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Abstract — In modern tall building design, reduce the impact
of lateral loads is crucial for structural stability and occupant
safety. [1] Among the various structural systems employed
for this purpose, the outrigger system stands out as an
effective solution. The behavior of 45 story structure for
lateral loads is analyzed with Core wall, 3 RCC and Steel
Outrigger systems by placing them at different story levels
alternatively using ETABS software. The behavior of these
outrigger configurations under seismic loads. The parameters
such as displacements, inter-story drifts and bending
moments in a structure with a core wall and outriggers are
plotted and compared with a structure containing only a core
wall. The combination of RCC and steel outriggers may
provide optimal results compared to using RCC or steel
outriggers individually. By integrating outriggers during the
design phase, engineers can enhance building stability and
seismic resilience.
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I. INTRODUCTION

A. General

Tall Structures are crucial in modern cities due to their social,
economic, and ecological benefits.*! However, they are
complex structures with numerous elements and components,
and are significantly impacted by various phenomena. Large
gravity loads in tall buildings can lead to issues like
differential axial shortening of columns and core, and
foundation dishing.[l Additionally, they are more susceptible
to lateral loads such as earthquakes and wind. As buildings
get taller, stability and rigidity become more important than
strength. Technological advancements in building materials,
damping systems, construction technologies, and computer
software for structural analysis and design have facilitated the
prevalence of high-rise buildings, especially in emerging
economies. These countries require such structures for
various reasons.™!

With Change in Technology, Structural engineers
have evolved and included various lateral load resisting
structural system such as Outrigger Structural System,
Diagrid Structural System, Framed tube Structural System
etc. in many tall structures to fulfilling the requirement of
Safety, Strength and Serviceability Criteria. ]

B. Outrigger Structural System

An outrigger system is a lateral load-resisting mechanism
commonly used in tall buildings to enhance their stability and
mitigate the effects of lateral forces such as wind and
earthquakes. An outrigger system comprises horizontal
trusses or beams that link the building core to the perimeter
columns. Its primary aim is to evenly distribute lateral loads

from the upper floors of the building to both the core and
perimeter, thereby enhancing the overall structural integrity.

There are different types of Outriggers mentioned
below, Belt Truss Outriggers, Belt Wall Outriggers, Corner
Outriggers, Super Outriggers.

In the design of outriggers, careful consideration is
given to their placement to ensure optimal structural
performance. 1 This involves selecting the most suitable
levels for outriggers based on thorough structural analysis. By
analyzing factors such as load distribution, lateral stability,
and inter-story drift, engineers can determine the ideal
placement of outriggers throughout the building. When
selecting outriggers as a structural component, engineers
often consider various material options to optimize
performance. (4

C. Outrigger Configuration

In an outrigger configuration, outriggers are structural
elements typically used in tall buildings to provide additional
lateral support and stiffness. The outriggers are placed at
different levels of the building to enhance its structural
stability, especially against lateral forces such as wind or
seismic load.

Material Alternation: Outriggers can be constructed
using a combination of reinforced concrete (RCC) and steel.
The choice of material depends on various factors such as
structural requirements, cost, and construction feasibility.
RCC outriggers are often used for their strength and
durability, while steel outriggers offer advantages in terms of
flexibility and ease of construction.

Location: Outriggers are strategically placed at
intermediate levels of the building, usually at or near story
levels. These levels are selected based on structural analysis
to ensure that the outriggers effectively distribute lateral loads
to the building's core and perimeter columns. Placing
outriggers at multiple levels helps to minimize structural
deformations and reduce sway, improving overall stability.

1. OBJECTIVE OF WORK

The primary objective of this study is to assess and compare
the performance of different arrangements of steel and RCC
(Reinforced Concrete) outrigger structural systems in tall
structures. This involves analyzing various structural
parameters including deflection, inter-story drift, and
moments to evaluate their effectiveness in enhancing
structural stability and reducing lateral loads. Additionally,
the study aims to identify the optimal location for outriggers
within the structure to achieve maximum efficiency and
effectiveness in mitigating lateral forces.
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I1l. METHODOLOGY

A. Details of Model

This chapter analyses a 45-story RCC building with a shear
core, investigating three alternative arrangements of
outriggers. The outriggers are composed of RCC walls and
hollow box sections with inverted V topology. The study
varies the location of outriggers at different story levels in a
hypothetical plan of the building. Modelling and analysis of
the outrigger structure are conducted using ETABS software.
For the analysis of models Response Spectrum Method is
used as per IS 1893:2016.

