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ABSTRACT - Current trends in construction industry 
demands taller and lighter structures, which are also more 
flexible and having quite low damping value. This increases 
failure possibilities and also problems from serviceability 
point of view. Now-a-days several techniques are available to 
minimize the vibration of the structure, out of the several 
techniques available for vibration control; concept of using 
dampers is a newer one. Supplemental damping in 
conjunction with appropriate stiffness offers an innovative 
and attractive solution for the seismic response control of 
structures.  

This study deals with the effectiveness of one such damper, 
friction damper as a passive dissipative device in structures 
for controlling vibration of structure and also discusses the 
effect of number of dampers and position of dampers in a 
structure. To fulfill this objective, a 25-storey L-shaped 
building have been modeled with five different damper 
location formats in ETABS subjected to El Centro earthquake 
record. Non-linear modal Time history method has been used 
and seismic zone V is considered for analysis. Base shear, 
storey displacement, storey drifts, storey shears, storey 
accelerations, forces in columns and Total energy 
components has been compared to find out most optimal 
damper location format among five different damper location 
formats and also to find out the effect of number of dampers. 
Results showed that position and number of dampers has 
considerable influence in the seismic performance of the 
structure. 

1. INTRODUCTION 

The world population is growing so rapidly in recent years 
that there has been a resurgence of high – rise 
constructions in the major cities. High rise buildings have 
become a trend and, moreover, they have paved the way to 
world competition in constructing tall buildings to exhibit 
the symbol of power and technology possessed by its 
population. However, high rise buildings are subjected to 
vibrations. These vibrations can be due to wind loads, 
earthquakes, machinery vibrations and other sources of 
vibration. These vibrations can cause structural damage or 
even collapse of the structure.  

In particular, during recent years earthquakes have been 
the main cause of structure collapse. An earthquake is a 
natural phenomenon of ground shaking caused by the 
sudden energy release inside earth and thus, it causes 
breaking and movement of the tectonic plates. This may 
contribute to create other phenomena such as tsunamis, 
landslides, rock falls, ground settling and liquefaction. As a 
matter of fact, high rise buildings are not suitable to be 
constructed in areas with high seismicity, if not studied and 
analyzed accordingly.  

Friction Damper 

Pall Friction Dampers are simple and foolproof in 
construction. Basically, these consist of series of steel 
plates, which are specially treated to develop very reliable 
friction. These plates are clamped together and allowed to 
slip at a predetermined load. Their performance is reliable, 
repeatable and they possess large rectangular hysteresis 
loops with negligible fade. Pall Friction Dampers are passive 
energy dissipation devices and, therefore, need no energy 
source other than earthquakes to operate it. They do not 
require any repair or replacement after the earthquake and 
are always ready to do their job. 

 
Tension only cross brace with friction damper 

Scope 

The main objectives of this study can be listed as following. 

a) To assess the effectiveness of friction dampers in 
reducing the earthquake induced response of structural 
systems. 
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b) To assess, how the variation of placement and number of 
dampers affect the seismic response of a frame structure, 
and 

c) Comparison of  the building  performances for five 
different formats of placement of friction dampers in terms 
of base shears, storey drifts and  storey accelerations etc., 

Shaik Kamal Mohammed Azam et al., (23) states that the 
dual structural system consisting of special moment 
resisting frame (SMRF) and concrete shear wall has better 
seismic performance due to improved lateral stiffness and 
lateral strength. A comparison of structural behavior in 
terms of strength, stiffness and damping characteristics is 
done by arranging shear walls at different 
locations/configurations in the structural framing system. 
The results of the study indicate that the provision of shear 
walls symmetrically in the outermost moment resisting 
frames of the building and preferably interconnected in 
mutually perpendicular directions forming a core will lead 
to better seismic performance. 

Abhijeet Baikerikar et al., (3) study has been done to 
examine the effect of different cases using shear wall and 
bracings for the different heights, maximum height 
considered for the present study is 75m. The modeling is 
done to along with different heights on seismic parameters 
like base shear, lateral displacements and lateral drifts. The 
study has been carried out for the Zone V and all types of 
soils as specified in IS: 1893-2002. By locating shear walls 
at different positions and by comparing the results it can 
conclude that time period is significantly lowered after 
placing shear walls and bracings. 

3. RESEARCH METHODLOGY 

The purpose of this study is to evaluate the effect of the 
position and number of friction dampers on seismic 
behavior of high rise unsymmetrical building. The design 
and analysis is performed by using ETABS software. For this 
five RCC structures have been modeled i.e., Model 1 is 
without friction dampers, Model 2,3,4 have been modeled 
with same number of dampers i.e., 96 friction dampers at 
different locations and Model 5 with full dampers in all the  
bays i.e., 288 friction dampers.  

In order to understand the seismic behavior of the building 
time history analysis is considered to be performed. For the 
purpose of analysis, Time History of El Centro earthquake 
data that has been recorded is considered. Once modeling is 
completed, it automatically generates and assigns code-
based loading conditions for gravity, seismic. Then two load 
cases TIMEX (Time history record of El Centro in X- 
direction) and TIMEY (Time history record of El Centro in 
Y- direction) is given as dynamic loading. 

