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Preface

The author graduated from the Department of Civil Engineering, Southeast
University of China, in December 1992, majored in structural engineering, and
obtained the doctor’s degree. Then, the author taught in Southeast University from
1993 to 2015, and now works in Beijing University of Civil Engineering and
Architecture from 2015.

Since 1990, the author has paid attention to and entered the research field of
structural vibration control, which has lasted for 30 years. In retrospect, the initial
research only focused on the subject. With the deepening of the research, the
questions that often linger in the author’s mind include: how to scientifically rec-
ognize and describe the strong earthquakes and hurricanes; how to face the ran-
domness and destructiveness of strong earthquakes and hurricanes; how to ensure
the performance-based designs of building structure system and its resistances to
earthquake and wind; and how to study appropriate high-performance vibration
reduction and isolation technologies to ensure the building structure has higher and
better disaster prevention ability.

According to the fortification goal of “no damage under small earthquakes and
no collapse under large earthquakes,” the houses under a strong earthquake are
already “standing ruins.” How to ensure that the houses on which people live are
safe under the large earthquake and strong wind should be the common expectation
of people in modern society.

The disaster investigation and experience of previous large earthquakes and
gales show that earthquakes and gales are random and destructive. By improving
the anti-seismic and anti-wind abilities of buildings, or expressed as, as long as
buildings have the ability to resist large earthquakes and gales, buildings will
certainly become a real “safe and secure beautiful home.”

With the rapid development of the urbanization process of human society, the
building structure has been developing toward the direction of higher height, larger
span, and more complex structure. However, once a strong earthquake or hurricane
occurs, whether these important buildings have the proper anti-vibration ability will
test our managers, designers, and construction engineers. For the buildings located
in high-intensity areas, buildings pursuing high-performance structures, hospital
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buildings, school buildings, lifeline buildings, no matter whether they are new or
existing, the structural vibration reduction and isolation technology is presumably
an important technical choice to make them have better seismic capacity.

This book is the part of the author’s periodical academic achievements
(1990–2019) in the research of structural vibration reduction control, including four
parts: the basic principle of structural vibration reduction control, structural
vibration reduction device, structural vibration reduction design method and
structural vibration reduction engineering practice.

The theory, method, technology, and application in this book can also be used as
reference for other engineering structure vibration reduction research and practice.

The research work of the author has been greatly supported by the National
Natural Science Foundation of China (59238160, 50038010, 59408012, 59978009,
and 51438002), the Key Projects in the National Science and Technology Pillar
Program (2006BAJ03A04), and the National Key Research and Development
Program of China (2017YFC0703602).

Thanks to Dr. Chen Xin, Dr. Zhou Guangpan, and Dr. Deng Yang in the
author’s team for their important contributions to the publication of this book.

Thanks to Dr. Jia Junbo, alumnus of Southeast University and academician of
Norwegian Academy of Engineering, for his important contribution to the publi-
cation of this book.

I would like to dedicate this book to my two respected teachers who have passed
away: Prof. Ding Dajun of Southeast University, a famous expert of civil engi-
neering, and Prof. Cheng Wenrang of Southeast University, a famous expert of
high-rise building structure.

In the process of research and writing, the author has learned and referred to a
large number of works at home and abroad. I would like to extend my sincere
thanks and respect to the original author!

Beijing, China Aiqun Li
December 2019

vi Preface



Contents

1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Concept and Principle of Structural Vibration Control . . . . . . . . 2

1.1.1 Structure Damping Principle . . . . . . . . . . . . . . . . . . . . 3
1.1.2 Structure Isolation Principle . . . . . . . . . . . . . . . . . . . . 4

1.2 Classification and Basic Performance of Structural Vibration
Control Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 Development and Current Situation of Structural Vibration
Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Part I Basic Principle of Structural Vibration Control

2 Basic Principles of Energy Dissipation and Vibration Control . . . . 13
2.1 Passive Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.1.1 Motion Equation of SDOF System . . . . . . . . . . . . . . . 13
2.1.2 Commonly Used Passive Energy Dissipation

Dampers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.1.3 Motion Equation of Passive Vibration Absorbing

Structural System . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.2 Active and Semi-active Control . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2.1 Commonly Used Active and Semi-active Control
Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2.2 Motion Equations of Active and Semi-active
Vibration Absorbing Systems . . . . . . . . . . . . . . . . . . . 23

2.2.3 Structural State Equation . . . . . . . . . . . . . . . . . . . . . . . 24
2.2.4 Structural Active Control Algorithm . . . . . . . . . . . . . . 30
2.2.5 Structural Semi-active Control Algorithm. . . . . . . . . . . 38

2.3 Intelligent Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.4 Hybrid Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

vii



3 Basic Principle of Frequency Modulation Vibration Control . . . . . 47
3.1 FM Mass Vibration Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.1.1 Motion Equation of FM Mass Vibration Control
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.1.2 Basic Characteristics of FM Mass
Vibration Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.1.3 Construction of FM Mass Vibration Control . . . . . . . . 55
3.2 FM Liquid Vibration Control . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.2.1 Motion Equation of FM Liquid Vibration Control
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

