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Abstract — A framed tube structure is a construction concept
commonly used in tall buildings, integrating both
architectural and engineering principles. This design
incorporates interconnected columns that create a frame
encircling the building perimeter. In the framed tube
structure, Composite Columns, specifically Concrete Filled
Steel Tube (CFST), replace conventional columns. CFST
sections are created by filling hollow steel tube sections with
concrete. Utilizing this structural system in tall buildings
offers various benefits, including enhanced lateral stiffness,
reduced material usage, and improved fire resistance.
Analysis of CFST column framed tube systems will be
carried by the ETABS software for their performance under
lateral forces including seismic and wind loads. The study
encompasses various parameter such as lateral displacement,
story drift, Base Shear, Time Period and base reaction, aiming
to provide a comprehensive understanding of CFST column
with framed tube structural system.

Keywords: Framed Tube Structural System, Concrete Filled
Steel Tube (CFST) Column

. INTRODUCTION

A. General

From a structural engineer's perspective, a tall building is
characterized by its susceptibility to lateral forces such as
wind, earthquakes, blasts, and thermal loads, which affect its
structural elements like beams, columns, and foundations.
According to 1S 16700:2017, a tall building is classified as
one standing at a minimum height of 50 meters (164 feet).
Different structural systems are employed in tall buildings to
address diverse engineering challenges and enhance the
building's performance. The structural form in tall buildings
encompasses the comprehensive arrangement and
organization of major structural elements tasked with
resisting gravity and lateral loads, ensuring the building
remains tall and stable.

1) Reinforced Concrete Frame

2) Steel Frame

3) Composite Structures

4) Braced Frame

5) Shear Wall System

6) Outrigger system

7) Framed tube system

8) Tube in tube system

9) Braced tube system

10) Bundle tube system

11) Hybrid structural system

12) Diagrid System

B. Concrete Filled Steel Tube (CFST)

Over the years, the construction industry has undertaken
numerous experiments aimed at enhancing the performance

of column designs through composite structures. The focus
has primarily centered on achieving high strength, stiffness,
and seismic resistance. One such composite structure that has
garnered attention is the Concrete-Filled Steel Tube (CFST),
which outperforms traditional column systems in various
aspects. A CFST is a structural component crafted from a
steel tube, either rectangular or circular, filled with concrete.
CFST sections have emerged as highly effective composite
sections, offering numerous advantages over conventional
steel and reinforced concrete (RC) sections. Consequently,
CFST sections have become a staple in recent construction
practices. The manufacturing process involves filling a
hollow steel tube with concrete, resulting in a composite
section that leverages the combined strength of steel and
concrete. This innovative design significantly enhances the
overall structural performance, providing benefits such as
increased strength, stiffness, and improved resistance to
seismic forces. The adoption of CFST sections has become
increasingly  prevalent, underscoring their  superior
characteristics and their significant contribution to modern
construction standards.

Il. MODELING AND ANALYSIS

There are three real life building is taken for Analysis Purpose
and convert frame shear wall structural system to Framed
tube structural system with Concrete Filled Steel Tube
(CFST) Column.

1) Times 104
2) Trogon Twin Tower
3) The 31
A. Building Configuration
Sr. Descrintion Times Trogon The
No. P 104 | Tower | 3ist
1 Total b_ulldmg 135 m 130m 133.75
Height m
Building Height
2 ground level to | 124.85m 119.1 120 m
Terrace Top
Building
3 dimension in X 35m 48.55m 37m
direction
Building
4 dimensioninyY | 43.46m | 51.60m 41517
direction
5 | Groundfloor | ge | 426m | 4m
height

Table 1: Tall Building Data

B. Loading Data

The floor finish load is 1.5 kN/m2 categorized as a Super
Dead Load in ETABS. Moreover, typical floor live loads are
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evaluated at a magnitude of 2 kN/m2. Wind load application
utilizes the Gust Factor method based on basic wind speed as
39 m/s, while both Static and Dynamic (Response Spectrum
Analysis) Seismic loads are integrated into the structural
analysis, accounting for a seismic zone 3(Zone factor is 0.16).
The soil type is characterized as hard, with an assigned
importance factor of 1.2.

Figures 1, 2, and 3 depict a conventional structural
system model

Fig. 1: Typical floor plan and 3D view of Times 104
(Conventional Structural System)
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Fig. 2: Typical floor plan and 3D view of Trogon Tower
(Conventional Structural System)
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Fig. 3: Typical floor plan and 3D view of the 31st
(Conventional Structural System)

In Fig. 4, 5 and 6, the conversion from a

Conventional structural system to a Framed tube structural

system is depicted, incorporating concrete-filled steel tube
(CFST) columns.

In Conventional structural system scrutinizes the
transformation of spatial utilization from open sky
configurations to enclosed spaces achieved through the
integration of beam and slab elements within framed tube
systems.

Fig. 4: Typical floor plan and 3D view of Times 104
(Framed Tube Structural System)
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Fig. 5: Typical floor plan and 3D view of Trogon Tower
(Framed Tube Structural System)

Fig. 6: Typical floor plan and 3D view of the 31st (Framed
Tube Structural System)

Il. RESULTS

The implementation of Framed Tube structural systems with
Concrete Filled Steel Tube Columns, as opposed to the
traditional Conventional Frame Shear Wall structural
systems, vyielded notable improvements in seismic
performance and reduction in parameter value across three
distinct buildings; Times 104 Building, Trogon Tower
Building, The 31 Building. The key findings are in Table.
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Times | Trogon The
System Parameter 104 Tower 318t
Displacement | 198.63 | 286.5 3145
Conventi- Drift 0.0025 | 0.0027 | 0.0019
onal Base Shear | 7942.2 | 14481.7 | 6722.7
S Time Period | 4.868 6.45 7.08
ystem B
ase 8287.2 | 14886.5 | 6912.5
Reaction
Displacement | 138.12 | 188.5 | 203.94
Drift 0.0021 | 0.00139 | 0.0021
Framed
Tube Base Shear | 5471.7 | 12534.8 | 4402.9
S Time Period 4.33 4.61 4.369
ystem Base
) 4885.0 | 12750.5 | 4555.6
Reaction

Table 2: Parametric Study

A. Analysis Result Comparison

—  Comparison of results in terms of Displacement (in mm):
Displacement typically refers to the lateral displacement or
movement of the structure due to various factors such as wind
loads, seismic activity, or other external forces.

