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ABSTRACT
The development of seismic isolation and its application to structures other than bridges were started in Italy in 1988. Considerable
efforts are being devoted to this technique, both because it can
already be widely used in civil buildings (where it is particularly
attractive for constructions that are critical for emergency and
disaster planning), and due to the very promising perspectives for
application to the industrial plants. In particular, ENEA is also
quite interested in verifying the applicability of seismic isolation
to the high risk plants, including the innovative nuclear reactors.
The correct development of seismic isolation, for a future wide
use in all the domains of interest - including high risk and other
industrial plants - requires that a sufficient number of applications to civil buildings is undertaken, so as to improve the knowledge on the design and behaviour of isolated structures. It also
requires seismic monitoring of isolated constructions. This is the
reason why all the ongoing studies in Italy - including those of
ENEA and ENEL - are based at present on applications to civil buildings.
To the aforesaid aims, R&D work is also needed: such a work,
together with the experience acquired on actual isolated buildings,
is essential to set up adequate design rules. On the other hand, development of design rules must be carried out in parallel, in order
to determine the features of the necessary research activities.
Until now, our development work has been focussed on the high
damping steel-laminated rubber bearings, which have been adopted for
most isolated buildings in Italy. It consists of: [a] the set-up of
proposals for design rules and guidelines; [b] experiments on bearing materials, individual bearings, isolated structure mock-ups, and
actual isolated buildings; [c] development and validation of simplified and detailed numerical models of bearings and structures.
Furthermore, support is being provided to the designers of isolated buildings and studies are being started for the development of
new and optimized bearing materials, analysis of different bearing
types, seismic monitoring, and applications to energy production
plants. Finally, tests have been planned for interface piping.
Due to the high complexity and considerable cost of development
work on seismic isolation, national and international collaborations
are essential to optimize such studies: national cooperations have
been established in Italy among several organizations, universities
and companies, forming the Working Group on Seismic Isolation
(GLIS); international collaborations exist with the USA and Japan.
This paper summarizes the main features of the above-mentioned
activities. More details on the studies [a] to [c] have been reported by separate technical papers.
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1.

INTRODUCTION

Considerable efforts are being devoted in Italy to seismic isolation
development and application. The interest in this technique is
rapidly increasing in our country, both because its maturity is
already evident for a wide-ranging use in civil buildings, and due
to very promising perspectives for industrial plants (Chang et al.
[1]): the National Utility (ENEL) aims at evaluating the applicability and usefulness of seismic isolation to its energy production
plants; the Italian Agency for the New Technologies, Energy and
Ambient (ENEA) is also quite interested in verifying the possibility
of using this technique to the high risk plants, including the
innovative nuclear reactors (Martelli [2] and Martelli et al. [3]).
For these applications, its advantages appear such as to warrant
further work to resolve some of the outstanding technical problems.
The correct development of seismic isolation, for a future wide
ranging use in all the domains of interest - including in the high
risk plants -, requires that a sufficient number of applications to
civil buildings is undertaken, so as to improve the knowledge on the
design and behaviour of isolated structures. To this aim appropriate
seismic monitoring of isolated constructions is also essential. This
is the reason why all the ongoing studies in Italy - including those
of the Department of Innovative Reactors (RIN) and the Directorate
of Nuclear Safety and Health Protection (DISP) of ENEA - are based
on applications to civil structures.
Obviously, a great care must be devoted to these applications:
this is also made necessary by the lack of design rules, in Italy,
for this innovative construction technique (for buildings, these
must be defined by law, in our country).
To this aim, R & D work is also needed: such a work, together
with the experience acquired on actual isolated buildings, is essential to set up adequate design rules. On the other hand, development
of design rules must be carried out in parallel, in order to determine the features of the necessary research activities.
Due to the high complexity and considerable costs of development work on seismic isolation, national and international collaborations are essential to optimize such studies.
This paper (which is a shorter and updated version of that presented by Martelli et al. [4] at the Post-SMiRT Conference Seminar
of Nuclear and Non-Nuclear Structures of Nara, Japan, in 1991) explains the national framework in which seismic isolation activities
are being performed in Italy, cites applications existing in our
country, summarizes the state-of-the-art of activities in progress
and the work planned, and mentions international collaborations.
More details on the guidelines development, experimental tests, and
numerical activities have been reported by the separate technical
papers of Bonacina et al. [5], Olivieri et al. [6] and Bettinali et
al. [7], respectively, presented to this meeting. Further information on numerical studies in progress at ENEA-DISP has also been
given by the paper of Sand et al. [8].
2. NATIONAL COLLABORATIONS IN THE FRAMEWORK OF GLIS
At present, the R&D work on seismic isolation is mainly being performed in Italy by ENEA, ENEL, ISMES and ALGA: these were the main
promoters (in 1989) of the National Working Group on Seismic Isola-
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tion ("Gruppo di Lavoro Isolamento Sismico", or GLIS), which already
includes representatives of all the organizations, universities,
companies and designers who are dealing with the new technique.
At the end of 1991, GLIS was formalized as a group of the
Italian National Association of Earthquake Engineering (ANIDIS).
2.1