3.2.2 Basic Characteristics of FM Liquid
Vibration Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4 Basic Principle of Structural Isolation . . . . . . . . . . . . . . . . . . . . . . . 63
4.1 Motion Equation of Isolated Structural System . . . . . . . . . . . . . 63
4.2 Basic Characteristics of Isolated Structural System . . . . . . . . . . 65

4.2.1 Response Analysis of Isolated Structural System . . . . . 65
4.2.2 Response Characteristics of Isolated Structural

System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.3 Commonly Used Isolation Devices for Building Structures . . . . 69

4.3.1 Rubber Isolation System . . . . . . . . . . . . . . . . . . . . . . . 70
4.3.2 Sliding Isolation System . . . . . . . . . . . . . . . . . . . . . . . 72
4.3.3 Hybrid Isolation System . . . . . . . . . . . . . . . . . . . . . . . 73

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Part II Damping Devices of Building Structures

5 Viscous Fluid Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.1 Mechanism and Characteristics of Viscous Fluid Damper . . . . . 79

5.1.1 Types and Characteristics of Damping Medium . . . . . . 79
5.1.2 Energy Dissipation Mechanism of Viscous Fluid

Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.1.3 Calculation Model of Viscous Fluid Damper . . . . . . . . 99

5.2 Properties and Improvement of Viscous Fluid Materials . . . . . . 100
5.2.1 Modification of Viscous Fluid Damping Materials . . . . 100
5.2.2 Material Property Test of Viscous Fluid . . . . . . . . . . . 102
5.2.3 Test Results and Analysis . . . . . . . . . . . . . . . . . . . . . . 102

5.3 Research and Development of New Viscous Fluid Damper . . . . 108
5.3.1 Linear Viscous Fluid Damper . . . . . . . . . . . . . . . . . . . 108
5.3.2 Nonlinear Viscous Fluid Damper . . . . . . . . . . . . . . . . 113
5.3.3 Other Viscous Fluid Damping Devices . . . . . . . . . . . . 117

viii Contents



5.4 Performance Test of Viscous Fluid Damper . . . . . . . . . . . . . . . 122
5.4.1 Maximum Damping Force Test . . . . . . . . . . . . . . . . . . 122
5.4.2 Regularity Test of Damping Force . . . . . . . . . . . . . . . . 123
5.4.3 Test of Loading Frequency Related Performance

of Maximum Damping Force . . . . . . . . . . . . . . . . . . . 123
5.4.4 Test of Temperature Related Performance

of Maximum Damping Force . . . . . . . . . . . . . . . . . . . 124
5.4.5 Pressure Maintaining Inspection . . . . . . . . . . . . . . . . . 125
5.4.6 Fatigue Performance Test . . . . . . . . . . . . . . . . . . . . . . 125

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

6 Viscoelastic Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
6.1 Viscoelastic Damping Mechanism and Characteristics . . . . . . . . 129

6.1.1 Types and Characteristics of Viscoelastic Materials . . . 129
6.1.2 Calculation Model of Viscoelastic Damper . . . . . . . . . 131

6.2 Properties and Improvement of Viscoelastic Materials . . . . . . . . 138
6.2.1 Inorganic Small Molecule Hybrid, Blending

of Rubber and Plastic . . . . . . . . . . . . . . . . . . . . . . . . . 138
6.2.2 Long Chain Polymer Blending Method . . . . . . . . . . . . 146

6.3 Research and Development of New Viscoelastic Damper . . . . . 149
6.3.1 Laminated Viscoelastic Damper . . . . . . . . . . . . . . . . . 149
6.3.2 Cylindrical Viscoelastic Damper . . . . . . . . . . . . . . . . . 154
6.3.3 “5 + 4” Viscoelastic Damping Wall . . . . . . . . . . . . . . . 158

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

7 Metal Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
7.1 Mechanism and Characteristics of Metal Damping . . . . . . . . . . 161

7.1.1 Basic Principle of Metal Damper . . . . . . . . . . . . . . . . . 161
7.1.2 Properties of Steel with Low Yield Point . . . . . . . . . . . 163
7.1.3 Type and Calculation Performance

of Metal Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
7.2 Tension-Compression Type Metal Damper . . . . . . . . . . . . . . . . 173

7.2.1 Working Mechanism of Buckling Proof Brace . . . . . . . 174
7.2.2 Research and Development of New Buckling

Proof Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
7.3 Shear Type Metal Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

7.3.1 Stress Mechanism of Unconstrained
Shear Steel Plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

7.3.2 Buckling Proof Design of in-Plane Shear Yield Type
Energy Dissipation Steel Plate . . . . . . . . . . . . . . . . . . . 189

7.3.3 Main Performance Parameters of Buckling Prevention
Shear Energy Dissipation Plate . . . . . . . . . . . . . . . . . . 194

7.3.4 Research and Development of New Shear Metal
Damper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204

Contents ix


