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Long Men Shan Fault in Sichuan
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Strong Ground Motion

@ Date and time: 14:28, 5.12, 2008
@® Location: Wenchuan, Sichuan, Province
@® Magnitude: 8.0 (Ms)
@ Depth: 14km (depth)
@ Duration: 120s, very long
@ Acceleration: Ag,=0.969, A p=0.95¢g
large Vertical Component
@ Death: 69,000+ 18,000= near 90,000
@ Injury: 370,000
® Loss: 100s billion RMB

The county Become a ruin after EQ
5124 BAE U BHER—FEE

Still have some animal in ruin city: cat, duck..

ENEE WP ETBEA, BB

A beautiful county before EQ
51247 wT KA1 Ei

Whole county become a dead city
no people, no any sound, keep in silence

One best middle school in Wenchuan
RC Frame collapse
HOPE——IENREPFZ—
TEZE B REEIR




The child play happily in school
just before EQ

Mother is finding her son in school
BIERET, WREIE, FR—F R

Japanese rescue group works hard on site
Make memorial meeting 5H17H 7:25 &JII&, BAKIER

Before EQ After EQ
Jb) B2 (#%EIX) most of children are buried

People asked to be rescued
512 R IEH B

Classification of Buildings Damage
in Wenchuan EQ

1. Whole building collapse EERE{#{E#IR

2. A part of building collapse EEEHEIS

3. Serious damage, very difficult to restore
BEIRF, ShRISTS, BETEEE

4. Structure no damage, but inside all failure
BRI, RERIR & (AR, ThAE i

5. Rural buildings all damage or collapse
RRBEREE™EWIFESR

6. Isolation buildings, perfect FERERE THF LR
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1. Whole building collapse ERZ#HEIIR
5128 BB, || Bif Bianre: The 1st story of house collapse

Wenchuan EQ 2008: much Over Predictive School buildings whole collapse
INTENSITY, 1st story of house col |apse

MR B AU
PR R IHIR BISR

Wenchuan EQ 2008: much Over Predictive
Wenchuan EQ INTENSITY, weak story in middle height col lapsed
weak story in middle height col lapsed




2. A part of building collapse
EERIES omgs neds METE RHE

The weak first story is serious damaged
JRAEGH RIERE BB

EERELRLGH
BERIS™ERA SR

The weak first story is serious damaged
RHERREE RERE SBRFEZ AR

REBHF

3. Serious damage, very difficult to restore
BREIRF, S ENER, AL EE

ERERTIFERN BRETERST E S8

Some buildings look well form outside
EHEMTET RN BRETERE BE%




But damaged very serious inside,

very difficulty to restore
ERMEE, EEEE RSB ERT REESE

The Chengdu airport stopped 17 Hours
by facilities fall down inside the tower

ERERGIRETR
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The electric power system damaged

Tz ks 3

4. Structure no damage, but inside all failure
The communication facilities are failure
even the building is only slight damaged

BERRERIR, (B 15 T

Bridges failure 1 %%

5. Rural buildings all damage or collapse
RREZEEM™EWRRES




The weak first story destroy failure

Weak story = Isolated in middle stories
story Isolation is a good design concept

In northern Sichuan, southern Gansu, Wudu
Many brick buildings A=0.17g, BEER#E
—RER‘RRER

1.People feeling shake very serious #RzEhEZ
2.Most facilities fall down EBhzRE, iR, B3 HE
3.Cricks in brick wall after EQ IZ{&EFHZY

Fixed Base = Isolated base
Base Isolation is a good design concept

6. Isolation buildings, perfect E®ER 55%#H (Dr. Y.F.DU)
In northern Sichuan, southern Gansu, Wudu
3 building with isolation
6 stories brick A=0. 17g, BEEEE#HE
1.0nly feel slowly vibration T=2. 6s iRENZEIE
2.No any facilities fall down BfZRE., HRSETF
3.No any crick on brick wall in EQ iE{&Jc3i4E

Wenchuan EQ. and Seismic Control of
Structures in China

@ Most of strong EQ are over prediction in China
1976.07.28 Tanshan EQ 0.05g— 0.85g, 15 times
2008.05.12 Wenchuan EQ 0.10g —0.95g, 10 times

@ Most people dead caused by buildings collapse
nearly 90 thousands people died in Wenchu. EQ
people ask to live in the house that are still safe
when over prediction strong EQ happen

@ EQ Cause severe damages of both structures and inside
facilities
people ask to use the technique that are effect to protect
both structures and inside facilities, for lifeline eng.

