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ABSTRACT 

This paper presents a state-of-the-art on seismic isolation in Italy and the most important applications. Those to new strategic and public buildings are shown, as well as to new residential buildings, pointing out the very good behavior shown by the seismically isolated structures during real seismic events. Then, attention is focused on the retrofit of existing buildings, which represents the real challenge for the future. The most interesting applications to existing reinforced concrete, masonry and historic structures are shown, pointing out the specific challenges for each case. Finally, recordings obtained during the seismic sequence that struck Central Italy since August 24th, 2016, are presented and discussed. These are useful for analyzing the behavior of base isolation systems and their effectiveness under low energy earthquakes. 
The application of seismic isolation for new buildings is quite easy and almost always possible. It is also economically convenient, at least in medium and high seismicity areas both for reinforced concrete buildings and masonry buildings. Actually, the real challenge of seismic isolation is protection of existing buildings, especially in countries where maintenance of old structures is an important issue. It is worth reminding that, when using base isolation, the period of vibration can be chosen so as to allow input of low spectral amplitude, while the superstructure remains substantially in the elastic range. This possibility also allows for limiting or even avoiding the conventional retrofit intervention in the superstructure. In this paper the design issues for the application of base isolation in the retrofit of existing buildings are first discussed for the two cases of reinforced concrete and masonry buildings. These refer to the positioning of the isolation devices in plan and elevation and the transferring of the vertical actions during the building phases. Then the most relevant applications in Italy for existing reinforced concrete and masonry buildings are also shown. Finally, an isolation system is presented, which was set up for cultural heritage structures but is very suitable also for industrial plants. 
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1. INTRODUCTION 

