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Seismic Isolation of Buildings in Italy with
Double Concave Curved Surface Sliders

Research & Development Department,
FIP Industriale spa, Italy

S. Infanti M.G. Castellano

Abstract:

The application of Curved Surface Sliders (CSS), and in particular of Double Concave CSS (DCCSS), in Italy started
in 2009, immediately after the April 6 L’ Aquila earthquake. The biggest application is that of the CASE Project, i.e. the
residential buildings built in L’ Aquila by the Civil Defence to host the people left homeless by the earthquake. In this
project the same isolation system was used for different types of structures, e.g. steel, wood, concrete, exploiting the
characteristic of CSS to guarantee a fundamental period independent on the mass of the superstructure. FIP Industriale
supplied almost 2,500 DCCSS, manufactured in less than five months. The characteristics of these isolators, as well as
the results of the type tests and factory production control tests are described in the paper. Type tests include dynamic bi-
directional tests, carried out at the Caltrans SRMD laboratory of the University of California in San Diego (California,
USA).

Keywords: Seismic Isolation, Curved Surface Sliders, Friction, Tests

1 Introduction

Curved Surface Sliders (CSS), also known as friction pendulum isolators, are manufactured and used in USA since
1990 (Christopoulos & Filiatrault 2006), but only recently their production and application started in Italy. Until 2009,
the seismic isolation system mostly used for buildings in Italy comprised elastomeric isolators, mainly high damping
rubber bearings, or sometimes lead rubber bearings. The elastomeric isolators were often combined with free sliding pot
bearings, in particular in buildings with few storeys, e.g. low mass structures, in order to increase the fundamental
period. The application of CSS in buildings in Italy started in 2009, immediately after the April 6 L’ Aquila earthquake
(Mw=6.3). The most important application is that of the CASE Project (Complessi Antisismici Sostenibili
Ecocompatibili, i.e. Anti-Seismic, Sustainable and Environment-Friendly buildings), i.e. the well-known Civil Defence
project for the construction of residential buildings for the citizens of L’ Aquila whose homes were destroyed or left unfit
to live in by the earthquake (Calvi & Spaziante 2009). In total there are 185 buildings built within an extremely short
period of time, totalling about 4,500 apartments, which house over 15,000 people. In this project the same substructure
and the same isolation system were used in all the buildings, while the contractors were left free to select any structural
system for the superstructure, e.g. wood, concrete, steel, provided the vertical loads on the isolators were not larger than
a pre-established value. The isolation system comprises CSS or Double Concave CSS (DCCSS), for a total of 7,368
units; thanks to the fact that with this type of isolators the fundamental period does not depend on supported mass, the
fundamental period of said buildings is essentially the same for any type of building.

FIP Industriale SpA supplied 2,472 isolation units of the DCCSS type for the buildings in the CASE Project in L’ Aquila,
manufactured in less than five months. In particular, the FIP Industriale isolation units were installed at the following
construction sites, located around the city of L’ Aquila: Cese di Preturo, Sassa NSI, Pagliare di Sassa, S. Antonio,
Collebriccioni, Roio Poggio, Coppito 3, Paganica 2, Tempera. In the following a brief description of this type of

isolation unit, its application in the CASE Project buildings and the testing procedures employed.
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2 Curved surface sliders

There are two variants of curved surface sliders, which may be simple (CSS) or double concave curved surface units
(DCCSS), whose functional patterns are shown respectively in Figures 1 and 2 both in centred position and at their
maximum displaced configuration. CSS has a main sliding surface (at the bottom in Figure 1) providing energy
dissipation through friction and restoring force, and a secondary sliding force aimed at accommodating rotations of the
structure. DCCSS comprises two facing primary sliding surfaces with the same radius of curvature, both contributing to
the accommodation of horizontal displacements. The primary difference between said variants is the dimension in plan;
in fact, in DCCSS, each of the two sliding surfaces has dimensions that can deal with a movement of half the movement
the structure is designed for; consequently the space in plan required to accommodate the isolator is considerably
reduced. In both variants the sliding surfaces consist on one side of an appropriate high-strength thermo-plastic material

and on the other side of mirror-polished stainless steel.

TR E—

Sliders FIP Sliders FIP
centered. at max displace ment.

Sliders FIP-D Sliders FIP-D
centered. at max displacement

Figure 1. CSS configuration. Figure 2. DCCSS configuration.

The functional law for both variants can be traced to the law of the simple pendulum, where the period of oscillation
does not depend upon the mass but on the length of the pendulum. Analogously, the period of the structure isolated with
these isolation units does not depend on the mass of the structure itself, but mainly depends on the radius R of the curved

sliding surface (or the equivalent radius for DCCSS), according to the formula:

@2.1)

where X is the maximum displacement, g is the acceleration of gravity and | is the coefficient of friction. Figure 3
shows the theoretical bi-linear hysteresis response of a CSS or DCCSS. The system is near rigid until the friction force
F,=uW is overcome, where W is the weight. Then the force increase is proportional to displacement, with stiffness K =

W/R.

