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Abstract- Worldwide there is a rapid increase in development of tall buildings especially in Asian countries there is an 
increase of  318% in a decade. The structural engineers faced the new challenge with an engineering perspective and 
suggested many solutions one such is coupled shear wall for restraining wind and earthquake induced lateral loads. But when 
building is slender in any of the direction lateral stiffness of the structural system becomes more important and outrigger 
system is introduced between the core wall and external columns to provide lateral stiffness. The outrigger will effectively 
control the excessive drift and deflection in seismic active zone or wind load dominant area and minimize   structural 
damage. The objective of this study is to find the optimum location of the outrigger beams. For this purpose mathematical 
model of 30, 40, 50 & 60 storey is created in FEM base Etabs software. Variation in the fundamental time period of building 
without outrigger and different location of outrigger is examined. There is a maximum reduction in the fundamental time 
period of the building is achieved by placing first outrigger at 1/3rd storey height from top and second outrigger in same 
height from bottom. Results shows that dimension of plan also has a role to play in stability .Increase in height with same 
plan geometry lead to increase in fundamental time period thus can say lateral stability of the structure is inversely 
proportional to the height of the structure. 
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I. INTRODUCTION 
 
Human kind had always fascinated for height and 
throughout our history. From the ancient pyramidical 
era to today’s modern technological era power and 
wealth of a civilization or country has been expressed 
through spectacular structures. Even today the 
economic power and leadership expressed through 
skyscraper. Thus we can say that there is a 
competitiveness in mankind to proclaim to have the 
tallest building in the world. 
 
In ancient pyramidical era the huge structures are 
build only to express the power and wealth of the 
civilization or kingdom. But in the present era 
development of skyscrapers is not only to express 
power and wealth but also to meet the scarcity of 
living space within the cities. Last few centuries 
particularly from the late 19th century saw a 
skyscraper height race with the completion of 30 
storey Park Row Building in New York city in 1899. 
This height race reached to the new heights in 1931 
with the completion of 102 storey Empire State 
Building. 
 
Today this phenomenon of skyscraper has came out 
of U.S.A and so called "American Building Type" is 
now a worldwide architectural trend.  
 

Now Asian countries have largest share of 
skyscrapers in the world. According to the 
emporis.com the Asian countries shares 32.2%  of the 
tall building in the, most of them in China. Table 1 
shows the region wise distribution of tall building in 
the world 

Table1: Distribution of Tall Buildings 
(2006,based on most active cities in te regions 

reported by Emporis.com) 
REGI
ON 

COUNTR
IES 

(No.) 

PERCENT
AGE 
(%) 

BUILDIN
GS 

(No.) 
Asia 20 32.2 35,016 

North 
Ameri

ca 
18 23.9 26,053 

Europe 20 23.7 25,809 
South 
Ameri

ca 
10 16.6 18,129 

Oceani
a 7 2.6 2,839 

Africa 20 1.0 1,078 
Total 95  10,892 
 

But according to the report Council on Tall Building 
and Urban Habitat in 2013, 45% of the world's tallest 
buildings are in Asia out of it most of them in china. 
In Indian cities Mumbai has the maximum number of 
high-rise buildings and Imperial Heights is the 40th 
tallest residential building in the world. The report 
also said that the number of 200m-plus buildings has 
increase from 261 to 830, from the year 2000 to 2013. 
An astonishing increase of 318% in just time period  
of 13 year. This kind of increase is due to the mass 
flow of population from the village to the cities. Also 
due to the increase in the increase in quality of mass 
transportation system and safety measures of the 
government. Because increase in capacity of mass 
transportation and safety measures from the 
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governmental side will definitely increase the 
FSI(Floor Space Index) of the cities and thus will 
lead to the increase in the number of stories. 
 
The fundamental criteria in the design of skyscrapers 
or any other structures are strength, serviceability and 
stability. Here both physical and psychological 
comfort of the inhabitants of the building should also 
be considered primarily. Because it is people feeling 
the motion, not that building is going to fail. So 
psychologically making the people comfortable is 
main factor.  According to the guidelines of the 
Indian Standard codes stability and strength criteria is 
met by the ultimate limit state design method and 
serviceability applies to the short term and long term 
deflection whole structure. 

 
II. LOADINGS 
 
Load acting on the tall or slender buildings can be 
classified into two type they are load due to gravity 
and lateral load due to the wind and earthquake. 

a) Load due to gravity 
The loads acting vertically downward due to the 
action of the gravitatinal force are called gravity 
loads. This intern is classified as selfweight of 
structure and the live load in the structure. 

