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gXMKXXCXM −=++

Equation of Motion

∫∫ ∫ =++ ggt dXXMdXKXdXXCXM 2)(
2
1

∫∫ ∫ =++ ggt dXXMdXKXdXXCXM 2)(
2
1

∫∫ ∫ =++ gtt dXXMdXKXdXXCXM 2)(
2
1

Absolute Energy Equation
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Absolute Energy Equation of A Structure 
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Energy Demand by Earthquake Energy Supply of Structure
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Ideal Mechanism for Conventional Structures



Energy Consideration
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Conventional Seismic Design

Energy dissipation relies on hE

Inelastic deformations of structures 

Damage



dhskI EEEEE +++=
IE

kE

sE

hE

dE

Absolute Energy Equation of A Structure 
Responding to An Earthquake

Earthquake Input Energy

Kinetic Energy

Viscous Damping Energy

Elastic Strain Energy

Hysteretic Energy

Energy Demand by Earthquake Energy Supply of Structure

∫∫ ∫ =++ gtt dXXMdXKXdXXCXM 2)(
2
1





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 -- TADAS

Experimental Investigation



京華城
Taipei Living Mall

TADAS  Installation





Taipei County Hall

33 story steel structure 

Designed before Chi-Chi

Upgraded after Chi-Chi



Low Yield  Steel Panel

BRB (Buckling Restrained Braces)





BRB Test Results
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宏盛帝寶
Taipei Treasure Palace

Viscoelastic Damper



Visco-Elastic Shear Wall



H

Typical Installation Scheme of Viscous Dampers



Tai-Shin Bank

Viscous DampersViscous Dampers





Tai-Shin Bank
Headquarter





Headquarter of Buddhist Association



Plan Elevation



Mechanical Properties of Fluid Viscous Dampers

Force-Velocity Relationship of Viscous Dampers
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Line 1:  FD=CN1Vα, Nonlinear Damper with α<1

Line 3

Line 2:  FD=CLV, Linear Damper
Line 3:  FD=CN2Vα, Nonlinear Damper with α>1

Line 1



Mechanical Properties of Fluid Viscous Dampers

Hysteresis Loops of Viscous Dampers

Force

Displacement

(Sinusoidal Motion)

Linear Damper

Nonlinear Damper

No storage stiffness!
Viscous dampers won’t change the natural 
frequency of the primary structure.



Diagonal Brace

K-Brace
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制震壁

Grand Palace of Taipei



Taipei 101 Tower

Site

Taipei City Hall



中間層鋼板連接
上部抗彎構架

外部鋼板連接
下部抗彎構架

基本構造圖

Damper 
in Place Sectional View

Viscous 
Material



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









Tzu-Chi Hospital at Taipei
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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

Max. Amplitude(B2):95.69434
Max. Amplitude (B1):52.37402



Trigger Time        2005/04/30 14:47:37.00

Sampling Freq. (Hz)   200

Duration Time (second)    120.000

Number of Data      24000

Max. Amplitude(B2) :95.69434
Max. Amplitude(F11):99.15039



Trigger Time        2005/04/30 14:47:37.00

Sampling Freq. (Hz)   200

Duration Time (second)    120.000

Number of Data      24000

Max. Amplitude(B2):-103.49023
Max. Amplitude(B1):-38.47656



Trigger Time        2005/04/30 14:47:37.00

Sampling Freq. (Hz)   200

Duration Time (second)    120.000

Number of Data      24000

Max. Amplitude(B2) :-103.49023
Max. Amplitude(F11):78.72754



Bank of Taiwan



Plan View of Viscous Damper Installation



Y-6 立構圖X-B 立構圖Elevation View



Isolated 
Raised 
Floor

Isolation Gap

Fixed-base 
raised floor

Plan View of Floor Isolation



樓地版
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Sectional View of Floor Isolation System



A Floor Isolation System Developed by MCEER and NCREE
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