3 Isolation system for the case project

The call for tender for the supply of isolation units for the CASE Project allowed for the option of supplying CSS (or
DCCSS, 40 units for each building) or high damping elastomeric isolation units combined with free-sliding pot-bearings
(respectively 12 and 28 for each building) (Calvi & Spaziante 2009), but the preference for the former solution was
implicit. It should be noted that the independence of the period on mass (see Eqn. (2.1)) given by CSS was a great
advantage for a project in which the superstructure could be of any type, providing the maximum limits of the vertical

loads were respected.
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The technical specifications were different for the two options, i.e. CSS or combination of elastomeric isolators and
free-sliding bearings, in particular in terms of displacement, because different values of equivalent viscous damping
were considered for the two systems (respectively 12% and 20%). For CSS, the technical specifications required a
curvature radius of 4 m, maximum displacement of 260 mm, maximum vertical load of 3,000 kN, equivalent viscous
damping higher than 20%. FIP Industriale opted for double concave curved surface sliders, which are identified with the
code FIP-D 300/520 (4,000).

- //’Dﬁp\acemem X

F.

Frean

Figure 3. Theoretical force vs. displacement graph of a CSS or DCCSS.

The timing required by the Italian Civil Defence for the CASE Project was a challenge for all of the suppliers. As far
as FIP Industriale was concerned, the delivery times agreed upon for the first 4 lots, respectively of 600, 800, 400 and
200 base isolation units (for a total of 2,000 units) were respectively of 54, 80, 103 and 110 days from the date of order
and were fully respected. In order to avoid slowing down construction of the buildings, temporary supports were used in
some cases, which were later replaced with the final isolation units, after lifting the structure. Figures 4 and 5 show the
typical configurations of installation, with steel columns below the isolators and a 50 cm thick reinforced concrete slab

above the isolators.

Figure 4. Isolation unit being installed. Figure 5. Installed isolation units.

4 Testing

The CASE Project base isolation units were submitted to both type tests and factory production control tests (also
known as qualification and acceptance tests, respectively), in accordance with norms in force.

The type testing was first performed on two base isolation units identical to those installed in the buildings of CASE
Project, at the EUCENTRE Laboratory of Pavia, Italy, with the supervision and certification of the University of Pavia.

Further type tests were carried out at the Seismic Response Modification Device (SRMD) Laboratory at the
University of California at San Diego (UCSD), USA, on a DCCSS of the same lot of production of those of the CASE
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Project, with the main scope of verifying the behaviour of the isolator even when submitted to a bi-directional dynamic
horizontal movement.

Factory production control tests were carried out on 20% of the isolation units installed, as required by the Italian
Standard (NTC 2008). In particular, quasi-static tests (those required by the Standard) were performed on 15% of the
isolation units installed and dynamic tests were performed on 5% of the isolation units. Dynamic tests were added to
quasi-static tests due to the importance of the Project.

Starting from 2™ October 2009, the Civil Defence also performed on-site dynamic tests on buildings, completed or under

construction, isolated with FIP Industriale isolation units, to verify the global behaviour of the base isolation system.

4.1 Type testing at the eucentre laboratory

The type tests carried out at the EUCENTRE Laboratory in Pavia, Italy, were performed according to a particularly
demanding and rigorous protocol, required by the Civil Defence. In fact, the units were tested according to the
instructions provided by both the Italian Standard for Constructions (NTC 2008) and the recently approved European
Standard on Anti-seismic Devices EN 15129:2009 (CEN 2009). The prototypes tested — 2 units — were identical to the
ones utilised in the CASE Project.

According to the instructions provided by the Italian Standard for Constructions (NTC 2008), DCCSS, like Flat
Surface Sliders, may be considered as belonging to the family of sliding base isolation units; i.e., there are not specific
testing instructions for CSS. Therefore, the testing on DCCSS was performed evaluating the following fundamental
parameters:

- determination of the static coefficient of friction for three values of vertical load, representing the maximum
vertical load under non-seismic design conditions (3,000 kN), the maximum (2,850 kN) and minimum (300 kN)
vertical load under seismic design conditions;

- determination of the dynamic coefficient of friction for three values of vertical load (see above) and for three
velocity values (design velocity of 260 mm/s and variations of this value of £30%);

- evaluation of the capability to sustain 10 cycles at the maximum design displacement (260 mm).

It may be observed that the Italian Standard makes no reference to the necessity of testing the base isolation units for
two distinct horizontal directions or according to a trajectory on the horizontal plane.

