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1. INTRODUCTION

In the former USSR seismic isolation research began developing actively in the early 1970s. This development was based on the work of 5 groups of experts:
· A group of seismic isolation enthusiasts. The most famous among them were Eng. F.D.Zelenkov, Dr.  V.V.Nazin, Prof. Yu.D.Cherepinsky and Prof. A.V.Kurzanov.  
· Experts of Central Research Institute of Building Structures in Moscow. Representatives of this scientific school headed by Professor J.M. Eisenberg were Dr. L.Kilimnik, Dr. V.Smirnov, Prof. A.Abakharov.
· Representatives of Saint-Petersburg scientific school headed by Professor O.A.Savinov. There one could note Prof. T.A.Belash, Prof. I.U.Albert, Prof. A.M.Uzdin, Dr. I.O.Kuznetsova and Dr. A.A.Dolgaya
· Experts of the Defense Ministry, who successfully worked out seismoisolation systems for military objects. Among them there were a lot of famous experts such as Prof. K.N.Shkhinek, Prof. V.S.Beliaev. Now representative of military concept  Prof. Yu.L.Rutman is the leading expert in the field of seismic isolation in Russia.
· Private firms that have arisen on the ruins of scientific institutions of the socialist construction industry. The process of establishing of such companies was extremely difficult, but now we can name the company CKTI-Vibroseism (CVS) headed by Dr. Kostarev as a successful one.


2. SEISMIC ISOLATION ENTHUSIASTS

At the end of the 50-s of the last century, due to the growth of construction in seismic prone areas, many engineers were carried away with the idea of seismic isolation but they had no scientific basis. They were sometimes wrong, but nevertheless their work led to creation of the seismic isolation theory. More than 500 seismic isolated buildings and structures were built in the former Soviet Union owing to their efforts. The most interesting results are described below. 

Seismoisolated buildings designed by F.D.Zelenkov in Ashgabat, 1959 
Two buildings with suspended foundations were constructed in Ashgabat in 1959 [1]. They have been in operation so far. But later seismoisolation was blocked due to extremely small damping in the seismoisolating system and because buildings swayed under the wind and some vehicle actions. 
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Figure 1.Seismoisoleded building with suspended foundation in Ashgabat and foundation scheme
y - clearance for freedom of a building seismic oscillations; H – springs; C - steel pendants;
P- reinforced concrete girders; S - reinforced concrete frame

Seismoisolation of Dr. V.V.Nazin 1970-1974 
Knowing a well-known Chinese solution of a “house on balls” proposed 4000 years ago, Dr.Nazin decided to stiffen the Chinese foundation and built a house on concrete “eggs”[2,3]. The house was tested by a vibromachine and at the level of excitation corresponding to 7-degree earthquake it showed high seismic resistance. Unfortunately, the ”eggs” were too small. Due to great contact stresses, they crumbled after 2 years of operation. 
                

Figure 2. Nazin's Egg Foundations

Later columns cut out of a large “egg” were used as supporting elements. Such houses were built in the Crimea (Simferopol) in the early 70s of the last century. Just like the house by F.D. Zelenkov, these houses were weakly damped. 
In the mid-70s, two students of the Simferopol Institute of Resort Service, having studied the resonance theory, shook the house with an amplitude of more than 20 cm at two o’clock in the morning, causing panic. After that, the isolation was blocked out. 


Seismoisolation proposed by Prof. Yuri Cherepinsky 
Yuri Cherepinsky proposed an original construction of seismoisolating foundation (Figure 3, Figure 4) [4,5].
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Figure 3. Seismoisolating foundation of Prof. Yu.D.Cherepinsky

Yuri Cherepinsky made great efforts to get dozens of seismically isolated buildings constructed in Kamchatka, Sakhalin and Siberia. He carried out field tests of several buildings, but he had never had any theory of their behavior. 
He succeeded in making a unique experiment in Petropavlovsk-Kamchatsky. Two neighboring identical buildings, one with seismic isolation and the other without it, were exposed to vibrators installed in the basement of the buildings. In both cases accelerations of the base were 0.5-0.7 m/s2. To prove the advantages of his seismoisolation system, a table with food and drinks placed on the fifth floor of both buildings for gests. In the non-isolated building a banquet could not be held because utensils jumped on the table and glasses with vodka tipped over. In the seismically isolated building the banquet went successfully. However it is necessary to stress that under a 9-degree action these buildings can jump off the supports and turn into piles of construction waste.