@ So, a strong tendency of applying on seismic isolation &
control for structures after Wenchuan EQ in China




Seismic Control of Structures in China

Application of Control technique in China 2. Base or Middle Stories isolation
@ Seismic Isolation : 690 buildings, 32 bridges system for buildings
@ Energy Dissipation : 85 buildings
® TMD or other Passive : 16 buildings or towers
@ Semi- Active & hybrid control: 8 bridges & 5 Towers

Many projects are designing and constructing.

Different locations of isolation layer

(1) Sand layer (1) Base isolation
Basement isolation

(2) Graphite lime mortar layer (building with basement)

(3) Slide friction plate (2) Middle Storied isolation
(4) Laminated steel plate Rubber bearing FIESLS;?,:{J I\z?tlﬁéftnbasemem)
--- most popular at the present in China
(5) Rubber block for rural buildings Stories in Middle high of structure
(on the stories which irregularly
changing structural
shape, mass or stiffness)

Models for Stories isolation systems Shaking table tests for Isolation structures
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Shaking table tests for Stories isolation systems

(Guangzhou University I~ M2 35314 A1) 2005 Acceleration and Shear Force maspsamyhast

Results: Shear F & A will be smaller with Hi is Lower
Effectively to reduce the response

BHE R (FAFTENFRAN)

—— 5
—B—6IRRE
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Acceleration Shear Force

Seismic Isolation Houses buildings Seismic Isolation Museum
in southern China in southern China

Stories Isolation--Top of first story Stories Isolation--Top of first story

Guangzhou City E.Q. Observing Center Isolated buildings group---- Stories Isolation

in southern China
with isolation layer at the top of 1st story
EERE MhibEEEEDL 20005

-- The largest area of isolation in the world in 2003

Isolation House Buildings group on Subway Hub in Beijing
¢ Large platforms (2 storie RC frame)

with 1500m wide X 2000m long

cover arailway area in Beijing City

¢ 30isolation house buildings (7~9 stories RC frame)
built on the top floor of the platforms

— + floor area of all isolation buildings is
Isolators HERRE approximately 200,000 M2
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New system of Isolated buildings structures

¢ Stories-isolation -- The rubber bearings layer
is located on the top floor of the platform
Guangzhou University Prof. Ping TAN, X.Y.HUANG,

Shaking table tests— 1/25 model of isolation system

No isolation, severe damage, collapse
TRR—=ET
N

No- Isolation (Fixed)
El Centro (N-S)
(Transverse)
Ground Motion

HiFB Ag=0.366 g

Structural Acc.
ZEt As=0.834g
Damage, Collapse

Comparison:
Isola./ Fixed = 1/4

Isolated buildings -- the largest area in the world

One part of view Isolation RB Layer

Another part of view

Stories-isolation

Isolation B&/E
no any damage

El Centro wave
Tianjing wave

Local Site wave
Ground Motion
B Ag=0.60g

Isolation
Structural Acc.
ZERAs=0.11~0.16 g

Shaking table tests — Compare testing

no-isolation
Input 300 gal
Response 720 gal
input 400 gal
Damage, nearly colkapse

Isolation
Input 300 gal
Response 140 gal
Input 600 gal
no any damage




3. Three directions (3D) isolation

Significant benefits ) ) oo
for reducing vertical Vibration

of using Stories Isolation
in Beijing Project @ General isolation, Horizontal Seismic only
@ Vertical vibrations always occur by highway,
_ railway, machines or others 1%k, &%, #iE
0,
2. Construction cost save 7 %. make people not comfortable “EESFEE

3. Environmental problems: railway vibration ) ) .
. , ® mathematics model for 3D isolation & &
could be solved. Ask to use 3D isolation

1. Seismic safety increases to 4 times.

1:horizontal Isol. device
2:horizontal damping
3:Vertical isol. device
4:Vertical damping

_ _ Application of 3D Isolation in China
Mechanics Test for 3D Rubber bearings (Beijing and Guangzhou)
( Guangzhou University, China )

(kN/mm 3D |Solat0r
=4I R

Observer records in Sit for 3D Isolation

T o 4. Isolation for long span & space structures

Over bridge isolation
between two buildings
using isolation joint
decouple the different
model shapes
of two buildings

No isolation system 3D isolation system Flesille

oG TR =R _ASlide Toin
long span space Isolation

Records: @if no-isolation, Vibra. be amplified structures
eGSR SRR, ARRE

@ 3D reduce 50% of Verti. Vibra.