In 1976 the Somplago viaduct, of the Udine-Tarvisio freeway in the Northern-East Italy, was completed. It had sliding devices on the piers and rubber bumpers between the deck and the abutments, able to absorb the seismic effects. As a matter of fact, the viaduct behaved very well and had no damage under the seismic events that hit Friuli Region on May 6th, 1976 (M = 6.5), when it was not yet fully completed, those of September 11th (magnitude M = 5.3 and 5.6, respectively) and those of September 15th, 1976 (M = 5.9 and 6.0, respectively). All these events had the epicenter only a few kilometers from the viaduct. 
This was the first application of seismic isolation in Europe for a bridge and one of the first in the world. This successful application caused an immediate rapid extension of the application of anti-seismic systems to new Italian bridges and viaducts. The devices used were mainly dampers and Shock Transmitter Units (STUs). The bridges and viaducts protected by such systems numbered already 150 at the beginning of the 1990’s: this ensured, at that time, worldwide leadership to Italy for the number and importance of anti-seismic systems applied to bridges and viaducts. 
The fire-command building in Naples had already been designed without accounting for seismic actions, when Southern Italy was hit by the November 23rd, 1980, Campano-Lucano earthquake (M = 6.9). After the event, the area was considered seismic and the original design was retrofitted by just inserting Neoprene Bearings (NBs) at the top of the reinforced concrete towers as supports for the reticular steel beam, and floor dampers and STUs inside the building (structural design by F.M. Mazzolani). Similar devices were used also for a second fire-command building nearby, which was opened for use in 1985. 
At the beginning of the 1990s, the Telecom Italia Centre of the Marche Region at Ancona was completed. In total, 297 High Damping Rubber Bearings (HDRBs) were used and impressive on-site release tests were performed on one of the five buildings (structural design by G. Giuliani, acceptance certificate by A. Martelli). 
Seismic isolation was also used for masonry buildings, as in the residential building in Corciano, composed of two blocks of two and four floors, respectively (structural design by A. Parducci). The isolation system is made of 18 HDRBs (diameter = 500 mm), placed between the reinforced concrete foundation and the superstructure. The superstructure is reinforced masonry, with hollow bricks, because at the time of construction the Italian code did not allow normal masonry buildings of four levels or more in high intensity seismic areas. 
The progress of applications of new anti-seismic technologies (including energy dissipation systems) in buildings was slower in the following years; however, the trend accelerated after the 2002 Molise earthquake (M = 5.9) and 2009 L’Aquila (M = 6.3) earthquake. Nowadays Italy is the fifth country in the world and the first country in Western Europe for the overall number of applications of passive anti-seismic devices (Clemente & Martelli 2019, Clemente & Martelli 2017). In several applications, the isolators used were HDRBs and plane surface Sliding Devices (SDs), often used in parallel to optimize the dynamic behavior of the structure. Lead Rubber Bearings (LRBs), which enable a higher damping (up to an equivalent damping ratio of 25-28%), are used especially for bridges and viaducts. Finally, single and double Curved Surface Sliders (CSSs) were introduced in Italy after the 2009 L’Aquila earthquake and are now widely used in buildings. 
It is worth reminding that the use of bas isolation allows designing Zero Earthquake-Damage Buildings, with obvious positive results in terms of sustainability and resilience (Clemente et al. in press). Furthermore, the convenience of bae isolated buildings, also limited to the construction cost, was demonstrated both for reinforced concrete (Clemente and Buffarini 2010) and masonry buildings (Clemente et al 2016). The importance of a reliable definition of the seismic input is to be stressed (Clemente et al. 2015). 
In this paper a state-of-the-art on seismic isolation in buildings in Italy is presented. The attention is particularly focused on the reconstruction works after the recent seismic events but also applications to improve the seismic capacity are shown. 
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The use of the anti-seismic systems in Italy was very limited up to 2003, due to the absence of a suitable technical code. After the 2002 Molise earthquake the Italian seismic code was revised under the Ordinance 3274/2003 issued by the Prime Minister’s Office in March 2003, and there was a significant increase in applications of seismic isolation. In San Giuliano di Puglia were realized: 
The new Francesco Jovine School in San Giuliano di Puglia (Figure 1), which was the first school in Italy to be designed with base isolation. It is composed by two buildings rising up from a single base deck, which is seismically isolated by means of 61 HDRBs and 13 SDs (seismic isolation design by P. Clemente, G. Buffarini, M. Dolce and A. Parducci, acceptance certificate by A. Martelli). The first two vibration modes the structure just translates along the two main orthogonal directions, respectively, with a period of 2.19 s. The maximum displacement for the design earthquake is 240 mm. The decoupling between the horizontal motion of the structure and that of the soil is guaranteed by the very high stiffness of the elevated structure with respect to the stiffness of the isolation system. The school was opened to activities in 2008. Successive studies demonstrated the suitability of the buildings for being used as strategic ones in case of earthquakes or other natural disasters (Clemente et al. 2009). 
The C8R residential building (structural design by M. Castrataro, acceptance certificate by P. Clemente), seismically isolated by 13 HDRBs and 2 SDs. The first two vibration modes the structure had a period of 2.01 s. The building was completed in 2007 (Figure 2). 
The C20R residential building (seismic isolation design by P. Clemente, acceptance certificate by G. Buffarini), seismically isolated by 25 HDRBs and 12 SDs. The first two vibration modes the structure had a period of 2.01 s. completed in 2011 (Figure 3). 
The building A of the Francesco Romita High School in Campobasso, which was reconstructed, after demolition of the pre-existing unsafe building. It was seismically isolated by means of 12 HDRBs and 10 SDs. The works were completed in 2012 (Figure 4). 
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Figura 1.  The new Jovine school at San Giuliano di Puglia and the foundation with the isolation devices 
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Figure 2. The C8R private buildings in San Giuliano di Puglia.