Objects of GLIS activities

The objects of GLIS activities include - but are not limited to
seismic isolation. Indeed, they are: (a) seismic isolation and
energy dissipation systems, as well as other innovative systems that
are capable of reducing the seismic risk of structures (for instance, active control); (b) the devices forming such systems; (c) the
materials of such devices; (d) structures (buildings and plants)
using the above-mentioned systems; (e) inner components of such
structures and components at the interface between isolated and nonisolated structures, or independently isolated structures (interface
components).
2.2

Purposes of GLIS

The purposes of GLIS are the following:
(a) to allow for the co-ordinated development of numerical and
experimental studies concerning the above-mentioned systems, devices, materials, structures and components;
(b) to identify and propose the studies necessary to integrate
those in progress;
(c) to promote new applications to buildings and plants;
(d) to provide technical support to the designers of structures
adopting the above-mentioned systems (data useful for the definition
of such systems, co-operation in the design of systems and structures, determination of seismic input, etc.);
(e) to promote activities for the verification of the abovementioned systems and the structures using such systems (cooperation
in acceptance tests, integration of these tests when needed, in-situ
tests of structures);
(f) to coordinate the development activities in progress on codes and standards, concerning the above-mentioned systems, devices,
materials, structures and components, and to promote new activities,
according to the needs that will be identified;
(g) to provide support to the State institutions that are charged with the approvals of structure designs, for the design verification;
(h) to provide a correct information on the developments (at
both national and international levels) of the aforesaid activities,
by also taking advantage of the international agreements that involve GLIS members;
(i) to organize - in the framework of information activities
national and international conferences, specialists meetings and
workshops, and to keep adequate contacts with mass-media;
(j) to evaluate the possibility of extending the methodologies
under study to other fields (for instance, control of non-seismic
vibrations), and in the case of interest, to promote activities in
such fields also.
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2.3

Members and organization of GLis

At present, GLIS has 77 members (March 1992). These are grouped into
the following seven cathegories:
(1) representatives of the organizations that promoted GLIS
constitution (ENEA-RIN, ENEA-DISP, ENEL and ISMES) and well-known
experts;
(2) representatives of other companies and
organizations
working at the development of the techniques mentioned in Sect. 2.1;
(3) university professors specialized in civil engineering;
(4) university professors specialized in mechanical, nuclear
and industrial engineering;
(5) representatives of State Departments and governments of
Italian Provinces;
(6) designers of isolated structures and representatives of
builders of structures using base isolation or other innovative
systems;
(7) representatives of shops fabricating the devices and materials mentioned in Sect. 2.1.
GLIS activities are coordinated by a Council, which designates
the Chairman. This Council is formed by one member for each of the
organizations forming the first cathegory, three experts of the same
cathegory, and one member for each of the other cathegories, with
the exception of university professors specialized in civil engineering, who have two members. The representatives of each cathegory
2 to 7 are selected by the members of such a cathegory, within themselves. Such a type of organization should be capable of ensuring
the achievement of GLIS purposes, by allowing - at the same time - a
correct representation of all the parts interested in the development of the new techniques.
The first Council was formed in December 1991; Dr. Martelli of
ENEA was elected as first chairman.
GLIS activities are performed by subgroups, each dealing with a
specific subject.
2.4

