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Abstract : The evolution of tall building has been enlarging worldwide and brings up various challenges. When
building height increases, the stiffness of the structure largely reduces. For lateral load resisting outrigger
system is very much effective to control the lateral Drift. Thus, to boost the performance of the structure under
various lateral loading such as in wind or earthquake outrigger structural system plays very efficient role.In
present paper an investigation has been focused on performance of dual outrigger structural system in
geometrically irregular shaped building. Static and dynamic behavior of 70 storey irregular shaped building
with different outrigger configurations was analyzed by using ETABS Software. Wind analysis and Response
spectrum method was carried out. The Parameters discussed in this paper include Storey Displacement, Storey
Drift, Base shear, Base moment, Time period and Torsion for static and dynamic behaviour of different
outrigger configurations.
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l. INTRODUCTION

Nowadays tall buildings become taller and higher due to less availability of space in metro cities due to
increasing population. Due to lesser space and higher land rates high rise building is the only feasible solution to
accommodate the demands of developing cities.

But in India various developed cities lie in seismically active regions. Effect of lateral forces such as
wind and earthquake become more crucial in design of high-rise frames due to its higher heights. Hence special
systems shall be developed for resisting such lateral forces in addition to gravity loads in tall buildings. After
study it is observed that there are various lateral load resisting structural systems are employed for designing the
high-rise building projects

1.1. Outrigger Structural System

In lateral load resisting structural system outrigger system works efficiently for lateral forces.
Basically, in outrigger structural system, central core wall of structure and peripheral columns are connected
with a rigid beam which is either in form of deep RCC beam or steel truss. Often in a building there could be
some architectural constraints and it is difficult to provide outrigger beam which might obstruct the planning at
that time it will be suitable to provide belt truss instead of conventional outriggers

Belt truss is basically a rigid RCC beam or Steel truss which connects all the peripheral columns so as
to engage them in unison to resist lateral movements.This lateral load resisting system is used to control
excessive story drift due to lateral loads generated either by wind or earthquake.

1.2. Concept of Outrigger

The outrigger concept was originally derived from sailing canoe which runs on wind pressure during its
journey in sea. Sometimes even in the high storm these sailing ship withstand to its position. Similarly, tall
building can withstand to high lateral load by introducing outrigger in structure.

If we compare the element of sailing ship and building then Central core wall of building behave like a
vertical mast of the sailing ship. And outrigger beam or truss is act like a spreader. Similarly, peripheral
columns are representing the shrouds of sailing ship. This phenomenon has a great potential to be employed in
tall buildings.
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Fig. 1. Outrigger Structural System

1.3 Behaviour of Outrigger

The provision of outrigger structural system comprises of central core wall (i.e. lift shear wall)
connected to the peripheral columns by single or double storey deep beam in case of RCC structure or sometime
steel truss of that particular storey height is provided. This deep beam or steel truss is commonly referred as
outrigger.

The working principle of outrigger structural system is very simple. When lateral loading either wind
or earthquake load applied on the structure the rotation of central core wall is reduced due to the originating of
axial forces in peripheral columns. Specifically, Tensile force is developed in windward columns and similarly
compressive force will develop in leeward columns.

The result is the bending moment at a specific location where outrigger beam is provided is drastically
reduced. As shown in fig.2. For restraining the rotation of outriggers peripheral columns are also connected.

This can be possible by connecting the all peripheral columns with steel truss which is generally
referred as belt truss or sometime single or double storey deep wall around the structure. Sometime it referred as
“belt wall”.
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Fig. 2. Behaviour of Outrigger
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Figure 3. Behaviour of Outrigger

1. OBJECTIVES OF RESEARCH
Finite Element models of reinforced concrete multistoried building prototypes with geometrically irregular
and unsymmetrical L shaped plan layouts with different outrigger configurations are modelled in ETABS.
To perform Static analysis of Geometrically irregular L shaped building models for earthquake analysis as
per IS 1893 (Part 1) 2002
To perform Dynamic analysis of geometrically irregular L shaped building models by response spectrum
method using software ETABS. Furthermore, Dynamic analysis for earthquake assessment shall be
performed by response spectrum method.
To determine the optimum location of belt-truss and outriggers arrangement by comparison of results for
static and dynamic actions.
To perform a parametric study which include Storey Displacement, Storey Drift, Base Shear, Base Moment,
Time Period and Torsion.

