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Abstract—The advances in three-dimensional structural
analysis and computing resources have allowed the efficient and
safe design of increasingly taller structures. These structures are
the consequence of increasing urban densification and economic
viability. The trend towards progressively taller structures has
demanded a shift from the traditional strength based design
approach of buildings to a focus on constraining the overall
motion of the structure. Structural engineers have responded to
this challenge of lateral control with a myriad of systems that
achieve motion control while adhering to the overall architectural
vision. The present work aims to demonstrate the performance of
buildings considered with rigid frame, shear wall, shear
wall-frame, shear-trussed frame, framed tube, braced tube and
bundled tube systems. The buildings studied in this work are a
reinforced concrete moment resisting frame 40 storey and 80
storeys designed for gravity and seismic. And are studied using
Non-linear time history analysis. These models are analyzed,
using ETABS software. The results of the analyses, in terms of
lateral displacements, respective storey drifts, base shears,
overturning moments, time period are obtained and the
conclusions are drawn thereof. As time history is realistic method,
used for seismic analysis, it provides a better check to the safety of
structures analyzed and designed. The overall results suggested
that bundled tube is excellent seismic control for high-rise and
super high-rise buildings.
Index Terms— Earthquake loads, High-rise, Lateral
Displacement, Lateral loads.

I. INTRODUCTION
In structural engineering, the tube is the system where in
order to resist lateral loads (wind, seismic, etc.) a building is
designed to act like a hollow cylinder, cantilevered
perpendicular to the ground. Nowadays, the advancements in
structural systems, increase in building height and
slenderness, use of high strength materials, reduction of
building weight etc., has necessitated the consideration of
lateral loads such as wind and earthquake in the design
process. Lateral forces resulting from wind and seismic
activities are now dominant in design considerations. Lateral
displacement of such buildings must be strictly controlled, not
only for occupants comfort and safety, but also to control
secondary structural effects. Currently, there are many
structural systems such as:
1. Rigid frame
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2. Shear wall
3. Shear-walled frame
4. Shear-trussed frame
5. Tube systems
Tubular structures have been successfully utilized and are
becoming a common feature in tall buildings. Basic forms of
tubular systems are
 Framed tube
 Braced tube
 Bundled tube
Hemavathi S [1], [2] studied the behavior of structural
systems for various stories subjected to lateral loads. These
frameworks incorporate; i) Rigid frame ii) Bracing system iii)
Framed tube system. The parameter of the systems is
measured by storey displacement, drift and stiffness by using
ETABS Software. The following concludes are made from
the study; In accordance with the structural systems,
displacement is controlled by using bracing system than by
using rigid frame and frame tube system. Stiffness parameter
is achieved through frame tube system compared to the rigid
frame and bracing system. On provision of bracing system,
the structure will be subjected to minimum drift. Prutha
Vyas1 [3], [4] presented the comparison of the Moment
Resisting Frame and Shear-Wall Frame and analysis is carried
out in ETABS. Analysis results for 30 storey building with
two different structural systems are compared. The
comparison of the Time period, Top storey displacement and
Maximum storey drift for the Moment Resisting Frame,
Shear-Wall Frame are presented. The comparison of moment
resisting frame and wall-frame structure is carried out in terms
of time period, top deflection and maximum storey drift. He
found that the wall frame structure, time period is effectively
reduced. Also the top story displacement and Maximum drift
is reduced than frame structure. Concluded that Wall Frame
structure is more effective and stiff than frame system so it can
resist lateral loads effectively. V. Rekha et al. [5], [6]
demonstrated the performance of building considered with
outriggers, tube in tube, bundled system. The building studied
in the study is a reinforced concrete moment resisting frame
(G+40) designed for gravity and seismic using 1893:2002.
And is studied using Non-linear time history analysis. These
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building models are analyzed, using SAP 2000 software, to 2-Shear wall system:
In this system, there is no column. The vertical structural
the action of lateral forces employing non-linear dynamic
approaches as per IS 1893 (Part I): 2002. The results of the elements are shear walls and connected by beams as shown in
analyses, in terms of lateral deformations, respective storey Fig.2 (a and b).
drifts and base shears are obtained. They found that the use of
outrigger structural system increases the stiffness of the
structure by connecting the building core to the distant
column and makes the whole system to act as a single unit in
resisting the lateral load. The overall results suggested that
bundled tube is excellent seismic control for high-rise
symmetric Buildings.
II. BUILDINGS DESCRIPTION AND MODELING
The building structures are modeled as concrete buildings.
Number of stories of the building structures is (40) storey and
(80) storey with 3m floor height. Beams are located at all
center lines in both X & Y directions with cross sections
(30*60) cm, thickness of all slabs is (20) cm, thickness of
shear walls is (30) cm and cross sections of columns are
(30*60) cm. All diaphragms are considered as rigid and all
supports are modeled as fixed supports. The dimensions of all
the building structures are (35*25) m with spacing 5m center
to center in both X and Y directions.
Structural systems:
The different structural lateral systems are represented as in
Fig.2-a: Plan of shear wall system
the following:
1-Rigid frame system:
This system consists of combination of beams and
columns as shown in Fig.1 (a and b).

