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Abstract 

The study is to investigate the seismic behavior of RC building having tuned 

mass damper at the different position. The first phase of work is to analyze the 

RC building having mass damper at the center and random eccentric position 

of 5th, 7th, and 9th Storey. The second phase of works is to validate the torsional 

and mass irregularity coefficient factor.  Non-linear Time History Analysis is 

used for the identification of behavior of building. The seismic intensity of 

Zone -V is applied in the structure. The seismic response such as displacement, 

storey shear is been evaluated. The result shows that there is no torsional effect 

for the damper located at the center. Thus, concluded that for the structural 

safety of building, the damper should be placed centrally at the topmost storey. 
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1. Introduction 

Lourenco et al. (2009) worked on the tuned damper pendulum based and the experiment is conducted 

to observe the advantage of pendulum damper over conventional dampers.  The simulation study is done 

by considering the 3-D behavior of pendulum mass and found out that the change in the length of the 

cable will led to change in frequency of the damper. Wirsching and Campbell (1974) resolved the 

optimization of TMD parameter issue. The natural frequency and damping ratio problem is also solved 

by the author. The frequency mode responses have been investigated for the high-rise building having 

TMD. Chouw et al. (2004) worked on the two different locations of TMD by varying their natural 

frequency. The examining of soil interaction with Tuned dampers has been done. The seismic motion 

taken for the study is Northridge 1994 and its data is collected from SCG, NRG stations. It been 

concluded that there is significant difference due to effect of TMD between soil-structure interaction 

and ground motion.  Li et al. (2003) examined the MAPTMD (multiple active-passive tuned mass 

damper numerically for the evaluation of performance which avoids ground motion of SDOF structure 

subjected to uniform frequency. It been concluded that the maximum frequency ratio of MAPTMD 

decreases with increasing mass ratio & increases with increasing mass ratio. Farghaly and Ahmad 

(2012) has studied the design and application of TMD.  The case was such that the TMD was placed in 

top of the 10 storey building and has done investigation on it. The time history analysis examined the 

effect of structural response due to ground motions with and without TMD. As per analysis, it has been 

seen that the TMD location is one of the primary factors responsible of the reduction in responses such 

as displacement, storey forces of the building. Luciara Silva Vellar et al. (2019) suggested a new 

equation for the MTMD (multiple tune mass damper) location in lateral load building system and for 

their optimization of parameter. The methodology is suggested to establish the effectiveness in the ten-

storey structure. The result shows that the suggested methodology will be very effective for the design 

of MTMD. Mohsen Khazaei (2020) investigate the two regular & irregular L-shaped and U-shaped 

steel frame building for the performance check of MTMD having 10 to 20 storey using recent ground 

motion records.  The effect of MTMD in the seismic response is done by using NLTHA (Non-linear 

Time history analysis). The result shows that MTMD decreases the deformation of the structure and 

base shear up to 50 %.  B.Islam and R.Ahsan (2012) determined the optimum TMD parameter to 

decrease the top storey response of the structure. using a operation algorithm. The data file of ground 

motion i.e. El Centro NS is carried out from COSMOS earthquake data bank. The result has developed 

an efficient approach in optimization in TMS parameters.  

 

2. Research Objectives  

The following objectives were considered for the work- 

❖ Modelling of RCC Multistory building having tuned mass damper located at the center of 5th, 7th, 

and 9th storey. Similarly, tuned damper located at eccentric point of 5th, 7th, and 9th storey. 

❖ To conduct spectrum analysis on the framed structures using existing primary data of time history 

having i.e., high intensity Corralito earthquake. 

❖ To analyze seismic responses such as story shear and seismic weight for the considered building. 

❖ To examine the acceptance criteria of mass coefficient factor. 

❖ To identify the suitable location of tuned mass damper based on plan area and along the height of 

the building. 

 

3. Planning Methodology of Seismic Analysis 

The non-linear time history analysis has been done on the irregular model of building frames using 

ETABS software.  