1. MODELS CONSIDERED FOR ANALYSIS
In current study, three-dimensional G+70 storied building with plan dimension 108.5 m x 106m are

modelled (Fig 4). The typical floor height is 3.5m giving a total height of 252m. The beams, columns and shear
walls are modelled as RC elements and outrigger is modelled as structural steel truss. Column and beam sizes
considered in the analysis are 1200mm x 1200mm and 600mm x 800mm respectively.

A total 9 Different outrigger configurations by varying the position has been modelled and analyzed.

©CoNoOR~LNE

M1 Without outrigger

M2 Qutrigger at top

M3 Qutrigger at top and 0.4 H
M4 Outrigger at top and 0.45 H
M5 Outrigger at top and 0.5 H
M6 Outrigger at top and 0.55 H
M7 Outrigger at top and 0.6 H
M8 Outrigger at top and 0.65 H
M9 Outrigger at top and 0.7 H

Where, H is the height of building
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Fig.5. Elevation (Model No 5- OUTRIGGER AT Top & 0.5H i.e. height of building)

E]

The assumptions behind modelling this system are that the connection between shear wall core and
foundation is rigid. The outrigger truss is rigidly connected to the stiff core on one side and simply supported on
the peripheral column other side. Simple support condition is achieved through releasing major and minor
moments (M33 & M22) of truss element at the peripheral column junction such that bending moments are not
transferred and only axial thrust is exerted to the columns. The columns are sized and shall be designed such
that it can safely carry the extra axial force (weather compression or tension) caused due to outriggers. The
material behavior for analysis is considered to be linearly elastic. The outrigger trusses are kept very stiff so as
to act as a rigid arm to transfer moments of core to the external column with minimum loss of forces due to
distortion and flexure of outrigger itself.
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V. LoAD CONSIDERATION & ANALYSIS OF THE FRAME

Equivalent static analysis method as per IS code is employed for assessing the static behavior of the
models. Response spectrum and Wind analysis methods are employed to assess the linear dynamic behavior of
the models. Basic wind speed is selected from wind data of Mumbai region.

Finite element software ETABS is used to carry out the above-mentioned analysis. In ETABS, shear
walls and slabs are modelled as four nodded thin shell elements with default auto meshing. Beams, columns and
truss elements are modelled as two nodded line elements. In addition, the truss members are released for
moments on both of its ends to get exclusive axial brace behavior. Semi rigid diaphragm is assigned to all the
floor elements to engage all columns in resisting lateral forces.

Loading:

e For slabs, of 1.5kN/m2 floor finish load and 4kN/ m2 of live load is considered as per 1S-875 part 2 for
commercial buildings.

e  For beams, uniform line load of 6kN/ m2 load is considered for partition walls made up of light weight
blocks.

e From IS 1893 (PART-1) 2002 seismic load is considered. The following parameters have been considered
for seismic analysis-

Seismic Zone = Zone IV (Z= 0.24)

Importance Factor = 1.0

Type of Soil = Medium Soil (Soil Type 1)

Response Reduction Factor = IV

Damping Ratio = 5%

Wind speed = 44 m/s

Diaphragm = Semi Rigid

As per IS: 875 (part 5), load combinations are considered and structure is analysed.
1.5(DL + LL)
1.2(DL + LL + EQX)
1.2(DL + LL - EQX)
1.2(DL + LL + EQY)
1.2(DL + LL - EQY)
1.5(DL+ EQX)

1.5(DL - EQX)
1.5(DL+ EQY)
1.5(DL - EQY)
0.9DL + 1.5EQX
0.9DL - 1.5EQX
0.9DL + 1.5EQY
0.9DL - 1.5EQY

V. RESULTS AND DISCUSSIONS
G+70 storey building is studied and following parameters are discussed which includes variation of
Storey Displacement, Storey Drift, Base shear, Base moment, Time period and Torsion for static and dynamic
behaviour of different outrigger configurations.

