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ABSTRACT—this paper represents the structural behaviour of 

RCC twisted building subjected to seismic loads with private 

swimming of the high rise twisted building using ETab. In a 

twisted tall building various rate of twist and positions of 

swimmingpools for RCC twisted building will beanalyzed. The 

different rateof twist 1.5, 2, 2.5, 3 & 3.5 degree per floor for 

twisted building are considered. The modelling and analysis will 

be done using ETabResults obtained will be plotted for 

parameters such as storey displacement, storey drift and base 

shear. The aim of this project is to achieve the optimum 

swimming pool position and angle of twist of twisted building 

for 1.5, 2, 2.5, 3 and 3.5 degree per floor angle of twist for 

differentstorey. 

 

KEYWORDS—Twisted Building, Swimming Pool, ETab, 

Seismic Analysis,  

 
INTRODUCTION 

 

An earthquake is a natural tragedy that has claimed millions 

of lives throughout known and unwritten history. An 

earthquake is a disruptive disturbance that generates surface 

shaking owing to subsurface movement along a fault line or 

volcanic activity. The produced forces are irresponsible and 

only last a brief time. Humans are puzzled by its ambiguity 

in terms of occurrence time and nature. However, with the 

advancement of knowledge throughout the years, a degree 

of probabilistic predictability has been reached. 

The ability to predict the recurrence and strength of 

earthquakes for a certain region has improved, but this only 

solves one half of the problem: knowing what's coming! The 

second phase is structural seismic design - to resist the 

storm! This component of the problem has evolved 

throughout the previous century, with advancements in 

design philosophy and methodology continually 

investigated, proposed, and implemented. This chapter 

introduces the notion of foundation isolation for earthquake-

resistant structure design. The usefulness of seismic 

isolation is proved by modeling and analysis of multi-storey 

buildings, bridges, and pools. 

 

The trend of RCC high rise structures has increased nowadays 

in India. Many different amenities like swimming pool, garden 

etc. have been provided in high story building which is very 

attractive from an aesthetical point of view but it is dangerous 

from a structural point ofview. 

The swimming pool is a heavy weight and the detailing is 

complicated, but it is not much different than other structural 

loads. If the pool were to break for some reason and all the 

water rushed out, it would destroy some interior and possibly 

some windows. In most cases, the extra water mass will help 

the building resist earthquakes by acting as a liquid mass 

dampener. Tall buildings carry very large gravity and 

lateralloads. 

Twisted tall buildings of various heights, height to width aspect 

ratios and rates of twist are designed and their structural 

efficiency is investigated. Due to the unique geometric 

configurations of twisted forms, structural buildings are quite 

different from that employed for tall buildings of rectangular 

box forms. Twisted forms involve not only structural but also 

architectural and constructionalchallenges. 

 Due to the unique geometric configurations of twisted 

forms, structural buildings are quite different from that 

employed for tall buildings of rectangular box forms. 

Twisted forms involve not only structural but also 

architectural and constructional challenges. 

 This project investigates about the optimum twist angle 

and position of swimming pool of the RCC building. 

 To increase value in certain buildings there are associated 

risks that we take like providing swimming pool. 

 The amenities like swimming pool provided in high 

storey building are attractive from aesthetic point of 

view. 

 This project represents the structural behaviour of RCC 
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twisted building subjected to static load. 

 In this project non-linear static method is being used. 

 

Problem Statement 
 

A twisted RCC building exposed to seismic loads utilizing 

ETab. The twist rate of RCC twisted buildings will be 

studied. Each level grows at its own rate. ETab will model. 

Base shear and storey displacement data will be shown. This 

project's goal is to find the best swimming pool position and 

angle. 

 
Aim  
 
“To find optimum angle of twist and position of swimming 

pool of RCC twisted buildings under seismic loads.” 
 
