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Configuration of Building Structure
with Base Isolation System

System

o Basemat

=

O

=~ < Base

w .

S Isolation
Q.

>

n

|solation Bearing Passive Damper
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Early Seismic Protective System

Persia, Pasargadae, 530BC
Tomb of King Cyrus the Great

Stone blocks above
foundation built without
mortar allowing for
sliding in earthquakes.

10
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Behavior of Building Structure with Base
Isolation System
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Possible Damper Placement within Structure
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Behavior of Building Structure with Damper

'y A A

< With Vibration Control System > < Without Vibration Control System >

Start vibration simulation >> y
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Fundamental Concepts

= Basic performance objective of “conventional”

seismic design: Life Safety

= Life safety performance objective not

sufficient for Important structures

= To Increase seismic performance level at
reasonable cost: Seismic Isolation &

Supplemental Damping

16
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Seismic isolation structure Seismic vibration control structure Seismic resistant structure

Eearthquake energy is absorbed

by saismic isolation bearin Earthquake energy is absorbed Earthguake energy is absorbed
¥ g: by vibration control devices. b
Smsm;g flﬂr;gutﬁgir:f""md Seismic force transmitted Seismic force transmitted
d to the building to the building
Shal{ing - Shaking e -
[ [— Shaking Shaking Shaking Shaking
= | 1 T T I ] t ] 1
| I | | e i an] = |
| ] 1 ] ] 1 1 1 ] ] ] 1
1 1 1 ] I 1 /\\\ ] 1 ] T | 1
1 1 ] I I 1 i 1
: : : : Ll /\\ || N B
[ | 1 [N 11 I | I |
L [ | B |
A ! /N 1 )
[l [Nl bl [ b i
AL i V(1 (AN
N ale I ZAN T ¥
L] 11 Wi Wi
: : : : il /\\ il 1 i
[ | 1 ] [l 1] i
[ | RN L] @ (] ] ]
Seismic izolation bearing ! . ] 1 ! !
m = — Vibration control devices

= = =

The Structure which is mounted on seismic

isolation bearing installed between the T_hE structure which _is installed with The structure that _resists ea_lrthquakﬂ by

building and foundation, softly responding 1_.r|hrat|un_cqntrnl devices (damper etc.) strength and tenacity of main structura_l

L] redt]cinu the earthguake in the building tu_absurb earthgquake o members such as columns, beams, bracing
energy for reducing the damage on building. and shear wall.

input to the building. 18
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FEMA P-750 / NEHRP 2009

Table C17.2-1 Performance Expected for Minor, Moderate, and Major Earthquakes®

Earthquake Ground Motion Level

Minor | (Moderate

Performance Measure

| =il e S Life safety: loss of life or serious injury is not expected F, I F, 1 F,
EHRP Recommended _ significant structural damage is not expected F, I F, I .
Seismic Provisions (Nonsirtictural damage: significant nonstructural or contents damage F, I 0 0
for New Buildings and Other Structures is not expected
FEMA P-750 / 2009 Edition
° F indicates fixed base; [lindicates isolated!
& FEMA @ -
Table C9-1 Applicability of Isolation and Energy -
Dissipation Systems
e SOMENTA oy e
q— Performance Performance Energy SEISMIC REHABILITATION OF BUILDINGS
N~ Level Range Isolation Dissipation
Operational Damage Very Limited
g Control Likely
LL || — —
Life Limited Limited Likely
Safety Safety
Collapse Not Limited ety et e e
Prevention Practical
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Suitable Buildings for Seismic Isolation

Type of Building Reasons for Isolating

Functionality
High Importance Factor, |

Functionality
High Importance Factor, |

Preservation
Low R

Museums Valuable Contents

Continued Function
High Value Contents

Essential Facilities

Health Care Facilities

Old Buildings

Manufacturing Facilities

20
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Example of Loss Estimation Studies

=  Comparison of expected repair cost for fixed based and seismically
Isolated structure with 4 different systems

= Loss Ratio = Repair/Replacement cost

40% -
35% -
Fixed based steel
30% o
moment resisting
8 25% 1 ® SMRF frame
m -
= 20% - ®511D1
a Steel moment
9 51102

frame on various

15% -

10% “s2I01 1 jsolation systems
52 102

5% )

50%,/50yrs 10%/50yrs 2%,/50yrs
Earthquake Hazard

(From V. Terzic et al.,, PEER 2012) 21
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Components of Seismic Isolation Systems:
= |solator:

- Lateral stiffness much less than superstructure
* Increase effective period of vibration

« Dissipate seismic energy

= Supplemental damping mechanism:

« Dissipate residual seismic input energy

- Limits displacements of isolator

« Reduces force transmitted to superstructure

23
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Seismic Isolation Systems

= [nstallation of “iselators” beneath supporting points of
the structure:

- Buildings: isolators located between superstructure and
foundation

« Bridges: isolators located between deck and piers

= |solators have much Ilower lateral stiffness than
superstructure

= |solators |limit transfer of seismic energy to
superstructure

= |If no seismic energy transmitted to superstructure: no
damage

24
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Behavior of Building Structure with Base
Isolation System

Base-lsolated Conventional
Structure Structure

25
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Behavior of Building Structure with Base

