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ABSTRACT

Characteristics of aerodynamic damping ratios of a helical 180° model which shows better aerodynamic behavior in both along-wind
and across-wind responses on a super tall building was investigated by an aeroelastic model test. The aerodynamic damping ratio was
evaluated from the wind-induced responses of the model by using Random Decrement (RD) technique. Further, various triggering
levels in evaluation of aerodynamic damping ratios using RD technique were also examined. As a result, it was found that when at least
2000 segments were used for evaluating aerodynamic damping ratio for ensemble averaging, the acrodynamic damping ratio can be
obtained more consistently with lower irregular fluctuations. This is good agreement with those of previous studies. Another notable
observation was that for square and helical 180° models, the aerodynamic damping ratios in along-wind direction showed similar linear
trends with reduced wind speeds regarding of building shapes. On the other hand, for the helical 180° model, the acrodynamic damping
ratio in across-wind direction showed quite different trends with those of the square model. In addition, the aerodynamic damping
ratios of the helical 180° model showed very similar trends with respect to the change of wind direction, and showed gradually
increasing trends having small fluctuations with reduced wind speeds. Another observation was that in definition of triggering levels
in RD technique on aerodynamic damping ratios, it may be possible to adopt the triggering levels of “standard deviation” or “ v/2 times
of the standard deviation” of the response time history if RD functions have a large number of triggering points. Further, these triggering
levels may result in similar values and distributions with reduced wind speeds and either may be acceptable.

Key words : Aerodynamic damping, Structural damping, Random decrement technique, Super tall building, Aeroelastic model test,

Wind tunnel test

xE

£ Ao s i 9 7k Se] Az &bl QlotH, f2igh @/l 180° 1 W (Helical 180°) 2usdesd o2 28158 &
Foto] Wl d 2uF 8] 38aEe] 548 AT 2342 RD¥(Random decrement technique)& o83t 715131
5 RDY A 32 AE-2] 7h49} 7] 2231 3re] /shrt 223l of® 9% v Z*}ﬁ}di‘r a9 A3, 22 20007 o) ]
B AEE o] 83ke] PFE TS A8 T EA e Bt A HTY] FE Y F UsS AT Ve A E HQEIL &
& USATE R 2E ) 180° VI E Ry o] TEztale ] Avs A, I TEAEe ﬁ%«] o] thgoll = B-akaL 72}
A FE50) whe T EgEL v frARR RS Bt 9, AR ol oid A e] T Eihae2 180° Wl e S Eae
o] 547 the S Bole S & 9lolth 53] T wste] vk 180° W E 1y o] Ykl vk Teizhalg-e S wistel 4
glol, AnkH o 2 0o 7P/ & gt o] YEhstalL, kel $42] S7he} 7 W] F2 ZpAt 531 0 2 STk S Bl

* Q39 AR - Be| e ]9 deblaTAE] ATl
(Corresponding Author - Korea Institute of Ocean Science Technology - kwsblue@gmail.com)
w2 - S| el Ed AsREATAIE] 29+ (Korea Institute of Ocean Science Technology - yijh@kiost.ac.kr)
*k BANEE E5-38y) w4 (Beijing Jiaotong University - yukio@arch.t-kougei.ac.jp)

Received March 2, 2016/ revised June 10, 2016/ accepted December 26, 2016

Copyright © 2017 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




o} 27) 23 3o wstel w3 EdseS ek Ax, 27 =24

LME

thazte] Al BRel= Bkl fEvele 23R A
o] EAIS A Y sio} ofnlA] S flel 2T
AEe AFHeR sl It oY 2usAEe] A,
U SHEY TP S0l ApjHolhs AR ofv]

aflok & ¢lA}ekal & 4= ¢lti(Tanaka et al., 2012). Tanaka et
al. (2012)F Tt Fg 7171 2Eofuble] 2augiaEol sl
FTHETH TS sl FEET 2 MsEEAT &Y
EY 5 FWEE] 544 dhs) vl 24 skeick Adda
X8 (Helical shape)} E-318(Composite shape)e] ZyEE
o] FFEEE) ol ek MEESES A b glo] vhS
FAHQ) Zo R Rttt 12y Tanaka et al. (2011)9] ¢35+
spo] sfspal Y ZmEIBe] B9, W5 Fobx L wsleTe
AEAQ AR 2= vis) 2 BrREAeke, A5
AN F83 2RI VSR S AN UEY V=
S vl A BrrEAeE 9, 2uFiEe] TR
w7}e) glo], TE7k4)(Aerodynamic damping)= wi$- Z4
1A} Fol] Shijo]tiMarukawa et al., 1996). 53] A3
0] 49, FALELo] 2715l el T 0
2071 v, e AR Aol FHzbie)
23] AA= o] WAgTE HE A8 Atelx=

