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Abstract  In recent years many seismic protection systems have been developed to reduce the effects of the devastating 
wind and seismic loads. For this purpose, greater attention has been directed towards the use of passive energy dissipaters, 
base isolators, active and hybrid control systems. This paper reviews the existing energy dissipation systems that can be 
adopted to minimize the amount of damage and response of the structure during extreme dynamic loads. Based on the review, 
it is observed that passive systems such as tuned mass dampers, friction dampers, tuned liquid dampers are highly effective in 
moderate seismic zones and wind predominant regions. Base isolation technique decouples the structure from the ground 
preventing the superstructure from absorbing input energy and it is effective in low to medium rise buildings in hard soil. 
Seismic isolation systems contribute to safety by withstanding lateral forces also. Active vibration control systems are 
preferred more than passive control systems when flexibility and height of the buildings is to be considered. This paper 
highlights the behaviour of various forms of energy dissipation devices during seismic events for real time application in 
structures. 
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1. Introduction 
Minimum transmission of the damaging ground motions 

is possible by the introduction of energy dissipation devices 
which provides damping in to structural elements. Soong and 
Spencer (2002), Symans et al (2008), Whittaker et al (1991) 
and many more have carried out great work on the behaviour 
and design of energy dissipating devices and base isolators. 
Active or hybrid or semi-active control systems are force 
delivery devices integrated with real-time processing 
evaluators/controllers and sensors within the structure. 
Passive energy-dissipation system, leads the input energy 
from earthquake directly to the dissipation device, thereby 
reducing energy-dissipating demand on primary structural 
members and minimizing possible structural damage. 
Energy dissipating device operates on the principle of 
friction sliding, yielding of metals, phase transformation in 
metals, deformation of viscoelastic solids or fluids and fluid 
orifice. This paper reviews the behaviour of energy 
dissipation systems and their application to building 
structures for enhancing the seismic response of structures. 

1.1. Classification of Energy Dissipation Systems 

Energy dissipation systems can be broadly classified in to 
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the following category: 

 Passive control systems 
 Active control systems 
 Semi-active control systems 
 Base isolation 

Passive energy dissipaters are further classified into 
displacement-dependent devices (friction devices, metallic 
yielding devices) and velocity-dependent devices (solid 
viscoelastic and fluid viscous dampers).  

Active, hybrid and semi-active structural control system 
are a natural evolution of passive control technologies. The 
possible use of active control systems and some 
combinations of passive and active systems as a means of 
structural protection against seismic loads has received 
considerable attention in recent years. Base isolation is the 
process where rubber bearings are used to reduce structural 
movement by installing rubber pads between sub-structure 
and superstructure. Table 1 gives the summary of various 
energy dissipaters. 

2. Passive Energy Dissipation Systems 
Passive energy dissipation systems absorb a part of input 

energy, reducing energy dissipation demand on primary 
structural members. Hysteresis devices (metallic and friction 
dampers) dissipate energy through a mechanism that is 
independent of load frequency. Metallic dampers dissipate 
energy through yielding of metals and friction dampers 
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through sliding friction. Fig. 1 and 2 show the hysteresis 
devices respectively [3]. 

 
Figure 1.  Metallic damper [4] 

 

Figure 2.  Friction damper [4] 

Viscoelastic dampers are dependent on the damping 
velocity and frequency of motion. They are mostly used in 
structures undergoing shear deformation. Viscoelastic 

dampers are constructed from copolymer and they dissipate 
energy through the deformation of viscoelastic polymer. Fig. 
3 depicts a typical viscoelastic damper [5]. Viscous fluid 
damper dissipate energy by fluid flow through orifices. The 
main advantage of viscous damper is that they reduce 
displacement and stress at the same time. However, they 
cannot be used for stiff structures due to high damper force 
requirement [6]. 