 Objectives 
 
 Comparatively Study Design and analysis of RCC twisted 

building with private swimming pools for G+20, G+40, 

by using ETab 

 To study RCC twisted building for 1.5, 2, 2.5, 3, 3.5 

degree per floor angle of twist for G+20,G+40, 

 To study RCC twisted building for swimming pool 

positions on alternatefloor 

 To study the parameters such as storey displacement, 

storey drift and baseshear etc 

 

RESEARCH METHODOLOGY 
 
The Methods of Earthquake Analysis 
Two broad approaches of earthquake analysis of multi – 
storied structures are 

A. Static Analysis– 
B. II) Equivalent Static Method – its linear static method. In this 

method formulas are developed to approximately represent 

behavior of regular structures. Base shear is calculated and 

distributed to various floor levels. This method is not used for 

irregularstructures. 

 

 Response Spectrum Method – It is a linear dynamic 

method. This method estimates peak values of response 

quantities. It can be used for any type of building and at 

alllocations. 

 TheworkconsistsofG+20,G+40buildingsandeachbuildi

nghasgivenangleof twist and swimming pool positions. 

For each angle of twist there will be seven buildings 

considering swimming poolpositions. 

 For modeling and analysis of buildings ETab will 

beused. 

 The parameters storey displacement, storey drift and 

base shear will be checked andtheir graphical 

representation will bemade. 

• Results 

• Conclusion 

 

Design Input Data 
Material grade m50 fe500 

 Beam = 0.815X0.4m 

 Colum = 0.18X0.8m 

 Colum = 1.3X1.3m 

 Wall = 0.3m 

 Wall = 0.4m 

 Load pattern :- 

 Dead load 

 Live load 

 Super red load 

 4 Earth quake: x direction 

 Earth quake: Y direction 

 6 )Wind load: x direction 

 7) Wind load: Y direction 

 Response spectrum analysis 

 

DESIGN & MODELLING 
 

Response spectrum analysis:- 

Figure1.1: 2 Degree Model design 

 

Figure1.2: 1.5 Degree Model design 
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Figure1.3: 2.5 Degree Model design 

 

 
Figure1.4: 3 Degree Model design 

 
Figure1.5: 3.5 Degree Model design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULT & DISCUSSION 
Storey Displacement 

 
 

 
 
Storey Stiffness 
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Design and Modelling for G+ 40 Storey’s 

 
Figure4.6: 1.5 Degree Plan & 3D View 

 

Figure1.7: 2 Degree Model design 

 

Figure1.8: 2.5 Degree Displacement due to dead load 
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Figure1.9: 3 Degree Displacement due to Earthquake 

load X direction 
 

 

Figure1.10: Plan & 3D View of 3.5 Degree 

 
ANALYSIS FOR G+40 STOREY BUILDING 

 
Table: Story Displacement 

STORE

Y 1.5D 2D 2.5D 3D 3.5D 

Story40 
162.12

5 

154.21

2 

162.12

5 

156.81

5 

150.67

2 

Story39 
155.44

3 

153.08

2 

159.44

3 

154.08

2 

148.13

8 

Story38 
154.63

2 

152.01

6 

156.63

2 
151.2 

145.52

9 

Story37 153.53 151.96 153.73 148.19 142.76

2 2 2 6 2 

Story36 
151.73

7 

149.15

3 

150.73

7 

145.05

2 
139.84 

Story35 146.65 
148.03

2 
147.65 

141.77

9 

136.75

8 

Story35 
143.40

8 

148.15

9 

144.40

8 
138.36 

133.50

2 

Story34 
142.45

4 

145.36

1 

141.46

4 

134.79

8 

130.07

3 

Story33 
137.48

6 
141.56 

138.49

6 

131.45

8 

126.48

4 

Story32 
133.30

1 

139.20

5 

135.40

5 

128.28

6 

122.75

3 

Story31 
130.18

6 

134.98

6 

132.18

6 
124.98 

118.88

8 

Story30 
129.73

5 

129.83

5 

128.83

5 

121.53

6 
115.34 

Story29 
124.32

3 

125.34

3 

125.34

3 

117.94

7 

111.95

1 

Story28 
121.75

9 

121.70

9 

121.70

9 

114.20

8 

108.43

3 

Story27 
117.92

8 
119.21 

117.92

8 

111.81

3 

104.78

3 

Story26 
113.99

8 

111.23

8 

113.99

8 
106.43 

101.00

4 

Story25 
109.91

8 

108.39

1 

109.91

8 

102.37

2 
97.099 

Story24 105.68 
108.43

3 
105.68 98.406 93.069 

Story23 
101.28

8 

104.78

3 

101.28

8 
94.294 88.919 

Story22 96.744 
101.00

4 
96.744 90.11 84.648 

Story21 92.046 97.099 92.046 85.834 80.266 

Story20 87.211 93.069 87.211 81.465 76.137 

Story19 82.236 88.919 82.236 76.996 71.991 
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Story18 77.132 84.648 77.132 72.415 67.788 