Fl(Aeroelastic model test)g o83l F&H7H4] EA4

ro ol
o I

o
ol
¢

2y
fifo

of o o
5
s

%}\

o

2
i

100 » 100 ®
@ Experiment @ Experiment
90 90
80 [ . 80 L 1 ( 2 )70.270.05
U, = vH| 77
70 - H[H 70 H
T 2
é 60 §, 60
=50 =50
v?l) o0
5 40 | 3 40
s 40
30 30 1
20 20
10 10
0 (O

0.0 0.1 02 03 04 05
Turbulent Intensity

4 6 8 10 12 14 16
Mean Wind Speed (m/s)
(a) Mean Wind Speed and Turbulence Intensity Profiles

¥

o 3k A= QAT oS AR AR Y
H|o]3 &(Tapered shape) 2UFAE == FUlu g tigo
A7} 8=t Huang et al., 2013; Lee et al., 2016; Marukawa
et al., 1996; Quan et al., 2005; Watanabe et al., 1997). 121}
B3ek WS Zhe ZSRiRe] TR B o o]
P, w5k ANH(BD) )t 8obde] ZmgiEel it 3
Zhajol) B3 A7 8] =ETHKim, 2014; Kim et al., 2016).

£3], Kim et al. (2016)2] oFol-= 180° LPXI&(Helical 180°)
Z0FAZTe) B A vl ZAshA ARkl )
&2 2uFE] FEERMA E 5SS thFaL Sk webA
2 =olA= Kim et al. (2016)9] 78-S Eri= 180° W19
2nEAR) T4 BAS W5 RS o, T4
Jek o) A& RD®(Random decrement technique)] 28
s RD 3¢ SR Qo] AL T AE 5 % 2]
221 ghe] s} kAol olm Jarg mAieA) 2k
ok AT FEARA de WS 8 54

27K 37]2jo] ekl ol R A=A 24}

¢

rir

3

2. E5AY

2.1 X[HZe| TAL Y AR
SELHEL L& ST FeAT A A Y
ASZFE(F 2.2 m x %] 1.8 m, Zo] 19 m)olx] 3= 9)rk

B

- r

i
B

T
Von Karman-Harris

I = === Experiment
==

nSym)/c*y

(=]
(=}
—_

0.001 0.01 0.1 1 10 100
nLy/Uy

(b) Power Spectral Density of Wind Velocity at Building Height

Fig. 1. Simulated Wind Parameters
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Table 1. Specification of Rocking Vibration Model

Prototype Rocking vibration model
Square | Helical 180
Moment of inertia, /., (kg~m2) 9.03x1012 | 0.0556 0.0607
Mass ratio (I,/ pB’H’) 47.03 44.56 48.64
Natural frequency (Hz) 0.1 10.25 10.21
Structural damping ratio (%) 0.5 0.5
Model scale, A, 11 1/694
Velocity scale, A, 1/1 1/7
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(a) Square Model

(b) Helical 180 Model

Fig. 2. Experimental Models in Wind Tunnel
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Fig. 3. Example of Free Vibration Test for Square Model (¢, = 0.5%)
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level (z*) | Helical 180 | Y-direction | X-direction | Y-direction
o, 5000 5500 5300 5000
V2 o, 3600 3500 3400 3500
20, 1100 1300 1300 1200
2.50, 420 330 420 400
Z o= A& A SRE HsE BNE A 9le Row
ghekEic)
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g wie] o] 23 AFF FULHEL T 4 s
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F-38F A3 (The Joint Usage / Research Center of Wind
Engineering, Tokyo Polytechnic University)2] $3+H] 2] 2
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