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ABSTRACT
In this paper structural efficiency of tubular, outrigger and bracing systems have
been analyzed. Tubular system is one of the very effective and efficient system which is
widely used as a lateral load resisting system for concrete and steel tall building. In
this system the lateral loads have been transferred by peripheral columns and deep
spandrel beams. Another very effective system which commonly used for stabilization
of high-rise building is outrigger belt truss with core shear wall. In this technique
basically core shear wall is used for structural strength and outrigger is used to
increase its lateral stiffness of tall and super tall buildings. Locations and number of
outriggers play very important role which need to be optimized. Bracing system is
another technique which used as a lateral load resistance system for tall buildings. In
this system lateral loads are transferred through lateral bracing by means of tensioncompression. In this paper comparison of tubular, outrigger and latera bracing
systems have been studied on a 42 story concrete building by using standard package
ETABS 2016.
Key words: Tube, bundled tube, braced tube, tube in tube, shear lag, outrigger and
bracing.
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1. INTRODUCTION

From ancient time humans were interested in building of tall structures, this demand increased
after industrial revolution. After industrial revolution rapid urbanization started, peoples were
migrating from rural areas to cities in search of jobs and employment opportunities. Cities
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densely populated and demand for construction of high-rise building increased significantly
and concept of vertical city came in to picture. There is no consensus and specific definition
for tall building to say that, building up to this height is called as tall building. Therefore, the
term tall building is a relative term which defer from city to city and country to country. For
typical single story area, a 5 story building maybe called as tall building. While if we talk
about Chandigarh city at present time 2018, 25 story maybe called as tall building. But if we
talk about Dubai a 25 story building is counted as normal building, because there are so many
other buildings which are having height more than 25 story building. But from structural point
of view we can have a more specific definition for tall building; in a building when the
governing load is lateral loads, than that building called as tall building. In tall building as
height of building increases effect of lateral load also increases. So, to resist lateral load there
should be a proper lateral load resisting system to transfer lateral load to foundation safely. To
tackle the problem of lateral loads, there are number of systems which are used to stabilize
high rise building against lateral loads i.e. rigid frame system, core shear wall, tubular system,
core shear wall with outrigger belt truss system, bracing system, mega column and
combination of these systems..

2. TUBE SYSTEM

Tube system in its simplest term means that, building behaves as an equivalent hollow tube.
In this system lateral load i.e. earthquake and wind load transferred through perimeter
columns. Tube system consists of closely spaced perimeter columns with common spacing of
1.5m, 3m, 4.5m and 6m center to center, connected with deep spandrel beams of common
depth of (0.9m to 1.8m). And some few interior column which is used to transfer gravity
loads, this interior columns are connected to perimeter columns through large span beams
preferably haunch beam. Spacing of perimeter columns play very significant role for
economy, strength, stiffness and stability of system.

2.1. Behavior of tube system

In tube system; frames which are parallel to lateral loads i.e. wind load and earthquake are
called as web, and frames which are perpendicular to the wind load are called as flange. In
tube system lateral loads transfer by means of tension and compression. In design and
analysis of tube system due to large in plane stiffness of floor slab, the out of plane strength
and stiffness of tube system is neglected. Lateral loads i.e. earthquake and wind load are
transferred by web to flange corner columns, and these loads are distributed to other flange
columns through deep spandrel beams. So, stiffness of spandrel beams play significant role
for distribution of load. In tube system flange corner columns experience maximum stress as
compare to middle columns in flange and this stress decreases toward middle columns. This
reduction of axial stress is called shear lag. To reduce the effect of shear lag several
techniques such as lateral bracing, bundled tube system have been used to counteract this
problem. [1], [2]

2.2. Bundled tube with 3m column spacing
Shear lag effect is the biggest drawback of tube system, to minimize it bundled tube is used.
Bundled tube system is the collection of two or more individual tube cells in a single bundle
in order to reduce the effect of shear lag. Bundled tube system has numbers of tube cells
which facilitate structure with different heights. In this system height of different tube cells
can be terminated without diminishing the structural integrity. In present case building is
divided in to two tube cells and we got significant reduction in shear lag effect. Figure 1
represent bundled tube system. [1], [2]
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2.3. Braced tube with 3m column spacing

