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Investigation of Optimal Outrigger Location of High-rise Offset Outrigger System

Hyong-Kee Kim'*

Abstract: The purpose of this paper is to search the optimal location of offset outrigger system in high-rise building after a structural schematic design
of 80 stories building was conducted, making use of MIDAS-Gen. In this research, the key factors of analysis study were column stiffness, outrigger

position in plan and outrigger location in height. For the aim of finding out the optimum position of offset outrigger system in tall building, we studied

the lateral displacement in top floor which is the very essential variables in the structural design of high-rise building. The results of study showed that

the column stiffness, the outrigger location in plan and outrigger location in height had an effect on the optimal position of outrigger system. Also,

it is indicated that the research results can be useful in acquiring the structural design materials for seeking the optimum position of offset outrigger

system in tall building.
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Fig. 2 Layout of core outrigger system(Outrigger is installed in line
3 and 4)

Table 1 Design load of structure analysis models

Kinds of load Load conditions
Dead load 4.0 kKN/m*
Live load 2.5 kN/m®
Basic wind speed(V,) 30 m/sec
Wind Exposure category B
load Importance factor(l) 1.1
Gust effect factor(Gy) 1.516(Y direction)
Seismic Zone factor(S) 0.22
Seismic Type of soil Sp
load Importance factor(Ig) 1.2
Response modification factor(R) 5.0

Table 2 Structure material of analysis models

Structural material
STKN490B(Steel)
SM570(Steel)
f=75 MPa(Concrete)

Structural members types
Column
Girder, Outrigger

Shear wall

Table 3 Structural analysis models

Ousdgeer ¢y Outrgger
location in . location in Remark
stiffness e

plan height :
1 EA Basic model
2 . 10 EA -

Line
3 3,4 5EA -
4 (Core 2 EA -
5 outrigger) 0.5 EA .
6 0.2 EA -
7 0.1 EA -
8 EA -
9 10 EA -
10 Line 5EA -

2,5
11 (Offset 2 EA 0.0~1.0H -
12 outrigger) 0.5 EA -
13 0.2 EA -
14 0.1 EA -
15 EA -
16 10 EA -
17 Line 5EA -
18 1,6 2 EA

(Offset

19 outrigger) 0.5EA -
20 0.2 EA -
21 0.1 EA -

(Note) *': H is height of building.
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Fig. 3 Layout type 1 of offset outrigger system(Outrigger is installed
in line 2 and 5)

Fig. 4 Layout type 2 of offset outrigger system(Outrigger is installed
in line 1 and 6)

(c) 3D modelling

(b) 3D modelling (except girder)

(a) Section

Fig. 5 Section and 3D modelling in this analysis study
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Table 4 Section of column, girder, outrigger in basic model

Member Member .
Story Section(mm)
type name
1~10 ©1700%100
11~20 ©1700%90
C
: 21~30 01600x90
G
Cs 31~40 ©1600%80
Column
Cs 41~50 ©1500%80
gf‘ 51~60 ©1500x70
6
61~70 ©1400%70
71~80 ©1400%60
1~10 H950%800x45%70
11~20 H950%750x45%70
G 21~30 H950%700x45%70
1
G 31~40 H950%650x45%x70
Girder
Gs 41~50 H950%600x45%70
G 51~60 H950%550x45%70
61~70 H950%500x45x70
71~80 H950x450x45%x70
19~21
Outrigger OT,, OB, (39~41,  H2000x1000x200x200
OBR, 59~61)

Table 5 Member section of shear wall in basic model

Wall name Story Thickness(mm)

1~10 1200

11~20 1100

21~30 1000

W, 31~40 900

41~50 800

51~60 700

61~70 600

71~80 500
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Fig. 7 Lateral displacement distribution in top level of basic model
according to outrigger position
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Fig. 8 Lateral displacement distribution in top level according to
stiffness of column and position of outrigger(Core outrigger
system<Line 3 and Line 4>)
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Fig. 9 Lateral displacement distribution in top level according to
stiffness of column and position of outrigger(Offset outrigger
system<Line 2 and Line 5>)
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Fig. 10 Lateral displacement distribution in top level according to
stiffness of column and location of outrigger(Offset outrigger
system<Line 1 and Line 6>)
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Fig. 12 Optimal outrigger location distribution according to outrigger
location in plan and column stiffness
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location in plan and column stiffness