According to the European Standard EN 15129:2009, a sub-clause of which deals with CSS, type tests shall be
carried out according to the specific protocol described in paragraph 8.3.4.1. The relevant testing comprised:

* load bearing capacity test, aimed at verifying the overload capacity, carried out applying a vertical load of twice the
maximum vertical load under non-seismic design conditions (6,000 kN);

- evaluation of the maximum horizontal force developed by the isolator under service conditions, i.e. under a very
slow movement ( < 0.1 mm/s);

- evaluation of the maximum horizontal force developed by the isolator at maximum non-seismic movement (peak
velocity 5 mm/s, 20 cycles);

- verification of the dynamic behaviour (i.e. force-displacement curve, and consequent equivalent viscous damping)
for three values of vertical load (300 kN, 2850 kN, 3000 kN, see above) and for three values of displacement (25,
50 and 100% of the design seismic displacement), applying 3 cycles per test;

- verification of the bi-directional dynamic behaviour at maximum displacement and maximum velocity; such test
should be performed with the simultaneous application of a sinusoidal displacement input waveform in two
perpendicular directions, the so called “clover leaf” path; anyway, if testing equipment is unable to perform the test
in such way, the Standard allows to carry out it after a rotation of 90° of the isolator to involve a displacement path
perpendicular to the one verified with previous tests; the latter was the test carried out at the Eucentre laboratory of

Pavia, since the equipment does not permit bi-directional tests;
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It may be observed that the European Standard considers verification of the behaviour of the base isolation units for
bi-directional movement to be an important element.

The type testing demonstrated that the DCCSS units were in conformity with the design parameters of the CASE
Project —radius of curvature and minimum equivalent viscous damping — under all load conditions. As already noted
in previous quasi-static and dynamic testing, it was demonstrated that the secondary stiffness of the isolators is
substantially equal to the theoretical value (depending on the vertical load and radius of curvature). Dynamic coefficient
of friction, which typically decreases with overheating of the sliding surface and has therefore always been a subject of
particular experimental attention, always allowed the isolation unit to provide an equivalent viscous damping exceeding
20%, which is the minimum design value required for this project. The variations in the equivalent viscous damping
induced by speed in the interval of velocity investigated (182338 mm/s) were demonstrated to be limited to 7% and
therefore never such as to invalidate the minimum design parameters. The variations in friction coefficient due to the
variations of vertical loads (maximum 3,000 kN, minimum 300 kN) always permitted maintenance of the minimum
equivalent viscous damping required by the project technical specifications. The bi-directional tests provided a
difference between the two orthogonal directions of 8.7% on the equivalent viscous damping and 3.6% on the maximum
average reaction, thereby demonstrating the substantial independence of behaviour of the isolators relative to the

direction of movement. Upon final inspection performed after disassembly, the base isolation units were undamaged.

4.2 Bi-directional testing at the university of california at san diego

In order to verify the behaviour of the DCCSS even when submitted to a simultaneous bi-directional dynamic
horizontal movement, a device belonging to the same lot of production as the CASE Project devices was submitted to a
dynamic testing programme at the SRMD Laboratory at the University of California at San Diego (UCSD), USA. The
equipment available at UCSD for dynamic testing of the base isolation units (see Figure 6) allows testing with the
application of simultaneous horizontal movements along two orthogonal axes, of course in addition to the vertical load. In
this manner, the isolation unit may be subjected to simultaneous sinusoidal movements along two primary axes (such as the
“clover leaf”path required by the European Standard) as well as a bi-directional time-history of horizontal displacement
reproducing the effect of an actual earthquake.

The testing protocol called for repetition of all of the tests already performed at the Eucentre Laboratory (see above) and
additional bi-directional tests. Figure 7 shows a typical dynamic hysteretic cycle of the isolator when subjected to the
maximum vertical load and a sinusoidal movement having an amplitude equal to the maximum design displacement
(260 mm) and frequency such as to reach a peak velocity of 260 mm/s. Figures 8 and 9 respectively show the bi-

directional “clover leaf” path of the applied displacement and the graph representing the diagonal force recorded during the

test versus the diagonal displacement.

§
So0 = 10 ——— T F 300
Figure 6. Isolation unit being tested at the SRMD Laboratory in Figure 7. Typical hysteretic cycle obtained at maximum load and

San Diego (CA, USA). displacement.
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After the completion of the“ clover leaf” path test, further bi-directional tests were carried out imposing actual
displacement time-histories. In particular, the displacement time-histories imposed were obtained from the data
recorded during the L’ Aquila earthquake of 6™ April 2009, available at the web site of the Italian National Geophysical and
Volcanology Institute (INGV, Italian Accelerometric Archive, 20090406_01:32:39); the two orthogonal horizontal
components of the record with highest PGA were used as input in the time-history modelling of the substructure of the CASE
Project, in order to obtain the displacement time-histories on top of the steel columns, i.e. on the isolators. Such
displacement time-histories are characterized by peak displacement of 95 mm and 51 mm, respectively in the two
orthogonal directions; they were applied according to the longitudinal and transversal axis of the testing machine,
respectively, reaching a peak velocity of 432 mm/s. Figures 10 and 11 provide the graph of the trajectory applied on plane
X-Y in this test and the graph relative to the diagonal force versus the diagonal displacement. Figures 12 — 15, on the other

hand, provide graphs relative to the components according to the X and Y axes of the testing machine.
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Figure 8. Clover leaf path of applied displacement in the bi- Figure 9. Horizontal force versus horizontal displacement in the
directional sinusoidal test. bi-directional clover leaf test.
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The time-history tests were repeated twice, varying the vertical load (2,000 kN and 3,000 kN), to enable evaluation of
the overall behaviour of the device in different loading conditions. The graphs in Figures 12-15 refer to the test
performed with the maximum vertical load (V=3,000 kN).