 

Figure 3.  Viscoelastic damper [1] 

Table 1.  Summary of energy dissipation devices [2] 

Basic 
construction 

Metallicdamper 

 

Friction damper 

 

Viscous damper 

 

Semi-active damper 

 

Idealised 
Hysteric 

behaviour 

    

Idealised 
physical 
model 

No idealised model available 

   

Merits 

Stable hysteretic behavior. Large energy dissipation per 
cycle. 

Activated at low 
displacements 

Offer the adaptability of active 
control devices. 

Long term reliability. Insensitivity to temperature. Minimal restoring force. Doesn’t require large power 
sources. 

Demerits 
Device may need 

replacement after the 
earthquake 

Sliding interface conditions 
may change with time. 

Properties are temperature 
dependent. 

Critical during seismic events 
when the main power source to 

the structure may fail. 

 

X 
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Tuned mass dampers consists a single degree of freedom 
mass-spring-damper system mounted on the top floor of the 
structure. The damper is tuned to the resonant frequency of 
the structure to control the vibrations. Tuned liquid dampers 
(TLD) have a container filled with fluid at the top floor of the 
structure and they dissipate energy through viscous action of 
fluid and wave breaking. For effectiveness of TLD during 
high frequency motion, a semi-active TLD is proposed. Fig. 
4 gives the schematic view of passive control systems [7-8]. 

 

Figure 4.  Schematic view of passive control systems [1] 

2.1. Seismic Response of Metallic Dampers in Real-time 
Application 

Metallic dampers have a wide range of application in 
real-time structures due to its low cost. One such structure is 
illustrated below. The Art Hotel Sapporo is 96m high with 26 
stories above ground and one underground. Primarily the 
structure was designed only to support vertical load. 2000 slit 
steel dampers (SSD) were used as shown in Fig. 5. When 
SSD is subjected to shear force, the bars between slits 
undergo bending and being of very small cross-section they 
yield by absorbing earthquake energy [9]. 

 

Figure 5.  Slit steel damper in Art Hotel, Sapporo [9] 

2.2. Seismic Response of Friction Dampers in Real-time 
Application 

Eaton’s building in Montreal was renovated in the year 
2000 with 161 friction dampers. The friction dampers 
installed as diagonal and chevron bracing are shown in Fig. 6 
when structure undergoes deformation, the friction dampers 
start dissipating energy. The forces on the structure were 
reduced and lateral shear at the base was transferred to the 
retaining walls of the basement. This high energy dissipating 
friction dampers reduces the damage to even nonstructural 
components [10]. 

   

Figure 6.  Friction dampers installed as diagonal and chevron bracing [10] 

Friction dampers dissipate almost 50 % of the input 
ground motions. Fig. 7 depicts the response of friction 
damper frame and brace moment frame to seismic excitation. 

 

Figure 7.  Response of friction damped system to seismic excitation [10] 

2.3. Seismic Response of Viscous Dampers in Real-time 
Structures 

St Francis Shangri-La Tower is a residential building of 
210m tall and located in high seismic and typhoon region as 
shown in Fig. 8. A total of 16 dampers per building is 
installed to reduce the effects of the dynamic loading [11]. 

 
Figure 8.  St. Francis Shangri-La Towers 

The use of damper reduces the amplification of wind 
loading used for design (Table 2) and the acceleration felt by 
the occupants to acceptable levels (Table 3). 

Table 2.  Variation of wind loading with damping [11] 

Method Assumption Overturning 
moment (GNm) 

Wind tunnel Code wind speed, intrinsic 
damping (1.0%) 7.4 

Wind tunnel Code wind speed, damping 
(7.5%) 4.5 

Table 3.  Variation of lateral acceleration with damping 

Method Assumption Peak acceleration 

Wind tunnel Climate study wind speed, 
intrinsic damping (1.0%) 25.6 

Wind tunnel Climate study wind speed, 
Damping (7.5%) 9.4 

3. Active Control Systems 
In recent years, use of automated control to reduce the 

effects of dynamic loading on the structure is of great 
concern. Fig. 9 shows a schematic representation of the 

Passive control system 

Structure Excitation 
 

Response 
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active control devices. The control forces are generated by 
actuators based on the feedback response from the structure 
[12]. 

