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Optimal position of outriggers for minimizing the base moment under lateral load
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ABSTRACT: In this paper, the optimum position of Outriggers in a structure for minimizing the base
moment under lateral loads is investigated. To do so, the base moment and top story displacement are
formulated. Then, a Matlab code is employed to find the optimum positions of the Outriggers. Different
kinds of'lateral loads including concentrated, uniform, triangular and a combination of such loads are taken
into account. Moreover, the effects of the variation of structural elements such as columns, Outriggers
and core on the base moment and top story displacement are examined. The outcomes indicated that the
optimum points of Outriggers get closer when the flexural rigidity of Outriggers increases. Furthermore,
it is shown that the greatest decrease in the base moment occurs in a specific range which depends on the
structure parameters such as axial rigidity of columns, the distance of columns, the flexural rigidity of
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Outriggers and height of the structure. The results show that when the wind load intensity increases, the

optimum position of the Outriggers will move to the top of the structure.

Outrigger

Base moment

1- Introduction

Controlling the top story displacement and the maximum
moment at the core of structures are two of the major issues
in the design of tall buildings. Outrigger system is one of
the most effective approaches to increase the stiffness of
high-rise structures. The use of outriggers system to reduce
the displacement created on top of tall structures back to
four decades ago [1]. Shivacharan et al. [2] investigated the
optimal location of the outriggers for structures with irregular
heights in order to minimize the maximum displacement
of the structure. Kamgar and Rahgozar [3] investigated
the optimal location of the outriggers based on the energy
method. Gunda and Anthugari [4] investigated the effect of
ourtriggers and core flexural rigidity on the optimal location
of outriggers. They considered 4 ratios of outriggers flexural
rigidity to the core to obtain the optimal condition.

In this research, the optimal location of the outriggers in
the structure has been investigated to obtain the minimum
base moment in the core.

2- Structural analysis

The assumptions used to analysis the structure in this
research are as follows.

The behavior of the structure is elastic.

Only axial force is considered on the columns.

*Corresponding author’s email: sajjad.baygi@gmail.com

The outriggers are rigidly attached to the core and joint
to the column.

The geometric properties of the core, columns and
outriggers are considered uniform in the height of the
structure.

An overview of the structure with two outrigger and
distribution the lateral wind loading is shown in Figure 2.

Rotations of the core at elevations 1 and 2 can be derived
from next relations.
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Fig. 1. Structure with two-outrigger system under wind
loading

in which ET is flexural rigidity of the core.
The outriggers rotations at the connections to the core can
be derived from next relations.

_2M(H -x) 2M,(H -x,)
YT AP (EA), d*(EA).  12(EI), ®)

_2M, +M)H —x))  Md

2= d 2 (4)
(EA), 12(ED),

Where (EI), and (EA), are the flexural rigidity of the
outrigger and the column, respectively. The compatibility of
deformations is imposed by setting rotations of the core equal
to those of the outriggers. After equating the relationship 1
with 3 and 2 with 4 and simplification:
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Where S and S1 can be computed through the use of the
next relation:

1 2 d
=—+ 3 , Sl = (6)
EI  d*(EA), 12(ED),

The core base moment according to the wind loading is
obtained from Equation (7).

P+l
M, =Yy v, .
p+2 (7

The optimum locations of the outriggers are determined
by minimizing the base moment. One can minimize this
parameter by maximizing the second term in the right-hand
side of Equation (7). This is done by setting its derivative
with respect to outrigger location variable equal to zero.
Therefore, the following system of equations will be in hand:

o
ox, G By (4, e")=0

o (8)
a—(ﬁ y (A e )=0

The maximum reduction ratios of moment, Will be
obtained using the following equation:

o B (A, e S(B+2
Ey = EIHwHﬂH = Efﬂtz)BzT(Az’l)TeT ©)
(B+2)EIS

3- Results and Discussion

In this study, the number of arm restraints in the structure
is 4. To consider all members of the structure, dimensionless
parameters of relation (10) are defined.

