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ABSTRACT 
A study for tall slender building to detect the outriggers optimal locality and their behaviour by lateral loads, so to represent 

modelling and analysis by mathematically 3D model of the 30 story structure. Varying plan ratio and position of outriggers are the 

considered parameters to study the behaviour of outriggers. The main aim of the project is to reduce the lateral displacement and 

inter-storey drift and comparing maximum percentage reduction of these variants with and without outrigger. From the linear 

static analysis, it was found that the optimal position of outrigger is at the intermediate structure in addition to the one at top floor.  
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INTRODUCTION 
 
 The present epoch high rise structures are getting importance thus there may be skyscraper, mega frames, 
tube structures, tall buildings with high slenderness. For the increase in structural height with reduction in 
column sizes which leads uncomfort to human due to deflection of top stories will be more as compared with a 
regular size column from bottom top story. In order that the structures become more complicated in any 
direction where deflection make take place due to imbalances of gravity and horizontal loads due to which the 
structures may become imperfect. To account that the most leading concept outrigger system which plays vital 
role in the tall structures. The three main reasons for introducing the outriggers to the structures exterior column 
shorter elongation of column, bending, racking shear [1].Outrigger is horizontal stiff arm which is connected 
between cores to periphery of column, whereas central core tries to rotate and bends at the outrigger level which 
induces tension and compression couple. They provide opposition forces to the movement which results into 
resorting movement forces easily. We came to know that implementing outrigger to structure is safe and the 
main aim of outriggers is to reduce the deflection and inter-storey drift. But finding the optimal locality of 
outriggers is quiet tough in the case of higher building in which increase in height the column sizes will get 
reduce for gravity load leads to occurrence of maximum deflection. Hoenderkamp et al [3] considered 29 
storeys of 87m height building by placing braced outriggers. They found reduction in horizontal displacement 
and overturning moments in their model. Hong and Alex[4] studied the seismic behaviour of Taipei 101 storeys 
building in which belt truss outriggers were placed at every ten story which makes equal stiffness for structure 
thus reduction in lateral deformation. Nicroreac [1] considered three different heights with floor plan as 
symmetric and asymmetric, in which outriggers are placed in H, H/2 and3H/4.They proposed the equation of 
time period without infill and compared with various codes and conclude that reduction in time period of 
building by placing H/2location.Taranath [5] considered a 46 story steel building of symmetric plan with lateral 
load, observed least top displacement and inter-storey drift by placing the outriggers from 0.45H to 0.48H. 
Kiran et al [6] the static and dynamic behaviour are studied for three dimensional 30 story building. In their 
study, they considered placing outrigger with relative height form 0.4 to 0.95, came out with results for peak 
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ground acceleration, drift, lateral displacement and conclude from the analysis that most effective by placing 
outrigger at mid height building. Soobum [7] was the first person to present the idea on topology optimization 
for 201m height building. He studied the optimal locality of outrigger by trial method and moved on placing one 
outrigger found the results and placed two, three outriggers and made conclusion that placing more than two 
outriggers reduces the displacement of structure.  
 
Modelling And Analysis: 
 To determine the accuracy of plan ratio, a study has been carried out on three different aspect ratios (AR) 
1.0, 1.5 and 2.0.The plan dimensions of 30m x 30m, 30m x 20 m and 30m x 15 m are considered for the 30 
story building. The height of each floor is 3m and total building height is 90m. 
 

 
 
Fig. 1: Diagrammatic representation of outrigger system and 3D building model with central core and 

outriggers.  
 
 The parameters assumed for the analysis are medium soil, roof live load of 1.5 kN/m2, live load of 3 kN/m2, 
floor finish of 1.5 kN/m2, slab thickness of 150 mm, impose factor of 1, core wall thickness is 200 mm, 
outrigger shear wall thickness is 300 mm and  rigid diaphragm. The description of beam and column dimensions 
for different storey levels are given in Table I. 
 
Table I: Description of beam and column dimensions. 

Sl.No Description Storey level Width (mm) Depth (mm) Grade of concrete 

1 Columns 
1 - 10 750 750 

M40 11 - 20 600 600 
21 - 30 450 450 

2 Beams 
1 - 20 230 500 

M40 
21 - 30 230 400 

 
 The locality of outriggers varies from H0/H ratio of 0.3 to 0.6 times height of building, where, H0 is the 
location of outrigger and H is the total height of the building. The schematic representation of building with core 
wall and location of outrigger and 3D view of the model are shown in Figure 1.Investigation is carried out for 
three different aspect ratios. Taking a central core as a shear wall and considering it has bare frame without 
outrigger and considering outrigger as a shear wall, keeping one outrigger constant at top floor due to 
deflectionlacking behind the stiffness and placing an outrigger at different location (H0) for the different models 
with finding out the optimal locality. The analysis carried by FEM base Etabs V15 software.  
 The results of lateral storey displacement and base shear have been plotted for all the models which are 
having aspect ratio of 1.5 and zone factor 0.1, shown in Figure 2. From the results obtained, it can be understood 
that the model 1 (without outrigger) i.e. bare frame model exhibit higher lateral displacement and model 4 i.e. 
frame with outrigger at 0.5H gives less lateral displacement when compared to all other models. Similar to 
comparison of lateral displacement behaviour of all models, inter storey drifts which are required to predict the 
stiffness of the frame at different storey level also plotted for the same aspect ratio and zone factor models. 
From Figure 3, it is seen that the model 4 (0.5 H) predicts good results compared to other models. However, the 
values of drift are within the limit of 0.004 H. 
 

