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Abstract 

An Earthquake is sudden shaking of the ground caused by the passage of seismic waves through Earth’s rocks. Over the centuries 

they have been responsible for millions of deaths and extensive damage to property. Over the past couple of decades the astounding 

developments in design strategies have been made, which incorporate, earthquake protective systems in the structure. These 

protective systems are in the form of seismic isolation system and supplementary energy dissipation devices. The method of 

structural isolation deflects or filters out the earthquake energy by interposing a layer with low horizontal stiffness between the 

structure and the foundation. Another approach to improving earthquake response performance is that of supplemental energy 

dissipation system. In these systems, mechanical devices are incorporated into the frame of the structure and absorb the energy 

from the earthquake reducing the drift as well effects on the critical components of the structure. These mechanical energy 

dissipating devices have been found to be quite promising and their applications form the focus of this study.                 
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I. INTRODUCTION 

An earthquake is in technical term, the vibration, generated by a sudden dislocation of segment of the crust. The crust may first 

bend and then, when the stress exceeds the strength of the rocks, breaks and moves to a new position. In the process of breaking, 

vibrations called seismic waves are generated. These seismic waves travel outward from the source of the earthquake along the 

surface and through the earth at varying speeds and frequency depending on the material through which they move. If the 

earthquake occurs in a populated area, it may cause many deaths, injuries and extensive property damage. However, the 

earthquakes of large magnitude do not necessarily cause the most intense surface effects. The earthquake’s destructiveness in a 

given region depends on local surface and subsurface geological conditions. An area underlain by unstable ground is likely to 

experience much more noticeable effects than an area equally distant from an earthquake’s epicentre but underlain by firm ground 

such as granite. In addition to magnitude and the local geologic conditions level of destruction depends on other factors. These 

factors include the focal depth, the distance from epicentre, the density of population, constructions in the area shaken by the quake 

and the design of building structures. 

 Seismic Design Concept 

Over the past couple of decades the astounding developments in Seismic design strategies have been made, which incorporate, 

earthquake protective systems in the structure. These protective systems are in the form ofseismic isolation system and 

supplementary energy dissipation devices.The method of structural isolation deflects or filters out the earthquake energy by 

interposing a layer with low horizontal stiffness between the structure and the foundation. The structural isolation system includes 

wind resistant and tie down system and also includes supplemental energy dissipation devices to transmit force between the 

structure above the isolation system and the structure below the isolation system. The structural isolations are suitable for a large 

class of structures that are short to medium height, and whose dominant modes are within a certain frequency range. However, in 

an earthquake rich in long period components, it is not possible to provide sufficient flexibility for the reflection of the earthquake 

energy. Several buildings and bridges have now been installed with base isolation systems. 

 Supplemental energy dissipation system is another approach to improving earthquake response performance. The primary reason 

for introducing energy dissipation to the building frame is to reduce the displacement and damage in the structure. Adding either 

stiffness and /or energy dissipation to the building structure may reduce the displacements. In these systems, mechanical devices 

are embedded into the frame of the structure and absorb the energy from the earthquake reducing the drift as well effects on the 
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critical components of the structure. These mechanical energy dissipating devices have been found to be quite promising and their 

applications form the focus of this study. 

 Passive Energy Dissipation 

Passive energy dissipation is a system in which a passive control device develops forces at the location of the device by utilizing 

the motion of the structure. Through the forces developed, a passive control device reduces the energy dissipation demand on the 

structure by absorbing some of the input energy. Furthermore, a passive control device does not require an external power supply. 

Examples of passive devices include base isolation, tuned mass dampers (TMD), tuned liquid dampers (TLD), metallic yield 

dampers, viscous fluid dampers and friction dampers. 

 Viscous Damper 

The construction of a fluid damper is shown in fig. it consists of a stainless steel piston with bronze orifice head. It is filled with 

silicone oil. The piston head utilizes specially shaped passages which alter the flow of the damper fluid and thus alter the resistance 

characteristics of the damper. Fluid damper may be designed to behave as pure energy dissipater or a spring or as a combination 

of the two. Shock-absorbers in car are the type of fluid damper. 

 
Fig. 1: Typical Viscous Fluid Damper (Taylor devices inc.) 

 If the fluid is viscous, these dampers are called viscous dampers or fluid viscous dampers in which energy is absorbed by a 

viscous fluid compressed by a piston in a cylinder. A fluid viscous damper resembles the common shock absorber such as those 

found in automobiles. The piston transmits energy entering the system to the fluid in the damper, causing it to move with the 

damper. The movement of the fluid within the damper fluid absorbs the kinetic energy by converting it into heat. In automobiles, 

this means that a shock received at the wheel is damped before it reaches the passengers compartment. Buildings protected by 

dampers will undergo considerably less horizontal movement and damage during an earthquake. 