Fig.1-a: Plan of rigid frame system

Fig.2-b: 3D View of shear wall system

3-Shear-Trussed frame system:
This system consists of rigid frames and diagonal braces as
shown in Fig.3 (a and b).

Fig.1-b: 3D View of rigid frame system
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Fig.3-a: Plan of shear-trussed frame system

Fig.4-b: 3D View of shear wall-frame system

5-Framed-tube system:
This system consists of closely spaced perimeter and
exterior columns, which are usually spaced at 1.5 to 4.5 m
centers, connected by deep spandrel beams at floor levels as
shown in Fig.5 (a and b).

Fig.3-b: Elevation of shear-trussed frame system

4-Shear wall-frame system:
This system consists of rigid frames and reinforced
concrete shear walls as shown in Fig.4 (a and b).

Fig.5-a: Plan of framed-tube system

Fig.4-a: Plan of shear wall- frame system
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Fig.6-b: 3D View of braced-tube system

7-Bundled-tube system:
This system consists of a combination of more than one
framed tube acting together as a single tube as shown in Fig.7
(a and b).
Fig.5-b: 3D View of framed-tube system

6-Braced-tube system:
This system consists of closely spaced perimeter and
exterior columns, which are usually spaced at 1.5 to 4.5 m
centers, connected by deep spandrel beams at floor levels and
adding braces to the exterior of the framed-tube system as
shown in Fig.6 (a and b).

Fig.7 -a: Plan of bundled-tube system

Fig.6 -a: Plan of braced-tube system

Fig.7 -b: 3D View of bundled-tube system
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Material properties:
Young’s modulus of concrete is 2.00 x 106 t/m2, specified
compressive strength for concrete is 250 kg/cm2 and density
of concrete is 2.5 t/m3. Young’s modulus of steel is 2.00 x 107
t/m2 , specified compressive strength for steel is 3600 kg/cm2
and density of steel is 7.85 t/m3.
Loading data:
A. Vertical loads:
The dead load includes the self-weight of the structure is
analyzed as nonlinear static method and the floor cover is 0.15
t/m2.The live load is 0.3t/m2
B. Horizontal loads:
Elcentro earthquake with peak ground acceleration is
0.319g as shown in Fig.8.

Table 1. Displacement amplification for each lateral structural
system

Fig.8: acceleration time history for Elcentro earthquake.

