed, starting in 1984, ten
buildings had already been constructed in Japan utilizing Hysteresis Damping Mechanisms
(HDM) or Viscous Damping Mechanisms (VDM) as energy absorption systems to control
seismic vibrations. VDM systems make use of round steel bar dampers (HD), lead dampers
(LD) or friction dampers (FD), while VDM systems may utilize oil dampers (YD), viscous
dampers (VD), or viscous elastic dampers (VED).

The aforementioned applications are listed below, by indicating location, construction
year, system adopted and use:

Hitachi Head Office (Tokyo, 1984, HD, office);
Sonic-City Office Building (Saitama, 1988, FD, office);
Kajima Kl Building (Tokyo, 1989, HD, office);
Asahi Bear Tower (Tokyo, 1989, FD, office);
Fujita Corporation Head Office (Tokyo, 1990, LD, office);
TV Shizuoka Media City (Shizuoka, 1991, VD, complex building);
Shibaura Sea Vans S-Building (Tokyo, 1991, VED, office);
Sato Building (Tokyo, 1992, VD, complex building);
Shimura 3-chome Dormitory (Tokyo, 1993, YD, dormitory);
Cyba City Gymnasium (Chiba, 1993, VED, office).
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H. Kitamura showed that adoption of the aforesaid systems made it possible to
considerably reduce seismic loads. However, he stressed that most of the energy absorption
systems were still under development in Japan, and that it is not clear, yet, which system will
predominate. He also pointed out that the purpose of installing damping systems had still to
be clarified, and that their effects had still to be confirmed.

Lecture No. 27 (Italy [55]): This lecture was presented by R. Medeot of FIP Industriale
(Padova), which is very active on the development and installation of passive energy
dissipation devices and provisional restraints bridges and buildings in Italy. The contribution
of M. Medeot focussed on recentering of elasto-plastic devices after an earthquake, which
is an obvious important feature. More precisely, this lecture aimed at clarifying why
recentering of such devices can take place spontaneously in a matter of a few weeks, as
observed experimentally.

The author showed that this behaviour may be due to the sun, which may offer (at
least, partly) the necessary energy, and that such a phenomenon could intervene for other
device types also, provided that the force-deformation characteristic curve is dissymetric to
compression and traction.

Lecture No. 28 (Mexico [56]): E. Martinez-Romero (EMRSA & University of Mexico
City) gave a detailed description of the retrofit to three r.c. buildings in Mexico using ADAS
devices. These buildings (Izazaga n. 38-40, Cardiology Hospital and Reforina n. 476) are
all located in Mexico City.

The twelve-storey Izazaga n. 38-40 building, constructed in the late 1970s suffered
moderate structural damage in the 1985 earthquakes (magnitudes 8.1 and 7.3); it was
repaired in a conventional way, but it was damaged again in the 1986 earthquakes (magnitude
7.0); thus the possibility of retrofit by means of ADAS devices was examined. The five-story
Cardiology Hospital building was constructed again in the 1970's and suffered structural and
non-structural damage in the 1985 earthquakes. Retrofit by means of ADAS was selected.
Reforina n. 476 is a complex of three nine-story buildings which were constructed in the
1940's and are the headquarters of the Mexican Institute of Social Security. They survived
at least 11 earthquakes of magnitude 7.0 or more, with some damage in 1957 only, which
was repaired. However, according to both the architectural and strategic importance of the
buildings, retrofit by means of ADAS elements was decided.

E. Martinez-Romero showed that the use of ADAS devices allowed for a very
substantial improvement of building seismic responses at reasonable costs. He mentioned that
retrofit was made while the buildings were in operation, which was possible due to less
construction activity required with respect to conventional strengthening. However, he
stressed that retrofitting by means of passive energy dissipation systems is not an easy
technical problem, but demands good engineering judgment and prompt engineering
response, to a broad variety of construction issues difficult to foresee in the retrofit project.

Lecture No. 29 (USA [57]): S.C. Liu, responsible for the active vibration control
programme at National Science Foundation (Washington, D.C.) in the USA, described the
concept, scope, and research activities which characterize such a program. He emphasized
the programme focus for broad practical applications through system integration of existing
knowledge and technological innovation. He also discussed technical implications of
intelligent control systems, smart materials, and hazard mitigation research as applied to civil
structure systems.
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S.C. Liu noted that considerable progress has been made to improve structural safety
through research in structural, earthquake, and wind engineering. He stressed that the
possibility of applying control systems to mitigate the structural damage against earthquakes
and wind opens the door to a wide range of research challenges for multi-disciplinary
investigators in the field, to be met through team efforts involving academic, industrial, and
governmental participation, and through international cooperation.