II. OBJECTIVES OF THE STUDY 

The main aim of this research is to generate fundamental research information on the seismic performance of building structural 

system installed with passive dampers. 

Additional objective are: 

 Improve the seismic response by installing the damper. 

 Study the effects of important parameter such as locations and configuration of the dampers. 

 To find the most effective damper location by altering the damper location and configuration. 

 Use the research findings to propose more effective damping system for seismic mitigation. 

III. METHOD OF ANALYSIS 

 Overview 

Static Seismic Coefficient method as well as Response spectrum analysis will be employed to models to analyze and investigate 

the effects of different damping systems in the seismic response of the structure. For this purpose the program selected for analysis 

is Etabs. Etabs is structural analysis programming software. 

 Seismic Coefficient Method 

The method is based of static approach normally referred to as pseudo static approach employing use of seismic coefficients. 
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The assumptions involved in the method are: 

a) Major contribution made to base shear is by fundamental mode of the building. 

b) The total building mass is considered as against the model mass used in dynamic analysis. 

In this method the total design lateral force or seismic base shear is determined by equation: 

 

Seismic base shear (Vb)=Ah x W 

Where, 

Ah= Design horizontal spectrum value using fundamental natural period in the considered direction of vibration. 

Ah= 
Z

2
X

I

R
X
Sa

g
 

Where, 

Z= Zone factor 

I=Importance factor 

R=Response reduction factor 

Sa/g=Average acceleration response coefficient for approximate, natural period of vibration Ta to be determined as detailed later. 

W= seismic weight of building. 

The seismic coefficient method does not need theoretical concept of dynamics and modal analysis. 

The vertical distribution of the base shear to different floor levels along the height of the building is given by: 

Qi= Vb x 
Wihi²

∑ Wjhj²n
j=1

 

Where, 

Qi= Design lateral force at floor i, 

Wi= Seismic weight of floor I, 

hi= Height of floor measured from the base, 

n= Number of level at which masses are located. 

Once the design lateral force at floor levels are known any method of frame analysis or approximate method such as portal 

method or cantilever method, can be used to forces in the method due to earthquake. 

The approximate fundamental natural period of vibration Ta in seconds of a moment resisting frame building without brick infill 

panel is given by: 

Ta= 0.075h0.75 for R.C frame building 

Ta= 0.085h0.75  for steel frame building. 

Where, 

h=height of building in m 

For other building including moment-resisting frame building with brick infill panels, the fundamental natural period of vibration 

(Ta) in seconds is given by: 

Ta= 
0.09h

√d
 

Where, 

h= height of building in m 

d= base dimension of the building at the plinth level in m, along the considered direction of the lateral force. 

 Response Spectrum Analysis 

It is a linear dynamic analysis. A response spectrum is a plot of the maximum response amplitude (displacement, velocity or 

acceleration) versus time period of many linear single degree of freedom oscillators to a give component of ground motion. The 

resulting plot can be used to select the response of any linear SDOF oscillator, given its natural frequency of oscillation. One such 

use is in assessing the peak response of buildings to earthquakes. 

 Response spectrum is one of the useful tools of earthquake engineering for analyzing the performance of structures especially 

in earthquakes, since many systems behave as single degree of freedom systems. Thus, if we can find out the natural frequency of 

the structure, then the peak response of the building can be estimated by reading the value from the ground response spectrum for 

the appropriate frequency. In most building codes in seismic regions, this value forms the basis for calculating the forces that a 

structure must be designed to resist (seismic analysis). 

IV. LITERATURE REVIEW 

 Introduction 

To understand the importance and necessity of this study a state of art literature review is carried out. Technical paper for passive 

energy dissipation system of various journals from India and abroad are reviewed. 
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 Review of Literature on Passive Damping System 

Julius marko et al. (2006) investigated the use of damping mechanisms, located within cut outs of shear walls, to reduce the seismic 

response of shear wall structures. Three damping mechanisms were used viz, VE, friction, and hybrid (friction-VE) dampers. Finite 

element techniques were used to model and analyse these structural system under different earthquakes. The effects of damper 

type, configuration and location on the seismic response were studied. The results of this investigation showed that all three types 

of dampers in all configurations and at all locations substantially reduced acceleration and deflection of the structure.  However, 

responses under earthquakes with varying frequency content and strong motion duration produced a wide range of results and some 

interesting features. In terms of reduction in the tip deflection, the best performance was observed when dampers were placed in 

the upper level, while greatest reduction in the peak values of tip acceleration was achieved when dampers were placed in the lower 

level. VE dampers performed better than friction dampers in the lower and middle parts of the structures, while friction dampers 

performed better in the upper parts of the structure and throughout. Hybrid dampers were overall the most efficient and also had 

the most stable performance. 

