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Current State of Seismic Isolation for
Buildings in Russia

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

1 Introduction

The Soviet Union has 15 Union Republics to the end of 1991. The most dangerous areas in the seismically were
exactly in the Federal Republic, and the most severe earthquakes occurred in: Armenia, Georgia, Kazakhstan, Moldova,
Russian Federation, Tajikistan, Turkmenistan and Uzbekistan. Earthquake occurred at a lower intensity are expected in
the republics: Azerbaijan and Ukraine (Crimea).

The experience of building structures in these republics that could withstand earthquakes, accumulated since ancient
years. Architects of Central Asia, the Caucasus, and ancient Russia to reduce the seismic loads on places of worship
were used in the foundations or the space between the foundation and super-structure of local materials, "soft" clay, mats
animal fleece, straw and much more. However, such simple system of seismic used intuitively.

Only in the early 70s of the last century in Russia, at the Earthquake Engineering Research Center in Central Research
Institute for Building Structures (TsNIISK) appeared scientific substantiation development application systems to reduce
the seismic loads on buildings and structures [J.M. Eisenberg, 1976]. Very quickly, the results of studies of seismic
isolation systems of EERC TsNIISK and adaptive seismic were used in the construction of buildings in seismic regions
of the Soviet Union. Until the early 90's of the last century, the Soviet Union had built more than 400 buildings and
structures with different systems of seismic protection.

Disintegration of the USSR - the system processes disintegration occurring in the economy, social, public and political
sphere of the Soviet Union led to the cessation of existence of the USSR in late 1991. After the Soviet Union received 15
independent republics of the USSR, and there are independent States. With 10 independent States were in areas of high
seismic hazard. And this, in turn, led to the detachment of the joint research centers, particularly in the field of research
engineering seismology and seismic protection of buildings against earthquakes.

The territory of Russia includes seismic areas with high seismic risk: the Kuril Islands, Sakhalin, Kamchatka
Peninsula, areas of Lake Baikal, Altai and the North Caucasus, Kaliningrad region. About 80% of dangerous seismic
areas account for large and medium-sized cities, where there may be an earthquake of 7 to 10 degrees on MSK-64 scale.
Large industrial, cultural centers are located on these areas. Given the mentioned probability of strong earthquakes,
Russian scientists have continued uninterrupted research in the field of Earthquake Engineering and safety. The
problems of population safety, economical problems in these regions have led to development of new scientific
approaches and technologies in earthquake engineering. One of the tasks to reduce seismic risk to people and buildings
was the further development of the use of different seismic systems.

Two types of seismic control were investigated. They are based on structural seismoisolation systems without rubber
and systems with using rubber as part of the bearing systems. Specific mathematical models of seismic inputs were
developed for seismic control systems. 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. More than 500 buildings and other structures were designed and

constructed now in Russia, and other countries of the former USSR (Table 1).
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The paper presents the application of seismic isolation systems and damping devices in buildings that were built in the

former Soviet Union and contemporary Russia.

TABLE 1: Seismoisolation buildings in Russia and other former USSR countries

The place of construction, Type of building Year of Number of
Type of seismoisolation Design acceleration construction constructed
according buildings
current code
cm fsec
MSK degree
Ashkhabad-City Brick
. . (Turkmenistan); masonry
1 Pendulum suspension and steel springs 400 walls, 1959 1
9 3 storey
1. North-Baikal-city; 1. - 5 storey;
2. Nizhneangarsk-city; 3. — 6 storey;
3. Petropavlovsk- 5. - 9 storey;
Kamchatka; Precast RC large
Flexible ground story columns plus energy | 4. Bishkek-city (Kirgizia); panel;
2 | dissipation switching-off and -on elements, 400 2. Silos for 1972-1996 145
plus rigid inelastic displacement limiters 9 storage of sand;
5. Thilisi-city (Georgia) 4. Brick
200 masonry
8 walls,
7 storey
Tynda, Siberia Brick
Pile-in-tube system with switching off masonry
3 . . 1989 3
inelastic elements walls,
9 storey
1. Bishkek-city (Kirgizia); Precast RC large
2. Petropavlovsk- panel
Low-friction supports (pairs "teflon-steel”) Kamchatka; 400 ; 2_2_% stor?y,
4 | sliding between the foundations and walls 9 3' 5:9 Z tgzg}’ 1984-1990 40
plus displacements limiters 3. Feodosia (Ukraine)
100
7
Columns with spherical Sebastopol (Ukraine) RC blocks; 1972-1974
ends plus switching-off 200 Precast RC large 5
element plus dry 8 panel,
friction elements 5-8 storey
Upside-down Alma-Ata (Kazakhstan); RC blocks;
mushroom type Kamchatka, Kuril Islands Precast RC large
Kinematic supports 400 panel,
(rocking) 9 5-9 storey
5 reinforce Irkutsk, Kemerovo, 1979-2013 242
concrete Novokuznetsk
supports 200
8
Columns with plane Buryatia, Caucasus, Siberia | RC frames,
ends plus displacement 400 diaphragms;
limiters plus friction 9 RC monolithic 1987-1996 28
200 walls;
8 3-17 storey
Irkutsk, Altay Siberia, RC frames,
Northern Caucasus, Minsk | diaphragms;
6 Rubber-steel laminated supports (Byelorussia), Armenia, RC monolithic 1985-1999 21
Tashkent (Uzbekistan) walls;
5-9 storey
Irkutsk, Siberia steel columns
and RC
7 | The buildings with lower «flexible» stories monolithic 2007-2014 20
walls;
10 storey
Total 503
Bridges | Middle Asia, Siberia 126
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2 Application on seismic isolation for new buildings with non-rubber systems

The prevailing amount of constructed buildings with 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. Reserve elements were used in some cases, as well.

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.

2.1 The buildings with switching off reserve elements

Mass scale implementation the buildings with switching off reserve elements started in USSR during Baykal-Amur
railway construction in 1973-74 [V.I.Smirnov, 1981]. 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 (Table 1). It was an adaptive system with switching off reserve elements, changing rigidity and
vibration limits, 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.

a) b)

L T B e

Fig. 1. Seismoisolated large panel buildings in North-Baykal-city
a) panorama of the city, b) the view of the buildings, c) system with switching off reserve elements and changing rigidity

Estimated seismicity North-Baykal-city is 9 degree on the MSK-64 scale. For more than 30 years the buildings with
seismic isolation were subjected to several times the intensity of earthquakes 6-7 degrees. However, no building has not

received any damage, and people who were inside felt comfortable during the earthquake.

2.2 The buildings with kinematic support elements

In the early 70’s the Ministry of Construction USSR has set specialists of the EERC TsNIISK objectives: to develop,
to test and build buildings with seismic isolation system that would be reliable and at the same time economical. 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 Alma-Ata city (Kazakhstan) and two
Siberian seismic regions of Russia (Table 1). 82 dwelling-houses were built in the Irkutsk region (near Baikal Lake) in
1984-2003 and 25 buildings in the Kemerovo region in 1997-2013 (Fig. 2).

Kinematic support elements (KSE) are used to decrease lateral seismic loads on building superstructures. KSE is a

tetrahedral truncated pyramid with spherical lower part. KSE rests freely on the below-support part, on the top it has
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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.

a)

Fig. 2. Seismoisolated buildings
a) construction of kinematic rocking supports, b) kinematic supports with metal dampers, c) the view of the buildings

Seismically isolated buildings on kinematic supports repeatedly subjected to earthquakes and behaved in terms of
earthquake resistance is very good. In particular, building on Shikotan island kinematic supports underwent strong
earthquake October 4, 1994. Building with kinematic supports was not damaged, and existing homes on the island were

destroyed.

2.3 The buildings with lower «flexible»> stories

Under construction residential complex "Innokentievskaya Sloboda" in Irkutsk-city has a total area of over 73,000
square meters: 20 block sections, 683 apartments, commercial properties and underground car parks (Fig. 3). During
designing of housing estate, 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. Specialists of EERC TsNIISK
offered an engineering solution, to realize the idea of «flexible»> lower storey (Table 1). 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.

Fig. 3. Application of seismoisolation system in the form of «flexible»> lower story
a)«flexible»» story — metal columns dwelling houses, b) the building under construction, c) the view of the buildings
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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.

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.