Procedure of analysis:
 Modal analysis is performed to determine the
vibration modes of structures. These modes are
useful to understand the behavior of the structures
i.e. their dynamic characteristics (Time Period).
 The analysis is performed in the form of nonlinear
time history for ElCentro earthquake using ETABS
software with period equals 8 seconds with a
sampling period of 0.02 seconds and damping ratio
is 5%
 The structural responses are evaluated by storey
displacement, storey drift, storey and base shear and
storey and base moment.
III. RESULTS AND DISCUSSION
The responses of high and super high rise buildings due to
seismic effect are measured through their lateral
displacements, storey drifts, storey shear forces, overturning
moments and time period.
A. 40 Storey high rise building:
1. Lateral displacement:
The maximum displacement for each storey for 40 storey
building is represented in Fig.9 for all lateral structural
systems, the displacement amplifications for different lateral
structural systems with respect to rigid frame system are
represented in Table 1.

Fig.9: maximum displacement for each lateral structural system
for (40) storey building.

It can be observed that the most effective structural system
to limit and reduce the displacement is bundled tube system.
Comparing to rigid frame system, shear wall, shear-trussed
frame and shear wall frame systems reduce the displacement
to 98.4%, 97.7% and 97.6% respectively. Comparing to rigid
frame system, framed tube, braced tube and bundled tube
systems reduce the displacement to 93.5%, 91.4% and 69.4%
respectively.
2. Storey drift:
The maximum storey drift for each storey for 40 storey
building is represented in Fig.10 for all lateral structural
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systems, the storey drift amplifications for different lateral structural systems with respect to rigid frame system are
structural systems with respect to rigid frame system are represented in Table 3.
represented in Table 2.

Fig.10: maximum storey drift for each lateral structural
system for (40) storey building.
Table .2 storey drift amplification for each lateral structural
system

It can be observed that: The most effective structural
system to limit and reduce the storey drift is bundled tube
system. Comparing to rigid frame system, shear wall,
shear-trussed frame and shear wall frame systems reduce the
storey drift to 80.5%, 94.1% and 93.4% respectively.
Comparing to rigid frame system, framed tube, braced tube
and bundled tube systems reduce the storey drift to 85.8%,
82.8% and 58.4% respectively.
3. Storey shear forces:
The maximum storey shear for each storey for 40 storey
building is represented in Fig.11 for all lateral structural
systems, the storey shear amplifications for different lateral
DOI:10.17605/OSF.IO/QY9UZ

Fig.11: maximum storey shear for each lateral structural system
for (40) storey building.
Table 3. Storey shear amplification for each lateral structural
system

It can be observed that: The most effective structural
system to limit and reduce the storey shear is shear-trussed
frame system. Comparing to rigid frame system, shear wall
and shear-trussed frame systems reduce the base shear to
97.8% and 92.8% respectively. Comparing to rigid frame
system, shear wall frame system increases the base shear to
111%. Comparing to rigid frame system, framed tube, braced
tube and bundled tube systems increase the base shear to
112%, 107% and 102% respectively.
4. Overturning moment:
The maximum overturning moment for each storey for 40
storey building is represented in Fig.12 for all lateral
structural systems, the overturning moment amplifications for
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different lateral structural systems with respect to rigid frame 5. Time period:
Table 5. Time period for each lateral structural system
system are represented in Table 4.

Fig.12: maximum overturning moment for each lateral
structural system for (40) storey building.
Table 4. Overturning moment amplification for each lateral
structural system
Fig.13: time period for each lateral structural system for (40)
storey building.

It can be observed that: The fundamental natural period of
the building decreases with increases in story stiffness.
Stiffness parameter is achieved through bundled tube system
compared to the other systems.
B. 80 Storey super high rise building:
1. Lateral displacement:
The maximum displacement for each storey for 80 storey
building is represented in Fig.14 for all lateral structural
systems, the displacement amplifications for different lateral
structural systems with respect to rigid frame system are
represented in Table 6.
It can be observed that: The most effective structural
system to limit and reduce the overturning moment is
shear-trussed frame system. Comparing to rigid frame system,
shear wall and shear-trussed frame systems reduce the
overturning moment at base to 99.7% and 90.5% respectively.
Comparing to rigid frame system, shear wall frame system
increases the overturning moment at base to 103%.
Comparing to rigid frame system, braced tube and bundled
tube systems reduce the overturning moment at base to 98.2%
and 90.7% respectively. Comparing to rigid frame system,
framed tube system keeps the overturning moment at base as
it is in rigid frame system with amplification equals mostly
100%.
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system
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It can be observed that: The most effective structural
system to limit and reduce the storey drift is bundled tube
system. Comparing to rigid frame system, shear wall,
shear-trussed frame and shear wall frame systems reduce the
storey drift to 77.4%, 88.7% and 77.2% respectively.
Comparing to rigid frame system, framed tube, braced tube
and bundled tube systems reduce the storey drift to 77.5%,
77.9% and 75.5% respectively.
3. Storey shear forces:
The maximum storey shear for each storey for 80 storey
building is represented in Fig. (4.8) for all lateral structural
systems, the storey shear amplifications for different lateral
structural systems with respect to rigid frame system are
represented in Table 8.