Among the strategic buildings, it is worth mentioning the new Civil Protection Centre of Umbria Region at Foligno, where several strategic buildings have been seismically protected by means of base isolation. Among these, it is worth mentioning the building that hosts the Operative Centre, which has a very interesting architectural design in the form of a hemispherical shape (Figure 5, structural design by A. Parducci, acceptance certificate by A. Martelli). It is 22 m high and has four floors above the ground and an underground floor. Its base diameter is about 31 m. The superstructure is formed by ten arch elements equally spaced along the perimeter, with the springing at different heights. For all of them, the upper springings are connected to a ring beam at the top of the building; the lower springings are all connected to a ring beam at the first floor. The arches are interconnected by two other ring beams at the intermediate floors. A prestressed concrete cylinder, containing all the building facilities, is suspended to the top ring. It is also connected to the other floors and continues down in the underground floor without other supports. The superstructure is supported by ten HDRBs (diameter = 1.0 m, horizontal stiffness = 1310 kN/m, equivalent damping = 10%) deployed along the perimeter, which yield a fundamental frequency of the isolated structure of about 0.38 Hz. The isolation devices transfer the loads to the foundations, located under the lower springing of the ten arches and composed by concrete plinths, each supported by four piles. 
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Figure 3. The C20R private buildings in San Giuliano di Puglia.
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Figure 4. The new Francesco Romita school in Campobasso. 
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Figure 5. The Operative Centre of the new Civil Protection Centre of Umbria Region at Foligno.

The use of seismic isolation increased rapidly after L’Aquila earthquake of April 6th, 2009, starting from the buildings for temporarily hosting the homeless residents (C.A.S.E. project). These consisted in pre-fabricated houses, made of reinforced concrete, steel or wood, each placed on an isolated reinforced concrete slab (21m x 57m in plan, 50 cm thick) supported by 40 CSSs manufactured in Italy (Saitta et al 2018), installed at the top of the columns, rising up from the foundation plate, which had the same size as the slab (Figure 6). 
Afterwards, seismic isolation was largely used in the reconstruction in L’Aquila and the surrounding towns, both for new and existing buildings. Thus, the number of Italian seismically isolated buildings increased from about 70 before L’Aquila earthquake to more than 400 by 2013 (with over 30 applications to school buildings). A further incentive to the use of seismic isolation for reconstructions was the 2012 Emilia earthquake (Martelli et al. 2017). 
One of the first building completed in L’Aquila after the 2009 earthquake was the ANAS (Italian National Agency for Roads Construction) building, seismically isolated by means of 60 HDRBs (Figure 7). 
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Figure 6. One of the C.A.S.E. buildings in L’Aquila. 
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Figure 7. The new ANAS building in L’Aquila. 