3 Application on seismic isolation for strengthening existing buildings

Application of seismic isolation at reconstruction and strengthening of existing buildings and structures is a complex
undertaking. Firstly, the specialist should ensure the possibility of using seismic isolation in seismic strengthening of the
building. Second, the investor should justify the economic benefits of the method used seismic reinforcement. Third, the
design organization shall execute the project on seismic building company manufacturer manufacture and transport of
seismic isolation bearings, and set builder support in the design position. All these parts of the work should be linked

together. The following amplification using seismic building insulation have been successfully performed (Table 2).

TABLE 2: Seismoisolation for upgrading and strengthening existing buildings in Russia 2000-2014

Ne City Type of Storey Bearing Years Years Design Number Design
Ne building number system of of acceleration of load
construction | retrofit according bearings | capacity,
current code tons
cm fsec?
MSK degree
1 2 3 4 5 6 7 8 9 10

1 | Irkutsk, Bank 5 Brick walls, 1934 2000 200 108 250
Siberia building RC columns 8

2 | Aleksandrovsk- | School 4 RC frames, 1988-1994 2004 400 120 40-250
Sakhalinsky, building diaphragms 9
Far East

3 | Gorno-Altaysk, | National 4 RC frames 2002 2004 400 140 180
Altay, Theatre 9
Siberia

4 | Grozny, National 4 RC frames, 1974 2009 400 119 180-280
Chechen Concert diaphragms 9
Republic, Hall
Northern
Caucasus

5 | Sochi-city, Hotel 3-4, RC 1974-1977 2011- 400 428 50-180
Northern “Moscow” 13, monolithic 2014 9
Caucasus (5 blocks) 15 walls

6 | Irkutsk, Spassky Stone 1706-1710 2014 200 Design
Siberia Church masonry 8

(Design)

7 | Irkutsk, Museum 5 Brick 1782 2014 200 60 100

Siberia Building masonry 8
(Design) walls

8 | Nerungry- Apartment 5 RC large 1976 2014 400 1130 120
city, buildings panel blocks 9
Siberia (6 blocks)

3.1 Historical building of bank in Irkutsk

For the first time in Russia, the method of application of seismoisolation rubber bearing supports was developed and
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used during the reconstruction of historical and architectural monument by the author - the building of RF Bank for
Irkutsk region, in 1998-2000. Site seismicity is 8 MSK degrees (Fig. 4 a, b) [V.I.Smirnov, 2000; V.I.Smirnov, J.
M.Eisenberg, A.Vasileva, 2004; J.M.Eisenberg, V.S.Belyaev, V.I.Smirnov, 2006].

5 -

Fig. 4. Using seismic isolation bearings at reconstruction to provide buildings seismic resistance
a) and b) the historical building of bank in Irkutsk; c) and d) buildings of school in Aleksandrovsk-Sakhalinsky;
e) and f) building of theater in Gorno-Altaisk; g) and h) the concert hall in Grozny, destroyed by military operations

3.2 School in Aleksandrovsk-Sakhalinsky

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. 4 c, d).

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. Due to the fact that a constructive solution to the school does not meet the
requirements of current Seismic Building Design Code have been developed and applied method of increasing the
earthquake resistance of four school buildings in the town of Aleksandrovsk-Sakhalinsky. Concrete columns were cut

and placed on the seismic isolation bearings.

3.3 National Drama Theatre in Gorno-Altaisk

The complex of buildings of the Theater was designed as non-seismic areas in 1998, as for seismic zoning map
construction site was 6 degree on the MSK-64 scale. After the strongest earthquake Gorno-Altaisk in 2003 estimated
seismicity of the construction site of the Theater was raised to 9 degree. By the time the earthquake occurred the
construction of the Theater was close to completion. Therefore necessary to develop measures to improve the earthquake
resistance of buildings tripled to updated estimates of seismicity.

Building Gorno-Altaisk Drama Theater is plan in the shape of a rectangle with a patio. In terms of projected dome
cover is designed in the form of a regular octagon. Base plate, located in the courtyard of the Theater, has a complex
configuration. Its shape resembles a cross. Size of the building is in terms of 48 X 72.44 m. The building is designed as
a single volume, undivided anti-seismic gaps.

Draft anti-seismic strengthening of the Theater for the first time included a seismic isolation device rubber bearing
supports in combination with viscoelastic dampers system «GERB»>. At the Fig. 4 is Gorno-Altaysk (Siberia) National

Drama Theatre before strengthening (e) and after reconstruction (f).

i
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3.4 State Concert Hall in Grozny-city

The State Concert Hall in Grozny-city was damaged by Chechen war (Fig. 4 g, h). The building was erected in 1952-
1958, respectively. The building is located in the central part of the city of Grozny Chechen Republic. Area of former
high-rise buildings, twice in 1994-96 and 2000 was subjected to artillery and bomb attacks.

The building was projected for the estimated seismic site 7 degree on a scale MSK-64, according to current standards
while designing. In accordance with the engineering and geological research seismicity construction site was established
8 points. 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.

Anti-seismic strengthening of the building is logistically challenging. Between the superstructure and substructure
arranged anti-seismic horizontal gap. Seismic protection of buildings carried out by the device on the superstructure

rubber seismic isolation bearings.

3.5 Hotel complex "Moscow"

The hotel complex "Moscow" is constructed in the mid-seventies of the XX-th century in Sochi-city (Fig. 5) [V.
[.Smirnov, 2011]. The hotel complex before reconstruction had different quantity of floors and has been divided into 5
blocks by anti-seismic gaps:

- The block 1 and the block 3 are 13 floor buildings executed from monolithic reinforced concrete of walls in

longitudinal and cross-section directions;

- The central part (the block 2) - 15 floor building is executed in a metal frame;

- The service centre (the block 5) - 3-4 floor building is constructed in a reinforced concrete frame.

b)

4 dir
|~

IpLa

!,—:_4:
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Fig. 5. The Hotel "Moscow" Before and During Reconstruction

As a result of the analysis of the design decision and natural inspection of a complex it has been revealed:

1) the project of a hotel complex has been executed on seismic building codes 1970 and 1977 (SNiP II-A.12-69) in
which there were no restrictions of the maximum heights of reinforced concrete frame buildings and buildings with
monolithic reinforced concrete walls. Restrictions of quantity of floors and height depending on the constructive decision
of a building are available in Russian codes;

2) for a considered hotel complex the factor of seismicity of building area has increased in 4 times according to
existing maps of the general seismic zones;

3) deficiency of seismic resistance of a hotel complex has made 3 degrees on a scale MSK-64;

4) to solve problem of maintenance of seismic resistance at hotel reconstruction by traditional methods of seismic
strengthening has appeared rather inconveniently.

By working out on the project of strengthening the hotel constructions traditional and innovative methods of seismic
protection have been used.

The project of strengthening of buildings included:

- The device of seismic isolating support in a combination with damper in the bottom part of a building;
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- Strengthening of reinforced concrete columns by rigidly metal bracing and concrete holders;

- The device of a metal corset with the subsequent drawing of a cement mortal on walls on a metal grid;

- The device of "applications" from synthetic fibre for RC elements;

- Change of the constructive scheme of the hotel central part with inclusion in a frame of additional concrete

diaphragms of rigidity;

- Connection of behaviour of bearing elements of existing six anti-seismic blocks of hotel in the general system;

- The device of additional vertical metal bracing constructions.

The complex approach at designing of reconstruction of the existing hotel complex which is not meeting the
requirements of seismic resistance of Russian Code, has allowed not only to provide its seismic resistance at design

earthquake, but also to raise quantity of floors and to increase a complex total area of the hotel.

3.6 Historical buildings museum and library in Irkutsk-city
Complex of buildings of the East Siberian Department of the Imperial Russian Geographical Society, erected in 1882-

1883. The complex includes a museum and library buildings, warehouses and gates made in the Moorish style (Fig. 6).

- —

g st

Fig. 6. Complex of buildings of the East Siberian Department of the Imperial Russian Geographical Society

Circular in plan turrets at the corners of the main building in the middle and side elevations, completed the helmet
domes give the construction features of the "Moorish" style. Interesting furniture, placed in the second floor of the
middle tower on the south facade. Facade decor, made in plastic brick, also contains elements of eastern architecture -
complete step- openings, sockets with oriental ornaments.

High entrance porch has a balcony on the roof, Fenced figured lattice. The frieze of the building is built of stone
plaques. Small outbuilding resolved in the same forms as the main building, but more simple in decor and construction
plan. Carriageways gate connecting the museum and outbuilding made a swept arch resting on two small - volume
column, which completed affiliates.

Currently under design work on strengthening structures using lead rubber bearing supports.

