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Abstract 
 
In recent decades, people are practicing construction of tall buildings because of increased number of people and 
lack of enough horizontal space. But when the building increases by height the stiffness of the structure becomes 
more important and introduction of outrigger beams between the shear walls and external columns is often used 
to provide sufficient lateral stiffness to the structure. In the present paper, an investigation has been performed to 
study the behavior of outrigger and its efficiency for its optimum position. For this analysis, a three dimensional 
building model of 30 stories was developed to find out the optimum location of outrigger and belt truss by 
introducing outrigger at different positions of building which is subjected to wind & earthquake load. To 
evaluate the performance, analysis has been conducted by ETABS software and BNBC 1993 code is followed. 
After getting the analysis results, a comparison was carried out among lateral displacements & building drifts 
due to different positions of outrigger & belt truss to find out efficient reduction of building drift. It was observed 
that, introduction of outrigger with belt truss at ⅖ position of the building is effective. 
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1 Introduction 
 
Population is increasing day by day in Bangladesh. So, to accommodate this large number of population in the urban area 
there is not enough space available on the horizontal ground. Thus cities become densely populated and cost of land also 
increases which leads to the use of multi-storied buildings (Prateek and Bhandiwad, 2015). The taller and slenderer a building 
is, the more important the structural factors become and the more necessary it is to choose an appropriate structural form. 
Therefore, it is mandatory to study analysis of high rise building. 
 
The design of tall and slender structures is controlled by three governing factors, strength (material capacity), stiffness (drift) 
and serviceability (motion perception and accelerations), produced by the action of lateral loading, such as wind. The overall 
geometry of a building often dictates which factor governs the overall design. As a building becomes taller and slenderer, 
drift considerations become more significant (Shivacharan et al, 2015). One of the important criteria for the design of tall 
buildings is lateral drift at top (Sukhdeve, 2016). 
 
In modern tall buildings, lateral loads induced by wind or earthquake are often resisted by a system of coupled shear walls. 
But when the building increases in height say 90m, the stiffness of the structure becomes more important and introduction of 
lateral load resisting system is used to provide sufficient lateral stiffness to the structure (Shah and Gore, 2016).  
 
There are numerous structural lateral systems used in high-rise building design such as: shear frames, shear trusses, frames 
with shear core, framed tubes, trussed tubes, super frames etc. However, the outriggers and belt trusses system are the one 
providing significant drift control for the building (Nanduri et al, 2013). Outrigger systems are systems which are constructed 
by connecting the building core to distance columns. It increases building’s stability and strength. The benefits of an 
outrigger system lie in the fact that building deformation resulting from the overturning moments get reduced, on the other 
hand greater efficiency is achieved in resisting forces. Besides, adequate light can be passed in the building in the presence of 
outrigger systems. 
 
This research puts light on the efficiency of outriggers under seismic forces, optimum location of outrigger to reduce lateral 
displacement and to compare building with and without outrigger systems. 
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2 Details of Buildings 
 
A 30 storied reinforced concrete building was analyzed using ETABS 9.7.1 software. The lateral loads to be 
applied on the buildings were based on BNBC 1993 code. The building was analyzed for Dhaka city considering 
its respective seismic zone basic wind speed. To improve the performance of the building under lateral load, 
outrigger was provided. The analysis was carried out for building with outrigger at different positions. At first 
analysis was carried out without any lateral load resisting systems. After that, analysis was carried out by 
providing outrigger systems with central core. 5 models with outrigger systems were analyzed. Comparative 
graphs have been plotted for buildings with outrigger. Top displacements and story drifts were observed and 
comparison among them was carried out to get optimum position of outrigger. 
 

Table 1. Details of the building. 
 

Description Parameter 
Plan  100ft x 75ft 

No. of stories 30 
Story height 10ft 

Building type Public 
Seismic Zone ΙΙ 

Basic Wind speed 210km/hr 
Column size i)Corner column= 22in x 22in 

ii) Side column=25in x 25in 
iii) Interior column=27in x 27in 

Beam size 12in x 18in 
Thickness of slab 6inch 

Cross section of bracing 15in x 15in 
Concrete compressive stress in 28 days 3.5ksi 

Bending reinforcement yield stress 60ksi 
Shear reinforcement yield stress 60ksi 

Poison’s ratio 0.2 
Thickness of shear wall 14inch 

 
The above dimensions were used for the analysis of 30 story building in Islam et. al. 2013. But in that paper, they 
were not observed the efficiency of outrigger system. Outrigger is cost effective than many lateral load resisting 
systems. 