1.9. PANEL SESSION 3 ON SHORT PRESENTATIONS AND DISCUSSION ON
DESIGN GUIDELINES AND CODES & STANDARDS ON SEISMIC ISOLATION
AND PASSIVE ENERGY DISSIPATION

Paper 3a (New Zealand [17]): W.H. Robinson summarized the design approach to
seismic isolation that is used in New Zealand. He mentioned that it consists of two main
rules: (i) the natural period of the seismically isolated structure is increased to more than
1.5 s; and (ii) to control displacement, hysteretic damping is added with a yield force of
approximately 10% of the structure weight.

Paper 3b (Japan [58]): K. Ishida summarized the configuration and main contents of
the document "Design and Technical Guidelines for Seismic Isolation", which was being
drafted in Japan by CRIEPI. This document, to be completed in 1994, concerns nuclear
facilities (in particular the FBR) with buildings' horizontal seismic isolation and laminated
rubber bearing as seismic isolation elements; however, the author stressed that most of the
basic matters described in the guidelines draft will be applicable to general structures other
than reactor facilities and to other seismic isolation systems as well.

Among others, Japanese guidelines require the reactor to be constructed on bedrock,
the superstructure to be designed in a more rigid domain than the natural frequency of
seismic isolation systems, and all structures, systems and components (including isolators)
to be designed so as to have the same degree of reliability as in conventionally founded
reactors. For the definition of design basis earthquake ground motions, the need for a correct
evaluation of short period earthquake components is stressed. The need for accounting
uncertainties and secular isolators change is also stressed when establishing permissible
design limits in isolator design, together with the requirement that isolators shall resist
deterioration due to environmental effects. In designing buildings and structures, an
appropriate integrity assessment shall be performed, and a relevant structural plan shall be
formulated with respect to the lay-out of buildings and isolators and each part around the
seismic isolation layers. Finally, Japanese guidelines provide specific requirements to ensure
that equipment and piping systems shall have a construction that cannot induces any major
accident under all possible earthquake conditions.

Paper Be (USA [59]): H.H. Chung presented an ASME perspective on the development
of codes, standards and guides for the design and maintenance of seismic isolation system
for nuclear power plants in the USA. He noted that acceptance of seismic isolation to such
plants is much dependent upon the availability of supporting codes and standards, in addition
to its technical maturity, realizable economic benefits, favourable regulatory position. He
stressed that codes and standards should cover not only design and fabrication, but also all
other phases including installation, inspection, certification, repairs, replacement, and
.maintenance of seismic isolation systems.

To this aim, based on his ASME experiences, H.H. Chung discussed utilization of the
ASME Boilers and Pressure Vessel Codes, the Operation and Maintenance Codes, and the
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Qualification of Mechanical Equipment Standards, together with other US industry standards.
He stressed the need for a joint effort by mechanical and civil engineers through their
respective professional organizations: indeed, if on the one hand seismic isolation system is
considered to be a civil structure from the functionality standpoint of supporting a
superstructure, on the other hand its sophisticated dynamic characteristics signify that it can
also be considered as a mechanical system akin to snubbers.

Paper 3d (France [60]): C. Coladant presented the main features of rules for the design
of base isolated structures and isolators which have been recommended in France by the
French Association for Earthquake Engineering (AFPS). He summarized the general
requirements, and those on response analysis, behaviour coefficient, safety checks for
elastomer bearings, validation and tests.

He mentioned that, according to AFPS recommendations, all base isolated buildings or
structures shall remain in the elastic range, although an absorption capability is allowed if
strongly limited and justified. In response analyses, a simplified method can be used for
regular rigid structures only in the case of rock or stiff soil, but torsional effects shall always
be considered.

For safety checks of bearings, earthquake conditions are considered as an accidental
situation; the partial safety coefficient, when checking for buckling, shall be equal to 3;
horizontal shear strains shall be limited to a value depending on the slenderness and vertical
to buckling loads ratio; the vertical pressure acting on each bearing, including the effects of
overturning moment, shall always be compression.

Isolation systems shall be validated to ensure their reliability and to give the appropriate
characteristics. Qualification tests are required for new systems, new materials or in case of
interpolation impossibility. The dynamic characteristics shall be obtained from dynamic tests
on representative test bearings or scaled bearings.

Paper 3e (Italy [61 J): M. Dolce summarized the main features of design guidelines for
isolated buildings which had been drafted in Italy in 1992-1993 by the National Seismic
Survey with the co-operation of ENEA, ENEL and ISMES (an English translation of the
entire document has been published in the seminar proceedings). M. Dolce explained that the
reasons for writing such guidelines were that the current Italian seismic code, as well as
many other similar codes, is specifically addressed to conventional buildings: thus, it is
difficult — and in some respect, dangerous — to design isolated structures using this code.

