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1. Earthquakes hazard and
countermoves in China




Two main seismic zones in the world
Circus-Pacific zone & Eurasian zone

2 :_..,H.hu - T:Euﬂ'.‘m
Y
Sana vy
AFRICA | o),
S A
o )

o,

i

LA e
o

5 . '. v e AL
L
H B
T, inGLA T g .
! -

(e S
L] P %
|l wm
nay ]

. o
: -
[ERnan. usiipm
= i
'] ¥ s’ el

I
¥
W

R

-
5
A TRALASC AR

winale
‘“.. —i
L
el =

W SR
e
e

]
1 o i
v T e
I B

AERE reaa WP
. HPEES o

L

nERA

isrre Maress ik

[l
b ow AR,

oy,

et 3
=

=g

AEEE -
R
ey
Easma e
i N 7
b =

ot

|
siuaninis
. Aprieda
|

¥
OCEAN

. o
ARZ iy ™
[F 5% & T """:.:‘-

',,.1. T
e '“h' g

=

4|

=
o
)
¥




Serious Threaten of Earthquake for China

China -- a very Frequently seismic country
¢ Located in the Cross Area of
Two main seismic zones in the world
¢ Over 80 % of national land is seismic area
¢ 85 % of large cities are located in seismic area
+ Most of EQ are stronger, over prediction
¢+ Many buildings are lack of capacity for anti-
Earthquake,
People urgently require living in houses,
that are ensured to be safe in strong EQ




China Tanshan Earthquake
1976.7.26 3:15 240,000




China (YS) Earthquake m7.1
2010.4.14 Dead 2500 people
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China (WC) Earthquake
2008.5.12 M=8.0 90,000 died or lost
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A beautiful county before EQ
Wenchuan Area




The county Become a ruin after EQ
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A great number of buildings collapse
EEBAEIS 5121 RBRE I BB HEWRE




After EQ, Mother was finding her son in school ruin
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In the EQ site, People sorrowfully ask
a requirement to the Engineers:

““Can we live in a really safe
house in strong E.Q. 7 !”




Just after EQ,
A surprise message comes:
There are 3 buildings with isolation
with 6 stories masons structures

In northern Sichuan
B E #E (A=0.189)

performance very well !

- -I . I-
I — W m




Well performance of Isolation buildings
in Wenchuan EQ 2008.5.12

There are 3 buildings with isolation,6 stories brick St.
(1) Only feel slowly vibration T=2.6s , A=0.18g,
(2) No any facilities inside fall down
(3) No any cricks on brick wall after EQ




Serious damaged of no-lsolation
buildings in this same area

(1) People feeling shake very seriously
(2) Most facilities fall down inside
(3) Serious crickg on brick wall after EQ




China (&=w)Earthquake
April 20. 2013 M7.0




Lu Shan(%wW)Earthquake in China




Lu Shan(F LL)Earthquake in China

Brick buildings
|

Concrete buildings




Lu Shan(F= LL)Earthquake in China




Just after EQ, A surprise message comes:
One Isolation Hospital is perfomance very well
in China Lu Shan(F LL)Earthquake
April 20. 2013 M7.0

¢ 3 hospitals building with base fixed.
shaking severely in building
A Damage both structure and facilities
@A~ 3 hospitals are all break down

& “m“% ¢ 1 hospital Building with isolation
e = % > No any damage for struc. & deco.
- No any fall down for Facilities &
equipment inside the building
persons, no any feeling

\ L

This Isolation Hospital
become unique rescue Center

Thousands of injured people in it.
22

] basement




Lu Shan(% Ll) isolation hospital
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The lessons learn from E.Q. in China

. Most people dead caused by buildings collapse

. EQ Cause severe damages of both buildings
structures and inside facilities, stop city’s life.

. Most of strong EQ are over prediction in China
2008.05.12 Wenchuan EQ 0.10g -»0.96g, 10 times
2010.04.14 Yushu EQ 0.10g »0.659g, 6 times

. Isolation technique is an effective

Technique to protect people life & both the
building structures and inside facilities

in strong earthquake.




