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Abstract - This study presents a performance based
analysis of a 40-storey high-rise building with and without
outrigger systems, focusing on its seismic performance in
Zones IV and V as per IS 1893 (Part 1): 2016. The objective is
to evaluate the effectiveness of outriggers in reducing lateral
displacement and inter-storey drift under seismic loading
conditions. The building is modeled and analyzed using
ETABS and SAP2000 software, considering irregular plan
configurations. Key parameters such as storey displacement
and drift are compared for models with and without
outriggers using the Equivalent Static Method and Response
Spectrum Method. Further, advanced seismic analysis
techniques such as Pushover Analysis and Time History
Analysis are performed to understand the building's
nonlinear behavior and dynamic response to actual
earthquake records. The influence of Soil-Structure
Interaction (SSI) is also incorporated to assess how different
soil conditions affect structural performance. The results
indicate a significant reduction in both displacement and
drift when outriggers are used, especially in Zone V. The
addition of outriggers greatly enhances the lateral stiffness
and stability of the structure. The study concludes that
outriggers are a highly effective structural solution for
improving the seismic performance of tall buildings in high-
risk seismic zones.
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1. INTRODUCTION

Tall buildings are increasingly common in urban areas due

to the growing demand for vertical expansion in densely
populated regions. These structures face substantial lateral
forces generated by wind and seismic activity, necessitating
advanced structural systems to ensure safety and stability.
The outrigger structural system has emerged as a prominent
solution, effectively linking a building's central core to its
perimeter columns to distribute lateral loads more
efficiently. This configuration significantly improves the
building's lateral stiffness and minimizes sway, enhancing
occupant comfort and structural integrity.

In high seismic zones, where the risk of ground motion is
considerable, such reinforcement becomes even more
critical. The integration of outrigger systems helps control

inter-storey drift and reduces the overall deformation of the
structure during seismic events. This paper explores the
performance of various outrigger configurations and
evaluates their effectiveness using computational modeling
and real seismic data. Additionally, the study incorporates
the impact of Soil-Structure Interaction (SSI), acknowledging
that foundation flexibility can alter the dynamic response of
tall buildings. By addressing these factors, the research aims
to provide valuable insights into optimizing structural design
for earthquake resilience, ultimately contributing to the
development of safer and more sustainable urban
infrastructure.

2. LITERATURE REVIEW

Numerous studies have underscored the benefits of
outrigger systems in tall structures. Fawzia & Fatima (2010)
demonstrated substantial reductions in lateral deflection
with multi-level outriggers. Chang et al. (2013) introduced
semi-active damped outriggers using MR dampers, showing
enhanced seismic control. Chopra (2017) emphasized the
role of pushover analysis in capturing non-linear behavior.
Other researchers, such as Kogilgeri & Shanthapriya (2015),
examined the effect of varying outrigger depths and
concluded that full-height outriggers provide optimal
performance. Despite these findings, research gaps remain in
understanding virtual outriggers, soil-structure interaction,
and the response of irregular building geometries under
actual seismic conditions.

3. OBJECTIVES AND METHODOLOGY
2.1 Objectives Of The Study

The primary objective of this study is to evaluate the seismic
performance of tall building with and without outrigger

1. To compare the lateral displacements (story
displacement) and story drifts of a building
structure with and without an outrigger system.
To analyze the behavior and performance of the
structure when subjected to seismic forces,
particularly in high seismic zones

To evaluate the overall performance of the
structure, focusing on how the outrigger system
enhances the building’s ability to resist lateral
forces.
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4. To assess the structure’s performance under more
realistic conditions, such as actual earthquake
records, rather than simplified load models.

5. Toinvestigate the effect of soil-structure interaction
(SSI) on the performance of the building with an
outrigger system.

2.2 Methodology

Seismic analysis included Equivalent Static Method,
Response Spectrum Analysis, Pushover Analysis and Time
History Analysis using real earthquake data (Bhuj 2010). For
SSI analysis, modeled using springs with defined stiffness
values were evaluated to determine their impact on
structural performance.

ANALYSIS METHODS:

Equivalent static analysis (ESA)

Response spectrum analysis (RSA)

Linear dynamic modal analysis

Nonlinear dynamic time history

Nonlinear Static Pushover Analysis (NSPA)
Soil-Structure Interaction (SSI)

SARAN- O

3. MODELS CONSIDERED FOR ANALYSIS

A 40-storey, 30x30m reinforced concrete building was
modelled using ETABS and SAP2000. The analysis
considered two main configurations: with and without
outrigger systems. The building was subjected to gravity and
seismicloads according to IS 1893 (Part 1): 2016 and IS875
(Part 3).

In Present study, four models are considered for analysis as
follows:

MODEL1- In model 1 40-story without outriggers is
considered and analyzed for soft soil in zone IV & zone V.