7o) EERAe] 0.24) o]3kel A58 ASIHaL o} A

F27} AT 0 2 RE P Wol W4 Frhehe AFE

BRI o)7 @ge ofelAS AAE Z15e] F74o]

2% Ashe s AN E Byt

35 OFRE|He| ZiMeIXIol chet = o1 o] sHAZTte}
7|Z miokalel blmEA

Fig. 149 4] o}-2-2] A <] 24 9]l tisle] th3x2%] 7]&
ATFA AR Smithe] A|9F2)(Smith and Salim, 1981)3} £ =

22 SIERESTCEIRIY2FEE =27 M2 ®M62(2017. 1)

0.0014 0.0018 0.0022 0.0026

0.3 T
Core Outrigger(Simplified Model)

04
= [ O0—O0-CD
E_ (e — — — — — — — — — —
< 05 _T
.g —O— Core Outrigger Smith Model
§ —A - Offset Outrigger(e=10m)
& 06 | _o— Offset Outrigger(e=20m)
=
,E % Note : e=Distance separated
& 07 1 from shear wall
5
20
g’ 0.8
=
o

09 1 3 Note : X; =Distance of outrigger from top of building

H =Height of building
1.0

(Q)

Fig. 14 Comparison of analysis results and smith's model about
optimal location of outrigger system

o] 314 A3 Ml EASAT) Smithe] Aol A w20l
o $12)% Ak} o} g2l ol AAH 9By)5e] 44 vl
)3 3olol) $1X)% Al o} g2l A o] 4 w2 T4
£ A% gkel web ob2lA o) H7 91518 ANk &

ol A o= ofelel Ul TS Fako] HaAlck
(ED, = (1+%)3(E]’)0 1)
d/2=a+b ©)

- Zoa ®
5= T, Q)
= WBJFQ) (5)

o714, (El), : oF-2lA F2A2H1 2] 571 8744
a 3o A Zo)oj 12
b olEA FRAI2H L] Ao
(ED'),: O} A -2 228l o] AA)] 734
El : o] Aehy o] 3744
(EA):: oF281A 20l A% 7159 5744
H A& dAEo]



Fig. 145 £ =704 283 7224 tiste] 2 A+
9] 3|4 A} Smith A2 ol o) g Aol whE o}2-2] A L]
HA QA& vlwEtH Fof obxe A T2 A= dEE0]
9] 25.6~39.4%, 10 m 2 3ZA) o} A F221 =1
©0]9] 24.4~36.9%, 20 m QA o} A T2 A=
%0]9] 16.9~40.6% HA oAl A ZH2} Smith7} AIFgE 2 914]
B} AE9] 31 = AAE BT Fig. 140014 £ 314
Aol oJgh o} A F22] HAHA = o] obxE A}
L2 3A o}2-2] A9 Aol FUIH witel TUETE, S
ol A AAH 7T Aol F7HETE Smithe]
AE2le] o] gk of-2] A o] H A x| e} xfo] 7}t FojEm A
< YERI AT Fig. 149 et A3 o] A 9] o}-2-2]A
1] ol 3t Smith A F2] 2 £ A9 3|4 Aot 2 zbo]
5 Hol= Z12 Smith2] Aol A= a4 mdll-g FA5H=
TEZHEAE o}2-g A, Fo] My, o}2-g] A} A= & 7]
FREO 2 TESlA7| 3, U EL] F2EA = Al FollA
A& Folo) Aol T3t 7PgstAA T 2 A9
T A= ob- el A TR} A H O R AL A g2
7B AE2E RIS A 7T, AT 5 2
TZ840] TS AA Y] O Eoll -8 A E2] =9]
of & =S WP soke A wjFoletal AlsE T A,
£ =] g E e tiste] ol A T, Ty, o8
78} oloiR) = 7T o2t thediA 7] R 2 HE A3 F
2 9] o}-2-2] A YR = Fig. 140 o] TAISIATE 4719 1
Holl A Smith7} AIFgF oF2-2] A ] HA 9)x]ef s}t =
o] #2314 AHE vl wshH AEE=0]9] 1.86~1.92% A =2
2ol & Bo|HA & AX|3h= A5 eI