The Italian guidelines cover both elastic and non-elastic devices (including energy
dissipators); they provide design criteria, rules for structural modelling and analysis,
prerequisites for acceptance and directions for testing the isolation devices, which are in
general rather similar to those presented in previous papers. The document should form a
clear reference for design of isolated buildings, consistent with the current seismic code and
useful to designers, manufacturers and the authorities responsible for design check and
approval.
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2. APPLICATIONS OF THE INNOVATIVE ANTISEISMIC TECHNIQUES

2.1. BRIDGES AND VIADUCTS

Several applications of the innovative passive antiseismic techniques (seismic isolation,
passive energy dissipation and oleodynamic systems providing provisional restraints) already
exist in moderately to highly seismic areas. A considerable number of these has been to
bridges and viaducts: according to the available data they were at least 285 in 1993. This
type of design approach for bridges and viaducts — which aims at limiting the force
transmitted by the superstructure to substructures by inserting antiseismic devices at the top
of piles — is in some respect complementary to base isolation of buildings (where the
purpose is to reduce accelerations transmitted by the foundations to the superstructure).

The largest number of bridges and viaducts which is provided with innovative
antiseismic systems (more than 150 in 1993) are located in Italy, where elastic-plastic
dissipators are the most commonly used system. The preferred solution there is the use of
devices which slightly harden after yielding, as to control transmitted force and limit device
deformation at the same time. For bridges with continuous superstructure elastic-plastic
devices are inserted at the top of all piles in both longitudinal and transverse directions;
shock transmitters ensure operation of all structures in an earthquake, but permit free slow
deformations (such as thermal deformations, etc.)

Several applications also already exist in New Zealand and the USA, and some in
China, France, Japan, the Republic of Korea as well (in Japan the number of bridge
applications is still limited, compared to the case of buildings, although an important
implementation programme recently began, see Ref. [13]). Important applications have also
been planned in Chile, Greece and Turkey (some of them — e.g. in Turkey, at least —
should make use of energy dissipation devices fabricated in Italy, see below).

Chile. There are no applications of innovative antiseismic techniques passive to Chilean
bridges, yet, but the use of passive energy dissipation devices (for instance based on the
principle of friction in slotted bolted connections) has been planned for both construction of
some new bridges and retrofit to some existing bridges, as a consequence of an investigation
on the seismic safety of existing conventionally founded bridges and based on research which
is beginning [13].

China. 21 modern bridges have been isolated in south and north China [26]. Fifteen of them
were isolated by means of elastomeric bearings, while six utilized a roller as isolator
combined with steel elements as energy dissipator.

France. Seismic isolation of bridges began in France in the mid-1970s [22]. However the
number of these applications was not given at the seminar; thus, it has been denoted by ? in
Table I.

Greece. The use of seismic isolation or passive energy dissipation had been planned for 3
bridges over the Corinth Canal, although the system to be used had not been decided, yet
(the initially considered system was FPS, see Ref. [5], but instead of this, elastic-plastic
devices might be selected).
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TABLE I

COUNTRY
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Chile 1
France
Greece
Germany
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P
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2

1
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P

14

Number of reported applications of seismic isolation (SI), passive energy dissipation (ED) and oleodynamic
systems (OS) to bridges and viaducts, civil buildings, non-nuclear facilities and nuclear structures (CH =
chemical facilities; EL = electric equipment; OTHER= other non-nuclear industrial facilities; ALL=all non-
nuclear facilities; (i) = number i of structures to be certainly constructed; [i] = number i of designed structures
for which construction was not approved, yet; ? = applications exist, but the number was not reported; p =
projects are being developed; s = only studies are in progress; + i = additional number i of structures which
have already been included in lists related to other device types). Total numbers refer to ascertained constructed
structures only.
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Italy. The applications to bridges and viaducts began in Italy in 1974; their ascertained
number was 156 at the end of 1992 [13, 18]). Some of these are to quite long structures (like
the 9.6 km long Mortaiolo bridge). For 75 Italian bridges or viaducts use was made of steel
passive energy dissipation devices, for 42 of oleodynamic systems, and for 39 of elastomeric
devices (these include six applications of LRBs).

Japan. Isolation of bridges began in Japan in 1992 only. According to Refs [13, 17], there
are 15 applications, which make use of LRBs with the exception of two cases, where HDRBs
have been utilized. No applications of other innovative antiseismic devices were reported.

Korea, Rep. of. Laminated rubber bearings have already been used in Korean highway
bridges as decks supports, but the number of such applications was not given at Capri [48]);
thus, this number is denoted again by ? in Table I. Further applications may be foreseen in
the future.

New Zealand. Application of innovative antiseismic techniques to bridges and viaducts began
in New Zealand in 1973; their number was 49 at the time of the seminar, four being retrofit
[13, 17]. In most cases (39) use was made of LRBs; in two cases LEDs were used, while hi
one case a combination of LRB and LED, and in three cases steel energy dissipation devices
were adopted.