3.7 Spassky Church in Irkutsk-city

Following construction which will be used in the amplification of seismic isolation is the Spassky Church in Irkutsk.
The main church building was built in 1706-1713. This is one of the first brick buildings in the city of Irkutsk. In 1758-
1762 the west side of the church built a four- tiered bell tower, and in 1777 a two-storey North chapel. The Church is a
three-part structure that includes a temple with an altar, a refectory and bell tower. In terms of the Church has the shape
of a rectangle of width 10.8 m, 39.7 m length of the Temple of the Church with an adjoining altar has a length of 15.2 m.
Refectory has a length of 10.0 m and 14.5 m. Belfry Part of the structure of different height (Fig. 7). The thickness of the
brick walls and partitions in some places reach 1.5 m.

Currently EERC holds a seismic design of variants protect the Church and analysis of the application of seismic

isolation of various types. Preliminary conclusions are drawn in favor of the use of lead rubber bearing supports.
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Fig. 7. The view of the Spassky Church

4 Seismic isolation of high-rise buildings

Throughout the world, there is a surge of design and construction of high-rise buildings and skyscrapers. Designing
tall buildings in Russia should be global trends. Each high-rise building is developed on an individual project and differs
significantly for different seismically active areas. As a rule, do not apply to such buildings earthquake-traditional
methods of protection, while Russian engineers are trying to use in the design of proven designs of multi-storey
buildings.

One effective way to ensure the reliability of high-altitude, unique and increased responsibility of buildings and
structures is the use of seismic isolation and damping devices. Application of innovative seismoisolation systems allows
2-3 times, and sometimes more, to reduce seismic load on the building.

During the catastrophic earthquake in Kobe in January 1995 killed more than 6000 people. Near the epicenter of the
earthquake, there were two seismically isolated building, which did not receive any damage during seismic tremors.
Reliable performance of these buildings when the strongest earthquake in Japan was the impetus to the application of
seismic isolation rubber bearing supports as in Russia.

Currently faster pace designed and constructed such buildings in Japan, China, USA, Italy, New Zealand, Iran, South
Korea, Chile and other countries.

The above examples were built new and existing residential buildings, cultural centers, historical monuments, places
of worship, schools using different innovation systems in seismic Russia. The following are examples only newly
constructed buildings and structures with seismic systems, the design of which was attended by experts EERC TsNIISK
(Table 3).

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

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

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.

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

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 seismic protection solution was offered in the form of building seismoisolation or use of

damping device.

4.1 Hotel Building “Hyatt”
Construction the 27-storeyed hotel building was completed in Sochi-city in 2013. Building height is 93.6 m (Fig. 8).
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N City Type of Storey number | Bearing system Years of Design Number and | Design load
building (height, m). constructio | acceleratio | type system capacity,
Dimensions of n n protection tons
buildings in plan cm Jsec?
(m) MSK degree

1 Sochi Hotel-tourist Two RC monolithic 2006- 400 193 1400,
building underground shear wall- 20013 9 HDRB 1800
“Hyatt” floors and 27 frame system

elevated floors diaphragms
(93.6) and stiffening
70x25 (50) cores

2 Sochi Housing Two RC monolithic 2006-2013 400 160 250,
estate underground frame-wall 9 LRB 700,
«Dawn» floors, structural 800
Four 27-33 semibasement system,
storey and 24 diaphragms
buildings overground and stiffening

storeys cores
(105)
45x72

3 Sochi Russian The sizes in the RC monolithic 2006-2013 200 996 250,
international plan: shear wall- 8 LRB 500,
Olympic a) 165x145 m, frame system, 700,
university 5 buildings diaphragms 800

height of 4 to 15 | and stiffening
floors; cores

b) 240x24 m,

4 buildings

height of 6 to 17

floors

4 Sochi Apartment Two Frame-and- 2007-2011 400 Dampers - At
housing underground wall type, with 9 Cross- perimeter
estate, floors and 23 monolithic RC shaped of buildings
2 buildings overground stiffening cores metal braces

storeys
@1

5 Sochi Residential Three Frame-and- 2008-2013 400 132 100
complex "Red | underground and | wall type, with 9 LRB
Square" 21 overground monolithic RC

storeys stiffening cores
94)
83x33m
6 Adler- Railway 7-level building Structural steel | 2009-2013 400 26 LRB, 26
city station (30) and RC 9 dampers
(Sochi) | 4 buildings 95.0x 62.5m monolithic
frame
7 Irkutsk Bank 11 RC monolithic 2009-2012 400 32 600,
(42) frames and 9 LRB 700
60 x 23 diaphragms
8 Irkutsk Civil airport 98 x30m Frame made of | 2007-2010 400 36
frame pattern 9 Dampers -
in the “Gerb” type
transverse
direction and
frame with
diaphragms -
longitudinal

9 Grozny "Grozny-city 41 RC monolithic | 2008-2012 400 128 800,
1" (155.3) walls 9 LRB 1000
Residential stylobate 64x56,
building high-rise part -

35x35

10 Grozny "Grozny-city 80 RC monolithic Start 2013 400 Dampers Design
2" (400) walls 9 and
Multifunction LRB
al complex.

11 Krasno- | International 3 RC frame, Design - 139 Dampers Design

yarsk airport (29) Coating - 2013 7 and
182x132 multi-span vibration
metal trusses, limiters
(L=63.4 m)

12 Anapa Building of 9 RC frame and Design - 600 48 180,
the airport (30) stiffening cores 2013 >9 LRB 280
control tower

13 Krasnod | Apartment 19 RC walls Design - 200 68 400

ar building (63) 2013 8 LRB

14 Petropa | Building of 4-5 RC frames and Design - 800 116 280

vlovsk- | the marine (18) diaphragms 2013 10 LRB
Kamcha | station
tsky
15 Ust- Building of 3 RC walls Design - 800 104 140
Kamcha | the Coast (12) 2013 10 LRB
tsk Guard

Note: 1. Building N: 1, 6 supports manufacturer and supplier is “FIP Industrial” Italy.
2. Buildings N: 2-3, 5, 7, 9-15 supports manufacturer and supplier is Chinese company US.VF CORP “OMNI DEVICE”.
3. Building N 8 dampers manufacturer and supplier is “Gerb-type” Germany.
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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
[Eisenberg, J.M., Belyaev, V.S., Smirnov, V.I., 2006.].
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Fig. 8. Hotel building “Hyatt” in Sochi-city
a) building facade; b) installation of seismoisolation support; c) the view of the building

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” Italy. 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 are 250 mm and damping is 20%. Construction
of the building was completed in early 2014.

4.2 Housing Estate «Dawn»>

The housing estate consists of four 27-33 storeys buildings. 27- storeys apartment house was designed for construction
in Sochi-city in Kurortnyi Avenue (Fig. 9). 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 [Smirnov, V.1., Eisenberg, J.M., Bubis, A., 2011].

a) b) c) \ d)

Fig. 9. The 27-storeyed apartment house with seismoisolation system
a) prospect of building the original version; b) installation of RBS on ground floor; c) and d) the view of the building during construction

The building includes high-rise apartment house block and 3-storeyed car parking, separated from each other with

horizontal anti-seismic gap. The building has two underground floors, semibasement, and 24 overground storeys, with
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special composition shape having original structure, above the 24th 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 seismic isolating supports is 160. Supports manufacturer and supplier is Chinese company US.VF
CORP “OMNI DEVICE”. Construction of the first building will be completed in March 2014.

4.3 International Olympic University and Multipurpose Hotel

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.

The designed complex “Olympic university” consists of 10 buildings and settles down along coast of Black sea and

has a wrong outline in the plan and is conditionally divided on two zones (Fig. 10):

- the first part (the top zone) has the sizes in the plan about 165 x 145 m, is located in the top (northeast) part of a
building site consists of number buildings 1, 2, 3, 4, 5 height of 4-15 floors with a 1-storeyed underground part,
depth to 8.5 m;

- the second part (the bottom zone) has the sizes in the plan about 240 x 24 m, is located in the bottom (southwest) part
of a site of building which represents a slope and consists of number buildings 6, 7, 8, 9 with quantity of floors 6-17,
is built in a slope, cutting it on depth to 25 m. Also in the most southern corner of a platform building of the
2-storeyed trading block 10 is provided.

Site seismicity is 8 MSK degrees (PGA is 200 cm/c?), according to engineering-geological researches.