Present activities of GLIS

GLIS has been very active since its foundation, i.e. before becoming
a group of ANIDIS also. This will be made evident by the next
sections and by Refs. [5] - [7], where co-operations in progress for
the various studies and promotion of new applications are clarified.
In addition, it is worthwhile mentioning that GLIS has already organized a very successful national Workshop on Seismic Isolation at
Bologna in May 1990, and was one of the main promoters of the equally successful International Meeting on Earthquake Protection of
Buildings, held at Ancona in June 1991 (Ref. 9 ) .
Finally, particular attention has already been paid by GLIS to
the information of public opinion - through adequate contacts with
mass-media -, both on the occasion of the above-mentioned meetings
and at the time of in-situ tests of isolated buildings (such as those described by Bonacina et al. [5] and Sect. 6.1), which had a
large echo in Italy, thus strongly contributing to the promotion on
seismic isolation in our country (these tests were shown by the national and several private TV channels and were reported in detail
by several important newspapers, magazines and technical journals).
With regard to the activities that have already been undertaken
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in the framework of ANIDIS, it is noted that the first, most urgent
subgroups were formed by GLIS Council in March 1992. These are: (a)
design guidelines; (b) experimental tests; (c) numerical analyses;
(d) seismic input; (e) development of energy dissipation systems.
3.

SYSTEMS CONSIDERED

Studies in progress in Italy on seismic isolation of structures are
based on high damping steel-laminated rubber bearings (HDLRB). All
the HDLRBs used in isolated buildings and for research purposes in
Italy have been fabricated by ALGA (Milano). other bearing types and
energy dissipation systems have mainly used up to now for bridges
only (Sect. 4 ) .
The choice of HDLRBs for the seismic isolation studies of
structures was due to both the very promising features of these
isolators for high risk plants also (including innovative nuclear
reactor projects such as PRISM, see for instance Kelly et al. [10]),
and the fact that they had been selected for the first group of large isolated buildings that have been constructed in Italy: the SIP
Administration Center at Ancona (Sect. 4 ) . All the bearings of such
buildings (Figs. 1-3) had been subjected to very detailed acceptance
tests; furthermore, the perspective of performing in-situ experiments on one of these buildings had been judged extremely attractive
(Sect. 6.1).
HDLRB is the bearing type that has also been used or considered
up to now for all the other isolated buildings in Italy, with the
only exception of the very first application: the Fire Command and
Control Facility at Napoli (Sect. 4 ) . It is also the bearing type
that has been chosen for the first application to high risk nonnuclear plantsin Europe: some liquid gas storage tanks to be constructed in Greece by Dyckerhoff & Widmann, for which isolators are
being fabricated in Italy by ALGA.
Anyway, studies for the development of new materials for high
damping bearings, including compounds based on synthetical polymers,
are also being started (Sects. 7 and 8 ) . Furthermore, analysis of
other isolator types and energy dissipation systems has also been
started or planned (Sects. 5 and 8 ) .
4.

APPLICATIONS OF SEISMIC ISOLATION IN ITALY

In addition to several bridges, applications of seismic isolation in
Italy mainly concern both some important public buildings, which are
critical for civil defence, and some first industrial structures.
More precisely (see Ref. [9] and Sparacio et al. [11]), isolation
has been or is being adopted in Italy for:
(a) the Fire Command and Control Center Facility at Napoli (a
suspended steel structure supported through neoprene bearings at the
top of large reinforced concrete columns), which was the first pioneering application of seismic isolation in our country;
(b) five large buildings (seven floors, 25 m height, 70,000 to
78,000 kN weight each), owned by SEAT, STET Division, designed by
Giuliani [12], which were recently completed at Ancona (those forming the new Administration Center of the National Telephone Company
- SIP - for the Marche Province);
(c) a three-story reinforced concrete house that was recently
completed at Squillace (Calabria);
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Figure 1: Plastic model
of the SIP Center at
Ancona.
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Figure 2: View of a row
of isolators at the base
of SIP buildings
(March
1990) .
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Figure 3: High damping
steel-laminated elastomer bearings used in SIP
buildings
at
Ancona,
during
construction
(March 1990) .