0

Lo F
e H

4.8 E

B AT ERoMe 2 oA TRA2H | HAH A
AAAE Fe e FRE QI ofREA Hm FOf of%
27 FAzdo] A2 80F 18-S R R dof o]
Aol A 7150] A, ob-ElA 9] B 1], o2l A
o] A o] 5 W R 9 23

A1
=
o] A BAste] T3} e ARe] mSIT)

1) L3 o} AE WiX|G 21T AEANA HF o}xg
78] A= oA T2 QA 7152 A/l utet
#10.15~0.39 HHE =2 AA| o))l AX|eh= Aa4E
Btk @Al ok Ao HZ A= ofxel et A
H 7159 7340 TEEE | 0.24] o]3k1 -5 A<
3 3o op2- A F221 7399 vlwste] HiE A&
£0]9] 8.8% 71| AE2] JH-E o] 5= AHE Ak
7|4 LI E= 50| oAV uij x| o=l
Al HA ob-g] A9 f)A= obxE| A AAH 71F Y A
o] F4E UE| JEZ o) 53IAT

2) HA QA o} A F2o| YR ofxelA e HHA
x| e} ok A} AdE 7159 S/ wet zfol 7}
UERTE 18] AL ob-El A7} H A9 Xl wiA]E 73
A HdE 78 ML okEl A9 A V5 4
o] FFEE 9 0.24) 0|31 -5 Al 2JstA ol A
7} e o 2 RE He] 9ol dE S8

3) Al o} A9 HHX]= Smith7} A kg oF2-2] A
22| HA 9% 9} vlwstA ofxE| A AAH Vs %
Aol Mt HAEE0]9] 17~41% N4 Smith7} At
g X BT = Sl YR8 A0 E eI

References

Architectural Institute of Korea (2009), Korean Building Code-
Structural (in Korean).

Kim, H. (2013), Structural Analysis on Investigation of Optimum
Location of Outrigger System in High-rise Building, Journal of the
Regional Association of Architectural Institute of Korea, 15(4),
85-92(in Korean).

Midas, 1. T. (2017), MIDAS GEN, Analysis & Design.

Moudarres, F. (1984), Outrigger-Braced Coupled Shear Walls, Journal
of Structural Engineering, ASCE, 110(12), 2876-2890.

Smith, B. and Salim, I. (1981), Parameter Study of Outrigger-braced
Tall Building Structures, Proceedings of the American Society of
Civil Engineers, 107(10), 2001-2014.

Taranath, B. (1997), Steel, Concrete & Composite Design of Tall
Building, McGraw-Hill, 445-459.

Received : 05/11/2017
Revised : 10/23/2017
Accepted : 10/25/2017

J. Korea Inst. Struct. Maint. Insp. 23



2 R B ERE 04 okpelAe] AHANE W] Adte] 4 okrelA FRALHC] HAE 05 2UFAES o=
MIDAS-Geng o1 8510 AIGAA 0] TFEAAE AASHATh T2l & ATNAE 159 34, ok2elAe] By 917, opgel Ao
A 350 58 70T MR delstel Fo & YA, T ZRTAR] L3 obgel el N AAFNANE B A 02
2RFAEE) FRAANA 3 BEA AYFol A B SRR E AT,

el A, 7152 B4, of e Ae] B 1A, oSl 4 ol ol el ?ZA]*E“PJ AH9IA o) Y FE A0
stk G R A7) A3 20FAR| 05 o} A RN 2 AHAXE YPFE PRUA ARE FEI0hL ARHG

WA GOl 03 ok2e)A AE, HHX, 2NFNE, 715 3

>

24 SIERESTCEIRIY2FEE =27 M2 M62(2017. 1)