Fig. 10. Russian Olympic university and multipurpose hotel complex
a) Installation of RBS on ground floor b) and c) the view of buildings

Buildings of complex have following appointment: the educational and administrative building of the Russian
international Olympic university (block 1); three-stars hotel (block 2); five-stars hotel (block 3); four-stars hotel (block
4); administrative building (block 5); apartment-hotel (blocks 6-8). Buildings from 1 to 4 are supposed to be solved
under the frame constructive scheme, with monolithic RC columns developed in respect of section, rigid core stairway
marches and lift mines the monolithic RC and diaphragms. On a mark of +59.000 a building 3 the pool centre fitness is

planned to arrange. Elevated floors have height from 3.6 to 4.8 m.

i
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The constructive scheme of a round part of the building N 5 is provided frame, with monolithic RC columns; in
extensions are wall system, rigid core is walls stairway marches and lift mines designed monolithic RC.

The building N 5 separates from buildings 1, 2, 3 and 4 anti-seismic gaps.

The underground parking place will take places in an underground floor. The constructive scheme building is frame,
with monolithic RC columns, rigid core from walls of staircase knots and walls of entrance ramps. The underground
parking place shares anti-seismic gaps on section.

The building N6 - N9 are supposed to be solved under the mixed constructive scheme, with monolithic RC cross
walls, columns, pillar, working together with disks of floor slab.

The spatial stiffness of building complex is provided by joint action of the system of vertical reinforced concrete walls
and diaphragms, columns, and horizontal monolithic reinforced concrete floor slabs.

System of seismic isolation of buildings. Taking into account deviations from operating standard requirements as
compensating action for maintenance of seismic resistance of a building at settlement seismic influences it is necessary
to apply an innovative way of seismic protection of a building - seismoisolation.

Seismic isolating devices which will lower inertial seismic loadings on a building at the expense of substantial growth
of own period of fluctuations of a building and raised damping is offered seismic protection systems in the bottom part
of buildings 1-4, at level of top of a base plate and in buildings 6-8 on a loss of 6th - 7th circles. Installation RBS in
several levels under condition of maintenance possibility of free displacement of the isolated part of a building
concerning not isolated designs is supposed. System installation in buildings of blocks 5, 9, 10 is not required.

Seismoisolation system in buildings is accepted in a kind RBS with lead cores. Total number of seismic isolating
supports is 996. Supports manufacturer and supplier is Chinese company US.VF CORP “OMNI DEVICE”. By now, all
the supports in buildings have been mounted. LRBS should possess the high horizontal pliability supposing the big

horizontal displacements of a ground, without any damages. Construction of all buildings was completed in 2013.

4.4 Railway Station in Adler-city (Sochi)

Designing station in Adler-city was performed by "Institute Giprostroymost" and construction of the facility was
provided by the company "Mostovik" the city of St. Petersburg (Fig. 11) [Guzeev, R.N., Petrov, V.A., Polinkevich, K.U.,
2011].

¢ R A \ o A e
Fig. 11. The railway station in Adler-city (Sochi)

The main hall of the new railway station "Adler-city" in Sochi opened in 2012. Now the construction of ultra-modern
buildings in the style of hi-tech will soon be completed. In 2014, with the railway station will be sent to the competition
participants and spectators of the Sochi Winter Olympics.

The architectural plan of the new station in Adler-city consists of four functional buildings, covered a single roof. On
both sides of the train tracks are two seven-level building - "urban" and "sea" part, which contains the basic premises of
the administrative and technological purposes.

Distribution lobby for passengers "floats" on a ten-altitude over the railroad tracks and connects two parts of Station:

"sea" - from the sea, and the "city" - the part of the existing forecourt. The main distribution station hall is an area of
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about 6,000 m2. On the upper level, there is a waiting area superior, cafes and a set of fast food restaurants. At the same
time at the station can be up to 3,500 people.

Go to the hall for passengers adjacent three-storey car park, operated roof with which passengers will be able to get
into the main room station. Parking can accommodate more than 550 cars.

The architectural design of the building is in the form of run-on “Sea wave”. Size of the building in terms of 95.0 X
62.5 m, height 30.0 m bearing elements of the building are made of structural steel and reinforced concrete.

Supporting frame consists of 26 concrete columns height 9.5 m, cross-section of 1.5 X 2.0 m, made of concrete B40.

Overlap the first floor and second floor are designed in the form of composite steel and concrete cross beams.

In the spans between columns placed vertical communication. Staircases are located in the nuclei of the stiffness of
reinforced concrete wall thickness of 160 mm.

The roof of the building is made of metal structures with a maximum span of 30 m, a height of 1.5 m. The transverse
beams are set at 6 m. The distance between the longitudinal beams is 6-12 m.

The system includes a seismic isolation building 26 rubber legs with a lead core, hydraulic dampers 14 in the
longitudinal direction and 12 of the dampers - in the transverse direction.

Application of complex seismic system resulted in a significant reduction of seismic loads on the building. In
accordance with Russian code the building bearing elements at the design seismic action should be in the elastic state,
that is, the development of plastic deformation is not allowed. As a result of these measures achieved improving the

reliability and safety of the building at the design earthquake.

4.5 The new bank in Irkutsk-city

The bank office building represents the 11-storeyed building with an underground part (Fig. 12).

Overall dimensions of a building are in respect of 60.1 x 23.0 m. The grid of columns is 8.1 x (4.8+7.2+4.8) m. The
general height of an elevated part of a building is 41.68 m. In a building designed a cellar in height of 4.25 m. In a
basement floor designed the device of system of seismoisolation. Height of 1-2 floors is 4.80 m, height of 3-10 floors is
3.60 m, height of 11 floor is 3.38 m. The high-rise part of a building is supplied by two elevators and staircases.

As the base of a projected building the monolithic RC plate of 900 mm has been accepted by thickness.

The constructive scheme of a building is RC frames and RC diaphragms of rigidity. Vertical loadings are perceived by
columns and rigidity diaphragms, horizontal loadings - vertical diaphragms of rigidity. Columns designed concrete
monolithic section: 500 X 500 mm, 900 X 900 mm, 900 X 1050 mm. Rigidity diaphragms designed monolithic concrete

in the thickness of 200 mm. Floor slab designed monolithic concrete in the thickness of 220 mm. Stairway marches and

lift mines the monolithic RC.
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Fig. 12. Bank office building with the system of seismoisolation
a) installation of RBS; b) ground floor; c) the building facade

In a building the device rubber bearing seismic isolating support (RBS) in a cellar and branches of elevated designs
from a design of a cellar and the bases by a horizontal anti-seismic gap under floor slab on height is provided -0.1 and

under a floor lift. RBS are established on the monolithic RC columns leaning against a continuous base plate from
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monolithic RC. Vertical axes of RBS coincide with vertical axes of columns of an elevated part and diaphragms of a core
of rigidity. On support the monolithic RC floor slab serving by a platform for elevated designs is arranged. In the project
two types RBS with lead cores are used: a) GZY600VSA a standard size d620xh216.2 mm with settlement bearing
ability 4000 kN and settlement displacement of 124 mm; b) GZY700V5A a standard size d720xh231.5 mm with
settlement bearing ability 5600 kN and settlement displacement of 140 mm.

All construction works have been already completed in 2012.

4.6 High-rise 40-storey Residential Building in Grozny

The complex of 7 high-rise buildings in Grozny, was named - "Grozny-city". The buildings are located in the centre of
the city. 40-story tower "Phoenix" is the first complex of the tallest residential building in Russia in seismic regions (Fig.
13).

The architectural solution. Total area is 4.5 hectares. Here is built of seven high-rise buildings (houses, hotel, office
and business center), one 40-storey, one 30-storey, three 28-storey and two 18-storey.

Total number of apartments in residential buildings is 1000. Useful area of one apartment is 100 to 200 m?. On the
first two floors of the houses are placed shopping centers. Next to residential buildings constructed 28-storey five-star
hotel with 303 rooms and a 30-storey office and business center with a total area of 1,200m?, with a helipad on the roof.
In the hotel include two swimming pools, 3 restaurants, a cafe under a transparent dome on the 32nd floor, trading
pavilions. Under each of the high-rises are provided bunk underground car parks with a total capacity of about 3,000
units of vehicles.

Building is designed on an individual project and is a 40-storey residential building with 4-level stylobate two
underground and two above ground level within the dimensions of the high altitude. According to the functional purpose
of the building is divided into three zones: zone parking area, shopping area and the living area.

