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Principle of seismic isolation
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Principle of Seismic Isolation

600 Base Isaolation _
i ildi Disp. |
Acceleration & | WW
of Roof ,
. 30 (sec)
LAL LS T T LA AT AT
Conventional Building , :
Displacement ] § o bt J\NWMWWW%W
of Roof _
10 1 1 1 24 1 ! 1
0 ) 10 15 20 25 3() (see)
- 30
Disp. of Base 0l
Isolation 0E /J\ A /\ /\ /\
Devices E oo '/\
-10 B
Base isolation Devices -"”§- | |
Seismic Isolation Building L 7 % o ¥ .

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Comparison of seismic isolation structure
and conventional structure
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E-Defense full size seismic isolation building test
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Comparison of seismic isolation and non-isolation 1

(Slide presented by Ichijou Koumuten. Corp.)
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Comparison of seismic isolation and non-isolation 2

(Slide presented by Ichijou Koumuten. Corp.)
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History of Seismic Isolation
Kenzaburo Kito, 1924, Japan
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History of Seismic Isolation

Koya Yamashita, 1927, Japan
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History of Seismic Isolation
Ryuichi Oka, 1934, Japan
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History of Seismic Isolation

1252:Constructed, 1923:Damaged due to Kanto Earth.,
1926:Repaired, 1960:Restrengthed by Base Isolation
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History of
Seismic
Isolation
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History of
Seismic
Isolation
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Seismic Isolation Devices
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Seisimic Isolation Devices
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Elastomeric Seismic-Protection Isolators
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Seismic Isolation Devices
Lead plug Rubber Bearing

Lead plug is inserted at the center of Laminated natural
rubber bearing
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Types of seismic isolators

(After Nishi T.)
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Seismic Isolation Devices

Lead Damper

Oil Damper (Mitsubishi Material Co.)
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Seismic Isolation Devices

Testing of Horizontal Direction for Laminate»dl RUbber Bearing
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Seismic Isolation Devices
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Compression & Shear Testing Machine

(After Nishi T.)
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Dinamic compression & Shear Test
(After Nishi T.)
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Shear & Tensile breaking Test

(After Nishi T.)
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Compression & Shear breaking Test

(After Nishi T.)
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Seismic
Isolation
Devices

Guideline for
Structural Safety
Evaluation of
Seismic Isolation,
Building Center of
Japan July 1989
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Shear stress (kg/cm?)
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Seismic Isolation Devices

Recommended Restoring Force
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Design of Seismic Isolation Buildings

After Takeda et al.,1988
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Design of Seismic Isolation Buildings

Ground motion Types and Input Levels for
Response Analysis

Maximum Acceleration (gal)

Input Ground Motions Level 1 Level 2

] (= 25 cm/s) (= 50 cm/s)
Site El Centro NS 1940 255 510
Recorded
Motions | Taft EW 1952 248 496

|
Long Hachinohe NS 1968 165 330
Period
Motions |Hachinohe EW 1968 128 256
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Design of Seismic Isolation Buildings

Structure Modeling for Response Analysis
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Design of Seismic Isolation Buildings
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Design of Seismic Isolation Buildings
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Design of Seismic
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Design of Seismic Isolation Buildings

Performance Criteria for Response Analysis
(an example)

Seismic Performance
Maximum Suber Max. Disp. of
Velocity P Seismic Isolation
Structure .
Device
Elastic .
25 cm/s . =< Stable Disp.
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Strength Guaranteed Disp.
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Design of Seismic Isolation Buildings
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Design of Seismic Isolation Buildings
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Design of Seismic Isolation Buildings
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Collision Test at E-Defense shaking table , Japan
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Seismic Isolation Buildings., Japan

Use of seismic isolation buildings
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Examples of Seismic Isolation Buildings
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Seismic Isolation Building, Japan

A Boutique Building in Tokyo

5th JSSI Award, 2004
MENSHIN,NO.5,2004.8

http://www.sawadalab.se.shibaura-
it.ac.jp/kenken/kenken2005
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Seismic Isolation Building, Japan

Middle Floor Isolation
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http://www.nikken.co.jp/ja/archives/20013.html
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Seismic Isolation Building, Japan

Middle Floor Isolation
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Seismic Isolation Building, Japan

Thousand City, Kawasaki, Japan
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Seismic Isolation Building, Japan

Strengthened by Seismic Isolation

5th JSSI Award, 2004
MENSHIN,NO.5,2004.8

Osaka Central Public Hall (1918)
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Seismic Isolation Building, Japan