Isolation System

S CLBRRREZERARRRB joczan )

i
. 1

= =8B =

Base-Isolated Conventional
Room Room

26
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Effect of Seismic Isolation
(Acceleration Response Spectrum Perspective)

= [ncrease period of vibration of structure to reduce
base shear:

Il-

Increasing Damping

Base Shear

Without With
Isolation Isolation

27
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Effect of Seismic Isolation
(Acceleration Response Spectrum Perspective)

= Increase of period increases displacement demand
but now concentrated at base:

Displacement

Increasing Damping

T

Without
Isolation

T

Period

With
|solation

28
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Effect of Seismic Isolation
(Acceleration-Displacement Response Spectrum Perspective)

1.2
/ T=.50 T=1.0

5% Damping

T=1.5
10%
A
|

30%

i\

o

-
(o]

g
)]

T=2.0

Decreased Shear Force /
Increased Displacement

1 \
10 15 20

Spectral Displacement, Inches

v

o
~

&\
%

Pseudo-Spectral Acceleration, g

o
(@)

29
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Effect of Seismic Isolation with Supplemental Dampers
(Acceleration-Displacement Response Spectrum Perspective)

12 / T=.50 T=1.0

5% Damping

T=1.5

40% T=2.0
Decreased Shear Force | —|
Slightly Increased Displ.

(o0} o
—
o
=S

o

23 N
o | ©
~i

N

Pseudo-Spectral Acceleration, g

o —
o N
4

0 5 10 15 20

Spectral Displacement, Inches 20
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Full Size Shaking Table Results

Researchers Will Assess the Performance
of a Wide Range of Nonstructural Systems
in Earthquakes and Fires

¥ Roof mounted services

N I'he building has a penthouse, a large
) - water tower, and an air handling unit
The shake table experiment &< mounted on the roof.
The test building stands on the world’s * e Evacuation support
!argcsl outdoor shake ta.hlc at the See lower left.
Englekirk Center at UC San Diego. The

tablc.can r?;;‘roducc‘mE c:nt}guakg; Medical occupancy
motion with up to 4g's onzo.nla I'he top two floors house a surgery
acceleration. suite and intensive care unit, both
critical hospital spaces that must
- function following an earthquake.

Exterior facade \ | ]
Two types of exterior facade are ‘ e Fire performance
being tested: the two top floors Tanks of heptane will be used to ignite
have heavy precast concrete panels, a fire on the 3rd floor of the building,

allowing investigation of the
consequences of fire following an
carthquake.

Building services

T'his is the first test program on a shake
table to incorporate equipment such as
HVAC, sprinklers and other piping and
electrical systems.

whereas the three lower floors are
covered with flexible metal studs
overlaid with gypsum board and
light weight stucco,

Evacuation support

An elevator and stair system
running the full height of the
building are installed to mimic
conventional evacuation routes in
buildings. |“'\

The base isolation system 1
underneath the building absorbs
much of the shock from an

G carthquake. The experiment
N EES &> - 5 will be run both with and
;’U}) without this system.

31
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e The Pisco, Peru, Earthquake of August 15, 2007
e Mw = 8.0, hypocenter depth is 39 km

CHARLES PANKOW
FOUNDATION
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Characteristics of Well-Designed Seismic

Isolation Systems

= Flexibility to increase period of vibration and
thus reduce force response

= Energy dissipation to control the isolation
system displacement

= Rigidity under low load levels such as wind
and minor earthquakes

= Provide sufficient force to Restore isolation
system to original location

33
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Classification of Seismic Isolation Bearings

= Elastomeric Bearings:

 Low Damping Natural or Synthetic Rubber
Bearing

- High Damping Natural Rubber Bearing
- Lead Rubber Bearing

= Sliding Bearings:

- Flat Sliding
- Spherical Sliding Bearing

34
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Geometry of Elastomeric Bearings

= Rubber Layers: Provide lateral flexibility, restoring
force & damping

= Steel Shims: Provide vertical stiffness to support
building weight while limiting lateral bulging of
rubber

= |_ead plug: Provides source of energy dissipation

35
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Low Damping Natural or Synthetic Rubber Bearings

= Linear behavior in shear for shear strains up to and
exceeding 100%

= Damping ratio = 2 to 3%

|
=  Advantages:
- Simple to manufacture
- Easy to model
|

« Low cost

= Disadvantage:

« High displacements so need supplemental damping system
- Low damping

* No resistance to service loads

« P-Amoments top and bottom

36
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High Damping Natural Rubber Bearings

= Maximum shear strain = 200 to 350%

= Damping increased by adding extrafine carbon black, oils
or resins, and other proprietary fillers to rubber

= Damping ratio = 10 to 20% at shear strains of 100%

=  Advantages: .

