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ABSTRACT : In the present study a investigation on the performance of a multi-outrigger structure subjected
to seismic loads has been carried out. A three dimension model has been developed using the software ETABS.
The relative height of the outrigger is varied and the performance of outrigger is then studied based on lateral
displacement, storey drift, shear force and bending moment in the core wall for different values of relative axial
rigidity (ratio of axial rigidity of the columns to the axial rigidity of core wall). When the displacement criteria
is considered, a significant reduction in lateral displacement at top has been observed for the multi-outrigger
structure for a relative height of 1.5 when compared with a structure without outrigger. When bending moment
criteria is taken into account, there has been a considerable reduction in bending moment when the multi-
outrigger structure with a relative height of 6.67 is compared with a model without outrigger .
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l. INTRODUCTION
In modern tall buildings, lateral loads induced by wind or earthquake forces are often resisted by a system of

multi-outriggers. An outrigger is a stiff beam that connects the shear walls to exterior columns. When the
structure is subjected to lateral forces, the outrigger and the columns resist the rotation of the core and thus
significantly reduce the lateral deflection and base moment, which would have arisen in a free core. Bayati et al.
[1].In general, earthquake ground motion can occur anywhere in the world and the risk associated with tall
buildings, especially under severe earthquakes, should be given particular attention, since tall buildings often
accommodate thousands of occupants. It is conceivable that structural collapse of such buildings can lead to
disasters of unacceptable proportions. Hearth et al. [2]. The behavior of various alternative 3D models using
ETABS software for RCC structure with central core wall with single outrigger and without outrigger by
varying the relative flexural rigidity from 0.25 to 2.0 with step of 0.25 has been already studied by Kamath et al.
[3].Wu and Li studied the optimum designs of multi-outriggers in tall building structures through the analysis
of structural performance of outrigger-braced frame-core structures [4].Smith and Willford presented a new
concepts for the structural design of high-rise buildings, in which a damped outrigger concept was introduced to
increase the dependable structural damping by a factor of 5-10 [5]. Hoenderkamp et al. described a graphical
method of analysis for the preliminary design of tall building structures comprising braced frames with outrigger
trusses subjected to horizontal loading [6].

1.1 Objective of study

The study focuses on the performance of multi-outrigger structural system based on location of outrigger and
also the performance of the system in terms of lateral displacements at the top, storey drift , shear force and
bending moment in the core wall is obtained based on relative axial rigidity.

1. METHODOLOGY
A three-dimensional structure has been modelled having 40 stories, each storey height is of 3.5 m and the total
height of the building is 140 m [3]. Figure 1 shows plan of the structure. Multi-outriggers system is modelled
with two outriggers at different storey levels. The depth of outrigger is kept equal to one storey depth as shown
in Figure 2 .Column size and beam size considered in the analysis are 0.75 m X 0.75 mand 0.45 m X 0.75 m
respectively. The thickness of outrigger is kept constant as 500mm and the core wall considered is 200mm thick.
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The core wall and the outrigger have been modelled as shell element with meshing.
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Figure 1: Plan of model considered Figure 2: Elevation of model in X-Z and Y-Z direction

For multi-outrigger structure outrigger location has been varied in two different ways as shown in Table 1 and
Figure 3.

Tablel: Relative height variation of outrigger —

H,=H is kept constant H,=H/2 is kept constant
and Hj is varied. and H, is varied.
Hy/H; Location of | Hy/H; Location of

outrigger outrigger
6.67 Storey 6 1 Storey 20 H2
4 Storey 10 1.3 Storey 26

HI
25 Storey 16 15 Storey 30
2 Storey 20 1.8 Storey 36
Y,

Figure 3:Relatiive height of outrigger
2.1 Models formed based on relative axial rigidity

Relative axial rigidity, o = % ....Eqn (1)

Where A;and A, are the area of columns and core wall respectively. E. is modulus of elasticity of columns and
E.. is the modulus of elasticity of core wall. The value of relative axial rigidity Eqn(1) is varied from 0.25 to 2.0
with a step of 0.25 as shown in Table 2.
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Table 2: Models based on relative axial rigidity

— A E.

MOde|S o= "q'I:W El:w HZ/Hl
1 0.25 ratio is varied as
2 0.5 6.67,4,2.5,2,1
3 0.75 1.3,1.5and 1.8
4 1 For each a value
5 1.25
6 1.5
7 1.75
8 2

A static analysis on the multi-outrigger structure has been carried out by applying seismic load as per 1S 1893
(PART 1):2002 for zone Il (Z=0.16) , Medium soil (Type II) , Importance factor (1=1.5), Response reduction
factor (R=5) and the time period (T) is program calculated. Analysis is done for one storey depth of outrigger
based on relative axial rigidity Eqn (1) for different outrigger locations. Results of lateral displacements, storey
drifts, shear forces and bending moments in the core wall are obtained through ETABS analysis.

