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Abstract:- During the last few decades, several
buildings have been built utilizing belt truss and
outrigger system for the lateral loads' transfer
(throughout the world). In conjunction with the
composite structures, this system is very effective
when used especially in tall buildings. Parameter
comparison of high rise RCC structure with steel
outriggers and belt truss system provided at various
positions along with the height of structure using
Linear and Non- Linear Analysis is the main scope of
this research. The key parameters discussed in this
paper include lateral deflection, story drifts and, base
shear. Nine different models are prepared for
different positions of the outrigger system and results
have been compared. Seismic loads are considered
as per IS 1893- 2016 part -1. The modeling and
analysis is performed using finite element software
ETABS 15.2.2-2016

Keywords — Time History Analysis, Outrigger
Structural System, Belt truss.

I. INTRODUCTION

High rise structures are designed to improve
building overturning stiffness and strength by
connecting outriggers to the building core to distant
columns and outriggers are nothing but rigid
horizontal structure.  Outriggers have been used in
tall, narrow buildings for nearly half a century, but
the design principle used for millennia. The
explanation of outrigger behavior is simple: because
outriggers act as stiff-arm engaging outer columns.
When the structure is subjected to horizontal loading,
shear wall and outrigger trusses will rotate and its
rotation induces a tension-compression couple in the
outer columns acting in opposing to the movement.
As a result, is a type of restoring moment acting on
the core at that level. Analysis and Design of a
complete core and outrigger system are quite
completed as relative stiffness of each element
responsible for the distribution of forces between the
core and the outrigger system. So it is difficult to
arbitrarily assign overturning forces to the core and
the outrigger column. It is certain that bringing

perimeter structural elements together with the core
as one lateral load resisting system then it will reduce
core overturning moment, but not effective in
reducing core horizontal shear forces. (See figure 1
and 2)
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Figure 1 Interaction between Core and
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Figure 2 Transfers of Forces from the Core to
Column.

In fact, shear in the core can actually increase at

outrigger stories due to horizontal forces couple

acting on it. Belt, such as trusses or walls encircling

the building, add further complexity. Belt truss can

improve lateral system efficiency. The structures with
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outriggers connected individual mega column, belt
truss can transfer more gravity load to the mega
column to minimize net uplift. Reinforcement or the
column splices can be used to reduce tension and
stiffness reduction associated with concrete in net
tension. Belt truss can further enhance overall
building stiffness through virtual or direct outrigger
behavior provided high in-plane shear Stiffness, As
well as increasing tower torsional stiffness for both
mega column and tube building. Belt working with
the mega column can also create a secondary lateral
load resisting system in seismic resisting technology.
A core and outrigger system is frequently selected for
lateral load resisting system of all tall or slender
building where the overturning moment is large
compared to shear, and where overall building
flexural deformations are major contributors to lateral
deflection such as story drift. In that case, building
drift and core wind moments reduced due to
outriggers. The outrigger system is a very efficient
and cost-effective solution to reduce building
accelerations, because of the increased stiffness they
provide, which improves occupant comfort during
high winds.

Il. OBJECTIVES

1. To study the behavior of high rise RCC building
structure provided with steel outriggers along
with belt truss system subjected to seismic
forces.

2. To study the parameters such as lateral
displacement, story drift, base shear with steel
outriggers with X-type and V-type bracing
systems of high rise RCC structure using by
linear and non-linear methods of analysis as per
the guidelines of IS 1893-2016.

3. To compare the reduction in displacement with
the increase in base shear for the increase in the
number of outriggers.

I1l. METHODOLOGY

The model considered for this study is a 139m
high rise reinforced concrete building frame. The
Plan area of the Structure is 42m x 42m with columns
spaced at 6m from the center to center. The height of
the bottom story is 4m and all other floors are of
height 3m considered as typical floors. Shear wall
thickness is considered as 300 mm over the entire
height. Beams 300mm wide and 750 mm deep,
column 450 mm x 600 mm, the thickness of slab
200mm and Grade 40 (Mix — M40) concrete and steel
Outriggers of steel tube section of size 400 x 400x
25mm of is considered throughout the height of the
building.

The study is performed for seismic zones V as per
IS 1893 (Partl): 2016. The Importance factor is
considered 1.5 for the structure. The analyses are
based upon the assumptions that the outriggers are
pinned attached to the core; Neglecting soil-structure
interactions (fixed supports) for all columns and core.

