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Abstract— In modern tall buildings, lateral loads induced by 

wind or earthquake forces are often resisted by a system of 

multi-outriggers. An outrigger is a stiff beam that connects 

the shear walls to exterior columns. When the structure is 

subjected to lateral forces, the outrigger and the columns 

resist the rotation of the core and thus significantly reduce 

the lateral deflection and base moment, which would have 

arisen in a free core. During the last three decades, 

numerous studies have been carried out on the analysis and 

behavior of outrigger structures. But this question is 

remained that how many outriggers system is needed in tall 

buildings. In this study, The behavior of 37 storey RC 

building will analysed by using standard structural software 

for displacement and base shear at different outrigger level 

to optimize the structural system. 
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I. INTRODUCTION 

The rapid growth of urban population and consequent 

pressure on limited space has considerably influenced the 

residential development of city. The high cost of land, the 

desire to avoid a continuous urban sprawl, and the need to 

preserve important agricultural production have all 

contributed to drive residential buildings upward. As the 

height of building increase, the lateral load resisting system 

becomes more important than the structural system that 

resists the gravitational loads. The major factor that affects 

the design of tall structures is its sensitivity to the lateral 

load. One of the important criteria for the design of tall 

buildings is lateral drift at top.The lateral load resisting 

system effectively control the excessive drift due to lateral 

load, so that, during small or medium lateral load due to 

either wind or earthquake load, the risk of structural and 

non-structural damage can be minimized. 

Outrigger system is a type of lateral load resisting 

system which consists of core and outriggers. This is one of 

the most efficient systems used for high rise construction to 

resist forces caused by wind and earthquakes. Outriggers 

will be deep and stiff. They connect core to exterior columns 

which aid in keeping the columns in their position at the 

same time limits the sway. While comparing the system 

with freely standing core without outriggers, this system 

helps in reducing the movement of the core. The 

incorporation of outrigger reduces the lateral drift at top. 

The connection of outrigger beams to the core and external 

columns are relatively more complicated and performance 

of such type of system primarily depends on adequate 

stiffness and strength of the outrigger beams. Therefore 

overall rigidity is of vital importance in tall buildings in 

order to control lateral deflection and inter-storey drift. 

II. LITERATURE REVIEW 

Po Seng Kian et al [1] studied the use of outrigger and belt 

truss system for high-rise concrete building subjected to 

wind or earthquake load. Eight different arrangement of 

60−storey building. The building is modeled and analyse in 

ETABS software. The results shows about 18% reduction in 

maximum displacement can be achieved with optimum 

location of the outrigger truss placed at the top and the 33rd 

level. 

Z. Bayati et al [2]. Techniques for using belt trusses 

and basements as outriggers in tall buildings had been 

proposed. Belt trusses used as virtual outriggers offer many 

of the benefits of the outrigger concept, while avoiding most 

of the problems associated with conventional outriggers. 

The results show that a multi-outriggers system can decrease 

elements and foundation dimensions. 

Errol Dsouza et al [3] project involved study of 

various configuration of outrigger system for G+44 storied 

building. Outrigger with belt truss and without had also been 

studied. Linear time history analysis had been adopted and 

data of El-Centro earthquake was used as an input. The 

different parameters considered were the storey 

displacement, storey shear, storey drift and time history plot 

of base force vs time. The loads considered were as per IS 

codes. The modeling and analysis was done using ETABS 

2015. The concrete outriggers showed lesser displacement 

when compared to that of steel outriggers 

Dr.K.S.Sathyanarayanan et al [4] studied the effect 

of provision of outriggers for single bay frame at single 

level and two levels for single bay of different heights 30m, 

45m, and 60m. The author used finite element analysis 

method by using standard structural software. The frame and 

outriggers were modelled by three degrees of freedom per 

node beam elements. Both symmetrical and unsymmetrical 

provisions of outriggers were included with the considered 

static loads. Optimum position of single level symmetrical 

and unsymmetrical outrigger for 30m, 45m and 60m are at 

H/2, H/2.5 and H/2.85 from top. Where H was the storey 

height and height of the frame. Optimum position of single 

level symmetrical and unsymmetrical outrigger for 30m, 

45m &60m are 5h, 6h &7h means H/2, H/2.5 & H/2.85. 