As mentioned above, the maximum movement in the isolator (95 mm) related to said record of the L’ Aquila
earthquake is much less than the maximum design displacement of the CASE Project (260 mm). Therefore, with the aim of
experimentally simulating seismic displacements identical to the maximum design displacement, the same input was
scaled in displacement (ratio 260:95=2.74), increasing the scale of time by the same ratio in order to maintain the same
maximum peak in velocity.

All the bi-directional tests described above were fully satisfactory. Upon final inspection performed after disassembly,
the isolation unit was undamaged.

It is worthy of mention that the above tests were repeated according to the same testing protocol on a second base
isolation unit identical to the one above, except for the sliding surfaces, which were characterised by a lower coefficient
of friction. Again in this case the test result was positive and the base isolation units were perfect and undamaged upon

final inspection.

4.3 Factory production control testing

The factory production control testing was performed with both the quasi-static method, as required by the Italian
Standard (Ministerial Decree dated 14/01/2008), and the dynamic method. In particular, the quasi-static tests were
performed on 15% of the isolation units installed and the dynamic tests were performed on 5% of the isolation units,
thereby reaching a total of 20% of the installed isolation units being submitted to factory production control testing, as
required by the Italian Standard for any type of anti-seismic devices.

The quasi-static tests were performed at the Testing Laboratory at FIP Industriale, with the supervision and

certification of the University of Padua. Aim of these tests, repeated for three different vertical load values, is the
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Figure 16. Six isolation units being tested at the FIP Industriale Figure 17. Typical force-displacement graph obtained in a quasi-
Laboratory. static factory production control test.
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determination of the static coefficient of friction. Figure 16 shows one of the quasi-static factory production control tests
performed simultaneously on 6 isolation units. Figure 17 shows a typical force-displacement graph, obtained in one of

these tests.

5 Conclusions

The experience gained in testing the DCCSS designed and produced by FIP Industriale for the Civil Defence CASE
Project led to deeper knowledge of the behaviour of the devices, in particular when subjected to multi-directional
movements.

The uniquely severe testing programme — in conformity with both national and European norms — performed on
full scale devices at the EUCENTRE Laboratory in Italy and at the Seismic Response Modification Device Laboratory
of the University of California in San Diego (USA) confirmed the reliability of this technology.
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Recent Developments Seismic Isolation
of Buildings in Russia

Dr., Director of Earthquake Engineering Research Center (EERC) TsNIISK, Moscow, Russia
Vladimir Smirnov

1 Introduction

Russia is the country with above 30% territory in seismic regions with high seismic intensity. Around 80% of
hazardous seismic regions are large and middle size towns. In such seismic regions as Kuril Islands, Sakhalin-Island,
Kamchatka, Baikal regions, Altai and Northern Caucasus earthquakes of different intensity permanently occur.

In the beginning of the 70" a program of analytical and experimental investigations of structural seismoisolation was
carried out Earthquake Engineering Research Center, Russian Construction State Committee.

As a result of the research program different structural system of seismoisolation are designed and buildings are
constructed recently in Siberia, Far East, Crimea, Caucasus, Middle Asia and others earthquakes dangerous areas.
Specific for these systems is that they are simple in construction and are not expensive [J.M. Eisenberg, 1976]. Different
structures using seismoisolation were constructed taking into account the investigation results. More than 550 buildings
and bridges are seismoisolated in Russia and in former USSR countries.

The prevailing amount of constructed seismoisolation systems in Russia is non-rubber seismoisolation. The
seismoisolation effect is achieved by using two and sometimes more than two elements. The two elements are 1 —
flexibility elements and 2 — dampers. The flexibility elements are flexible columns in the ground storey of the building,
or rocking supports (rocking columns, rocking converted mushroom type supports, other configuration rocking supports).
The dampers are mild steel hysteretic elements or RC damaged during earthquake diaphragms, or dry friction elements.

The main design demands are large enough critical horizontal displacements of the flexible columns or rocking supports.
Several dozens building are constructed on sliding supports and sliding belts of controlled damping. Usually the steel-teflon
pairs were the controlled friction elements. Additional elements of seismoisolation used in Russia are horizontal displacement

rigid limiters (stops) and reserve disengaging elements for energy dissipation and for frequency spectra adaptation.

2 The buildings with switching off reserve elements

Mass scale implementation started in USSR during Baykal-Amur railway construction. It was 1973-74. A new city -
North-Baykal-city constructed that time at the Baykal shores. All buildings were seismoisolated in this city (Fig. 1). And
the seismoisolation system was proposed and designed by our Center. It was an adaptive system with switching off
reserve elements, changing rigidity and vibration limiters, during construction of apartment houses, public facilities, and
kindergartens in North-Baykal-city, the town of railroaders. Application of seismoisolation system have protected the

buildings against destruction and saved people’ s lives during the earthquakes.

