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Abstract- The devices which dissipates energy in civil engineering structures are taken into consideration when it comes to 
removing unwanted energy such as wind, earthquake and instability. The absorption of the seismic input energy in the 
buildings and reducing its damage are the main objectives of these devices. This study is concentrated on Energy dissipation 
system provided by Viscous Dampers (VD).A 3D numerical exploration is done considering the seismic response of five 
storey, six storey, seven storey, eight storey, nine storey, ten storey steel building moment frame with diagonal bracing as 
viscous damper that have linear force versus velocity behaviour. The non-linear time history of various earthquake is 
considered for analysis according to IS-1893 2002 and carried out using SAP2000 V14 software and comparisons between 
the conventional steel structure and damped steel structure are shown in a charted and graphical format. The results of the 
various systems are studied to evaluate the structural response, inter-storey drift, maximum roof displacement and maximum 
base shear with and without this device of the energy dissipation hence results obtained were discussed. The deductions from 
the results obtained showed an increase of the structural potential with supplemental dampers to improve its dissipative 
capacities. It is contributing significantly to reduce the displacements and efforts generated by the seismic loads, which 
consequently decreases the quantity of steel necessary for its overall stability. 
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I. INTRODUCTION 
 
Man has always lived with earthquakes. Some of 
them are so small that they are not felt, others against, 
are so strong that they can destroy an entire city and 
cause major damage in infrastructures (bridges, 
buildings, etc...) and kill thousands of people. During 
a seismic event, the input energy from the ground 
acceleration is transformed into both kinetic and 
potential (strain) energy which must be either 
absorbed or dissipated through heat. However, for 
strong earthquakes a large portion of the input energy 
will be absorbed by hysteretic action (damage to 
structure). So for many engineers, the most 
conventional approach to protect the structures 
(buildings and bridges) against the effects of 
earthquakes is to increase the stiffness. This approach 
is not always effective, especially when it is an 
environment that promotes resonance and 
amplification of seismic forces. The integrity and 
serviceability of the steel multi-storey buildings 
structures against natural hazard such as earthquake 
were a challenge among structural engineers and 
researches. The major concern in the design of these 
structures is to have enough lateral stability to resist 
wind and seismic forces. Numerous techniques have 
been proposed for attaining the optimum performance 
of structures subjected to earthquake excitation. The 
conventional method requires that structures flaccidly 
resist earthquakes through a combination of strength, 
deformability, and energy absorption. The level of 
damping in these structures is naturally very low and 
as a result the amount of energy dissipated during 
elastic behaviour is very little. During strong 
earthquakes, these structures deform well beyond the 
elastic limit and remain intact only due to their ability 

to deform in elastically. The inelastic deformation 
takes the form of localized plastic hinges which result 
in increased flexibility and energy dissipation. 
Therefore, much of the earthquake energy is absorbed 
by the structure through localized damage of the 
lateral force resisting system. This is somewhat of a 
paradox in that the effects of earthquakes (i.e. 
structural damage) are counteracted by allowing 
structural damage. 
 
An alternative approach to mitigating the hazardous 
effects of earthquakes begins with the consideration 
of the distribution of energy within a structure. 
During a seismic event, a finite quantity of energy is 
input into a structure. This input energy is 
transformed into both kinetic and potential (strain) 
energy which must be either absorbed or dissipated 
through heat. If there were no damping, vibrations 
would exist for all time. However, there is always 
some level of inherent damping which withdraws 
energy from the system and therefore reduces the 
amplitude of vibration until the motion ceases. The 
structural performance can be improved if a portion 
of the input energy can be absorbed, not by the 
structure itself, but by some type of supplemental 
“device.” This is made clear by considering the 
conservation of energy relationship: 
E = Ek + Es + Eh + Ed 
 
Where, 
E is the absolute energy input from the earthquake 
motion,  
Ek is the absolute kinetic energy,  
Es is the elastic strain energy,  
Eh is the irrecoverable energy dissipated by the 
structural system through inelastic and  
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Ed is the energy dissipated by damping devicesand it 
is equal to Ed, structure + Ed, damper 
 
The absolute energy input E, represents the work 
done by the total base shear force at the foundation on 
the ground displacement. It thus, contains the effect 
of the inertia forces of the structure. 
In the conventional design approach, acceptable 
structural performance is accomplished by the 
occurrence of inelastic deformations. This has the 
direct effect of increasing the energy Eh. It also has an 
indirect effect. The occurrence of inelastic 
deformations results in softening of the structural 
system which itself modifies the absolute input 
energy. In effect, the increased flexibility acts as a 
filter which reflects a portion of the earthquake 
energy. 
 
