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Abstract— The behaviour of buildings during strong seismic 

waves will depend on the overall shape, size and geometry 

of the building. In general, building with simple geometry in 

plan will perform well during strong earthquake motions as 

compared to complex geometry building with re-entrant 

corners. To overcome the deficiency of re-entrant shaped 

corners building (T), the lateral force resisting systems 

called shear wall, braced frame and in-filled frame are 

provided to the re-entrant shaped corner building (T) to 

reduce the damage due to seismic waves. Most of the high-

rise buildings in India consist of flexure resisting frames 

with brick infill. But the brick in-fill is considered to be non-

structural element and therefore all the lateral loads are 

assumed to be resisted by the frame itself. Compared to 

reinforced concrete frame, a brick infill is brittle and this 

fails during an earthquake. The lateral failure of the 

structure can be controlled by using masonry infill such as 

shear wall, strut and bracings. In the present study, G+ 28 

storey building on medium type soil is considered in seismic 

zones II, III, IV and V for the analysis. In total, four models 

are used for the analysis using structural software package 

ETABS 2013.The response parameters of four models such 

as Base shear, Mode period, Storey displacement and Storey 

accelerations are studied. Their comparisons are made with 

both the methods of Equivalent static lateral force and 

response spectrum. 

Key words: Base Shear, Lateral Displacement, Bracing, 

Story Drift, Story Acceleration, Shear wall, etc 

I. INTRODUCTION 

Earthquakes are may be the most unpredictable and 

disturbing of all natural disasters. They not only cause great 

damage in terms of human loss in numerical strength 

through a cause, as a death, but also have a great cost-

effective impact on the affected vicinity. An earthquake may 

be defined as a wave like motion generated by forces in 

constant agitation under the surface layer of the earth 

(lithosphere), travelling through the earth’s crust. It may 

also be defined as the vibration, sometimes violent, of the 

earth’s surface as a result of a release of energy in the 

earth’s shell. This energy release and causes a sudden 

dislocations of segments of the earth crust, volcanic 

eruption, or even explosion created by humans. Dislocations 

of crust segments, however, lead to the most destructive 

quakes. Vibrations called seismic waves are generated in the 

process of dislocation. These seismic waves travel outward 

from the source of the earthquake at different speed, causing 

the earth to vibrate tremulously or ring like a bell or tuning 

fork. The importance about seismic hazards has led to an 

increasing consciousness and required for structures to 

design and to withstand against various seismic forces. In 

such a situation, it is the responsibility of the designer, 

architects and structural engineers who conceptualize and 

making the buildings and structures are safe in earthquake-

prone areas. The IS codes and recommendations, demand by 

the relevant jurisdiction, study of the performance and 

behaviour of structures in past earthquakes and 

understanding the matter, motion, energy, and force of 

earthquake are some of the factors that helps in the 

designing and analyzing of an earthquake resistant structures 

.Earthquakes emits a vibrations on the ground that are 

translated into dynamic loads which cause the ground and 

anything attached to it to tremble  in a complex manner and 

cause damage to buildings and other structures. Civil 

engineering is continuously working and improving many 

ways of techniques to survive with this intrinsic 

phenomenon. There are number of Conventional methods to 

strengthening the structural system. 

II. OBJECTIVES 

The objectives of the present work are as follows 

 To study the lateral load response for T shaped RC 

Bare frame Building by seismic analysis and wind 

analysis. 

 The building is to be analyzed by using Structural 

software package ETABS 2013. 

 To study the storey drift, displacement for different 

seismic zones, wind zone I and soil type II. 

 To study the lateral load response of RC frame 

buildings with different types of lateral load 

resisting system by seismic and wind analysis. 

 Comparison of RC Bare frame response with RC 

frame with X Bracings, RC frame with L shaped 

shear wall and RC frame with infill masonry. 

 To compare the analysis result with Model-1, 

Model-2, Model-3 and Model-4. 

III. METHOD OF ANALYSIS 

The present study done for the below mentioned analysis 

 Equivalent static lateral force Method 

 Response spectrum method  

 Wind load analysis method. 

IV. PARAMETRIC STUDY 

In this project work an attempt has been made to find the 

individual effect of 01-RC Bare frame, 02-RC frame with X 

Bracings, 03-RC frame with L shaped shear wall and 04-RC 

frame with infill masonry for multi-storey T shaped building 

with G+ 28 storeys. The various loads applied on the 

building such as dead load, live load, seismic load and wind 

load. The modelling and the analysis of the structure 

subjected to combination of above mention loads using 

ETABS 2013 software package. 

 Model 1: RC Bare frame (BF). 

