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Abstract— The conventional structural systems are highly 

unlikely to provide adequate performance in the event of a 

major earthquake.  To improve seismic resistance of 

buildings, various control techniques are adopted.  One such 

control technique is passive control device.  Passive control 

device are used in many buildings to mitigate the seismic 

effects.  This passive control device is essentially used 

between two adjacent structures in big cities.  Desire for 

safer and increased demand for the seismic control of 

buildings is the main reason for adopting passive control 

devices.  One of the types of passive control device is 

friction damper which is used to dissipate the energy and 

provides a protection system for seismic structures.  Friction 

dampers utilize the mechanism of friction force for 

absorbing and dissipating the energy imparted to the 

dynamic systems.  It has now become economically feasible 

to design high performance structures with the emergence of 

friction dampers.  This paper includes the use of friction 

dampers in structures for mitigating the seismic hazards to 

structural and non-structural components of building. 
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I. INTRODUCTION 

A heavily populated developing country has a large portion 

of its population live in cities.  Limited land resources 

available in a modern city lead to more and more buildings 

built closely to each other to form a complex, these are due 

to increasing population and growing social and commercial 

activities.  With the development of structural materials and 

modern construction techniques, the height of buildings and 

the span of bridges keep on increasing.  However, the 

damping of structures decreases as a result of higher 

material strength which reduces the mass of materials. 

Therefore, the modern structures are more prompt to 

vibration compared to ancient building.  To utilize the 

limited space between buildings become a major problem. 

Earthquakes are one of nature’s greatest hazards to life on 

this planet.  For decades, many strong earthquakes have 

occurred one after another in many countries.  The damage 

caused by earthquakes is almost entirely associated with 

manmade structures.  As in the cases of landslide, 

earthquakes also cause death by the damage they induce in 

structures as buildings, dams, bridges and other works of 

man.  Many of earthquakes give very little or no warning 

before occurring.  World has experienced many catastrophic 

earthquakes leading to the loss of thousands of lives and 

billions of dollars of economy.   

Recently in 2015, devastating earthquake struck 

Nepal claiming thousands of lives and property.  

Devastating life and economic losses are reported even in 

those countries which are supposed to be at the cutting edge 

of science and technology in earthquake related disciplines.  

Majority of existing structures are susceptible to seismic 

damage due to the bad seismic performance of structures.  

The number of seismically deficient structures across the 

world is supposed to be alarmingly high due to lack of 

sufficient knowledge on behaviour and design of earthquake 

resistant structures.  An important aspect of mitigating 

seismic risk in existing as well as in newly constructed 

structures is through the proper implementation of structural 

control technologies.  In view of this, research in the 

direction of developing new and innovative structural 

control methodologies, those are economically attractive and 

sound, is of vital importance for enhancing seismic 

performance of structures.  Various energy dissipation 

devices and control systems have been developed to protect 

the structures against natural disturbances.  For earthquake 

resistant design, structural control techniques are believed to 

be one of the promising technologies.  Structural vibration 

control, as an advanced technology in engineering is to 

implement energy dissipation devices or control systems 

into structures to reduce excessive structural vibration, 

enhance human effort and prevent catastrophic structural 

failure due to strong winds and earthquakes.   

Past studies have shown that passive structural 

control using friction dampers is capable to dissipate a large 

amount of seismic input energy.  Passive control may be 

incorporated in the initial design of the structure by the use 

of friction damper.  Passive control requires no external 

power source in order to operate and it is less expensive.  

Friction damper elements are one the supplemental energy 

dissipation devices that have been introduced to enhance the 

seismic response of buildings. These types of devices 

dissipate input energy through frictional work.  The 

behaviour of the devices are nearly unaffected by amplitude, 

frequency, temperature, or the number of applied loading 

cycles.   

The original application was in railway rolling 

stock bogie trucks, but since the mid 1980’s, the friction 

dampers were extended to the field of structural and seismic 

protection.  These types of friction dampers are 

manufactured with simple components to minimize the cost 

of manufacture. Their maintenance free characteristics and 

low cost suggest wide application for retrofit of existing or 

new construction of buildings.  Various public sectors, 

private sectors, developers and developing countries are all 

benefiting from this technology. The objective of this paper 

is to study the effectiveness of friction dampers in mitigating 

the seismic response of the connected adjacent structures 

under earthquake. 