1. RESULTS AND DISCUSSIONS

Table 3: Lateral displacement at top of multi-outrigger structure when compared with core wall structure
without outrigger.

() For Hy=H (b) For H,=H/2
Ho/H, 6.67 | 4 25| 2 H,/H; 1] 13| 15| 1.8
o Percentage reduction (%) o Percentage reduction (%)
0.25| 10.86] 1290 ] 1558 | 18.52 0.25 | 12.77 | 1852 | 19.80 18.92
05| 17.64 | 22.28 25| 26.31 05| 2258 | 28.43 | 29.74 28.63
0.75 15.87 21.10 24.98 24.80 0.75 23.26 31.11 31.74 28.49
1 14.42 19.56 23.27 22.93 1 21.92 29.68 30.27 26.81
1.25] 13.35| 1842 21.80| 21.32 1.25| 20.76 | 28.48 | 28.96 25.34
1.5 12.64 17.44 20.54 20.08 1.5 19.84 27.44 27.83 24.19
1.75 11.90 16.57 19.43 18.9 1.75 19.05 26.51 26.81 23.04
2| 1132 | 15.88 | 1853 | 17.94 2| 1831 | 2566 | 25.96 22.06
40 40
35 /// 35 //
30 /// 30 //
25 25 /
. 20 —H2YH1=6.67 . / —2/H1=1.3
£ 15 —H2HI~ £ H2/H1=1.5
® " % HYHI=2.5 < H2/H1=1.8
) y —2HI=2 H2HI=1
3 without outrigger without outrigger
0 { 0
0 0.05 0.1 0.15 0.05 0.1 0.15
u=0.5 Lateral Displacement (m) (l=0.75 Lateral Displacement (m)
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Figure 4: lateral displacement variation of multi-outrigger structure and core wall structure without outrigger for
a=0.5 and a=0.75.

It can be observed from Table 3 and Figure 4 that the lateral displacement at top of multi-outrigger structure has
been reduced to 31.74% when compared to the structure without outriggers for a=0.75 and H,/H;=1.5. And the
corresponding values of storey drift have been reduced to 30.73% ,also the shear force has been increased to
8.98% and bending moment has been reduced to 8.98%. Figure 4 shows the lateral displacement variation for
maximum value of percentage reduction of lateral displacement from the Table 3 for both cases (a) and (b).

Table 4: Storey drift of multi-outrigger structure when compared with core wall structure without outrigger

(a) For H=H (b) For Hy=H/2
HoH, | 6.67 | 4 | 2.5 | 2 || H./H; 1] 1.3 | 1.5 | 1.8
o Percentage reduction (%) o Percentage reduction (%)
0.25 3.04 4.06 9.28 14.20 0.25 8.12 23.04 22.17 18.55
0.5 7.33 11.40 18.02 25 0.5 20.24 30 31.86 28.60
0.75 4.48 9.17 17.92 24.27 0.75 22.92 31.56 30.73 29.17
1 2.53 7.30 16.34 23.25 1 22.96 27.92 27.14 26.07
1.25 1.39 6.02 15.19 22.41 1.25 23.06 25 24.26 23.24
1.5 0.53 4.99 14.17 20.41 15 22.99 22.55 21.84 20.94
1.75( -0.17 4.24 13.40 18.50 1.75 21.52 20.48 19.79 19.01
21 -0.59 3.62 12.72 16.93 2 20.05 18.79 18.20 17.44
36 36 l‘
-6 — 21 =667 -6 H2Z/H1=1.3
- 21 H2/H1-—4 . 21 —e F{2/FI1=1.5
£ 16 E 15
= H2/H1=2.5 = H2/H1=1.8
1; —H2H 1 =2 1; H2H1=1
' o 0.000 0.001 ?‘::lt'?iog;tex ! 0.0005 0.001 ::i::;h;:;l;:x
o=0.5 Storey Drift (m) oa=0.5 Storey Drift (m)

Figure 5:Storey drift variation of multi-outrigger structure and core wall structure without outrigger for a=0.5.