 Model 2: RC Frame with X Bracing.  
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 Model 3: RC Frame with L shaped shear wall. 

 Model 4: RC Frame with Masonry infill. 

V. DATA CONSIDERED FOR MODELING 

No. Of Stories 29 

Total height of building 101.5m 

Typical Storey height 3.5m 

Grade of concrete M40 

Grade of Steel Fe500 

Size of beams 400x600mm 

Size of columns 900x900mm 

Thickness of slab 150mm 

Size of bracings 300x300mm 

Thickness of  Shear wall 300mm 

Table 1: Data of the0modelled structure considered0for the 

study 

 
Fig 1: Plan of RC bare frame 

 
Fig. 2: 3D view of RC bare frame 

 
Fig. 3: 3D view of RC frame with x bracings 

 
Fig 4: Plan and 3D view of RC frame with shear wall 

 
Fig 5: 3D view of RC frame with masonry infill 

VI. RESULTS AND DISCUSSION 

A. Natural Time Period 

Natural Time Period (Sec) 

MODELS 
mode-1    

X-Direction 

mode-2    

Y-Direction 

mode-3   

Torsion 

M1-BF 3.269 3.258 2.972 

M2-BF-XB 2.831 2.795 2.269 

M3-BF-SW 2.819 2.771 2.22 

M4-BF-DS 2.797 2.758 2.207 

Table 2: Natural frequency for X, Y and torsion modes 

 
Fig 6: Graph Plotted between natural frequency v/s different 

models for X, Y and Torsion 
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It is found that natural frequency of bare frame 

model decreases by 13.31%, 13.80%, and 14.28% in X-

direction, 14.24%, 14.9% and 15.42% in Y-direction and 

23.80%, 28.82% and 25.33% in torsion when compare to 

models-2, model-3 and model-4 respectively. It is seen that 

model-2, model-3 and model-4 buildings have higher 

natural frequency compare to model-1. This is due to 

increase in stiffness in model-2, model-3, model-4 compared 

to model-1. 

B. Natural Frequency 

Natural Frequency (Hz) 

MODELS 
mode-1   

X-Direction 

mode-2   

Y-Direction 

mode-3  

Torsion 

M1-BF 0.306 0.307 0.336 

M2-BF-XB 0.353 0.358 0.441 

M3-BF-SW 0.355 0.361 0.45 

M4-BF-DS 0.357 0.363 0.453 

Table 3: Natural frequency for X, Y and torsion modes 

 
Fig 7: Graph Plotted between natural frequency v/s different 

models for X, Y and Torsion 

It is found that natural frequency of bare frame 

model decreases by 13.31%, 13.80%, and 14.28% in X-

direction, 14.24%, 14.9% and 15.42% in Y-direction and 

23.80%, 28.82% and 25.33% in torsion when compare to 

models-2, model-3 and model-4 respectively. It is seen that 

model-2, model-3 and model-4 buildings have higher 

natural frequency compare to model-1. This is due to 

increase in stiffness in model-2, model-3, model-4 compared 

to model-1. 

C. Base Shear 

Base Shear in X-Direction 

Models Zone II Zone III Zone IV Zone V 

M1-BF 1928.1 3084.96 4627.44 6941.167 

M2-BF-XB 2270.97 3633.56 5450.33 8175.502 

M3-BF-SW 2233.75 3574 5361 8041.498 

M4-BF-DS 2340.07 3744.12 5616.18 8424.264 

Table 4: Base shear along X-axis for all Zones 

 
Fig 8: Comparison of maximum base shear for all models 

along X-axis for all Zones 

It is found that, the maximum base shear of model-

1decreases by 15%, 14% and 18% in zone II, 15%, 14% and 

17% in zone III, 15%, 13% and 18% in zone IV and 15%, 

14% and 18% in zone V when compare to model-2, model-3 

and model-4 respectively in X-direction.It is also observed 

that model-2, model-3 and model-4 have higher values and 

model-1 has minimum value of base shear. This is due to 

lesser in mass participation factor in bare frame model 

compared to other models. As the zone factor increases from 

zone II to zone V, the base shear also increases from model-

1 to model-4. 