.
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(d) standardized precast telephone switch houses, which have
already been fabricated, to be isolated in seismic areas;
(e) a second building at Ancona (owned by the Ministry of
Defence), which is under construction;
(f) the four-story Operating Center of the Traffic Police at
Napoli, which has already been commissioned.
Furthermore, among the various further applications that have
been planned, it is worthwhile citing:
(g) a new hospital building to be soon constructed at Castelnovo ne Monti (Reggio Emilia), for which base isolation has been recommended by ENEA and other GLIS members, including the Ambient Department of the Province Emilia-Romagna and the National Group for
Earthquake Defence (GNDT) of the National Research Council - (CNR),
after the modification of the original, non-isolated design was judged feasible at a limited cost by GLIS experts (see Sect. 8 ) ;
(h) a small masonry church at Frigento (Avellino) that should
be retrofitted by use of seismic isolation to verify the applicability of this technique to historic monuments;
(i) some new University buildings in seismic areas.
As to buildings critical for civil defence, the possibility of
isolating hospitals is considered particularly attractive (following
the experience of California), according to the need of ensuring
full hospital operation after strong earthquakes and the need for a
better protection of both the structure and the quite expensive
equipment contained: this is the reason for the great interest in
the application at Castelnovo ne Monti.
Also with regard to applications to industrial structures, we
remind that the reasons which led Giuliani [12] to isolate the
buildings of the SIP Center at Ancona were not only savings in construction costs, but especially, achievement of a much higher confidence to prevent earthquake-induced damages of highly costly inner
electronics. Similar reasons and the possibility of taking advantages of the economical benefits of standardization led Giuliani [13]
to also design the aforesaid precast telephone switch houses.
The perspective for a better protection of energy production
plants - through seismic isolation and/or energy dissipation - has
also been judged very attractive by ENEL (Sect. 8 ) . Furthermore,
following the aforementioned application in Greece, these systems
may be appropriate to reduce the seismic risk of chemical plants,
which may be particularly sensitive to earthquakes, but which are
frequently not designed to withstand large earthquakes in Italy,
although they are located in highly seismic areas also. For some of
those existing, isolation (and/or energy dissipation systems) may be
also considered to seismically retrofit them.
Seismic retrofitting by use of isolation may be advantageous
for other industial plants also, and even for some historic and
artistic monuments, to make them resistant against possible seismic
damage. It is evident that such an application may be justified in
Italy, where so many historic monuments are located in seismic
areas, especially for those that have already been severely damaged
by earthquakes: this is the reason for the great interest in the
projects of Sparacio et al. [11], concerning the above-mentioned
church at Frigento and other applications.
Finally, isolation of small buildings and houses in highly
seismic areas - such as that at Squillace - may be also justified,
because of the better protection of human life, the structure and
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its other contents. In addition, according to the Japanese experience, houses such as that mentioned above (which is adjacent to an
equal, non-isolated house - see Bonacina et al. [5]) form a very
good tool for improving the knowledge on the behaviour of isolated
structures, when subjected to
in-situ tests and
extensively
monitored to record real earthquakes (see Sects. 6.1 and 8 ) .
5.

DESIGN GUIDELINES

The first activities on seismic isolation were initiated in Italy by
ENEA-RIN - with the co-operation of ISMES and GE Nuclear Energy, and
the support of experts of ENEA-DISP and Bechtel Nation inc. - in
1988. They concern the preparation of a proposal for design guidelines for nuclear power plants using HDLBRs (Martelli et al. [14] &
[15]).
A first revision of the document is being prepared and will be
soon published: it accounts for both comments received and the first
results of R&D studies in progress in Italy and the USA (Olivieri et
al. [6] and Bonacina et al. [5]).
These activities were recently extended - as part of a cooperation with the Italian Standard Authority (UNI) - to other antiseismic devices, for application to civil buildings and non-nuclear
plants. A co-operation has also been started by ENEA, ENEL and ISMES
with the National seismic Service.
Furthermore, extension of the guidelines document [14] to nuclear reactors using bearings different from the HDLRB has also been
planned, under the sponsorship of the Commission of the European
Communities (CEC): this work will be performed by ENEA, with the cooperation of ALGA, ISMES, ANSALDO and the Nuclear Engineering
Laboratory (LIN) of the Bologna University.
More details on guidelines development have been reported to
this meeting by Olivieri et al. [6].
6.

