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Abstract - The building may have the stiffness irregularity due 

to some unavoidable circumstances. While doing the seismic 

retrofitting of such buildings the location of dampers plays a 

vital role. The stiffness irregularity may be categorized as 

vertical or horizontal. The stiffness irregularity may rise due 

to unsymmetrical location of shear wall or similar stiff 

element, such irregularity is called as irregularity in plan. The 

dampers can be located towards the stiffened side of building 

or may be located away from the stiffened side. In this paper a 

G+20 building frame having stiffness irregularity in plan is 

selected and it seismic resistance is evaluated for three 

different location of PTMD. The mass ratio of was kept equal 

to 0.03. The Nonlinear modal time history analysis was 

performed using finite element software SAP. The 

performance parameters such as displacement, storey drift 

and maximum forces are compared and presented. The 

pendulum damper is modeled using nonlinear link element. 

The results indicates that along the axis where the building is 

symmetrical in plan the location away from the stiff element 

proves to be efficient location where as in other direction the 

damper located at centroid of building is more efficient.  

 

KeyWords: Stiffness irregularity, Location of PTMD, 

Time history analysis, SAP 

 

1. INTRODUCTION 

Now a days most of the buildings are constructed with 

some of kind of irregularity. There are various types of 

irregularities related to stiffness and mass of the structure. 

The stiffness irregularity may arise due to unsymmetrical 

location of shear wall in the building, if building is situated 

on sloping ground, etc. In some cases the stiffness 

irregularity in plan may arise due to unsymmetrical  

location of water tank at roof of the building. The passive 

energy dissipation devices are one of the widely used 

devices for earthquake resistance. The application of 

pendulum tuned mass damper for buildings having 

irregularity needs to be evaluated in view of their location. 

The location of pendulum tuned mass damper is a key 

aspect in design of damper and considered to be an 

important factor as far as their design and application is 

concern.  
 

2. METHODOLOGY 

In the present paper a G+20 building frame having stiffness 

irregularity in plan is considered for study. Four different 

models are created as follows 

Model CM: Building with stiffness irregularity without any 

tunned mass damper. This model will act as a control 

model for study 

Model M1: Building having stiffness irregularity with 

pendulum tunned mass damper located at the centroid of 

building. 

Model M2: Building having stiffness irregularity with 

pendulum tunned mass damper located towards the shear 

wall 

Model M3: Building having stiffness irregularity with 

pendulum tunned mass damper located towards other side 

of shear wall. 

 
i) Model CM   ii) Model M1 

 
 

i) Model M2   ii) Model M3 

 
Fig -1: Building Models 

In all above model the mass ratio of pendulum damper is 

kept equal to 0.03. The location of the damper is kept 

symmetrical in other direction. The building is subjected to 

Elcentro real time history record. The response of the 

building in both the principal direction is plotted with 

respect to the response parameters 
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3. MODELING AND ANALYSIS 

The building is modeled using SAP analysis package. The 

beams and columns are modeled using two nodded line 

element with six degrees of freedom at each node. The slab 

is modeled using shell element. The building is modeled as 

base frame without considering the stiffness of infill wall. 

For modeling of pendulum damper the linear link element 

has been used for which the translational stiffness are 

calculated using mass of damper and time period. 

 

Table -1: Data used for analysis 
 

Response reduction factor  

Importance factor 
Soil condition 

Seismic Zone 

Type of frame 
Plan size 

External wall 

Internal wall 
Unit weight of Brick masonry 

Unit weight of RC material 

Thickness of slab 
Thickness of shear wall 

Floor to floor height 
Grade of steel 

Grade of concrete 

Floor finish  
Live load 

Depth of foundation 

Height of parapet 

5 

1.5 
Medium 

V 

SMRF 
12 X 18 m 

230mm 

115mm 
18 KN/m3 

25KN/m3 

150mm 
200 mm 

3.2m 
Fe 500 

M 35 

1.5 KN/m2 
3.0 KN/m2 

3.0m 

1m 

 

 
 

Fig -2: Mathematical Model 

 

 
 

 

 

4. RESULTS AND DISCUSSION 

4.1 Modal Response 

The modal time period for all the models are presented in 

Fig. 3 

 
 

Fig -3: Modal Time period 

 

Fig -4: Modal Time period for Fundamental mode 

The result obtained from the modal analysis shows that the 

modal time period for fundamental mode is found to be 

maximum for model M3. The modal deformation shape for 

mode 3 shows that there is good control over torsion for all 

the models compared to control model CM. 