Turkey. Large elastic-plastic passive energy dissipation devices (±20 mm design
deformation) were designed and tested in Italy by ALGA for two two-ways viaducts of the
Istanbul to Ankara freeway (the 2 x 150 m long Gumusova-Gerete viaduct and the 2 x
1500 m long Bolu Mountains Viaduct); 1 viaduct (the first mentioned above) is already under
construction and dissipators fabrication is in progress [13].

USA. The number of reported applications (which began in 1985) was 43, 17 of which being
retrofit [13, 29]. LRBs were used in most cases.

2.2. CIVIL BUILDINGS

In addition to bridges and viaducts, several public, commercial, industrial and private
buildings have been provided with seismic isolation systems in numerous countries. Two
different typical design approaches have been utilized: in the first approach (that more
commonly used to date) horizontal flexibility and energy dissipation were obtained using
special isolation devices; in the second approach, on the contrary, horizontally flexible
foundation systems were used, together with elastic-plastic or rigid-plastic devices to provide
horizontal restraint and the necessary (hysteretic) energy dissipation.

Examples of the second approach are two buildings in New Zealand: the Union House
at Auckland and the Central Police Station at Wellington [17]. The first is a twelve-stiffened-
story building, constructed in 1983, where the foundation system consists of piles inserted hi
co-axial steel tubes with a suitable gap, so as to permit free bending deformations of piles,
and steel elastic-plastic bending dissipators are located around the outer building perimeter
at pile top level. The second building, constructed in 1991, is characterized by a similar
foundation system, but energy dissipators are located inside the building and consist of LEDs.
Some applications of this kind were reported to also be in Russia [28].

The overall ascertained number of applications of seismic isolation to civil buildings was
381 in 1993. At present, the most numerous are in the former USSR and Japan; however,
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several isolated buildings also exist in China, France, Italy, New Zealand and the USA, and
some also exist or have been designed in Chile, Indonesia, and Greece.

Chile. There are already 3 applications of seismic isolation to Chilean buildings, namely to
the CEPAL building at Santiago (which has some parts hanging through cables from the main
structure), the computers and control building of the Disputada Copper Mine near Santiago
(which were recently mounted on LRBs), and a four-story building of the Andalucia
Community (which is adjacent to a twin conventionally founded building, both being provided
with seismic monitoring systems [27].

China. The number of recent applications of seismic isolation to Chinese buildings which was
cited at the Capri Seminar is 10, in addition to the 40 ancient applications (see (Ref. [26]).
Completed modern applications were to nine brick buildings (with sliding layers as isolators
and steel elements as energy dissipators or sand sliding isolation), and a concrete frame house
which was being isolated by means of HDRBs. In addition, twin isolated and conventionally
founded r.c. buildings are to be built for test purposes, together with three further buildings,
to be isolated by means of HDRBs.

France. In France, the ascertained number of existing isolated civil buildings is 20 [22]); the
first application was to the three-storey high school at Lambesc in 1977, which was isolated
by means of the G APEC system (neoprene bearings). 19 further civil buildings (a three-story
building close to Nice and 18 one- or two-storey houses) were isolated in 1988 to 1990.

Germany. Although there is no application of seismic isolation in Germany, development
work concerning isolation systems is being performed by GERB [23] and SHW.

Greece. In Greece, 2 buildings (one being rather high) were isolated using LDRBs [13].
Furthermore, a hospital center at Mesoligi, consisting of four buildings on the same basemat,
should be seismically isolated (the initially considered isolators were LRBs, see Ref. [5], but
the actual system has not been selected, yet); finally, isolation had been planned for the new
Acropolis Museum at Athens and to retrofit a Byzantine church [13].

India. There are no applications of seismic isolation to Indian buildings, yet, in spite of non-
negligible research mentioned in Ref. [30].

Indonesia. The construction of 1 building isolated by means of HDRBs has been sponsored
by UNIDO in Indonesia [22].

Italy. The first application of seismic isolation to an Italian building dates 1985. In 1993, 15
isolated buildings had already been completed or were under construction (16 if the first New
Fire Station Building is also considered [19]. The New Fire Station Headquarters at Naples,
the Navy building at Ancona and the Navy Medical Center at Augusta, are structures
important for civil defence, while the five isolated buildings of the SIP Center at Ancona may
be regarded as industrial structures. One retrofit was in progress to the S. Pietro Church at
Frigento. With the exception the New Fire Station Headquarters at Naples and the Civic
Center at Monte d'Ago, Ancona (where neoprene bearings have been used), HDRBs had been
adopted to isolate all other Italian buildings (in conjunction to LDRB for the isolated house
at Squillace). Both twin houses at Squillace and SIP buildings at Ancona were provided with
seismic monitoring systems, after being subjected to on-site dynamic tests [39].
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Japan. In Japan, isolation of buildings began in 1982; in 1992, 65 isolated buildings had
already been completed [7, 13]. They have various sizes (some being quite tall) and uses,
many belonging to private owners. Isolators used have been LRBs, HDRBs, friction devices,
steel devices and LDRBs. The latter (which have been used in several cases) have been
coupled to various types of dampers. About 20 Japanese buildings were provided with seismic
monitoring systems, which already recorded seismic vibrations [31]. No retrofit using seismic
isolation have been reported to exist in Japan, yet.