5.1 Storey Displacement

Graph 1 to 8 shows profiles for variation in storey displacement as well as graph 9 shows variation of
top storey displacement in different outrigger configurations for equivalent static analysis, response spectrum
analysis, wind analysis and gust factor analysis. From result obtained in Table no.1 maximum reduction is
observed for M3 model where outrigger is provided at top and 0.4H i.e. height of the building. The reduction in
top storey displacement observed is as follow
1. 18.13% in X-direction and 18.46% in Y-direction for Equivalent Static analysis.
2. 16.39% in X-direction and 19.64% in Y-direction for Response Spectrum analysis
3. 18.56% in X-direction and 18.11% in Y-direction for Wind analysis
4. 18.82% in X-direction and 19.22% in Y-direction for Gust Factor analysis
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Storey vs Lateral displacement due to EQx
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70 I} 'y
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A / Outrigger at T and 0.45H
o 40 / :
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5
30 ——Qutrigger at T and 0.55H
20 / Outrigger at T and 0.6H
10 : Outrigger at T and 0.65H
0 Outrigger at T and 0.7H
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Lateral displacement (mm) >
Graph 1. Equivalent Static Analysis (X Direction)
Storey vs Lateral displacement due to EQy
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Graph 2. Equivalent Static Analysis (Y Direction)
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Storey vs Lateral displacement due to Spec X
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Graph 3. Response Spectrum Analysis (X Direction)
Storey vs Lateral displacement due to Spec Y
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Graph 4. Response Spectrum Analysis (Y Direction)
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Storey vs Lateral displacement due to Wind in X direction
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Graph 5. Wind Analysis (X Direction)
Storey vs Lateral displacement due to Wind in Y direction
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Graph 6. Wind Analysis (Y Direction)
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Storey vs Lateral displacement due to Gust effect in X
direction
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Graph 7. Gust Factor Analysis (X Direction)

Storey vs Lateral displacement due to Gust effect in Y direction
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Graph 8. Gust Factor Analysis (Y Direction)
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Table -1: Percentage Reduction in Top Storey Displacement with Different Outrigger Configuration
(Equivalent Static Analysis, Response Spectrum Analysis, Wind Analysis and Gust Factor Analysis in X
and Y Direction)

Top Storey Displacement

Conv | T&0 |T&04H| T&045H | T&05H | T&O055H | T&0.6H | T&0.65H | T&0.TH

Ximm) | 2885 | 27876 | 2362 | 237078 | 238257 | 240454 | 242544 | 245501 | 248386
Y(mm) |273334| 2624 | 222879 | 223239 | 224094 | 225939 | 227811 | 230915 | 23369

Spec X(mm) | 145632 | 141947 | 121761 | 12321 | 124341 | 83939 | 127142 | 128874 | 130.258
Spec Y (mm) | 113.878 | 109.867 | 91516 | 92457 | 93358 | 63.178 | 95935 97.67 99.043
Wind X (mm) | 103.007 | 99.898 | 83.885 8452 35833 | 87176 | 88253 | 89735 | 90517
Wind Y (mm) | 104.271 | 100.564 | §5.391 86.188 | 86952 | 8B.133 85113 | 90508 | 91.604
Gust X (mm) | 111513 | 107973 | 90.525 | 91363 92504 | 93912 | 95035 | 96.665 | 97915
Gust Y (mm) | 96.012 | 92581 | 77554 | 78273 78996 | 80.146 | 8LII5 | B1513 §3.622

EqX | 338% | 18.13% | 1782% | 1742% | 1665% | 1593% | 1477% | 1374%
EqY 4% | 1846% | 1833% | 18.01% | 1734% | 1665% | 1552% | 1450%
SpecX | 253% | 1639% | 1540% | 1462% | 4236% | 1270% | 1151% | 1056%
Y Reduction SpecY | 352% | 1964% | 1881% | 18.02% | #452% | 1574% | 1423% | 1303 %

in Top Storey (—
Displacement | WindX | 302% | 1856% | 1756% [ 1667% | 1537% | 1432% | 1&7% | 1174%
Wind Y | 356% | 18.11% | 1734% | 1661% | 1548% | 1454% | 1320% | 1215%
GustX | 3.17% [ 1882% | 1789% | 1705% | 1578% | 1476% | 1332% | 1219%
GustY | 357% [ 1922% | 1848% | 17.2% | 1653% | 1552% | 1406% | 1290%
Top Storey displacement
350
‘ u Conv
E 300 8TR0
e 250 HT&044
§ 200 | BT &0.45H
§ 150 BT&OS5H
g
T 100 H BT &0.55H
S 18064
" s0
8T &0.65H
g«
T&0.H
EqX qY Spec X Wind X Wind ¥ Gust X Gust Y