3. OTHER APPLICATIONS OF SEISMIC ISOLATION 

Among the most interesting applications, outside the areas hit by recent earthquakes, are: 
The new primary school at Marzabotto, Bologna (seismic isolation design by P. Clemente and M. Forni, acceptance certificate by A. Martelli), isolated by means of 28 HDRBs and 14 SDs, for which the additional cost due to isolation was of 96,000 €, over a total cost of 5,000,000 €. It was completed in 2010. 
Several school buildings in Tuscany. Among these, the new kindergarten and primary school at Mulazzo, Massa Carrara, which was isolated by means of 14 LRBs (diameter = 600 mm) and 15 SDs, with a period of 2.0 s. The structure was completed in 2012. 
The new Del Mare Hospital in Naples, a very irregular structure both in plan and elevation (structural design by B. De Risi and C. Mascolo, acceptance certificate by E. Cosenza), which has been seismically isolated by means of 327 HDRBs of three different types (122 with diameter = 600 mm and shear elastic modulus = 0.8 MPa; 108 with diameter = 650 mm and 97 with diameter = 800 mm, all with shear elastic modulus = 1.4 MPa; so the horizontal stiffness varies from 1.5 to 4.9 kN/mm). The fundamental period is 2.32 s and the maximum lateral displacement is 240 mm. The use of seismic isolation involved significant benefits compared to a traditional design, such as the reduction in longitudinal reinforcement steel of about 40% for beams and columns and a very high level of safety of both structural and non-structural elements, including medical equipment present at various floors, while fulfilling performance requirements related to operating state limitations (Di Sarno et al. 2008). 
The headquarters of the association “Fratellanza Popolare – Croce d’Oro” at Grassina, Florence (structural design by S. Sorace, acceptance certificate by A. Martelli), a L-shaped building used for civil defense that was isolated by means of SDs under each column and fluid-viscous devices with silicone matrix along the perimeter, whose mechanical properties determine the rigidity and damping characteristics of the system itself (Figure 8, Martelli et al 2017). 
A commercial building in Augusta, which has a rectangular shape with a length of 35.70 m, a width of 16.00 m, a maximum height above the ground of 10.50 m and a basement story with a clear height of 3.60 m; the hybrid seismic isolation system consisted of 16 HDRBs and 20 SDs. The building was subjected to a series of push and sudden release tests in March 2013, with low amplitudes to ensure that no damage would occur in the finished structure. During the tests, the displacements at the isolation level were measured along with the accelerations at each floor of the building (Oliveto et al. 2013). 
A residential building in Spadafora Street at Messina, the tallest seismically isolated building in Italy at the time of construction, completed in 2014 (Figure 9, structural design by M. Marino, acceptance certificate by A. Martelli), composed of 8 floors plus an underground floor, used as garage. It was isolated by means of 22 LRBs and 2 SDs. The vicinity of an old building to the new isolated one pointed out the issue of protection of the seismic joints from materials coming from the adjacent structures in case of their collapse during an earthquake. 
The “120 Forlanini” residential building in Ragusa completed in 2014 (structural design by C. Mezzasalma), with a reinforced concrete structure and an isolation system composed by 17 HDRBs (diameter = 450 mm, total rubber thickness = 126 mm) and 18 SDs, which ensured a fundamental period of the five floors superstructure equal to 3.0 s and a maximum displacement of 250 mm. 
The “Balza Akradina” residential building in Siracusa completed in 2015 structural design by N. Impollonia), with a reinforced concrete structure and an isolation system composed of 8 HDRBs (diameter = 500 mm, total rubber thickness = 102 mm) and 4 SDs. The fundamental period of the five floors superstructure is 2.4 s and the maximum displacement is 200 mm. 
The Eurosky building in Rome (Figure 10), where 30 SDs and 28 LRBs (diameter = 800 mm, horizontal stiffness = 5,800 kN/m, equivalent damping = 25%) were used to obtain a tuned mass damper (TMD) at the twenty-seventh floor, using the upper three floors as mass; pretensioned vertical bars were also used to avoid rocking effects. 
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Figure 8. A fluid-viscous device with silicone matrix of the Fratellanza Popolare building at Grassina. 

The interest for use of masonry in new buildings is related to the fact that masonry can guarantee a longer durability, testified by ancient constructions, and a better performance in terms of energy efficiency. It is clear that seismic isolation can contribute to the revival of masonry in structures, greatly reducing the seismic effects to the structure. To assess the potential of brick masonry buildings, ENEA and ANDIL (the Italian association of brick manufacturers) organized a research project, which led to the design of a brick masonry building with seismic base isolation, to be used as a strategic structure. Seismic isolation allowed more freedom in the architectural design with obvious good results in terms of functionality and use of space. In addition, the building is a net-zero energy building (NEZB) and has an eco-friendly connotation, thanks to the use of brick materials and low environmental impact systems (Buffarini et al. 2013). 
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Figure 9. The residential building in Spatafora Street in Messina. 

[image: ]   [image: C:\Users\micheli\Documents\Brochure Turchia\main works\Foto eurosky\DSC00125.JPG]

Figure 10. The Eurosky building in Rome (courtesy of Somma). 