Fig. 1. Seismoisolated large panel buildings in North-Baykal-city
a) the view of the building, b) cross-sectional view of the lower floors, c) switching off reserve elements
1, 2, 3 and 4 diaphragms, 5 - switching off reserve elements, 6 - vibration limiters
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3 The buildings with kinematic support elements

Later other kinds of structural designs of building seismoisolation were developed, tested, and used in practice
[V.I.Smirnov, 1997]. Seismoisolation of buildings on kinematic supports is most spread in two Siberian seismic regions
of Russia. 82 dwelling-houses were built in the Irkutsk region (near Baikal Lake) in 1984 —2003 and 25 buildings in the
Kemerovo region in 1997 —2005 (Fig. 2)

\

Fig. 2. Seismoisolated buildings: a) in Irkutsk-city; b) in Novokuznetsk-city; c) kinematic rocking supports with hysteretic dampers

Kinematic support elements are used to decrease lateral seismic loads on building superstructures. Kinematic support
element (KSE) is a tetrahedral truncated pyramid with spherical lower part. KSE rests freely on the below-support part,
on the top it has hinge joint with the above-support part. A hinge joint with a superstructure provides lateral mobility in
all directions. A hinge joint consists of a joint tie and a small square steel plate. Besides, a hinge joint serves as a
displacement restrainer, because a joint tie develops increasing resistance to KSE turning. Gravitation force holding KSE
in the state of stable equilibrium determines its lateral stiffness; it depends on superstructure weight, KSE height, and
pivot curvature radius. KSE dimensions depend on vertical load value, material strength, and earthquake action intensity.
Sometimes, (for example metallic pillars) are used to increase dampening quality of these systems. Such dampers serve
also as restrainers (stops) of lateral displacements. The proposed damper design supposes seismic vibrations energy

dissipation, due to development of material non-elastic deformation.

4 The buildings with lower (flexible) stories

During designing of housing estate { Leninskaya Sloboda ) in Irkutsk-city, the need to have free space for
nonresidential premises under dwelling stories for different purposes in the ground floor and for underground parking in
the basement floor appeared. An engineering solution, to realize the idea of { flexible ) lower storey, was developed.
By providing the required column flexibility, the effect of buildings seismoisolation and reduction of earthquake loads
was achieved. The columns of the lower story of the buildings were designed of { mild ) steel in the way, enabling the
use of columns elasto-plastic properties. It provided additional absorption of vibration energy at design earthquake
[V.I.Smirnov, 2009].

The implementation of ( flexible ) story idea has been realized at absolutely new level — the building has

( flexible) columns, their strength and load-bearing capacity enables them to resist earthquake design vertical and

horizontal loads. 10-storeyed housing buildings with open ground storeys, Irkutsk-city are shown at Fig. 3. In the ground
storey of the building, restaurant, parking, banks, garages and other non-housing rooms are placed, which need open spaces.
The vertical load bearing supports are steel columns, 3.3 m high. The bearing system of the upper storeys consists of
monolithic RC walls in both orthogonal directions (Fig. 3). At the present time, above 20 buildings are under construction.

The strong earthquake near Baikal Lake on August 27, 2008 with magnitude Mw=6.2 was one of the most powerful
earthquakes in this region during the last 60 years. In Irkutsk, earthquake intensity reached 6-7 MSK degrees. The
evidence of the inhabitants, who were during the earthquake in seismoisolated buildings, has shown that they even did
not notice vibrations, unlike people, who were at that time in traditionally built houses. In the buildings without
seismoisolation, non-fixed things and some pieces of furniture have fallen down, and people felt panic fear. The

inspection of seismoisolated buildings in Irkutsk has shown that no damage or cracks were found.
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c)

> I
Fig. 3. Application of seismoisolation system in the form of {flexible ) lower story
a) dwelling houses; b) section of the building; ¢) ( flexible ) story — metal columns

5 Seismoisolation for upgrading and strengthening existing buildings

For the first time in Russia, the method of application of seismoisolation rubber bearing supports was developed and
used by us during the reconstruction of historical and architectural monument — the building of RF Bank for Irkutsk
region, in 1998-2000. Site seismicity is 8 MSK degrees (Fig.4a) [V.I. Smirnov, 2000, 2004].

c) d)

|

a)

Fig. 4. Use of seismoisolation supports to provide buildings seismic resistance
a) the reconstruction of historical building of bank in Irkutsk; b) four buildings of school in Aleksandrovsk-Sakhalinsky;
c) seismic strengthening during the construction of theater building in Gorno-Altaisk;
d) reconstruction of the building of concert hall in Grozny, destroyed by military operations

The individual project of comprehensive school in the town of Aleksandrovsk-Sakhalinsky was developed in 1988 on
the basis of current Building Code { Construction in Seismic Regions ) (Fig.4b). School construction was not
completed and was stopped in 1994. After disastrous Sakhalin Earthquake in 1995, design earthquake intensity was
specified in many Sakhalin regions. Now, after the new zoning maps were introduced, design accelerations in
Aleksandrovsk-Sakhalinsky were doubled. The structural scheme is a frame comprising prefabricated reinforced
concrete elements. Structural solutions and method of application of seismoisolation supports in the existing buildings,
which do not meet the requirements of Seismic Building Codes, were developed: four buildings of school in the town of
Aleksandrovsk-Sakhalinsky.