The underground part of the stylobate. The height of the 2nd basement floor is 3.2 m height of the 1st basement is 3.9
m. Shopping area is projected at level £ 0,000 and 4.500 (level stylobate).

Overall dimensions of the underground part of the stylobate in terms are 80.0 X 74.6 m. Overall dimensions of the
aerial part of the stylobate in terms are 64.0 X 56.0 m.

Residential area are 38 storeys (with a third on 40 floors). Floor height 3.3 m on the ground floor is the entrance hall to
the control passage. The height of the first floor is 4.8 m. Overall dimensions of the high-rise buildings in the plan: 35.0
X 35.0 m. Total building height is 155.3 m.

a) b)

Fig. 13. The complex of buildings "Grozny-city"
a)panorama complex of 7 high-rise buildings; b) the tower "Phoenix” - 155 m

The structural building solution. As the foundation of the projected building was adopted monolithic concrete slab
3000 mm, arranged on the bottom of the pile. Reinforced concrete bored piles with a diameter of 800 mm and 2100 mm

distance between them.
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The structural layout of the building is a cross-wall with transverse and longitudinal load-bearing walls of reinforced
concrete. The spatial rigidity of all sections under the action of wind and seismic loads ensured collaboration vertical
load-bearing walls, ceilings combined drives. The walls were designed of reinforced concrete thickness - 400, 500, 600,
700 and 1,000 mm. The floors are made of reinforced concrete thickness of 200 and 300 mm.

The columns are made of reinforced concrete sections 1,200 x 600 mm. Stairways and elevator shafts are designed of
reinforced concrete thickness of 200, 300 and 400 mm.

Seismic isolation. To improve the earthquake resistance of buildings designed in the project capacity for seismic
isolation rubber bearings (RBS) in the underground part of the stylobate at the mark 5.216 m in the walls and at the mark
7.100 m below lifts nodes, as well as for the separation of high-rise constructions of the design of the stylobate. Seismic
isolation bearings are mounted on solid reinforced concrete columns, based on a solid foundation slab of reinforced
concrete.

Manufacturer of bearings is the Chinese company «US.VF CORP OMNI DEVICE.». In the building there are two
types of seismic isolation rubber bearings support with lead core: GZY800V5A size @ 820 X 241, with an estimated
carrying capacity of 7,300 kN and design displacements 152 mm; GZY 1000V5A size @ 1,020 X 259, with an estimated
carrying capacity of 11,500 kN and design displacements 160 mm.

5 Buildings with energy dissipation elements
5.1 Apartment Housing Estate in Pushkin Avenue of Sochi-city

Two buildings in Sochi were designed with energy dissipation elements for earthquake response 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 is three underground floors; the first block has 22 storeys
superstructure; the second block has 23 stories superstructure. Building height is the top point of 23rd storey of the
second block — 80.1 m. On smoothly descending cascade of upper storeys roof, swimming pools were designed and
built (Fig. 14) [Smirnov, V.1, Eisenberg, J.M., Bubis, A.A., 2011].

\ v, 9 9 . ‘ ’
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Fig. 14. Apartment housing estates ««New Alexandria>> with damping system (X-type steel braces)

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
internal and external contour, they perform the function of damping members. All construction works have been already

completed in 2012, and both blocks of the complex are preparing for acceptance by the state commission.
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5.2 The building of new Irkutsk Civil Airport
The airport building consists of two rectangular blocks of the overall size of the axes of 98.0x29.95 m (Fig. 15).

|
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Fig. 15. New solution for seismic protection of the building of Irkutsk Civil Airport
a) airport building before strengthening; b) the energy dissipation elements; c) building after reconstruction

Constructive scheme is 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 buildings are accomplished.

Conclusion

It should be noted that the article contains only a fraction of projected and built seismically isolated buildings.

The above examples of seismic protection application innovation technologies in the cities and towns Sochi which is
the place of 2014 Winter Olympic Games, as well as, Irkutsk, Novokuznetsk, 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. It is obvious that the seismoisolation is implemented along the
whole seismic hazardous zone, from West to East, Caucasus, Siberia, and Far East.

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.

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 the total seismic load. It also
enables to considerably reduce relative horizontal interstorey displacements («drifty»). As a result, it reduces the scales
of local destroy and economic losses, it improves psychological comfort for population, as well.

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 specific 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
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found large-scale practical application. Some buildings are at the stage of construction and some buildings are at the final

phase of design.
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ABSTRACT

Chile is one of the countries with the highest seismic activity in the world primarily due to the subduction process of
the Nazca Plate below the South American continent. This subduction process gives rise to different types of
earthquakes, the most recent being the 2010 M,, 8.8 Maule Chile earthquake, which caused more than 30 billion US
dollars in direct losses. The indirect losses remain unknown, but it is estimated that they far exceed the direct losses. In
response to the extensive nonstructural damage in residential buildings and general business operation disruption,
investors and stakeholders triggered an increased demand for the use of seismic protection technologies such as seismic
base isolation and energy dissipation systems. This paper describes the state-of-the-art of seismic protection in Chile and

the requirements of the new Chilean code for seismically isolated structures.

Introduction

Chile is one of the countries with the highest seismic activity in the world, primarily due to the subduction process of
the Nazca Plate below the South American continent. This subduction process gives rise to different types of
earthquakes, which are classified as inter-plate earthquakes (occurring in the contact zone between the Nazca Plate and
the South American Plate), intermediate depth and large depth intra-plate earthquakes (occurring within the interior of
the Nazca Plate), and shallow intra-plate earthquakes (occurring in the continental crust of the South American Plate).
From the late 16! century to the present, there has been a high-magnitude (M,,>7.5) earthquake every 8 to 10 years on
average throughout the Chilean territory.

The Maule earthquake of February 27, 2010 caused economic losses exceeding 30 billion US dollars. A high
percentage of these losses resulted from damage to nonstructural components and systems, such as architectural
elements, building contents, and electrical and mechanical equipment, detailed by Miranda ez al. (2012). These losses, in
addition to the public’s perception regarding the earthquake’s impact on its properties, has encouraged investors and real
estate developers to incorporate seismic protection systems into buildings in order to achieve a performance level that
exceeds the standards of current national codes. Seismic isolation has experienced the most growth in demand amongst
seismic protection systems. This type of system has been used extensively, both nationally and internationally to protect
critical and strategic infrastructure, structures of high heritage value, and structures with high-value content, among

which hospitals, datacenters, museums, government buildings and emergency response structures are included.

First applications in Chile

The first notable applications of seismic isolation and energy dissipation in Chilean projects include the Andalucia
Community Building, developed by Moroni and Sarrazin in 1992; the Marga-Marga Bridge developed by G+V
Engineers in 1996; and the Amolanas bridge.

The Andalucia Community Building shown in Figure 1 was developed as part of the research projects conducted at
the University of Chile by Professors M. Sarrazin and M.O. Moroni. The project consisted of several low income
condominium buildings. One of the structures was seismically isolated at the base and all others were identical but

conventional (fixed base). The isolated building, shown in Figure 2, is a 4-story confined masonry structure mounted on
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top of 8 high damping rubber bearings. The first level has reinforced concrete shear walls. The building has a typical
floor plan 10 m x6 m. The weight of the structure is 1630 kN. The typical slab thickness is 10 cm. The structure’s roof is
a wooden truss. The isolators are 315 mm in diameter and 320 mm in height. The thickness of the rubber layers is 6.7
mm. Four of these isolators are located in the corners of the building and two at each long side. The isolators have a
vertical load capacity of 350 kN at 200 mm lateral displacement (100% strain). An extensive test series was carried out
at the University of California, Berkeley. The design period of the isolated building is 2 seconds. Further details can be
found in Moroni et al. (1998). The base isolated building and one of the fixed base buildings were instrumented. The

response of the building during the 2010 Maule earthquake was successfully recorded (Boroschek et al. 2012).
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Figure 1. Andalucia Community Condominiums Figure 2. Elevation and Plan view Andalucia Community

The second structure that incorporated seismic isolation in Chile was the Marga Marga bridge, shown in Figure 3,
(Boroschek et al. 2003). This bridge, that spans 368 m, consists of 4 steel girders mounted on 36 high damping rubber
bearings. The height of the tallest reinforced concrete pier is 32 m. Rubber bearing sizes are 850x500, 700x500, and
500x500 mm; varying in size with the axial loads. All isolators are 302 mm in high, with 204 mm of rubber, 16 steel
shims 3 mm in thickness, and two 25 mm thick mounting plates. The design displacement is 156 mm. Two prototypes of
each type and all production bearings were tested at the University of Chile. This bridge was fully instrumented by the
University of Chile since its construction, using an array of 24 accelerometers.