The Linear and Non-Linear analyses are carried out
using ETABS software. The plan and elevation of the
structure as shown in the figure below (fig 3 & 4)

Fig-3 Plan of G+45 Stories Conventional Building.
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Fig- 4 Elevation of G+45 Storied Conventional
Building.
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8. Model with V-type braced outriggers
located at the top, 39", 33" 26™ 20" 13"
6" story. (top, 1/7™, 2/7", 3/7", 4/7™ 5/7",
6/7") (Figure 4.8)

9. Model with X-type braced outriggers
located at the top, 39", 33 26" 20" 13"
6" story (top, 1/7" 2/7" 3/7" 47" 57",
6/7") (Figure 4.9)
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Different Arrangements of Outriggers :EJ

The models that are selected for the study are listed E%

as follows, i

1. Conventional frame model  without EE:

outriggers.( Figure 3 & 4) S

2. Model with V-type braced outriggers el

located at the top story. (Figure 8) i

3. Model with X-type braced outriggers Sorvad

located at the top story. (Figure 7) EE

4. Model with V -type braced outriggers EK"

located at the top, 15™ and 31% story. ( top, it

1/3" 2/3") (Figure 4.4) suv's

5. Model with X-type braced outriggers EE

located at the top, 15™ and 31% story. ( top, S

1/3" 2/3) ((Figure 4.5) -

6. Model with V-type braced outriggers el

located at the top, 36", 27", 18" 9" story. ; -

(top, 1/5",2/5",3/5", 4/5") (Figure 4.6) ] - g

7. Model with X-type braced outriggers
located at the top, 36th, 27th, 18th, 9th story. Fig 8: G+45 story building with outriggers using V
(top, 1/5",2/5" 3/5", 4/5™) (Figure 4.7) type bracings located at the top story.
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Fig 9: G+45 story building with outriggers using X Fig 11: G+45 story building with outriggers using

type bracings located at the top, 15th and 31st X type bracings located at the top, 36th, 27th, 18th,
story. 9" story.
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Fig 10: G+4E_> story building with outriggers using Fig 12 G+45 story building with outriggers using
V type bracings located at the top, 15th and 31st V type bracings located at the top, 36th, 27th, 18th,
story. 9th story.
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Fig 13: G+45 story building with outriggers using
X type bracings located at the top, 39", 33" 26",
20™ 13™ 6" story.
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Fig 14: G+45 story building with outriggers using
V type bracings located at the top, 39", 33", 26",
20", 13", 6" story.

IV.RESULT AND DISCUSSION

1. Lateral displacements:

Maximum roof displacement is one of the most
important criteria for locating outrigger—belt truss
system optimally. Story displacement is the absolute
value of displacement of that story under the action
of lateral force. The maximum displacement of all
models at the top story and percentage reduction in
displacements as compared to conventional building
using linear and Non-linear analysis are given below
table 1 and respectively.

2. Story Drift:

Story drift is the difference of displacement between
two consecutive stories dived by the height of that
story. The maximum story drift of all models at the
top story and percentage reduction in the drift as
compared to conventional building using linear and
Non-Linear analysis are given below table 2 and 5
respectively.

3. Base shear:

Base shear is the maximum expected lateral force
that will occur due to earthquake ground motion at
the base of a building structure. Base shear of all the
models is computed from the linear and non-linear
method of Analysis are shown below in table 3 and
table 6 respectively.

Table 1 Maximum lateral displacement by linear
Dynamic Analysis

Maximum Percentage
Model No displacement at -htag
reduction (%)
top story (mm)

Model 1 279.793 -
Model 2 274.936 1.73%
Model 3 275.202 1.64%
Model 4 251.381 10.15%
Model 5 250.529 10.45%
Model 6 234.675 16.12%
Model 7 238.68 14.69%
Model 8 228.571 18.31%
Model 9 228.125 18.47%
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Table 4 Maximum Lateral Displacement by Non-
linear Time-History Analysis

