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ABSTRACT: The construction of high-rise structures has increased in recent years, resulting in global advancement.
The desire for an ever-increasing population and enterprises to be as close as possible has led to the construction of
high-rise buildings. This study intends to compare the performance of a G+30 building with Framed Structure, Bundled
Tube Structure and Tube in Tube Structure. The results of these models are examined for a comparative study of their
seismic and wind performance using linear static analysis and Response spectrum analysis. The following outputs were
analyzed: Maximum Story Displacement, Maximum Story drift, and Maximum Story shear. It is seen that Tube in
Tube structure is very effective in resisting lateral loads.

KEYWORDS: Bundled Tube Structure, Tube in Tube Structure, Response Spectrum, ETABs, Story Displacement,
Story Drift, Story Shear.

I. INTRODUCTION

The recent trend of population development and land scarcity has given rise to a modern urbanization era, which has
resulted in the vertical growth of buildings and given us the new trend-setting structures known as High Rise or Multi-
Storeyed Structures. Due to land scarcity, increased demand for office and residential space, economic growth,
technological improvements, innovations in structural systems, and metropolitan areas' need for aesthetics, these
structures are now necessary.

Innovations in Structural Systems for High-Rise Buildings
Few buildings in the initial days reached a height of 10 to 15 stories, but later on, it became crucial to promote a
building's ability to rise vertically.

Evolution of Structural Systems
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Fig. 1.1: Evolution of Structural Systems.

The early typical structural systems types used in tall structures, including the moment resisting frame, braced frame
and shear wall system. Later evolved the new structural systems for high rise structures developed and invented by
Dr. Fazlur R Khan the “Father of Tubular systems”. He introduced us new structural systems namely Braced tube
system, Bundled tube system, Framed tube system and Tube in Tube system.
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II. LITERATURE SURVEY

1. “Evolution of Seismic Behavior of Irregular Tube Building in Tube Systems” " Published by Advances In
Science and Technology Research Journal, 2016
Worked on evaluating irregular tube building’s seismic behavior in tube systems. This study aimed to
examine the seismic response of tube-in-tube building structures with irregular plans. To this end, the seismic
response of 40 and 60 story reinforced concrete frame structures with irregular plans were assessed. Story drifts,
overall building drifts, and shear lag behavior variables are used to evaluate the seismic behavior of irregular
buildings. Story drift and shear lag are more significant for a 60-story building than for a 40-story one.

2. “A Comparative Study Between The Use Of Framed Shear Wall System And Framed Tube System In Tall
Buildings”, Published by International Journal & Magazine Of Engineering Technology, Management And
Research, 2015

Determined which system is the most effective at resisting lateral loads for structures up to 30 stories and
beyond 30 stories, the effect of using framed shear walls and framed tube systems are examined for tall buildings
with rectangular shapes. The Framed Shear Wall System and the Framed Tube System are considered for
structures with 20, 30, 40, 50, and 60 stories. Results of the analysis are compared for the provided problem's roof
displacements, base shear, support reactions, and joint displacements. The choice made that the Framed Shear Wall
System is best. For constructions with a Framed Tube System, the maximum Base Shear was observed for
structures with 30, 40, 50, and 60 stories.

3. “Comparative Seismic Analysis Of An Irregular Building With A Shear Wall And Frame Tube System Of Various
Sizes”, Published by International Journal Of Engineering And Computer Science, 2015
Worked on a comparative seismic analysis of an irregular building with a shear wall and a frame tube system
of different sizes. For 30, 40, 50, and 60-story, analyses of the planar frame, shear wall and framed tube systems
were considered. Compared with roof displacements, joint displacements, support reactions, bending moments and
shear force members. It observed that for structures up to 30 stories, the shear wall system successfully resists
lateral stresses. For constructions higher than 30 stories, the framed tube system is more effective than the shear
wall system.

4. “A Comparative Study Of Frame Tube, Tube In Tube And Bundled Tube Structures Subjected To Lateral Load
Under Different Zones”, Published by International Research Journal Of Engineering And Technology, 2021
To discover the most effective structure to increase the lateral stability of the system, we explore a frame
tube, tube-in-tube structural, bundle tube structure, and bundle tube structures with shear wall comparison under
Zone III and Zone V. We found that compared to other kinds of tube designs, bundled tube with shear wall
exhibited greater lateral stability.

I[II. METHODOLOGY

The methodology includes preliminary studies that fix the structure dimensions and perform linear static and response
spectrum analysis. For the current project, a seismic and wind analysis has been conducted for the G+30 RCC structure,
which is Framed structure, Bundled Tube Structure and Tube-in-Tube Structure for the Bengaluru region. To perform
the analysis, Etabs V.18 is used.