Strengthened by Seismic Isolation
Tokyo Station (1914:0riginal Construction)
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Seismic Isolation Building, Japan
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Seismic Isolation Building, Japan
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Seismic Isolation Building, Japan

5th JSSI Award, 2004
Building with Big Tower MENSHIN.NO.5,2004.8

NTT Facilities)

Tama City Osaka City
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eismic Isolation Building, Japan

Murakami City Office, Niigata Pre. 5th JSSI Award, 2004
MENSHIN,NO.5,2004.8

Kajima Corporation
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Exterior View after Strengthened
by Seismic Isolation

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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Seismic Isolation Building, Japan

5th JSSI Award, 2004

Hyogo Pref. Museum MENSHIN,NO.5,2004.8

(Tadao Ando. Obayashi Corporation)

HEET

103,500 J

Section

Exterior View

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Seismic Isolation Building, Japan

Pola Art Museum 5th JSSI Award, 2004

(Nikken Sekkei Co., Tkenaka MENSHIN,NO.5.2004.8

— A USR

Corporation) F
D wammunr
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] SN o e |

Section

Exterior View
Seki M., UTCB Lecture note, May 2017, BRI, Japan
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Number of seismic Isolation buildings

(except Japan)
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Kun Ming Chang Shui International
Airport (China)

A=560,000m? Biggest building in the world, Completed in 2012.4

http://baike.baidu.com/picture/6238016/6329444/

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Kun Ming Chang Shui International
Airport (China)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Kun Ming Chang Shui International

Natural rubber bearing :1180
Lead plug rubber bearing : 654
(1000mm®)

Oil damper: 108 i
(600¢>,1800L) Y

, " T : "" ¢
&  (Photo;
\ Gt

Seki M., UTCB Lecture note, May 2017, BRI, Japan
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Tangshan City (China)

T
R

th plural bu

10N Wi

t

Ifica

Un

Seki M., UTCB Lecture note, May 2017, BRI, Japan

A=240,000m2,RC, Completed in 2015, Five buildings; 6F, 12F, 20F,

27F, 30F are on the common B4F



Unification with plural buildings In
‘Tangshan Clty(Chlna)

A=240,000m?2,RC, Comrpleted in 2015 , Five buildings; 6F, 12F, 20F,
27F, 30F on the common B4F

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Unification with plural buildings in
Tangshan City (China)

ki | i s
A=240,000m?3,RC, Com
27F, 30F on the common B4F

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Unification with plural buildings in
Tangshan City (China)

2015/810/416

(Photo;
M.Seki)

Natural rubber bearings:388(900-1000®), Oil damper:70 (1500KN)
Isolation devices are installed between B4F and B3F
Seki M., UTCB Lecture note, May 2017, BRI, Japan



Bucharest City Hall (Romania)

’
/
/

(Photo;
M.Seki)

Brick masonry, 4F,B1,PH1, A=20,000m?, Original 1910, Retrofitted in 2015.

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Bucharest City Hall (Romania)

Natural rubber bearings:262(1000mm®)

Oil dampers:36 (1750KN, =700mm)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

PC, 9F,B1F,PH2F, Isolated at top of 1st
floor column
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(Photo; S.J.Wang)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

(Photo; S.J.Wang)

Lead plug rubber bearing: 19 (900mm®)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

Viscous damper: 6 (1000KN)

Flexible joints

(Photo; S.J.Wang)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

RC, 11F,B3F, A=20,000m?, The biggest bld. in South
America, The design Museum Award (London),
Completed in 2013

Seki M., UTCB Lecture note, May 2017, BRI, Japan

(Photo; SIRVE S.A. Co.)



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

HDRB:43 (12 of them: Lead plug)(750-
Inner core frame is 850mm®), Friction bearing:12,
supported at B3F. Supported at the top of column of B1F

(Photo; SIRVE S.A. Co.)

