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Recent Information on Seismically Isolated Buildings in the World

JSSI Committee on International Affairs
Editor: Dr. Matsutaro Seki, Building Research Institute

JSSI Committee on International Affairs made a plan of recent information on seismically isolated buildings in the

world. We would like to express the deep appreciation to the many contributors who positively cooperate for our request.

The aim of our plan is to gather the recent topics on seismically isolated building in the world and to promote this

innovative technology by sharing this information.

(Contributor: order of writing)

China © Mr. Deng Xuan, China Institute of building standard design & research, xuan.deng@qq.com

Romania : Prof. Emeritus, Dr. Constantin Pavel, Technical University of Civil Engineering of Bucharest (UTCB)

Taiwan : Dr. Shiang-Jung Wang, National Center for Research on Earthquake Engineering, sjwang@ncree.narl.
org.tw

Chile . Prof., Dr. Raul Alvarez Medel, the Department of Scientific and Technological Research of the
Catholic University of Chile (DICTUC) , Catholic University, ralvarez@dictuc.cl

Russia : Dr. Vladimir Smirnov, Earthquake Engineering Research Center, Central Research Institute for
Building Structures (TsNIISK) , smirnov@raee.su

Turkey : Dr. Cem Yenidogan, Bogazici University, Kandilli Observatory and Earthquake Research Institute,
Istanbul, cem.yenidogan@gmail.com

New Zealand : Dr. David Whittaker, Beca Limited, david.whittaker@beca.com

Armenia : Prof., Dr. Mikayel Melkumyan, Armenian Association for Earthquake Engineering, mmelkumi@
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1. Number of Seismically isolated building in the World

The distribution of seismically isolated buildings in the

Table 1.  Number of seismic isolation buildings (Dec., 2015)

world is shown below. Number of buildings is basically
referred from reference 1) and is gotten from the Country Nos. of Buildings Comments
information of the authors and The Japan Society of China More than 5000
Seismic Isolation (JSSI) . Taiwan More than 120
USA 150~175
Reference 1) 14th World Conference on Seismic . . .
] S ) ) ] Chile 62 Including planning
Isolation, Energy Dissipation and Active Vibration
Control of Structures, September 9-11 2015, San Diego, New Zealand 4l Including planning
Ca. USA Russia More than 700
Turkey 64 Including planning
Italy More than 400
Armenia 58 Including planning
Romania 3
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Fig 1. Number of seismic isolation buildings (Dec., 2015)

2. The representative seismically isolated buildings in the world
2.1 Kun ming Chang shui international airport (China)

In June 2012, it was completed. Total floor area is 560,000 m” and Istory steel structure. It is said the biggest seismic
isolation building in the world. Regarding the seismic isolation devices, the laminated natural rubber bearings (diameter
1000mm® ) of 1180 pieces, and the lead plug laminated bearings (diameter; 1000mm® ) of 654 piece, and the oil
dampers (diameter; 600mm @, length; 1800mm) of 108 pieces are used.

Seki)
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Photo 3. Laminated rubber bearing (Photo; M. Seki) Photo 4. Oil damper (Photo; M. Seki)
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2.2 Unification with plural buildings in Tangshan city (China)
The structural part of the building completed at the end of 2014. Total floor area is 240,800 m’. This building consists of
five RC superstructure buildings; four building are constructed on the lower six stories and four stories RC basements.
Four high-rise buildings are 51.47 m high (12F) , 70.37m high (20F) , 98.85m high (27F) and 119.10m high (30F) ,
respectively. The use of these building is commercial building, office building and residential building. Seismic isolation
story is located between upper first story and the just below basement and supports the super structure on the same
reinforced concrete thick slab.

Regarding the seismic isolation devices, the laminated natural rubber bearings (diameter; 800- 1000mm® ) of 250
pieces, and the oil dampers (horizontal capacity; 1500KN) of 32 pieces are used. This seismic isolation building is one

of the biggest buildings in China.

2015710416
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Photo 1. Outside view (front: low rise building, back: four Photo 2. Laminated rubber bearings and oil dampers
medium and high rise buildings) (Photo; M. Seki) (Photo; M. Seki)

2.3 Bucharest city hall (Romania)
This building consists of four stories superstructure, one basement and one pent house. Total floor area is 20000 m* and
the brick wall structure. Original construction year is 1910 and it was planned to be retrofitted by seismic isolation
technology. Most of construction work finished at September 2015. The seismic isolation story is set between the
basement and the ground.

Regarding the seismic isolation devices, the laminated
natural rubber bearings (diameter; 1000mm® ) of 262
pieces, and the oil dampers (horizontal capacity;
1750KN, stroke; =700mm) of 36 pieces are used.

Seismic design was performed with joint collaboration
with Dr. Ian Aiken, USA and the ultimate shear failure
tests of rubber bearings were performed using the large
testing facility of UC San Diego. And temperature aging

test of rubber material was performed by the Freyssinet

company, France. \ =
Photo 1. Outside view (Photo; M. Seki)
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Photo 2. Oil damper (Photo; M. Seki)
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Photo 3. Laminated natural rubber bearing (Photo; M. Seki)

2.4 The Civil Engineering Research Center of The National Taiwan University (Taiwan)

In Taiwan, currently, more than half of seismically isolated buildings
adopt the mid-story isolation design in which the isolation system is
usually installed on the top of the first story. The Civil Engineering
Research Building of the National Taiwan University is representative
of mid-story isolated buildings, as shown in Photol. It was the first mid-
story isolated building equipped with the seismic monitoring system of
the Central Weather Bureau. The building consisted of a 9-story precast
RC structure, a 2-story penthouse, and a 1-story basement. By means of
the precast method, the construction of each story except for the
basement only took 5 days. The construction of the whole building was
completed within 5 months in 2008. The isolation system composed of
19 locally made lead-rubber bearings and 6 viscous dampers was
installed on the top of the first story, as shown in Photos 2 and 3. The
diameter of the bearings and the force capacity of the dampers were
90cm and 100tf, respectively. Taking the regular inspection, possible
replacement, and educational demonstration requirements into account,
the space height of the isolation layer was designed to be 3.2m. The
structural systems of the superstructure and substructure were a
moment-resisting frame and that with 60cm thick shear walls,
respectively. Both were designed to remain elastic under the design
basis earthquake and the maximum considered earthquake. Flexible
joints were designed for the piping systems passing through the isolation

layer, as shown in Photo 4. Prototype tests under a combination of

L
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Photo 1 Outside view (Photo; S. J. Wang)

vertical compression and cyclic lateral displacement were conducted to verify the design properties of the bearings, as

shown in Photo 5. After construction, ambient vibration tests and forced vibration tests by using a shaker were conducted

to identify the real dynamic characteristics of the isolated structure, as shown in Photo 6. In addition, the real seismic

responses, including acceleration and displacement responses, measured by the monitoring system were analyzed in

comparison with the numerical results.
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Photo 2 Lead-rubber bearing (Photo; S. J. Wang)
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Photo 4 Flexible joints (Photo; S. J. Wang) Photo 6 Ambient and forced vibration tests (Photo; S. J. Wang)

2.5-1 Anacleto Angelini Center for Innovation and Technology (Santiago, Chile)

The Anacleto Angelini Center is an 11-story building with 3 basements levels, making it one of the tallest buildings in
South America with seismic isolation. The total floor area is 20,000m’. The main structure is based on outer RC shear
walls and inner RC moment frames. Construction ended on 2013, and in 2015, the Center received the Design of the
Year Award by the Design Museum of London.