From the graph given below, it is observed that the

Reduction in displacement of RCC structure provided with an
Model No Drift at top Percen_tageo outrigger system with X braces along with belt
storey reduction (%) | trusses at the top, 39th, 33rd, 26th, 20th, 13th, and
the 6th story is reduced by 18.47% as compared to
Model 1 0.001455 - the conventional building. Further, the value
obtained for responses such as story drift at the top
Model 2 0.001262 13.26% story is reduced by 22.40 % for the same model
Model 3 0.001279 12.09% concerning the conventional building structure. As
' ' compared to X braced outrigger and belt truss system
Model 4 0.001205 17.18% V braced outriggers having the same response in
displacement and drift is observed. It is observed that
Model 5 0.001216 16.42% increment in base shear is very small by using
outriggers and belt trusses than the conventional
Model 6 0.001171 19.52% building, which is only 4.98 %. As the structure is
RCC building and outriggers are of steel material the
Model 7 0.001167 19.79% increase in base shear is very less because the dead
o weight of reinforced concrete is more than steel. No
Model 8 0.00113 22.34% significant change in the base shear values are
observed as the weight of outriggers is far less
Model 9 0.001129 22.40% compared to the building structure.
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Fig 15: Comparison of lateral displacement (Linear Dynamic Analysis)
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Table 3 Maximum Base shear from linear
Dynamic Analysis

Model No MaXimu(Tls?se shear
Model 1 18310.144
Model 2 18334.427
Model 3 18348.539
Model 4 18382.993
Model 5 18425.329
Model 6 18508.710
Model 7 18494.652
Model 8 19088.646
Model 9 19222.333
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Table 4 Maximum Lateral Displacement by Non-
linear Time-History Analysis

Maximum
oo | S| Percge
(mm)

Model 1 324.738 -
Model 2 321.165 1.00%
Model 3 321.291 0.95%
Model 4 304.51 6.12%
Model 5 304.468 6.14%
Model 6 291.651 10.01%
Model 7 291.759 10.01%
Model 8 277.636 14.41%
Model 9 277.538 14.44%
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The results obtained by Non-linear time history
analysis are shown in the graph below, it is observed
that the displacement of RCC structure provided

Table 5 Reduction in Drift by Non —Linear Time
History Analysis

with outrigger system with X braces along with belt Reduction in Percentage
trusses at the top 39™,33", 26" 20" 13", 6" stories Model No Dril:‘t a:t torIJ reductio%
is reduced by 14.44% as compared to conventional storey (%)
building. Further, the value obtained for responses
such as story drift at the top story is reduced by Model 1 0.001678 -
17.46 % for the same model concerning the
conventional building. As compared to X braced Model 2 0.001512 9.98%
outrigger and belt truss system V braced outriggers Model 3 0.001513 9.83%
having the same response in displacement and drift
is observed. It is observed that increment in base Model 4 0.001484 11.56%
shear is very small by using outriggers and belt
trusses than the conventional building, As the Model 5 0.001434 11.56%
structure is RCC building and outriggers are of steel
material the increase in base shear is very less Model 6 0.001450 13.59%
because the dead weight of reinforced concrete is Model 7 0.001448 13.71%
more than steel. No significant change in the base
shear values are observed as the weight of outriggers Model 8 0.001385 17.46%
is far less compared to the building structure.
Model 9 0.001385 17.46%
Comparision of Story Drift
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Fig 18: Comparison of Story Drift (Linear Dynamic Analysis
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Table 6 Maximum Base shear from Non-linear
Time-History Analysis

Model No MaXimU(rlTllEJlE)ise shear
Model 1 17418.519
Model 2 17426.404
Model 3 17430.986
Model 4 17442.173
Model 5 17455.919
Model 6 17457.942
Model 7 17480.159
Model 8 17473.711
Model 9 17505.785

V. CONCLUSION

This paper focuses on the seismic behaviour of
tall structure with outriggers and belt truss system
using Linear dynamic and Non-Linear Time History
Analysis from which the following conclusion can
be drawn based on the above result:

1. From the linear and non-linear analysis of
the RCC building provided with the outrigger
systems using X and V type bracing, it is observed
that both types of outrigger system having the nearly
same response and X braced system is barely
effective than V type bracings as are giving
minimum displacement and drift values.

2. In the linear dynamic analysis of the RCC
building, provided with an outrigger system with X
type bracings, the lateral displacement and top story
drift get reduced by 18.47% and 22.40%
respectively compared to the values obtained from
the analysis of conventional RCC building. However,
in the non-linear method of analysis, lateral
displacement and top story drift get reduced by
14.44% and 17.46% respectively compared to the
values obtained from the analysis of conventional
RCC building.

3. The complete comparative analysis reveals
that to know the behaviour of the tall structure under
earthquake loadings, time history analysis must be
performed as it gives more response to time history
analysis as compared to Linear Dynamic Analysis.
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