 Chukwuma G. Ekwueme et al. (2010) Showed how viscous damping devices can be used to improve the performance of tall 

buildings. The study used a 42-story building of the Pacific Earthquake Engineering Research (PEER) Center as a case study. The 

original design consisted of a dual system with special reinforced concrete moment-resisting frames and special reinforced concrete 

shear walls in the building core. A new structural design was developed that eliminated the core shear walls and utilized a viscous 

damping system to improve the buildings performance. A preliminary design was developed using the ASCE 7 procedures for the 

systems with dampers and accuracy was checked by response spectrum analysis in Etabs. To optimize the design, structural 

optimization was done using genetic algorithms. Then, time history analyses were used to compare the behaviour of the modified 

building with dampers to the behaviour of the original design for the service level earthquake. The damping devices reduced the 

story drifts significantly, except at the upper stories of the building and reduced the roof accelerations considerably, in spite of the 

fact that story drifts in the upper stories are not reduced. The results showed that dampers can be effective in improving the response 

of tall buildings at the service level earthquake and that the optimization of the damping system lead to significant savings in the 

cost of the supplemental damping system. 

 Nitendra G Mahajan and D B Raijiwala (2011) investigated on reducing the vital seismic quantities such as Base shear, Floor 

displacement and Floor acceleration. To determine the most effective and reliable solution in reducing the seismic quantities a 

comparative study was done between building installed with dampers, building installed with diagonal bracing, combination of 

both and a simple building. A SAP2000 nonlinear time history analysis program was used to investigate the effects on building 

such as normalized base shear, tip displacement, normalized acceleration and energy dissipation of damper element by varying 

different important parameter like Earthquake time history, location of dampers, damping coefficient, damping stiffness and No. 

of story of building. The seismic response of 12-story model, 17-story model and 22-story model with different alternative 

arrangement of viscous damper subjected to different earthquake ground motion is investigated. The comparative study showed 

that building with dampers well reduced seismic quantities more as compared to building with bracing. The results showed that 

base shear depends on damping stiffness, no of storey and earthquake type. At high stiffness of dampers the building behaved as 

rigidly connected and at low or zero stiffness the building returned to unconnected condition. As the no. of storey decreased the 

overall stiffness of building increased, to counter act this damping stiffness was reduced relative to the higher no of storey. Whereas 

continuous decrease in effective stiffness of dampers showed increase in story drift and base shear. This proved that optimum 

effective stiffness for particular no of storey exists. 

 Mauro filipesantos Monteiro (2011) investigated the seismic performance of a tall building installed with viscous dampers placed 

diagonally between all floors. A 28 storey tall buildings is used for this study. The building is nearly symmetric along the longest 

plan dimension. The study was carried out in 10 different accelerograms .In this type of structure, it was proved that the use of 

viscous dampers reduced effective displacement and base shear force by 60-90%. This study showed that the placement of viscous 

dampers with higher values of C should be provided on the upper floors where the displacements are higher. The dissipation system 

ensured a better seismic performance in the direction where the dampers are installed. 

 X.L Lu, et al. 2012) investigated the seismic response of an 8 storey reinforced concrete frame retrofitted with viscous dampers, 

steel dampers and visco elastic damper. An 8 storey reinforced concrete structure damaged by earthquake was introduced and 

seismic retrofitting by dampers was proposed. The model was an office building with plan dimension 50.4mx 17.4m.the first two 

storey ha height of 4.2 m and rest all storey had height of 3.6m. The total height of structure was 30m. The analytical model was 

built up by ETABS and five different sets of time histories including 3 past earthquake and 2 artificial accelerogram were applied. 

It was found that the average interstorey drift and shear forces of column were reduced by nearly 50% compared to that of frame 

without dampers. Viscous damper showed better control of displacement especially under moderate and major earthquakes. 

 P.P.Chandurkar and Dr.P.S.Pajgade (2013) studied the seismic response of a multistory building with shear wall at different 

locations and without shear wall. Four models were used to study the effectiveness of shear wall in 10 storey building. Model 1 

was bare frame structural system while other models were dual type structural system with shear wall in different location and 

size. It was observed that shear wall in short span at corner is effective in reducing the lateral displacement, story drift and most 

economical as compared to other models.  Hence it was concluded from the study that the location of shear wall affects the 

attraction of forces and providing shear wall in adequate location substantially reduces displacements due to earthquake. 