M.Seki, Bucharest Seminar on Seismic Isolation, 11 October 2016, Bucharest, Romania



Residential complex called ""Dawn'’
(Russia)

- * ¥

2 VTR - : <7
. -8 F
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S
\\‘- :\' 5
i)\\'.‘sl; :
| Sy - Lead plug rubber bearing:160
= (Plug: 800mm®)
24F,B3F, H=105m, Completed in 2015.9, 3 (Photo; V. Smirnov)

storeyed car parking is a common bed floor

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Sabiha Gokcen International Airport (SIGA)
Terminal Building (Istanbul, Turkey)

S, 4F,B1F BxD=160mx272m, H-32.5m,Completed in 2209, ECCS Award
(Photo; Prota Inc.)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Sabiha Gokcen International Airport (SIGA)
Terminal Building (Istanbul, Turkey)

Inside Steel Frame (Photo; Prota Inc.)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Sabiha Gokcen International Airport (SIGA)
Terminal Building (Istanbul, Turkey)

Under construction of steel frame Isolator: 296 pieces between ground floor
and basement

(Photo; Prota Inc.)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Wellington Regional Hospital
building (New Zealand)

Lead plug rubber bearing:135,

- = 2
RC, 10F, BxD=160mx100m, A=60,000m?*, Flat slide baering:132

Biggest of all New Zealand seismic isolation
buildings (Photo; D. Whittaker)

M.Seki, Bucharest Seminar on Seismic Isolation, 11 October 2016, Bucharest, Romania



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

s

i
E
:

RC,15F B3F, Twin Residential buildings, H-53.25m

(Photo; M. Melkumyan)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

Upper floor O

/N N\ %
AN &Q\ ! © < 1000kN
/ % ® < 1300kN
/ \ @\ 6
N\

Lower Floor N\ @ NV
¥ X %
7" \\ // N
#( )

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

| -
|"=n=nnn .
) .‘ LECH B L n
,,,,,, CO00
il -

i ) | e Isolator:904, Group of

] i small size bearings

.%:Efﬁﬁ i (308mm®,H=202mm)

+ e .
: - ———— : (Photo; M. Melkumyan)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Main building of the New Regional Emergency
Management Centre, Foligno (ltaly)

RC dome, 32m@®, 3F, Emergency Management Center,
European Concrete Award(ECSN-2012) & Premio di Eccellenza Award (AICAP-2010)

(Photo; Alberto Parducci)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Main building of the New Regional Emergency
Management Centre, Foligno (ltaly)
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HDRB:10 (1000mmQ,
#+400mm Capacity)

(Photo; Alberto Parducci)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

S+BW/(External), 26F H=138m,
The highest base isolated
building in USA

A=83,000m? W=1,100,000KN
Original construction:1928
Damaged in 1994 Northridge
Earthquake

Retrofitted: 1999-2001

(Photo; SIE, Inc.)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



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

HDRB:416 Friction bearing:90(900-1300mm®,
Viscous damper:52(=+580mm capacity)

RC shear walls are newly installed in upper storeys.
12 Viscous dampers at 24F-26F tower.

(Photo; SIE Inc.)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Earthquake Around Japan Island (1900-2017)
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Verification of Seismic Isolation Effect

Northelege Earthquake(1994.1.17)
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Verification of Seismic Isolation Effect
- Hyogo Ken

Nanbu Earthquake(1995.1.17)

West Buildihg, Sanda City,
Close to Kobe City ,30km

Seismic Isolation Effect
Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect

Tokachi - Oki Earthquake, 2003
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Hokkaido Island, Japan
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Verification of Seismic Isolation Effect

B Kushiro City, Hokkaido

B Office Building (Local Government )

B Basement: One story, Nine Stories, (Kashima et al.:
PH: One story MENSHIN,NO.43,2004.2)

BSRC, RC Piles (-31.5m)

‘ 09F.1 Ol at0 20 m
o | i s TN — s = = =

u"[‘:rrh T " | 29m
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o | I
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Exterior View of Building Location of Accelerometers
Seki M., UTCB Lecture note, May 2017, BRI, Japan
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Verification of Seismic Isolation Effect
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Verification of Seismic Isolation Effect

W
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Niigata Cyuetsu Earthquake (October, 2004)

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect

Niigata Cyuetsu Earthquake (October, 2004)
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Verification of Seismic Isolation Effect

Niigata Cyuetsu Earthquake (October, 2004)
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Verification of Seismic Isolation Effect
Niigata Cyuetsu Earthquake (October, 2004)
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Verification of Seismic Isolation Effect
Seismic Intensity: Tohoku Earthquake, 11", March, 2011
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Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect
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Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect
Fukushima 15t Nuclear Power Plants

-y

- Damage of Main
Building

Seismic Isolation
Building
Used as Rescue
Center

http://arinkurin.cocolog-
nifty.com/blog/2013/06/http.html

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect

Fukushima 15t Nuclear Power Plants

.. J@_%\ (ga Acceleration
F1 | NS |EW | UD |l Recordsat
| =] Seismic
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LIEL F176 215916 Building
eFL (1199 18D |62l
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Verification of Seismic Isolation Effect