4. RETROFIT OF EXISTING BUILDINGS 

The real challenge of seismic isolation is protection of existing structures, especially in countries such Italy where maintenance of old structures is an important issue (Bongiovanni et al. 2019, Saitta et al 2017). It is worth reminding that base isolation yields a very high level of safety and that the period of vibration can be chosen so as to allow input of low spectral amplitude, while the superstructure remains in the elastic range. This possibility also allows for limiting or even avoiding the conventional retrofit intervention in the superstructure. 
One of the first applications of seismic isolation in existing buildings in Italy was done in a residential building in Latini Street at Fabriano (structural design by G. Mancinelli, acceptance certificate by A. Martelli), which suffered damage to non-structural elements during the 1997-98 Marche-Umbria seismic sequence. The isolators were inserted between the existing plinths and the new ones built below them. 
The Multifunctional Center at Rione Traiano in Naples, was retrofitted by inserting 630 HDRBs in the columns and in the outer walls, above the foundation level. The works were completed in 2005. The same technique was used also for the retrofit of two, four-story reinforced concrete residential buildings in Solarino, Sicily (structural design by G. Oliveto and M. Granata, Oliveto et al. 2004).
After L’Aquila earthquake, seismic isolation was largely used also for retrofits. One of the most interesting interventions was that of the "Leonardo complex” in L'Aquila (Figure 11). The structure consists of three structurally independent buildings, resulting in an approximately "L-shaped" building, each with four stories above the ground and a basement. During the 2009 L’Aquila earthquake the structure exhibited widespread damage to the masonry infill walls, especially at the ground floor, with cracking at the joints due to hammering and limited capillary cracks at the joints of the reinforced concrete frame. The buildings were retrofitted by using CSSs placed at the top of the basement columns (Castellano 2015). 
A similar technique was used for the the residential building in Tigli Street at Pianola, L’Aquila (Figure 12), which had been severely damaged by the 2009 L’Aquila earthquake. The structure was composed of three blocks, which were first studied by means of experimental vibration analysis (Buffarini et al. 2011, Mancinelli et al. 2011), in order to identify their dynamic characteristics. Then, the three blocks were joined at the first floor and 42 HDRBs and 62 SDs were inserted at the top of the columns just below the first floor and below the stairs (structural design by G. Mancinelli, acceptance certificate by A. Martelli). 
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Figure 11. The "Leonardo complex” in L'Aquila (courtesy of FIP Industriale). 
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Figure 12. The "Via Tigli Building” in L'Aquila (courtesy of FIP Industriale). 

Seismic isolation has been largely used after the L’Aquila earthquake for the retrofit of masonry buildings. The most interesting applications concern historic buildings, e.g.: 
The Palazzo Ciuffini-Cricchi-Volpi, a masonry building located in the historical centre of L'Aquila, which was badly damaged by the 2009 earthquake, and then retrofitted with seismic isolation (structural design by R. Vetturini); specifically, 28 HDRBs (diameter = 550 mm, total rubber thickness = 105 mm) and 25 SDs were used. The choice of the isolation period was governed by the displacement, which had to be limited because of the presence of an adjacent building (Figure 13). The isolated period was 2.02 s and the maximum displacement 146 mm. The isolators were placed between two new sub-foundations made of reinforced concrete beams. 
The historical masonry building called “La Silvestrella” in L’Aquila, which was also seriously damaged by the 2009 L’Aquila earthquake. The structure had been built in the early years of the twentieth century and was kept in its original configuration, without changes or superfetation. Therefore, it represents an uncommon example of eclectic, fantastic, grotesque architecture. A traditional strengthening intervention, which respected its historical value and guaranteed a suitable safety level, was not possible in practice, so it was decided to use seismic isolation (structural design by R. Vetturini). The executive phases were the following. The superstructure was first consolidated and protected. Then, two sub-foundations were built, one above the other and the devices were places in between (Figure 14). The upper one consisted in continuous concrete beams, while the lower one was composed by plinths, which were successively connected by means of a reinforced concrete plate. The isolators were first connected to the upper sub-foundation, where suitable steel elements had been previously positioned. Then jacks were positioned under them, which allowed loading the isolators, by means of injection of epoxy resin. A steel floor above the isolation interface guaranteed the rigid connection, but also formed a new floor. Finally, 25 HDRBs (diameter = 450 mm, total rubber thickness = 126 mm, damping ratio = 13%) and 23 SDs were used, yielding a fundamental period of 2.35 s and a maximum displacement of 300 mm (Mezzi et al. 2015). 
The “Emiciclo building” in L’Aquila, which is the main branch of the Abruzzo Region Council (Figure 15, structural design by R. Vetturini, G. Di Marco, L. Zazzara, W. Cecchini and A. Bottone, consultancy by A. Borri); the building was seismically isolated by means of 61 HDRBs and 47 SDs, which allow a maximum displacement if 300 mm. 
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Figure 13. Palazzo Ciuffini-Cricchi-Volpi in L’Aquila (courtesy of FIP Industriale and R. Vetturini). 
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Figure 14. The Vila Silvestrella in L’Aquila (courtesy of FIP Industriale and R. Vetturini). 