Basic parameters considered for the analysis are 

1. Utility : Residential Building 
 

2. Number of stories : 25 
 

3. Shape of Building : L-Shape  
 

4. Geometric details                
 

a. floor to floor height      : 3m 
b. Column to column distance in both X and Y axis : 

3m 
 

5. Material details 
 

a. Concrete Grade    : M30  
b. All Steel Grades: HYSD reinforcement of Grade 

Fe500 
6. Type of Construction: RCC Framed structure  

 

7. Column        :   0.5 m X 0.5 m 
 

8. Beams          :   0.3 m X 0.6 m 
 

9. Slab              :   0.150 m 
 

10. Live Load: 3 kN/m2 
 

11. Live Load contribution : 25% (as per IS:1893-2016) 

Link properties of the single diagonal tension/compression 
brace with friction damper. 

 

4. MODELS IN ETABS 

 

Plan View of Building 
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Building with friction dampers in every two alternate floors 
(MODEL 2) 

 

Building with friction dampers in every two alternate bays 
(MODEL 3) 

 

Building with friction dampers at zigzag location 
 (MODEL 4) 

 

Building with friction dampers in all the bays. (MODEL 5) 

Note: In all the models Dampers are placed in Elevation 
Grid M&13 And F&6. 

4. RESULTS & DISCUSSION 

4.1 Modal participating mass ratios 

Modal participating mass ratios (MODEL 1) 

 

Modal participating mass ratios (MODEL 2) 

 

Modal participating mass ratios (MODEL 3) 
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Modal participating mass ratios (MODEL 4) 

 

Modal participating mass ratios (MODEL 5) 

 

4.2 Comparison of Time periods of five models for 
different modes 

Comparison of Time Periods of Five Models for Different 
Modes 

 

4.3 Base shear 

 

4.4 Storey displacements 

 

Storey displacement vs. storey level in X- direction & Y-
direction for Load case: TIMEX AND TIMEY respectively. 

 
 

Storey displacement vs. storey level in X- direction and Y-
direction for Load case: TIMEY and TIMEX 
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4.5 Story Drift 

 

Storey drift in X & Y- directions for Load case: TIMEX & 
TIMEY respectively 

 

Storey drifts vs. storey level in X & Y- direction for Load 
Case: TIMEY & TIMEX respectively 

4.6 Storey acceleration 

 

Comparison of Storey acceleration in X and Y- direction for 
Load case: TIMEX and TIMEY respectively 

 

Comparison of Storey acceleration in X & Y- direction for 
load case: TIMEY & TIMEX respectively. 

4.7 Forces in Columns 

 

Comparison of Axial force of column C1 

 

Comparison of Bending Moment M2 and M3 of columns 
C161 and C65 respectively for five Models 
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Comparison of maximum axial force 

 

Comparison of different Energy components 

5. CONCLUSIONS 

Following conclusions are made from the present study. 

1. The results of this investigation show that the response 
of the structure i.e, time period, storey displacement, 
storey drift and storey acceleration can be reduced by 
using friction damper.  

2. It has been found that Time period of the structure got 
reduced with the introduction of friction dampers in 
the structure. Building with full dampers in all bays 
(Model 5) has got lowest time period. 

3. Among buildings with same number of dampers but at 
different locations i.e., Model 2, 3 and 4. Building with 

zigzag location of dampers (Model 4) has got lowest 
time period. 

4. It has been found that effect of dampers in building in 
reducing the Maximum base shear is insignificant as 
buildings with dampers i.e., Model 2, 3, 4 and 5 got high 
base shear values when compared to building without 
dampers (Model 1). Among buildings with same 
number of dampers at different locations (Model 2, 3 
and 4) Model 4 got slightly lower maximum base shear 
value. 

5. Maximum storey displacements also reduced with the 
introduction of dampers. Model 5 has got lowest 
maximum storey displacement.  However, among 
buildings with same number of dampers at different 
locations (Models 2, 3 and 4), Model 4 has lowest 
maximum storey displacements. 

6. It has been observed that storey drifts have been 
reduced with buildings having friction dampers and it 
has been found that buildings having same number of 
dampers got different drift values. So, it clearly shows 
that response of the structure varies with the location 
of the dampers. 

7. Storey shears are also increased for buildings with 
dampers when compared to building without dampers 
same as in case of Base shears. This increase in base 
shear and storey shears can be attributed to the 
increase in mass of the structure with the introduction 
of dampers. 

8. Storey acceleration decreases with addition of dampers 
but excessive dampers will not reduce the maximum 
storey accelerations. 

9. Maximum Axial forces in any column increases with 
introduction of dampers. This is again because of 
addition of dampers weight of the structure increases 
and also some dampers are in Non-slip mode due to 
their location, thus they behave as bracing members 
because of this building becomes stiffer, hence axial 
forces in the columns increases. 

10. Percentage of Dissipation of Input energy in the 
building has been increased with the addition of 
Friction dampers. The percentage dissipation of input 
energy through hysteretic behavior is maximum for 
Model 4.This increase in percentage dissipation 
through link hysteretic behavior depends upon location 
of friction damper.  
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Scope for further study 

The following are suggestions for further research in this 
area: 

1. The method of optimizing the location of the dampers 
within the structure can be  further investigated. 
 

2. The study can be extended to the steel structures also. 
 

3. The study can be extended for earthquake induced 
structural pounding between insufficiently separated 
buildings. 
 

4. The study can be compared with other dissipation 
techniques like base isolation. 
 

5. The study can be extended for wind loads also. 
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