II. CONNECTED STRUCTURES 

Due to advancements of technologies, buildings in a modern 

city are often built closely to each other because of the 

limited availability of land and preference for centralized 

services.  Most of these buildings are separated without any 

structural connections.  Mutual pounding may occur, if the 
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separation distances between adjacent buildings are not 

sufficient.  Some of the adjacent buildings are linked by sky 

bridges at several locations to provide a horizontal 

transportation system for access to the two buildings and 

some other buildings are rigidly connected by stiff plates or 

beams at a few locations to enhance the lateral stiffness of 

the buildings.  To achieve a large open space for parking, 

restaurants, shops, and hotel lobbies at the ground level, 
some modern tall buildings are often built with podium 

structures.   

Connecting the adjacent structures with passive 

energy dissipation devices has attracted the attention of 

many researchers due to its ability in mitigating the dynamic 

responses as well as to reduce the chances of pounding. 

Installation of such devices does not require additional space 

and the free space available between two adjacent structures 

can be effectively utilized for placing the control devices. 

Such types of arrangement are also helpful in reducing the 

mutual pounding of structures.  By means of the insertion of 

special energy dissipating devices in proper positions 

between two structures, the passive control techniques 

increase the dissipation capacity of the structural systems.  

III. STRUCTURAL PERFORMANCE OF DAMPER 

Due to advancements of technologies, buildings in a modern 

city are often built closely to each other because of the 

limited availability of land and preference for centralized 

services.  Most of these buildings are separated without any 

structural connections. Mutual pounding may occur, if the 

separation distances between adjacent buildings are not 

sufficient.   

To achieve a large open space for parking, 

restaurants, shops, and hotel lobbies at the ground level, 

some modern tall buildings are often built with podium 

structures.  Connecting the adjacent structures with passive 

energy dissipation devices has attracted the attention of 

many researchers due to its ability in mitigating the dynamic 

responses as well as to reduce the chances of pounding. 

Installation of such devices does not require additional space 

and the free space available between two adjacent structures 

can be effectively utilized for placing the control devices. 

Such types of arrangement are also helpful in reducing the 

mutual pounding of structures.  By means of the insertion of 

special energy dissipating devices in proper positions 

between two structures, the passive control techniques 

increase the dissipation capacity of the structural systems. 

The concept is to allow two dynamically dissimilar 

structures to exert control forces upon one another to reduce 

the overall responses of the system. 

IV. FRICTION DAMPER 

Friction dampers are simple and foolproof in construction. 

Friction dampers consist of series of steel plates and these 

steel plates are specially treated to develop most reliable 

friction are clamped with strong steel bolts which are 

connected to the ends of the wall.  Friction dampers are 

passive energy dissipation devices, therefore, need no 

energy source other than earthquake to operate it.  The 

inherent damping is merely 1-5% of critical in a typical 

undamped structure.  Structural damping of 20-50% of 

critical can be easily achieved with the introduction of 

friction dampers. 

Forces and deformations on the structure are 

significantly reduced, as the damper dissipates the seismic 

energy.  Also friction dampers can provide mechanism for 

dissipation of large amount of energy and they have good 

performance characteristics and their behavior is less 

affected by the load frequency, number of load cycles or 

changes in temperature.  Friction dampers are also compact 

in size and can be easily hidden within drywall partitions 

and they do not need any regular inspection.  They allow the 

building to remain elastic or atleast yielding is delayed to be 

available during maximum credible earthquakes. 

 
Fig.1: Friction Damper (www.zhanyichen.wordpress.com) 

Friction dampers can be bolted or welded.  The 

main attraction of friction dampers is the facility with which 

they can be installed in new or existing buildings of the 

appropriate type with little modification to the system. 

Performance of friction dampers is consistent and 

reproducible, providing protection from a large number of 

earthquakes without any need for servicing.  Friction 

dampers are customized to suit site conditions which are not 

possible with other systems. Friction dampers allow greater 

adaptability than is possible with other systems. 