The Following graph of displacement for
Conventional Structural system and Framed Tubes structural
system are compared.

Fig. 7: Comparison Displacement of Times 104

e Displacement

Fig. 8: Comparison displacement of Trogon Tower

Story Wise Displacement

Fig. 9: Comparison displacement of the 31%

— Comparison of results in terms of Inter- Story Drift
(unitless)

Inter-story drift in tall buildings refers to the relative
displacement or movement between adjacent floors or stories
during a seismic event or under other lateral loading
conditions.

The Following graph of Inter-Story Drift for
Conventional Structural system and Framed Tubes structural
system are compared.

Fig. 10: Comparison Story Drift of Times 104

Fig. 11: Comparison Story Drift of The 31%
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Fig. 12: Comparison Story Drift of Trogon Tower
—  Comparison of results in terms of base shear (in kN)
Base shear refers to the lateral force exerted on the structure
at its Ground level during an earthquake or wind event.
The Following graph of base shear for Conventional
Structural system and Framed Tubes structural system are
compared.
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Fig. 13: Comparison Base Shear of Times 104
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Fig. 14: Comparison Base Shear of Trogon Tower

Figure 15 Comparison Base Shear of The 31
—  Comparison of results in terms of Time Period (in sec)
The time period of a tall building refers to the duration it takes
for the building to complete one full oscillation or cycle of
motion.

The Following graph of Time Period for
Conventional Structural system and Framed Tubes structural
system are compared.

Fig. 16: Comparison Time Period of Times 104
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Fig. 17: Comparison Time Period of Trogon Tower
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Fig. 18: 16 Comparison Time Period of The 31%
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—  Comparison of results in terms of Base Reaction (in kN)
The base reaction is essentially the total force or load that the
foundation must resist to maintain stability and support the
weight of the building.

The Following graph of base reaction for
Conventional Structural system and Framed Tubes structural
system are compared.

Fig. 19: Comparison Base Reaction of Times 104

Fig. 20: Comparison Base Reaction of Trogon Tower

Fig. 21: 17 Comparison Base Reaction of The 31%

IV. CONCLUSIONS

The implementation of Framed Tube structural systems with
Concrete Filled Steel Tube Columns, as opposed to the
traditional Conventional Frame Shear Wall structural
systems, yielded notable improvements in seismic
performance and reduction in parameter value across three
distinct buildings: Times 104, Trogon Tower, and the
31stThe key findings are as follows:

— The following conclusions are drawn based on the
analytical results of times 104 conventional system and
framed tube structural system
These improvements include a decrease in displacement
198.636 mm to 138.124 mm, enhanced resistance to
seismic forces, and better occupant safety. Additionally,
base shear reduced 7942.216 kN to 5471.746 kN,

indicating less lateral force on the foundation and
potential cost savings in foundation design. The shorter
time period 4.33 sec from 4.868 sec suggests faster
response to seismic forces, reducing vibrations and
improving overall performance. Lastly, the base reaction
decreases 8287.284 kN to 4885.076 kN showcases
efficient load distribution and increased resilience
against seismic forces.

The following conclusions are drawn based on the
analytical results of Trogon Tower conventional system
and framed tube structural system

The framed tube system led to a significant reduction in
displacement 286.562 mm to 188.55 mm and story drift
0.0027 to 0.00139 compared to the conventional system.
This translates to a stiffer and more robust structure,
better equipped to handle lateral loads from wind or
seismic activity. The framed tube system resulted in a
lower base shear force 14481.71 kN to 12534 kN and a
substantial decrease in base reaction force 14886.45 kN
to 12750.49 kN compared to the conventional system.
These reductions translate to lessened demands on the
foundation and overall building structure, potentially
leading to cost savings in foundation design. The framed
tube system with CFST columns exhibited a shorter time
period 6.45 sec to 4.61 sec compared to the conventional
system. This suggests a potentially faster response to
dynamic loads, which could be beneficial in seismic
Zones.

The following conclusions are drawn based on the
analytical results of The 31% conventional system and
framed tube structural system

In the conventional system, the displacement was 314.5
mm, whereas in the framed tube system, it reduced to
203.944 mm, signifying enhanced structural stability and
better resistance to seismic forces. The story drift in the
conventional system was 0.0019, while in the framed
tube system, it decreased to 0.0021, further emphasizing
the improved performance under seismic conditions. The
base shear in the conventional system was 6722.749 kN,
which reduced to 4402.985 kN in the framed tube
system. The time period in the conventional system was
7.08 seconds, whereas in the framed tube system, it was
reduced to 4.369 seconds. The base reaction in the
conventional system was 6912.58 kN, which decreased
to 4555.672 kN in the framed tube system. This
significant reduction in base reaction demonstrates
efficient load redistribution within the structure and
enhanced resilience against seismic forces.

Parameter Times 104 | Trogon Tower | The 31%
Displacement 30% 34% 35%

Story Drift 16% 49% 16%

Base Shear 31% 13% 35%
Time Period 11% 29% 38%
Base Reaction 41% 14% 34%

Table 2: Percentage of Reduction in Parameter
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