Santiago’s Metro Line 5 was constructed at the same time as the Marga Marga Bridge. The elevated portion of the
viaduct is approximately 5.8 km long. The 27 to 36 m long reinforced concrete girders are mounted on 300x600x52 mm
neoprene bearings. According the data recorded during the Maule earthquake, the neoprene pads worked as a seismic
isolation system. Further details on both structures can be found in Sarrazin et al. (2013).

Regarding energy dissipation systems, one of the first seismic applications in Chile was the Amolanas bridge (Figure
4), located 308 km north of Santiago. The length of this steel box girder bridge is 268 m, and the height of the tallest
reinforced concrete pier is 100 m. The bridge has PTFE pot bearings at the abutments and shortest piers, and neoprene
bearings at the tallest piers. Between the deck and the abutments, the bridge has two viscous dampers in the longitudinal
direction with a capacity 3,000 kN each, and a stroke of 200 mm. The bridge is instrumented with a network of 12
uniaxial accelerometers.

The first application of seismic isolation in a large structure was the La Reina Military Hospital, developed in 2001 by
Misael Astudillo Architects and the Engineering Office of Hoehmann Stagno & Associates. The total cost of the
structure was 112.8 million US dollars. The hospital has 330 beds and a floor area of 88,000 m?. The clinical and
emergency services are located in a base isolated structure, in order to protect the investment and the functionality of
their services. The structural system of this building is a moment-resistant frame with an approximate floor area of

50,000 m? distributed over 5 levels, including a basement level for parking. The highest level of the structure is a
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Figure 4. Amolanas bridge

mechanical floor. The dimensions in plan are 126x115 m. The column spacing is 9 m in both directions. The floor height
is 5.75 m at the basement level and 4.5 m at the upper levels. The building’s columns have a typical section of 800x800
mm, except in the basement level, where the typical column section is 1100x1100 mm. The beams have a typical section
of 600x900 mm, except in the basement level where the beams are 600x1100 mm. The stronger system at the basement
level was required for an elastic design and to control the story drift at this level.

The structure is mounted on 164 seismic isolators located at the top of the basement level, 114 of these isolators were
manufactured using high damping rubber. The isolators are 700 and 900 mm in diameter, and have 20 rubber layers, 8
mm thick and 4 mm thick steel shims. The remaining isolators have a 150 mm diameter lead core to provide energy-
dissipation. These isolators are 900 mm in diameter and are located on the perimeter of the structure, in order to reduce
torsional effects. The design displacement was 240 mm. The damping of the isolation system is 12% and the period is 2.5 s.

An interesting conclusion was drawn from this project. The estimated total cost of the base isolation system was 1
million US dollars. This value corresponds to 0.9% of the total cost of the project (112.8 million US dollars).
Interestingly, the other two bids for the construction of this hospital were 133.2 and 135.1 million US dollars, which
means that the difference of 20 million US dollars between the winning offer and the next one was 20 times greater than
the cost of providing additional safety for the structure (Boroschek and Retamales 2002).

Other seismic isolation projects developed between 2002 and 2010 included the San Agustin building, the San Carlos
de Apoquindo Clinic and the Coronel Wharf, developed by Sirve S.A.; and the Asociacion Chilena de Seguridad Health
Facilities in Santiago and Vina del Mar, designed by CRL Engineers and Patricio Bonelli & Associates, respectively.

Structures built in the 2002-2010 period that incorporated energy dissipation systems include the Titanium tower (52
stories), designed by Alfonso Larrain Vial Engineers, which incorporated U-shaped metallic dampers distributed
throughout its height, similar to those developed by Skinner et al. (1973), and the Parque Araucano buiding (22 stories),
that included a hanging Tuned Mass Damper (TMD) system. Two interesting applications of energy dissipators
implemented by the authors during this period are shown in Figures 5 and 6.

Figure 5 shows pre-compressed friction ring dampers used at the base of power transformers in order to protect the
continuity of operation of the Chilean power network. As a result of the extensive use of these devices (e.g. Alto Jahuel,
Ancoa and Charrua Electrical Plants), there were no power outages following the My, 8.8, 2010 Maule earthquake.

Figure 6 shows a pedestrian bridge that joins two buildings at their 8™ level. The energy dissipation system consists of
dogbone shaped rubber dampers (Figure 7) that control both the impact and excessive separation between the bridge and
the buildings through the compressive and tensile behavior of the devices. The system had an excellent performance
during the 2010 earthquake.

During the 2010 earthquake, there was one LNG tank mounted on triple pendulum bearings in the affected area. This
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Figure 6. Rubber dampers in pedestrian bridge

is understood to be the only structure mounted on friction pendulums in Chile at the time. The efficiency of the system to
control the seismic response of the structure could not be verified given the tank was still under construction and not in
operation when the earthquake struck.

Most of the above mentioned structures considered high damping rubber bearings, and were designed at a time when
there was no code in Chile for the design of seismically isolated structures. Most of the designs considered the

requirements of the Uniform Building Code of 1997 and the 2000 International Building Code as a reference. These

Figure 7. Dogbone shaped rubber damper
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standards became the basis of the Chilean code in 2003. Furthermore, the 10 to 15 Chilean structures that had seismic
protection devices when the 2010 earthquake struck behaved as expected. This confirmed the ability of the seismic
protection systems to protect the infrastructure and investment, and was the basis for the new code and designs shown in

the following sections.

Current applications

As shown in the previous section, by 2010 most existing seismically isolated structures in Chile were buildings of
relatively low height, mainly hospitals and clinics. Most energy dissipation systems were used in special structures. Its
use was not widespread. Nevertheless, the implementation of seismic protection devices is rapidly expanding to other
types of structures such as datacenters, museums, laboratories, educational facilities, industrial facilities, and more
importantly, to office and residential buildings. Current trends consider the increased use of lead rubber bearings instead
of high damping rubber bearings, the isolation of relatively tall buildings, and the isolation of blocks of buildings. Most
damper device applications use passive viscous dampers in building facades, and in TMD’s at roof level. The
introduction of products manufactured in Japan, Italy, New Zealand and the United States into the Chilean market has
resulted in cost reductions of 30%, enhanced local testing capabilities, and helped with the transfer of technology. The
following sections describe several outstanding projects that better demonstrate the current application of seismic

protection technologies.

The Torre del Sol Condominium

The building shown in Figure 8 is the Torre del Sol residential building currently under construction in Copiapo. The
building is located in a zone with a 100 year seismic gap. This project was developed by Inmobiliaria Santo Domingo
Ltda. and built by Constructora ALCORP S.A. The structural design of the building was developed by Patricio Bonelli
& Associates. The design of the seismic isolation system, conducted in accordance with the provisions of the Chilean
code for isolated structures NCh2745.0f2003 (INN 2003), was developed by Ruben Boroschek & Associates (www.rba-

global.cl). The isolation system was manufactured and tested by Dynamic Isolation Systems Inc. (www.dis-inc.com), a

US company that has isolated over 400 structures worldwide, including a dozen high-rises up to 33 stories tall.