 Amir fateh et al.(2013) studied the seismic response of a Reinforced concrete structure which was equipped with viscous 

dampers located within cut outs of shear walls. A 3 storey shear wall frame structure was modelled in two different types. In model 



Review on Seismic Response of a RC Structure Embedded with Passive Dampers  
(IJSTE/ Volume 5 / Issue 5 / 001) 

 

 All rights reserved by www.ijste.org 
 

5 

type 1 the shear wall was located at middle span and diagonal viscous dampers was installed within cut out of shear wall at four 

different location namely bottom, middle , top storey as well as at all storey of frame shear wall while in model 2 shear wall was 

located at corner bays with viscous dampers in different locations. In model 1 axial force, shear force, moment at base, and torsion 

after installation of viscous dampers were reduced by 32, 13, 16 and 28% respectively. The shear wall with viscous dampers at top 

of the structure achieved best performance as compared to frame shear wall and frame shear wall installed with dampers in other 

locations. In Model 2 axial force, shear force, moment at base, and torsion after installation of viscous dampers were reduced by 

36, 44, 32 and 29% respectively. Frame structure with shear wall at the corner achieved highest reduction of all structural   member 

forces when viscous dampers were embedded at the top storey. 

 Waseem Khan et al. (2014) studied the behavior of a structure with dampers and without dampers.3 Models of a 9 storey building 

with dampers upto 9thstorey, with dampers upto 5thstorey and without damper was modelled using SAP 2000. Time history analysis 

was performed for different earthquake acceleration. It was observed that when dampers were provided base shear, absolute 

acceleration and absolute displacement was significantly reduced. Dampers upto the top was found to be more safe that dampers 

upto 5th storey. 

 Xuanshengcheng et al. (2014) studied the seismic response of a 5 story reinforced concrete frame with directly added light steel 

layers and light steel layers with viscous dampers. Finite element software SAP 2000 was used for the comparison. The result 

showed that the structure became soft after adding storey and the seismic response i.e. story drift, inter laminar shear increased 

with increase in floor no. whereas the seismic response of the added story was reduced after adding viscous dampers. 

V. CONCLUSION 

1) Building with dampers well reduced seismic quantities more as compared to building with bracing. 

2) The damping devices reduced the story drifts, base shear, absolute acceleration, absolute is placement and he roof accelerations 

considerably when installed in a tall building. 

3) The base shear depends on damping stiffness, no of storey and earthquake type. 

4) Dampers upto the top was found to be safer that dampers upto intermediate storey. 

5) The optimization of the damping system leads to significant savings in the cost of the supplemental damping system. 

6) At high stiffness of dampers the building behaved as rigidly connected and at low or zero stiffness the building returned to 

unconnected condition. As the no. of storey decreased the overall stiffness of building increased, to counter act this damping 

stiffness was reduced relative to the higher no of storey. Whereas continuous decrease in effective stiffness of dampers showed 

increase in story drift and base shear. This proved that optimum effective stiffness for particular no of storey exists. 

7) Viscous damper showed better control of displacement compared to steel and visco-elastic damper especially under moderate 

and major earthquakes. 

8) Use of viscous dampers in a tall building reduces effective displacement and base shear force by 60-90%. 

9) Adding viscous dampers in soft storey reduces the seismic response i.e. story drift, interlaminar shear etc. of the structure 

10) Providing shear wall in adequate location substantially reduces displacements due to earthquake. 

11) It was observed that shear wall in short span at corner is effective in reducing the lateral displacement, story drift and most 

economical as compared to other models. Hence it was concluded that the location of shear wall affects the attraction of forces. 

12) The shear wall embedded with viscous dampers at top of the structure achieved best performance as compared to frame shear 

wall and frame shear wall installed with dampers in other locations. 

13) 13. Frame structure with shear wall at the corner achieved highest reduction of all structural   member forces when viscous 

dampers were embedded at the top storey. 

14) When VE, friction, and hybrid (friction-VE) dampers damping were located within cut outs of shear walls, acceleration and 

deflection of the structure was reduced considerably. 

15) VE dampers performed better than friction dampers in the lower and middle parts of the structures, while friction dampers 

performed better in the upper parts of the structure and throughout. Hybrid dampers were overall the most efficient and also 

had the most stable performance. 
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