Shear lag phenomena is a big challenge in tube system, it become severe when the number of
story exceed 60 stories. To reduce effect of shear lag either we should provide bundled tube or
provide lateral bracing on the face of perimeter columns. Basically tube system behave like
thin wall which have small opening for windows. The rigidity and stiffness of system depends
up on connection between column and spandrel beam, if spandrel beams are rigid enough the
system act as cantilever and reduces shear lag effect. But when height of structure increases,
distribution of shear stresses to flange of windward and leeward columns become a problem
and increases the shear lag, to cater this problem lateral bracing is used to connect all columns
together to minimize the effect of shear lag up to some extent. Effect of bracing for
minimizing effect of shear lag depends up on its rigidity and slenderness ratio of bracing. [1]

2.4. Tube in tube system with 3m column spacing

When the plan of tube system is large there is need of interior columns to transfer gravity
loads and reduce deflection of slab and beams. But when the plan area of tube system is too
large it is beneficiary to provide another tube system inside large tube, these interior closely
spaced columns are connected to each other with deep spandrel beams and this system of tube
is known as Tube in Tube system.

2.5. Outrigger structural system

In case of super tall buildings limitation of drift due to wind and earthquake loads is a big
challenge. There are several techniques which have been used to limit down drift due to
lateral loads. Utilization of full capacity of structural member is always desirable in any high
rise building, outrigger system is such structural system, which is very effective to limit down
lateral drift due to lateral loads. This system consist of core shear wall and columns which are
connected to each other by means of one or two story deep and relatively stiff structural wall,
truss or sometime ductile vierendel truss. Working principle of this system is simple; core
shear wall connected to exterior columns through outrigger wall or truss which act together in
order to reduce overturning moment. In this system outer columns participate to reduce lateral
deflection by means of tension and compression. Optimum location and number of outrigger
structural system has significant effect for effectiveness of this system which need to be
studied in deep. In tall buildings core shear wall used to increase strength while outrigger is
used to increase its stiffness. Generally by using outrigger system there is 30 to 40 % increase
in the stiffness of system as compare to core shear wall. Outrigger system shown in figure 2
and 3.

2.6. Bracing system

High rise buildings need a proper lateral load resisting system to transfer lateral loads and
dissipate energy. For building which are having more than 35 to 40 number of stories rigid
frame alone is not enough, because the shear racking of beams and columns due to bending
lead to very large lateral drift. To control lateral drift and increase strength, stiffness and
ductility of system bracing system is used. Basically bracing system transfer lateral forces by
means of tension and compression. So, slenderness ratio of bracing plays crucial role in
performance of structure. Generally slenderness ratio of 65 to 100 is a desirable value to
control stiffness, strength and ductility of system. A bracing with very low slenderness value
attract more seismic force and decrease ductility of the system. On the other hand bracing
with high slenderness ratio causes failure of bracing and decrease performance and efficiency
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of lateral load resisting system. Therefore, optimization of slenderness ratio of bracing is an
important factor for performance of bracing system. Generally there are two types of bracing:
1-concentric bracing. 2- eccentric bracing. X bracing, V-bracing, inverted V bracing and K
bracing are example of concentric bracing. While eccentric bracings have complicated
geometry. X bracing is the simplest type of bracing and used frequently to transfer lateral
loads by means of tension and compression to columns and it utilizes axial load carrying
capacity of columns, it is useful for concrete building which has large columns. K bracing
increases shear in columns, so, proper care should be taken while using of K bracing.
Buildings which are having beams with large flexural stiffness and strength V-bracing and
inverted V-bracings are used. Concentric bracing has a common drawback of poor inelastic
behavior. To overcome this problem it is desirable to use eccentric bracing in high seismic
zone. [1],[5],[6],[7]

3. MODELING AND ANALYSIS

In this paper a 42 story reinforced concrete building with total height of 147m and plan size of
(43x33m) is used to compare tubular, outrigger and bracing systems. Also to find structural
performance of above mentioned structural systems. This building located in zone IV. So
according to is 1893(part1):2002 regular buildings in zone IV and V which are having height
of more than 40m need to be analyzed by dynamic analysis. So in this paper all models are
having equal height of. 147m which need to be analyzed by dynamic analysis. A linear static
and dynamic response spectrum is performed in all models. Table 1and 2 shows loading,
seismic parameters respectively.
Table 1. Loading
Sr.no
1