Story17 71.908 80.266 71.908 67.726 63.514 

Story16 66.566 76.137 66.566 62.932 59.171 

Story15 61.132 71.991 61.132 58.03 54.751 

Story14 57.65 55.89 57.65 55.89 52.748 

Story13 55.633 53.038 55.633 53.038 50.239 

Story12 49.097 47.966 50.087 47.966 45.644 

Story11 43.548 42.841 44.528 42.841 40.961 

Story10 36.991 37.685 38.991 37.685 36.219 

Story9 32.521 32.54 33.521 32.54 31.443 

Story8 28.143 27.456 28.163 27.456 26.684 

Story7 22.94 22.493 22.98 22.493 21.975 

Story6 17.999 17.725 18.042 17.725 17.389 

Story5 12.44 13.258 13.44 13.245 13.369 

Story4 9.277 11.298 9.287 9.176 9.087 

Story3 5.562 8.358 5.572 5.474 5.421 

Story2 2.655 4.201 2.755 2.739 2.793 

Story1 1.518 1.016 1.618 1.92 2.127 

Base 0 0 0 0 0 

 

 

 

 

 

 

STOREY 1.5 D 2D 2.5D 3 D .5D 
Story40 0.002378 0.000857 0.000842 0.000867 0.043048 

Story39 0.004171 0.000899 0.000889 0.000912 0.000923 

Story38 0.004922 0.000956 0.000922 0.000956 0.000959 

Story37 0.005282 0.001002 0.042793 0.001002 0.000989 

Story36 0.005646 0.001043 0.043067 0.001043 0.001018 

Story35 0.005807 0.001087 0.001028 0.001087 0.001046 

Story35 0.006017 0.001128 0.001078 0.001128 0.001099 

Story34 0.006044 0.001166 0.001121 0.001166 0.001146 

Story33 0.006141 0.0012 0.001171 0.0012 0.001187 

Story32 0.006111 0.001231 0.001218 0.001231 0.001223 

Story31 0.006144 0.001258 0.001259 0.001258 0.001254 

Story30 0.006059 0.001292 0.001302 0.001292 0.001283 

Story29 0.006046 0.001331 0.001339 0.001331 0.0013 

Story28 0.005913 0.031947 0.001376 0.031947 0.001317 

Story27 0.005809 0.031947 0.001409 0.031947 0.001329 

Story26 0.005599 0.001416 0.001436 0.001416 0.00135 

Story25 0.005385 0.001443 0.001462 0.001443 0.00138 

Story24 0.005051 0.001463 0.001484 0.001463 0.001404 

Story23 0.004679 0.001484 0.001502 0.001484 0.001425 

Story22 0.004179 0.001495 0.001517 0.001495 0.022923 

Story21 0.003654 0.001501 0.001535 0.001501 0.022923 

Story20 0.001712 0.001503 0.00156 0.001503 0.001467 

Story19 0.003082 0.0015 0.001581 0.0015 0.001472 

Story18 0.003694 0.001519 0.001597 0.001519 0.001471 

Story17 0.004054 0.001533 0.001607 0.001533 0.001458 

Story16 0.004351 0.001538 0.001609 0.001538 0.001454 

Story15 0.004494 0.001537 0.001602 0.001537 0.001463 

Story14 0.00463 0.001524 0.001607 0.001524 0.001463 

Story13 0.004653 0.001503 0.001607 0.001503 0.001452 

Story12 0.004704 0.001488 0.001597 0.001488 0.00143 

Story11 0.00467 0.001481 0.001574 0.001481 0.001393 

Story10 0.004659 0.00146 0.001539 0.00146 0.001367 

Story9 0.00454 0.001423 0.001486 0.001423 0.00135 

Story8 0.004425 0.001365 0.001414 0.001365 0.001313 

Story7 0.004345 0.001324 0.001365 0.001324 0.001245 

Story6 0.004255 0.001282 0.001317 0.001282 0.001149 

Story5 0.004057 0.001163 0.001188 0.001163 0.001225 

Story4 0.003847 0.001059 0.001062 0.001059 0.001048 

Story3 0.003575 0.000918 0.000898 0.000918 0.000946 

Story2 0.003274 0.000626 0.000589 0.000626 0.000715 

Story1 0.002909 0.000549 0.000462 0.000549 0.000608 

Base 0 0 0 0 0 
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Graph: Story Displacement 

3 
 

 
Graph: Maximum Story Drift 

 
Table1.8: Maximum Story Drift 

STOR

EY 1.5D 2D 2.5D 3 D 3.5D 

Story4

0 
0 0 0 0 0 

Story3

9 

2960.4

86 

2964.235

2 

2956.8

43 

2964.2

35 

2980.6

79 

Story3

8 

20773

3.6 

8736.016

7 
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23 

8826.0

17 
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78 