Seismoisolation by Prof. A.V.Kurzanov 
The supports by A.V.Kurzanov (Figure 4) are similar in principle to supports by Yu.D.Cherepinsky, but it is easier to manufacture them and to analyze their behavior [6,7]. Kurzanov got a number of residential buildings constructed on such support in some places including Sochi. Just like Cherepinsky, he conducted field tests of seismically isolated buildings, but he did not have any theory of mathematical analysis of their behavior. Such theory was worked out later, in particular, motion equation of buildings with Kurzanov and Cherepinsky foundations were obtained by A.Dolgaya and A.Uzdin [7,8]. They can be presented in the following form:
for Kurzanov foundations


										(1)

for Cherepinsky foundation


	(2)


Here .
All symbols are explained in Figure 4, which also presents force-displacement diagrams for the supports considered.
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Figure 4. Supports by Prof. Yu.D.Cherepinsky (a) and A.V.Kurzanov (b)  
and their force-displacement diagrams




3. MOSCOW SCHOOL OF SEISMOISOLATION. CENTRAL RESEARCH INSTITUTE OF BUILDING STRUCTURES

The founders of the Moscow school of seismic isolation were Professor Jakobn Eisenberg and Dr. Leonid Kilimnik. 
Dr. L.Kilimnik promoted the constructing of buildings with a seismic isolating sliding belt (Figure 5) [9,10]. Unfortunately, he died at the age of about 50 and his work on seismic isolation remained unfinished. However, more than 50 buildings with a sliding belt were built on Sakhalin and in Kyrgyzstan. 
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Figure 5. Seismic isolating sliding belt
1 - foundation piling; 2 – grid; 3 – building; 4 – sliding bearing; 5 – elastic restrictor; 6 – rigid restrictor;  7 – vertical brace; 8 – vertical shock absorber

The design provides for the possibility of structure vibration displacements, but in the designing process the corresponding calculations and setting friction parameters were not performed. Unfortunately buildings can “crawl” and in fact some of them crawled away by about 10 cm under operation loads. 
Prof. J.M. Eisenberg is the Patriarch of domestic earthquake engineering. He developed adaptive seismic isolation systems [11,12], in particular, systems with switched off members (breaking links) (Figure 6, 7). His solutions were put into practice in the former Soviet Union and, in contrast to the previously considered structures, had a scientific basis and were supported by theoretical and experimental investigations. In the field of theory, Professor J.M. Eisenberg introduced the concept of the system state spectrum [13]. This is the dependence of the bearing capacity of the structure on its eigen period in the process of damage accumulation. 
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Figure  6. Isolating structure with switched-off links, used in the construction of residential buildings
in Severo-Baikalsk city in Irkutsk Region
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Figure 7. Tests of structural units of a building with switched-off links
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Figure 8. Response spectrum and system state spectrum
1 –response spectrum; 2 –system state spectrum;
3 –initial system state; 4 –point of adaptability

J.M. Eizenberg and O. A. Savinov, were the first in the Soviet Union to point out the need of high damping of seismoisolating foundations in order to prevent large mutual displacements of the isolated parts of the structure. 
In the 90s after the collapse of the Soviet Union, when the state funding of science practically ceased, J.M. Eizenberg and V. I. Smirnov actively assisted in the using foreign technologies in the practice of seismic isolation in Russia. They collaborated with German, Italy and Chinese firms. With their direct participation, dozens of buildings on rubber bearings were constructed, mainly in Sochi. 