R & D WORK IN PROGRESS

In 1989, R & D work was also undertaken by ENEA, ENEL, ISMES and
ALGA. This work takes avantage of national co-operations in progress
in the framework of GLIS activities, as well as that of international collaborations (Sect. 9 ) . It concerns both experimental and
numerical studies of isolators, bearing materials and isolated
structures.
6.1

Experimental analysis

Static and dynamic tests have been presented at this meeting by Bonacina et al. [5]. A review on these experiments was also recently
published by Martelli and Castoldi [16]. Tests have been performed
on HDLRBs in various scales (with respect to SIP building bearings),
rubber specimens and structures isolated by means of such bearings.
These are mainly being performed at ISMES and also, at present, at
the ENEA/ANSALDO Centre of Boschetto (Genova).
Tests on rubber specimens and bearings (Figs. 4-7) have already
provided important data (vertical and horizontal stiffnesses, damping, creep, temperature, aging and scale effects, failure modes,
etc.), necessary for the development and validation of numerical
models, comparison with the test results of isolated structure
-63-

I

Figure 4: view of the SISTEM test machine after recent modifications performed
to allow for tensile vertical loads and better guide of vertical jack; full- &
half-scale modified SIP-type isolators being tested (possibility of attachment
with central dowel with or without bolting; modified compound); static vertical compression test of single 1/2 scale modified isolator on modified SISTEM).

Figure 5a: View of the SISTEM test machine before recent
tions (2 horizontal actuators in "push-pull" positions).

modifica-

Figure 5b: Dynamic
test of single full
scale SIP-type isolator mounted on a
roller slide (nonmodified SISTEM machine) .
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Figure 6: Test of a pair
of superposed full-scale
isolators
(non-modified
SISTEM test machine).

Figure 7:
1/2
scale
bearing vzithout lateral
rubber cover, displaced
at 260% shear
strain
during a static failure
test (nonmodified SISTEM
test machine).

mockups and actual buildings, and development of design guidelines.
Dynamic experiments of structures concerned both full-scale and
scaled isolated structure mock-ups (Figs. 8-10) and actual isolated
buildings (one of those forming the SIP Administration Center at
Ancona, see Figs. 11-15; the isolated house at Squillace, Calabria,
together with that adjacent, non-isolated house). Both snap-back
tests and forced excitation experiments were performed, to large
displacements (85 mm for the full scale mock-up of Fig. 8, 36 mm for
the 1/4 scale mock-up of Fig. 10, 107 mm for the SIP building of
Fig. 11).
Forced excitation tests were both sinusoidal and (on the 1/4
scale mock-up of Fig. 10) seismic, with one- and multi-directional
simultaneous excitations. Test results have already demonstrated the
adequacy of seismic isolation and have provided data useful for the
comparison with single bearing test results and validation of numerical models for the analysis of isolated structures.
6.2

Numerical activities

The numerical activities which are in progress in Italy in the framework of the seismic isolation studies have been presented to this
meeting by Bettinali et al. [7] and Sano et al. [8]. They mainly
concern the definition of models for bearings and isolated structures, and their use for test design and the analysis of experimental
results.
Simple bearing models have been set up, and the development of
finite-element (f.e.) three-dimensional (3D) and 2D axisymmetric
models is in progress. Simple models have been based on the results
of single bearing tests: models formed by a spring in parallel to a
viscous damper, where both horizontal stiffness and viscous damping
vary with displacements, have been developed by ENEA. Models based
on hysteretic damping have also been developed by DISP and ISMES.
Detailed bearing models (Fig. 16) include separate elements for
the rubber and steel plates. A 3D model has been implemented by ENEA
in the ABAQUS computer code. Linear elastic calculations have been
performed with this model. The implementation of an elastic-plastic
model for steel is also being completed, together with that of a
hyperelastic model of the rubber, based on tests on specimens.
Detailed bearing models will be validated based on measured
data. They will be used for bearing design and the analysis of the
effects of defects: two bearings with artificial defects were fabricated to this purpose also (Bonacina et al. [5]).
As to the isolated structures, finite-difference programs were
set up for the analysis of such structures in the case that they can
be represented by sets of one-degree-of-freedom oscillators. The
program ISOLA includes the aforementioned simple bearing model of
ENEA, where both stiffness and damping depend on displacement and
the effects of viscous creep are accounted for. A similar program
has been based on the bearing model developed at ISMES. These models
have been successfully used to analyse the experimental results
concerning both isolated structure mock-ups and actual isolated
buildings, based on the single bearing test data for both horizontal
stiffness and damping.
It is also noted that Sano et al. [8] have shown that, at less
than 120% shear strain, an elastic model of bearings can be
appropriate to estimate displacements and accelerations of isolated
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Figure 8: A view of the
9,500 kN inertial mass
of the ISMES multiexcitation rig, supported by
six isolators.