RESULTS AND DISCUSSION 
 
 To study the behaviour of outriggers systems in the multi stories buildings, a parameter study which 
includes varying aspect ratio and different location of outriggers along with the one at top are considered. The 
results of storey displacement in all models have been noted and the percentage reduction of displacements and 
inter storey drifts of the models are calculated. 
 



60 Siddhaling S. Khanapur and Visuvasm J., 2016/ Advances in Natural and Applied Sciences. 10(3) March 2016, Pages: 58-62 

 
 
Fig. 2: Comparison of lateral displacement of all models. 
 

 
 
Fig. 3: comparison of inter storey drift values of all models. 
 
A. Effect of aspect ratio: 
 For the understanding of the effect of aspect ratio in the seismic behaviour of outriggers, a different length 
to width ratio of buildings such as 1.0, 1.5 and 2.0 are considered. The values of percentage reduction in drift 
and lateral displacement in x and y directions for all models for varying aspect ratios are plotted in Figure 4.It is 
observed that the outriggers which are placed at the aspect ratio of 1.5 give maximum reduction of drift and roof 
lateral displacement in the case of x and y direction in comparison to the results of all other aspect ratio models. 
Similarly, in the case of aspect ratio 1.5 buildings, the model 4 i.e. outriggers placed at 0.5H and at top provides 
more resistance in both x and y direction. It is clear from Figure 4, that the model 4 provides 30% to 35% and 
25% to 30% reduction in drift in x and y directions respectively.  
 Similar to inter-storey drift, the percentage reduction of lateral displacement at roof also noted. In x-
direction, the percentage reduction in displacement increasing abruptly from the aspect ratio of 1 to 1.5 for all 
the models and decreasing steadily from 1.5 to 2.0. But in y-direction, the changes in reduction of displacement 
is vice-versa to x-direction values i.e. the values of 1.0 to 1.5 aspect ratio models increasing steadily and 
decreasing abruptly from 1.5 to 2.0.This shows, however, the aspect ratio of 1.5 model provides more lateral 
resistance in terms of drift and displacement in both x and y direction. 
 
(B) Effect of position of outrigger: 
 As the outriggers play important role in analysis and design of multi storey buildings, it is our prime duty to 
locate the outrigger at the right place. For the optimum location of outrigger among all models i.e. for the aspect 
ratios of 1.0, 1.5 and 2.0, the outriggers were placed at different locations along with the one that is constantly 
located at top. For the parametric study, the outriggers were located at 0.3, 0.4, 0.5, 0.6 and 0.7 times of height 
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of the structure. Totally, six models in each aspect ratio which include one bare frame and 5 outriggers systems 
are used for the analysis and the corresponding results in the form of drift and lateral displacement are observed 
in both x and y directions. The percentage reduction of inter-storey drift and lateral displacement in comparison 
to bare frame is calculated for both directions and shown in Figure 5.  
 

 
 
Fig. 4: Effect of aspect ratio on percentage reduction in inter-storey drift and roof displacement. 
 

 
 
Fig. 5: Effect of position of outrigger on percentage reduction in inter-storey drift and roof displacement. 
 
 It is seen from the Figure 5 that the percentage reduction in drift in x and y directions for all aspect ratio, 
models with outrigger located at half of the height of the structure give higher values in comparison with models 
with outriggers at other locations. Similarly, percentage reduction in lateral displacement also identified for 
different location of outriggers. From all the results, it is concluded that the models which are having outriggers 
located at mid height of the structure in addition to the one at top and also the building models having aspect 
ratio provide more resistance to lateral displacement and inter-storey drift ratio. 
 
Conclusion: 
 Adopting the outrigger in the high rise slender building to increase the required stiffness to resist the lateral 
loads, from our model analysis. The following are the conclusions derived from this study. 
1) Maximum deflection will be at top floor so constant outrigger will be placed and 2nd outrigger is placed at 
intermediate height got 34.7% reduction in deflection. Maximum percentage reduction by 2nd outrigger in 0.5H 
as compared to 0.4H and 0.6H.  
2) The maximum 31.17% reduction of inter-story drift by placing at intermediate height location. It is 
compared that the model with different aspect ratio to cross check the locality of outrigger and got the maximum 
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reduction of displacement & inter-storey drift by placing at 1st outrigger at top and 2nd outrigger at intermediate 
height of structure. 
3) The aspect ratio 1.5 gives better resisting stiffness to lateral loads. The maximum 27.75% reduction of 
inter-story drift by placing at intermediate height location in y direction. 
4) Maximum deflection will be at top of floor so constant outrigger will be placed and 2nd outrigger is placed 
at intermediate height got 31.23% reduction in deflection in y direction. 
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