The seismic isolation system is distributed between two levels: a main isolation level at the top of the first basement
which supports most of the main upper building, and a secondary isolation level at the bottom of the third basement level
supporting only the elevators and stairwell structures. The system is composed of 43 HDRB isolators (12 of them with

lead cores) with diameters of 750mm and 850mm, and 13 frictional sliders. The isolated period of vibration is 3.1sec.
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(Photo: SIRVE S.A. Company)

2.5-2 GNL Mejillones, Natural Gas Tank (Mejillones, Chile)

The project consists of a seismically isolated tank for storage of natural gas, with a capacity of 175.000m’. The tank has a
total diameter of 92m and a height of 52m, with a weight of 1.600.000kN at full capacity. The main structure is made of
reinforced concrete, consisting of a cylindrical wall directly supported by a 94m-diameter bottom slab that lies on top of
the seismic isolation system. Construction was finished in 2013, and operation of the tank began in February of 2014.
The base isolation system consists of 501 high-damping rubber isolators (HDRB) , 208 of which have a lead core. All
isolators are 75cm in diameter. Each isolator is supported by a circular column. The fundamental period of the base

isolation is approximately 2.0sec.

(Photo: SIRVE S.A. Company) (Photo: SIRVE S.A. Company)
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(Photo: SIRVE S.A. Company)

2.6 Residential complex called "Dawn" (Russia)
In September 2015, it was completed. 27-storeys apartment house was designed for construction in Sochi-city. Site

seismicity is 9 MSK degrees, according to the map of general seismic zoning.

-
-
-
-
-
-
-
-

-

A aanaannahahhin

Photo 1.1 Outside view of the building during construction Photo 1.2 Outside view (Photo; V. Smirnov)
(Photo; V. Smirnov)

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. Building height is 105 m. Dimension of building

in plan are 45x72 m. Total number of rubber bearing

support with lead core of 160 pieces (diameter; 800 mm

@) . Supports manufacturer and supplier is Chinese

company US.VF CORP “OMNI DEVICE" Photo 1.3 Rubber bearing support with lead core -
. . (Photo; V. Smirnov)

2.7 Sabiha Gokcen International Airport (SIGA) Terminal Building (Istanbul, Turkey)
Sabiha Gokgen International Airport (SIGA) Terminal Building, completed in 2009, has a more than 200,000 square
meters and encompass 296 seismic isolators. The client was: Limak-GMR-MAHB JV, Architect was: Tekeli-Sisa
Architecture Partnership and the Structural Engineer was: Arup North America Ltd., Los Angeles, California.

The building is a steel structure with a plan dimension of 160m by 272 meters. The 4 story SIGA Terminal building has
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a total height of 32.5m and there exists a basement floor below the isolation plane. The gravity system of the
superstructure is composed of concrete filled steel decks, composite steel beams and composite steel columns. The clear
span length supported by the columns is 16 meters in both directions. The superstructure resists lateral loads by a system
of steel moment frames through rigid horizontal diaphragms. The roof system consists of light steel space systems with
parabolic curve form with a depth of 12m at every 8m. They are pin-supported by the top of the columns at every 32m
and 48m. The isolators are supported by the cantilevered concrete columns resting on the foundation. There are 296
triple friction pendulum type isolators with a diameter of 89.4mm and a height of 47.2mm.

The earthquake design is based on ASCE 7-05 with the seismic performance objectives of: (1) Operational Level for a
Design Basis Earthquake (DBE, 475 year return period) and, (2) Structural Immediate Occupancy Level for a
Maximum Considered Earthquake (MCE, 2475 year return period) .

The superstructure has a fixed base period of 0.8 seconds. Average vertical load on isolators is approximately 5350 kN.
The triple-friction-pendulum bearing (by EPS) , with a theoretical period of 3 seconds and displacement limit of 345
mm, is selected on the basis of performance and cost. The effective damping provided by the isolators is 38% and 30%
respectively at DBE and MCE events. For DBE and MCE, the base shear is respectively 10% and 13% of the seismic
weight. The maximum isolator displacement is 297 mm, less than the isolator's capacity of 345 mm (Zekioglu et al,
2010) .

The SIGA terminal, inaugurated in 2009, has received “European Steel Design Award" given by the European
Convention for Constructional Steelwork (ECCS) in 2011. The project was also granted an award of Merit at Structural
Engineers Association of California, category Landmark Structures.

Zekioglu, A., H. Darama and B. Erkus (2010), Design Considerations for a Base Isolated Structure with Triple Friction Pendulum
Isolators: Istanbul Sabiha Gokgen International Airport Terminal Building, Proc. 9th U.S. National and 10th Canadian

Conference on Earthquake Engineering, July 25-29, 2010, Toronto, Paper No 445

Figure 1- General view of the Sabiha Gokcen International Figure 2- Internal view of the Sabiha Goékcen International
Airport (Photo: Prota Inc.) Airport (Photo: Prota Inc.)

3- b/

=

=

Figure 3- Roof structure of the Sabiha Gokcen International Figure 4- A view of the triple friction pendulum isolator used at
Airport (Photo: Prota Inc.) the Sabiha Gékcen International Airport (Photo: Prota Inc.)
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2.8 Wellington Regional Hospital building (New Zealand)

The building construction was completed in 2009 and is the main hospital serving Wellington City. It is the largest floor
area isolated building and has the largest number of isolation bearings of any building in New Zealand.

The building has plan dimensions of approximately 160m x 100m and a total floor area of around 60,000m2 over 10
floor levels including the basement level. The construction is reinforced concrete.

The isolators are located at the top of the basement level columns. The isolation system consists of 135 Lead Rubber
bearings and 132 flat slider bearings all having +/- 600mm horizontal displacement capacity.

Structural engineering and seismic design was carried out jointly by Dunning Thornton Consultants and Beca Ltd.

Isolator bearings were supplied by Robinson Seismic Ltd.