Live load in KN/m
3

2

Super dead load in KN/m2
3

Wall load in KN/m
15

Table 2. Seismic parameters
Sr.no

Importance
factor(I)

Zone factor(Z)

1

1.5

0.24

Response
reduction
factor(R)
5

Type of soil

Damping
ratio

II

5%

3.1. Modeling and analysis of Tube system with 3m column spacing

A 42 story building is been modeled in ETABS, with perimeter column spacing of 3m center
to center. Periphery columns are connected by deep spandrel beam. Few interior columns are
provided for transfer of gravity load and they are connected to perimeter column by haunch
concrete girder. Haunch girder used to facilitate mechanical conduit without increase in floor
height. One way joist slab is used with rib spacing of 750mm, overall rib depth of 350mm,
slab thickness of 100mm, stem width at top 200mm and 130mm in bottom. Table 3 shows
geometrical property.
Table 3 Geometrical property
Sr.
no

Column
size in mm

Beam size
in mm

1

1000x700

1200x600

Wall
thickne
ss in
mm
350
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Figure 1 Plan view of bundled tube system with 3m column spacing

3.2. Modeling and analysis of outrigger structural system

The same building with same properties used here. Table 4 and 5 represent geometrical
property and outrigger location.
Table 4. Geometrical property of outrigger system
Sr no.

Column
size in mm

1

800x600

Coupled
beam size
in mm
1000x400

Beam size
in mm
600x450

Shear wall
thickness in
mm
370

Slab
thickness
in mm
150

Bracing size
ISHB 450-2

Table 5. Outrigger belt truss provided at the following location
Sr. no
1
2
3
4
5
6
7

Types of building
Building with core shear wall and one outrigger at top.
Building with core shear wall and one outrigger at H/4 from top of building.
Building with core shear wall and one outrigger at H/2.
Building with core shear wall and two outrigger at H/3 and 2H/3 from top of building.
Building with core shear wall and two outrigger one fixed at top and another at H/2.
Building with core shear wall and three outrigger, one fixed at top and two other at H/3 and
2H/3 from top of building.
Building with core shear wall and three outrigger at H/4, H/2 and 3H/4 from top of building.
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…
Figure 2 Outrigger system…

.Figure 3 Outrigger belt truss

3.3. Modeling and analysis bracing system

Same 42 story building with 147m height and plan area of (43x33m) has been used here. In
this system bracing is used as lateral load resisting system. For analysis and design ETABS
2016 has been used. In this paper X-bracing and inverted V-bracing used. Table 5 represent
geometrical property of bracing systems.
Table 5 Geometrical property
Sr.
no
1

Column size in mm

Beam size in mm

800x600

750x450

Slab thickness in
mm
200

Bracing size
IS HB 450-2

4. RESULT AND DISCUSSION

In present case all models have been analyzed by equivalent static and response spectrum
methods. The response spectrum has been scaled up to more than 85% of total static base
shear. Maximum base shear, lateral deflection and time period of all models have been
extracted and shown in table 6, 7 and 8 respectively.in tubular system, tube in tube system has
maximum base shear of 12629.8 KN, with minimum lateral deflection of 165.4 mm and time
period of 4.144 sec. In outrigger structural system, three outrigger belt truss at H/4, H/2 and
3H/4 has maximum base shear of 8237.45 KN. with minimum lateral deflection of 129 mm
and 2.78 sec time period. Bracing system is much more flexible than tube system and
outrigger system, and has lesser lateral stiffness and more lateral deflection. So, use of lateral
bracing in case of super tall building is not a good option.
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Table 6. Base shear
Models

X –direction in KN

Y –direction In KN

Tube system
Tube in tube
Braced tube
Bundled tube
One outrigger at top
One outrigger at H/4
One outrigger at H/2
Two outrigger one fixed at top and
another at H/2
Two outrigger at H/3 and 2H/3
Three outrigger one at top and two
other at H/3 and 2H/3
Three outrigger at H/4, H/2
and3H/4
X-bracing
Inverted v- bracing
Mixed bracing