Three countermoves for EQ disaster mitigation

Countermoves for EQ

EQ rescue

EQ prediction
most failure
missed or mistaken

only after E.Q.

EQ engineering
OK! practical, but
some problems existed

Seismic risk
and hazard
estimation

life line system
anti-EQ

Buildings and Structures
structural
seismic design

New design
buildings
structures

Retrofit
buildings
structures

Traditional tech. EQ Resistant
structural system

Seismic Control of Structure
structural system

isolation dissipation TMD.,TLD

Hybrid Active
AMD Semi- Active




2. Concept design and isolation
of buildings




Concept 2.1

Large shear force
on the bottom Base isolation
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Large shear force on the button of
building in E.Q.




The 1st story of house collapse
FHEER, KRIHE




The 1st story of house collapse




damage by weak first story




The weak 1st story of house collapse
Plastic hinges #Ex#zwR ®EtER”

Plastic hinges




Concept 2.2
damage by weak story
in middle height of bld. Middle isolation




damage by weak story in middle height




damage by weak story in middle height




weak story in middle height collapsed




Ask design to be “Stronger Column,weaker Beam”
Really happening is “ Weak column, Strong beam”
Plastic hinges(¥ 1 £X)appear on the end of column
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Isolator’s torsion
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Concept 2.3



Torsion by eccentric stiffness in plan




Concept 2.4 Amplify and Reduce
structural response — Horizontal move

Amplify:

Fix base str.
Amplify
structural
response

Reduce:
Isolation str.
Reduce resp.
Horizontal move
No any damage




Taiwan Earthquake
BEXME 1999.9.21 1:47 2300




Some Highrise buildings though do not collape
But inside damage are very serious

R4 ORI, B 345 = BT, 15




Serious damage in masons structure buildings




Church is damaged
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The Chengdu airport stopped 17 Hours

by facilities faII down inside the tower
MEREEEPK

14 Ml
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3. Mechanism and test for
isolation system




(M) put a soft isolation layer under structure,
could isolate Strong EQ
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Model of Isolation for Buildings

Comparison of Base-isolated and Fixed-base Buildings Performance of El for Buildings during EQ

ACC 300/0 — - — e ','i“‘ ]
=

Acc:350%
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Isolation System

/’E'“\

) ;
™ ace: 20% ™ o\ i
Ground Acc: 100% = Mi? Cit? fu,ul? 2 Mi,
Fixed-base Base- solated fu, u: reaction force of El
w,  :ground acceleration

Soft isolation layer ith small stiffness), Reduce response
Fixed base structure: Ground Acc.100% — Struc. Acc. 200-300%

Base Isolated structure: Ground Acc.100% — Struc. Acc. 39;’/0




Model of Isolation for Bridges

Comparison of Isolated and Fixed-base Bridges Performance of El for bridges during EQ

.

Elastomeric q%;
Isolator
AN ;
R = Pier
Pier stiff
=) coip?éd?ri?l‘? @ '
' flexible isolators !
Fixed-base Isolated :

P ng.Acc



Seismic Isolation-Dynamic Analysis
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Seismic Isolation-Dynamic Analysis
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Amplify factor Ra --- w/ w n
SRR B AR Ra SR B9 xR

Fix base #ssm xerizx
MR =0.8 ~ 1.5
B ARI Ra
Ra=2 ~3

Isolation sesi xRz, Erxs)

SR =3~8
WEINBRARH Ra
Ra= 1/2~1/4

Isolation/Fix base

BELH / ESEN .
EE.I/E,\ . AlS/AfS =1/86 B 5-3-1 MEREESLST M. 5 wfan, IS 5 28
HE . Ais/Afs=1/4 ~1/12




From Design Spectrum for structures
Isolated structure is long period,
effective to reduce the Response to be 1/4- 1/12

ctrum

J Fixed-base Base-isolated
: T

Elastomeric (== —
Isolator
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Response Disp.Spectrum

Elastomeric
Isalator




(M)3=iso.Hi. Small shaking table test:
Isolation & Traditional Structure

Isolated Struc. Traditional Struc




Shaking table tests for Isolation structures

Base Isolation Stories Isolation

gz

(5




Shaking table tests for Isolation Highrise structures
(MBER BRLEH 730 &Rk

CaseR01(TRB+SLD9%)
No64 BCJ L2 x3 1/12

honestech |




Shaking table tests to compare Isolation & no iso.