Photo 1. Outside view (Photo; D. Whittaker) Photo 2. Lead rubber bearings (Photo; D. Whittaker)

2.9 Multi-functional Residential Complex of Seismic Isolated Buildings/Twins
“Northern Ray" (Yerevan, Armenia)

The buildings (Fig. 1) have a parking floor below the isolation plane designed using reinforced concrete (R/C) strong
and rigid structural elements. The cross sections of columns are varying here from 700/700 mm, 70071000 mm to
70011900 mm. The cross section of beams below the isolation plane is equal to 700600 (h) mm and above it - to
7006650 (h) mm. The thickness of shear walls is equal to 300-400 mm. The cross section of the foundation strips is
equal to 100061200 (h) mm.

The buildings are located on very complicated relief. The ground surface on the North side is about 9 m higher than on
the South side. Therefore, a deep retaining wall was designed in order to provide free horizontal movement of structure.
Figure 2 shows the plan of location the seismic isolation rubber bearings above the first parking floor, as well as different
cross sections of the retaining wall. It is worth noting that elevators' shafts together with staircases in the building were
also designed as the rigid cores with the thickness of their walls equal to 300 mm. Thus, the accepted structural solution
allowed obtaining a rigid system below the isolation plane and this provides a good basis for effective and reliable
behavior of isolators during the seismic impacts. Of course, with the same purpose also the essential rigidity should be
given to the superstructure (the part of building above the isolation plane) . This was achieved by using of R/C columns
with cross section of 500/500 mm and 600x600 mm and of shear walls between them with the thickness of 160 mm.
Along the all exterior axes the strong beams were designed with the cross section of 500 650 (h) mm and along the
interior axes the beams have cross section equal to 5006350 (h) mm. The R/C slabs were envisaged with the thickness

equal to 150 mm for all floors.
The elevators' shafts and staircases in superstructure were designed in the same way as for the part of the building bellow

the seismic isolation plane. Obviously, that there are gaps envisaged by the design along the height of the elevators'

shafts and staircases where their structural elements are crossing the seismic isolation plane. From the pictures provided

LEFES i) 31



B &R

in Figures 1 and 3 it can be seen that the designed buildings starting from the certain level (17.45 m) have the cantilever

parts the span of which increases towards the top of the building up to the 22.4 m. This was dictated by architectural

solution as the complex crowns the Northern Ray Street and serves as a great gate opening the magnificent and majestic

view from the North to the Mount Ararat. Such a solution brought to significant complications in case of design of this

building with conventional foundations (fixed base case) .

Actually nobody in the country agreed to design this building. Only the structural concept suggested by the author

(Prof. Mikayel Melkumyan) with application of base isolation technology made it possible to design and implement this

very interesting from engineering point of view and very unusual structure.

Fig. 1. 18-story base isolated buildings/twins of the
multifunctional residential complex “Northern Ray"

in Yerevan

a - architectural design view from the Northern side; b -
Northern Ray Street with the view from the Southern side on the
base isolated buildings/twins at its end; ¢ - view of the
completed in 2011base isolated buildings/twins from the
Southern side (Photo: M. Melkumyan)
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Fig. 2. Plan of location of seismic isolation rubber bearings and

the retaining wall, and distribution of vertical forces indicated

by color-coded rubber bearings (a) ; vertical elevations of the
retaining wall (b)

In the considered buildings the approach suggested
earlier by Prof. Melkumyan on installation of the group of
small rubber bearings instead of one big bearing under the
columns or shear walls was used. Corresponding example

of already installed isolators is shown in Figure 4.



¥l &R

LI T T T T T T T

ooooo00oooool

I

Fig. 4. Example of installation of six rubber bearings under one
of the columns of the 18-story base isolated building “Northern
Ray" (Photo: M. Melkumyan)
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Fig. 3. Vertical elevation of the exterior frame by axis “9" of the
18-story base isolated building of the multifunctional residential
complex “Northern Ray"

Thus, different numbers of rubber bearings are installed under the different columns and different shear walls. However,
all of them are of the same size (diameter - 380 mm, and height - 202 mm) and characteristics. They have horizontal
stiffness equal to 0.81 kN/mm, a damping factor of about 10%, can develop horizontal displacement of up to 280 mm
(about 220% of shear strain) , and allowed to carry a vertical design load of up to 1500 kN. The magnitude of the
vertical critical load is about 4500 kN. They are made from neoprene and were designed and tested also by Prof.

Melkumyan. All together 904 rubber bearings were installed in the isolation system of the buildings/twins.

The approach on installation of the group of small rubber bearings instead of one large bearing is not a typical one for
the buildings with isolation systems. The advantages of this approach are the following:

O increased seismic stability of the building;

O more uniform distribution of the vertical dead and life loads as well as additional vertical seismic loads on the
rubber bearings;

O small bearings can be installed by hand without using any mechanisms;

O easy replacement of small bearings, if necessary, without using any expensive equipment;

O easy casting of concrete under the steel plates with anchors and recess rings of small diameter for installation of
bearings;

O neutralization of rotation of buildings by manipulation of the number of bearings and their location in the seismic
isolation plane.

Thus, thanks to the suggested approach, more rational solution can be achieved, which is increasing the effectiveness
of isolation system in general. One more advantage was pointed out by Prof. Kelly during the 11th World Conference on
Seismic Isolation in Guangzhou, China. Positively evaluating the suggested approach he mentioned that in the course of
decades the stiffness of neoprene bearings may increase, and in order to keep the initial dynamic properties of the

isolated buildings the needed number of rubber bearings can be dismantled from the relevant clusters.
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2.10 Main building of the New Regional Emergency Management Centre, Foligno (Italy)
Introduction

The building constitutes the principal result of a
research project carried in the design of the New Regional
Emergency Management Centre, where a number of Base

Isolated structures have been built. The aim was to make a

tangible contribution that proved the importance of
architectural involvement in current seismic design, where

the famous Vitruvian triangle of firmitas, venustas, utilitas

must be bettered, extending the first term to motus,
deformatio, separatio.

In a holistic approach the architectural morphology and structural configuration of these buildings were selected with
the intent of ensuring top seismic performance thanks to the synergies that can be activated using a Base Isolation

approach.