1. Selfweight of structure 
The self weight of the structure is the overall weight 
of the structural elements such as 

a) Slab weight 
The slab is 120mm thickness and no 
variation of the thickness in models and 
throughtout the height of the models. 

b) Secondary and Primary beams 
The size of the beam is 200 x 600mm and 
300 x 2000 in the base of the structure. 

c) Column 
The cross sectional dimension of the column 
depend upon the load it carries. Thus here in 
the models the cross section reduces with 
increase in height. 

d) Super imposed dead load 
This comprises of the floor finish, partition 
walls, permanent furnitures etc. 

e) Live load (LL) 
The live load comprises the self weight of 
humans and they are highly variable. Thus 
the Indian code suggests to take 2kN/m2 for 
residential buildings. 
 

2. Lateral load due to the wind and earthquake.  
The structure is considered in the Mumbai 
region since most of the tall structure in 
India is in MumbaiThe earthquake and wind 
loads are calculated according to the IS 
1893(PART 1) - 2002 and IS 875(PART 3) - 
1987. The details of the loading and clauses 
of the codes are specified in table 2 and 
table3.  

 
Table2: Earthquake loading details and clauses in IS 

1893(PART 1) - 2002 

Zone Factor 1 page no: 16,Table  
2,clause 6.4.2 

Importance factor 5 page no: 18,Table  
6,clause 6.4.2 

Response 
Reduction factor 0.25 page no: 23,Table 

7,clause 6.4.2 
% LL considered 

in seismic I page no: 24,Table  
8,clause 7.3.1 

Soil Type  1 page no: 16,fig 
2,clause 6.4.2 

 
Table3: Wind  loading details and clauses in IS 

875(PART 3) - 1987 

Terrain Category  3 
page no: 9, clause 
5.3.2.1, IS:875 (part 
3) - 1987 

Class of building c page no: 11, IS:875 
(part 3) - 1987 

Basic wind speed 
in m/sec.
  

44 
page no: 8, clause 
5.2, IS:875 (part 3) - 
1987 

Maximum wind 
pressure 0.08 

page no: 13 , from 
clause 6, IS:875 (part 
3) - 1987 

Force coefficient 1.2 
page no: 14,Table  
4,clause 6.2.2.1, 
IS:875 (part 3) - 1987 

 
The trapezoidal nature of the wind action 
automatically considered by the software 

 
III. METHODOLOGY 
 

1. Study the Architectural design and align the 
structural elements to suit from the structural 
engineering point of view. 

2. Create the framing plan. 
3. Create the mathematical model in 

internationally rated F.E.M software (Etabs). 
4. Assign dead load, live loads, wind loads and 

earthquake loads. 
5. Performing the analysis with linear static 

and dynamic natures of the loads. 
6. Finding out the lateral stability of the 

building and assist the major effects as 
stated below. 

i. Fundamental time period of the 
building, 0.1x N (Whereas N= 
number of floors) 

ii. Wind deflections and seismic drifts 
of the building. 

iii. Overall building deflection and its 
effect on the structural stability for 
short term and long term  

iv. Analyse the different ways of 
reducing the drift and deflection of 
the building. 
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IV. FRAMING LAYOUT 
 
The example are of the same plan geometry shown in 
the figure1 but the height is increased to study the 
influence of plan dimension in the lateral stiffness of 
the building system. 
 

 
fig1: plan of the example models 

 
 

 
Figure 3 shows the three dimensional view of 30 storey building 
with the cap truss and the outrigger in 1/3rd distance from top 

 
Table 4: The description of the structure is as below 

No. 
of 

Floor
s 

G+29 G+39 G+49 

Shap
e Of 
Buil
ding 

Rectang
ular Rectang

ular 
Rectang

ular 
Maximu
m plan 

dimensio
n in 

either 

17.5m 17.5m 17.5m 

direction 
in mt. 

Ratio of 
plan 

dimensio
n 

17.5/10. 
= 1.75 

17.5/10. 
= 1.75 

17.5/10. 
= 1.75 

Typical 
Floor to 

floor 
height in 

mt. 
Maximu
m floor 
to floor 

height in 
entire 

height of 
building 

in mt. 

3m 
 3 m 3 m 

 
The columns and beams are 3.5m apart .and aslo in 
the modelling the stiffness of the partition walls are 
not considered but the load due to the wall are 
considered. The aspect ratio of the 30,40, 50 and 60 
storey buildings are 8.47, 11.33, 14.19 and 17.04 
respectively. 
 
The column and core wall are fixed to the base. The 
columns here will not resist much lateral loads 
because the core wall will attract more lateral loads. 
 
V. MODELLING ARRANGEMENTS 
 
The model developed and run to find the optimum 
position of the outrigger is as follows 
 

1. The model with only core wall (model A). 
2. The model with core wall and cap truss 

(model B).. 
3. The model with cap truss and second 

outrigger in 1/3rd distance from top floor 
(model C). 