 Moderate in-structure accelerations
« Resistance to service loads
« Moderate to high damping

= Disadvantage: '

 Strain dependent stiffness and damping

« Complex analysis

« Limited choice of stiffness and damping

- Change in properties with scragging

« P-Amoments top and bottom 37
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ead Rubber Bearings

= Invented in 1975 in New Zealand and used extensively in
New Zealand, Japan, and the United States

=  Maximum shear strain = 125 to 200%
= Damping ratio = 20 to 30% at shear strains of 100%

=  Advantages:

 Moderate in-structure accelerations
« Wide choice of stiffness / damping

Disadvantage:

« Cyclic change in properties
* P-Amoments top and bottom

38

Steel lamination
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Rubber Bearing Hysteresis Loops

Axial l

Shear Force )
> | Displacement
Force

/S S S /

Lead-Rubber Bearing

High Damping
Rubber Bearing

Shear Force

Low Damping
Rubber Bearing

Displacement +
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Cyclic Testing of Elastomeric Bearing

Testing of Full-Scale Xindian Hospital Elastomeric Bearing
= Compressive load = 17800 kN

= 400% Shear Strain (1.0 m lateral displacement)

= Video shown at 16X actual speed of 25.4 mm/sec "
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SpherlCal Slldlng Bearlng: Housing Plate

Stainless Steel With PTFE

Friction Pendulum System (FPS) c7rf Coating Above
/

= Invented in 1988 in University at Buffalo
= Advantages:
« Low profile

 Resistance to very high compression 10ads [c,.cave Articulated
. . iaer vvi
- Moderate to high damping Plate PTFE

* Reduced torsion response Coating

= Disadvantage:

- High in-structure accelerations .
* Properties a function of pressure and velocity
¢ StiCking W Articulated Shder

. No tension resistance @

\ Spherical Surface 41
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Types of FPS Bearings

= Single Friction Pendulum Bearing Eﬂi

Rz,p.z‘\
= Double Friction Pendulum Bearing ‘ {
d, h,
N N
= Triple Friction Pendulum Bearing . - % }

A
Ry by Ry ke Rigid Slider

Slide Plates

42
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Triple versus Single Pendulum Bearing

43
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Flat Sliding Bearings

= Usually combine with elastomeric bearing to eliminate

tension force, increasing damping & period of |solat|on
system

=  Advantages:

= Disadvantage:

Low profile Bearing
Resistance to very high compression loads
High damping

Elastomeric
Bearing

High in-structure accelerations

Sticking
No restoring force

liding pla'te(rnetalf14
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High Speed Test of Triple Pendulum Bearing

45
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Supplemental Damping Systems

= Special devices — “mechanical dampers”

= Mechanical energy dissipation through heat by

movements of the structural elements

= Protect main structural elements

= If all seismic energy dissipated mechanically:

no damage

47
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Possible Damper Placement within Structure

i 1
N
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Isolation iy
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Effect of Added Stiffness (Added Bracing)

(Acceleration-Displacement Response Spectrum Perspective)

12 / T=50 T=1.0

5% Damping

ﬂ/\ / =15
-\ |/
N

AN

0 S) 10 15 20

Spectral Displacement, Inches 49

—
(]

ot
o)

o
o

T=2.0

©
N

- Decreased Displacement
- Increased Shear Force

O
N

Pseudo-Spectral Acceleration, g

Q
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Effect of Added Damping (Viscous Damper)

(Acceleration-Displacement Response Spectrum Perspective)

12 / T=.50 T=1.0

5% Damping

M\ T=15
=\ |
a0 \\2\ 1=20

- Decreased Displacement
- Decreased Shear Force
0 5 10 15 20

Spectral Displacement, Inches 50

-
o

©
o'

o
o

©
N

o
N

Pseudo-Spectral Acceleration, g

e T=4.0

O
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Effect of Added Damping and Stiffness (ADAS System)
(Acceleration-Displacement Response Spectrum Perspective)

1.2
/ T=.50 T=1.0

5% Dampmg

30% \\
2% \\> T=20
\\ - Decreased Displacement

T=1.5

o -
o o

Pseudo-Spectral Acceleration, g
o
o . :

o4 - Decreased Shear (possibly)
T=3.0
0z R ———
Ea— T=4.0
0.0
0 5 10 15 20

Spectral Displacement, Inches 51
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Energy Concepts in Earthquake Engineering

Energy Balance:

Hysteretic Energy
}

E,=FE+FE,+(L,,+L,)+E,

Inherent Damping

10% Damping

DAMPING

TTTTTTTTTT

Added Damping

Damping Reduces
Hysteretic Energy
Dissipation Demand

20% Damping

DAMPING

52

Time, Seconds
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Reduction in Seismic Damage

U, . =maximum displacement

U,; =monotonic ultimate displacement Damage Index: 1.0

DI

3

L = calibration factor D[(f) _ unﬂ n P EH (t)
Flu

E = hysteretic energy dissipated

I, = monotonic yield force Source: Park and Ang (1985) Collapse  Damage
State
5% Damping  e===20% Damping
m——=40% Damping ==60% Damping
0.60
0.50 - —
ﬂ
0.40 f
: r
T
=
g 0.30
©
N
©
B 020
0.10
0.00
0.00 5.00 10.00 15.00 20.00
Time, Seconds
53
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Behavior of Building Structure with Damper

Non-seismically damped structure  Seismically damped structure

o4
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Classification of Passive Energy Dissipation Systems

= Velocity Dependent Systems:
- Viscous fluid damper ==

Steel plate ———

- Viscoelastic solid damper — «..—¢ =

= Displacement Dependent Systems:
- Metallic yielding damper
* Friction damper
* Buckling restrained brace -