 

Figure 9.  Schematic representation of active control systems [1] 

3.1. Seismic Response of Active Control Devices in 
Real-time Application 

Nowadays large number of buildings in China, Japan and 
Tokyo are coming up with full scale implementation of 
active control devices. The Sendagaya INES building in 
Tokyo shown in Fig. 10 is an example of hybrid mass 
damper (HMD) which is a combination of Tuned mass 
damper and active control devices. The HMD is installed at 
the top floor consisting of two masses to control transverse 
and torsional motion of the structure. 

 

Figure 10.  Sendagaya INES building with HMD [1] 

The response was reduced by 18% and 28% for translation 
and torsion respectively. Fig. 11 shows the response of the 
building with two Active mass dampers (AMD). 

 
   Uncontrolled        Controlled         Uncontrolled 

Figure 11.  Response of the building under translation and torsion [1] 

4. Semi-active Control System 
Semi-active control systems have originated from passive 

control systems as in both, the control forces are developed 
due to the motion of the structure. These devices require a 
small amount of external power and combine the features of 
active and passive control devices. A class of semi-active 

devices use controllable fluids namely electrorhoelogical 
(ER) and magnetorheological (MR) fluids. An important 
property of these fluids is their ability to reversibly change 
free flowing to semi-solid state when exposed to magnetic or 
electric field. Fig. 12 shows schematic representation of 
semi-active devices [13-14]. 

 

Figure 12.  Schematic representation of semi-active control system [1] 

4.1. Seismic Response of Semi-active Control Devices in 
Real-time Application 

The first full scale implementation of semi-active damper 
system is Kajima Shizuoka building in japan shown in Fig. 
13. 

 

Figure 13.  Kajima Shizuoka building with semi-active hydraulic damper 
installed on the sides [15] 

Eight semi-active hydraulic dampers (SHD) were 
employed on each storey on both gable ends and short side 
direction. This system consisted of velocity sensors, 
computer, SHD and power supply. The sensors measured the 
building responses, computer calculated the damping force 
required and SHD generates the damping force. The 
response of the building under earthquake is shown in Fig. 
14. 

5. Base Isolation 
A base isolation system decouples the superstructure from 

the seismic ground motions, extending the fundamental 
period of excitation. Base isolation is employed where safety 
is the major concern. Base isolators consist of rubber pads 
and lead rubber bearing to reduce the seismic vibration. This 
system provides isolation only in horizontal direction and is 
rigid or semi-rigid in vertical direction. The isolation system 
does not absorb energy but deflects it through dynamics of 
the structure [16-17]. 

Sensor
 

Controller Sensor
 

Semi-active control 

Structure Excitation Response 

Sensors Controller Sensors 
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(A) With SHD control 

 
(B) Without SHD control 

Figure 14.  Maximum shear force and storey drift of the building with and 
without SHD control [15] 

5.1. Seismic Response of Base Isolated Structure in 
Real-time Application 

 

 
Figure 15.  Peak storey shear and drift of USC hospital during Northridge 
earthquake [18] 

USC hospital located in Los Angeles, California is a 
8-storey steel braced building with 68 lead rubber isolators 
and 81 elastomeric isolators [18]. The performance 
evaluated is compared with fixed base conditions. It 
responded in the inelastic range with the superstructure being 
elastic. The response is illustrated in Fig. 15. 

6. Conclusions 
A review of passive, active and semi-active control has 

revealed that semi-active system is profitable for seismic 
protection when compared to active and passive systems. 
Base isolators provide flexibility to massive structures 
situated on rigid soils against earthquakes. Combination of 
base isolators with viscous dampers perform extremely good 
even under strong earthquakes. A brief description of various 
forms of energy dissipation devices and their real time 
application in structures are discussed in this paper. Finally it 
is confirmed that base isolation is most effective in 
controlling the response of the structures during severe 
earthquakes. 
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