D. Storey Displacement 

STORY DISPLACEMENT X-AXIS (mm) 

STORIE

S 

ESLM ZONE IV 

M1-

BF 

M2-BF-

XB 

M3-BF-

SW 

M4-BF-

DS 

BASE 0 0 0 0 

1 0.8 0.6 0.4 0.6 

2 2.4 1.8 1.4 1.7 

3 4.5 3.3 2.7 3 

4 6.6 4.9 4.2 4.6 

5 8.9 6.7 6 6.3 

6 11.2 8.5 7.9 8.1 

7 13.6 10.5 9.9 10.1 

8 15.9 12.5 12 12.1 

9 18.3 14.6 14.2 14.2 

10 20.6 16.7 16.4 16.3 

11 23 18.8 18.6 18.5 

12 25.3 20.9 20.8 20.6 

13 27.6 23.1 23 22.8 

14 29.9 25.2 25.2 25 

15 32.2 27.3 27.4 27.1 

16 34.4 29.4 29.5 29.2 

17 36.5 31.4 31.6 31.3 

18 38.6 33.4 33.6 33.3 

19 40.6 35.3 35.6 35.3 

20 42.5 37.2 37.4 37.2 

21 44.3 38.9 39.2 39 

22 46 40.6 40.9 40.7 

23 47.6 42.2 42.4 42.3 

24 49 43.7 43.9 43.9 

25 50.3 45.1 45.3 45.3 

26 51.4 46.4 46.5 46.7 

27 52.4 47.6 47.7 47.9 
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28 53.2 48.6 48.7 49.1 

29 53.9 49.6 49.7 50.1 

Table 5: Storey Displacements for all models along X-axis 

for Zone IV by using ESLM 

 
Fig 9: Comparison of Storey Displacements for all models 

along X-axis for Zone IV by using ESLM 

Max. Storey Displacement (Mm) 

RSM 

Models/Zones Zone II Zone III Zone IV Zone V 

M1-BF 20.9 33.5 50.3 75.4 

M2-BF-XB 15.1 24.1 36.2 54.3 

M3-BF-SW 15 23.9 35.9 53.8 

M4-BF-DS 15.4 24.6 36.9 55.3 

Table 6: Max. Storey Displacements for all models along X 

& Y axis for all zones by RSM 

 
Fig 10: Comparison of Max. Storey Displacements for all 

models along X & Y axis for all Zones by using RSM 

It is also observed that the maximum displacement 

of model-1increases by 27.75%, 28.22%, 26.31% in zone II, 

28.05%, 28.65%, 26.56% in zone III, 28.03%, 28.62%, 

26.64% in zone IV,27.98%, 28.64%, 26.65% when compare 

model-2, model-3 and model-4 respectively in both X and Y 

direction by using RSM. The model-1has higher 

displacement value compared to other models due to lesser 

in stiffness value for respective zones. 

E. Storey Drift 

 

 
Fig 11 & 12: Comparison of Storey Drift for all models 

along Y-axis for Zone V by using RSM 

It is observed that the storey drift is maximum at storey-5 of 

model-1, storey-10 of model-2, storey-10 of model-3 and 

storey-11 of model-4 along X-axis and storey-5 of model-

1,storey-10 of model-2,storey-10 of model-3 and storey-

11of model-4 along Y-axis for Zone V by RSM. From Fig 

11 and 12 it is observed that the Storey drift for RC bare 

frame (model-1) is maximum and it is minimum for RC 

frame with L-shaped shear wall (model-3) in all zones. As 

per clause no 7.11.1 of IS-1893 (Part-1):2002 the storey drift 

in any storey due to specified design lateral force with 

partial load factor of 1 shall not exceed 0.004 times the 

storey height. Maximum storey drift for building = 0.004 * 

h, for 3.5m storey height is 0.014m. Hence the obtained 

storey drift values of all four different models are within the 

limit. And it is seen that the storey drift can be reduced by 

providing RC frame with shear walls 

F. Story Acceleration 

Max. Story Accleration X-Axis (Mm/Sec
2
) 

MODELS/ 

ZONES 
Zone II Zone III Zone IV Zone V 

M1-BF 160.1 256.1 384.2 576.3 

M2-BF-XB 187.9 300.7 451.1 676.6 

M3-BF-SW 204.3 326.9 490.4 735.6 

M4-BF-DS 200.9 321.5 482.3 723.4 

Table 7: Tabulation of Storey Acceleration for all models 

along X -axis for all zones by using RSM 

 
Fig 13: Comparison of Storey Acceleration for all models 

along X-axis for all Zones by using RSM 

It is found that storey acceleration of model-1 

decreases by 14.81%, 21.63% and 20.32% in X-direction 

and 21.64%, 27.21% and 26.14% in Y-direction when 

compared to model-2, model-3 and model-4 respectively in 

all zones. It is also observed that acceleration is less in RC 
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bare frame model when compare to model-2, model-3 and 

model-4 respectively. The Model-3 has highest value of 

storey acceleration for all zones compared to model-1.This 

is due to increase in mode period and decrease in stiffness in 

bare frame model compared to shear wall model. 