Recent retrofitting works realized not after earthquakes are the following: 
The Quasimodo School at Riposto, Catania, which was seismically isolated in 2009 by means of 33 HDRBs and 16 SDs. It was the first Italian application of seismic isolation in existing schools, with a retrofit cost of only 45 €/m3 (structural design by F. Neri). 
The IACP building at Calatabiano, Catania, built at the beginning of 1980s with a rectangular shape in plan (size 35.5m x 11.25m), three floors above the ground plus an underground floor. The carrying structure was composed of reinforced concrete frames and brick-concrete floors, and the foundation was a plate stiffened by a grid of beams. The structural elements were in very bad conditions, due to the carbonation of concrete and the steel corrosion. The retrofit was done by means of seismic isolators at the top of the columns at the underground floor (structural design by F. Neri). The columns of the underground floor were first enlarged, both to improve their strength and to allow the insertion of the devices, and additional beams were built just above the isolators. Next, thirty-three CSSs were used, the fundamental period is now 2.71 s, the maximum design displacement is 220 mm. 
The civic tower in Rieti, which was retrofitted by inserting a TMD at its top (Figure 16). The old covering was first demolished and substituted by a new concrete slab, not connected to the perimeter walls, but supported by a steel structure with elastomeric isolators at its base. 
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Figure 15. The Emiciclo building in L’Aquila (courtesy of Somma and R. Vetturini). 
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Figure 16. The TMD of the Civic Tower of Rieti (courtesy of Somma). 

Seismic rehabilitation of historical constructions is an important issue, especially in countries like Italy where these are highly vulnerable even against moderate seismic events, but also because of the daily presence of numerous tourists. Traditional techniques are not suitable and an adequate rehabilitation should guarantee the preservation of the original monument characteristics, identity and historical value. Therefore, the use of new technologies, such as seismic isolation, is advisable. Actually, this technique has already been used for retrofitting historical buildings in countries like the USA, Japan and New Zealand. 
For seismic isolation of entire ancient buildings, a new system was developed by Clemente, De Stefano and Barla (Clemente and De Stefano 2011, Clemente et al. 2011, Clemente et al. 2012a, Clemente et al. 2012b), called “Seismic Isolation Structure for Existing Buildings” (SISEB). It consists of an isolated platform to insert under the foundations of the building, without touching the building (Figure 17). A discontinuity between the foundations and the soil is created by inserting horizontal pipes and positioning the isolation devices at their horizontal diametric plane. In order to facilitate successive placement operations, the pieces of pipe have a particular shape and are composed by two portions, the lower and the upper cylindrical sectors, respectively, which are connected by means of removable elements. Then, the building is separated from the surrounding soil, in order to allow horizontal displacements during an earthquake. So the structure is seismically isolated, but not by means of interventions that could modify its architectural characteristics, which is very important for historical buildings. Even the underground levels are not modified, but can be part of the seismically protected structure (De Stefano et al. 2015). 
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Figure 17. The seismic isolation structure for existing buildings developed by Clemente, De Stefano and Barla. 

It is stressed that anti-seismic devices may also be used to reconstruct cultural heritage buildings that have been fully destroyed by earthquakes. Obviously, this is not a retrofit operation, but the original materials (stones) can be used for the external walls, in order to preserve the original external appearance and features of the structure. In this case, the installation of anti-seismic devices is advisable, so as to avoid collapse in future earthquakes. An example of this kind was the reconstruction of the “Clock Tower” of the Castle of Gemona del Friuli, Udine, completed in 2016 (structural design by F. Cioppettini, acceptance certificate by A. Martelli). It had been fully destroyed by the already mentioned Friuli earthquakes of May and September 1976. An inner steel frame was inserted, which supports all floors and the roof bell. It was strengthened with Buckling Restraint Braces (BRADs), in order to limit its lateral deformation and prevent hammering against the external reconstructed masonry walls (from which it is separated by an adequate transverse gap). 