Two examples of the Cultural Centre Buildings seismoisolation are presented below. One is in Altay, Siberia (Fig.4c).
The other is in Chechen, Northern Caucasus, Grozny-city (Fig.4d). The state Concert Hall in Grozny-city was damaged
by Chechen war. And the actual seismic capacity is 2 MSK degrees lower than the design one if using the current
Russian Code. It means seismic load 4 times higher than the initial design load. In both cases the seismoisolation
systems were installed in reconstruction process to increase the seismic resistance and safety which was not enough.
One of the reconstruction goals was to increase the buildings seismic safety. Seismoisolation will be used to achieve this

goal. Now the construction these buildings are finished.
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6 Seismic isolation of high-rise buildings

The city of Sochi was selected as the place of Winter Olympic Games in 2014. It is a unique place on the coast of
Black sea. Designing and construction in the area of Big Sochi is quite complicated because here, besides high density
of population, very complicated hydrogeological and seismological conditions take place: high region seismicity, hilly
country, soil slips, possibility of mud avalanches, and so on.

Taking into account all complicated production induced factors of Big Sochi, the EERC TsNIISK offered a lot of

solutions providing seismic resistance, and continues to search new approaches to new tasks in this area.

1. Provision of architectural attractiveness of the buildings with increased number of storeys and height, compare to
the restrictions imposed by current Building Codes, increase in housing density, with use of new engineering
structural solutions.

2. Improvement of structural consumer characteristics by functional restrictions removal, for example, providing the
possibility to use irregular shapes in plan view and at different height.

3. A large diversity of new structural engineering solutions of members, units, as well as whole buildings was offered
and applied. The combined structural solutions of building load-bearing members were used.

4. Solutions providing optimal use of plots of land and enabling maximal preservation of existing housing system and
landscaping were developed.

5. Structural solutions of open space and arrangement of car parking areas and infrastructure facilities in
semibasements and underground floors of the buildings were proposed.

For high-rise buildings below, designed for different purposes in thy city of Sochi, seismic protection solution was

offered in the form of building seismoisolation or use of damping device. The examples are shown below.

6.1 The 27-storeyed housing building in Sochi-city

Building height is 93.6 m. The bearing system above seismoisolation supports level consists of RC diaphragms,
frames columns and monolithic walls, and RC floors. The foundation RC flat is 2000 mm thick. Columns cross sections
are maximum 1500 X 1200 mm minimum 600 X 600 mm upper the 15.900 m level. The weight of the building above the
isolation layer is 75000 kN.

Seismoisolation - 193 elastomeric seismic isolators with high damping rubber compounds, including supports of type
SI-H 1000/168 in number of 149 and supports of type SI-H 1100/168 in number of 44. The manufacturer of supports is
“FIP Industrial” Ttaly. Supports of type SI-H 1000/168 can perceive the maximum vertical loading - 14000 kN and type
SI-H 1100/168 — 18000 kN. The maximum possible lateral displacements is 250 mm. Damping is 20%.

Fig. 5. The 27-storeyed housing building in Sochi-city
a) building facade; b) the foundation and ground storey of the building; c) installation of seismoisolation support

6.2 Apartment type hotel { Golden Lagoon )

The building was designed under individual project (Fig. 6). It has sophisticated space-planning solution. The
planning concept of the building complies with complicated construction site terrain (hillside), in section; it is a terraced
multi-level structure. Due to it, stylobate part of the building performs at the same time functions of a retaining

construction in separate axes. Site seismicity according to the map of general seismic zoning is 9 MSK degrees.
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Building height is around 95 meters. Build-up area makes 6000 m’. Total building area is 90000 m’. Difference of
ground elevations on the site is in the limits of 30 meters.

The building is divided into 4 parts. Each of these parts is separated from other parts with aseismic joints. The whole
building volume can be conditionally divided into high-rise and stylobate parts. In general, the building is divided into
12 blocks of different in plan view configuration.

High-rise part of the building represents three volumes with different number of stories, separated from each other
with aseismic joints: the central block and two adjoining mirror-symmetric blocks. High-rise part of the building has
structural wall system with cross and lateral load-bearing walls, including exterior walls. Spatial building stiffness at
wind and earthquake loads is provided by joint action of vertical load-bearing walls, connected by floors.

Walls are reinforced concrete, monolithic, with variable with height thickness. They provide resistance to both —
vertical load and 9 MSK design earthquake action. The floors are monolithic reinforced concrete slabs.