V. CHARACTERISTICS OF FRICTION DAMPER 

There is no action in the damper when there is no seismic 

activity, which can support its design static load indefinitely. 

Performance of friction damper is consistent and 

reproducible, providing protection against a series of 

earthquakes without the need of any repair or replacement 

the slip force is controlled by the tension in bolts holding 

together the sliding elements.  The friction damper have 

found several applications for both steel and concrete 

buildings in recent times, involving seismic rehabilitation 

and upgradation of the existing structures as well as in 

newly constructed structures. Friction dampers need no 

repair and replacement after earthquake. 

VI. COMPARISON WITH OTHER DEVICES 

The forces exerted by the dampers are different for different 

earthquake records.  Friction dampers are independent of 

velocity; therefore, exert constant force for all future 

earthquakes (Design-Based Earthquake/ Maximum Credible 

Earthquake).  Viscous dampers are velocity dependent 

whereas friction dampers are displacement dependent.  One 
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of the main differences between a friction damper and 

viscous damper is that friction dampers provide both added 

damping and added stiffness for stability whereas viscous 

dampers provide only damping.  The hysteresis loop of 

friction damper is rectangular as compared to elliptical for 

viscous damper.  The area of hysteresis loop (energy 

dissipating or damping) of viscous damper is about 70% of 

that of friction damper for a given maximum force i.e. 70 

friction dampers will achieve the same damping as 100 

viscous damper of a given force.  This leads to significant 

savings in cost of dampers, bracing, columns, connections 

and foundations. 

Unbounded brace dissipates energy through the 

process of yielding and it involves damage.  The brace may 

be damaged and needs to be replaced after an earthquake. 

After an earthquake replacement of brace is expensive and 

time consuming whereas structure with friction damper is 

economical to design and always ready to resist earthquakes 

one after another without replacement.  Brace is enclosed in 

concrete and it is not visible for inspection to verify whether 

it is broken or not.  Moment resisting frames are favoured 

for their earthquake resistance capability because properly 

detailed frames have stable ductile behaviour under 

repeating reversing loads.  But these structures are flexible 

and it is not economically possible to develop stiffness to 

control deflections and storey drifts.  Also, the use of shear 

walls restricts the flexibility of space planning. 

VII. ADJACENT STRUCTURES CONNECTED BY FRICTION 

DAMPER (COULOMB FRICTION MODEL) 

Consider two adjacent SDOF (single degree of freedom) 

structures connected by a friction damper using coulomb 

friction model.  The two structures are assumed to be 

remains linearly elastic.  Both the structures are assumed to 

be subjected to the same ground acceleration.  The adjacent 

structures are idealized as two SDOF coupled system. 

The force in the Coulomb friction model Fd is 

assumed to be proportional to the relative sliding velocity 

between the surfaces. 

 
Fig. 2: Adjacent structures with friction damper 

The force in the Coulomb friction model Fd is given by 

                                ̇                                     (1.1) 

        or                  ̇   

    Where Fd  = frictional force in damper 

              sgn = signum function 

              N  =  normal force across the contacting surface 

                   = mg 

               µ  =  friction coefficient 

              ẋr   =  relative sliding velocity between the surfaces 

In 1.1, the function µ is taken to be constant.  The Coulomb 

model is very approximate and still largely used because it 

is easy to handle and provides a sufficient level of 

approximation in engineering problems. 

VIII. CONCLUSION 

The use of frictional damper has shown economical and 

effective approach to design earthquake buildings as well as 

existing structures for retrofitting.  To connect the two 

adjacent buildings at all floors is not necessary but lesser 

number of dampers at appropriate locations can reduce the 

earthquake response of the combined system.  Nowadays, 

friction dampers are mostly adopted.  As the friction 

dampers are inexpensive in cost than other dampers and they 

do not need any maintenance.  Friction dampers offer 

repeatable performance at low cost. Also this type of 

damper results in constant force for all future earthquakes 

and hence, designs of connections and members are 

economical. 
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