Korea, Rep. of. Application of seismic isolation may be foreseen in the Republic of Korea
in the future in association with vibration controls to high rise buildings, critical public
buildings, industrial structures and rehabilitation of historical buildings [48].

New Zealand. The first civil building was isolated in New Zealand in 1981 (Ref. [17]).
Applications concern now 6 buildings, which are important for civil protection, or for
historical reasons. Three of the aforesaid applications (including two retrofit of historical
buildings) were hi progress at the time of the seminar. Isolation systems used are mainly
LRBs (in conjunction with LDRBs in both above-mentioned retrofit); different systems were
used — as mentioned above — only in the Union House at Auckland (flexible piles and steel
dampers), and the Wellington Central Police Station (flexible piles and LEDs).

United Kingdom. Although there is no application of seismic isolation to UK buildings,
considerable work is being performed by MRPRA for the development of HDRBs for
building application [25].

USA. The first construction of a US isolated building was in 1986; in the USA seismic
isolation was used for the first time in the world to retrofit an existing building (1988). The
number of applications to US buildings was 18 at the time of the seminar, including seven
in progress (two new constructions and five retrofit), in addition to several new projects [7,
10, 13, 66]. Applications concern buildings that are critical for civil defence, other important
public buildings, structures important for strategic or economical reasons, and some
residential houses also. The relatively large number of retrofit (8) must be noted. Most US
isolated buildings have been provided with seismic monitoring systems. Isolators used in the
USA are mainly HDRBs or LRBs (the latter frequently in conjunction with LDRBs),
although FPS and GERB systems were used for houses at Marina, San Francisco, and West
Los Angeles, respectively.

Former USSR. The total number of applications of seismic isolation in the former USSR
which was reported at Capri was quite large: 201 [28]. It is noted that several among these
applications utilize low-cost systems, which are rather different from those adopted in other
countries. The first isolated building was in Turkmenistan in 1959; the others followed in
Russia, Kirgizia, Ukraine, Kazakhstan, and Byelorussia in the period 1972 to 1990.

Former Yugoslavia. A school was constructed in 1969 by use of high damping (but non-
laminated) rubber bearing.

2.3. NON-NUCLEAR INDUSTRIAL STRUCTURES

The applications of seismic isolation to non-nuclear industrial plants were not very
numerous, yet, at the time of the seminar, although some civil buildings may be regarded as
industrial structures (namely those containing industrial equipment or computers). Some
remarks on these applications are useful here also, although — as far as the numbers in
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Table I are concerned — they have been kept among those concerning civil buildings. In
addition, there are further applications, in some countries, to components, tanks and other
facilities, which shall be mentioned: the overall ascertained number of these further industrial
applications was 14 at the time of the seminar.

Chile. Isolation and energy absorption devices were used to support 1 non-nuclear industrial
facility, namely an iron ship loader at Guadaloca's port, in the middle 1970s [27].

China. Although no existing applications of seismic isolation to Chinese non-nuclear
industrial structures in China were mentioned at the Seminar, it was stressed that there are
good prospects for such applications to thermal power plants, hydropower stations on the
three gorges of Yantze River and many other facilities [47].

Germany. Although there is no application of seismic isolation in Germany, design work
concerning isolation of LNG tanks in Greece and the Republic of Korea was performed by
D&W [40].

Greece. The LNG tanks of the Revithousa Terminal have been designed as to be isolated
using HDRBs.

Italy. The five isolated SIP buildings at Ancona and the isolated building of the New Fire
Station Headquarters at Naples [19], may be regarded as industrial structures, together with
other buildings provided with passive energy dissipation devices or oleodynamic provisional
restraints. Studies are in progress to verify the applicability of seismic isolation to Gas
Insulated Substations for ENEL electric plants. Finally, seismic isolation of gas tanks at the
Montalto di Castro plant have been proposed [13].

Japan. About 20 Japanese isolated buildings among those mentioned before may be regarded
as industrial structures (they are computer centers, laboratories, test rooms, pools, etc.). With
regard to applications to computer centers, it is worthwhile stressing those of floor isolation,
which is important for such equipment, by permitting its 3D isolation. It is noted that some
Japanese industrial companies, for instance electric power companies, applied isolation
systems to their civil buildings in order to achieve design and behaviour experience in view
of an extension of this technique to industrial facilities, including nuclear reactors.

Korea, Rep. of. There is already 1 application of seismic isolation to LNG tanks, using
laminated rubber bearings; further applications to LNG tanks have been planned, and isolation
of computer fabrication facilities may be undertaken [40, 48].