Stylobate part solution is presented by two structural systems: frame-and-brace (frame with stiffening diaphragms)
and frame (the frame without stiffening diaphragms). In frame-and-brace system, spatial stiffness and reliability are
provided with the system of columns with capitals and stiffening diaphragms, connected with monolithic reinforced
concrete floors. In a frame system, the main vertical load-bearing constructions are columns with capitals, to which the
load from floors (girderless frame) is directly transferred. Strength, stability, and spatial stiffness are ensured by joint
action of floor slabs and columns.

Building frame columns are reinforced concrete, monolithic, they have solid square cross-section. Stiffening
diaphragms and floor slabs are monolithic reinforced concrete.

The high-rise part of the building was completely separated from the stylobate part, and under high-rise blocks of the
building two types of seismoisolation rubber bearing supports with lead cores were installed. The supports are
manufactured by Chinese company US.VF CORP “OMNI DEVICE”. Seismoisolation supports under stylobate part are

not provided.

Fig. 6. Apartment type hotel { Golden Lagoon )
a) building facade; b) location of isolation supports in building plan view

6.3 Housing estate ( Zarya )

The housing estate consists of 4 27-33 storeyed buildings. 27- storeyed apartment house was designed for
construction in Sochi-city in Kurortnyi Avenue (Fig. 7). The functional purpose of the building is dwelling, it includes
areas for parking, cafes, and apartment house zone. Housing estate building has complicated shape in plan view and
variable number of storeys. The building is equipped with closed and panoramic elevators and staircases, two of them
cut through the whole building along the height and have direct exit to the engineering floors and building roof. Site
seismicity is 9 MSK degrees, according to the map of general seismic zoning.

The building includes high-rise apartment house block and 3-storeyed car parking, separated from each other with
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horizontal aseismic joint. The building has two underground floors, semibasement, and 24 overground storeys, with
special composition shape having original structure, above the 24" engineering floor.

The high-rise part of the building is U-shaped in plan, it consists of two rectangles. The building has a combined
frame-wall structural system, with reinforced concrete frames-diaphragms and reinforced concrete walls. The floors are
solid monolithic reinforced concrete slabs, resting in several points upon columns and linearly resting upon the walls.

The spatial stiffness of housing estate building is provided by joint action of the system of vertical reinforced concrete
walls and diaphragms, columns, and horizontal monolithic reinforced concrete floor slabs. In the underground part of
the building, there is a rigid structure, closed in a rigid box-type system, created by foundation trench back walls,
contour reinforced concrete walls, and a bed plate.

Total number of seismoisolating supports is 160. Supports manufacturer and supplier is Chinese company US.VF
CORP “OMNI DEVICE”. By now, all the supports in the first building have been mounted.

a) b)

PR o AT
Fig. 7. The 27-storeyed apartment house with seismoisolation system in Kurortny Avenue

6.4 Business center ( Sputnik )

A new building is erected in the place of the cinema (Fig. 8). Site area is around 2000 m’. Premises area is 42000 m?.
The number of storeys: 24 overground storeys plus 2 underground storeys. The Business center includes: a movie
theater with several halls; a shopping center — 10000 m?* Business center — 24000 m®.

The combination of two functionally different volumes (several halls of cinema, 6-storeyed shopping center, and 24-
storeyed office center), with total area 40000 m’ including of 2000 m* cinema, to be demolished, was enabled due to
application of two new technologies: Jet-ground foundation technology and seismoisolation at the level above the
Shopping center.

The building has 24 storeys and two underground storeys. The height of the 1st and the 2nd underground storeys is
3.15 — 3.2 m. The rest stories are 3.6 m high. The total building height is 95 m.

The building consists of high-rise part is L-shaped in plan. The storeys of the complex from the first up to the fourth

are connected in stylobate part. In plan, building stylobate is a rectangle with sides 80 X 60 m.

a) b)

Fig. 8. Business Center ( Sputnik ) with the system of seismoisolation
a) old cinema and next to the marine passenger terminal; b) new building
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There are nine elevators in the building, four of them are panoramic, connected into two shafts and located outside
building contour; there are two service elevators. The building has four staircases (two in each high-rise wing).

The load-bearing members in the building are monolithic, reinforced concrete columns of square and round sections,
section size is 400 — 1000 mm, reinforced concrete walls are 300 mm thick. At the level of the fourth story, the columns
are V-shaped. Floor slabs are monolithic, reinforced concrete, 220 mm thick.

The system of seismic protection includes 200 rubber bearing supports with lead cores, installed at the level of the 5"
storey. There are no solutions in the world similar to the solution proposed by us — to place seismoisolation at the
intermediate floor of the building. Technical specifications were also developed for the Business center, and Chinese

isolating supports were used. At the present time, the foundations are being constructed.

6.5 Hotel building

At the Fig. 9 the 16-storeyed hotel building in the city Petropavlovsk-Kamchatsky is shown. The building has a
complicated architectural design, with vertically changing volume and non-symmetrical mass and rigidities plane
distributions. The sizes are 65 m to 43 m at the base floor and 41 m to 35 m at the 14" floor level.