Shaking table test: Traditional Rigid joint

B ARG B SR () MREE, T TR )

B 245 A
T RBR

Isolation for long span space structures
Shanhai F1 Racing stadium (Tonji Univer. Prof. LU Xi Lin)

Long span 160 M
To solve the Temperature deformation and E.Q problem

69

Guangzhou Sport stadium
REZEEEH—T MEEE
(MR

Slide isolators

KRR

Guangzhou Zhen Jia Plaza

IMERES15  SHRESER 2005
MR, HAE)

Guangzhou Sport Stadium ( Span 300M )
Flexible Slide Isolation Joint | M&EE

Slide isolators
FAEBEN T EE

A large sport stadium structure with isolation
and energy dissipation (Prof. W.Q.Liu XIf#5K)
Floor Area 23,000 M2
Response:
isolation / no isolation
1/42




Kun Min Isolation new Airport 2008-2010
(Design by Beijing Architectural Design Institute)

Floor Area EHmE:
360,000 M2
Rubber Bearings 3 EE:
1700 4>
( $ 800~ ¢ 1000)
Oil Dampers SHPA/BES:
140 4
(472 D= £ 600mm,
ERAH F=150T )

Kun Min Isolation Airport
Rubber bearings & dampers

Kun Min Isolation Airport

Keep safety in large Earthquake

Kun Min Isolation Airport

Kun Min Isolation Airport

Time history analysis

5. Isolation for rural buildings in Contriside
SHEBERERER RREEA

(1) Used for 1-4 stories masonry structure.
1-AERRE . A Rib5#He

(2) Very simple construction
BREIEHS

(3) Low cost, about 1/5 rubber bearings
REMERE

(4) Do not need any large facilities for const.
LERE £RE FEFR, TETERTRE




The Typical Rural house
RLARREEEE

Rubber block isolators
RREZER BESER fEW0)

Rubber blocks are very light,

could move it by hands
fRR% EE8 AFMaEiHE 25F

Rubber block isolators
REEEERE BESKRHR fE

Rubber block mms==

(M) Rubber block testings
R RN




PRECEENEE Testing & analysis
results

RIIER:
TKFRIE, BEE

I RCT I

D%-10MPa 100 -V = 0.5386x ~ 1.8397 KN/mm

50

s

= 200 100
“50

200%-5MPa
100 200%-10MPa
Arf (mm) 2t

No isolation, damaged very seriously
R BEEH RB7-88 mEFH

Acceleration Response:

isolation /no isolation 1/ 7~9
[BiR SER BEREE 7T~ofF

T R 8P

FER/AERER
1/7~9

isolation fRiE EE no isolation EfRR EE

Struc, /Ground = 1/5 Struc./Ground = 2-3
0.12g/0.6g 9ETH 0.92g/ 0.4g 7EH 8-9E

No isolation, collapse
ERR BREEH Lo (BlH

6. Isolation for
reconstruction after
Wenchuan EQ
POl BT MiEE EiEER

RERE REEMKARN
2008. 12. 31 finished ZrZBA




School isolation buildings

M)l ZfT BEE BEFE
RIS R A
Kb BB XE AT

Kindergarten isolation buildings

P10 | B RN SR = /5, SE—4&h) LI (8%5)
(FRRE) 20095E5A7H £

Isolation school, small columns
BREEE, FEREHRIE SRR
BET, R, S0 17%

Hospital
isolation buildings

M)l 4t MiEE
BEDER RREE
2008.12. 31 finished BRE
R AA R
28 S0

Isolation school
PO B = N (B H4E)
FRRYEE (RE S EE+ER5Y B )

no isolation buildings

big columns, thick wall
PO B — 1 CIERRRE)
HROEER, VIS,
BRGEARE WHRRSRE
FEEFAER, BHEH17-25%




Acceleration Response:
isolation /no isolation 1/ 6
RNEFEZpZ (FREVTHE: EERELL)
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Brilliant future of
seismic isolation & control for structure

Structural isolation & Control system is:
» More safe, even in over prediction EQ.
» More protection for both struc. & facilities inside
» More effective to keep elastic state of supper stru.
» More economical, inexpensive
» more Satisfied for irregular architectural design

The coming years:
»Traditional anti-seismic struc. still is main struc. system
» seismic isolation & control will being one of main system

Announcement

11 th World Conference on Seismic
Isolation, Energy Dissipation and

Active Vibration Control of Structures

Sponsored by

Anti-Seismic Systems International Society
(ASSISI)

November 17-21, 2009
Guangzhou, China

Brilliant future of
seismic isolation & control for structure

Structural isolation & Control system is:
» More safe, even in over prediction EQ.
» More protection for both struc. & facilities inside
» More effective to keep elastic state of supper stru.
» More economical, inexpensive, 5%
» more Satisfied for irregular architectural design

The coming years:

»Traditional anti-seismic struc. still is main struc. system
» seismic isolation & control will being one of main system

The end

Thank you !