5. EXPERIMENTAL SEISMIC BEHAVIOUR OF BASE ISOLATED BUILDINGS IN ITALY 

The suitability of seismic isolation has been demonstrated during strong earthquakes, when base isolated buildings exhibited an excellent behavior, preserving the structures, the non-structural elements and their contents (Clemente 2017, Clemente et al 2017). 
In Japan, during the 1995 Hyogo-ken Nanbu earthquake (M = 7.3), two isolated buildings in the epicentral area, near Kobe, reported no damage during the quake. One of these was the communication minister in Sanda City (Figure 18), which was about 30 km far from the epicenter. It had been isolated by means of low damping rubber bearings and elasto-plastic energy dissipators. The monitoring systems allowed to state that the ratio between the acceleration peak at the top and that on the basement was about 1/9, so with a significant reduction of the seismic action. 
The reinforced concrete building in Ojiya City (Figure 19), Japan, completed in 1994 and isolated by means of rubber bearings and sliders, supported very well the 2004 Mid Niigata earthquake (M = 6.8); the peak acceleration was 0.725g at the base and 0.194g at the top, with a reduction ratio of about 1/4. 
Most of the 118 isolated buildings affected by the 2011 Tohoku earthquake, located in the Tohoku area or in other Japanese sites, behaved quite well, even though they had been designed to withstand less severe earthquakes (Matsuda et al. 2012). Among these, the 4-storey National Western Art Le Corbusier Museum in Tokyo, retrofitted in 1999 by inserting high damping natural rubber bearings in a sub-foundation; this isolation system reduced the PGAs in the two horizontal directions from 0.19 and 0.27 g at the base to 0.08 and 0.10 g at the top during the 2011 Tohoku quake. It is worth reminding that also seismic isolated bridges and viaducts, most of those protected by rubber bearings (LRBs and HDRBs), showed an excellent behavior during the quake, but a certain number of them was then destroyed by the subsequent tsunami, due to deck rotation toward the upstream side, resulted from the uplifting force (Saito 2015). 
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Figure 18. The communication minister in Sanda City, Japan.
	
Figure 19. The reinforced concrete building in Ojiya City, Japan.



In China, two concrete seismic isolated buildings and even a 6-storey masonry building showed an excellent behavior during the 2008 Wenchuan earthquake (MW = 7.9). During the Lushan earthquake (MW = 7.0) of April 20th, 2013, two primary school buildings, one close to the other, showed a quite different behaviour, as demonstrated by the recordings obtained by means of the seismic monitoring systems installed in them. In the first one, which was conventionally founded, the peak ground acceleration value of 0.2g was amplified to 0.72g at the top; in the second building, which was protected by means of a base isolation system, the acceleration peak was equal to 0.12g (Zhou et al. 2015). The same happened for the county hospital, composed of two buildings with conventional foundations and one with base isolation (Figure 20). The two buildings with conventional foundations suffered damage to partitions, roof and equipment contained, and were unusable after the earthquake; on the contrary, the seismically isolated block was the only hospital building of the county to be remain fully undamaged and operational: this allowed to heal thousands injured people, which was impossible in other hospitals in Lushan. 
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Figure 20. The Lushan county hospital (China): damage suffered by the conventionally founded buildings and full integrity and operability of seismic isolated building. 