Model 1

=
=
i
=
i E?iﬁ
EETEEE

1B5] IS8 26 1mm Em S IR S W

Fig 3.1: Plan and 3D Model of Framed Structure
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Model 2
G.F to 9th Floor plan 10th to 17th Floor plan
18th to 24th Floor plan  25th to 30th Floor plan
Fig 3.2: Plan and 3D Model of Bundled Tube Structure
Model 3
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Fig 3.3: Plan and 3D Model of Tube in Tube Structure
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Table 1.1: Detailed Description of Models

Structural Elements Dimension
Sl. No.
1 Plan Dimension 45mX36m
2 Spacing in X direction 5Sm
3 Spacing in Y direction 4 m
4 Grade of concrete M40, M35, M30, M25
5 Grade of steel HYSD 550
6 Typical story height 3m
7 Bottom story height 3m
8 Thickness of slab 120 mm
9 Thickness of wall 300 mm
Size of Column :
G.F to 9"story 1.2mX 1.2 m
10 10™ to 17" story ImX Im
18™ to 24"story 0.9mX09m
25™ to 30" story 0.8 m X 0.8 m
Size of Beam :
G.F to 9"story 12m X 0.8 m
11 10™ to 17"story 1mX0.7m
18" to 24"story 09mX0.6m
25" to 30™story 0.8mX0.5m
12 City Bengaluru
13 Zone 11
14 Importance factor, I 1.5
15 Reduction factor, R 5
16 Soil type 11
17 Damping ratio 5%
18 Basic wind speed, Vj, 33 m/s
19 Limiting story displacement H/500
20 Limiting story drift 0.004h
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IV. EXPERIMENTAL RESULTS

1. Story Displacement

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00 M-

Story30 | Story25 | Story20 | Story15 | Story10 | Story5 | Base

B Framed Structure 30.97 | 25.61 | 18.88 | 12.35 6.80 3.22 0
® Bundled Tube Structure| 25.39 | 19.26 | 13.17 7.82 3.94 1.86 0
= Tube in Tube Structure | 21.32 | 17.76 | 13.19 8.68 4.81 2.29 0

Graph No. 4.1(a): Max Story Displacement due to Seismic
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15.00

10.00

5.00

0.00 Story30 | Story25 | Story20 | Story15 | Story10 | Story5 | Base
B Framed Structure 18.50 | 15.26 | 11.63 8.18 4.95 2.56 0
B Bundled Tube Structure| 16.89 | 11.72 8.22 5.31 2.97 1.54 0
M Tube in Tube Structure | 13.01 | 10.85 8.33 5.90 3.61 1.89 0

. Graph No. 4.1(b): Max Story Displacement due to Response Spectrum Analysis
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Story30 | Story25 | Story20 | Story15 | Story10 | Story5 Base

B Framed Structure 3.02 2.63 2.06 1.44 0.84 0.42 0
M Bundled Tube Structure| 3.32 2.58 1.79 1.10 0.58 0.28 0
= Tube in Tube Structure 1.94 1.70 1.34 0.95 0.56 0.29 0

. Graph No. 4.1(c): Max Story Displacement due to Wind
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Observations

1. Graph 4.1(a) shows that story displacement for seismic analysis is 30.97 mm for the framed system. For Tube in
Tube system, values are reduced by 31.16% and Bundled tube structure is reduced by 18.02% compared to a
framed structure. Hence maximum story displacement values are minimum for Tube in Tube system.

2. Graph 4.1(b) shows that story displacement due to response spectrum analysis is 18.50 mm for the framed system.
For Tube in Tube system, values are reduced by 29.67% and Bundled tube structure is reduced by 8.7% compared
to a framed structure. Hence maximum story displacement values are minimum for Tube in Tube system.

3. Graph 4.1(c) shows that the story displacement due to wind is 3.02 mm for the framed system. For Tube in Tube
system, values are reduced by 35.76% and Bundled tube structure is increased by 9.04% compared to a framed
structure. Hence maximum story displacement values are minimum for Tube in Tube system.