The vertical bearing system: along the building perimeter RC monolithic walls and in the inner building part RC
frames. The frames are designed to resist only the vertical loads. According the design all seismic loads are resisted by
RC walls.

The foundation is a flat plate 800 mm thick. The seismoisolation supports are mounted on the foundation plate. To
make possible the seismic motion of building part above isolation supports a RC retaining wall around the underground
building part was envisaged.

Three types of seismoisolation steel rubber supports of different bearing capacity 400, 500 and 600 tons were used in
the buildings design. The supports will be installed in the open technical floor what make it easy the supports

exploitation.

Fig. 9. Hotel building in the city Petropavlovsk-Kamchatsky
a) the building facade; b) the first floor plan; c) location of isolation supports in building plan view

6.6 Apartment housing estate in Pushkin avenue of Sochi-city

Two buildings where energy dissipation elements were used for earthquake effects decreasing. The structural system
is of frame-and-wall type, with monolithic reinforced concrete stiffening cores, monolithic floors and cross-shaped
metal braces. Number of storeys — three underground floors; the first block — 22 overground storeys; the second block
— 23 overground stories. Building height — the top point of 23 storey of the second block — 80.1 m. On smoothly
descending cascade of upper storeys roof, swimming pools were designed and built (Fig. 10).

Construction site design seismicity according to the map of general seismic zoning is 9 MSK degrees. It was one of
the first objects of high-rise construction in Sochi, for which damping braces were used and technical specifications
developed.

The building is located near a tree nursery. The appropriated site area was built-up for 100% (garage levels were used

in full volume). All apartments have a sea view. Buildings seismic resistance is provided with metal braces along the
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internal and external contour, they perform the function of damping members. All construction works have been already

completed, and both blocks of the complex are preparing for acceptance by the state commission.

Fig. 10. Apartment housing estate { New Alexandria ) with damping system of metal braces

6.7 The building of new Irkutsk Civil Airport

The airport building consists of two rectangular blocks of the overall size of the axes of 98.0 x29, 95 m (Fig. 11).
Constructive scheme - frame made of frame pattern in the transverse direction and frame with diaphragms - longitudinal.
As a load-bearing structures coating used steel farm spans 24 m, with the consoles to 6 m. Airport was commissioned in
1976.The design earthquake is 9 MSK degrees. One building existed before Airport construction. It was not seismic
resistant. In order to ensure earthquake resistance of the object it was necessary to strengthen the supporting structures
or existing buildings in the transverse direction, or to reduce the seismic loads through the use of seismic protection. In
the longitudinal direction of the seismic load is perceived constraints. Therefore, the focus of the reconstruction was
given to the problem of perception of seismic loads in the transverse direction. Reconstruction plan envisages the
construction of additional housing is attached, increasing the area of the airport.

The basic idea of seismic protection of the airport building was in the compound construction of new and existing
buildings with the help of special damping devices. We consider a variant of connected buildings at around 7.75 m in
the top level of the columns of the existing building. Energy dissipation viscose elements were fixed between the 2

buildings. They are of well known “Gerb” type. Now the building is accomplished.

a)

Fig. 11. New solution for seismic protection of the building of Irkutsk Civil Airport
a) airport building before reconstruction; b) airport building after strengthening; c) the energy dissipation elements in working condition

7 Conclusion

At the map of Russian Federation the cities, are shown were seismoisolated buildings are constructed. It is obvious
that the seismoisolation is implemented along the whole seismic hazardous zone, from West to East, Caucasus, Siberia,
and Far East (Fig. 11).

The above examples of application of innovation technologies of seismic protection in the cities and towns Sochi,
Irkutsk, Gorno-Altaisk, Aleksandrovsk-Sakhalinsky, Grozny, Petropavlovsk-Kamchatsky show quite obviously the
growing interest of engineers to introduction of seismoisolation systems in seismic regions of Russia.

The efficient seismoisolation systems — different types of supports and damping, available to engineers, enable to
regulate structures seismic response and to ensure the appropriate degree of protection. The reliability of seismoisolation

systems was proved by full-scale testing and long-term operation in structures.
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The major causes of growing seismoisolation application in buildings and structures are not only the desire to
improve buildings reliability. Seismic isolation in combination with dampers leads to reduction of total seismic load. It
also enables to considerably reduce relative horizontal interstoried displacements ( { drift ) ). As a result, it reduces
the scales of local destroy and economic losses, as well as improves psychological comfort for population.

Seismic isolation has become an advanced modern method of seismic protection. Its practical application is gradually
growing. Use of seismoisolation systems in earthquake regions with 7-9 MSK seismicity enables to reduce seismic loads
several times, depending on concrete conditions of the site and building construction. It means that construction cost can
be reduced.

All above mentioned allows to state, that innovation approach to high-rise buildings seismoisolation in Sochi has
found large-scale practical application. Some buildings are at the stage of construction and more than 20 buildings are at

the final phase of design.
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