 
Figure 1. Plan of building without any lateral load resisting systems. 
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3 Modelling 
 
Building consists of reinforced concrete flat slab model without drop and column head. The models are regular 
shaped symmetrical plan with dimensions 100ft x 75ft and 30 story. At first building was modelled without any 
lateral load resisting systems. After that, first position of outrigger was fixed at the top of the building and second 
position was find out by providing outrigger at different story to find out optimum position. Outrigger was 
introduced at middle position, ⅗(18) position, ⅔(20) position, ⅖(12) position and ⅓(10) position respectively of 
the building. Conventional outrigger systems were connected to central core and belt truss was at the periphery 
of the building. 3ft x 7ft opening was kept in both x and y directions in shear wall core at every floors.  
 

Table 2. Loading 
 

Name of load Load used Limited value according to 
BNBC(1993) 

Dead load(self-weight) Self-weight of the building - 
Dead load(partition wall) 30psf 25psf 
Dead load(floor finishing) 25psf 25psf 

Live load (on slab) 60psf 50psf (commercial) 
Live load(on stair case) 100psf 100psf 

Seismic load According to BNBC 1993 - 
 

 

 
 

2(a)                                                                                           2(b) 
Figure 2. (a) Perspective view of Outrigger system with central core and extended outrigger on all the four sides 

with belt truss. (b) 3-D view of building with outrigger system. 
 
 

4 Analysis Results and Comparison 
 
Lateral deflection and story drift values are graphically plotted to compare them and to find out the most 
effective systems. 
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                                 3(a)                                                                                          3(b) 

 
Figure 3. (a) Lateral deflection in x-direction 3.(b) Lateral deflection at y-direction by providing outrigger at 

different locations. 
 
 

  
 

                                         4(a)                                                                              4(b) 
 

Figure 4. (a) Story drift in x-direction, 4.(b) Story drift at y-direction by providing outrigger at different 
locations. 

 
 
From figure 3, it is observed that, top story displacement in both x and y directions is minimum when outrigger 
is provided at ⅖(12th story) position of the building and maximum when outrigger is provided at ⅔(20th story) of 
the building. Again, from figure 4 it is observed that, story drift suddenly decreases at 10th, 12th, 15th, 18th and 
20th story of the building due to introduction of outrigger at 10th, 12th, 15th, 18th and 20th story respectively. 
 
Keeping Top displacement of building without outrigger and central core(in x-direction 17.083inch & in y-
direction 22.193inch) as 100%, top displacement reduction was observed by following graphs. 
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                                5(a)                                                                                 5(b) 

Figure 5. percentage of lateral displacement reduction in (a) X-direction and (b) Y-direction by introducing 
outrigger with central core. 

 
From figure-5 it is observed that, by introducing outrigger at lower and upper position from 12th story, % of 
lateral deflection reduction is decreased. It is also observed that, when outrigger is introduced at ⅔(20th story) of 
the building, lateral deflection reduction is minimum. 
 
5 Conclusions and Outcomes 
 

1. Lateral displacements in both x and y directions are reduced by providing Outrigger systems. 
2. % of lateral deflection reduction in both x (66.02%) & y (48.01%) directions are maximum when 

outrigger is provided at ⅖(12th story) position of the building. Thus, introduction of outrigger at ⅖th 
position of any tall buildings is effective. 

3. The use of outrigger structural systems in high-rise buildings increases the stiffness and make the 
structural form efficient under lateral load.  
 

6 Recommendation  
It is recommended that, in tall buildings introduction of outrigger systems at (2/5)th position is effective.  
 
References 
 
Prateek, N. B. and Bhandiwad, M. S. (2015).A Performance Based study on Static and Dynamic Behavior of  
     Outrigger Structural System for Tall Buildings. International Research Journal of Engineering and 
     Technology, Volume-2, Issue-5. 
Shivacharan, K., Chandrakala, S. and Karthik, N.M. (2015). Optimum Position of Outrigger System for Tall  
      Vertical Irregularity Structures. IOSR Journal of Mechanical and Civil Engineering. Volume 12,Issue 2, pp 
      54-63.  
Shukhdeve, S.B. (2016). Optimum Position of Outrigger in G+40 RC Building.  International Journal of Science  
      Technology & Engineering, Volume 2, Issue 10. 
Shah, N. K. and Gore, N. G.(2016). Review on Behavior of Outrigger System in High Rise Building.  
       International Research Journal of Engineering and Technology (IRJET), Vol.3, Issue 6. 
Nanduri, P.M.B. R. K., Suresh, B. and Hussain, M. I.(2013). Optimum Position of Outrigger System for High- 
      Rise Reinforced Concrete Buildings Under Wind and Earthquake Loadings.  American Journal of 
      Engineering Research (AJER),Vol.2, Issue-08, pp-76-89. 
Bangladesh National Building Code (BNBC),(1993). Wind Load Analysis & Earthquake Load Analysis. 
      Chapter-6, pp.31-60. 
Islam, M. M. and Islam, S. (2013). Analysis on the Structural Systems for Drift Control of Tall Buildings due to 
      Wind Load: Critical Investigation on Building Heights. The AUST Journal of Science and Technology,  
      Volume-5, Issue 2, pp 84-94, ISSN 2072-0149. 