MODEL 2- In model 1 40-story with outriggers is considered
and analyzed for soft soil in zone IV & zone V.

FIG -1: MODEL 1 plan and 3D view

FIG -2: MODEL 2 plan and 3D view

3.1 Geometry of the Model Considered

Table -1: Geometry of the model considered

No. of storey’ s G+39
No. of bays in X-direction 5
No. of bays in Y- direction 5
X-direction bay width 6m
Y-direction bay width 6m
Height of bottom storey 3.2m
Height of storey 3.2m
3.2 Section Properties
Table -2: Section Properties
PARAMETERS BUILDING CONFIGURATION
Length in X-direction 30m
Length in Y- direction 30m
No. of storeys G+39

B =400X700 mm , M40 grade

Beam
concrete
C=800X1200 mm, M40 grade
Column
concrete
Slab 150 mm M25 grade concrete
Bracing 600X600X30 Steel hollow section

3.3 Loads considered

Table -3: Loads considered

Load Type
Live load 3 kN/m?
Roof live 1.5 kN/m?2
Super dead load 1.5 kN/m?2
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Comparision of Displacement with & without

Outriggers (RSY)
for Z5

3.4 Seismic Parameters

Table -4: seismic parameters

RC building with special

Structure type moment resisting frame
(SMRF)
Type of soil SOFT, TYPE III
Zone V&V
Damping in structure 5%

Importance factor 1

Scale Factor 1.962
Response reduction 5

factor

4 RESULTS AND DISCUSSION
4.1 RESPONSE SPECTRUM ANALYSIS
4.1.1 STOREY DISPLACEMENT

The maximum storey displacement of the structure is in
Y-direction. Hence the results are taken in Y-direction for
zone IV & zone V with soft soil condition. Storey displacement
variations are shown in chart below. The inclusion of full-
height outriggers resulted in an 80% reduction in top-story
displacement. Structures without outriggers exhibited
excessive lateral movement, making them vulnerable during
earthquakes.

Comparision of Displacement with &
without Outriggers (RSY)
for Z4
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Chart -1: Comparison of displacement with & without
Outriggers (RSY) for Z4
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Chart -2: Comparison of displacement with & without
Outriggers (RSY) for Z5

4.1.2 STOREY DRIFT

The maximum drift of the structure is in Y-direction.
Hence the results are taken in Y-direction for zone IV & zone
V with soft soil condition. Storey drift variations are shownin
chart below. Drift values were significantly lower in models
with outriggers. A maximum reduction of approximately 45%
was observed Y directions under seismic loading. This
indicates better control over relative floor movements, which
is crucial for occupant safety and non-structural component
stability.

Comparision of Drift with & without
Outriggers (RSY) ZONE 4
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Chart -3: Comparison of displacement with & without
Outriggers (RSY) for Z4

Comparision of Drift with & without Outriggers
(RSY) ZONE 5
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Chart 4: Comparison of drift with & without Outriggers
(RSY) for Z5
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4.2 TIME HISTORY ANALYSIS

Non-linear time history analysis is a dynamic analysis
method used to evaluate the seismic performance of
structures under real earthquake ground motions. Bhuj
Ground motion is considered for analysis.

FIG -3: Define Ground motion

4.2.1 STOREY DISPLACEMENT

The maximum storey displacement occurs at top storey of
the building.

When compared to Equivalent static and response spectrum
analysis, in non-linear time history analysis the storey
displacement decreases and the results obtained are within
the limits i.e.,, H/250 as per code recommendation.

4.2.2 STOREY DRIFT

The results are taken for model 1 and model 2inzoneIV&V
with soft soil condition.

» Formodel 1 zone IV without bracings the maximum
storey drift occurs at Storey 7 with a value of
3.318mm.

» Formodel 1 zone V without bracings the maximum
storey drift occurs at Storey 7 with a value of
4.963mm.

» For model 2 zone IV with bracings the maximum
storey drift occurs at Storey 28 with a value of
1.1mm

» For model 2 zone V with bracings the maximum
storey drift occurs at Storey 25 with a value of
1.733mm

4.3 PUSHOVER ANALYSIS

Pushover analysis is done for G+39 building with and
without Outrigger in zone IV and Zone V with soft soil
condition.

» Results are taken for Model 1and Model 2 in Zone
IV & Zone V with and without outrigger, each model

exhibits different displacement at performance
point indicating varying structural capacities.

» The pushover analysis results provided critical
insights into the nonlinear behavior of the structure
under increasing lateral loads. Buildings without
outriggers reached their yield and ultimate capacity
much earlier, showing a steep decline in strength
post-yield. In contrast, buildings with outrigger
systems demonstrated greater displacement
tolerance before failure. The pushover curves
indicated enhanced ductility and energy dissipation,
reflecting the improved seismic performance due to
the presence of outriggers. Plastic hinge formation
was more evenly distributed in outrigger-equipped
structures, reducing the likelihood of localized
failures.