= Qther: =

/ SOTe
steel /  cor¢

- Re-centering devices (shape-memory alloys, etc.)
* Vibration absorbers (tuned mass dampers) 55
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PISTON ROD CYLINDER

2L l
CHAMBER 1

ACCUMULATOR
HOUSING

COMPRESSIBLE
SILICONE FLUID

llllllllllllllllllllll

/ CHAMBERZ\\\ ROD MAKE-UP

SEAL RETAINER
ACCUMULATOR

SEAL PISTON HEAD CONTROL VALVE

WITH ORIFICES

56
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JoIa puc jelio 41 (551920 joSun g ST ©jg0 4 cuad B
Soloxo gl L

C}‘ @.Lo &‘0 ) 60’995 Ao o LSO CSy> °

Fixed to upper floor & | F“dw“pp
‘*g [ Internal stes plata - Internal steel plate

1 \ tintegral with i tintegral with ;
I the upper floor) 1H the upper floor) !
LN é N
E; _ \“—ngh viscosity fluid ; 111 High viscosity fluid:
|| " Extema steel plate 1 .\— External steel plate
1 {integral with 1 {integral with
E % the lower ilnru;} g the lower floory ™
1
1.

Fixed to the lower Noor Fixed 1o the [ower Nloor
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(bl g b jeSmng ST (S Clasic

P(t) = Clu|" sgn(u)

120

JU
ESNON

a=10

S
o

Damper Force, P

Force, Kips
o

-40

g
NS

Damper Displacement, u -80 NS —

-120

- -1.2 -0.8 -04 0 04 08 1.2
E - ; ZP u Displacement, Inches
d 0o "o
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Harmonic Loading | &b 195w g 551 o

2000

TEMPERATURE = 1°C

FORCE (Ib)
o

N f=2Hz
f=1Hz
-2000 - : . j
1.5 odc. - 1.5 Seismic Loading |
DISPLACEMENT (in)
1500
1000 : =
500 =
S o i &
e e\ X1

( . :: 4| "A.“‘ Al
\ \\I‘x RS N

%
N
e 25

-500+

-1000

1500 : ; ; ; -
008 006 -004 002 000 0.02 004 006 008 0.10
Displacement
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Chapter 17
SEISMIC DESIGN REQUIREMENTS FOR SEISMICALLY
ISOLATED STRUCTURES

ASCE STANDARD AsCE/sl
7-10

17.1 GENERAL EFFECTIVE STIFFNESS: The value of the
ment

Chapter 18

SEISMIC DESIGN REQUIREMENTS FOR STRUCTURES
WITH DAMPING SYSTEMS

This document uses both the

International System of Units (ST)
and customary units 18.1 GENERAL 18.1.3 Notation

18.1.1 Scope of this
[

ASCE 7-10

ethin T

mping equal 1o

18.1.2 Definitions

ing definitions apply to the provisions

8
DAMPING DEVICE: A flexible stosctirl

« Analyzing of Systems
« Designing of New Structures

« Testing of Isolator Units
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ASCE/SEI

41-13

Seismic Evaluation
and Retrofit of
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CHAPTER 14
SEISMIC ISOLATION AND ENERGY DISSIPATION

141 SCOPE

e cupler s foh rquesents e the sysemaic v
i g i fcltion and snegy
pravides amalysis and design
rilria for onic slation sysens: Section 143 proides
snalysis and_desipa crileria for passiv patioe,
e Soran 1A proviies craena or ihes el spnemms
ur ke Performance Objectives are permitisd for seismic
isalasan 10 passive semy dispalicn e
Wheneer citber the Reduced Performance Objective of
Section 2231 ar the Partial Ressofit Objective of Secion 22,17
is selerind, the deviors i be able 1o achiee perfommmnce
resposses larper than thase used for e Heded heorance
Opectves.
amposents and elements in haiklings with sesmic isalation
and passive enerpy disspation systems sall aba comply wit
lhe  mquieeens of s T throegh 13 af this standard,
s ey ane roodiicd by the miseents of the chapier
\nmp:nieul design o et e
tha use cilher seismmic isipation sysiems

G141 SCOPE

The basic form asd formulation of requinmesss for seismic
sseryy dizcpalion sysems bave hees
e with e perfopmance abjerive,

ding Performance Leveks, asd Seizmic Hamrd Level
crieria of Chapter 2 and the linear 1ad soslisear procedares of
Chapler 7.

Crieria for mundeling the (s, stszagth, and deformation
propertes of coaneieianal syecurl compavent of uiings
ith seismic isalation or passive energy dissipasion sysiems i
given in Capters 9
" Limsied gusdance: Woﬁ’rw)\ SeSMIC prolecive sysiems,
inchizg active contml systems, hybrid active and passive

ial sive
esid combinasos af
ive and pamive gy devenn, and e s 10 B
darmpers—may also provids practical solstioes in the near
fitere. These sysiems are sismilar in that they enbance perfos-
mance during mn eanfouake by modifying e buildisg's
resposse characiesistics.

| Semm il

saied wi Fabricat Son of ses
isalsices andfor passive energy dissipasion devices. These costs
are typically offset by the reduced need for stiffering and
woukd atherwis te

Perfomance Objectves. N

Seismic isalason and passive energy dissipation sysems
inchde & wide variety of aceps ad devices. 15 mt s,
nd devices

conventicaal suuglm ing af the stacture; in all cases, they
rocpsire cvaluation of existing building compencsts. As such, this
chater supplements the squiszments of other caers af this
decument with adefticnal ertesia and methods of analysis that
a sppepeine or bukings rmliid wit siric solatere

¢ pasive enerzy
oL f »

by dncmmlml the b o e !mum 1,,-1:.1 i=caicn

syt e e by

Vengthesing the pc.m o of e g = ind)lhhn! iyt 4
o damping.

