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A Study on the Size of Buildings for Utilizing the Limit Slenderness
Ratio Approximation Equation of Outrigger Structural System

Jae-Kwang Yang, Hyun-Sang Choi’
KOREA INSTITUTE of CIVIL ENGINEERING and BUILDING TECHNOLOGY

o T ZASRR TSl AKHIL, EA HLIER QIR thA] R @A, A7t s 52 2A7E 28k, T

¢ F stuE, 215AS=C] W 8771 Sl k. " diAe] AE2 A7 A =9 AR

T2 Aol Fasitt. ALGA NN F2Hor T AE FEE wsprlole w2 A% 1% 1 E71 “H—r°ﬂ

= 258 4 Qe shue) o AN ZAR ] AAHH. ol &

o3 A& & obxE7] FRAILE] fisA, AAGH] ZAR

o] A} ZAME HlX HQESEA, FAM Y Z849S wol1A SIlth 2RI 2= MAIDAS AS5TF23)4

Z2OHZ Agote] BdE si4Z JAFsteint. I A3t AN ZAROR AR TARg Y T2

S|4 Angtatel _AE Hasbelr] A A=) ARG Ee tad dth ok A] AA Tt eSS A4S €4

4 2AaL, FZoi9] B2 20%~30%7F & Ao, 7159 HiAle Wi71E flo] R o2qt Holle FE7 Add
Ao UEEH.

o 2

Abstract To construct buildings on limited land, the size of the building is important. The development
process needs to be minimized because determining the size of a structurally safe building at the
planning stage incurs considerable time and cost. This study proposes the Limit Slenderness Ratio
Approximation Equation. This study examined an outrigger structure system among several systems
proposed for controlling the lateral displacement in tall buildings. This study compared the Limit
Slenderness Ratio Approximation Equation with the approximate equation by changing the variables of
the building model, and examined the size of the building using the approximate Equation. As an
analysis program, the MAIDAS architectural structural analysis program was used to conduct
model-specific analysis. The appropriate scale of the building to minimize the error between the
approximate value calculated by the Limit Slenderness Ratio Approximation Equation and the analysis
result of the structural analysis program is as follows. As the number of outrigger installation increases,
the error can be reduced; the ratio of the cores is reasonable, from 20% to 30%, and the arrangement

of the column is suitable only for the outer column without an internal column.
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Fig. 1. Behaviour of outrigger system
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W = Wind load per unit height
M, = Restraining moment of i-th outrigger
C. = Core ratio(Core area/Floor area)

C, = Core Thickness
E = Modulus of elasticity of core

= Area of column

A
L = Height of building (cantilever)
X

Distance from top floor to i-th outrigger

location
d = Building width
I = The moment of inertia of the core
(V&xc) (V#xa—2q)
- 12 12

B = Limitation of the Maximum Lateral

(Ex : 1/400, 1/500)
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Fig. 2. Behaviour Example of installing Outrigger.
(200m, Slenderness ratio5, 27th floor)
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Table 1. Core ratio by building case

o Core Typical Core
B;iill:g 1;11%0?5 area Floor Ratio
(m?) | area(m?) 0
Tokyo
Metropolitan 48 2458 3995.5 12.30
Government
Building(Japan)
Citicorp Center
USsA) 59 443.2 2266.8 19.55
At&T Corporate
Center(USA) 60 > 3% o

Landmark Tower

70 1197.2 4000 29.93

(Japan)

1st. Interstate

World Center 75 506.3 2136.8 23.69
(UsA)

Petronas Twin
Tower(Malaysia) 88 529 2615 20.23

John Hancock
Center(USA) 100 703 3716 18.92

World Trade

Center(USA) 110 1008 4032 25.00
Average 652.2 3307.3 20.68
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Fig. 3. Wind load conceptual diagram(5]
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Table 2. Error of single outrigger model

200m 300m
(L/500=0.4m) (L/500=0.6m)
SR Equation Error Equation Error
(m) (m) (m) (m)
3.0 0.13 0.030 0.31 0.011
3.5 0.18 0.005 0.45 0.042
4.0 0.25 0.007 0.60 0.112
4.5 0.33 0.046 0.79 0.203
5.0 0.43 0.107 1.01 0.350
5.5 0.54 0.145 1.26 0.399
6.0 0.67 0.250 155 0.618
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Table 3. Error of appropriate scale model

200m 300m
(L/500=0.4m) (L/500=0.6m)
SR Eq. MIDAS Error Eq. MIDAS Error
(m) (m) (m) (m) (m) (m)
3.0 | 0.063 0.107 0.044 | 0.137 0.276 0.139
35| 0.093 0.135 0.042 | 0.198 0.335 0.137
40| 0.131 0.162 0.031 0.275 0.377 0.102
451 0177 0.192 0.015 | 0.366 0.453 0.087
501 0.233 0.227 0.006 | 0.475 0.537 0.062
55| 0.298 0.302 0.004 | 0.602 0.585 0.017
6.0 | 0373 0.358 0.015 | 0.748 0.654 0.094
6.5 | 0.459 0.400 0.063 0.91 0.730 0.184
7.0 | 0.557 0.434 0.123 1.10 0.800 0.301
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