In this work, seismic analysis of asymmetry plan is been analyzed carried by Seismic Zone-V. There 

are about seven model examined for this study. The study comprises in two phase in which first phase 
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involves positioning of TMD along the height of building at center and 2nd stage involves change in 

location of TMD along the height of building at eccentric point discussed in table 1. The responses 

which are to be evaluated are shear forces, maximum storey displacement and then compared for all the 

different cases. 

Table 1: Proposing the Research Work  

Description 

Case ID Notations 

Located at center of 

building 

Located at eccentric point of 

building 

Tuned Mass Damper at the fifth 

Storey 
CTD5 ETD5 

Tuned Mass Damper at the Seventh 

Storey 
CTD7 ETD7 

Tuned Mass Damper at the Ninth 

Storey 
CTD9 ETD9 

Reference Model (RM) - - 

3.1 Structural Details  

The residential area of asymmetry building taken are equal for all different cases. The building is of 

size i.e., 21.2 m X 28.4 m equal to 602 m2 with a total (G+8) Storey. The floor-to-floor height is taken 

as 3.5 meters for all the  

structures and also the section properties is also common for all case frame structures. The following 

are the details of structural component which are used for design and analysis of the residential building. 

 

Table 2: Member Properties & Specifications 

Specifications Values 

Plan dimensions 21.2 m × 28.4 m 

Column height 3.5 m 

Typical Height of Building (G+8) 31.5 m 

Beam Size 0.30 m × 0.5 m 

Column Size 0.45 m × 0.60 m 

Slab Thickness 0.150 m 

Wall Thickness 0.200 m 

Staircase 

Rise 0.140 m 

Tread 0.300 m 

Width 1.5 m 

Stringer 0.150 m 

3.2 Reference Model (RM)  

The model used for the investigation is of H-shape which is irregular shape in nature. The purpose of 

this building is for residential cum-commercial. The grid lines are not equally spaced some are at 

distance 3.2 m c/c, some are at 3.6 m c/c, 5.2 m c/c. The building has stair at the left and right middle 

edge starting from top to bottom. The structure also comprises of tuned mass damper located at different 

location as per our considered study given in table 3.1. 
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Fig. 1: Plan & Isometric view of G+8 Residential building model 

 

The model gridlines are like guidelines in making the model as per our requirements. Fig. 3.1 shows 

the spacing of gridline along both X and Y -direction for making H-shape model frame. The total height 

of building which is 31.4 m is under maximum limit as per IS 16700:2017 i.e., less than 80 m for rigid 

frame structure. 

 

3.3 Model with TMD along the height of building Located at Eccentric Point 

The reference model made is further modeled with tuned mass damper at different height of building 

which is shown in figure below. The eccentric point is located at distance 5.8 m along x-direction and 

20.9 m along y-direction away from the left bottom corner of the building. Hence, the tuned mass 

damper is placed at (5.8, 20.9) coordinate from the left bottom corner of building as seen in figure 

below. 

  
(a)                                  (b) 
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(c) 

Fig. 2: Elevation View of Model frame (a) ETD5 (b) ETD9 (b) ETD7 

 

3.4 Model with TMD along the height of building Located at Center 

The reference model made is again modeled with tuned mass damper at different height of building 

which is shown in figure below. Here, the center is located at distance 10.5 m along x-direction and 

14.1 m along y-direction away from the left bottom corner of the building. Hence, the tuned mass 

damper is placed at (10.5, 14.1) coordinate from the left bottom corner of building as seen in figure 

below. The model frame involved for such location are CTD5, CTD7 and CTD9 modeled 

simultaneously for the analysis and investigation. 

