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Abstract— With the increased migration of people from rural 

to urban areas due to better job opportunities and lifestyle, 

population of urban areas is increasing day by day hence land 

utilization is needed badly specially in big cities. High rise 

buildings are most helpful in utilizing the land effectively. 

Hence they are commonly used in urban areas to hold more 

population. But we know high rise buildings are highly 

vulnerable to lateral forces e.g. earthquake and wind. Now to 

make these high rise buildings safe against lateral loading 

many systems are used one of them is outrigger structural 

system. Outriggers are the structural members which connect 

the core of the building to the exterior column converting 

overturning moment into tension and compression. This 

paper summaries the concept, configuration, performance, 

problems and gaps of outrigger system in high rise buildings 

with the help of past researches to help understand outrigger 

system more effectively.  
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I. INTRODUCTION 

Individuals from rural areas are migrating more to urban areas 

due to availability of more job options and better lifestyle. 

Due to which urban areas especially big cities are getting 

more populated. With limited land availability the need of 

high rise buildings got into existence. High rise buildings are 

optimum solution for many of problems in modern world as 

listed below 

 Scarcity of land 

 High land price 

 Industrialization and raised demand of space 

 Aesthetics and tourism 

 Prestige of country 

A. Different structural systems in high rise building 

In old times there was no steel available due to which 

structures was only designed to take compressive stress but 

with more technological advancement and availability of 

steel easily steel use in structures was introduced and the 

structural members got thinner. With technological 

advancements structures got much taller from before but that 

also made them vulnerable to lateral loading. Many modern 

systems were created to make structure safe against lateral 

loads. These are generally of two type exterior and interior, 

as name suggests one act outside of the structure and other as 

in the structure. Some of structure systems are 

 Rigid frame system 

 Shear wall system 

 Hybrid system 

 Outrigger  system 

 Braced frame system 

 Tube system 

 Diagrid system 

B. Outrigger structural system 

Outrigger system is there to provide safety against lateral 

loading. They are horizontal members that generally connects 

central core of the building to the outmost columns. Outrigger 

decreases the top deflection and core base moment in 

structure [1]. When subjected to lateral load outrigger resists 

the rotation and the deflection of the core and transfers these 

forces to the connected exterior column. 

 
Source: - ChenY, Zhang Z. Analysis of outrigger numbers 

and locations in outrigger braced structures using a 

multiobjective genetic algorithm. Struct Design Tall Spec 

Build. 2017;e1408. https://doi.org/10.1002/tal.1408 

 
Fig. 2: Shear core connected to exterior column via 

Outrigger truss system 

II. LITERATURE REVIEW 

Outrigger system is generally used in tall buildings against 

lateral loadings like earthquake loads and wind loads. Main 

focus of the researchers was to control the deflection of the 

building due to lateral loads. With this in mind many 

researches has been conducted in past on outriggers system 

in tall buildings. In this review paper knowledge from 

different past researches have been gathered for better 

understanding of outrigger system. 

https://doi.org/10.1002/tal.1408
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Huanjun Jiang et al. (2017): In this paper a new 

structure with energy dissipation outrigger was introduced 

using buckling restrained braces (BRBs). Two high rise 

structures were made one with ordinary outrigger and one 

with energy dissipation outrigger. Three configurations of 

trusses were used in new outrigger system. Ordinary and new 

outrigger systems were then analyzed and compared for 

frequent, basic and rare earthquakes.  It was found that under 

frequent earthquakes response of both the structure was found 

similar but under basic and rare earthquake BRBs in energy 

dissipation outrigger was found dissipating a large amount of 

energy protecting the core tube also inter storey drift was 

found uniform and slightly decreased than ordinary outrigger. 

Type 1 truss was found better than others in new outrigger 

system. 

A. S. Jagadheeswari et al. (2016): A 40 storey 

building with storey height of 3.5 m and total height of 140 

m with 3 bays on both sides was analyzed. Building consisted 

of central core comprises shear wall with X shaped outrigger 

made up of steel bracing. The size of the outrigger was 0.45m 

x 3.4m and ISLB250 steel was used. Structure was analyzed 

with 9 combinations by changing Hs/H ratio in SAP2000. It 

was found that 20th and 26th storey was optimum positions 

because of the reduced displacement at these locations. 