Figure 9: Isolator supporting the 9,500
kN
mock-up, deformed before
release in a snap - back
test.
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Figure 10:
A view of
the
394
kN
isolated
mock-up, mounted on the
MASTER shake table of
ISMES.
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mass of the SCORPIUS shake table, immediately after the conclusion
of the single bearing tests with such attachments (these are in progress - see Bonacina et al. [5]).
(3) Continuation of the experimental analysis of natural aging
effects (in co-operation with SEAT - see Bonacina et al. [5]).
(4) Extensions, mentioned in Sect. 5, of the development of
design rules and guidelines (including those for isolated nuclear
reactors), to bearings different from the HDLRB (including vertical
isolation).
(5) Detailed numerical and experimental studies on the applicability of seismic isolation to electric substations, large industrial plants and high power transformers, which have already been
commissioned by ENEL to ISMES.
(6) Application of seismic isolation to the Hospital of
Castelnovo ne Monti, in the framework of a cooperation between the
competent hospital authorities, the Province Emilia-Romagna, ENEA
and GNDT-CNR (Sect. 4 ) , and that of a project on seismic protection
of hospitals which has been proposed to the CEC (this application
may be followed by in-situ tests and seismic monitoring).
(7) evaluation of the applicability of seismic isolation to an
ENEL building at Terni.
(8) Experimental analysis of interface piping at LIN Laboratories, in the framework of a cooperation between ENEL and ENEA and
that of a specific project which has been proposed to the CEC.
(9) Optimization of design and performance of HDRBs (geometry,
rubber materials, reinforcement plates, attachment systems) and
evaluation of the benefit of seismic isolation on structures'
design, for which a specific project is being prepared.
(10) Analysis of the behaviour of isolators different from the
HDLRB and energy dissipation devices.
Some of these activities will form an extension of the promotion work in progress, in the framework of GLIS activities.
9. INTERNATIONAL COLLABORATIONS
Work will take advantage of collaborations of ENEA with international partners, which have recently been activated: these are part of
the Co-operation Agreement on Research and Development of Energy
between the Italian Ministry of Industry, Commerce and Handicraft
and the U.S. Department of Energy (which extends the collaboration
existing with GE Nuclear Energy), the Agreement of Scientific and
Techological Co-operation betweeen Italy and Japan, a
recent
agreement with TsNIISK (USSR) and a new agreement that is being
defined between ENEA and the French CEA.
In addition, cooperation with several partners of other European countries have been started in the framework of projects proposed to the CEC.
10.

CONCLUSIONS

This paper has provided an overview on the activities in progress in
Italy for seismic isolation development and application. It has
shown that considerable efforts are being devoted to this aim in our
country, by clarifying the national collaborative frameworks, mentioning the various applications, summarizing the main features and
results of design rules and guidelines development and R & D work in
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Figure 15:
View of a
transducer
indicating
the displacement reached
at the base in the most
severe snap-back test of
the SIP building.
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Figure 14:
periments
building:
hydraulic
snap-back
position.

In-situ exof the
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view
of
a
jack and
a
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progress, and outlining the new activities planned.
More details on R&D work and guidelines development have been
provided by separate technical papers, presented to this meeting.
The great importance of international and national collaborations, for optimizing seismic isolation studies, has been stressed.
Those existing have been mentioned. As to national collaborations,
the main features, purposes and activities of the Working Group on
Seismic Isolation (GLIS) have been outlined.
The formation of similar national groups might be of interest
for other countries, as well, so as to allow for a better coordination of seismic isolation activities at national level and for more
complete international collaborations.
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Figure 16: 3D model of SIP-type
bearings; first mode of the unloaded bearing.
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Figure 17: 3D model of the SIP
building; first vibration mode
of the superstructure.