Fig.14: maximum displacement for each lateral structural
system for (80) storey building.

It can be observed that: The most effective structural
system to limit and reduce the displacement is bundled tube
system. Comparing to rigid frame system, shear wall,
shear-trussed frame and shear wall frame systems reduce the
displacement to 98.4%, 97.7% and 97.6% respectively.
Comparing to rigid frame system, framed tube, braced tube
and bundled tube systems reduce the displacement to 93.5%,
91.4% and 69.4% respectively.
2. Storey drift:
The maximum storey drift for each storey for 80 storey
building is represented in Fig.15 for all lateral structural
systems, the storey drift amplifications for different lateral
structural systems with respect to rigid frame system are
represented in Table 7.
Table 7. Storey drift amplification for each lateral structural
system
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Fig.15: maximum storey drift for each lateral structural system
for (80) storey building.
Table 8. Storey shear amplification for each lateral structural
system
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Fig.16: maximum storey shear for each lateral structural system
for (80) storey building.

It can be observed that: The most effective structural
system to limit and reduce the storey shear is shear-trussed
frame system. Comparing to rigid frame system, shear-trussed
frame system reduces the base shear to 90%. Comparing to
rigid frame system, shear wall and shear wall frame systems
increase the base shear to 106% and 102% respectively.
Comparing to rigid frame system, framed tube, braced tube
and bundled tube systems increase the base shear to 109%,
107% and 119% respectively.
4. Overturning moment:
The maximum overturning moment for each storey for 80
storey building is represented in Fig.17 for all lateral
structural systems, the overturning moment amplifications for
different lateral structural systems with respect to rigid frame
system are represented in Table 9.

Fig.17: maximum overturning moment for each lateral
structural system for (80) storey building.

It can be observed that: The most effective structural
system to limit and reduce the overturning moment is
shear-trussed frame. Comparing to rigid frame system, shear
wall, shear-trussed frame and shear wall frame systems reduce
the overturning moment at base to 98%, 82.2% and 94.1%
respectively. Comparing to rigid frame system, framed tube
and braced tube systems reduce the overturning moment to
94.3% and 94.33% respectively. Comparing to rigid frame
system, bundled tube system increases the overturning
moment at base to 106%.
5. Time period:
Table 10. Time period for each lateral structural system

Table 9. Overturning moment amplification for each lateral
structural system

It can be observed that: The fundamental natural period of
the building decreases with increases in story stiffness.
Stiffness parameter is achieved through bundled tube system
compared to the other systems.
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6. The study could be extended by including various other
parameters such as torsional effects and soft storey effects in a
building.
7.
Non linear dynamic analysis may be carried out
for further study for better and realistic evaluation of
structural response under seismic forces.
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Within the limited scope of the present work, the broad
conclusions drawn from this work have been reported.
However, further study can be undertaken in the following
areas:
1. By considering different material property analysis can be
done.
2. By varying the story height and increasing story number the
analysis can be done.
3. Varying the column and beam dimensions for same models
can be analyzed.
4. For same models compare with core at center of structure.
5. The moment resisting frames may be designed to
independently resist at least 25% of design seismic base shear.
For better ductility beam-column junction study can also be
made.
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