Rikkyo Unv. Chapel Building, Tokyo

1918 completed, masonry Building,
Rehabilitated by Seismic Isolation

Outside view Inside view

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Rikkyo Unv. Chapel Building

ey
B &

U-Shaped Lead
Damper

Natural Rubber
Bearing

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Verification of Seismic Isolation Effect

Rikkyo Unv. Chapel Building

Earthquake Records (EW dlrectlon)
Main

Building
(2F)

Négative |
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Chapel : i . : :
Building 7 Positive
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300 400 500
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Seki M., UTCB Lecture note, May 2017, BRI, Japan



Performance of Seismically Isolated Buildings in Tokyo Area

(Slide presented by Shimz Corp.)
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Verification of Seismic Isolation Effect

Isolation effectiveness in Strong Earthquakes
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April 2016 Kumamoto Earthquake
In Japan

Damage of Seismic Isolation Buildings

Building Research Institute, Japan
International Institute of Seismology and
Earthquake Engineering (I11SEE)

2017.3.30

Matsutaro Seki

SEKI M., Lecture for IISEE, BRI, March, 2017



TR 28 FEAMBERENHERATRE GRB)

Quick Report of the Field Survey and the Building Damage
by the 2016 Kumamoto Earthquake

FR284F 9 A

EtXtxRBEE BELRMNMBEEHLEESHERMR
National Institute for Land and Infrastructure Management

Ministry of Land, Infrastructure, Transport and Tourism, Japan

EIZARERAREEN BEEHREM

Building Research Institute

National Research and Development Agency, Japan




Date and Time

Hypocenter

Magnitude

JMA Seismic Intensity
(Max)

14 April 2016 21:26
JST (12:26 UTC)

Kumamoto Chiho of
Kumamoto Prefecture

6.5

14 April 2016 22:07
JST (13:07 UTC)

Kumamoto Chiho of
Kumamoto Prefecture

5.8

15 April 2016 00:03
JST (14 April 2016
15:03 UTC)

16 April 2016 01:45
JST (15 April 2016
16:45 UTC)

Kumamoto Chiho of
Kumamoto Prefecture

Kumamoto Chiho of
Kumamoto Prefecture

6.4

16 April 2016 03:55
JST (15 April 2016
18:55 UTC)

Aso Chiho of
Kumamoto Prefecture

16 April 2016 09:48
JST (00:48 UTC)

Kumamoto Chiho of
Kumamoto Prefecture
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A building: monitoring by scriber, Swelling of covering rubber

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017



Abuilding: Damage of expansion joint

BRI, MLIT Report, 2016.9

SEKI M., Lecture for IISEE, BRI, March, 2017






2 building: monitoring by scriber, deformed steel damper

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017









C building: Deformed steel damper

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017



C building: Exfoliation of covering rubber

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017






= building: Caollision of oil damper and deformation of surrounding
frame

BRI, MLIT Report, 2016.9

SEKI M., Lecture for IISEE, BRI, March, 2017
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G building: Damage of expansion joint between building and
connecting corridor

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017



G building: Monitoring by scriber, Section of the building
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BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017
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G building: Damage of connecting corridor (2" floor)

BRI, MLIT Report, 2016.9
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H building: Movement of cover sheet of pipe, movement of flexible
equipment

BRI, MLIT Report, 2016.9
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H building: Damage of the upper floor’s slab

BRI, MLIT Report, 2016.9
SEKI M., Lecture for IISEE, BRI, March, 2017



Conclusions

1. Damage of Structural members

» Isolator and damper supporting member
» EXxterior stair

» Careful structural design should be done.

2. Deformation of damper
» Structural capacity and durability should be reconfirmed
after earthquake.

3. Damage of expansion joint is inevitable.

4. Movement of building should be promoted by simple
monitoring system in order to verify the structural design.

5. Site investigation of small size residential houses should be

done. BRI, MLIT Report, 2016.9

SEKI M., Lecture for IISEE, BRI, March, 2017



Conclusions

1. The seismic isolation technology is
Innovative and effective solution for
seismic damage mitigation.

2. This technology became spread stage
In Japan and increase Iin the future.

3. But the careful structural design and
construction work should be done.

Seki M., UTCB Lecture note, May 2017, BRI, Japan



Thank you for
your attention.