ik fEE ERE SR E B IR & Wi s
Comparisom of base isolation building with
base Fixed Doilding in shaking table tests:

Ground motion 400gal

! g i I.lll'!'!' .",1- o

A& maE (AR
Shaking Tablc

el |solated Struc. 100gal

EEM B B v o
Dase Isoladion Sirnclure

Tradit. Strct. 800gal
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Fraditional base Mxed bailding, severe shaking




2.1 Base or Middle Stories isolation

Different locations of isolation layer

(1) Base isolation
(or Basement)

(2) First story isolation

(on the top of 1st story)

(3) Middle Storied isolation
(on the stories which irregularly)




Stories isolation
Shaking table Tests for Models

Hifff JFx Ex Ex fIHFEx B PEee i




Shaking table tests
for Stories isolation structures

( Guangzhou University) 2003-2007
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Results of shaking Table Tests
Acceleration A and Shear Force F

A & F will be smaller with iso. Layer location Lower

SEFE(RFRXEH A ) SEHE(RERXaMA )

o - N w B ()] » ~ oo
T T T ]

0.4 0.8
IEE(g)

Acceleration Shear Force




4. Testing of property and
durability of isolators




Classification of isolator devices

(1) Sand layer
(2) Graphite lime mortar layer
(3) Slide friction plate

(4) Laminated steel plate Rubber bearing
--- most popular at the present time.




Sand or Graphite lime mortar layer
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Slide friction plate (2/3)

Pot shape for sliding back to original place




Slide friction plate (3/3)

Laminated rubber Flange plate

Base plate

Sliding material

Sliding plate Connective steel plate

Force (kN)

-150 -100  -50 0 50 100 150

Displacement (mm)




Laminated Rubber Bearing (LNR,LRB HDR)

Top Mounting Plate not shown e Lead Core Top Mounting Plate not shown

=4 Steel Lead Core

_~ Reinforcing

Cover Plates

Bkl = Internal

_ Rubber

Cover
Rubber




Rubber bearings Compression tests

Earthquake Engineering Research & Test Center (EERTC)
Guangzhou University, CHINA 5 X% TR BHRH L

Compression:

W Failure: ~ 90 Mpa
» / Design: < 15 Mpa




Compression ultimate strength

Compression failure tests

wm-palm)

e ——
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-u --\--II

' broken 1n defle

ompressive tion {

steel plate

g,= 10~15 MPa 1/(8-10a,)
= 80~100 MPa (broken in steel plate)

The of steel can
gs= 2\(Pt /A, L) -u-og




Properties test items for isolator

1.2.4 Tensile properties
Tensile yielding stress o, 22 MPa

Tensile breaking stress o, 25 MPa
i




Rubber bearings testsVertical compression and shear
Failure: D= 4.5Tr (450 mm), Design D <3 Tr (300 mm)
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Compression & Shear test results

Force (kN)

-300 -200 -100 0 100 200 300

Displacement (mm)

~)

J/

Force (kN)

Shear stress (N/mn% )

-300 -200 -100 0 100 200 300

Displacement (mm)
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Seismic Isolation-rubber bearings tests







Seismic Isolation-Rubber bearings tests
Z1t 3% Ozone aging tests | M KX




Seismic Isolation-Rubber bearings tests
Durability testing results(60-120 ys.)
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Durability tests for isolators

(1) low cycle fatigue test (180 cycle)
(2) Ozone Ageing test (60ys)
(3) Creep test 50 yr.