Figure 8. The Torre del Sol Condominium

The Torre del Sol condominium, which has 19,000 m? and 19 stories (which includes 1 level for the isolation system,
2 underground parking levels, 14 residential floors, 1 level for equipment and 1 level for the mechanical room), is
currently the tallest residential building with seismic isolation in the Americas. A typical floor is 53x12.9 m. The total

height of the building, including the basements, is 49.6 m. The total seismic weight of the structure supported by the

60 MENSHIN NO.84 2014.5



B A &8

isolation system is 155,000 kN. The foundation comprises a stiff soil with an average shear wave velocity in the first 30
m below grade of 598 m/s. For this project, lead rubber bearings were chosen for a number of reasons: these systems
have been extensively tested in the laboratory and their behavior has been extensively proven in real seismic events; the
simplicity for predicting and modeling their behavior for analysis and design; the stability of their properties when
subjected to environmental conditions and the consistent performance independent of the rate of loading. The number of
isolators used was determined by the geometry of the building. In order to provide stability to the structure and to
prevent tension forces on the isolators, 60x197 cm beams were incorporated beneath the parking area, at the second
basement level. While tensile stresses up to 2G (where G is the rubber modulus) are permitted by certain design codes,
tests for tensile loading can be conducted in a limited number of laboratories worldwide. Seismic isolators were arranged
at the ends of beams and, generally, at the ends of bearing walls. As an alternative to withstand incidental tension forces,
the use of cables within the isolators (Kasalanati and Constantinou 2005) was evaluated. However, this alternative was
discarded due to the length of the cables required to prevent yield during the movement of the isolation interface. In
order to reduce costs, the 45 seismic isolators used in the structure are all identical. The maximum compressive force on
the isolators (considered for design and for testing) is 8,200 kN, while the tensile force (or minimum compression load)

is 0 kN. Figure 9 shows the analysis model.
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Figure 9. Torre del Sol Condominium analysis model

Prototypes and all production isolators were subjected to an exhaustive test sequence of combined compression loads
and shear displacements in order to validate the properties assumed for the design and to verify the stability of the
isolators under extreme seismic loads. The tests were performed at Dynamic Isolation Systems’ laboratories in
McCarran, Nevada. In the design of the isolation system, a series of nonlinear dynamic analyses were carried out taking
into consideration 7 seismic records compatible with the maximum considered earthquake defined in the Chilean
standard for the seismic zone and ground conditions at the building site. A wide variety of seed records were selected in
order to allow for the analysis of the different seismic events to which the structure could be exposed during its lifetime.
The analysis showed that the use of isolation reduces the average base shear of the structure by 88%. The design of the
superstructure took into consideration the reduced maximum shear force that could be transmitted through the isolation
system. The critical zone of the structure, where the seismic deformations are most concentrated, is the isolation
interface; therefore, it was not necessary to include the special boundary confinement required by ACI-318. The
displacements are accommodated by the deformation of the isolators and not by the rotation of concrete wall sections.

Figure 10 compares the distribution of floor displacements, interstory drifts, and absolute floor accelerations of the base-
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isolated and fixed-base structures. The values shown represent the mean values obtained for a suite of records obtained
during the M, 8.8 2010 Maule earthquake.
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Figure 10. Comparison of Torre del Sol structural responses

A critical deciding factor in the implementation of seismic isolation systems is the initial cost. While their superior
structural response during severe seismic events is obvious, the decision to invest in better protection is generally
difficult. In addition to the cost of the isolators, the other costs include those of the V60x197 cm beams required for the
stabilization of the structure, and the costs of excavation and retaining walls required to accommodate the height of the
isolators and the aforementioned beams. Moreover, other considerations include the cost of the flexible joints required
for utilities and distribution systems crossing the isolation gap. However, the initial investment costs are undeniably
offset by the vastly reduced likelihood of damage or collapse of the structure. Moreover, the use of isolation could allow
for eliminating boundary elements due to the low relative deformation demand between the superstructure and the
isolation level. Additionally, this last factor would allow a reduction in the thickness of the walls increasing the floor
area available for sale. These measures coupled with designing with the reduced shear force, could considerably reduce

the cost of investment in seismic protection.

Claro Data Center

The second interesting and recent application of seismic isolation is the Claro Data Center shown in Figure 11. This
building will host one of the largest high-tech facilities in Chile. The total area of the building is 35,000 m?, distributed
over 2 levels and a mechanical floor. The architectural, structural and isolation system designs, carried out in 2011 by
+Arquitectos, Gatica-Jimenez Engineers and Ruben Boroschek & Associates, respectively, considered the stringent
requirements of ANSI/TIA-942 (TIA 2005) for Tier level 4. According to TIA’s requirements, the infrastructure shall be
fault-tolerant, with electrical power storage and distribution facilities with an expected uptime of 99.995%. In order to
protect the operation of the building following extreme seismic events, 115 lead rubber isolators, also manufactured and
tested by Dynamic Isolation Systems, are used under the structure. The seismic responses estimated using the ground

motions recorded during the M,, 8.8 2010 Chile earthquake are shown in Figure 12.

The Nunoa Capital Building

The Nunoa Capital Building (Figure 13) was designed by Rene Lagos Engineers and RBA for the structure and the
isolation system respectively. With 33 levels and a total height of 86 m, it will become the tallest isolated residential
building in the Americas when construction is completed in 2015. This building, with a total floor area of 42,600 m?,
consists of two identical 29-story isolated towers intended for residential use. Surrounding the towers are smaller 4 story
office conventional buildings. The seismic-resistant system of the towers consists of an eccentric reinforced concrete
core, as well as a perimeter frame with L-shaped walls in the corners. The floor system is comprised of post-tensioned

slabs. A common seismic isolation system has been implemented for the two towers, which are connected at the 4
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Figure 11. Claro Data Center Figure 12. Comparison responses Claro Data Center

underground levels, and rest on top of a 2 m thick slab supported by the isolation system. The isolated towers and the
peripheral structures are separated by a 500 mm isolation gap which is significantly larger than the requirement of the

Chilean isolation code in order to minimize the probability of impact between the isolated and adjacent structures.

Figure 13. Render Nunoa Capital Building

The design team decided to use a combination of natural rubber and lead rubber bearings for the isolation system,
because of the stability and predictability of their properties. Other isolation systems, such as frictional isolators, were
discarded due to the difficulties they present for predicting and modeling the variation of the friction in the isolator
during seismic movements. Similarly, the use of high damping rubber isolators was dismissed for the low level of
damping they provide, and for the difficulties in predicting their behavior during severe strong motions. The period of
the fixed base structure is about 2 s, and the estimated period of the isolated structure is around 5 to 6 s. Therefore, in
accordance with the current Chilean isolation code, a site specific seismic hazard study was required.

The seismic isolators are located under the ends of the walls and under the columns. The project will use 24 natural
rubber isolators, manufactured by Dynamic Isolation Systems. The devices are made of rubber with a strain capacity

over 600%, whose long term properties are extremely stable. Of the 24 devices, 16 of them have a lead core (LRB),
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while the 8 remaining do not have a lead core (RB). The largest diameter Type C (RB) isolators are 1,550 mm in
diameter and have a load capacity of more than 40,000 kN. They will be located in the most heavily loaded locations
under the ends of the walls of the elevator shafts. There are 8§ Type A LRB isolators, 1,150 mm in diameter, with a load
capacity of more than 20,000 kN, and 8 Type B isolators, 1,350 mm in diameter, with a load capacity of more than
30,000 kN. The stiffest isolators are the Type B isolators and they are located at the perimeter to control the torsion of
the structure. The seismic isolation system achieves an effective vibration period near to 5 s, and about 20% effective
damping. Based on the results of the seismic analyses, reductions of shears, absolute accelerations and interstory drifts
by 70% to 80% are obtained compared to the fixed base building.

The Chilean isolation code allows for considering the design base shear as the elastic demand divided by a response
modification factor R=2, but no less than a minimum percentage of the seismic weight dependent upon the seismic zone,
specifically 5% for this project. Usually, the minimum base shear is between the elastic and the reduced demand, which
causes the effective response modification factor R* (the adjusted R factor to achieve the minimum base shear) to be
between 1 and 2. Notwithstanding this, in this project, due to the long periods achieved, the elastic demand is less than
the minimum. This causes the superstructure to be designed for a seismic demand greater than the elastic demand, which
is equivalent to having an effective reduction factor R* of less than 1.

The Chilean isolation code limits the story drifts to be less than 0.25% for the DBE level. This is different to other
codes such as the ASCE/SEI 7 (ASCE/SEI 2010) because it is directly measured from the reduced (by the R* factor)
DBE spectrum instead of multiplying the elastic response by Cy/I. In order to control the story drifts, it was necessary to
stiffen the building, which was a challenge because of a tight architectural plan with almost no space for additional
structure. This was achieved by using 2 outriggers per tower in the upper (mechanical) floor. Even though this location
was not optimal, the outrigger’s benefits were enough to stiffen the structure and reduce the interstory drifts to below the
code limits. The second challenge was to avoid tension forces on the isolators. Although the isolators can resist small
tension forces, the design team decided to prevent tension forces on the isolators for the MCE level. This was achieved
by connecting the slabs of the two towers at the underground levels and by using the abovementioned 2 m in thickness
slab directly above the isolators. This thick slab stiffens the isolated interface so that the external isolators are coupled
with the internal ones, leading to a greater lever arm that resists the overturning moment and reduces the magnitude of

the seismic compression and tension forces.