Anupam S. Hirapure et al [5] The G+15 storey 

building with shear wall and outrigger beam was analyzed. 

the drift and avg. displacement of each model was observed 

and compared with bare frame model (BF). the outrigger 

beam (OT) was provided at 5th, 10th and 15th floor, for 

each provision of outrigger beam different models were 

made. The deep beam and I-beam was used in the analysis 

for different model. In this study the RCC model of multi-

storey building .The building was analyzed for earthquake 

and the behavior of building under seismic effect was 
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studied. The Different Model of Multistory Building was 

analyzed by Using STAAD PRO Software. They concluded 

that the deep beam outrigger beam and I-beam outrigger 

beam at 5th, 10th and 15th with shear wall reduces the 

storey drift up to 53% (approx.) and Displacement up to 50 

% (approx.) When compared with bare frame model. The 

avg. Displacement of I-beam model was more when 

compared with deep beam model. 

III. MODELING & ANALYSIS 

The ETABS 2016 software is used to develop 3D model and 

to carry out the analysis. The lateral loads and wind load to 

be applied on the buildings are based on the Indian 

standards. The study is performed for seismic zone III and 

basic wind speed 44 m/s as per IS 1893 (part I):2002 and IS 

875 (part III):1984. The building consists of reinforced 

concrete structure. A Thirty six storied RC building without 

outrigger and with outrigger at the top and at different 

storeys were analysed with seismic and wind forces. A thirty 

seven storey building with 5 bays along x direction and 5 

bays in y direction with core shear wall of 5m x 5m is 

considered. 

A. Seven Types of Models Were Analysed: 

1) Model 1: Structural Model without Outrigger. 

2) Model 2: Structural Model with One Outrigger at the 

top floor 

3) Model 3: Structural Model with One Outrigger at the 

top floor and another at 3/4th height of the building. 

4) Model 4: Structural Model with One Outrigger at the 

top floor and another at 2/3th height of the building. 

5) Model 5: Structural Model with One Outrigger at the 

top floor and another at mid height of the building. 

6) Model 6: Structural Model with One Outrigger at the 

top floor and another at 1/3th height of the building. 

7) Model 7: Structural Model with One Outrigger at the 

top floor and another at 1/4th height of the building. 

 
Fig. 1: Plan of the Building 

 
Fig. 1: Models with and without Outrigger 

IV. RESULTS & DISCUSSION 

All the selected building models with different configuration 

are analysed using ETABS 2016 software. This chapter 

presents the analysis results and relevant discussions of 37 

storey RC building. According to the objectives of the 

present study, the results presented here are focused on 

displacement, stiffness, storey shear, time period and storey 

drift of different types of building model. 

Analyses of 37 storied special moments resisting 

frame (SMRF) model having core and outrigger at different 

height of structure are done using ETAB software.From 

equivalent static analyses results are compared. The 

comparison of these results finds to be effective for lateral 

load resisting system for seismic load and wind load. 

Type of Structure SMRF 

No. Of stories G+36 

Storey Height 3 m 

Material property 

Grade of concrete M25 

Grade of Steel (Reinforcement Bar) Fe 415 

Grade of steel outrigger Fe 345 

Specification of Structure 

Thickness of slab 150 mm 

Beam Size 300mm x 600 mm 

Column Size 600mm x 600 mm 

Outrigger ISLB 300 

Shear wall 300 mm 

Load Intensities 

Seismic Zone III 

Location Nagpur 

Height of building 108 m 

Live load 3 kN/M2 

Roof  load 1.5 kN/M2 

Wind Load Data 

Importance factor 1 

Wind speed, Vb 44 m/s 

Structure class C 

Risk factor 1 

Cp -0.5 

Topography 1 

Earthquake Load Data 

Response reduction factor, R 5 

Seismic zone factor, Z 0.16 

Soil type II 

Importance factor 1 

Table 1: Model Data 
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Model Maximum Displacement (mm) 

Model 1 252.79 

Model 2 177.09 

Model 3 169.51 

Model 4 166.627 

Model 5 161.468 

Model 6 155.71 

Model 7 159.263 

Table 2: Maximum Displacement at Top of Building 

 
Fig. 3: Maximum Displacement at Top of Building in mm 

MODELS BASE SHEAR (kN) 

MODEL 1 1463.63 

MODEL 2 1766.00 

MODEL 3 1795.75 

MODEL 4 1814.60 

MODEL 5 1857.17 

MODEL 6 1884.40 

MODEL 7 1881.33 

Table 3: Base Shear 

 
Fig. 4: Base Shear in kN 

V. CONCLUSION 

1) Storey displacement in the core and outrigger structures 

is about 30% - 40% less when compare to conventional 

frame structure. 

2) The maximum deflection at the top of structure for bare 

frame structure is around 252.79 mm and this is reduces 

up to 158.71  mm by providing 1st outrigger at top and 

2nd at 1/3rd height of structure i.e. 37 %  deflection 

reduces in model 6 than conventional frame structure 

3) From the observations optimum location of outrigger is 

found in Model 6 as it gives minimum values storey 

displacement  and maximum base shear to the structure. 
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