4. LENINGRAD SCHOOL OF SEISMOISOLATION FOUNDED AND HEADED BY PROF. 
O.A. SAVINOV

Oleg Savinov paid great attention to the theoretical foundations of the problem of structure seismic isolation [14]. 
The first theoretical problem was that of setting the design seismic input. In the early studies we were faced with excessively large displacements of seismoisolated buildings. Under long-period inputs mutual design displacements of the base plates came up to one meter or more. It turned out that the calculation results are extremely sensitive to the type of the design input. In the first calculations, the authors used the Seismic Scale in law [32,33] and normalized the design accelerations along the upper boundary of this Scale. In the research process the relationship between PGA and the prevailing action period was established: the longer the period, the smaller the acceleration. This result was obtained by A.A.Dolgaya on the base of analyzing about 240 earthquake records with intensity 8 on the MSK scale [15]. The dependence of the PGA on the prevailing input period is shown in figure 9. The same result was obtained later by Chinese and Russian experts [16] on the base of analyzing about 100 earthquake records with intensity 9 on the MSK scale (Figure 10).



Figure 9. Dependence of the PGA on the prevailing input period for earthquakes with intensity 8 on the MSC scale in accordance with [15].
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Figure 10. Dependence of the PGA on the prevailing input period for earthquakes with intensity 9 on the MSC scale in accordance with [16].

The results obtained are the basis for the fundamental conclusion that the optimal seismoisolation damping does not depend on the input spectral composition.
Another important result obtained under O. Savinovs’ leadership was the substantiation of overdamping seismoisolation systems. 
This result for systems with viscose damping is explained in Figure 11 [17]. Here three gain-frequency characteristics for non-isolated (curve 1), for low-damped isolated (curve 2) and for high-damped isolated (curve 3) systems are shown.
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	Figure 11. Gain-frequency characteristics for non-isolated (1) and isolated (2,3) systems
2- low-damped system, 3- high-damped system



Very often an earthquake has the predominant frequency in the range of 15-20 c-1 and the non-isolated system has the resonant peak at the point A. Seismoisolation decreases multiply system displacements from point A to point B, and the decreasing effect is noticeably worse for the high-damped system, which is clearly seen in the fragment of the gain-frequency characteristics in the right part of Figure 11. But expect this effect to take place, but real life can give one a surprise. We expect a high-frequency earthquake, but in fact but face with law-frequency. In this case instead of point B we can get point C and the structure collapse. In this case the high-damped seismoisolation can save the situation. Although high-damped isolation is less effective than law-damped one, it prevents dangerous resonant system displacements.
For results obtained [8] for systems with dry friction damping are illustrated in Figure 12.
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Figure 12. The dependences of absolute accelerations and relative displacements on the relative friction ratio 

For system under consideration there is some critical period of seismoisolation Tcr. If T<Tcr , the dependence of peak structure acceleration does not have the minimum, i.e. the greater the dry friction coefficient “f” the greater structure accelerations. If T>Tcr, there is minimum of peak structure accelerations at f=fopt. The other important value of friction coefficient is a stabilizing one denoted by fst. At f>fst, the structure displacement stops changing. As a result, one can single out the area of f-value fopt<f<fst, in which one should  look for the seismoisolation damping. This area was called the “working area”[7,8]. In each case it is better to overdamp the system than to underdamp it [18]. This statement is illustrated in Figure 13. There are two dependences of acceleration on the friction ratio: for 8 degree (1) and for 9-degree (2) earthquakes. We expect to deal with an 8-degree earthquake and design acceleration of about 2 m/s2, but the God sends us a 9-degree one. One can see what happens with damped and overdamped systems. The damped system gets accelerations equal to 6.2 m/s2 and the overdamped one - only 4.2 m/s2.It can save the system from the collapse but one has to pay for everything and at the same time the structure accelerations increase from 2 to 3 m/s2 under 8-degree earthquake. 
[image: Turkey]
Figure  13. Dependences of structure acceleration on the friction ratio: 
for 8 degree (1) and for 9-degree (2) earthquakes
3 – the working area for I=8; 4 – the overdamped area for I=8
5 – the working area for I=9; 6 – the overdamped area for I=9

Isolating sliding belt was also analyzed to find its reasonable damping [19]. These investigations are illustrated in Figure 14. 
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Figure  14. The trajectory of the building movement on the phase plane (a) and the dependence of the building displacement on the relative friction ratio (б)
The solid line is one is sided shift, the dotted lines are the oscillation amplitude