In the conventional design approach, the term Ed, 
damper is equal to zero. In this case, acceptable 
structural performance against strong earthquake is 
accomplished by inherent structural damping energy 
Ed, structure and the occurrence of inelastic 
deformations, which has direct effect of increasing 
Eh. Finally, the increased flexibility acts as filter 
which reflects a portion of seismic energy. 
Introduction of supplemental damping devices in the 
structure involves increasing the term Ed in equation 
and accounts for the major seismic energy that is 
absorbed during the earthquake. An idealized damper 
would be such that the force being produced by the 
damper is of such a magnitude that the damper forces 
do not increase overall stress in the structure. 
Properly implemented, an ideal damper should be 
able to simultaneously reduce both stress and strain in 
the structure. 
 
The recently applied technique of seismic isolation 
accomplishes the same task by the introduction, at the 
foundation of a structure, of a system which is 
characterized by flexibility and energy absorption 
capability. The flexibility alone, typically expressed 
by a period of the order of two seconds, is sufficient 
to reflect a major portion of the earthquake energy so 
that inelastic action does not occur. Energy 
dissipation in the isolation system is then useful in 
limiting the displacement response and in avoiding 
resonances. However, in earthquakes rich in long 
period components, it is not possible to provide 
sufficient flexibility for the reflection of the 
earthquake energy. In this case, energy absorption 
plays an important role. 
 
Modern seismic isolation systems incorporate energy 
dissipating mechanisms. Examples are high damping 
elastomeric bearings, lead plugs in elastomeric 
bearings, mild steel dampers, fluid viscous dampers, 
and friction in sliding bearings. 
Another approach to improved earthquake response 
performance and damage control is that of 

supplemental damping systems. In these systems, 
mechanical devices are incorporated in the frame of 
the structure and dissipate energy throughout the 
height of the structure. The means by which energy is 
dissipated is either: yielding of mild steel, sliding 
friction, motion of a piston within a viscous fluid, 
orificing of fluid, or visco-elastic action in rubber-like 
materials. 
 
II. FLUID VISCOUS DAMPERS 
 
Fluid viscous dampers operate on the principle of 
flow of viscous fluid through orifices. These devices 
have been originally developed for military 
applications and later used for various applications 
such as energy-absorbing buffers in steel mills, canal 
lock buffers and offshore oil leg suspension adding to 
shock and vibration isolation. To appreciate the level 
of technology involved in these dissipation systems, 
note that some of military hardware has input wave 
forms with peak velocity reaching 5m/s and peak 
acceleration reaching 200g (g is the gravity 
acceleration) with a very small rise time of the order 
of milliseconds. Recently these devices have been 
utilized as elements of seismic and wind isolator. 
FVD typically consist of a piston head with orifices 
contained in a cylinder filled with a highly viscous 
fluid, usually a compound of silicone or a similar type 
of oil. Energy is dissipated in the damper by fluid 
orificing when the piston head moves through the 
fluid. The fluid in the cylinder is nearly 
incompressible, and when the damper is subjected to 
a compressive force, the fluid volume inside the 
cylinder is decreased as a result of the piston rod area 
movement. A diminution in volume results in a 
restoring force. This undesirable force is prevented by 
using an accumulator. An accumulator works by 
collecting the volume of fluid that is displaced by the 
piston rod and storing it in the make-up area. As the 
rod retreats, a vacuum that has been created will draw 
the fluid out. A damper with an accumulator is 
illustrated in Fig below. 
 

 
Fig. 1 Fluid viscous dampers (FVD) 

 
2.1. Characteristics of Fluid Viscous Dampers: 
FVD are characterized by a resistance force Pd. It 
depends on the velocity of movement, the fluid 
viscosity and the orifices size of the piston. The value 
of Pd given by the relationship 
Pd = Cd.((u•)^α). sin (ud•) 
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With ud(t) = u0. sin (ω.t) 
where u•d is the velocity between two ends of the 
damper, Cd is the damping constant.u0 is the 
amplitude of the displacement, ω is the loading 
frequency, and t is time. α is an exponent which 
depends on the viscosity properties of the fluid and 
the piston orifices. 
 

