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Abstract— In recent years, considerable attention has been 

paid to research and development of structural control with 

the use of passive control devices.  Fluid viscous dampers 

are generally well suited to vibration control of civil 

engineering structures subjected to seismic excitations.  The 

results of several studies on the effects of supplemental 

viscous damping on the response of structures have showed 

that they are efficient and very effective in mitigating the 

seismic energy.  The fluid viscous dampers can be classified 

into linear fluid viscous dampers and nonlinear fluid viscous 

dampers.  The nonlinear fluid viscous dampers are found 

more suitable than the linear fluid viscous dampers because 

nonlinear fluid viscous dampers possess the capacity of 

reducing peak damper force demand at large structural 

velocities while still provide sufficient supplemental 

damping.  The focus of this review paper is on the structural 

control of two parallel building structures coupled with 

nonlinear viscous damper.  This paper includes a brief 

historical outline of the development in structural control 

with fluid viscous dampers.  This paper also includes a brief 

introduction about the nonlinear fluid viscous damper.  The 

objectives of the present study on the nonlinear fluid viscous 

damper connecting two parallel buildings are also included 

in this paper. 
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I. INTRODUCTION 

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

property on this earth and have destroyed a wide number of 

cities and villages on virtually every continent.  The damage 

caused by earthquakes is entirely associated with the 

manmade structures.  During the major earthquakes, damage 

of life and property is caused by landslides and structure 

failures, but also many earthquakes give very little or no 

warning before occurring.  If the earthquake occurs in a 

populated area, it may cause many deaths, injuries and 

extensive property damage.  The damages caused by the 

earthquakes in a particular region depend on local surface 

and subsurface geological conditions.  In addition to 

earthquake magnitude and the local geological conditions, 

level of the destruction depends on many other factors such 

as focal depth, the distance from the epicentre, the density of 

population, construction in the area shaken by the 

earthquake and design of the building structures. 

Number of buildings in the modern cities is 

increasing rapidly due to increasing population and growing 

social and commercial activities.  These buildings, in most 

cases, are closely spaced to each other and are separated 

without any structural connections.  Hence, wind resistant or 

earthquake resistant capacity of each building mainly 

depends on itself.  The ground motion during earthquakes 

causes damage to the structure by generating inertial forces.  

Tall structures are extremely vulnerable to the structural 

damage because the masses at the levels are relatively large, 

supported by slender columns.  The displacement of the 

upper stories is very large as compared to the lower ones.  

This includes large shear forces on the base columns.  If the 

separation distances between adjacent buildings are not 

sufficient, mutual pounding may occur during an 

earthquake. 

The mutual pounding can be prevented by adding 

damping to the structures.  The damping is needed to 

dissipate some of the vibration energy by either 

transforming it to heat or transferring it directly to any 

connected structure.  Damping can be added to the 

structures either passively or actively.  The structural control 

can be done by following method: 

A. Active control system 

An active control system is a system, which requires a large 

power source for operation of electro-hydraulic or electro-

mechanical actuators, which supply control forces to the 

structure.  Control forces are developed based on feedback 

from sensors that measure the excitation and/or the response 

of the structure.  The advantage of an active control system 

is that, it can control large civil engineering structures.  The 

disadvantage of this system is that, there may be situation of 

power failure during an earthquake or during a large wind 

storm. 

B. Passive control system 

A passive control system is a system, which does not require 

an external power source for operation and utilizes the 

motion of the structure to develop the control forces.  

Control forces are developed as a function of the response of 

the structure at the location of the passive control system.  

The advantages of passive control system are its reliability 

and it is relatively straight forward to design.   The passive 

structural control system consists of various passive energy 

dissipation devices such as viscous fluid damper, visco-

elastic damper, friction damper and metallic damper etc.  

These dampers have been widely used for the energy 

dissipation of many civil engineering structures. 

C. Semi-active control system 

A semi-active control system is a system, which typically 

requires a small external power source for operation (eg. a 

battery) and utilizes the motion of the structure to develop 

the control forces, the magnitude of which can be adjusted 

by the external power source.  In this control system, the 

response of the system can be modified by changing the 

properties of damping devices and with the use of only 

small amount of external power. 

D. Hybrid control system 

In hybrid control system, a passive control system is added 

to an active control system to decrease the energy 

requirements of the active control system.  The only 
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difference between an active control system and a hybrid 

control system is the amount of external energy used to 

implement control.  The advantage of this system is that, in 

case of any power failure, the passive component of the 

control system still offers some degree of protection. 