New Zealand. 3 important applications to very different structures already exist in New
Zealand, namely to the construction of a brittle cast-iron printing press in Petone and a
chimney in Christchurch, and to retrofit AC capacitor banks at Hay wards Substation. Retrofit
to further electric equipment was planned. Systems used in these applications were LRBs,
rocking devices with steel dampers and LDRBs coupled with steel dampers, respectively [17].

USA. There are already 9 applications of seismic isolation to industrial structures,
components and tanks in the USA [7, 42], in addition to some buildings which may be also
regarded as industrial applications, like the Evans and Sutherland Aircraft Simulator
Manufacturing Facility at Salt Lake City. Components isolation began in 1979; it already
concerns electric equipment (e.g. back-up 32-tons mobile exciters for the main turbine
generator at Diablo Canyon nuclear power plant), other sophisticated equipment (e.g. Titan
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IV solid rocket motor upgrade segments at Vandenberg Air Force Base), and art objects also
(at J. Paul Jetty Museum in Malibu); extensive studies were also performed for computer
floors and a waste storage facility weather enclosure structure. Two water tanks were
upgraded by means of seismic isolation, and a new ammonia tank was constructed using this
technique; isolation of large concrete and steel LNG tanks was also studied in detail. Isolators
used were HDRB, LRB, FPS, and special devices for art objects.

2.4. NUCLEAR STRUCTURES

The only existing applications of seismic isolation (14) are in France, South Africa, Spain
and the United Kingdom. Construction of a further isolated reactor had begun in the Islamic
Republic of Iran, but it was interrupted. However, several projects exist in other countries
also, like Canada, China, Japan, India, the Republic of Korea, Russia and the USA, and
studies are in progress also in Italy.

Canada. No applications of seismic isolation to nuclear structures exist in Canada; however
AECL is developing a project for isolating CANDU-6 (by keeping its standard design), in
countries which may require such a design approach due to severe seismic conditions [49].

China. Seismic isolation will be adopted for a new experimental FBR which is being
designed in China [47].

France. There are already 10 applications of seismic isolation to nuclear structures hi France
(all using neoprene bearings): the vessels of the OCRs at Saint Laurent and Bugey (1963);
the four 900 MWe units of Cruas PWR; three spent fuel storage pools at La Hague; and a
two-story building containing radioactive wastes owned by the French Navy at Tolon. (In the
first applications — those to GCR vessels — isolation aimed at limiting thermal deformation).
French projects concern seismic isolation of the 1300 MWe PWR at Le Carnet and the
1500 MWe European Fast Reactor, in which France is participating [13, 22, 36, 38].

India. Design studies are in progress concerning possible isolation of primary structures and
secondary systems of Indian PHWRs [46].

Iran, Islamic Rep. of. The construction of the seismically isolated Karun River reactor was
interrupted hi 1978 due to well-known events. This should have been isolated by neoprene
bearings coupled with friction plates, similar to the Koeberg reactor in South Africa [13].

Italy. No more nuclear reactors are in operation or being constructed in Italy; however,
considerable R&D work is in progress on the development of seismic isolation for nuclear
facilities, also in the framework of international cooperation with the CEC, Japan and the
USA [17]).

Japan. There are no applications of seismic isolation to Japanese nuclear reactors or
facilities, yet, but projects for isolating all reactor types (BWR, PWR and FBR) are hi
progress (based on the experience achieved for isolated civil buildings), in order to permit
reactor siting in highly seismic areas [36]. The project concerning Japanese FBR is
particularly advanced [37]. Different types of isolators have been considered (HDRBs, LRBs
and LDRBs coupled with energy dissipators); the feasibility and advantages of 3D isolation
is also being studied.
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Korea, Rep. of. Projects are in progress in the Republic of Korea for the isolation of an
ALMR and an away-from-reactor interim fuel storage facility, by means of laminated rubber
bearings [48].

Russian Federation. A project is being developed in Russia for seismic isolation of the
WER-500 reactor by means of pneumo-shock absorbers combined with viscous
dampers [45].

South Africa. The two 900 MWe PWR units at Koeberg, South Africa, were isolated using
sliding systems formed by neoprene bearings coupled with friction plates [44].

Spain. The vessel of the GCR at Vandellos, Spain, was isolated by French using neoprene
bearings, similar to those of the same type reactors at Saint Laurent and Bugey, France [13].

United Kingdom. The only reported application of seismic isolation in the UK is to a fuel
reprocessing plant [36]. However, studies in support to the isolation of US ALMRs have been
also performed by MRPRA [25].

USA. There is no isolated nuclear reactor in the USA, yet, but considerable research and
design activity has already been performed to support the ALMR projects (PRISM and SAFR)
and others (NPR) which include seismic isolation by means of HDRBs [36].