Addded o is £2 iaherest
but it may lho‘Ee ed by L

diesips
Unikr Favorable comtions, the slalin sysin can e
diifiin the sspensructure by 3 factor of 2t keast rev—aad some-
times by s s 2 3 Fcior f oo it which
e if the buiklizg wers ot ol
ke in the siruciure, alibough the amoest of rduciion
depends en the fome deflection characieristics of e isolsiors
‘may no be 23 sigai heane 25 the reduction of drifl. Heduction
of dafl in the superenciun: proecs sinxciurl compoents
and clemens, 55 well 22 sl oeponess ersive o
diifi-infaced damage. Reduction of acceleration p -
‘smuctural composents that are sensitive ko scoelemtio n-alnned

msm cxergy dissipasion devices sl camping (sl
iffness) ¥

‘mess is adkded) and by larger facto
sess 10 the siructe. Passive energy disipution devices abso

P may
ste desipn strategies for bikdings mnnmmh

\znulna M“ ce Objectives. [n pesenl,

mast spplicatile o e it af busldings whose o

mers desise

Satsmic Evatuation and Retrofit of Existing Euldings

tructu vided] the Sructure is nespand-
ing ey elssically_out are o expecd o sgrfcanly
rodace that are responding beyond yield,
meu\nm im -mxmnl Gamsge.
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etrofitting of Existing Buildings
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EUROPEAN STANDARD EN 15129
NORME EUROPEENNE
EUROPAISCHE NORM November 2009
1C591.120.25

English Version

Anti-seismic devices

Dspasitits ant-ssmiques Entbebenvorrichtungen

This Euopean Standard wes approved by GEN on 19 September 2009,

CEN members ara bound to comply with the CENICENEL EC Intomal Reguations which stipuata the conditons for ghing this Euopaan
Standard the status of a nasional standard without any afteraion. U-1o-date bsts and bibliographical references. conceming such naonal
standarcs may be cblained on appication o the CEN Management Cenlre or to any CEN member.

This Ewopean Standard exsts in thwe official versions (English, Fronch, German). A version in any other language made by translation
under the responsibiity of a CEN member info ts own language and notified to the CEN Management Contre has the same status as the
oMcial versions.

CEN members are the national standards bodies of Austra, Beigium, Bulgara, Cyprus, Czech Repubic, Denmark, Estoni, Filand
France, Germany, Greece, Hungary, iceland. Ireland, ltaly, Latvia, Lithuaria, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia. Slovenia, Spain, Sweden, Switzeriand and United Kingdom

EN 15129-2009

. — |

FUROMEAN COMMITTER FOR STANDARDXZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITLE FOR NORMUNG

Management Centre: Avenue Marnix 17, B-1000 Brussels

©2009CEN Al ights of exploRation in any form and by any means reserved Ref. No. EN 15129:2009: €
‘woridwide for CEN national Members.

UNI EN 15129:2008

General Design Rules of Systems

Testing Requirements of Systems
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Design Objectives of Base Isolation Provisions

= Minor and Moderate Earthquakes:
- No damage to structural elements
- No damage to nonstructural components
« No damage to building contents

= Major Earthquakes:
- No failure of isolation system
« No significant damage to structural elements

- No extensive damage to nonstructural
components

« No major disruption to facility function

76



Olaalu 55 gl i) I8 ngi o o
B 0 Lofgd 9 3 ylotibias! b 4ol cyus T

General Design Approach for Base Isolation

= EQ for Superstructure Design:
- Design Base Earthquake
« 10% @50 yr = 475-yr return period
- Loads reduced by up to a factor of 2 to allow
for limited Inelastic response

= EQ for Isolation System Design:
- Maximum Considered Earthquake
o 2% @50 yr = 2475-yr return period
 No force reduction permitted for design of
Isolation system
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Required Tests of Isolation System
= Prototype Tests:

= Production Testing: as a single system

Prototype tests shall be performed separately on
two full-size specimens (or sets of spemmens as
appropriate) of each predominant type and size
of isolator unit of the isolation system

MCE Level

All isolators work

Quality control
DBE Level
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Prototype Tests of Isolation System

- Check Wind Effects
- 20 fully reversed cycles at force corresponding to wind design force

- Establish Displacement-Dependent Effective Stiffness and Damping
- 3 fully reversed cycles at 0.25D,
- 3 fully reversed cycles at 0.5D,
+ 3 fully reversed cycles at 1.0D,
- 3 fully reversed cycles at 1.0D,,
+ 3 fully reversed cycles at 1.0 D,