Additional developments

The concept of isolating relatively tall buildings is rapidly expanding. An example of that is the Sunset Copiapo
condominium (Figures 14 and 15), a project developed by Empresas Armas and designed by Patricio Bonelli &
Associates and Ruben Boroschek & Associates. This project considers the concept of an isolated block to protect three
17-story bearing wall reinforced concrete buildings, with a total area of 46,000 m?, that share a common isolation slab.

The abovementioned isolated block concept has been further applied to the design of several large Hospitals, including
the Salvador Hospital, comprised of six buildings with a total built area of 130,000 m?, built on top of a common slab
mounted on more than 550 isolators (Figure 16). Similarly, the Marga Marga (Figure 17) and the Quillota-Petorca
(Figure 18) Hospitals, with approximate floor areas of 80,000 and 70,000 m?, respectively, use exactly the same concept.
In total 20 hospitals incorporating seismic isolation are currently under design or construction: Talca, Chillan, Sotero del
Rio, Felix Bulnes, Exequiel Gonzalez Cortes, Gustavo Fricke, Antofagasta, Posta Central, among others.

Finally, and based on the observation of the poor seismic performance of conventional bridges and the excellent
performance of isolated bridges, the Chilean Ministry of Public Works determined in 2010 that for all new bridges, the
effects of implementing seismic protection systems shall be addressed. Figures 19 and 20 show the Rio Claro and
Viaducto Las Cruces bridges, both of them designed by JLS Ingenieria Ltda., have incorporated lead rubber bearings
designed in accordance with AASHTO guidelines.
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Figure 15. Analysis Model of Sunset Copiapo building
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Figure 16. Salvador Hospital Figure 17. Marga Marga Hospital

Figure 18. Quillota-Petorca Hospital

Regarding the use of energy dissipation systems, its use is relatively less developed for two reasons. First, there is no
code in Chile for the seismic design of structures with energy dissipators and therefore, designers cannot take advantage
(either legally or economically) of its benefits. Second, the Chilean practice considers extremely strict limits for inter
story drifts, 0.0020 to 0.0025 times the story height for the service earthquake (DBE/R*), which results in very stiff
structures, that are more suitable for implementing seismic isolation rather than energy dissipation. Nevertheless, there
are 5 to 6 buildings incorporating viscous dampers such as the Plaza Talca building shown in Figure 21. This 15-story
reinforced concrete building, with a total area of 15,000 m?, designed by Nudo Ingenieros Consultores, uses 16 viscous
dampers with a force capacity of 1,500 kN and a stroke of 100 mm installed in a chevron configuration. The use of

dampers in this building allows for a 30% reduction of interstory drifts and absolute accelerations, in comparison with
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Figure 20. Viaducto Las Cruces Bridge
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Figure 21. Plaza Talca building

the same structure without dampers.

Nevertheless, the most common application of energy dissipators, with nearly a dozen structures, is with passive
Tuned Mass Dampers (TMD’s), which have been extensively used due to their comparatively low cost and minimal
impact on building architecture. The typical TMD considers a concrete box mounted on PTFE sliders and natural rubber
bearings. The concrete box is typically filled with barite or steel balls in order to achieve a total mass up to 1 to 2% of
the modal participating mass of the controlled mode. Figure 22 shows the Costa Laguna Antofagasta Condominiums,
developed by Inmobiliaria Aconcagua, designed by Gatica Jimenez Engineers and Ruben Boroschek & Associates, and
constructed by Constructora Novatec. It uses two 1,500 kN dampers at roof level. The total mass of the dampers is
determined after measuring on site the actual vibration frequencies of the building.

Given there is no code in Chile for designing this type of structures, designers typically design for the envelope of
seismic demands obtained from 1) considering the flexibility of the TMD, and ii) considering the TMD perfectly fixed to
the structure. Extensive non-linear time history analyses are performed in order to show that the TMD is not detrimental

to the building’s seismic response in the case of detuning.

New Chilean Code for Seismically Isolated Structures

The update for the NCh2745.012003 standard: “Analysis and Design of Buildings with Seismic Isolation” was a
project assigned by the Ministry of Housing to the Construction Institute in June of 2011. The development of the draft
featured participation from representatives of the academy, government institutions, engineering offices and
manufacturers. The update of the standard had the objective of identifying and correcting areas of the code that

complicated its practical application, gathering expertise from engineers that had applied it, and reconciling its
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Figure 22. Costa Laguna Antofagasta Condominiums

requirements with seismic design standards developed and/or modified after the 2010 Maule earthquake. The new
standard NCh2745:2013 was published by the National Institute of Normalization (INN in Spanish) in December 2013.

In light of the response spectra for the seismic records obtained during the 2010 Maule earthquake, which showed that
the design spectra for the NCh2745.0f2003 standard were conservative for periods up to 3.5 s, it was decided to increase
the Ty period from 3.0 to 3.5 s for isolated structures which do not require specific site spectra development.

An important aspect explicitly incorporated into the new legislation addressed the quality control test requirements for
the isolator manufacturing process, an aspect which until now had been left to the discretion of the Engineer of Record.
The new norm establishes explicit requirements for testing rubber and friction pendulum isolators. In particular, and in
the case of natural rubber or high damping isolators, 100% of the isolators in a project require testing. For friction
pendulum isolators, testing is required, as a minimum, for 15% of the isolators in the project, but no less than 4 units.
The prior difference is based on that, in the first case, the properties of the isolator depend on the characteristics of the
rubbers used, which can be affected for several reasons, even climatic, while in the second case, the properties of the
isolator depend on the characteristics of the friction between the two surfaces, which are generally easier to reproduce.

The new standard allows structural elements located above the isolation system in buildings using reinforced concrete
moment resistant frames to be designed and detailed in conformance with the requirements of chapter 21 of the ACI-318
(2008) code for intermediate moment frames instead of special moment frames, whenever the criteria for the strong
column/weak beam is met. Similarly, it removes the need for boundary elements in walls whenever this is supported by a
rational engineering analysis. The structural elements located under the isolation interface in reinforced concrete
structures isolated at mid-height must meet the requirements of ACI-318 for special moment frames, while 80% of the
seismic load is not transferred to structural walls. In addition, the new code allows for an increase in the response
modification factor for designing the structural elements located below the isolation system from 1.0 to 1.5, in
consideration of the intrinsic over-strength of current design procedures. The standard establishes that the response
modification factor to be considered for designing the isolated structure does not need to be less than 1.0, therefore the
design demands will not need to be greater than the elastic seismic demands. This is consistent with the requirements of
the ASCE/SEI 7-10 standard.

In the case of structures with seismic isolation systems based on friction pendulums, the updated standard establishes
obligatory consideration of non-linear time history analysis for designing the isolation system. This measure is based on
the difficulties in predicting the behavior of isolators that base their response on a friction value that is dependent on the
vertical load and velocity that vary throughout each time instant. Consequently, the code now requires the time history
analyses to include the vertical components of earthquakes. Complementarily, the code clarifies the procedures for
determining the total displacement of structures with this type of isolation system, given that torsional effects are
controlled because the centers of mass and stiffness coincide at any moment in time. The code is further complemented

with details regarding the requirements for P-Delta analysis, load combinations to be considered for the design of
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isolation systems and structural components, inspection and maintenance requirements for isolated structures, gap
requirements between isolated and fixed structures and between isolated structures, and requirements for the design of
nonstructural components in isolated buildings.

Considering all of the above, the new standard considers seismic isolation as a mature protection technology, with a
robust technical backing demonstrated during the seismic events that occurred in the United States (1994), Chile (2010),
New Zealand (2010 and 2011), and Japan (1995 and 2011), and whose use is rapidly expanding in Chile. The use of the
new code is expected to result in a more rational use of resources, allowing for safer and more economic structures. As
previously mentioned, Chile does not have a code for designing structures with energy dissipation systems. A draft code,
expected to be released in 2014, is currently under development. Given this situation, practitioners cannot take advantage

of the added damping, and the use of protection devices is considered only a plus to speed up the sales process.

Conclusions

The application of seismic isolation and energy dissipation technologies is rapidly growing in Chile. Currently, as of
December 2013, the number of structures incorporating protection devices is close to 80. The excellent performance of
protected structures during the M,, 8.8 2010 Maule earthquake, as shown by the recorded response of instrumented
structures, triggered an increased demand for the use of protection devices. The use of protection systems has expanded
from demonstration projects and health facilities to office and tall residential buildings. The observation of international
experiences and the execution of technology transfer projects have enabled these developments. Among the future
challenges are the introduction of protection systems in industrial facilities, and the development of semi-active and

active protection devices.
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