2. Story Drift

0.00060
0.00050
0.00040
0.00030
0.00020
0.00010
0.00000

Story30 | Story25 | Story20 | Storyl5 | Storyl0 | Story5 Base
B Framed Structure 0.00020 | 0.00047 | 0.00050 | 0.00037 | 0.00031 | 0.00021 0
M Bundled Tube Structure | 0.00030 | 0.00054 | 0.00046 | 0.00025 | 0.00021 | 0.00012 0
M Tube in Tube Structure | 0.00013 | 0.00032 | 0.00034 | 0.00025 | 0.00022 | 0.00015 0

Graph No. 4.2(a): Max Story Drift due to Seismic

0.00060
0.00050
0.00040
0.00030
0.00020
0.00010
0.00000

Story30 | Story25 | Story20 | Storyl5 | Storyl0O | Story5 Base
M Framed Structure 0.00016 | 0.00036 | 0.00032 | 0.00023 | 0.00020 | 0.00016 0
B Bundled Tube Structure| 0.00034 | 0.00054 | 0.00030 | 0.00016 | 0.00014 | 0.00009 0
M Tube in Tube Structure | 0.00010 | 0.00024 | 0.00022 | 0.00016 | 0.00015 | 0.00011 0

Graph No. 4.2(b): Max Story Drift due to Response Spectrum Analysis
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Graph No. 4.2(c): Max Story Drift due to wind

Observations

1. It is interesting to see from Graph 4.2(a) that the story drifts for seismic analysis from linear static is 0.00020
for the framed system. For Tube in Tube system, values are reduced by 35% and Bundled tube structure is
increased by 33% compared to a framed structure. Hence maximum story drift values are minimum for Tube in

Tube system.

2. From Graph 4.2(b), story drift resulting from response spectrum analysis is 0.00016 for the framed system. For
Tube in Tube system, values are reduced by 37.5% and Bundled tube structure is increased by 52.94%
compared to a framed structure. Hence maximum story drift values are minimum for Tube in Tube system.

3. It can be observed from Graph 4.2(c) the wind-related story drift for framed tube systems is 0.00014 for the
framed system. For Tube in Tube system, values are reduced by 42.85% and Bundled tube structure is
increased by 54.83% compared to a framed structure. Hence maximum story drift values are minimum for Tube

in Tube system.

3. Story Shear
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7629.89

12370.91

15472.92

17197.45

17985.21

18118.78

Graph No. 4.3(a): Max Story Shear due to Seismic
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Story30 | Story25 | Story20 | Storyl5 | StorylO Story5 Base

B Framed Structure 1297.05 | 5690.03 | 7522.37 | 8923.78 | 10713.76 | 12996.49 | 14217.29

M Bundled Tube Structure| 558.09 | 2394.81 | 4396.64 | 5980.06 | 7682.65 | 9963.54 | 11208.70

M Tube in Tube Structure | 1274.63 | 6076.79 | 8185.61 | 9715.40 | 11705.83 | 14123.37 | 15400.96

Graph No. 4.3(b): Max Story Shear due to Response Spectrum Analysis
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Story30 | Story25 | Story20 | Storyl5 | Storyl0 | Story5 Base
B Framed Structure 51.41 551.67 | 1026.44 | 1471.22 | 1847.96 | 2111.09 | 2324.48
H Bundled Tube Structure| 34.27 367.78 | 842.55 | 1287.32 | 1664.06 | 1927.20 | 2140.59
M Tube in Tube Structure | 51.41 551.67 | 1026.44 | 1471.22 | 1847.96 | 2111.09 | 2324.48

Graph No. 4.3(b): Max Story Shear due to wind

Observations

1.

From Graph 4.3(a), it can be observed that the maximum story shear for seismic analysis is 18118.78 kN for
tube in tube system. For framed system, values are reduced by 7.68%, and Bundled tube structure also decreases
by 27.22% compared to the tube in tube structure.

Graph 4.3(b) shows that story shear due to response spectrum analysis is 15400.96 kN for tube in tube system.
For framed system, values are reduced by 7.68%, and Bundled tube structure decreases by 27.22% compared to
the tube in tube structure.

Graph 4.3(c) shows that story shear due to wind is 2324.48 kN for tube in tube and framed systems. Bundled
tube structure decreased by 9.19% compared to the tube in tube and framed structure.

V. CONCLUSION

The study results for all situations considered lead to the following notable conclusions.

1)

2)

According to the seismic analysis results and using response spectrum method , the framed system has
the highest displacement compared to the bundled tube and tube-in-tube model. Drift values are
maximum for bundled tube and least for framed and tube-in-tube structures.

Similarly, wind analysis results showed that the displacement and drift due to wind loads were highest
for bundled tube compared to framed and tube-in-tube model..
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3) When story shear values for all models are compared, the framed model showed the highest base shear
value for the response spectrum method and the tube-in-tube model has the maximum base shear value
for the linear static method.

4) The bundled tube structural system has become a more advantageous option for lateral load resisting
systems in terms of lateral displacement for linear static analysis compared to a framed structure.

5) Overall, story displacement, story drift, and story shear for response spectrum, linear static analysis and
wind analysis, the tube-in-tube structural system has proven to be more effective in resisting lateral load
system.
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