No. of Story 45 Story
No. of Outrigger 3 Outrigger
Bottom Story Height 35m
Typical Story Height 30m
Grade of Concrete
(Fck) M45
Grade of Steel (fy) Fe500

Base to 14" Floor —0.9 X 0.9 m
15% to 30" Floor — 0.75 X 0.75

Column Size m
31% Floor to 45™ Floor — 0.6 X
0.6 m
Slab thickness 125 mm
Beam Size 0.30 X 0.65m
Core wall thickness 300 mm Core Shear Wall

Steel Outrigger
(Hollo Box Section)
Outrigger Wall thick.
(RCC Wall)

500 X 500 X 6 mm

300 mm

6 bays * 8 m X-direction
6 bays * 6 m Y-direction
Table 1: Details of Building and Outrigger for Model

Plan

B. Outrigger Configuration

Alternative Arrangement of RCC & Steel Outriggers are

mentioned below,

1) RCC-RCC-RCC Outrigger placed from top to bottom
respectively

2) Steel-Steel-Steel Outrigger placed from top to bottom
respectively

3) RCC-Steel-RCC Outrigger placed from top to bottom
respectively

4) RCC-RCC-Steel Outrigger placed from top to bottom
respectively

5) Steel-RCC-RCC Outrigger placed from top to bottom
respectively

6) Steel-RCC-Steel Outrigger placed from top to bottom
respectively

7) Steel-Steel-RCC Outrigger placed from top to bottom
respectively

8) RCC-Steel-Steel Outrigger placed from top to bottom
respectively

Based on above alternative arrangement of RCC and

Steel Outrigger, the optimum location for these Outriggers is

chosen based on varying the location at story level.

1) Without Outrigger only with Core Wall

2) Outrigger @ 45-30-15 story level from top to bottom
respectively

3) Outrigger @ 45-22-11 story level from top to bottom
respectively

4) Outrigger @ 45-22-5 story level from top to bottom
respectively

5) Outrigger @ 33-22-11 story level from top to bottom
respectively

6) Outrigger @ 45-22-7 story level from top to bottom
respectively

7) Outrigger @ 40-25-7 story level from top to bottom
respectively

C. Modelling

Fig. 1: Plan of the Model
Fig.1 and Fig.2 shows the Plan of the Model and 3D
view of the outrigger system with placing alternatively at the
story level.

g
Fig. 2: Models of Outrigger Placed at 45-30-15 Story for
Hypothetical Model (a) RCC-RCC-RCC (b) Steel-Steel-
Steel (¢c) RCC-Steel-RCC (d) RCC-RCC-Steel (e) Steel-
RCC-RCC (f) Steel-RCC-Steel (g) Steel-Steel-RCC (h)
RCC-Steel-Steel
Loading Data:

Live Load 3.0 KN/m?
Floor Finish 1.0 KN/m?
Wall Load 2.5 KN/m (AAC Blocks)

Seismic data:
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Zone 111 (Ahmedabad)
Soil type 1
Importance Factor 1.2
Response Reduction Factor 5
Damping Ratio 5%

Table 2: Loading Details

IV. RESULT AND DISCUSSION
Comparison of Max Story Displacement

Max Story Displacement (mm)
With Optimum % reduction
Outrigger Location in Disp.
RCC-RCC-RCC 39.46 O 40-25-7 61.88%
STEEL-STEEL-
STEEL 69.405 0 45-22-11 32.95%
RCC-STEEL-
RCC 46.177 0O 40-25-7 55.39%
STEEL-RCC-
RCC 41.19 O 40-25-7 60.21%
RCC-RCC-
STEEL 52.838 O 40-25-7 48.95%
STEEL-RCC- .
STEEL 56.897 O 40-25-7 45.03%
RCC-STEEL- .
STEEL 64.122 O 40-25-7 38.05%
STEELSTEEL | 50252 | 040-257 51.45%

Table 3: Max Story Displacement
In above Table 3 max story displacement Without Outrigger
is 103.506 mm.

Table-3, 4 and 5 provide a comparison of the
maximum story displacements, max story drift ratio and
overturning moment with and without outriggers for model.
Comparison of Max Story Drift Ratio

Max Story Drift Ratio
With Optimum % reduction in
Outrigger Location Drift Ratio
RCC-RCC- 0
RCC 0.000456 | O 40-25-7 53.04%
STEEL-
STEEL- 0.000675 | O 45-22-11 30.48%
STEEL
RCC-STEEL- | , 500523 | 0 40-25-7 46.14%
RCC
STEEL-RCC- 1 4 000445 | 0 40-25-7 54.17%
RCC
RCC-RCC- 0
STEEL 0.000524 | O 40-25-7 46.04%
STEEL-RCC-
STEEL 0.000616 | O 40-25-7 36.56%
RCC-STEEL- 0
STEEL 0.000702 | O 40-25-7 27.70%
STEEL- 0
STEEL.RCC | 0000527 | 0 40-25-7 45.73%

Table 4: Max Stroy Drift Ratio
In above Table 4 max story drift ratio Without Outrigger is
0.000971.