Description of the structural system

The building is home to the operations rooms of the
Centre. Its configuration takes the shape of a false cupola
that is 32 metres in diameter. The entire structure is
supported by just ten elastomeric isolators arranged
around the base boundary. A system of elegant open
shells sustains the load of the three floors overhead,

leaving exposed a ceiling

of intersecting ribs that form a coordinated sequence

of solids and voids. The ten semi-arches spring from

first-floor supports

.Tw%\\ T iy
D

and come together on the third floor roofing level. A core comprising two concentric shafts, in pre-stressed reinforced
concrete, is suspended from the keystone of the arches and houses the stairs and lift. The central shaft extends without
supporting structures to below ground level. Three floor slabs connect the core to the perimeter arches. The result is a
compact structure with ample spaces, without pillars. The structure was also intended to meet the requirement of an open
ground floor without resorting to a building configuration using the "pilotis arrangement", a notoriously unsafe factor

from a seismic perspective.
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Objectives of the design

The unusual structural system is the natural result of a
strategy directly designed by the earthquake (!) with
reference to the use of BI. It targeted the best synergies
between architectural morphology and anti-seismic
requirements. The aim was an optimized combination of

* appropriate architectural morphology

» with the functional requirements of BI

* when it is applied to a structural system

» made by reinforced concrete elements.

A properly engineered BI can guarantee conditions of extensively reductions of the seismic accelerations transmitted to:

* main structures;

* secondary architectural elements,

» contents of plant and furnishings.

The last two capabilities offer a characteristic that only BI technique is able to provide.
What makes Base Isolation effective

BI will allow control of a building's seismic response when this may be affected by a violent earthquake. This is
attributable to the behaviour of multilayer rubber-steel HDRB- (High Damping Rubber Bearing) devices, used in this
project, which lies in the fact that their damping ability increases to match the intensity of seismic coupling.

The design factors that make the use of BI techniques effective can be listed in the performance requirements shown

below.
o (1) High isolated oscillation period (TIS =2.6 seconds) .
Eﬁ A This value, far removed from the field of the local
= ,ﬂg. Ph‘ dominant seismic frequencies, ensures a sharp drop
/ : in demand which becomes almost independent of
A - earthquake intensity. During a design earthquake
X S R \%}\ with 0.49 g PGA, corresponding to a reference
f e suvesp \éy | g period of 950 years, the building responds elastically
u\_ _/n 1 = *_:7—%" — U like an almost rigid body with isolator displacements
s\ L | of £ 40 cm in each horizontal direction.
=
Il

ARMATURA NERVATURE
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(2) Oscillation period ratio (T T, > 3) . A seismic
resistant building requires compactness rather than
strength and it should have low deformability in any
horizontal directions. These features is obtained
when there is a high ratio between the TIS isolated
oscillation period and the TBF the building would
have if it were on a fixed base. In this case, the
building oscillates slowly, like a rigid body,
participating in the order of 99% (!) of the first

response mode which reproduces the entire dynamic
behaviour of the complex. Even though the
extensive floors have no pillars, the designed structural system has a considerable structural compactness, notably
greater than that of a typical framed system.

(3) Rocking effects. The structural configuration has a low centre of mass. This reduces rocking effects and minimizes
changes in axial force acting on insulators, improving design control capability.

(4) Structural configuration. The building has been designed with a very regular configuration that complies perfectly
with all structural symmetry requirements.

(5) Isolator layout. Since the building is supported totally by ten elastomeric isolators (HRDB @=1000 mm, maximum
displacement + 40 cm) arranged along the perimeter of the base section, any torsional effect will be minimized.

Improvement factors in the structural capacity of reinforced concrete

(6) Compression of the semi-arches. Much of the structure's weight is supported by the pre-stressed core that distributes the
load onto the external semi-arches by applied compression stress, as is normal in properly functioning arched
structures.

(7) Semi-arches compression. In the presence of horizontal seismic forces, compression positioning is assisted by the plane
connections provided by the floor slabs connected to the core. So the bending stresses are limited in the semi-arches,
whose size derives mainly from architectural requirements rather than from strength requisites. In extreme project
conditions, taking into account all the safety factors, the C/D ratio (capacity/demand) only is slightly lower than 2 (!) .

(8) Critical points. The structural parts potentially involved in withstanding earthquakes do not have critical areas where

high stress concentration might occur, as happens in connections of seismic-resistant frame.

Customer
* Regione Umbria
Seismic and Architectural project
 Alberto Parducci
* Guido Tommesani
Executive design
+ Alfredo Marimpietri (final design)
* Marco Mezzi (structural analyses)
+ Roberto Radicchia (assistant construction)
Construction company

+ Giovannini Costruzioni SpA (leader group)
Seismic devices
* FIP Industriale SpA - Padova
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European Concrete Award ECSN-2012
Premio di Eccellenza AICAP-2010

(Note: Copyright of all photos. and figures belongs to Alberto Parducci)

2.11 Los Angeles City Hall, Los Angeles, California (USA)

In the United States seismic isolation has been used for the retrofit of many large historic buildings. These include the
City and County Building in Salt Lake City, Utah, the U.S. Court of Appeals building in San Francisco, state capitol
buildings in South Carolina and Utah and the city halls of Oakland, San Francisco, Pasadena and Los Angeles.

Of these, the most iconic and impressive is the Los Angeles City Hall which was originally constructed in 1928. The
building measures 137 m x 83m in plan with a total floor area of 83,000 m’ and a mass of approximately 110,000 tons.
At 138 m, it is the tallest seismically-isolated building in the U.S. The superstructure is a riveted steel frame, with the
primary stiffness provided by masonry infill perimeter walls. After the building was damaged in the 1994 Northridge
earthquake, a seismic isolation upgrade was developed comprising 416 high-damping rubber bearings, 90 flat sliding
bearings and 52 fluid viscous dampers.

The isolation system Design Basis Earthquake displacement was 380 mm, and the Maximum Capable Earthquake
displacement was 533 mm The HDR bearings range from 900 to 1300 mm in diameter and the viscous dampers have a
displacement capacity of +/- 580 mm. The retrofit included superstructure strengthening with reinforced-concrete shear

th

walls and an additional 12 fluid viscous dampers installed between the 24" and 26" stories to control inter-story

deformations in the upper tower, the location of the building that suffered the most damage in the 1994 earthquake.