Graph 9. Top Storey Displacement

5.2. Storey Drift

Graph 10 to 17 shows profiles for variation in storey drift as well as graph 18 shows variation of
maximum storey drift in different outrigger configurations for equivalent static analysis, response spectrum
analysis, wind analysis and gust factor analysis.It can be observed from graphs in chart 10tol5, the sudden
change or drop in story drift is due to high stiffness in wall at those outrigger stories due to presence of stiff
trussed which restricts rotation of walls. From result obtained in Table no.2 maximum reduction in drift is
observed for M3 model where outrigger is provided at top and 0.4H i.e. height of the building. The reduction in
maximum storey drift observed is as follow
1. 18.86% in X-direction and 14.41% in Y-direction for Equivalent Static analysis.
2. 15.76% in X-direction and 9.82% in Y-direction for Response Spectrum analysis
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3. 12.01% in X-direction and 7.63% in Y-direction for Wind analysis
4. 11.78% in X-direction and 14.11% in Y-direction for Gust Factor analysis

Storey vs Storey drift due to EQx
80
79 Conventional
60 Outrigger at T and 0
/I\ 50 Outrigger at T and 0.4H
E‘ 40 ———Outrigger at T and 0.45H
o
& 30 ——Qutrigger at T and 0.5H
20 ——Qutrigger at T and 0.55H
10 ~-Outrigger T and 0.6H
Outrigger at T and 0.65H
0
0 0.0005  0.001 00015  0.002 Outrigger at T and 0.7H
Storey drift (m) —>
Graph 10. Equivalent Static Analysis (X Direction)
Storey vs Storey drift due to EQy
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OutriggeratTand 0

Outrigger at T and 0.4H
Outrigger at T and 0.45H

Outrigger at T and 0.5H

Outrigger at T and 0.55H

Outrigger at T and 0.6H

0 : Outrigger at T and 0.65H
0 0.0005 0.001 0.0015 0.002 Outrigger at T and 0.7H
Storey drift (m) >

Graph 11. Equivalent Static Analysis (Y Direction)

WWW.ijesi.org 26 | Page



Performance of Dual-Outrigger Structural System in Geometrically Irregular Shaped ...

Storey -—->

Storey vs Storey drift due to Spec X
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Graph 12. Response Spectrum Analysis (X Direction)

Storey vs storey drift due to Spec Y
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Graph 13. Response Spectrum Analysis (Y Direction)
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Storey vs storey drift due to wind in X direction
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60 Conventional
Outrigger atTand 0
0 20 Outrigger at T and 0.4H
é‘ 40 Outrigger at T and 0.45H
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0 0.0002 0.0004 0.0006 0.0008 0.001
Storey drift (m) --->
Graph 14. Wind Analysis (X Direction)
Storey vs storey drift due to wind in Y direction
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Graph 15. Wind Analysis (Y Direction)
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Storey vs Storey drift due to Gust effectin X direction

80
70
60 Conventional
Outrigger atTand 0
0 20 Outrigger at T and 0.4H
é‘ 40 Outrigger at T and 0.45H
g 30 Outrigger at T and 0.5H
Outrigger at T and 0.55H
20 Outrigger at T and 0.6H
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Storey drift (m) --->
Graph 16. Gust Factor Analysis (X Direction)
Storey vs storey drift due to Gust effectin Y direction
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Graph 17. Gust Factor Analysis (Y Direction)
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Table -2: Percentage Reduction in maximum Storey Drift with Different Outrigger Configuration
(Equivalent Static Analysis, Response Spectrum Analysis, Wind Analysis and Gust Factor Analysis in X

and Y Direction)