« Check Stability
+ Maximum and minimum vertical load at 1.0 D,

» Check Durability
- 30S,,B,/S,s, but not less than 10, fully reversed cycles at 1.0 D,

For cyclic tests, bearings must carry specified vertical (dead and live) loads

gl .
-4
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Prototype Tests of Isolation System

e R t
- -~

Test R Brg. # 12728
45" Displacement
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Fire Prevention of Isolators

Q..Jl )41).3 I %513.0 -\Y-0¢

Db cdabloee 2l Llis 1 o0l (gl b g g o yd (gly dol wlie alss coley bl clalad )l

Rubber Bearing Sliding Bearing
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System Property Modification Factor
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Table C14-1. Upper-Bound Multiplier Using AASHTO
Lambda Factors
Upper- and Lower-Bound
. . Plain Lead
DeS|gn and AnaIyS|S Unlubricated  Lubricated  Elastomerics  Rubber
Variable PTFE (1) PTFE (K) (K2)
Aging (A,) 1.2 1.4 1.1 1.1
Velocity (A,)* b b 1 1
ﬂ/ . — 1 . O Contamination (A.) 1.1 1.1 | 1
min Temperature (A,) 1.1 1.3 1.1 1.1
Scragging (Acrae)® 1 | 1 |
ﬂ/ — /1 ﬂ/ ﬂ/ Assumed lambda factor ~ 1.10 110 110 110
maXx a” . i ol r*- Scrag for first-cycle effect
Multiple of all lambda 1.60 2.20 1.33 1.33
factors
Upper-bound with 0.67 1.40 1.81 1.22 1.22
SPAF
Lambda factor for 1.10 1.10 1.10 1.10
specification
tolerance
Upper-bound 1.54 1.99 1.34 1.34
multiplier, including
specification
tolerance with 0.67
SPAF
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Design Objectives of Passive Energy Dissipation System

= Philosophy:
« For DBE, confine inelastic behavior to dampers

- Performance objective identical to conventional
structural system
= Minimum Provisions:

- At least two device per story Iin each principal
d | reCtIOn, Minimum base shear for design

of structure without EDS
°

Vi zmax{ 4 , 0.75V}

m
BV+I D

L Minimum base shear for

design of seismic force
resisting system

Spectral reduction factor
based on the sum of
viscous and inherent damping 83




Olazslu 53 sl 05 J A8 0 g 1 e
o Llgo 9 Bed slilin! ks 4ol g T

Required Tests of Damper

= Prototype Tests:

- The force-velocity displacement and damping
properties used for the design of the damping
system shall be based on the prototype tests.

= Production Testing:

* Prior to installation in a building, damping
devices shall be tested to ensure that their
force-velocity-displacement characteristics fall
within the limits set by the registered design
professional responsible for the design of the
structure.
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Prototype Tests of Dampers

= Prototype Tests on at least two full-size Dampers
(unless prior testing has been documented)

« 200 fully reversed cycles corresponding to wind forces

« 50 fully reversed cycles corresponding to DBE

« 10 fully reversed cycles corresponding to MCE
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Prototype Tests of Dampers
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Brief History of Seismic Isolation Systems

 1885: John Milne: built a base isolated house in Japan

« 1909: J.A. Calantarients (MD) filed a patent in England
for lubricated “free joints” on a layer of fine material

« 1969: first rubber isolation of 3-story reinforced concrete
elementary school building in Skopje, Yugoslavia

« 1970 — present: wide spread worldwide applications
(elastomeric bearings, high damping rubber bearings,
lead-rubber bearings, metallic bearings, lead-extrusion
bearings and friction pendulum bearings)
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Application of Seismic Isolation - Japan

- -800
Depth (m)

. ~ 5000 isolated buildings in Japan B

- Applications spurred by 1995 Kobe EQ *
- Commercial and residential use
- Small homes to High rises

— A Trends in planned number of seismically isolated buildings by year from 1982 to 2008
300

Number of buildings

50

Source: Japan Society of Seismic Isolation
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Main Building at the Shimizu Institute of Technology

« The Wind Tunnel Testing Facility is constructed on a
seismic isolation system.

- During Tohoku Earthquake: =

Maximum displacement of
the isolation system =~ 9 cm

Roof PA= 0.073g|

above the isolation
/ system PA= 0.07¢

PGA = 0.135g
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High-rise Isolated Buildings in Japan

. |Public demand'and| market for seismic protection'

\ S

Earthquake awareness based Reducing the cost of
on historical seismicity Repairing and Insurance

Number
e
)

—
0
60 80 100 120 140 160 180
Height (m)

Heights of constructed isolated high-rises in Japan between 2000 and 2012
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High-rise Isolated Buildings in Japan

 For the most part these buildings have concrete
superstructures; less than 10% of constructed isolated high-
rises are steel.

* |Isolation systems are typically natural rubber bearings in
combination with either high damping rubber bearings or
lead plug rubber bearings.

- Flat sliding bearings or linear rolling bearings are
sometimes used in the isolation systems along with rubber
bearings to elongate the period of the isolation system.

 Additional damping is often provided with steel U dampers,
viscous dampers or a combination of damping devices.
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Yozemi Tower, Shinjuku, Tokyo
« This Building incorporates 25 RBs and 24 PTFEs + 12
passive and 12 semi active oil dampers.