 
 

 
 
The value of the constant α may be less than or equal 
to 1. Figures 2 and 3show the force velocity and the 
force displacement relationships for three different 
types of FVD. 
 
They characterize the behaviour of the viscous 
damper. With α = 1, the device is called linear 
viscous damper and for α <1, nonlinear FVD which 
is effective in minimizing high velocity shocks. 
Damper with α >1 have not been seen often in 
practical application. The nonlinear damper can give 
a larger damping force than the two other types 
Fig.2&Fig.3shows that the plot has different shapes 
for the different values of α. At the frequency of 
loading used to create the loops enclosed area for the 
different damper are all equal, but the value of the 
damping coefficient are all different. The resisting 
force in the FVD, Pd, can be described by the 
following equation. 
Pd = K1.ud + Cd.ௗ௨ௗ

ௗ௧
 

where K1 is the storage stiffness and C is the 
damping coefficient given by 

Cd = ଶ
ఠ

 
 
where K2 is the loss stiffness. 
The first term represents the force due to the stiffness 
of the damper, which is in phase with the motion, and 
the second term represents the force due to the 
viscosity of the damper, which is 90◦ out of phase 
with the motion. 
 
Figure 4(a) plots the force–displacement relationship, 
while Fig. 4(c) plots the total force. Figure 4(c) shows 
the structure’s behaviour without dampers. FVD 
allow very significant energy dissipation where the 
stress–strains diagram show a hysteretic loop 
approaching an ellipse for a pure viscous linear 
behaviour. The absence of storage stiffness makes the 
natural’s frequency of the structure incorporated with 
the damper which remains the same. However if the 
damper develops restoring force, the loop will be 
changer from Fig. 4a–c. It turns from viscous 
behaviour to visco-elastic behaviour. The maximum 
energy amount that this type of damper can dissipate 
in a very short time is only limited by the thermal 
capacity of metallic tube. 
 

 
Fig. 4 Hysteretic curve of FVD 

 
III. NON-LINEAR ANALYSIS OF STRUCTURE 
 
3.1 Objective:  
Following are of the major objective of this study.  

i) Modelling of building frame without damper. 
ii) Modelling of building frame with damper.  
iii) Nonlinear time history analysis of building 

frames without damper.  
iv) Nonlinear time history analysis of building 

frames with damper.  
v) Critical study of results in terms of absolute 

inter-storey drift, absolute displacement, and 
base shear. 

 
3.2 Methodology: 
A set of steel building (5 storey to 10 storey) 
modelled as 3D moment resisting frame is analysed 
with and without viscous dampers using the SAP2000 
v14 computer software. The properties of the building 
and related information are shown below: 
No. of bay in plan: 4 in each direction(X& Y) 
Length of each bay: 5m 
Each storey height: 3m 
Damper properties: 
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Fig.5 Modal 5 storey building without damper (SAP2000 v14) 

 

 
Fig.6 Modal 5 storey building with damper (SAP2000 v14) 

 
The damper used in the SAP2000 analysis is Taylor 
damper device of reference no RT50DH50. The 
lateral dynamic load applied to the structure was 
simulated by linear time history of the Park Field 
earthquake (California, Sept. 2004). The results were 
summarized in the following sub-section. The study 
of the damper forces in the 5 storey, 6 storey, 7 
storey, 8 storey, 9 storey, 10 storey3D frame is an 
important factor for the analysis. There are many 
research work reported on various damper aspects 
like linear and nonlinear Static and linear and 
nonlinear dynamic analysis of buildings frame.  
 
In this study we have provided the damper from first 
floor to top-floor for each modal for seismic analysis 
as per IS 1893-2002. A comparison of time history 
analysis for each modal frame with damper and  

 
without damper has been carried out. The resultant 
forces are as absolute displacements, inter-storey 
drift, and base shear.  
Analysis is done in step wise, 
Step-1 Selection of building geometry, 4 bays for 
each story 3D frame.  
Step-2 Define the material property of frame.  
Step-3 Define the section property of frame beam and 
column.  
Step-4 Assign the joint pattern as fixed support.  
Step-5 Define the dampers properties.  
Step-6 Define the load pattern dead load and live 
load.  
Step-7 Define the accelerogram file for earthquake 
load in SAP2000 V14.  
Step-8 Define the analysis case.  
Step-9 Run analysis program.  
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Step-10 A comparison in analysis results as absolute 
displacements, absolute acceleration, and base shear, 
maximum has been carried out as a result in this 
research paper. 
 