(2010-2050)
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Site Investigation of Ageing of real Rubber Bearing:

Site Investigation of Ageing of real Rubber Bearing:

Countries Structures Working life (yr.) Thickness of ozone
China Bridge 1956-1996 (40yr.) 3mm
UK Bridge 1954-1995 (41yr.) 3mm
(Pelham)
UK Building 1934-1996 (62yr.) 3.5mm
(London)
Australia Bridge 1889-1995 (106yr.) 4- 5mm

Conclusion : Real working life > 100 yr.
Thickness of ozone: 4-5 mm




How to reach the working life > 100 yr

Add resistant ozone material to rubber

Superstructure

Cover layer 10mm

Substructure

Conclusion : Real working life > 100 yr
for rubber bearings




5. Application and
real earthquake experience of
isolation in China




UNIDO Held International Workshop on Isolation

May 20, 1994 Shantou, China

Prof. Emanuel Csorba
Summing up and Closing Statement




(UNIDO Project)
RC frame, 8 stories, Shantou City (1989-1993)
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Want to compare two buildings (Isolation & no Iso.)

RC frame, 8 stories, Shantou City (1989-1993)
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Earthquake experience (1994.9.16)

Shantou project -- UNIDO, two buildings for comparing in EQ
Same structure ( 8 stories RC frame house) on same site

one is base isolated, another is base fixed
1994.9.16 Southern China sea Earthquake ( M 7.3)
Shantou City: ground A=0.11¢g -

+ Building with base fixed
person difficult to stand
shaking severely in building
slip down on floor
people jump out from window
water in bucket, shaking, spatter out 1/ 3

+ Building with base isolation
persons, no any feeling




Widely application of isolation
in China (from 1994)

5.1 House and buildings (about 3500)
5.2 Large or complex structures

5.3 Bridges (about 150)

5.4 Historical or cultural relic
5.5 facilities, oil tanks

5.6 NPP Nuclear power plant
5.7 Seismic Retrofit (about 100)




5.1 House and buildings
(about 3500)




5.1 House and buildings (about 3500)

Isolation Houses group in west China
38 buildings, Floor area 200.000 M2,




Seismic Isolation Houses buildings
in southern China

Stories Isolation--Top of first story

b 358 174

/~ Rubber Bearing




Isolation houses in South-west China

Seismic Isolation Houses group (= ZkX)
72 buildings (4-16 stories) , Floor area 210.000 M?




Isolation houses in South-west China

Seismic Isolation Houses group (=R ZEX)
ngs (4-6 stories) , Floor area 280.000 M?
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Isolation
hounses
Yunnan,
Jiansui
(12 buildings)
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Isolation Houses
(28 buildings)
Yunnan Province

Kunmin city
ZMERHAR




High-Rise (31 stories) Isolation Building
in Shandong, China
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Floor area is 18,230 square meters Sugian Ciistoms Building
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Isolated buildings -- the largest area in the world

One part of view Isolation RB Layer
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(M) 17p04 BJ ISO 01
Stories-isolation Shaking table tests )

}ﬂ'EE‘

Isolation
El Centro (N-S)
(Transverse) X
Ground Motion
i Ag=0.366g

Isolation
Structural Acc.
&1 As=0.122 g




Stories-isolation

Isolation
no any damage

El Centro wave
Tianjing wave
Local Site wave
Ground Motion
= Ag=0.60g¢

Isolation
Structural Acc.
&Z¥JAs=0.11~0.16 g




(M) 17p04 BJ 1SO 07

Stories no- isolation Shaking table tests )

No- Isolation
(Fixed base)
Damage, Collapse
El Centro (N-S)
(Transverse)
Ground Motion
= Ag= 0.366 g

Structural Acc.
21 As=0.834 J

Comparison:
RE/TRE = 1/4
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Shaking table tests Isolated buildings group

ELEE

i & : ,) > i""""' ; __,I.
B amiis
= o
£ ‘» "

Isolation no-isolation
Input 300 gal Input 300 gal
Response 140 gal 1/5 Response 720 gal
Input 600 gal Input 400 gal

no any damage Nearly collapse ;



Three directions (3D) isolation
Horizontal Seismic Isolation & Vertical Vibration

Model and Device
eDecouple of Horiz.-- Verti. T

Vibration
eHigh effect of isola. 3D

eLow Cost, install easily




Application of 3D Isolation in China
(Beijing and Guangzhou)

: o|f no-isolation, Vibra. be amplified
3D isolator 3D reduce 90% of Verti. Vibra.:os




Significant benefits
of using Stories Isolation for this project

1. Seismic safety increases to 4 times.

2. Construction cost save 7 %.
( in normal case 5% )

3. Environmental problems railway vibration
could be solved, using 3D isolators




Isolation for Re-const. After W.C EQ

School, Hospital, House
Use isolation Technique

m ';~n2°°§,’5_’.§'7 .F

| BEFE BHFR BEAU0IND R ENNR |
] BT




2"d primary school with Isalation
W.C Sichuan after E.Q.