10112.66
12629.8
10984.9
10712
6888.7
7177
7300.43
7336.3

9253.7
10357
9522.6
10649.96
7425.3
7952
8086.6
8308.78

7725.2
7885.31

9057.21
9328.87

8257.45

9865.2

7653.23
7565.35
7522.88

7588.595
7504.1
7536.26

Table 7. Lateral deflection
Models
Tube system
Tube in tube
Braced tube
Bundled tube
One outrigger at top
One outrigger at H/4
One outrigger at H/2
Two outrigger one fixed at top and another at H/2
Two outrigger at H/3 and 2H/3
Three outrigger one at top and two other at H/3 and 2H/3
Three outrigger at H/4, H/2 and3H/4
X-bracing
Inverted v- bracing
Mixed bracing

X-direction in mm
133.99
118.3
126.88
134.89
156
133
135
127
125
119
119
223.29
217.48
240.22

Y-direction in mm
176.63
165.4
164.1
143
172
142
145
136
137
129
129
288.17
270.74
343.904

Table 8. Time period
Models
Tube system
Tube in tube
Braced tube
Bundled tube
One outrigger at top
One outrigger at H/4
One outrigger at H/2
Two outrigger one fixed at top and another at H/2
Two outrigger at H/3 and 2H/3
Three outrigger one at top and two other at H/3 and 2H/3
Three outrigger at H/4, H/2 and 3H/4
X-bracing
Inverted v- bracing
Mixed bracing
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3
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2.78
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4.1. Discussion
Basically shear lag is the reduction of axial stress of perimeter column in tube system. And it
becomes severe when the number of story goes beyond 60 to 70 story. Therefore, this
challenge should be taken care of. In this paper bundled tube, braced tube and tube in tube
have been considered to minimize the effect of shear lag. Figure 4, 5, 6, and 7 shows the shear
lag effect of simple tube, bundled, braced tube and tube in tube systems respectively. In
simple tube under earthquake load corner columns subjected to 4410 KN and it reduce up to
972 KN in the middle flange columns, which shows 77.97 % reduction in axial force. In
bundled tube large tube is divided in to two smaller cell and it shows 59.9 % reduction of
axial force between corner column and middle flange column under earthquake. In case of
braced tube it shows reduction of 65.43% between corner columns axial force and flange
middle columns under earthquake, which is higher than bundled tube and lower than simple
tube system. Basically tube in tube system does not affect the shear lag, mainly it is used to
reduce the shear in the spandrel beams and provide one tube inside the main tube to reduce
length of interior beams which are used to connect outer columns to inner columns and
increase lateral stiffness of system. In this study it shows a reduction of 75.8% in axial force,
between corner columns and middle flange column under earthquake load.

Figure 4 shear lag effect in tube system with 3m column spacing

Figure 5 Shear lag effect in bundled tube
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Figure 6 Shear lag effect in braced tube system

Figure 7 Shear lag effect in tube in tube system

5. CONCLUSIONS


In this paper comparison of three systems have been evaluated to find their efficiency in term
of their structural performance.



In outrigger structural system building with core shear wall and three outrigger at H/4, H/2
and 3H/4 from top of building has minimum time period and lateral drift, but more base shear
which is not desirable from structural point of view. It also causes architectural disturbance.
Among all outrigger systems, building with core shear wall and two outriggers at H/3 and
2H/3 from top of building has better performance because it has acceptable base shear, time
period and lateral deflection.



In steel bracing systems, inverted V-bracing has minimum lateral drift which is 270.74mm
and lesser time period of 5.29sec. But bracing system is much more flexible than tube and
outrigger system which increase the lateral drift and reduces lateral stiffness of the system. In
this study we got 46.7% increase in lateral deflection in X- direction and 55.23% in Ydirection as compare to outrigger system.



In three systems that have been compared for a 42 story building. Tube system give a fair
result because in case of tall building utilization of space is one of the very important factor
which affect overall cost of building. And in tube system more columns are provided on
perimeter and less column provided inside the building which create more free space for the
occupancy. Even though this system has more base shear because of one way joist slab system
as compare to other system, but still its base shear is in acceptable range. But if we talk in
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term of stiffness outrigger system has better lateral stiffness with lesser base shear as compare
to tube system but it causes architecture disturbance and limit down free space for the
occupancy. In this study we got a base shear reduction of 43.17% in outrigger system as
compare to tube in tube system which has the maximum base shear.
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