y _H Eld

- 1=
20407 gy (dz)’ S EDH (10)

A Indicates the ratio of core flexural rigidity to column
rigidity and y Indicates the ratio of core flexural rigidity to
outrigger flexural rigidity.Figure 2 demonstrates the variation
of the optimum location with respect to ® in a structure
under wind loading.Figure 3 shows the variation of moment
reduction factor with w.
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Fig. 2. Optimum locations of the outriggers in a four-
outrigger system under wind loading ($=0.14)

4- Conclusions

The results showed that as the flexural rigidity of the
outriggers increase, the optimal location of the outriggers
will shift to the bottom of the structure. Also, as the flexural
rigidity of the outriggers increases, the distance between the
outriggers will decrease. With increasing flexural rigidity
of the outriggers, maximum reduction ratios of moment
increase compared to the case where there is no outrigger in
the structure, which can increase the efficiency up to 85%. As
the wind load increases, the optimal location of the outriggers
will move to the top of the structure.
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Fig. 1. Structure with outrigger system and belt trusses
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Fig. 2. Structure with two-outrigger system under wind loading
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S5 Jore iz g 48l (Al 080 5l agil (sla e bl
Ol Bl LAl dalgs Lol ojle (cYL Cuows 4y 9jb slo)loe ol e
Wk 58 oo g Aol >l Mgy 29il balee (S
ORIl (S)ls @ sl (55 0 diud (5o SIS 255k slajlee
g 4l pials ;508 5l ik lajlee Aol gl sla)le (B
Wl Lol ojls ol Cuow 4 25ib sla)lee e 55,18 S
Rl 2ail laylee kol by (gygoe (e Gl L S
ol GVl oo 4 (293 (sl (55,18 dige Jomo g 4Bl il
ol ials gl Lasl By pBin IS job 4 0 dinled buls
dagygin gy (B pel dw G )3 (293l oyl S S
Sb)lee (B «29ik b)lee (B 5 (S350 A (pded (5w
D)1 (293t sbjlee Ay oo g9 2 i 50 293k
G & 29]k Syl 3518 A Jore 5L sl L
RSl it sbaylee dhold piman b salgs Lol ojle (YL
b S Gials eoib A S 50 b dales i oL cond il L
ol 00 031> L eyld )18 0l b 5l o o5l &S oK 05l di
logygio g (B GRlBl g (535 dtn (Bew GRlEI L
e GBI L Ll b e al aa b ST als ()l

w=—"T (¥7)
1201+ 2)

Oy 41y 9ibylee b ojlo )18y plyiee @ el jleslatal L
b ©yge ) 29k byl (hed (5w JRIEIL S o Fesle
Sypee (B il b g Wbe (R @ ol S5 sl el (1392
Al GRIE @ g

293k At Aol @ a0 ST Vol > L e
sy x5l G 1y 9800 o3l (s KU (35 parize 4 yie &S
yui [0 G N o B olade sl sl el oL b 85 ks
[A] a8

@ S ojlo YLl 293l sloylee g dai A 5 VS )
S o B30l b Bl cod il &S LK @ blie 3 o5l glas))
ol ol ool oyl

e 35 Gl ©yp0 3 il (55550 s (Bre Gl
A 29ib lajlee o alold (39 Cb pizmen 5 (29)k sl
st il s cplply .ol dales (ials a3l sbaylie (o)l WS
293k bjlee (651055 S jlude (8l il (gl 03l (635 ye At

YeVA



YoVF LYo doio VYY) Jlo A ojlass Y 093 cpuS puol (lyes (cwdine @ i

0.3
0.000".....-.-
...-.'...
0.4 Lo
-"...
¥ b
0.5 et
o" -b
06 'o.. ’——."’—"_ ooo-oooxl/H
o -
I ' SRR Ll - <tem e x2/H
= @ -
0.7 =" e S = i= x3/H
"’ o - -—
- - o« O= ° - =
08 o7 e =T x4/H
Ll - EEanr _J *
-~ -0 =
0.9 4 >’
.
1
01 02 03 04 05 06 07 08 09 1
w

(B=0.5) 3l 535 4 o5 sl sl b 53l (o153l (510, i owo A S

Fig. 8. Optimum locations of the outriggers in a four-outrigger system under wind loading (p=0.5).

