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Abstract

In this paper, aeroelastic instability and aerodynamic damping ratio of a helical 180° model which shows better aerodynamic
behavior in both along-wind and crosswind responses on a super tall building was investigated by an aeroelastic model test, and the
aerodynamic damping ratio was evaluated from the wind-induced responses of the model by using Random Decrement Technique.
Aerodynamic damping ratios evaluated in this study were verified through comparison with previous results obtained by
quasi-steady theory. As a result, the aeroelastic instability of the helical 180° model in crosswind direction were not occurred for any
conditions with increasing the reduced wind velocity while the square model generally encounters aeroinstability due to the vortex
shedding. The aerodynamic damping in along-wind direction for the helical 180° and the square model increased monotonically both
with reduced wind velocity, i.e., there is no relation with modifications of building shapes. On the other hand, in crosswind direction,
the characteristics of aerodynamic damping ratio with reduced wind velocity for helical 180° model were quit different from those of
the square model.

Keywords - aeroelastic instability vibration, aerodynamic damping, crosswind response, along-wind response,
random decrement technique, tall building, wind tunnel test
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aerodynamic force)®] 54 & F fivke ©o] ith
28 APAFdME F2F 28 (aeroelastic model test) &
53l 398 2% (aeroelastic instability) 2 527
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AFAE(EE 213UE)S ez A7t A=A
(Cho and Lee, 2009; Chung, 2001: Kawai, 1998;
Kim, 2014; Murakawa et al., 1996: Quan et al.,
2005; Watanabe et al. 1997; You et al., 2005).
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Table 1 Specification of rocking vibration model test

Prototype | Rocking model
Model scale 1/1 1/694
Mass (Kg) 1.78x10° 0.532
Rotational inertia(kg - m? | 9.03x10" 5.59x10°
With(m) 50 0.072
Height(m) 400 0.576
Density (kg/m°) 178 178
1st mode frequency(Hz) 0.1 10.2
Structural damping ratio(%) 0.5 0.5
Design wind speed(m/s) 70.6 10.2 ~10.3

Q6 stEMMATREBEE =28 M29H M15(2016.2)

E<t—— Additional mass
Wind <—— Model
Gimbal (X, Y)
/ Bottom
/T)f wind tunnel
Spring—| | Laser displacement

Magnetic

> L 11/ sensor
damper  ~XH i

Pedestal

Fig. 1 Measurement system of aeroelastic model test
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Fig. 2 Time history for free vibration of square model
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(b) Helical 180° model
Fig. 3 Experimental models installed in wind tunnel
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Fig. 4 Simulated wind parameters
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3. RD®¥(Random decrement technique)

BH SHome TRRe SASY(LAVES, BIBE
F4eke Wy 2ol stz RDWel ol§93 9tk RDWE

A7EH 4 F9HY s ZA (Vandiver et al., 1982),
1970 AEZ NASAS Cole(1968, 1973)°] <3 At
vk RDHE A7 Z bt Al2=gl9] B3 SH
gk A4S A o], FE o] &HY e ER ]
SFZu}e W (half power bandwidth)e] B]AEAlY] EAHS
BHeksl7] 8 A=A THrodrigues and brincker, 2005).
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Table 2 Combination of most common triggering
condition and weight coefficient

. . Triggering condition weight coefficient
Combination
(c) (w(t))
(1) i‘(t)ZO sgn(-l)
(2) z(t)ER, x(t)=0 sgn(z)
(3) z(t)=a* 1
(4) z(t)=z*, z(t)=0 1
z: Time differentiation of z(t): sgn(z): Sign of =

z* . Triggering level: R: Range of triggering level

— U'n=8.5(400rpm)
0.0012 — — U'n=10.8 (500rpm)
0.0008 f 0 —  U'w=13.1 (600rpm)
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Fig. 5 Time averaged RD function for square model
in along-wind direction(§=0°)
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