Construction took place from 1999 to 2001.
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HERRHIE68,500°F 5 7 4 — bo MHFMIZE D, HL15Sm, E212mD 5N B L 72 gkE & 0 @Y. B
T FAK (FPS) M. A2, ~ 7 =F 2 — F18DMBEIZH§ 2 %L 264 ~F (66cm)o
30~40mOFHERE, HEEED LBIIFEL.GT L — A0S % b, HEFTETHOMESEE (HA L2421 3Gt
Fa‘ ITNEDISEMHEDTFIEL %% 2 D~ TH %) & H7REZEINE AT 23T 720 FPSSUK O
I, FE LD IREE (HRICE2WHEE R o BRI D) 30K) 2SEEI N TV,

4 g,

i ==
BHES] [EELLIEEERLLLIIG

TH13 FPSTELEIKSERAERT YLK P —

(FRHSEAEERL D)

L Wil ARiE, Y 742 V=7 REY V7T 22 A IROFAEFENFE )it i%Ray and Dagmar Dolby
Regeneration Medicine Building (RMB) (28 S 725 [ THIHIZEE TH A 9 o RMBIFHEHTIY 2 $hi & Y
(Z%F L "C American Institute of Steel Construction (AISC) 75‘ 5 HE 5 1152012 Innovative Design in Engineering and
Architecture with Structural Steel Award (IDEAS2) % EH LT\ 5, 20105FDB L TH S, VL TRAAEF v~
AN B BIOFHEH 7% < Fy PO 2FEIZH> TER SN TW A0, £3183m. [H20m
DT LR VWED & o T b BEFO L) ROBERIZHG D L) 12, 40 OFROZER BFFEARIZE S &
ZALSE TV D, BYOTEOUHOFHEIIR S STy 0EIZEDAEDND Lo L1270 EEHEMED oM =

FHLTHRRL W, &) BRI L TRGEHEEZIIREMEORH 2 O T b, 2 RHE I - 725k
iz EOHEHT A0 ) EIZ RT2EEI2IRT L) VAN T AL, SzrbfErsF v v
FLN=DREETWE L) RIBRICT S 2 & TREBZMERL, BRL TWb, gatlEziRH LzEy
I EBRE A A S 2 A SREESCKIZ IE Friction Pendulum System Isolator (FPS) 42fA2M#iH S LT % FPSIZKFH
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M+ 66cm. LT HMScmBET %45, ZOEWILIRA 2 12 HER I ZERE T — 2 > M358 L, Bt o
AN E S 72 FPSICE IR DA 3 2 W REMEDSE o L LUFPSIEE RIS L THRIEIICTH 5, 2 2 T,
FPSOBIEZ 2 WjiF % 2 L % ETOEE 2B Z BN BAEH I 20 & 2 (BB 5 5 1302 & 235 3
ENzo BRLTHRBINABIM LY —)bEa—5 — TREE SN 25 [HRDINHIZEE IR 1162472 1) 100tonD5 |
BRIV 25 2 LA T &, HHphao LMo NcshkE S5, (5HE13) ]

(2Mills-Peninsula Medical Center
http://www.ruthchek.com/our_projects/category/3/34

https : //rebuildingmphs.wordpress.com/engineering-2/base-isolation/

N V23— U—LVRA¥, 75 Aa% (FFHAY), ¥z — LA 2% (F—F—)

[* Rutherford and Chekene, *** Sutter Health]

BRI A5450,000°F 75 7 1 — b o 20114FIR TR S, 6FEE T OB E DO IEBEREREY T, 17625 DFPS
% (Earthquake Protection Systemsfl) &322k 4 A V% 73— (Taylorft, 100+ ) B4R 2, 7
FL7AWEA 52 7kmE BN &b, 27T v AEImPAEEZHER L T b, RERICAELL5RT%
s 572012, R EFEIZNY b NFA+T L — R & RERE EEROZMER 2 R N F 202 L CTEWIMERNCZ
B E DD &) EERE L LTWh, 2BEOEYIIBRB (BEMHR 7L —R) %o 72 EREY T,
ZFOEY L OFHERICIE, IRKBICEEROTF 20 v arYa v MR BYAVERICEEL TV,

BH23 FPSXi#& BEH24 TAZ—#BFANET L N—

ZESHE 41



FH25 FREDDEOERB (ARIEEREN) BH26 FEEEMEOMYEL (EAPIEREEN)

(30akland Cathedral of Christ the Light

http://www.som.com/projects/cathedral_of_christ_the_light

ERM & F\V 72 %45, FPSZ K (EPSfl. Double Concave Bearing) % flifl. 20084F 123 T, HRERIZITADL
T HEWNE RS, SOM (Skidmore, Owings & Merrill LLP) LRI BHT Okt FMETBOEE 2205, PEE
DIRIZ16FEET36FE DM § <) DOFPS % Fl 7 ZLFE LM % - o
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(R Er L D)

(2008422 L7247 1) 7 4+ V=T M4+ —7% F > KDThe Cathedral of Christ the Light (CCLT) (5 H3.1, 55
3.2) &, WM O A LD EEME A HH LT, BECTLH SN KEMZIRMEL T2, 13505 %X
BT HEHS4ImOEY TH 5. Double Concave Friction Pendulum Isolator2S#) & CTEHIL/ZDACCTL T, HE
I T T AXT6emTH Ho IHHANEFHETZ L ENTVEANAL T — FE2L LT 4.6km L 2N TE ST,
Do REEIZ19894F 0~ - 7)) LY M THEL 2T T b, 41HR3004FIIHEEET 2B SVEDIZ L
7o E WV BRI Z T REREARAH S .

(®Golden Gate Bridge
http://goldengatebridge.org/projects/retrofit.php

1989F D~ - 7)) T & HFE % TR I EA i % FEh. LG IT 72O T ICLRBI AR % % & L 72 T3 1321997
6 H ~20014FE12H12F i, RS — A CLRBA YK L 720 R, TR b T AE 0 OnEEERRER L)%
BLTHY, BELL b 740y FPOEEEREZAML TWA,

o

TH43 LRBEOESLOER HBEOER

(®)Cathedral Hill California Pacific Medical Center
http://degenkolb.com/practice_areas/health_care/sutter_healthcare_cpmc_st.lukes_alta_bates/

@& [ U < Sutter HealthDJFBEE o 12BFE TORE T — A UM, 12020 EEE (DISE) % HVv726) 0
TOWHT, 20194 IZHR T T E. 1AWCSHZBW T, TONEDPRRINTEY, BR7—-ANT A0
7EHMREL T, HADEMZHEAL TWa,




-

T

(6)deYoung Museum

http://www.ruthchek.com/our_projects/category/8/9

20054F | ZH e L 7= FAlifig, BERXTHAE260,00057 57 4 — Fo 7 4 ADH HIMEET D5 7 —H5 1L IFRE,
Y7 FLT7 AWEDH9kmlE ENINET b0 BIRAN—ZAD o 53R E T OMRKE I SE & O RERE,
RENTZIIRD & T — filliRe w727 7% — B, 88 b 7 AOBERZ S RPF . BREEEIZIVEE
127625 MHDRB (BS#). 242D A A V& > /X— WERIZT62E D P <) 3K (FPSO =R 2 MEERAKIZ L 72
YD) ZEEL TV 5,

BE63 JREBHLOBGE (NS REREY) TH64 57—155 01 EERENER
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(DSan Francisco Public Library
http://www.olmm.com/projects/index.htm#

TRREEY & L TI9964E IZHiEE ST \w b XFEfE, BERMAE37,000745 7 1 — b o SFEE T, MBI D A,
FT U RL T AWREDS12kmlT EIET Ho HRERKEIZI2IEDOLRBMSL 2D, 720 T T ¥ A5 7cm
-(‘\%;e)o