Maximum Storey Drift

Conv T&0 |T&O04H|T&045H| T&OSH | T&O055H | T&O06H | T&065H | T &0.7TH

EqX 0.001644 | 0.00163 | 0.001334 | 0.001398 | 0.00145 | 0.001503 | 0.001534 | 0.001564 [ 0.001581

EqY 0.001763 | 0.001749 | 0.001509 | 0.001578 | 0.001616 | 0.001635 | 0.001676 | 0.001697 | 0.001708
SpecX | 0.0009359 | 0.000936 | 0.000791 | 0.00083%9 | 0.000867 | 0.000886 | 0.000909 | 0.000522 | 0.000928
Spec Y 0.00112 | 0.001117 | 0.00101 | 0.00104% | 0.00107 | 0.001075 [ 0.001089 [ 0.001107 | 0.001111
Wind X | 0.000841 | 0.000836 | 0.00074 | 0.000773 | 0.00079 | 0.000806 | 0.000814 | 0.000821 | 0.000823
Wind Y | 0.000996 | 0.000992 [ 0.00092 | 0.000945 | 0.000958 | 0.000968 | 0.000974 | 0.00097% | 0.000982
Gust X 0.001392 | 0.001385 | 0.001228 | 0.001281 | 0.00130% | 0.001335 | 0.001348 | 0.001361 | 0.001367
Gust Y 0.000574 | 0.000571 | 0.000453 | 0.000517 | 0.000531 | 0.000544 | 0.000551 | 0.000538 | 0.000562

%

Reductionin | Spec¥ | 027% | 982% | 634% | 446% | 402% | 188% | 116% | 080%
Maximum
Storey Drift

EqX 085% | 18.86% | 1496% | 11.80% | 838% 6.69 % 4.87 % 383%
EqY 0.79% | 1441% | 1049% | 834% 6.13 % 493 % 374% 312%
SpecX | 032% | 1576% | 1065% | 7.67% 564 % 3.19% 1.81% 1.17%

WindX | 059% | 12.01% | 8.09% 6.06 % 416 % 321% 238% 1.90%
WindY | 040% | 763% 512% 3.82% 281 % 221% 171 % 1.41%
GustX | 050% | 11.78% 197 % 596 % 409 % 3.16 % 223% 1.80 %
GustY | 032% [ 1411% | 993% 749 % 523% 4.01% 279% 209%

Maximum Storey Drift

B Conv

BT8O
BTRO4AH

BT &0.45H
RT&O5H
BT &055H
BT&0.64
BT &0.65H

Series9

EqX EqY Spec X SpecY  WindX WindY  GustX Gust Y

5.3 BaseShear

Graph 18. Top Storey Drift

Graph 19 and tableNo.3 showsvariation of base shear in different outrigger configurations for
Equivalent static analysis, Response Spectrum analysis,Windanalysis and Gust Factor analysis in X and Y
Direction.And from Graph 19 it is observed that there is no significant variation of base shear values with
provision of different outrigger configurations.
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Variations of Base Shear
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Graph 19. Base Shear graph with Different Outrigger Configuration (Equivalent Static Analysis,
Response Spectrum Analysis Wind Analysis and Gust Factor Analysis - X& Y Direction)

Table 3. Base Reactions (in kN) for Different Outrigger Configuration (Equivalent Static Analysis,
Response Spectrum Analysis, Wind Analysis and Gust Factor Analysis- X &Y Direction)

Comv T&0 | T&O04H | T&04H | T&OSH | T&O0H | T&O06H | TR06H | T&OH

N al N KN N W W KN N
EX 118433 | 18705 | 118977 118977 118977 118977 | 118977 | 11877 118587
EY 118433 | 18705 | 118977 118977 118977 118977 118977 | 1877 118987

SpecX 95105 | A9 | 93299 9433) 95448 84330 46 | 94180
Spec Y %3682 | 99 | 83938 §7083 §7497 511 93462 U756 9027
Wind X 60480 | 60480 | 60480 60480 6480 60480 60480 5480 60480
Wind Y 61906 | 61906 | 61906 61906 61908 51906 61906 | 51906 61906
Gust X 6m | 6m 81771 61771 61771 61771 61771 571 61771
Gust Y 61771 6177 61711 61771 61771 61771 61771 51771 61771

Above graphs indicate that, there is no significant difference in base shear values among different
models due to addition of outriggers. Reason behind that is, the outrigger doesn’t significantly increase the
seismic weight of the building and as per the codal philosophies the seismic inertial forces are directly
proportional to the weight of the building. So, no increase in weight results in no increase in base shears.