— kRELN
== 4t

&I
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Teacher say to students when E. Q
Staying at room is more safe than outside

R, AR EELEAERL! 108




Record in E.Q. in 20 April 2013

2"d primary school (Isalation)
1st primary school (no Isalation)

iSO Ground A Bmldmg A

2nd primary school Isal. 0.20 0.12
1st primary school no Isal. 0.20 0.72

Isolation / no isolation 1/6




Isolation for Reconst. After WC EQ

Hospital

House buildings




First story isolation
(on the top of 1st story)
Guangzhou City E.Q. Observing Center




Earthquake Bureau
building
Fujian Province, China.

Isolation Building
2005

RC Structure
+11 stories,

-1 basement




Earthquake Bureau of Fudian Province, Isolation Building
Earthquake Experience In 2005.11.26
Jianxi EQ( M 5.7) Structural Response

Isolat. nolsola. ISO / no iso.

12story 0.14  0.59 1/4.2

1st story 0.10 0.12

Ground 0.12 0.12




5.2 Large or complex structures




Centro Government Building for Observing Center
Isolation building in Beijing,
ERAPR 7 MBEERED KB 2004 (FREAEE)

A Central Government
(7 Ministries) Office Building

&
At

+ 11 stories
- 3 stories
basement

reinforced
concrete frames
and shear walls

Base-isolated
building




Shaking table test

with and without isolators
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Office Building of Guangzhou University
(IS, o)

15123 FE Rubber bearings







IT center of Shimao, Yunnan China




Guangdong S. & T. center

ITRENFFL BRERSW
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Seismic Isolation Library building
in Talyuan City,northern China
Basement Isolation




Seismic Isolation Museum
in southern China

Stories Isolation--Top of first story




Isolation hotel buildings group in Yunnan




A sport stadium with isolation (Prof. W.Q.Liu)

Floor Area
Response:
iIsolation / no isolation




Base Isolation
Kunmin Isolation New Airport (2011)

Floor Area: 500,000 M2
(Design by Beijing Architectural Design Institute)




B I7 A i
Base Isolation Kunmin Isolation New Airport

(2007-2012)

Base Isolation
Rubber Bearings

mExE 1892 RB
($1000 )

Oil Dampers jHPFE[E RS
108 OD
( D= £600mm, F=150T )




‘Beautiful Arch. DeS|gn

Need to protect:
1.Complex structure
2.Facilities inside
3.Curve column

and large glass
4.Large Ceiling

So,
only use Isolation!




Shaking table test (2008)
for Isolation Kunmin New Airport
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Testing and analysis results

Acceleration - Time
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5.3 Bridges (about 150)




6.1.8. REFTR (HHW, KEF)
R REE

Comparison of Isolated and Fixed-base Bridges

Pier stiffness
coupled with
flexible isolators

Fixed-base Isolated

: Gmmg.Acc

Performance of El for bridges during EQ

O Girder

Elastomeric
Isolator

W/




Seismic Isolation-Application in Bridges
Concept of reducing response for using isolation in bridges
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Isolation Railway bridge in Xinjian (2000)

damage in
neal fault
CELUIIEL(E

9 spans , 32M /each span




(2006)

dge in Fujian
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Isolation highway bridge in Fujian (2006)




Isolation highway beidges
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Isolation highway curve bridges
BENBFR RE




KRR BREKXH 26 KM

Seismic Isolation Bridge Crossing the sea
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Fix bearing  Isolation bearing
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Deformation response of top of pier

Sea level
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Sea level
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Deformation (m)

Deformation (m)
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Response of top of pier—Isolation



HRBEEIRIT Seismic Isolation Design of Bridge

26m#i# 26m-height pier of H-Z-M
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5.4 Historical or cultural relic