COMPARISION OF SPECTRAL DISPLACEMENT OF WITH AND
WITHOUT OUTRIGGER FROM PUSHOVER ANALYSIS
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Chart 5: Comparison of spectral displacement with and
without outriggers (PUSHOVER CUVRE)

FIG -4: Hinge formation
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4.4 SOIL-STRUCTURE INTERACTION (SSI)

The analysis was carried out for a G+39 storey building with
and without outriggers, located in Seismic Zones IV and V,
known for their high seismic activity. The structures were
supported on soft soil with a bearing capacity of 150 kN/m?
and a depth of 30 meters. A 5-meter-deep mat foundation
was used to transfer loads from the superstructure to the
underlying soil. The base of the soil was assumed to be fixed,
and surface springs were incorporated at the base of the mat
foundation to simulate soil-structure interaction. These
springs represented the soil's stiffness and damping
characteristics, enabling a more precise assessment of the
building's seismic response.

FIG -5: Elevation and 3D Model of soil-structure
interaction without bracings

FIG -6: Elevation and 3D Model of soil-structure
interaction with bracings

4.4.1 STOREY DISPLACEMENT

The maximum storey displacement of the structureisin both
Xand Y-direction. Hence the results are taken in both X and
Y-direction for zone IV & zone V with soft soil condition.
Storey displacement variations are shown in chart below.
From chart 6 it can be conclude that the model without
outriggers in zone V is showing maximum storey
displacement and structure with outriggers shows minimum
displacement.

Comparison of displacement of with and without outrigger
including soil structure interaction
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Chart -6: Comparison of displacement of with and without
outriggers including soil structure interaction

4.4.2 STOREY DRIFT

The drift of the structure is taken in both X and Y-
direction. Hence the results in both X and Y-direction for zone
IV & zone V with soft soil condition. Storey drift variations
are shown in chart below. From chart 15 & 16 it can be
conclude that the model with outriggers in zone IV reduces
35% in y-direction and in zone V 40% in x-direction . This
improvement minimizes the risk of non-structural damage.

Drift Reduction of with and without outrigger
including soil structure interaction
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Chart -7: storey drift reduction in percentage
4.5 PUSHOVER ANALYSIS FOR SSI

Pushover analysis is a nonlinear static analysis method used
to evaluate the seismic performance of structures, including
soil-structure interaction (SSI) effects. This analysis accounts
for nonlinear behaviour of structural elements, foundations,
and soil, and applies a lateral load pattern to simulate
seismic forces. By considering SSI effects, including soil
nonlinearity, foundation flexibility, and structure-foundation
interaction, pushover analysis provides valuable insights
into a structure's seismic performance. The analysis involves
creating a detailed model of the structure, foundation, and
soil, applying a lateral load pattern, and performing a
nonlinear static analysis to determine the structure's
response. The results can be used to evaluate the structure's
performance, including deformation, damage, and potential
failure modes. Pushover analysis can help identify potential
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weaknesses in the structure, foundation, or soil, and inform
retrofitting or design decisions to improve seismic
resistance. The results can be concluded as;

Spectral Displacement
Models (mm)
X y
Model without outriggers ( Z4) 200 199
Model with outriggers (Z4) 65 65
Model without outriggers (Z5) 250 260
Model without outriggers (Z5) 133 144

COMPARISION OF SPECTRAL DISPLACEMENT OF WITH AND
WITHOUT OUTRIGGER FROM PUSHOVER ANALYSIS (SSI)
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Chart 7: Comparison of spectral displacement of with and
without outrigger from pushover analysis (SSI)

FIG -7: Hinge formation
3. CONCLUSIONS

» This research aimed to enhance the seismic
performance of a 40-storey high-rise building through
the implementation of outrigger systems.

» The inclusion of outriggers significantly improved
structural stability by linking the building core with
perimeter columns, thereby allowing the structure to
function as a cohesive lateral load-resisting system.

» the use of outriggers contributed to substantial
displacement reductions, with Zone IV experiencing
an approximate 67% decrease

» Decrease in story drift was observed, with around a

35% reduction recorded in Zone IV and
approximately a 40% reduction in Zone V
» When considering Soil-Structure Interaction

(SSI):Displacement reductions remained effective,
ranging from 33-37% in Zone IVand 35-37% in Zone
V, confirming the functionality of outriggers on soft
clay soils.

» Pushover Analysis showed enhanced post-yield
performance; buildings with outriggers could endure
higher loads and demonstrated superior ductility and
energy absorption.

» Pushover Analysis showed enhanced post-yield
performance; buildings with outriggers could endure
higher loads and demonstrated superior ductility and

energy absorption.
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