Shruti b sukhdeve (2016): A G+40 reinforced 

building was analyzed in ETABS. Firstly building was 

analyzed by providing 300mm thick concrete wall at each 

floor throughout the height of building. After that first 

outrigger was provided where there was maximum deflection 

reduction. Then position of 2nd outrigger was found by fixing 

the 1st outrigger and by providing 2nd outrigger at each level 

thoroughly and then finding he maximum deflection 

reduction. Similarly the position of 3rd outrigger was found. 

Results show that by providing third outrigger at 1/3rd height 

of building maximum deflection at top was reduced to 

272.77mm. Also results showed that the outrigger was 

helpful in controlling lateral displacements as well as inter 

storey drifts in high rise buildings. 

Abdul Karim Mulla et al. (2015):  A comparative 

study was done on regular and irregular structure with 

different configuration of the outrigger also a new concept 

was introduced as virtual outrigger system where only belt 

trusses are used and connection between shear wall and 

exterior column is only that of regular beam and slab.oin 

lateral loads the virtual outrigger converts the sway to 

compression and tension hence making it simple design and 

economical as well. But it was found effective only in regular 

lateral loads hence making it limited to some regions only. 

Reduction in natural time period was found and also 

displacement and storey drift was reduced effectively. 

Between two materials as steel and concrete, steel was found 

more effective in reducing overall response but concrete was 

found more effective in connection point of view. 

Srinivas Suresh Kogilgeri et al (2015): Studied a 

steel structure with outrigger under static and dynamic 

loading. Author examined mainly the depths of outrigger 

truss as outrigger takes the overturning moment to the 

outmost columns of the structure by the couple of tension and 

compression. It was found that the storey drift and 

displacement was reduced greatly at outrigger having full 

storey depth and 1/3rd and 2/3rd depths have similar outcomes. 

Krunal Z. Mistry et al. (2015): A 40 storey 150 m 

tall building with 10 different combination of outrigger was 

analyzed in ETABS against lateral loading. Having plan area 

42m x 42m with columns spacing 6m c/c and height of each 

storey 3m. Displacement was found lowest when 1st outrigger 

was placed at mid height and 2nd one at 1/4th height of the 

building. Also drift was decreased to lowest when 3rd 

outrigger was placed at 3/4th height of the building. 

Shivacharan K et al. (2015): A high rise building 

analysis was done to find out the best suitable position for the 

outrigger and the belt trusses against lateral loads. Two 

outriggers were used and wind load was calculated by IS 875 

(Part 3) and design of earthquake load was calculated by IS 

1983 (Part 1):2000 to achieve reduction in drift defection and 

storey shear. A 30 storey irregular building was used having 

7x7 bays from 1st -10th storey, 7x6 bays from 11th-20th storey 

and 7x5 bays from 21st-30th storey. It was found that by using 

outrigger and belt trusses the value of rigidity and load 

carrying capacity was found increased. 

Dhanaraj M. Patil et al. (2015): A high rise 2D frame 

structure was analyzed for earthquake loads with different 

outrigger locations. A nonlinear pushover analysis was done 

on SAP2000 and high rise buildings were designed using 

IS1983 (Part-1):2002, IS 875 and IS 800:2007. It was found 

that placing outrigger on 0.3H and 0.6H was most effective 

as it increases stiffness and hence useful in earthquake. Also 

multi outrigger was found very effective as one on top of 

building and other a suggested height. 

Kiran Kamath et al. (2014): This investigation 

shows the difference in performance of different placement 

of outrigger with varying axial rigidity of shear wall core. 

Main focus was on the shear force, bending moment, drift and 

displacement of the structure. It was found that the storey 

displacement was greatly decreased by the outrigger. But 

with increase in relative axial rigidity storey drift was 

increased as well. Shear force was maximum at lowest 

relative axial rigidity and bending moment was minimum 

when axial rigidity of the frame was half of the core. 

Jagadish J.S. et al. (2013): A G+15 storey steel 

structure with different bracing as x bracing, double x 

bracing, k bracing, v bracing, single diagonal was analyzed 

with STAAD.Pro. it was tested for earthquake under 

parameters such as axial force, base shear, storey drift, 

displacement etc, it was found that braced frames are very 

effective in reducing displacement but displacement in case 

of k bracing and v bracing were found more than ordinary 

structure without displacement due to irregularity of the 

structure. 