 During Tohoku Earthquake:

« The maximum isolation system displacement = 10 cm.

27 Stories above
Isolation level
A
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Tokyo Institute of Technology Building J2

- This Building incorporates 16 RBs + 14 yielding dampers
and 2 oil dampers.

* During Tohoku Earthguake:

« The maximum isolation system displacement = 12.5 cm

X ‘

Top Story PA = )
0.118g £ &
— O
o<
&
£
— (@) I
D £
I 5
Top of Isolators © =
PA =0.071g ST

PGA=0.07g
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Nakanoshima Festival Tower

- LRBs and oil dampers are installed on the seismic isolation
floor of this building,

- Two sets of square-shaped LRBs, at 1500 millimeters long
(the largest in Japan), are joined together to support the
mega columns. Ty B T

g at Truss | *=_:]
=k
v HE o
o E| . oF
AT
- = =
< ] = —
2
L m s [t [ | || T
I Lobb D@{ A T:f‘ B
1 HE.E»_-'. -
umlus - :: ; } : Megacolul
Height below | | e I
- o, LI:E;H :
Bl = 45m _ar Trﬁ
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Island Tower Sky Club

- NRB + low friction sliding bearing + oil damper are
Installed at the base of building.

e
e

ﬁj— Vibration Control Device
sssmusees  (Zinc-Aluminium Alloy Damper)
e B U —
Natural rubber bearing —  CXtromely slonder steel columns
/ High E7 Flat slab
2 storey g3 (No Beams)
zone
‘/ \ o |V' = = 1 Explanatory notes for isolation material # Super-Flex-Wall Frame
iscous damper amper, —r——
¢ \" per( P Isolation damper (Core Wall)
bl o L:ghaped Name Sign  Num. 27FL
L3 ’ L\ metaldamper Trvvp—— I f Sky Garden
\ 3 = 145.3m Feao - ] (Steel Truss Structure)
® PRUCN Low friction sliding bearing Displacement memory Medium 21FL %:: istnan Contrel ENSICH
=N 1 store, t - (Broad-Band Damper)
e @ I E E l ' Name || Sign | Num.| b i E‘E (0il Damper)
» » i 5! 12 \’——'
i —_— 18FL -5 }
& Caa® » . . %‘:: Bending Restoration Beam
4 [ — [} %‘:: (SRC:15th,26th-37th Floor)
| 11FL -~
Low T A
0. “’ & storey rego %2:: Precast Concrete
/Q 4 zone ¥ &;E; (Column,Beam,Slab)
& . | Fe70 \/ -z
» ¥ A
&, / L 1FL \/ o
L ST ! -
\’ & Fod8  Foundati \’;j

|

= T— Base Isolation System
Fc32 Pies

Cast-in-place concrete pile
with outer Steel Tube
Low friction sliding bearing

\
Natural rubberbearing

Oil damper

b

U-shaped metal damper
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Application of Seismic Isolation - USA

« ~300 isolated buildings

 Specialized applications, limited to essential buildings and
historic retrofits in high seismic zones

 Designed for higher performance standards

« 5-10% increased construction cost impediment to ordinary
structures

San Francisco City Hall
Lead-Rubber Bearings

faepe *"-'rtkllkiklmww

LR SN ol ..ih}lil&ﬂk..
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Mills-Peninsula Health Services New Hospital
- Total Area = 41,800 m?

« The 176 bearings are installed between the foundation and
the columns of the building and allow the decoupled
structure to move ~750 mm iIn any direction during an
earthquake.
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Retrofit Project Los Angeles City Hall
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L3928 2059 50 Jomo ™
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Performance in 1994 Northridge EQ

= USC University Hospital in Los Angeles is constructed iIn
1991.

- 8-story steel superstructure supported by 149 elastomeric
Isolators,

- Reduced accelerations by 66%o at the base and 40% at the roof.

Wf

Roof level
-—n M‘c‘ﬂ\n'ﬂx"\'l\fwﬁ.”‘-‘“«"w"vx»«wx»wwwwmwW~

126.5°

Floor above isolators
*«w«mﬂv.-wv.ﬁ,ww«WWMMNWﬁhﬁ -

»m Ground below isolators
MAdansh.

Mr Nearby ground site
10 SECONDS

101

3
+25,
==

151.5°
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Application of Seismic Isolation — New Zealand

= The seismically isolated buildings fall into two broad
categories:

- fragile structures of historic significance

* new structures with contents which need to be protected.

- N mmy :
jie==Si} .
= ENRE wuny L .
N ENEN waay NENE WNEE wnwn o

Christchurch Women's Hospital [ Supreme Court of New Zealand |
LRB + Slider LRB + Slider
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Retrofit of Parliament Buildings, Wellington
= Historic buildings dating from 1883, of total area 40,000m?