4. The model with cap truss and second 
outrigger in 1/4th distance from top floor( 
model D). 

5. The model with cap truss and second 
outrigger in mid height from top floor 
(model E). 

6. The model with cap truss and second 
outrigger in 3/4th distance from top floor 
(model F). 

7. The model without outriggers in 1/3rd 
distance from top floor and bottom floor 
(model G). 

8. The model without outriggers in 1/4th 
distance from top floor and bottom floor 
(model H). 

9. The model without outriggers in 3/4th 
distance from top floor and bottom floor 
(model I). 
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The variation in the fundamental time period of the 
models with different level of the application of the 
outrigger is tabulated in table 4 

 
Table5: variation n the fundamental time period of 

different models 
MODEL 
NAME 

G+29 G+39 G+49 G+59 

MODEL A 3.617 5.446 7.362 9.074 
MODEL B 3.416 5.416 7.294 9.050 
MODEL C 3.296 5.316 7.228 9.002 
MODEL D 3.343 5.343 7.244 9.008 
MODEL E 3.227 5.269 7.148 8.931 
MODEL F 3.22 5.248 7.104 8.852 
MODEL G 3.075 5.147 7.057 8.827 
MODEL H 3.118 5.168 7.066 8.846 
MODEL G 3.158 5.209 7.079 8.834 

 
VI. MODELLING VALIDATION 
 
From the comparison of results of table 5 it is 
concluded that the 1/3rd distance is the optimum 
position of the outrigger in slender high rise building . 
So from the knowledge acquired from working in the 
example model a live project in mumbai is taken for 
study.  With all the dead , live and lateral loading 
outrigger beam is applied in the 1/3rd position of the 
building system different check for the lateral checks 
are made to conform weather the 1/3rd is the 
optimum position of outrigger beams.  
 
Loading conditions are taken according to the 
respective Indian standard code as explained above. 
Plan and building description is shown in figure4 and 
table 6. 

 
fig1: plan of the live project 

 
Table 6: The description of the structure is as below 

No. of Floors G+29 
Shape Of Building Rectangular 

Maximum plan dimension 
in either direction in mt. 17.5m 

Ratio of plan dimension 17.5/10. = 
1.75 

Aspect Ratio 92.3 m/15 m = 
6.15 

Average thickness of floor slab is 115mm and storey 
height is 2.9m also maximum cantilever dimension is 
2.3m. All the stability checks are done using the 
microsoft excel.  
The stability checks are 

1. Guideline for fundamental time period = .01 
x N (N= no: of floors)  
Time period for this building = 0.01 x 
32=3.2 .By introducing the outrigger in 
1/3rd distance from the top most floor ie in 
32nd storey the time period of building is 
reduced to 3.17 as shown below. 

2. Inter storey drift ratio should be less than 
0.004 
The drift is calculated and tabulated as per IS 
1893-2002 Clause No: 7.11.1. The drift ratio 
varies from 0.000504 to0.000504 between 
the height which is less than 0.004. 

3. maximum deflection against wind load 
allowed is H/500: 
The Height of Building is 98.1m 
So max deflection against wind load = (98.1 
x 1000)/500 = 196.2mm 
The top storey deflection for the wind load 
in both the direction is less than 196.2 mm. 

4. maximum deflection against earthquake  
load allowed is H/250 
Height of Building is 98.1m 
So max deflection against wind load = (98.1 
x 1000)/250 = 392.4mm 
The top storey deflection for the earthquake 
loading in both the direction is less than 
196.2 mm. 

5. Number of modes given should be in such a 
way that around 98 to 100 % modal 
participation mass ratio shall be achieved. 
By introducing the 21 modes the modal 
participation of 0.9947 and 0.9892 in x and y 
direction is achived. 

6. first mode of vibration is preferred to be in 
translation from the modal participation 
values the modal participation of first mode 
is in x and y is 0.6169 and 0.0106 
respectively and in rotation is 0.124. In this 
mode it is slightly in torsion also but there is 
15% tolerance. 

7. Check for soft storey 
Because of the application of outrigger in 
certain floor there is a chance of formation 
of soft storey above or below the particular 
floor. IS 1893 (part 1)-2002 clause 4.2 states 
that soft storey is " It is one in which the 
lateral stiffness is less than 70 percent of that 
in the storey above or less than 80 percent of 
the average lateral stiffness of the three 
storeys above." No soft storey is formed, 

 
CONCLUSION 
 
Following are the conclusion made from the study 
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a) The introduction of outrigger in high 
rise building will increase the lateral 
stiffness of the structure and make the 
structural system function efficiently 
under lateral loads. 

b) Excessive deflection and inter storey 
drift can be effectively brought down to 
the required limits of the outigger 
beams are located in a optimum location 

c) Introduction of 2nd outrigger without the 
cap truss in the 1/3rd distance from top 
and bottom is optimum location. 
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