4.2 Displacement and Base shear 

The displacement and base shear time history for all the 

models are in both principal directions are shown in Fig- 5 

to  Fig-8 

 

Fig -5: Time history of base shear Along X 
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Fig -6: Time history of base shear Along y 

 

Fig -7: Time history of roof displacement along X 

 

Fig -8: Time history of roof displacement along Y 

The observation of displacement and base shear time 

history show that there is not much difference in 

displacement as well as base shear for different location of 

damper along the axis where the building is symmetrical. 

The response is found to be minimum for model M1 where 

the damper is symmetrically placed at the centroid of the 

building. The maximum base shear and displacement along 

both the directions are shown in Figure 9 to 12 below.The 

maximum displacement and base shear for model 

M1(Damper provided at centroid of building)  is found to 

be minimum along X direction along which the building is 

symmetrical in stiffness. The displacement and base shear 
is minimum for model M3(Damper provided away from 

shear wall ie building stiffer side)  where the building is 

Unsymmetrical in stiffness, however it should be noted that 

not much reduction in base shear and displacement was 

observed between model M1, M2 and M3. The base shear 

and displacement is found to be reduced as compared to 

model CM(Control model without damper). There is 

around 28 to 30% reduction in base shear and displacement 

was observed for the building with tuned mass dampers.   

 

Fig -9: Maximum roof displacement along X 

 

Fig -10: Maximum roof displacement along Y 

 

Fig -11: Maximum base shear along X 
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Fig -12: Maximum base shear along Y 

4.3 Maximum forces in Columns 

The observed the effect on maximum column forces two 

columns of the building is selected one is outer column and 

one is inner column. The maximum forces in columns are 

presented along both the principal directions.  

 

Fig -13: Max. Axial force in C1 Along X 

 

Fig -14: Max. Axial force in C1 Along Y 
 

 

Fig -15: Max. Bending Moment in C1 Along X 

 
Fig -16: Max. Bending Moment in C1 Along Y 

 
Fig -17: Max. Shear Force in C1 Along X 

 

 
Fig -18: Max. Shear Force in C1 Along Y 

 

 
Fig -19: Max. Axial force in C2 Along X 
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Fig -20: Max. Axial force in C2 Along Y 

 

 
Fig -21: Max. Bending Moment in C2 Along X 

 

 
Fig -22: Max. Bending Moment in C2 Along Y 

 

 
Fig -23: Max. Shear Force in C2 Along X 

 

 
Fig -24: Max. Shear Force in C2 Along Y 

The force in outer column is found to be minimum in 

model M1 (Dampers provided at centre of building) along 

X direction ( Axis along which the building is symmetrical) 

where as in Y direction the model M3 (dampers located 

away from shear walls) has minimum forces. It can be 

stated from the results that the dampers should be located 

away from stiff walls to have a better control over the 

forces in that direction.  There is around 33 to 38% 

reduction in axial force, shear force and bending moment 

was observed in Model M3 along Y direction compared to 

model CM. There is aroud 35 to 40 % reduction in axial 

force, shear force and bending moment was observed along 

X direction  in model M1 as  compared to model CM.  

5. CONCLUSIONS 

The damper location is found to be crucial about an axis 

where the stiff element like shear wall is located 

unsymmetrically. Along the axis (X axis) in which the 

shear wall location is symmetrically located, the dampers 

provided at the centroid of building was observed to be an 

efficient location. There is around 35 to 40% reduction in 

axial force, shear force and bending moment was observed 

in Model M1 compared to model M3. Along the axis(Y 

axis) in which the shear wall is unsymmetrically located, 

the damper placed away from shear wall was observed to 

be an efficient location.Tthere is around 33 to 38% 

reduction in axial force, shear force and bending moment 

was observed in model M3 (dampers located away from 

shear wall) as compared to model CM. There is not much 

difference in maximum response quantities like 

displacement, base shear and forces by variation in damper 

location. From the results obtained it is recommended that 

the pendulum tuned mass dampers should be located away 

from the building stiff element like shear wall.  
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