2.5. APPLICATION OF PASSIVE ENERGY DISSIPATION AND OLEODYNAMIC
SYSTEMS

2.5.1. Civil buildings
Passive energy dissipation systems for buildings are typically formed by special brace

systems with the insertion of elements capable of dissipating energy when the horizontal
seismic loads cause intervention of the stiffening system. Applications of these systems to
structures other than bridges and viaducts are not numerous, yet, compared to those of
seismic isolation. In fact, an overall number of 18 applications to Italian, Japanese, Mexican
and US civil buildings was reported at Capri, against the 378 ascertained applications of
seismic isolation,

Germany. Although there is no application of passive energy dissipation in Germany,
development work concerning passive energy systems is being performed by GERB [23]).

Italy. Passive energy dissipation devices had been used for constructing 4 new Italian
buildings: the New Fire Station Headquarters at Naples (which was the first application in
1981), a hospital at Siena, a CNR laboratory building at Frascati, and the recent twin
buildings of the New ENEL Directional Center at Naples (these twin buildings also use
oleodynamic and elastic devices [50].

Japan. Passive energy dissipation systems which utilize Hysteresis or Viscous Damping
Mechanisms had already been applied to 10 Japanese office, complex and dormitory buildings
in Tokyo and other towns, in period 1984 to 1993 [54].

Mexico. Applications of passive energy dissipation in Mexico consisted of retrofit of 3 r.c.
buildings using the ADAS system: the Izazaga n. 38-40 Building, the Cardiology Hospital and
the Reforina n. 476 Building, which are all located in Mexico City.
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USA. There was only 1 application of passive energy dissipation to US buildings at the time
of the seminar [51], namely to a two-story r.c. structure in downtown San Francisco.
However, a second retrofit project of this kind was also underway for a 13-story building hi
San Jose, and a third was being considered for the seven-story Travelers Hotel in Sacramento.

Examples of applications of oleodynamic systems (which provide provisional restraints
during of strong earthquake motions) to structures other than bridges and viaducts were
reported at the Capri Seminar only for Italy [13, 19], the first was in 1985, to the second Fire
Station Building at Naples (which, in Table I, has been included among seismically isolated
building, because it is also supported by neoprene bearings), and three further applications
were the retrofit to the Collegiate of S. Giovanni Battista in Carife, construction of an
industrial building of FIAT at Melfi, and use in the new ENEL Directional Center at Naples
(where the main system is formed by energy dissipation devices).

However, the actual number of buildings provided with oleodynamic systems in Italy —
even excluding the first and last cited above — is somewhat larger (10) than that reported at
Capri: in fact, such systems were also used in a second FIAT Industrial building at Prato La
Serra (Molise), the Sport Hall at Rimini, the Faculty of Engineering at Brescia, hangars at
Bologna and Torino Caselle airports, and the Turbine and Thermal Cycle Buildings of
Montalto di Castro Power Station [13].

2.5.2. Industrial structures

Similar to seismic isolation, among the civil buildings provided with energy dissipation
or oleodynamic systems which were mentioned in the previous sections, some may also be
regarded as applications to non-nuclear industrial structures. In addition to these, however,
only 1 more application, related to oleodynamic systems, is known [13]: this is to a large
water supply pipe at S. Giacomo (Abruzzo) in Italy.

Active control of vibrations aims at suitably modifying the dynamic response of the
structure by means of controlled input of artificially generated energy. Practical applications
are hybrid, because there is a simultaneous combination of tuned mass dampers and actuators
which provide external forces. The only structures using active/hybrid control systems which
were reported at the seminar are located in Japan. There, starting in 1992, active/hybrid mass
damper systems had already been applied to 9 buildings, which include 5 high-rise buildings
(more than 100 m high) in Osaka, Tokyo and Yokohama; further 7 or 8 buildings were under
construction or design [52, 53]. Because the main purpose of the aforesaid applications was
control of wind-induced vibrations, their number has not been included in Table I.

3. REMARKS ON DESIGN GUIDELINES, CODES AND STANDARDS

As clarified in PS 3 and by previous contributions, the first recommendations for design
and construction of isolated structures were published in New Zealand in 1979.

Afterwards, considerable design guidelines development activities were performed in the
USA. In 1989 SEAOC published specific codes for buildings as an appendix of
Recommended Lateral Design Requirements and Commentary (Blue Book), which were later
implemented in the 1991 version of Uniform Building Code (UBC). With regard to bridges,
in 1990 AASHTO adopted as standards its 1983 Guide Specifications. For nuclear reactors,
design guidelines covering the case of horizontal isolation systems using HDRBs were jointly
developed by GE Nuclear Energy and ENEA (Italy) and were published in a tentative form

37



in 1990; work is continuing in the framework of both cooperation with Italy and activities of
the American Society of Civil Engineers (ASCE).