0.9
08 ¥x.

0.7 T

0.6 L S

0.5 B

EM

0.4 — + -B=0.14
03 cece@ooe B:OS
0.2

0.1

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1

b ()38 )b oS 5 Cod 0 il > diwd b LK Gials a5l .A JSS

Fig. 9. Moment reduction ratio in a four-outrigger system under wind loading

14



YoV¥ B Y. q dxio M) Jl.u) A b)l.eu.f') HY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" 4:)..“.)

o .....o-."""-
.o-u...’"...
04 cool."....-
Y 1
e
0.5 ',.-'°
__‘___-o--"“‘ cooleeex1/H
06 & —————
< " - apemex2/H
x 0.7 ’,—’ — - e - -
/’ «» - =T ° =
08 Le”” - NP SRR Lk et (1 = & =x4/H
¢ - PRt A
- - -
0.9 # —
1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
w

(0=0.05) 35 yo% 9 (Mo 5,185,k Cod (295L, k0 ) b o5l (293 ) lee dirr Jono )+ JSUS

Fig. 10. Optimum locations of the outriggers in a four-outrigger system under concentrated and triangular loading
(a=0.05)

sl 5365135 sty e 5 258l Gl SRS, il sl
A5 dlgs buls ojle YU Cuomw 4 2g5b
slaylee die 6353 e (Sl S pete Jb Jlde Gl L
3 pesio )b i Lol 38l L aaled buls ojle (oYU G 4 (slagils
WSS e QRIS sl sl alo (il
b lojen Sl cod ol & oK ol diws b ST Jials a5l
Cawl 05 0313 uLw) ‘-))1.) )])3 ;)w _Lf'l"a
S5y At sb S gl (23]l S pete b ad JRIEIL
ol slylee aied S il bolcal aals moli8l glads
Uil lopd AD Hlade U g adly yiul38) atws b S ialS o3l

b oo

& 5 4 Y
Cowd 4 sl (29il Sbylee dige oo oy p @ 385 ) 5
Cos 2gibslee ¥ b slosl 1 ojle dtun (gl SIS 3l
GBS cl )3l aslyyy S pete = e (lojen (oISl ol (1350
Ol odel Cauwd & s b as )8 e ) SVl Gyaw 4 ol LS,
G & 293k S laee dite oo (293L sloylee (e Gl 81 b ol
293k slayles (e (LIl ioren A5 dalsS Lol ojle

Jde a8 adl ol e oL S el asil o9k sbyle
(sl 555 3l 05 I3 b s b Ao Ae Sl e b (oo
a8 Cuwl oK 3l iy (g plade atun gL S ralST anib p o5k
b Rl Bl (58 e s (S jlix ya ke cpl b oS 2L ol

RWRVAPCSCo )

Froie 9 (Ao yb CoT (293l dlaer Jome T

Slosl (o )b gaeme | (ns &y 4 5 pake )b Badd (pl
A Cunbge V) g VeSS )0l ol 48,8 Jlas 13 /N0 g+ 0
Ol ojle J i)l 4 s (293lylee Jloa L lojle (sl 25bylee
Lol o 031>

3l 293k slaylee dlold ojls (635 50 A (5w Sl L
SVl G (203l slaslee cl e (656558 Jore 5 il 38l
2 Slpss Koy 295k slaylee (e Lol LA dales buls o5l
Lt (B Sy il o)l w58 e g alold
slaylee Aol (g5l (slajlen (e (RIFBIL (S)le 4 cunl (5550
4 il slolee st 65018 oo g Bl GhalS S0ass Sl agly
alold b gt (659700 (o Lol 8l Lo dales ol ol b Cuow