 

 
Fig. 3: Plan view of Model frame having TMD at Center Location of Different Storey 

 

4.1 Displacement Report  

The maximum value of displacement for ETD5 model along Corralito-1 direction is 16.67 mm at the 

top and 20.89 mm along Corralito-2 direction. The minimum displacement value along Corralito-2 

direction is at Storey 5 i.e., 3.11 mm which is due to tuned damper at 5th storey. The non-linear plastic 

hinge formation and the ground motion is resulting accurate results of the case models as compared to 

linear dynamic analysis. For ETD5 model, the dispalcement versus time graph is given in figure 4. 
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4.2 Shear force Report  

The storey force comprises of value of all the considered models along the storey and based on time-

history steps wise for 40 seconds. The storey force has maximum cumulative at the base storey also 

known as Base Shear. The maximum value of storey force for ETD5 model along Corralito-1 direction 

is 2145.53 KN at the base and 2623.721 KN along Corralito-2 direction at base. The storey force value 

for the ground motion Corralito-1 and Corralito-2 along the both directions is given below. The 

maximum value of storey force for CTD7 model along Corralito-2 direction is 4385.79 KN at the base. 

 
Fig. 4: Displacement V/s Time 

 

x

Fig. 5: Shear Force V/s Time 
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4.1 Mass Irregularity Report 

 

Table 3: Mass Coefficient Factor  

Case 

ID 

Coeffici

ent 

Criteria 

Store

y 9 

Store

y 8 

Store

y 7 

Store

y 6 

Store

y 5 

Store

y 4 

Store

y 3 

Store

y 2 

Store

y1 

RM 
Mi / 

Mi-1 

>2.0 

NA 1.15 1.01 1.01 1.00 1.01 1.01 1.04 1.50 

CTD

5 

Mi / 

Mi-1 

>2.0 

NA 1.16 1.02 1.01 1.01 2.32 1.01 0.98 0.86 

ETD

5 

Mi / 

Mi-1 

>2.0 

NA 1.18 1.02 1.01 1.0 2.28 1.00 0.92 0.55 

CTD

7 

Mi / 

Mi-1 

>2.0 

NA 1.17 1.00 2.35 1.01 1.01 1.02 1.06 1.59 

ETD

7 

Mi / 

Mi-1 

>2.0 

NA 1.19 1.01 2.26 1.00 1.00 1.01 0.99 0.94 

CTD

9 

Mi / 

Mi-1 

>2.0 

NA 2.17 1.02 1.01 1.00 1.00 0.99 0.93 0.61 

ETD

9 

Mi / 

Mi-1 

>2.0 

NA 2.22 1.02 1.00 1.00 1.01 1.03 1.09 1.65 

NA = Not Applicable 

The criteria for mass irregularity are more than 2.0. Hence, the storey having less than 2.0 will be 

considered as mass irregularity. After careful examining of observations, for conventional RCC cases 

and building with tubed damper cases of building height is (G+8), the mass irregularity was for all the 

cases except normal building frame due to change in material properties and placing of heavy damper 

in ton. 

 

5. Conclusions  

The storey displacement for damper with center location along Corralito-1 direction is such that the 

CTD5 case exhibit minimum deflection at 5th storey, CTD7 shows minimum displacement at 7th storey 

and CTD9 shows minimum displacement at 9th storey. This shows that the application of dampers 

exhibits less displacement in the storey where damper is applied. After careful examining of 

observations, for all the cases having tuned mass damper at the center and eccentric location on both 

plan wise and storey-wise. It has been seen that mass irregularity were below the criteria limit i.e., 2.0 

as per IS 1893:2016 for Reference model which donor have damper. Similarly, the building having 

damper were having mass factor above the criteria limit which is 2.32 > 2.0 (acceptable limit) for CTD5, 

2.35 > 2.0 (acceptable limit) for CTD7 and 2.17 > 2.0 (acceptable limit) for CTD9. It been suggested 

that there should be avoidance of change in the column sizes and shapes along the building height or 

storey then mass irregularity would exist. Also, due to change in sectional and material properties of 

vertical member, stiffness irregularity may exist. 
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