In Japan — where applications of seismic isolation to buildings began relatively late —
design guides for such structures were only recently published; however, guidelines have also
already been drafted for isolated nuclear reactors. All seismic isolation applications are still
regarded as "innovative methods", thus they still require a special procedure for approval by
the Ministry of Constructions.

In France, a recommendation for guidelines for isolated structures was published by
AFPS in 1990.

In Italy, existing codes for bridges and buildings do not cover seismic isolation nor other
innovative systems, yet. As to bridges, however, "Società Autostrade" published specific
recommendations in 1991. For buildings, two guidelines documents have been tentatively
proposed to allow for a broad review from experts: the first, prepared by the National
Seismic Survey in 1992 to 1993 with the co-operation of ENEA, ENEL and ISMES, concerns
isolated building; the second, prepared by a specific Working Group of the National
Standards Authority (UNI) focusses on the design, use and control of innovative antiseismic
devices. Finally, the ENEA/GE proposal for isolated nuclear reactors was updated and is
being extended to isolators other that the HDRBs in the framework of a CEC funded project.

Most above-mentioned guidelines, recommendations and standards require the use of two
seismic design levels. A lower level characterized by relatively short return period (OBE for
nuclear reactors), for which structural elements shall remain elastic, and a higher level
characterized by long return period (SSE for nuclear reactors), for which non-linear response
is permitted. Requirements are given as to the evaluation of low frequency energy content of
design earthquakes, which is an essential topic for an adequate design of isolated structures.

For buildings having a limited height and for which specific rather stringent requirements
are satisfied, the tendency is to permit the use of simplified calculation procedures in the
design. Anyway, in all guides the use of dynamic analysis based on floor-response spectra
or step-by-step direct integration methods is encouraged. For modal analysis, approximated
methods, based on modification of design spectral values, are proposed to evaluate the effects
of larger dissipative effects caused by isolation and energy dissipation devices.

At the time being, recommendations and guides for structures using innovative
antiseismic devices are frequently much more severe (e.g. in the USA ) than design rules
applicable to conventionally founded constructions. This feature is certainly understandable
when technology is still in an early development stage; however, according to the already
achieved demonstration of reliability of seismic isolation, the confidence was expressed by
most experts at Capri that about an alignment of codes for fixed-base and isolated structures
will be soon possible, 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.
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ABBREVIATIONS

Organizations

ACEDIS Italian Association of Manufacturers of Structural Restraint Devices
AFPS French Association for Earthquake Engineering
ANL Argonne National Laboratory
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
BARC Indian Bhabha Atomic Research Centre
CEA-DMT French Nuclear Agency, Department of Mechanics and Technology
CEC Commission of the European Community
CIAE China Institute for Atomic Energy
CMEST Center of Mechanical and Structural Engineering, Lisbon, Portugal
CNR Italian National Research Council
CREA Italian Center for Building and Environmental Rehabilitation, srl
CRIEPI Central Research Institute of Electric Power Industry, Japan
DIS Dynamic Isolation Systems, Inc., USA
D&W Dyckerhoff & Widmann, AG, Germany
EdF Electricité de France (French National Utility)
EERC Earthquake Engineering Research Institute, Berkeley, USA
ENEA Italian Agency for New Technology, Energy and Environment
ENEL Italian National Utility, SpA
GLIS Italian Working Group on Seismic Isolation
IWGFR International Working Group on Fast Reactors
JRC Joint Research Center of CEC, Ispra, Italy
LIN Nuclear Engineering Laboratory, University of Bologna, Italy
MRPRA Malaysian Rubber Producers' Research Association, UK
KAERI Korea Atomic Energy Research Institute
SHW Schwaebische Huettenwerk GmbH, Germany
SIP Italian National Telephone Company
TsNIISK Central Research Institute of Building Structures, Russian Federation
UBC University of California at Berkeley, USA
UNI Italian Standard Authority
UNIDO United Nations Industrial Development Organization

Reactor types

ALMR
BWR
FBR
GCR
LMR
NPR
PHWR
PWR

advanced liquid metal reactor
boiling water reactor
fast breeder reactor
gas cooled reactor
liquid metal reactor
new production reactor
pressurized heavy water reactor
pressurized water reactor

43



Antiseismic device types

ADAS added damping and stiffness device
FPS friction pendulum system
LDRB low damping steel-laminated rubber bearing
HDRB high damping steel-laminated rubber bearing
HMD hybrid mass damper
LRB lead plug steel laminated rubber bearing
LED lead extrusion damper

Others

FPTF polytetrafluorinethylene
LNG liquefied natural gas
OBE operational basis earthquake
PS panel session
r.c. reinforced concrete
R&D research and development
SMiRT structural mechanics in reactor technology
SSE safe-shutdown earthquake
TS technical session
z.p.a. zero-period-acceleration
3D three-directional; three-dimensional
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