BH72 FEBBDEOEGH (ZAIPREREY)

(8)San Francisco City Hall

http://www.forell.com/projects/historic-renovation/san-francisco-city-hall-seismic-retrofit/
http://www.dis-inc.com/portfolio.html

https - //en.wikipedia.org/wiki/San_Francisco_City_Hall

ZFWN @ =L »® [* City Hall Historian]

19124F B 3%, 550,000 477 4 — b, 4B T, H 07 ¥ FL T AWED S 12kmlE LI ET %o 198940
0 - 7 I H R X D HE © BRIZ 199948 1 R R 2 Fhiio DISHEDS530FELRBIUK Z W72 REEE L,
b A R (IR R RE 2 38 1 L CRE %2 5590 T b o LRBEED /XA L2 2 T RR SN T 5,

| BHS1 BUMNE FH82 FREMD L OERM (AL REEY)
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(9Asian Art Museum

http://www.forell.com/projects/arts-museums-libraries/san-francisco-asian-art-museum-3/

http://www.dis-inc.com/portfolio.html

AVEREIEE D o ERRTHIFE 180,000 /57 4 — bo 7 ¥ L7 AWIE D5 12kmiT EIZAET 5o 19178
O BIFEAE & 20034F ISR L ¢, HWfE L LT, 805 7 L — A ICHEEDOBED S 72 5o 2002ELRB3ZK
(DISHEEL) % v7-50E e L, LB E IIRCIHERE 2B L CTHlMEA2 B CT\w 2, REROFEILREIEA
40.6cmiF 12, SEAMEA R A 2.4, ST ERAT5%E > T b,

THO1 BUHE ' BHO? FEBHRAEOBEES EHHEERY)

@0United States Court of Appeals

http://www.som.com/projects/us_court_of_appeals

FW ¥—%— 1) —% [* SOM Associate Director]

RER T Y. 1989FEOT~ - 7)) Ty #MRIC KX 2 HE 2 222199645 12 LR & i, M8 OB
A 3K (Single Pendulum, SP) %256 M. REREHNIZ2.758, Bz LANC L TP — 8% & 24400
MIFE— x> FofHE FEEENICT L2 228D, BEOBAHEE NS L, JEEOMREAZEIZL T b,
LRB, SP, HDRBD3fEMH THEMET L. I X bﬁ IMA T, EBEHLDOEMARE FERTE D LN HSPEER
Ho ARTENEAIX141 >~ F (36cm)o HEFELII MO FI2H D, BEOME CIIRIRILA AL &
BRERIIL, EELLEMEET L7720 sp%ﬂujjz%rﬁ IANTHIERE L TV,
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FH10.3 ®mEXZHK 5FH104 HIEZHERE

Rutherford and Chekene (R+C) E#fRICHIFD7 UV

http://www.ruthchek.com/

Executive Principal ®Bret LizundialG2» 5 SR B O GH DWW T 2 21 720 KRETIX, WESLT— 4 &
v F =T ERRBERERE SN EDOR SN A B TR VIR Y . 4 —F — 3 RELERL 2 WENDH 5. KEO
TREEY ORETTIE. IS % CREZIBINE RN 2179 o RERIRRIG BT X, AR 2 BB 1 2 <.
P A MEBETHS NHEEIEIEE V5 2 LS W0S I E 7V & W72 ERIERIZITh L Tn v,
SR LEE FV 72 AT PVEIZEREICRE SN TV B, ERICEfEbIL iy (E7LE2—0
728, BB & ) o REEMIITRTET LY 2 —2%EMTONTHBY ., BEREmE., fizo®mM
K. FkEREO3HOL 2 — %%t ho (— T TASCETTIE, RGBS AT OFE K52 D F FREFHIER
HENDEDOTIE%R L SEMBALTEICL A2 EO80%F HKETHHMT A LI ICHELTWDE, 2L 2D
EHIZOWTIZE T ) Y I TE b osz,) HEMEED LEEEOKE TIZLRFDE (FEM DAL 12X
DEEINTBY, ZOKOMEMETIE, REMETIEIRY 775 —%1.02 35 (7272 LEEFORCHED
Lha 74y bRETIERT 7278 22U TOMHEZEET 55605 5).

de YoungZEAMfE DR IL, WEBORIRMEZ T 5720, RIMEEZ S 2 2005 0 . FPSIZEH L2 h o
72o MCEHMEE (HATE ) BR#E, FHHMIH25004E) TRIMMEEIZ0.SGUTIZZR > T b, HEREINZ3.S
o MCEMERO M TOKFLEME (DTM) 132714 ¥ F (69cm)o 71 ¥ F LoN—# 0 LT EBIZ0.5HFE
ThO., RERIERE SRS, BRI C L THEBIIAT L T,

(BL)
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R SEOREHIREZY DIRIR

EfRETERE FEAH M) xEo)

KE 27 4 = I Thilfie S 725 14RHE R ERIRSEE (20154F9H9H ~11H) DOIEFFHEEOH T, KED
REGIREY B L CEAOIIRSHA SNz V. HRZ2LOZMHBE THEL T, FEORNE LA — b
ICF LDOTOTHRET 5. B, FEOBIH L7684 T, WRIZA ) T17%. HAER14%. FEI13%4. b
3274, KETS, ==V =T 0 3%, UL 7354, AX T 224, A X)) 2%, TVEYF U, 4T T A,
FAY, FVIX, AP, XL—U 7, AURZT, BEVFENENATH -7, 7. Sr EL
ASSISi (EIBSIGEfIET <) O L WHEFICE LGSR, BELZEROZERICHIHER SE L SN,

@O ML (BY: EEAXZ sSUEX)

IOV T TUERBIUE 2 i e R0 2288 2 PO IS REREE DS E A ST WD, MV IR O R E I3 Ataturk E]
ZEPET20004E 1L b a7 4y fE7e (BRI XD 3K (FPS) 183A1EM) o #ilstanbul 22 (ZE~JRHIFE 140
Fim2) HEEF T, 160050 M) TRy F 2T AHEK (TPS) AMEbIL TV S,