Under earthquakes buildings with sliding belts get on-side shift plus displacements caused by oscillations. Analyzing the damping influence on mentioned members of structure displacement made it possible to present the one dependence of structure movement on the friction damping in the belt, shown in Figure 14b.
In 1989-1991 Petersburg University worked out the problem of constructing buildings on the week water-saturated soils [20]. There were proposed to use together compacted soil pad and seismoisolated foundation. An example of calculating analysis of this system is shown in Figure 15.
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Figure 15. Areas of the limit state of the soil massif under seismic input with the intensity of 9-degree on the MSK scale for the isolated building on the 3-meter thick soil pad 

Original seismic protection systems were worked out by the Leningrad school experts, in particular isolated hydroengineering and transport structures. Under the leadership of Professors O.Savinov and I.Sheinin pneumoprotection of dams and tanks [7, 21] was worked out/ Examples of such solutions are shown in Figure 16. In these cases the air is the elastic element of isolating system.
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Figure 16. Pneumoprotection
1 – reservoir; 2 – liquid; 3 – tank with air;  4 – support; 
5,6 - pressure diagrams with the pneumoprotection and without it 



The Leningrad school of seismoisolation worked out engineering principles of bridge seismoprotection. They were used in constructing the Sochi - Adler railway line. The idea of such protection is illustrated in Figure 17. The protected structures are described in papers [22].
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Figure 17. Principle diagram of bridges seismoisolation in Sochi


5. EXPERTS OF THE DEFENSE MINISTRY

Since the end of the 70s, the Ministry of Defense (DM) has done research on the problems of seismic isolation of various kinds of military facilities of various complexity and responsibility degrees. In addition to serious theoretical studies, the DM had unique experimental bases in which large-scale experimental studies were conducted (Figure 18). On the DM testing ground site a four-story house in actual size could be tested up-to destruction.
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Figure 18. Large-scale test shaketables

The DM experts have developed original supporting parts for the structure seismic isolation. In particular, in the Design Office of Special Engineering (KBSM) plastic seismic isolating supports have been developed, which were discussed in detail in [23,24,25]. Note, that similar supports have been independently developed in Japan. These supports are shown in Figure 19
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Рисунок 19. Пластические демпферы КБСМ и фирмы “Sumitomo Metal Mining”
KBSM and “Sumitomo Metal Mining” plastic dampers 



Original seismic isolation systems were developed for seismic protection of nuclear power plants. [26].
Based on the previous experience of creating systems for shock and vibration protection of defenses [27] new systems of seismic isolation were developed in KBSM in 2007-2011, under the leadership of V.D. Guskov and Yu, L.Rutman. The result of this work was the pendulum seismic isolation system (PSIS) shown in Figure 20, protected by patents [28-31] and, further, certified in Russia. Models of these pendulum supports were tested on the above-mentioned seismic shake-table near Vyborg [23] (Figure 21).
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Figure 20. The seismic isolation system developed by the KBSM firm:
a - a building located at the PSIS; b - top view; c - 3D model of PSIS

[image: Изображение 203.jpg]

Figure 21. Testing the building model with the KBSM PSIS


6. PRIVATE FIRMS, DEVELOPING SEISMOISOLATING SYSTEMS

Some private firms have arisen on the ruins of scientific institutions of the socialist construction industry. For example, Stroycomplex-5 worked out and manufactured earthquake protection devices for bridges in Sochi [22]. But the authors consider that there is only one firm in Russia, CKTI-Vibrosesm, which is able to carry out the whole work complex providing for the use seismoisolation in different projects. On the one hand, this firm has a base to calculate, design, test and manufacture complex seismoisolating systems. Testing center of CKTI-Vibroseism firm is shown in figure 22. In their tests the platform does not shake but the structure does at all natural frequencies providing the full scope of loads and deformations for all seismic isolated system elements.  

[image: ]

Figure 22. Testing center of CKTI-Vibroseism firm.

CKTI-Vibroseism  firm promotes isolating devices consisting of Vibroseism damper and Herb-spring (Figure 23).
[image: ]

Figure 23. Arrangement of spring and damper devices
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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!

Important Dates

Abstract Submission Deadline - 01 december 2018
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