Story3

7 

22754

9 

17152.68

48 

16991.

27 

17052.

69 

17157.

26 

Story3

6 

24811

5.3 

27140.98

91 

27017.

82 
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97 
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7 
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5 

26936

4 
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54 

38409.

54 

38593.

54 

38847.

88 

Story3

5 

78379.

15 

51045.04

47 

50770.

13 

51045.

04 

51392.

44 

Story3

4 

92542.

66 

64184.50

23 

63798.

9 

64184.

5 

64634.

36 

Story3

3 

10713

8.1 

77819.59

62 

77305.

65 

77819.

6 

78379.

15 
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2 

12224

9.1 

91868.64
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65 
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1 
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Graph1.9: Maximum Overturning Moment 
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Graph1.10: Maximum Story Stiffness 
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Graph: Maximum Storey Accelerations (Mm/Sec2) 
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CONCLUSION 

When the rotation of the structure is increases then the base 

shear is also increase the total 3.5D structure base is higher 

than the remaining the structure. The base shear is 5% to 

15% increases as compare to the other structure. 

The maximum storey acceleration of the structure is 1.5D is 

increased by 14 %, 14.05%, 8%, and 16% as compared to 

the 2D , 2.5D , 3D and 3.5D when we decreases the twisted 

angle then the acceleration is increases. 

The Storey Stiffness 2.5D is increases by 6-7% around but 

1.5D is decreasing by 66% around means when we increases 

the twist angle of floor then the Stiffness also increases. 

The overturning moment effect of the all structure all near 

about the same the only 1-2% slightly increases 2.5D 

structure. Means no effect of floor rotation on the moment. 

It was increases when increases the storey height. 
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The maximum storey displacement of the structure 2.5D is 

increase 6% as compared to other type of structure all 

around displace nearly same means when we twisted the 

floor displacement is decreases. 

When we increase the rotation of the floor then the modal 

time period is also decreases 

The maximum storey acceleration of the structure is 1.5D is 

increased by 2 %, 1.5%, 3%, and 1.8% as compared to the 

2D , 2.5D , 3D and 3.5D when we decreases the twisted 

angle then the acceleration is increases. 

storey stiffness is for 1.5D Is increasing by 43 % , 35% , 

33.5% and 26.4% as compare to the 2D , 2.5D , 3D and 

3.5D model  

The overturning moment is for 1.5D is increasing by 41 %, 

33.4%, 31.5% and 24.4% as compare to the 2D, 2.5D, 3D 

and 3.5D model. 

The maximum storey displacement of the structure 2.0D is 

increase 6% as compared to other type of structure but only 

10% 1.5D type of structure .the displacement is varying for 

floor to floor. 

When the rotation of the structure is increases then the base 

shear is also increase the total 3.5D structure base is higher 

than the remaining the structure. The base shear is 4% to 

12% increases as compare to the other structure. 

When we increase the rotation of the floor then the modal 

time period is also decreases 
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