A D REETPE | X Kocaeli UniversityJi e Ty 20014F 1258 L7z (FPS : 25673) . € D %14, Erzurum Regional
Research and Trainingfibt (E~IRTEFE18Tm?, #5 A V) g T 4386F) 73‘@_ SN7ZDITHEN T, 5O DR
THERL & 11 % Erzurum Medical Campus (1977m?. FPS : 115078) 25201 4RI ZHERR S L7z KB 22 8w be
BIITOHZLFTEH ) . Van Gynecology, Obstetrics and CVCHEFE (1"71275m2 FPS : 51273). Kartal Liitfi
Kirdarfi e (2877m?. TPS : 855%) 72 EASEIHE &L TV 5, b IV I DOMinistry of Health Tl 38D KBS Pt
(26000X v F¥t) #PPP (/X7 v 7 - 754Nﬁb = b=y T RRGERE) FETER T S AT
W) . BAE2SOIRBEHEEE ASFTH R R & o T b, 2 OHFIAY, Adana Health Complex T15007X v
Boa b O KRB (4577m>, TPS : wﬂé)&&ofwéo

FRBELIALCld, SRS (180 FEE () AR — U Hiik (KRZEMORRES) . 2 L TLNGY » 7 (2f))
EZDREPEDON TS, DEEVOLIIFEEE D HO 5 L62BIT, 20 ) LABIIIHEEE L & o
TWwb, HRMEGEIE PV TIES E DS, BENR T L — A &2l 72556 Q1) . fhilksy v /8—% o
72HB (18 b L7,

@&BE (Y FTEIEXF HBHFfX)

EEORE - flIROB)AAH, K.C. Changl (National Taiwan University) 755 &7z, #iEH Tl &F

2Rk 70 0 - HRZ MR I > T B IRATHI & 7z,

19994F DEFEMER ISy o THIIRSEAT A%  OBEWIEH S v, U0ILHEE R O SR REMERR I C L2 7 R
B4 %0 BR AR IS DO T sk~ DO B AYKER 7 Td o 7205, 20094E LI IZEE R~ OB HEA 72, BAEIL
%%E%imﬁui\LE@@@@?/A—#%W%%KL%im%ﬁ&ﬁ&ofw%ozﬁk&of\
AL 20 ENORBEFAMTEH2SEA TWE GREBKROBRHZ &),

FRbMEy 7 ARUTFICEED D,

BB OREREY O D T h MR RE (IREERES W),

BETRDBVEEEREYIX, 1332m G8HE) 07 Lx v A My 27 ) — NEOEEZEY. &L BHV

] e B 16RO E BB
- LRB. =i#FEA%E T4, Friction Pendulum Sliding Bearing (FPSB) 7 &72%% % %%, FPSBI. #ERIRD

FEEE ORI ST 5,

- TMD# Taipei 10112, 23 77 7 4 7TMD EE A 7T VEWIC, BH SN TW5,

- 20074F LLFE D H AR D JEF- Tk 12 B Té%wﬂmﬁﬂuﬁﬁﬁmﬁ%méﬂtlt(%%ﬁgﬁ>&5%
2T, AEBEMIEECORTNEETORSXINHR I REEEL R T2 L 2R L T2,

- 072 L HIRICE$ ADESIGN CODEA /N =Y 3 v 7 v 7 ENTWh,
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%72, FTAENCREE (B HETAIZEHT) OMATS (Z#iEERY A7 4) 2HWT, 7ud o7 T L2
TA VL= OERRREIT>TE72 2015F0#D 1) £ TIZIE, H L Etkie 2By abbE CMNTIm/s
ASHBE) DSEEN S B NCREEDHT L WIFFEMIEAT20174E 12 T3 5 T . LUF ORkAfATEE S,

- EVEREIREN T © (8m X 8m. FAHRTE R2500kN, HAACTAN = Im, AT FHEE £2m/s, i KACPHIHEE

2.5g. FR B TFINE#E £3g)

- BATS (QQihEjrysbaEeE) @ (RFAMOEA £1.2m. #HE + Im/s. Hl#T) £4MN, BT HIHOENEN +

75mm, HE *150mm/s, JEAF/I60MN (#HI30MN+BY30MN) . 515R7J8MN)

YL
®Z2—Y—-F 2K (B : BERET NEBXE)

Za—T =7 Y FTIE, 20104 ~20114E (242 Z 5 7-Canterbury M5 (2 £ - T, Christchurch T, FI22ffid ¥
VORI L D185 NDFET £ 15008 LL ED CVDEES B L % o 720 4 X TOMRERFZ X 58 kRE % i
PRUZCERENCLE, SMICHEEIAE L5720, 2N DBEOREI R TR TIE, BETFPHEOELVDOA TR —
DI %%%0357 A =T P WREEEORHA IR TETWwa,

HED=2——F ¥ FOMEHRE (NZS 1170.5) Tld.Base Isolation Building D&% FHEAR S LT W72\,
L7z oT, YTV =ZTHT A1) HDCode (ASCE-7) L —12— N8 (EN-15129) ZFJH L TaEFL CTw
LONWBURTH o D720, BIFRLEMHE TREMEDORFTOTA T4 2 2/FHTH Y. 20154ED
b ZHEIZNT 7 FEIERFTH S,

REMEOKITA FTA Y ONEFEL L TEZLNTWLDIE,

CREVATLOBERVHTONANTA ¥
- RET & B AR
- Building Code & O FIR (4 IHF Y #)

* Seismic Hazard & #i5EH) (F# 1 REHIHED) & kg5 12> T)

- WS AT 5

S & T R O R R T

CREEES Lo Tz ECREROT 17—

S IX 2V a vV aA v MEOIEIEE M
R EBEOZRMER (AXy 7)

BB X OHERE B

nETHb,

48] D G S5 R°NZSEE  (Highly-damped structures® 7 4 K5 4 ») TRENTWD DL, Acceleration
Displacement Response Spectra (ADRS) 2 X Z5HliTH 5 Z &6 HATE 9 Sa-Sdilif 2 F v 72 BRI /5T
HFEIEWLOP IR D EEZOND, £/ ST TRENT VL EFHHHED A2 b LR ADRSIE,
WO FEBRLER O FIIME 2 FH > TL0004E R & 25004F B &L AR ST %,

Za—V—=F Y FTE, TV TOREBERYORENCHET 2EEFEH2ITo T30, A Y FAT T
T HREMES L OEEICET 2 HEEE O 2 1T> T\ b,

Za—TU—F Y FIBIAHREORERY (Fr8) & LTk
- Awly Building, (Christchurch) ---#i E5SFEA+ 7 4 ATT L — XH X PR 1 O FEAE S E RS i Double Concave

Slider (Maxlide NZ#4)

- CJESP Project, (Christchurch) -+ #HIFT3 X OIEH SRR HKFT. LRBE §X) 37K (Robinson Seismic#)

- National Bio-containment laboratory, (Wellington) ---LRB& 3 X 1) 377K
- Spark data Centre, (Auckland) ---3B{ECTier3L XNV D7 —% —+ % —, LRB (Robinson Seismic#)

HETH D

7o, REOWNESE (EL ba 74y M) L LTE
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- William Clayton Building, (Wellington) ---LRB
* Christchurch Art Gallery, (Christchurch) - Triple Friction Pendulum (EPS#)