G. Wind analysis 

 
Fig 14: Comparison of Storey Displacement for all models 

along X-axis for Zone I by using Wind analysis 

 
Fig 15: Comparison of Storey Displacement for all models 

along Y-axis for Zone I by using Wind analysis 

Story Displacement X-Axis (Mm) 

STORIES 

WIND ZONE I 

M1-

BF 

M2-

BF-XB 

M3-BF-

SW 

M4-BF-

DS 

BASE 0 0 0 0 

1 0.8 0.5 0.3 0.3 

2 2.5 1.3 0.9 1 

3 4.5 2.3 1.8 1.8 

4 6.7 3.4 2.8 2.7 

5 8.8 4.5 3.9 3.7 

6 10.9 5.7 5.2 4.8 

7 13 6.9 6.4 5.9 

8 15 8.1 7.7 7 

9 17 9.4 9 8.2 

10 18.9 10.6 10.3 9.3 

11 20.7 11.8 11.5 10.4 

12 22.5 12.9 12.8 11.6 

13 24.2 14.1 14 12.6 

14 25.8 15.2 15.1 13.7 

15 27.3 16.3 16.2 14.7 

16 28.8 17.3 17.3 15.7 

17 30.1 18.3 18.3 16.7 

18 31.4 19.2 19.2 17.6 

19 32.6 20.1 20.1 18.5 

20 33.7 20.9 21 19.3 

21 34.7 21.7 21.8 20.1 

22 35.7 22.5 22.5 20.8 

23 36.5 23.1 23.2 21.5 

24 37.3 23.8 23.8 22.1 

25 37.9 24.4 24.3 22.7 

26 38.5 24.9 24.9 23.3 

27 39 25.4 25.3 23.8 

28 39.4 25.8 25.8 24.2 

29 39.7 26.2 26.2 24.7 

Table 8: Tabulation of Storey Displacement for all models 

along X-axis for Zone I by using Wind analysis 

It is observed that, storey displacement of storey-29 

increases by 97.98%, 98.09%, 98.85% and 98.78% as 

compare to storey-1 in all four models in X-direction. 

Story Displacement Y-Axis (Mm) 

STORIES 

WIND ZONE I 

M1-

BF 

M2-

BF-XB 

M3-BF-

SW 

M4-BF-

DS 

BASE 0 0 0 0 

1 0.6 0.4 0.3 0.4 

2 2 1.2 0.9 1.1 

3 3.5 2.1 1.7 1.9 

4 5.2 3 2.6 2.8 

5 6.8 4.1 3.6 3.7 

6 8.5 5.1 4.7 4.7 

7 10.1 6.2 5.8 5.8 

8 11.6 7.3 7 6.8 

9 13.1 8.4 8.1 7.8 

10 14.6 9.4 9.2 8.9 

11 16 10.5 10.3 9.9 

12 17.3 11.5 11.4 10.9 

13 18.6 12.5 12.5 11.9 

14 19.9 13.5 13.5 12.8 

15 21 14.4 14.4 13.8 

16 22.2 15.3 15.3 14.6 

17 23.2 16.1 16.2 15.5 

18 24.2 16.9 17 16.3 

19 25.1 17.7 17.8 17 

20 26 18.4 18.5 17.8 

21 26.7 19.1 19.2 18.4 
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22 27.5 19.7 19.8 19 

23 28.1 20.3 20.4 19.6 

24 28.7 20.8 20.9 20.2 

25 29.2 21.3 21.3 20.7 

26 29.6 21.7 21.8 21.1 

27 30 22.1 22.1 21.5 

28 30.3 22.5 22.5 21.9 

29 30.5 22.8 22.8 22.3 

Table 9: Tabulation of Storey Displacement for all models 

along Y-axis for Zone I by using Wind analysis 

Storey displacement of storey-29 increases by 

98.36%, 98.24%, 98.68% and 98.20% compared to storey-1 

in all four models in Y-direction by using wind analysis. 

It is also observed that, displacement of model-2, 

model-3 and model-4 are having lesser values as compared 

to model-1. This is due to lesser values in stiffness factor 

inmodel-1 for wind zone I as per IS 875-2007 part 3. 