(M) Xian, China, History (1200 years) status

isolation protection
FEEE HEXY RERP HBiAk
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Isolation devices




Isolation protection for history

statue and stone tablet
(1200 years history) +E@Ez m#xy BREH




Buddha Temple (Southern China) High 108 M
The highest buddha temple in China r-%igkm &= 4% &108Mm

—

Ask to protect:
1.Structure
2.Statuary inside
3.Pictures on

column & wall

So, need to use
iIsolation




Isolation
Analysis result

Acce(iso.) / Acce (ho iso0.)
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5.5 Industries facilities, oil tanks




LNG Tank in Tanshan EQ in China
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4 To | wziz2inm non-solated tank
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3 it ‘.a
Isolated tank

------

“#non anchored / not upiifting

Double Integrity
LNG Tank
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LNG Tank uses Isolation

Guandong, China
PE,FRE
D: 84m

H: 40m
Capacity: 160.000m?

No of piles: 360 1.2m

Seismic zone: 0.37¢




Bearings under the LNG tank

i




Using Isolation in Oil Tank

B

Rubber bearings
Isolators




Isolation for 500KV Transformer

Rubber bearings




Seismic Isolation for industry facilities
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5.6 Isolation for NPP
Nuclear power plant




Applied to The Nuclear Power Plant®

Advanced Institute for Materials Research

Niigataken Chuetsu-OKki
Earthquake:July.16.2007

M-3 (peak - 667 9 cm's/s)

ﬁaw#______\, S

e

-0 {peak: 369.0 cmisis)

R P — .

20 30 40 50 60 70 80
Time (sec)

Damage by the Earthquake

Kashiwazaki-
Kariwa Nuclear
Power Plant

Fa |,

E-W (peak:- 511.3 cmisis)

Acc, (cmis/s)  Acc. (cmis/s) Acc. (cm/sfs)

Peak ACC [gal]

136" 1370 138" 139" 140" 1417 142"
2007/07/16-10:13 37.5N 138.6E 10km M6.6

Design Observed
acceleration acceleration

gal =50 ' = ¢
- - The fall of a drum for
About 2.5 times acceleration at DESIGN waste storages 163
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The outbreak of the fire
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Advanced Institute
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2008 ~ 2016 years
60,000 million yen
Device maker
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( The standardization of the nuclear plant design )

Safety improvement in the nuclear

power plant
Project plan

& Construction

Reactor maker
company

METI PROJECT for Isolated

Nuclear Power Plant
nuclear power plant at 2016 year

The construction of the isolated
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2011.3.11 Japan E.Q.
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Records of Wenchuan EQ 20080512

EFE18KM, XIIEME &

080512142504 08-05-12 14-28-04 BTM WENCHUAN-EARTHUUARE  WENCHUAN CHN 31.000M 103.400E MAG.5.0[Ms] DEFTH 14kKM
STATION: 510w 31.034N 103181E  INSTRUMENT TYPE: ETNA  OBSERVING FOINT: GROUMD

MO, OF POINTS: 36000 EQUALLY SPACED INTERWALS OF: 0.005 5EC

UWCORRECTED ACCCELERATION

05TWCW0B051 2142801 COMP. W Amax=357 700 [cmisds)

gR7.7[ .
Design A=0.10g Record Agy=0.96g

“r65.3(

ge2al 051w OW 0051 2142802 COMP. NS Amax=E52.851 [cmrsds)
Record Ayg=0.65¢

-B13.8(

q4a1[ 051w OW0B051 2142803 COMP. UD Amax=348.103 [cm/s's)
Record A;p=0.95¢

-B08.0]

'The EQ are much over prediction!
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Seismic Safety for Nuclear Plant in China

1. China have built 20 Nuclear plants.
Plan to build 80 N.P in future 20 years
2. Nuclear plants do not allow to be damaged
on both of Structures and facilities inside in any E.Q.