Table 4 and Figure 5 clearly indicates that the storey drift of multi-outrigger structure has been reduced to
31.86% when compared to the structure without outriggers for a=0.5 and H,/H;=1.5. And the corresponding
values of lateral displacement at top has been reduced to 29.74% ,also the shear force has been increased to
14.51% and bending moment has been reduced to 7.78%. Figure 5 shows the storey drift variation for maximum
value of percentage reduction of storey drift from the Table 4 for both cases (a) and (b).

Table 5: Shear force of multi-outrigger structure when compared with core wall structure without outrigger

(b) For Hy=H/2

(a) For Hy=H
H,/H, 6.67 | 4 | 2.5 | 2
o Percentage increase (%)
0.25 23.38 25.74 26.56 24.1
0.5 14.89 12.96 12.60 9.42
0.75 16.95 13.47 10.29 8.81
1 18.52 14.27 10.37 | 8.69
1.25 19.78 14.84 10.34 8.54
1.5 20.85 15.25 10.25 8.38
1.75 21.77 15.56 10.14 8.23
2 22.57 15.79 10.02 8.10

Ha/H; 1] 13| 15] 1.8

o Percentage increase (%)
0.25]| 2340 ] 30.86 [ 29.60 26.37
0.5 8.83 | 15.75| 1451 11.43
0.75 5.74 9.08 8.98 8.87
1 5.64 8.95 8.86 8.75
1.25 5.50 8.79 8.70 8.59
1.5 5.36 8.62 8.53 8.43
1.75 5.21 8.46 8.37 8.28
2 5.08 8.31 8.23 8.14
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Figure 6:Shear force variation of multi-outrigger structure and core wall structure without outrigger for a=0.25.

It has been clearly seen from Table 5 and Figure 6 that the shear force of multi-outrigger structure has been
increased to 30.86% when compared to structure without outriggers for a=0.25 and H,/H;=1.3. And the
corresponding values of lateral displacement at top has been reduced to 18.52% , also storey drift has been
reduced to 23.04% and bending moment has been increased to 0.41 %. Figure 6 shows the shear force variation
for maximum value of percentage increase of shear force from the Table 5 for both cases (a) and (b).

Table 6: Bending moment of multi-outrigger structure when compared with core wall structure without
outrigger

(a) For H,=H (b) For H;=H/2

H,/H, 6.67 | 4] 25 2 H,/H, 1| 13] 15] 1.8

o Percentage reduction (%) o Percentage reduction (%)
0.25 27.24 20.99 7.40 1.64 0.25 2.82 -0.41 -0.30 0.86
0.5 32.60 31.25 15.86 10.16 0.5 11.21 7.52 7.78 9.23
0.75 29.91 30.75 15.03 7.67 0.75 10.85 9.54 8.98 8.20
1 27.98 29.54 12.70 5.43 1 8.68 7.05 6.55 5.89
1.25 26.49 28.33 10.80 3.75 1.25 7.04 5.17 4.74 4.15
15 25.23 27.15 9.20 2.43 1.5 5.74 3.70 3.31 2.79
1.75 24.14 26.05 7.86 1.39 1.75 4.71 2.53 2.18 1.72
2 23.21 25.04 6.76 0.57 2 3.89 1.61 1.30 0.87
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Figure 7:Bending moment of multi-outrigger structure and core wall structure without outrigger for a=0.5.

It has been observed from Table 6 and Figure 7 that the bending moment of multi-outrigger structure has been
reduced to 32.60% when compared to structure without outriggers for a=0.5 and H,/H;=6.67. And the
corresponding values of lateral displacement at top has been reduced to 17.64% ,also the storey drift has been
reduced to 7.33% and shear force at core wall has been increased to 14.89%. Figure 7 shows the bending

31| Page

International Conference on Innovations in Civil Engineering
SCMS School of Engineering and Technology



IOSR Journal of Mechanical and Civil Engineering (I0OSR-JMCE)
e-ISSN: 2278-1684, p-1SSN: 2320-334X

PP 27-32

www.iosrjournals.org

moment variation for maximum value of percentage reduction of bending moment from the Table 6 for both
cases (a) and (b).

3.1 Conclusion
From the results and discussion following conclusions can be arrived at,
The performance of multi-outrigger structure considering the lateral displacement at top, the analysis shows that
for Hy/H,=1.5 and a=0.75 there is a considerable reduction in the lateral displacement when it is compared with
core wall structure without outriggers and it is found to be 31.74%.

However, if the performance of multi-outrigger structure is considered with respect to bending moment in the
core wall, at H,/H;=6.67 and a=0.5 there has been a significant reduction of 32.60% in bending moment when
its compared with core wall structure without outriggers.
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