- Wellington Town Hall, (Wellington) - 5832 & 3T

THbo
@hE (BY: JUFIX b2 EKESR)

T ENEE T+ 095% A HEHTT TH b Bl I N/ZITE A EOMBEIHREHERNZ LRY, £ DAL
BV ORENFERTHE L Tb, T070, kil & I IBEY Y T2 -0 0REHM A1 Lo &3 280
FHOLEIZEE LN TS,

BUAEH ENZ 13 H 50008 D 502 B & 20008 D FIHRED DFAET o HIREWIZIEINA 7Y v Rar ba—
VERWEWS 55, 0E - fHREEDIE. FE, HEY LV, BR RHEF AV EDD 5,

19764FE7 H28 H 1238 L 7-MB.SOE I HIEE TlE, 2477 ADFETE D% B RIFEIZ L 2 b D TH - 72,
20084E5 H 12H OMS.0D B HIEE Tld, JELEHITT AD80% DS FIEIZ X 5o [ UMbl T, 545 D20134F4
H20H 12584 L2 B TlE. BYOIS%»HEY T2 0B L7z, COMET, REEW T 2 EILHEE
W ETH 5720 T D720 HERZ OFRFED Z OHIBME—DORERRIE L 72 o 720 ITFEN S /- EEF) i,
20084E DI IHEDOBITIE. 0.96gTH V) [FIHIS TOREFHHIZEB D0.1gD#I10f5 L %2 > T b,

BAE, PENCIZER L 230 0KEFEDHFIET S CECS200113F5E T 412 X 2 REEWLIHEROERO%E
HAETD %, GB20688-2006131EfE T 4 REHEDEKBIE TH S, GB50011-201005512 [2] FIXRERKE
THEREETH 5. CECS2013FHITREWAGROERIEETH 5, 72, GB20ISIZRERY O ER OKETE
H#THD,

HETITREREL LT, WhEE, 77774 MAIKELVYVE, $X0), 1030 B X OHE T L 057
BEDPHFAET Do WIhLd, BRI L o THEREDRER SN T b, B oERE L L CIdh MBS BB, E
BRIICHIZE S LT b0

20144F F TIZS000BHDOFE S T A % W72 B @ S, 20332631 #ETT, f&izar s
J—FT7L—A, Y2774+ =R 709 7Y+ — VGl hoTnh, BRBLEZEINTVE, FEY
AL LT, HEY A 7 IVHBROGREN L 72 NOH FICER SN2 EROESFEERILEORMR 7
Oy z7 MR ENT COEDPERNRMMED % 5 AL AMHAREREESCHFREOREL FO T4 v b
LITHbN TV 5,

FBHAZEE Y — I FIVEILI8NEEDFERE T4 L 108D F A WV 5 73— THREIL S L7z, 20154E3HOH O Hl
B CHUBI I 26 L CIS B NIEE DS 1Al S 7z 2 & SRR S 7z Fil & < 71 F % 4 S E26km D
i EAG I S RS TR S 7z,

FRENCIEHREEE & LC, i, 85, A1)V, BRB7L—A, AX— <7 TR WMERIMY 3 &
DIEFHFERED D 5o BRI S >k EE COVHR Y FATMDO = 4 )V FRINEE & L TRH ST b,
WIS 7 — 137 S 645m THITRRN R % H 0 2 72D HERDTMD TIE R S N A 7)) v KXY A& 28 (HMD) %3
HENTw5b,

St REMIIREEIIEFTERZ LR METLILLETH L I & HEMO A TR MRS AR
ThbHI L, FHREEDHERBICINE S 2 & BLBEDOS~10%MRE TRIFNTH L Z & BEkLEIRTY
AVIZORIBTEL ZENEEND I THEIIEROMEREDS LT TH 5 A5, ARG 02 il R &
MELRINEHED—DIZR DL THA ),
®OXKE (Y : ERAFE FHETF)

KENC BT B BHIBEEHE IOV TROKER4D DEFELE SN,

(1) HLHEL R E L2HIES V8= D8R
JARCHIE DN Z HIH ST 572 DICHIESY 28— 2 BAT 5 I EDWR TE TS, 20144E 3 T OKaiser
Permanente Medical Center (Oakland, #fi F12FH# F1F) %°20154F 3% T.0OUCSF Medical Center (San Francisco,
Hb_F6F) 121X, Buckling-restrained Braces (BRBs) 2SH\:H LT\ 5%, 20174F8% . F % O Wilshire Grand
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(2)

(3)

(4)

zaagzl

Tower (Los Angeles, 1 73F | & £3400m) (2 3BRBsSEA SN L FETH D, F72. HlIREEE LT
Viscoelastic Coupling Dampers (VCDs) 2%EA SN7z2# LOFOEBE LS bo v MIEREI N TS,
Stk MBS ¥ X— 2 H72EE CV OMEMEATERIC R 5 2 LR TRIN TN D,

IR e R A AR 2 LD 40 B~ ORI % 8 A

PR E R R AR & ) B O REERAN OFADEHE - EITHTH D, RFHOI 2 —F AT A
% 24§ 4 UC Berkeley® Computational Research and Theory Facility Tld. HERIHRH SN T 5, K
FEHMO &) MO % L 7zApple Campus 2 (Cupertino) (X20164F K% T.7 7% T, 70013 DTriple
Pendulum System7*E A ST %,

20154F¥% 1. San Francisco General Hospital (San Francisco, #_-7FH#1 F2F) (ZIdFriction Pendulum System
(FPS) AV HI, ZOMRZBEET 5 72O TN ERFHAETHE SN TV 5, 2017ER T T ED
Stanford Hospital (Palo Alto, # F7F#i N 1F) IZHFPSASHWHLNT W5, #1174 V=TI TiE, 5% D
FEEOIREE I RBORMD I ST b,

FRETEEO RS O H

FRTREFEELRAICE R LT 5, [EEIFEEIE 720 |ZRolling System=°Sliding System2SH > 5
N5 Z ENL v, (EEEITOFPSXLead Rubber Bearing® [l 5 b # A TV> % Fluid Viscous Damper % Hl &
EbETVEILLH D,

AL IE

BUE, RENZIZ150~ 175D REEEN 238 5 L SN D05, &R EGEIEIAWTH S, ASCETIZ20164E D
BT CHHEE D HED ST %o BIE3T — A DPeer Review 2K S LTV %A%, ASCE7-16T i1
F—LIHINENDLTETH Y, BHEAPBHBOLERICENL Z EPHFEFEINTwE, 20—/ T,
PR DEER . BRIZAASHTOTEE SN TV A FFZILOME P BEA SN L FETH), ZDZ L
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