In California the University of Southern California (USC) hospital in Los Angeles showed a very good behaviour during the 1994 Northridge Earthquake (Ms= 6.8). It was about 30 km far from the epicentre and the ratio between the acceleration peak at the top and that on the basement was very low (Celebi 1996, Nagarajaiah and Sun 2000 and 2001). 
Very few seismic isolated buildings in Italy are provided with monitoring systems. Among these: 
· The new Jovine school at San Giuliano di Puglia, seismically isolated by means of HDRBs. 
· The Operative Centre of the Civil Protection Centre of Umbria Region at Foligno, seismically isolated by means of HDRBs.
· The Forestry Building of the Civil Protection Centre at Foligno, seismically isolated by means of HDRBs. 
Their seismic responses under low energy earthquake was analyzed. As a matter of fact, seismic isolation system could exhibit very different behavior under earthquakes of different energy at the site. 
In the Jovine School at San Giuliano di Puglia the HDRB isolation system was not activated during the December 20th, 2013, earthquake (M = 3.8, epicenter distance = 11 km, depth = 25.7 km) and the structure behaved as a fixed base building. The recorded data showed the importance of the higher modes and of the deformability of the base deck when the isolation system is not put in action (Bongiovanni et al. 2015). 
Also the seismic sequence that occurred in Central Italy since August 2016, gave the opportunity of studying the behavior of isolation systems under different low magnitude earthquakes (Clemente et al. 2019, Clemente et al 2016). In the second and third ones, seismically isolated by means of HDRBs, the recordings testified the good behavior of HDRBs also under low magnitude events. As a matter of fact, the system filtered the seismic waves even though the fundamental period of vibration was significantly lower than that assumed in the structural design and relative to the design earthquake. In Figure 21, the acceleration time histories recorded in the Operative Centre of the Civil Protection Centre of Umbria Region at Foligno during the main shock of October 30th, 2016, are shown. 
In all cases, the importance of an accurate non-linear analysis of their behavior under earthquakes of different magnitudes has been pointed out, in order to guarantee that the seismic actions in the superstructures do not exceed those assumed in the design (Clemente et al. in press). 
The importance of the monitoring of seismic isolated buildings is evident to assess the possible dynamic behavior of such structures during earthquakes and to gain experience on the general seismic behavior of such structures to be used in future design and analyses (Martelli and Clemente 2015). Furthermore, the importance of a real time monitoring is evident, especially for strategic structures.

[image: ](a)
[image: ](b)
[image: ]   (c)

Figure 21.  The Operative Centre Building at the Civil Protection Centre of Foligno, Italy: time histories recorded during the October 30th, 2016, earthquake (a) at the basement, (b) at the floor just above the isolation system and (c) at the top of the building. 


6. CONCLUSIONS 

Italy was one of the first counties to study and use seismic isolation, both for new and existing buildings. The absence of a suitable technical code limited its application until 2003. After that year the number of applications increased and now base isolation is considered the most reliable technique to protect structures and their contents against seismic actions. 
The actual behavior of base isolated buildings under strong earthquakes, obtained by means of monitoring systems, especially in Japan, USA and China, demonstrated the reliability of seismic isolation, which is certainly the best solution to preserve structure against earthquakes, especially those for which a high level of safety is required, but also residential buildings. The recordings obtained during the 2016-2017 seismic sequence in Italy, pointed out that the behavior of isolation devices could be quite different during low magnitude earthquakes. The importance of structural health monitoring for future improving and developments is evident.
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Welcome

On behalf of the Anti-Seismic Systems International Society (ASSISi) and the Russian
Assodiation for earthquake engineering and protection from natural and manmade

hazards (RAEE) we warmly invite you to join us in St. Petersburg, Russia, on 1-6 July 2019 for

the 16th World Conference on Seismic Isolation, Energy Dissipation and Active Vibration
Control of Structures.

We believe this conference presents a unique opportunity for sharing the
latest international earthquake engineering knowledge and we encourage you to start
planning your contributions and attendance at the conference.

Please note the key dates for abstractand paper submission. As the conference date
draws closer the website wil be updated with details of the keynote
speakers, programme and other conference activities.

At the same dates in the parallel session the Xill Russian National Conference on
Earthquake Engineering and Seismic Zoning will be held

We look forward to welcoming you allin St. Petersburg!
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