IV. RESULTS AND DISCUSSION 
 
In the present study seismic evaluation of the 5-10 
storey steel building frame, analysis as per IS 1893-
2000 has been carried out by 3D nonlinear time 
history analysis, for four load cases. Time history 
analysis results were tabulated in the form of base 
shear, absolute displacement at roof, and inter-storey 

drift. It has been observed that there is significant 
variation in results based on the load case. After 
analysis we have found out the time period for each 
steel building has increased significantly hence the 
frequency decreased. 
 
4.1 Roof Displacement: 
Roof displacement of all the building models are 
compared and found out that the peak roof 
displacement in case of structure with damper is 
comparatively lower than the structure without 
damper. 

 

 

 
 
After comparing the roof displacement of each floor 
with and without damper, we observed that the roof 
displacement in case of damped structure is decreased 

significantly. In 5 storey steel structure the roof 
displacement for damped structure decreased by 
32.3% with respect to un-damped structure. For 6 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-6, Jun.-2016 

Use Of Viscous Damper As An Energy Dissipative Device In Steel Structures 
 

64 

storey roof displacement reduced to 38.66%. For 7 
storey roof displacement reduced to 39.97%. For 8 
storey roof displacement reduced to 31.92%. For 9 

storey roof displacement reduced to 22.45% and for 
10 storey roof displacement reduced to 20.89% 
 

 
4.2 Base Shear: 
In case of base shear it is noticed that building with dampers fixed along their diagonal shows lower base shear 
than the buildings without dampers. A detail report on the maximum base shear has been shown graphically, 
 

 
 
Detailed Base shear comparison for 5-10 storey is shown below: 
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4.3 Inter-storey drift: 
The inter-storey drift for each case has been calculated and found out that the inter-storey drift for each model is 
reduced by more than 50% in certain case. So, this an advantage for using damper as an energy dissipating 
devices in structures. During an earthquake the cause for death of people is due to structural failure, if the inter-
storey drift is reducing significantly the structural damages will be less many life can be saved and materialistic 
losses can be mitigated. 
Inter-storey drift for each modal is shown below: 
 

 
 
After analysing and comparing all the results it is found that, if we use viscous damper as a dissipative device 
the quake or wind energy is absorbed by it and converted into heat form hence it got dissipated. While energy is 
dissipated the roof displacement and all the floor displacement, base shear, response spectrum, inter-storey drift 
decreases significantly and so the structural damage is decreased. As structural damage is decreased many life as 
well as property can be saved. 
 
CONCLUSIONS 
 

a) Supplemental damping devices are capable 
of producing significant reductions of inter-
story drifts in the steel frames in which they 
are installed. They are also suitable for 

applications of seismic retrofit of existing 
structures. 

b) Seismic performance of building can be 
improved by providing energy dissipating 
device (damper), which absorb the input 
energy during earthquake. 

c) As maximum roof as well as floor 
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displacement, base shear, inter-storey drift 
etc is decreased so the structure is safer than 
the buildings without dampers. 

d) With the deployment of damper in the 
structure, the base shear effectively reduces.  
 Due to base shear reduction of making 

the structure cost effective.  
 Due to absolute acceleration reduction 

the inertial forces also reduced. 
 Due to absolute displacement reduction 

the structure have not require more 
ductility to resisting earth-quake forces.  

e) Time period of each building with dampers 
is increased, hence frequency is decreased. 

f) The behaviour of structures retrofitted with 
supplemental damping devices changes from 
that of a moment-resisting frame to that of a 
braced frame. The forces which develop in 
the devices induce additional axial forces in 
the columns, affects the safety of the loaded 
columns. This represents an important 
consideration in design and may impose 
limitations on the use of these devices in tall 
buildings. Exemption to this behaviour can 
be found in a certain type of fluid damper 
which exhibits essentially viscous 
behaviour. 
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