Yo¥e



YoV¥ B Yesq dxbo M) JL“’ A o)l.ow'\": OHY 0)9 ‘)AS).:.AI ul)o.c uw.b.e(c du).a.w

0.2
0.3 .........'-
o.oool'-'......
0.4 ....',....
e tun
0.5 sl
...,.. JRES Rars® cosmeesx1/H
T . ‘_—*
>~ 06 @ — - apem o x2/H
> __‘—‘
0.7 ‘__—" = = == x3/H
. - -
”" ———_ R - »-x4/H
08 4 e - = 9T
L4 - - S s . o=
0.9 47 o=
1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

{(0=0.15) 35 yoke 9 (Mo (5,185,b Codi (295b5ke ;b ojlw (295 () loee Ak Joo VY JSU0

Fig. 11. Optimum locations of the outriggers in a four-outrigger system under concentrated and triangular loading
(a=0.15)

0.2
0.3 .......oo'.
o..o.l..'......
0.4 .......-..
05
...... RESREERE eoolesex1/H
T . - .- ==
= 06 o “’_—d -apemex?/H
b _“—‘
0.7 ,0—”’ - - = T == x3/H
. - -l -
0.8 ””' —’———— —-—’-.--)-X4/H
- - -
¢ L - o o °
0.9 AT e =
1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
w

55 ot g a6 S 00 iyt 3 it (5l D RIS 0331 Y S

Fig. 12. Moment reduction ratio in a four-outrigger system under concentrated and triangular loading

Fery



YoV¥ B Y. q dxio M) Jl.u) A b)lou.f': HY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

of tall buildings with outrigger-belt truss system,

Earthquake and Structures, 2 (2011) 89-107.
[12] J. Zhang, X. Zhao, H. Zhu, C. Zhou, Safety analysis

of optimal outriggers location in high-rise building
structures, Journal of Zhejiang University Science A, 8
(2007) 264-269.

[13] R. Rahgozar, Y. Sharifi, An approximate analysis of
combined system of framed tube, shear core and belt
truss in high-rise buildings, The Structural Design of Tall
and Special Buildings, 18 (2009) 607-624.

[14] Q.Q. Liang, Y.M. Xie, G.P. Steven, Optimal topology
design of bracing systems for multi-story steel frames, J

Struct Eng, 126 (2000) 823-839.

[15] C.M. Chan, K.M. Wong, Structural topology and element
sizing design optimization of tall steel frameworks using a
hybrid OC-GA method, Structural and Multidisciplinary
Optimization, 35 (2008) 473-488.

[16] L. Stromberg, A. Beghini, W.F. Baker, G.H. Paulino,
Application of layout and topology optimization using
pattern gradation for the conceptual design of buildings,
Structural and Multidisciplinary Optimization, (2010)
1-16.

[17] K. Shivacharan, S. Chandrakala, N.M. Karthik,
Optimum Position of Outrigger System for Tall Vertical
Irregularity Structures, IOSR Journal of Mechanical and
Civil Engineering, 12 (2015) 54-63.

[18] R. Kamgar, R. Rahgozar, Determination of Optimum
Location for Flexible Outrigger Systems in Tall Buildings
with Constant Cross Section Consisting of Framed Tube,
Shear Core, Belt Truss and Outrigger System Using
Energy Method, International Journal of Steel Structures,
(2017) 1-8.

[19]1 H.S. Park, E. Lee, S. Choi, B.K. Oh, Genetic-algorithm-
based minimum weight design of an outrigger system for
high-rise buildings, Engineering Structures, 117 (2016)
496-505.