However, in case of response spectrum results few variations could be observed but they are due to the
random nature of ground motions and its variable effect on various frames and floor stiffness.

5.4 Base Moments

Graph 20 and table No.4 shows variation of base moments in different outrigger configurations for
Equivalent static analysis, Response Spectrum analysis, Wind analysis and Gust Factor analysis in X and Y
Direction. And from Graph 19 it is observed that there is no significant variation of base shear values with
provision of different outrigger configurations
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Variations of Base Moment
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Graph 20. Base Moment graph with Different Outrigger Configuration (Equivalent Static Analysis,
Response Spectrum Analysis Wind Analysis and Gust Factor Analysis - X & Y Direction)

Table 4. Base Moment (in kN) for Different Outrigger Configuration (Equivalent Static Analysis,
Response Spectrum Analysis, Wind Analysis and Gust Factor Analysis- X &Y Direction)

Conie T&0 | T&O04H | T&O4SH | T&OSH | T&OSSH | T&OGH | T&OGSH | T&O.M

m KNm KNm KNm kNm kNm m kN Am
EgX 24269135 | 24356308 | 24095539 | 24126730 | 24152703 | 24189765 | 24218631 | 24257618 | 24288838
fgY 24133706 | 24218650 | 23386555 | 24010700 | 24032173 | 24064172 | 24085831 | 24125077 | 24154138
Spec ¥ 12422067 | 12518108 | 12602745 | 12654849 | 12736155 | 8506154 | 12755007 | 12744076 | 12728007
SpacY 10050443 | 10106415 | 9867716 | 9348650 | 10000115 | 6702562 | 10084555 | 10117643 | 10137451
Wind X 9033470 | 5028318 | 8914657 | 8331244 | 8543678 | 8935607 | 8970783 | 8984377 | 8993549
Wind Y 9218004 | 5212400 | 5108554 | 5122150 | 9132791 | 5146754 | 9156774 | 5165189 | 5177705
Gust X 9448135 | S441722 | 316389 | 9334000 | 9347403 | 9364713 | 9376555 | 9391954 | 9402137
| Gty 9332339 | 5326906 | 9223161 | 9236273 | 9046674 | 5260656 | 9270614 | 5283167 | 9291825

The above graph is clearly indicating that there is no significant difference in base moment values for
equivalent static analysis, wind analysis and gust factor analysis. But for Response spectrum analysis base
moment value considerably decreases due to variable mass at different floors and Equivalent static analysis and
Wind analysis methods fails to catch the same.

5.4 Time Period

Graph 21 and table No.5 shows graph for variation of time period in different outrigger configuration
for modal analysis and it is found that there is maximum reduction in time period when outriggers are placed at
top and 0.4H i.e. height of the structure.
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Variation of Time Period
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Mode 1

Graph 21. Time Period with Different Outrigger Configuration (Modal Analysis)

Table 5. Percentage Reduction in Time Period with Different Outrigger Configurations (Modal Analysis)

Time Peniod m Sec

Cov | T&O |T&O4H |T&04H (T&OH | T&ONH | T&06H | TEO6H | T&0UH

Model | 7085 | 7032 | 6308 6.56 0606 | 6671 6.721 6.788 .36

% Reduction
mime | Model | 047 | 813 4 6.76 iH a4 415 33l
penod

6.5 TORSION

Graph 22 and table No.6shows variation of base moments in different outrigger configurations for
Equivalent static analysis, Response Spectrum analysis, Wind analysis and Gust Factor analysis in X and Y
Direction. And from Graph 19 it is observed that there is no significant variation in torsion values with provision
of different outrigger configurations
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Variations of Torsion
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Graph 20. Torsion graph with Different Outrigger Configuration (Equivalent Static Analysis, Response
Spectrum Analysis Wind Analysis and Gust Factor Analysis - X & Y Direction)