= Project Cost: $170 million ¥
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Retrofit of Parliament Buildings, Wellington
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Christchurch Justice & Emergency Services Precinct

e Lt e

s i

PTFE type 1 Isometric LRE type 1 isometric

sapH Aoy

Under Construction
LRB + Slider

i & MINISFAY OF (o, Hemex g CHRISTCHURCH JUSTICE AND
S U h“l'l(.vk:. = EMERGENCY SERVICES PRECINCT
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Application of Seismic Isolation — China
= ~ 600 isolated buildings

= Applications slowly started in 1993 and increase in 1997

= Potential for significant increase In use following 2008
Wenchuan Earthquake

= Highest isolated structure is 20 stories

(Unit: 10000 m?)

i 40 p=

- ——

30 p=-

20 p=

10 p=

Ly —

Seismic Isolation of building . . . : ! : '
group in Beijing 1994 1995 1996 1997 1998 1999 2000




Application of Seismic Isolation — Taiwan

C)Ls.:”-l..-).>6|ejf\dj;5;ﬁ‘,36uvw‘ .

= ~ 50 isolated buildings

= Applications have been extensive after 1999 Chi-Chi

2002 2003 2004 2005 2006 2007 2008
Year

Number of Construction Project
E 48 construction projects

2009~

* - FPS SB
- Base RB o o
% 20 [|Mid-Story Isolation 13% (3%) (2%)
& Isolation (47%) ( “)
S (53%)
15 |
5 10 H
- LRB
2
=
z

Commonly Used Seismic

(82%)

Isolator

1. Lead Rubber Bearing (LRB)

2. Friction Pendulum Systel|
3. Rubber Bearing (RB)
4. Sliding Bearing (SB)

Story Number

> 14 stories
(44%)

1~4 stories

C(28%)

—__ 5~13 stories

(28%)
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Emergency Operations Center of Taipel City
= 7story RC (and Precast RC) structure

= |solation system is installed at Ground
= |solation System —36 LRB

108
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21 stories Apartment, Taipel

Structure A B
LRB install 16 sets 16sets
Total Height 58.6m 71.0m
FL area above ground 8206m2 | 5232m2
Length x Width 27.2mx | 26.0m x o
(Column center to center)| 21.7/m | 19.61m
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Brief History of Supplemental Damping Systems

« Development more recent than base isolation systems

« 1956: Pioneering work by G. Housner on energy in earthquake
engineering

« 1969-1972: Development of early metallic dampers in New
Zealand and Japan

- 1981: First application of hysteretic dampers on South Rangitikel
viaduct in New Zealand

« 1980-83: Development of friction dampers in Canada

- 1987: First application of friction dampers at the Concordia
University Library in Montreal, Canada

« 1990-1995: Development of fluid type viscous dampers at the
University at Buffalo

« 1995: First application of fluid dampers in Pacific Bell North
Area Operations Center in Sacramento, California o
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Torre Mayor, Mexico

57 story, completed in 2003
« 24 large viscous dampers, rated at 570 tones of output force
« 74 smaller viscous dampers, rated at 280 tones of output force

- j T BRSE
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Tai-Shin Bank Headquarter, Taipel

= New 28-story steel framed office building uses 72
viscous dampers in chevron braces for earthguake energy
dissipation:
* 980KkN,+75mm &=
+ 1470kN, 75 mm [N
- 1962 kN, % 75 mm -
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Tokyo Baycourt Club Hotel & Spa Resort, Japan

= 29-story building with total floor area 63,000 m? &
101.1 m height, using 336 oil (viscous) dampers in towers

115



PRy sl

ERES

J

".‘.u)é 6‘0

o

Tower, Japan
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15 story hospital in San Francisco, California

- 15 Story + 2 basement high-rise hospital in San Francisco,
11 km from the San Andreas Fault

- Steel Moment Resisting Frame superstructure design for strength

« Supplemental Viscous Wall Dampers to control seismic drift
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Plant and Environmental Sciences Replacement Facility

=The first application of BRBs in the US ~1998

= 3 stories with 11,600m? floor area

= 132 BRB with Diagonal or Chevron Brace Installation
= Cost of Dampers = 0.5% of Building Cost
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LA Live, Los Angeles, CA
= ~520,000m? floor area

= Large BRB force capacity range
3000~9800 kN
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Abenobashi Terminal Building, Osaka, Japan

= 60-story building with total floor area 212,000 m? & 300

m maximum height, using friction dampers In the range
1500 5000 kN.
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Taipei 101, Taipei .
=508 m, 101 stories =l i [T 2
=Earthquake-induced & | f e |
wind-induced responses + i T e _
Residential comfort = TMD system
=TMD system: A ball shaped mass -
block of 600ton, 8 sets of steel
cables for suspension of the mass i

block, eight primary viscous dampers,
the bumper ring and 8 sets of

snubbed dampers installed underneatr
the mass block
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John Hancock Tower, Boston, US

= 240m, 60 stories

= Using TMD because of the building’s shape, location, and
vibration properties, its dynamic

wind response is mainly in the B == = :

east-west direction and in B o AR
torsion about its vertical axis. Z !

] ] % .

60 ft x 35 ft
TMD Room

! #2 |

—
[=]

‘ ! 222 ft

343 ft
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Hotel Stockton, CA, US
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The San Francisco Civic Center CA, US
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Wallace F. Bennett Federal Building, Salt Lake City, US
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Palais Des Congress Federal Building, Montreal, CA
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Eaton Building, Montreal, CA
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San Mateo County Hall of Justice, CA, US
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