[20] Y. Chen, Z. Zhang, Analysis of outrigger numbers
and locations in outrigger braced structures using a
multiobjective genetic algorithm, The Structural Design

of Tall and Special Buildings, 27 (2017).

o il b cdl sl jmals (SuSs 5l ok slelee alol
b 4 Cad (558 e dd sl ST als (aojl 093l sl)lee
Sy & 3 (g JB GRIEI ) 292 0jle )3 (29ibylee o
aoo Joe oL b cnd il b Mo A B 2L ioljel oyl
u,wl)sl L o W »\95 bol> o)'L» d\jlg Coww 4y u-’?)l" dle)LQ(o

casly anlgs yioli8l Lok slale o dlols Jlasl [l s

&l

[1] M. Wang, S. Nagarajaiah, F. Sun, Optimal design of
supplemental negative stiffness damped outrigger
system for high-rise buildings resisting multi-hazard of
winds and earthquakes, Journal of Wind Engineering &

Industrial Aerodynamics, 218 (2021).

[2] B.S. Taranath, Optimum belt truss location for high-rise
structures. Structural Engineer, Structural Engineer, 53
(1975) 18-21.

[3] B.S. Smith, I. Salim, Parameter study of outrigger-braced

tall building structures, Journal of the Structural Division,
107 (1981) 2001-2014.

[4] B.S. Taranath, Structural analysis and design of tall
buildings, CRC Press Llc, (2011).

[51Y. Zhu, Inner force analysis of frame—core structure with

horizontal outrigger belts, Journal of Building Structures,
10 (1995) 10-15.

[6] B.S. Smith, A. Coull, Tall building structures: Analysis
and design, John Willey, New York, 1991.
[7] A. Mijar, C. Swan, J. Arora, 1. Kosaka, Continuum

topology optimization for concept design of frame
bracing systems, J Struct Eng, (1998) 124-141.

[8] Z. Zhang, X. Fu, J. Wang, Y. Wei, Studies on structural
performance of ultra-high rise building with outrigger

belts, Journal of Building Structures, 17 (1996) 2-9.

[9] B.S. Taranath, Steel, concrete, and composite design of

tall buildings, McGraw-Hill, New York, 1998.

[10] J. Wu, Q. Li, Structural performance of multil]
outrigger[/braced tall buildings, The Structural Design
of Tall and Special Buildings, 12 (2003) 155-176.

[11] M. Malekinejad, R. Rahgozar, Free vibration analysis

Yery



YoV¥ B Yesq dxbo M) JL‘“ A o)l.o..«f': OHY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c d..;).aw.:

[24] L. Xing, P. Gardon, Y. Zhou, Optimal outrigger
locations and damping parameters for single-outrigger
systems considering earthquake and wind excitations,
Engineering Structures, 245 (2021).

[25] C. Fang, B. Spencer, J.xu, P. Tang, Optimization of
damped outrigger systems subject to stochastic excitation,

Engineering Structures, 191 (2019) 280-291.

[26] M. Samadi, N. Jahan, Comparative study on the effect
of outrigger on seismic response of tall buildings with
braced and Wall Core. II: Determining seismic design
parameters, The Structural Design of Tall and Special

Buildings 30(9) (2021).

[21] L. Xing, Y. Zhou, M. Aguaguana, Optimal vertical
configuration of combined energy dissipation Outriggers,
The Structural Design of Tall and Special Buildings, 28
(2018).

[22] M. Beltran, G. Turan, O. Dursun, R. Nijsse, Energy
dissipation and performance assessment of double
damped outriggers in tall buildings under strong
earthquakes, The Structural Design of Tall and Special
Buildings, 28 (2019).

[23] P. Gunda, V. Anthugari, Optimization of location of
outrigger system in tall buildings of different aspect

ratios, Materials Today, (2021).

, Amirkabir J. Civil Eng., 54(8) (2022) 3009-3024.

DOI: 10.22060/ceej.2022.20827.7537

S. Baygi, Optimal position of outriggers for minimizing the base moment under lateral load

w3 gl lis ol 4y s

vy