3. S0, using Isolation technique is the best way!




Seismic Safety for Nuclear Plant in China
— Use isolation (After Wenchun E.Q. 2008 )

National Plan:
2008-2013 (5 years)

Acceleration (Gal)




Base isolation Application to Reactors in the world
Aim:
1.Lead to high level design standard SSE 0.3-0.6¢9

2. in beyond design seismic events 0.7-1.0g
3.Protect both on structures/component facilitie <0.2g

High Damping Rubber Bearing
Lead Rubber Bearing 1%




Model for 3D isolation in E.Q.

oeo, o
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fsh0 =50 Hz: Mode 3 (135Hz)

fsh0 =5 Hz: Mode 3 (13.5Hz)

fsh0 =50 Hz: Mode 2 (0.7Hz) .

fsh0 =5 Hz: Mode 2 (0.7Hz)-
S fbh0 =0.5 Hz

fsh0 =50 Hz: Mode 1
fsh0=5 Hz: Mode 1

4/30/2013
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5.7 Seismic Retrofit (about 100)




Retrofit for existed buildings with Isolation

l--|
: :




Seismic isolation retrofit for school Buildings

1.Million of School buildings need to retrofit for E.Q.
2 Use Isolation to retrofit school buildings
3.Government held a National Meeting to extend it e




Isolation layer on different location (#i:£%)

In basement




Seismic isolation retrofit for school Buildings

v P T

For the 1st step

finished 24 schools buildings
Retrofit with isolation




Seismic isolation retrofit for school Buildings

v P T

For the 1st step

finished 24 schools buildings
Retrofit with isolation







Seismic isolation Retrofit for bridges
FRERE REMNE




on top of pier #FH




at bottom
of pier
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6. Isolation for
low cost rural buildings




One of the Typical Rural house




Isolation for low cost rural buildings

(1) Used for 1-4 stories masonry structure.

(2) Very simple construction
(3) Low cost, about 1/5 rubber bearings

(4) Do not need any large facilities for const.




Rubber block isolators




,l.
| et
0 (D53 il
L LT
] ] .
IITINI NNAM |
NIRREE MENR L.
MR ARERIRE.

o
=
D O
2 8
all=
S
>
nrub
e
0
x 9
O O
O £
re
O
23
o0
—
oc




R Testing & Results

Stiffness
Damping

el Displacement
Stability

— &M (51

-y = 0.5386x - 1.8397 -
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Shaking Table Test for Rural house

Isolation No isolation
Ground = 0.40¢g Ground = 0.4
Struc. = 0.12¢g Struc. =0.92¢

189

Isolation / no Isolation = 1/8




7. Technical maturity of
iIsolation technique




ISO for isolater m=== (2006 )

Isolation Rubber Bearing #f e = 37 B

ISO 22762-1 Testing method
ISO 22762-2 Isolators for bridges
ISO 22762-3 Isolators for buildings

bl - PEL,AX , E£E....E£4% (2001-2006)




Chinese National Standards for isolator

1. Seismic Isolation Rubber bearings
(JG118- 2000)

2. Rubber Bearing (GB/T 20668-2007)
Part.1 Seismic-Protection isolators Test methods
Part.2 Seismic-Protection isolators for bridges
Part.3 Seismic-Protection isolators for buildings

3. Dampers (2011)




Chinese National Design Code for
isolation

1. Seismic Design Code for Buildings
(GB 50011--2010)
Chapter 12 (Isolation and Energy Dissipation)

2. Technical Rule for Seismic Isolation
with Laminated Rubber Bearing (CSCE :2001)

3. Technical Rule for energy dissipation (2011)




Chinese product
Large diameter RB isolators

(1) Rubber Bearing
Diameter ¢300 ~ 1600 mm

(2) Ask products with
high quality also low price

(3) China has perfect testing
facilities for control quality

(4) Provide the needs for
China and other countries.




8. Future development tendency
of isolation




Brilliant future of Seismic for structure

Structural isolation system is:

> More safe, even in over prediction EQ.
iIso/no iso=1/4-1/8.

> More effective protection for both struc. &
facilities inside

> More effective to keep elastic state of stru.

> More economical, inexpensive, £5 ~ 10%

> more Satisfied for irregular architectural design

The coming years:
»Traditional anti-seismic struc. still is main system
> seismic isolation will be one of main systems
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Thank you!




