


Equation of Motion

Absolute Energy Equation

%M(Xt)%jcx dX + [ KX dX = [ MX{ dXg




Absolute Energy Equation of A Structure
Responding to An Earthquake

Energy Demand by Earthquake Energy Supply of Structure

E Ek+ES+Eh+EdJ\

Earthquake Inbut Energy Viscous Damping Energy

Kinetic Energy Hysteretic Energy

Elastic Strain Energy

%M(Xt)%jcx dX +IKX dX =j|\/|>'<'t dX




ldeal Mechanism for Conventional Structures




Energy Consideration

2=E, FIE FIE FIE,

Conventional Seismic Design

Energy dissipation relies on Eh

Inelastic deformations of structures




Absolute Energy Equation of A Structure
Responding to An Earthquake

Energy Demand by Earthquake Energy Supply of Structure

E Ek+ES+Eh+EdJ\

Earthquake Inbut Energy Viscous Damping Energy

Kinetic Energy Hysteretic Energy

Elastic Strain Energy

%M(Xt)%jcx dX + [ KX dX = [ MX{ dXg




K.E. of 1st rigid

body mode will
be damped out
by the isolators
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: Seismic Input Energy :Viscous damping Energy
: Kinetic Energy : Hysteresis Energy Dissipated by Structural Elements

+ Elastic Strain Energy : Hysteresis Energy Dissipated by Energy Dissipators (Dampers)




Strategies for Seismic Protection of Structures

(1) Increase Energy Dissipation Capacity of Structures
---- Implementation of Energy Dissipation Devices

(2) Reduce Energy Demand by Earthquake
---- Adoption of Seismic Isolation Design




Energy Dissipation Devices Applied In Taiwan

(1) Hysteresis Type Dampers: (Hysteretic Energy)
ADAS (Added Damping and Stiffness)
TADAS (Triangular ADAS)

LYSSP (Low Yield Steel Shear Panel)

(2) Velocity-Dependent Damper: (Viscous Damping Energy)
Visco-Elastic Dampers, Viscous Dampers

(3) Improved Energy Dissipation Design: (Hysteretic Energy)
BRB (Buckling Restrained Braces or Unbonded Braces)




Hysteretic Type Dampers
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Experimental Investigation




TADAS Installation
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BRB (Buckling Restrained Braces)
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Low Yield Steel Panel
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West Wing South Wing
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Taipel Treasure Palace







Typical Installation Scheme of Viscous Dampers




Viscous Dampers

Tal-Shin Bank







Tal-Shin Bank
Headquarter

B 1Lt - ’ﬂ'
i, S

siiinaananiininn! iy
3 TITLLIL)]

L

:.-uiil

M-:a]lll [

AR







e IS TIET T L \ 7L 7 \ 714

\\\%..\_.\\\\% \,

JA_NOOw_\O.N,.
h___

c
o
—
©
&
@
7p)
7))
<
-
7))
L
©
©
)
aaly
Y
o
)
t .
| -
©
)
O 7
O !
©
)
I




Elevation
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Force-Velocity Relationship of Viscous Dampers

Fo =Clul”sgn (u)

Linear Viscous Dampers

m Nonlinear Viscous Dampers

Line 1: Fp=Cy,V*, Nonlinear Damper with a<1

Line 2: Fp=C_V, Linear Damper
Line 3: F=Cy,V*, Nonlinear Damper with o>1

Damper Force, Fj

Velocity, V _ _ _
Mechanical Properties of Fluid Viscous Dampers




Hysteresis Loops of Viscous Dampers
(Sinusoidal Motion)

Nonlinear Damper

» Displacement

Linear Damper

No storage stiffness!

Viscous dampers won'’t change the natural
frequency of the primary structure.

Mechanical Properties of Fluid Viscous Dampers




Damping Ratio Contributed by
Nonlinear Viscous Dampers

U; =U;cosd; = Ag, C0s0,

Z A.C.¢, * cos** 0,

é:eff 50

27Z_Ala 2azm¢

=0
1+«
Z 4;C 9,

27Z_A1a 2aZm¢

geff 50




Grand Palace of Taipel
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Taipei 101 Tower
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Seismic Isolation Design

Lead-Rubber Bearings (LRB)
High Damping Rubber Bearings (HDRB)

Friction Pendulum Systems (FPS)




USC Hospital : 1994 Northridge Earthquake

81 Rubber Bearings
68 Lead-Rubber Bearings




MEASURED SEISMIC RESPONSES OF UNIV. OF
SOUTHERN CALIFORNIA HOSPITAL DURING
1994 NORTHRIDGE EARTHQUAKE
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Tzu-Chi Hospital at Taipel
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Trigger Time 2005/04/30 14:47:37.00
Sampling Freq. (Hz) 200

Duration Time (second) 120.000

Number of Data 24000

abzolute accelerationix_dir.)




Trigger Time 2005/04/30 14:47:37.00
Sampling Freq. (Hz) 200

Duration Time (second) 120.000

Number of Data 24000

abzolute accelerationix_dir.)
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Trigger Time 2005/04/30 14:47:37.00
Sampling Freq. (Hz) 200

Duration Time (second) 120.000

Number of Data 24000

abzolute accelration(y_dir.)




Trigger Time 2005/04/30 14:47:37.00
Sampling Freq. (Hz) 200

Duration Time (second) 120.000

Number of Data 24000

abzolute accelerationiy_dir.)




Bank of Taiwan
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Plan View of Viscous Damper Installation




X-B =

o
i}

N e

fhe e
= & ¥
B B B

W L
= S
o =

W
—| B

Elevation View

T.0.C.(TYP.)
7
FIELD JOINT(TYP.)

SEL 0gg! L
0007 " 0007 000y ' 000v T Q0CY 00y T 0005 0005 T 0057 ' 00G¥ ' 0057 000C'00L




18
G e ST

SN EIRE S

m

£

R

RN R

e

b
g o

13

| A[EpE

EEE

- it



Sectional View of Floor Isolation System

E Isolated Raised Floor :
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