These results indicate that the RCC-RCC-RCC
outrigger configuration is highly effective in reducing
displacements for the model. Similarly, the Steel-RCC-RCC
outrigger configuration proves particularly effective in
mitigating drift ratio for the model, while the Steel-Steel-

RCC configuration demonstrates effectiveness in reducing
overturning moment for the model.

In below Table 5 Overturning moment Without
Outrigger is 221643 KN/m.

In modal analysis, the first two modes typically
represent translational movements, while the third mode
often corresponds to rotational motion. Ensuring that these
modes collectively account for at least 65% of the total mass
is crucial for complying with the seismic design standards
specified in IS 1893 (Partl): 2016.

Here in this paper necessary checks for tall
structures are studied such as Stiffness irregularity, Mass
irregularity, model participation ratio, max story
displacement for the model.

As per 1S 16700:2017, Cl. No. 5.3 Lateral stiffness
of any storey shall not be less than 70 percent of that of the
storey above. As per IS 1893: 2016, Cl. No. 7.1 Mass
Irregularity shall be existed, when the Seismic weight of any
Story is more than 150 % of that of the Story above.
Comparison of Max Story Drift Ratio

Overturning Moment (KN-m)
5 -
With Optimum o reduct!on
Outrigger Location Overturning
Moment
RCC-RCC-RCC | 232175 O 40-25-7 -4.75%
STEEL-STEEL-
STEEL 207801 0 45-22-11 6.25%
RCC-STEEL- 0
RCC 188742 O 40-25-7 14.84%
STEEL-RCC- 0
RCC 222680 O 40-25-7 -0.47%
RCC-RCC-
STEEL 230491 O 40-25-7 -3.99%
STEEL-RCC- o
STEEL 221256 O 40-25-7 0.17%
RCC-STEEL- 0
STEEL 211408 O 40-25-7 4.62%
STEEIFE'CSJ EEL- 175902 O 40-25-7 20.64%

Table 5: Overturning Moment

V. CONCLUSION

The analysis compares the effectiveness of various outrigger
configurations in reducing displacement, drift ratio, and
overturning moment in the model. Configurations with Steel-
Steel-RCC  Outriggers consistently show significant
reductions in displacement, drift ratio, and overturning
moment compared to configurations without outriggers.

The Steel-Steel-RCC Outrigger configuration at
40t 25M 7t Story from top to bottom in the hypothetical
model demonstrates reductions of 51.45% in displacement,
45.73% in drift ratio, and 20.64% in overturning moment.

Our assessments confirmed that there were no
instances of mass irregularity, and the structures complied
with prescribed limits for parameters such as mass
participation ratio, maximum story displacement, and
maximum inter-story drift, as specified by IS 16700:2017.

Soft story effects are addressed differently
depending on the outrigger system used, with RCC outriggers
at the story below acting as soft stories in RCC-RCC-RCC
and  Steel-Steel-RCC  configurations.  Additionally,
compliance with mass irregularity limits as per IS 1893
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(Part1):2016 is required. Overall, outrigger configurations,
especially RCC-RCC-RCC, prove effective in enhancing
structural stability and minimizing deformations, with
variations in performance attributed to design specifics and
shear wall distribution.

VI. FUTURE SCOPES

Conducting a parametric study to investigate the effect of
varying the plan dimension along the height of the structure,
aiming to optimize the design for different structural
requirements and constraints.

Performing a parametric study to analyze the impact
of varying the location of outriggers on the overall
performance of the structure, with the objective of identifying
the optimum placement to maximize stability and minimize
lateral forces.

Exploring a parametric study to examine the
influence of different configurations of RCC and steel
outriggers on the structural behavior and efficiency, aiming
to identify the most effective design for specific project
requirements.

Conducting a comprehensive cost comparison
analysis of the research findings to evaluate the economic
feasibility and practical viability of implementing the
proposed structural enhancements compared to conventional
methods.

Extending the research work to real-life projects to
validate the efficacy and applicability of the proposed
outrigger structural system in practical construction
scenarios.

Analyzing the behavior of other structural systems
in comparison with the outrigger structural system to gain
insights into their relative advantages, limitations, and
suitability for different types of buildings and environments.
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