Table 6. Torsion (in KNm) for Different Outrigger Configuration (Equivalent Static Analysis, Response
Spectrum Analysis, Wind Analysis and Gust Factor Analysis- X &Y Direction)

Cow | T&O | TROMH | TROMSH | T&OSH | T&OSSH | T&OGH | TEOSH | TAROM

kNm kNm kNm km kN km kNm k\m kNm
EqX 7650699 | 7668098 | 768918 | 7603048 | 76BRS14 | 76RO | TR7OR3 | 7667230 | 7HATSNM
kY 174 | 4304263 | 4353330 | ABG4230 | 45433 | 4854512 | 4BSAOTT | 4804613 | 4354916
SpecX 6109219 | £071312 | 600926 | 6100682 | 6310938 | 4331613 | GAD6309 | 5998507 | 6060583
Spec 5024678 | 5001336 | 475B460 | 483640 | 4R40033 | 32248% | 4940467 | 534MY | 513N
Wind X 3179787 | 3179038 | 3183244 | 3180405 | 3181804 | 3181076 | 318098 | 3180060 | 317977
Wind Y 0137 | 400669 | 3396769 | 3399737 | 400368 | 3400085 | 401934 | M0N3 | MU
GustX 1533339 | 1536288 | 15475% | 1549185 | 1543489 | 1541463 | 1540046 | 1538676 | 1537
GustY 1858709 | 1858428 | 1860848 | 1860231 | 1859904 | 18594%0 | 185%12 | 1858893 | 1856710

VL. CONCLUSION

The focus of current study is seismic response of geometrically irregular shaped (in plan) structures and
study of various parameters which include Storey displacement, Storey drift, Base reactions, Base moments,
Time Period and Torsion by introducing outrigger structural system. For minimizing the twisting effect in tall
irregular shaped building optimum location of outrigger play vital role, increases stiffness and performance of
structure under lateral load.
Based on the above results obtained analyzing following conclusions are made:
1. In static and dynamic behaviour when we consider the storey displacement and storey drift parameters then

the optimum location of outrigger is at top and 0.4H i.e. height of the building.
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In parameter study of Storey Displacement it is reduced by 18.13% in X-direction and 18.46% in Y-
direction for Equivalent Static analysis,16.39% in X-direction and 19.64% in Y-direction for Response
Spectrum analysis, 18.56% in X-direction and 18.11% in Y-direction for Wind analysis, 18.82% in X-
direction and 19.22% in Y-direction for Gust Factor analysis by providing outrigger at top and 0.4H i.e.
height of the building

In parameter study of Storey Drift it is reduced by 18.86% in X-direction and 14.41% in Y-direction for
Equivalent Static analysis, 15.76% in X-direction and 9.82% in Y-direction for Response Spectrum
analysis, 12.01% in X-direction and 7.63% in Y-direction for Wind analysis, 11.78% in X-direction and
14.11% in Y-direction for Gust Factor analysis by providing outrigger at top and 0.4H i.e. height of the
building.

In parametric study of base shear there is no significant difference in base shear values for equivalent static
analysis, wind analysis and Gust Factor analysis. But for Response Spectrum analysis base shear value
considerably decreasesdue to variable mass at different floors and Equivalent static analysis wind analysis
and Gust Factor analysis fails to catch the same.

By introducing outrigger structural system, the time period can be controlled considerably. In parametric
study there is maximum reduction in time period when outriggers are placed at top and 0.4H i.e. height of
the building.

In parametric study of Base moments and Torsion there is no significant difference in valuesof base
moments and torsion for equivalent static analysis, wind analysis and Gust Factor analysis. But for
Response Spectrum analysis base moment and torsion value considerably decreases.

For different outrigger configurations, base shear does not affect to great extent.

When buildings are in geometrically irregular shape we cannot just rely on equivalent static analysis and
hence it is essential to perform dynamic analysis due to non linear distribution of forces.

Thus conclusion is drawn that optimum location of outriggers is top and 0.4H i.e. height of the building.
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