Story Drift X-Axis (Mm) 

STORIES 

WIND ZONE I 

M1-BF 
M2-

BF-XB 

M3-BF-

SW 

M4-BF-

DS 

29 
9.60E-

05 

0.0001

15 

0.00011

6 
0.000124 

28 
0.0001

14 

0.0001

29 

0.00012

5 
0.000135 

27 
0.0001

38 

0.0001

41 

0.00013

5 
0.000145 

26 
0.0001

63 

0.0001

54 

0.00014

7 
0.000156 

25 
0.0001

89 

0.0001

67 

0.00016

1 
0.000168 

24 
0.0002

15 

0.0001

81 

0.00017

6 
0.000181 

23 
0.0002

42 

0.0001

96 

0.00019

1 
0.000194 

22 
0.0002

67 

0.0002

1 

0.00020

7 
0.000208 

21 
0.0002

93 

0.0002

25 

0.00022

4 
0.000221 

20 
0.0003

18 

0.0002

4 
0.00024 0.000235 

19 
0.0003

43 

0.0002

54 

0.00025

7 
0.000248 

18 
0.0003

67 

0.0002

68 

0.00027

3 
0.000261 

17 
0.0003

91 

0.0002

81 

0.00028

8 
0.000273 

16 
0.0004

15 

0.0002

94 

0.00030

3 
0.000285 

15 
0.0004

38 

0.0003

06 

0.00031

7 
0.000295 

14 
0.0004

6 

0.0003

17 

0.00033

1 
0.000305 

13 
0.0004

82 

0.0003

27 

0.00034

2 
0.000313 

12 
0.0005

03 

0.0003

35 

0.00035

2 
0.000319 

11 0.0005 0.0003 0.00036 0.000324 

23 41 

10 
0.0005

42 

0.0003

46 

0.00036

6 
0.000326 

9 
0.0005

6 

0.0003

49 

0.00036

8 
0.000325 

8 
0.0005

77 

0.0003

48 

0.00036

6 
0.000322 

7 
0.0005

93 

0.0003

45 

0.00035

9 
0.000315 

6 
0.0006

05 

0.0003

38 

0.00034

6 
0.000303 

5 
0.0006

13 

0.0003

27 

0.00032

4 
0.000286 

4 
0.0006

08 

0.0003

1 

0.00029

2 
0.000263 

3 
0.0005

78 

0.0002

85 

0.00024

6 
0.000231 

2 
0.0004

84 

0.0002

42 

0.00018

1 
0.000188 

1 
0.0002

34 

0.0001

3 

8.50E-

05 
9.90E-05 

BASE 0 0 0 0 

Table 10: Storey Drift for all models along X-axis for Zone I 

by using Wind analysis 

 
Fig 16: Comparison of Storey Drift for all models along X-

axis for Zone I by using Wind analysis 

It is observed that the storey drift is maximum at 

storey-5 of model-1, storey-9of model-2,storey-9of model-3 

and storey-10of model-4 along in X-directions for Zone I 

using wind analysis. This is because of mass participation 

factor is more in particular storeys. As per IS 875-2007 part-

3, the storey drift in any storey due to specified design 

lateral force with partial load factor of 1, shall not exceed 

0.002 times the storey height. The maximum storey drift for 

building= 0.002 * h. For storey height of 3.5m, it is 0.007m 

Hence the obtained storey drift values are within the limit. 
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VII. CONCLUSION 

1) Natural time period of the bare frame model is increases 

when compared with X-Bracing, L-Shaped Shear wall 

and in-filled frames in X- direction, Y-direction and in 

Torsion. 

2) Natural frequency of bare frame model decreases when 

compared with X-Bracing, L-Shaped Shear wall and in-

filled frames in X-direction, Y-direction and in Torsion. 

3) As mass participation factor of the structure increases, 

base shear also increases. It is found that in-filled 

frames shows maximum base shear in all zones.  

4) The storey displacement of the bare frame model is 

more compared to other three models, due to increase of 

mode period in bare frame model for all zones.The 

shear wall model shows better performance against 

displacement compared to other models in all zones.   

5) The bare frame model shows maximum values of storey 

drift for all zones. 

6) As stiffness participation factor of the structure 

decreases acceleration also decreases, compare to all the 

models, shear wall model shows maximum value of 

storey acceleration for all zones. 

7) In wind analysis, the bare fame model has maximum 

value of storey displacement and storey drift compared 

to other models, in-filled frame models performs better 

against both displacement and drift for wind zone I. 

8) The RSM analysis shows better performance in base 

shear for all models compared to ESLM. 

9) The ESLM analysis shows better performance in storey 

displacement compare to RSM analysis for all models. 

VIII. FUTURE SCOPE 

1) This project can be continued for buildings with 

different Re-entrant corner like U, + and L shape 

buildings. 

2) The Study can be continue for same structure with 

Soil structure interaction. 

3) The Study can be continue for push over analysis. 
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