In the last two decades, the use of viscous fluid 

damper has become increasingly widespread in the design 

and retrofit of civil structures excited by wind and 

earthquake loads, because viscous dampers are having 

capability of mitigating undesirable aspects of the structural 

response.  Experimental and analytical studies have showed 

that viscous dampers placed inside the buildings or between 

adjacent buildings permit to control and significantly 

mitigate the inter-storey drifts, motion amplitude and 

absolute accelerations induced by earthquake forces and also 

to decrease the dynamic response [2, 3, 6].  Both researchers 

and earthquake engineers have begun to focus on fluid 

viscous dampers exhibiting nonlinear force-velocity 

relationship because of their ability to limit the peak damper 

force at large structural velocities while still providing 

sufficient supplemental damping [1, 2, 3, 8, 16].  

Experimental investigation on dynamic characteristics and 

seismic response of adjacent buildings linked by fluid 

dampers has been carried out and the results showed that the 

installation of fluid dampers of proper parameters could 

significantly increase the modal damping ratios and reduce 

the seismic responses of both buildings while the natural 

frequencies of both buildings remain almost unchanged 

[17]. 

The present study focuses on the following 

objectives as (1) to investigate the dynamic behavior of two 

adjacent structures connected with nonlinear dampers. (2) to 

examine the influence of structural properties of the 

connected system on the optimum parameters of dampers 

and on the optimum responses. (3) to analyze the seismic 

responses of two SDOF structures connected with nonlinear 

dampers. (4) to determine the performance of nonlinear 

damper for seismic protection of two adjacent connected 

buildings. (5) to determine the force-displacement 

performance of nonlinear damper under various real 

earthquake ground excitations. 

II. NONLINEAR VISCOUS FLUID DAMPERS 

Viscous fluid dampers are commonly used as passive energy 

dissipation devices for earthquake protection of structures.  

These dampers consist of a hollow cylinder, which is filled 

with fluid (silicone).  When the damper piston rod and 

piston head are stroked, fluid is forced to flow through 

orifices either around or through the piston head.  The 

resulting differential in pressure across the piston head (very 

high pressure on the upstream side and very low pressure on 

the downstream side) can produce very large forces that 

resist the relative motion of the damper.  The fluid flows at 

high velocities, resulting in the development of friction 

between fluid particles and the piston head.  The friction 

forces give rise to energy dissipation in the form of heat.  

The associated temperature increase can be significant, 

particularly when the damper is subjected to long-duration 

or large-amplitude motions. 

 
Fig. 1: Viscous fluid damper (taylordevices.com) 

A suitable mathematical model for describing the 

behaviour of viscous fluid dampers is given by the following 

nonlinear force-velocity relation 

                               =  | ̇ |
 sgn( ̇ )                        (1.1) 

where     is the force developed by the damper, 

 ̇  is the relative velocity of damper ends,    is the damper 

coefficient,   is the exponent constant and sgn is the signum 

function. 

Equation (1.1) represents a linear fluid viscous 

damper for   = 1 and represents a pure friction damper for   

= 0.  Thus,   characterizes the nonlinearity of fluid viscous 

dampers.  For earthquake protection applications, the 

exponent   typically has a value ranging from 0 to 1.0. 

III. CONNECTED STRUCTURES 

Buildings in the modern cities are often built closely to each 

other because of the limited availability of land.  If the 

separation distances between adjacent buildings are not 

sufficient, mutual pounding may also occur during an 

earthquake, which has been observed in the 1985 Mexico 

city earthquake, the 1989 Loma Prieta earthquake and many 

others.  The concept of linking adjacent buildings using 

passive dampers has been proposed to improve their seismic 

resistant performance.  To prevent mutual pounding 

between adjacent buildings during an earthquake, many 

researchers suggested using hinged links to connect two 

neighbouring floors if the floors of adjacent buildings are in 

alignment.  It is obvious that this system can reduce the 

chance for pounding and also alters the dynamic 

characteristics of the unconnected buildings, enhances 

undesirable torsional response if the buildings have 

asymmetric geometry. 

 
Fig. 2: Schematic diagram of two parallel buildings 

connected with a nonlinear viscous damper 
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When two parallel structures are connected by the 

dampers, the seismic or wind induced responses of these 

parallel structures may reduce if the parameters of the 

dampers are selected properly.  In order to reduce the 

seismic response of the parallel structures, both 

experimental and analytical investigations have been made 

with viscous fluid dampers by many researchers [1, 2, 11, 

14]. 

IV. CONCLUSION 

Viscous fluid damping retrofitting is a way of reducing the 

dynamic response of a structural system without involving 

major building modification.  If the properties of the 

connecting device are chosen properly, dynamic 

characteristics of the unconnected buildings can be 

maintained and dynamic responses caused from earthquakes 

can be reduced efficiently.  The best properties for the 

connecting device can be obtained through parametric 

studies.  If the parameters of the nonlinear viscous dampers 

are selected properly, then the energy dissipation capacity of 

the parallel structures can be improved to a great extent.  It 

is found that connecting the two parallel buildings by 

viscous fluid dampers at all the floor levels is not necessary 

but lesser dampers placed at appropriate locations can 

reduce the dynamic response of the connecting building 

almost as much as when the buildings are connected at all 

the floor levels. 
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