Kiran Kamath et al. (2012): Investigated various 3-

D models of 40 storey reinforced concrete building using 

ETABS. Central core wall model was analyzed with and 

without outrigger by changing the value of relative flexural 

rigidity and position of outrigger with relative height ratio. 

Two type of analysis was done i.e. equivalent static method 

and response spectrum method. It was found that outrigger 

was effective in middle of building giving better results for 

shear force bending moment, lateral displacement and storey 

drift. 
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III. SUMMARY OF LITERATURE 

 Outrigger system increases the stiffness of the building 

and resists lateral loads effectively 

 Outrigger system decreases the base shear, storey drift 

and lateral displacements of the building and increases 

the performance of the building. 

 Multi outrigger system in a building is more effective 

than the single outrigger system. 

 Outrigger with belt trusses gives better results and 

provides more stiffness and stability. 

 Steel outriggers are more effective than concrete 

outriggers to reduce the overall response of the building 

during earthquakes. 

 Energy dissipation outrigger using buckling restrained 

braces (BRBs) were found more suitable in basic and 

rare earthquakes. 

 Outrigger at the middle of the building was found most 

helpful in reducing lateral deflection of the buidling. 

IV. GAPS IN LITERATURE 

 Optimum position in case of multi outrigger system is 

still not fully clear 

 Effectiveness of different types of outrigger is still 

questionable. 

 The behavior of outriggers on skyscrapers is still 

unknown 

 Performance of different composites in outriggers is still 

unanswered 

 Performance of outrigger in different soil types and 

earthquake zones is still shady. 

 None linear time history analysis of buildings with 

outriggers is still not steadied. 

REFERENCES 

[1] A S Jagadheeswari and C Freeda Christy, (2016) 

“Optimum Position of Multi Outrigger Belt Truss in Tall 

Buildings Subjected to Earthquake and Wind Load”. 

Volume 09, No. 03, P.P.373377. 

[2] Abdul Karim Mulla, Srinivas B. N, “A Study on 

Outrigger System in a Tall R.C Structure with Steel 

Bracing”, International Journal of Engineering Research 

& Technology (IJERT), 2015 

[3] B. S. Taranath, Structural Analysis and Design of Tall 

Buildings, McGrawHill, New York 1988. 

[4] Dhanaraj M. Patil and Keshav K. Sangle, (2015) 

“Seismic Behaviour of Different Bracing Systems in 

High Rise 2-D Steel Buildings”, Structures, 3, PP 282-

305. 

[5] Huanjun Jiang , Shurong Li , Yulong Zhu, “Seismic 

performance of high-rise buildings with Energy-

dissipation outriggers”, Journal of Constructional Steel 

Research 134 (2017) 80–91. 

[6] Jagadish J. S and Tejas D. Doshi, (2013)” A Study On 

Bracing Systems On High Rise Steel Structures” Vol. 2 

Issue 7. 

[7] Kiran Kamath, Avinash A.R., Sandesh Upadhyaya K, 

(2014) “A Study on the Performance of Multi-Outrigger 

Structure Subjected to Seismic Loads. PP 27-32. 

[8] Kiran Kamath, N. Divya and Asha U. Rao, (2012) “A 

Study on Static and Dynamic Behaviour of Outrigger 

Structural System for Tall Buildings”, Bonfring 

International Journal of Industrial Engineering and 

Management, Vol 2, No. 4, PP 15-20, December 

[9] Krunal Z. Mistry, Proff. Dhruti J. Dhyani, (2015) 

“Optimum Outrigger Location In Outrigger Structural 

System For High Rise Building”, International Journal of 

Advance Engineering and Research Development, 

Volume 2, Issue 5. 

[10] Shruti B. Sukhdeve, (2016) “Optimum Position of 

Outrigger in G+40 RC Building” IJSTE -International 

Journal of Science Technology & Engineering, Volume 

2, Issue 10. 

[11] Srinivas Suresh Kogilgeri, Beryl Shantapriya, ‘A Study 

Of Behavior Of Outrigger System On High Rise Steel 

Structure By Varying Depth’, International Journals Of 

Research In Engineering And Technology. 

 


