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Abstract

Vortex-induced vibration and instability vibration of tall buildings are very important fluid-structure interaction
phenomenon, and many fundamental questions concerning the influence of body movement on the unsteady aerodynamic
force remain unanswered. For tall buildings, there are two experimental methods to investigate the characteristics of
unsteady aerodynamic forces, one is forced vibration method and the other is free vibration method. In the present paper,
a free vibration method was used to investigate the unsteady aerodynamic force on tall building whose aspect ratio is 9
under boundary layer simulating city area. Wind pressures on surfaces and tip displacements were measured
simultaneously, and the characteristics of tip displacements and generalized forces were discussed. It was found that
variation of across-wind displacements showed different trend between the case when wind speed increases and wind
speed decreases, and the fluctuating generalize forces in across-wind direction of vibrating model are larger than that of
static model near the resonant wind speed and approach to the static value. And for higher wind speed range, there were
two peaks in across-wind power spectra of generalize forces of vibrating model, which means that two frequency

components are predominant in unsteady aerodynamic forces.
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(Table 1) Experimental conditions

Full Model Scale
B (m) 28 0.7 1/400
D (m) 28 0.7 1/400
H (m) 252 0.63 1/400
Uy (m/s) ~ 9% ~98 1/10
fi (Hz) 0.2 7.94 1/40
Y I et IR T
M (kg) 987x10° | 015 | (1/400)°
Scruton number - 197 -
0.6 T T
04 fi=7.81Hz

Ist mode free vibration (mm)
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(Fig. 3) Free vibrations the system
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(Table 2) Comparison of experimental conditions

Bailey and Kawai Present
Kwok (1985)" | (1992)? | study
H/B 9 10 9
a 0.15 0.3 025
L(%) - 8~9 10
&1(%) 1 17 16
pi(kg/m) 0.11 0.12 015
10°
—uUn =3.1
49
10' H—>5.8
—6.7
----- 105
0 114
10123
......... 14.2
7 1l 16
NE 10 ........... Ji
E =
%102 l
~\:_,J'
10°F
107 ﬂ
-5 N
1007 1 10 20
S (Hz)
(Fig. 5> The power spectra of along-wind
displacements
<Fig. 5>0ll 1 wsle] A=A (S,(f) S
YER It F40] S7Hstol wel HEsH e Bt
of shFehs AT EH ] WAL Frlelal, o=
<Fig. 4>9} A4 o2 & XS & + Utk =
Azde) nfRERel Ageks Fosold w3
E Ho|a JAINE 1 99 Falg JYQox= 53
& 542 ol 2 5 9o
FAg Wgle) A EU(S,H)S <Fig 6>
o] Yreh A ATH BP0 2 RE P IS

80 _HI17# 13 SH67%, 2017. 3



10 =
—Un =3.1
49
10'f—>5.8 <
—6.7
----- 105
10t 1
10"}

10 -
107 N
0.1 ]. 10 20
S(Hz)
(a) UH*<U)15
10°
""" Un =10.5
114
10" 4123
......... ]42
----- 16
10

1
S (Hz)
(b) uH*> ures

(Fig. 6) The power spectra of across-wind
displacements

Fraje JephA. A%

[¢]
SYoE A2 DS e 7

2 ~.
pe T @E 49 FUN/m), gpe B =o
NSl SN/, b BB 7} sk *
(m), hr‘i %_o liE‘ x]?jg
25
——0.9H
0.7H
-*-0.5H
e (). 3H
[ &) Surface A Surface B Surface C | Surface D
-05 *‘_,*_.*-.*_._.._:“
-1
0.5
——0.9H
0.7H
0.4 -x-0.5H
s ~he (0. 3H
o= R
g0’3 t-—n——-\‘:g
< A,A
N 0.2 &\3-—_,:—*”1}
0.1
Surface A Surface B Surface C | Surface D

(Fig. 7 Distributions of Cp,mean(top)
and C,,ms(bottom) on the static model

<Fig, 7>° Z¥o] n ¥ 2] 7+ wol| 243}

Jﬂ% ( meﬂﬂ)‘]’]- H:]E %L(C rms)'oq %:@]“' 1/}‘
ERHAT} Surface B9} Surface D= EEo] A3

st gZiAxolnl _81



o
oo
[l
HU
d
0
Ou
Ho

%
rio

HA] ko, HoAt F3Fo] 90°d wje] Surface
A%} Surface CE Surface B%} Surface D YERY

ek S/ Tl Al BFdel e, =
A A= tHiﬂi T FETge] vehds <&
F Atk ols & APeIM AR 2ol WA
(B/D)7+ 191 ghdue| o] 7] whito] S A
Fro] A FR7] WO AT SHolA
A%-2ho] WA B WEFAe wsES
HE 3IE ¢ ok To50R 25 HEdY
o] Trkehe AP Holed, ole HEHdol
Aol opd F3l5o2 ofsdd weh o7t 3
= FE5oR olEsiiiy] wWelt

rAlong-wind, static model 1

e
=N

e
~
.

<
)
.

Mean gene. force coefficient

—e— Along-wind, Increasing
--6-- Along-wind, Decreasing

0 2 4 6 8 10 12 14 16 18 20
Normalized wind speed

e
)

<)
—
>

.

B0y ]

Across-wind, static model

<
—_
[\

Along-wind, static model

e
(=
o

.

—— Along-wind, Increasing
--0-- Along-wind, Decreasing H
—&— Across-wind, Increasing

-3-- Across-wind, Decreasing

<
[
=

Fluct. gene. force coefficient

0O 2 4 6 8§ 10 12 14 16 18 20

Normalized wind speed

(Fig. 8) Variation of mean(top) and fluctuating
generalized force coefficients(bottom)

e,
=
)

N

]IO

ol
o

= A4S <Fig. 8> UrE‘rLH At F
B 3k guistEEe] P 9 BE 3
54 (Un/fi/B) 8 ©I o% o=

4 QERE 7 FIY) FA24YF)
o2

l
4n *E %

Aok 28 e FAe 14" 2ge gog, F
Wake] HaFEATY] e FALZFES BAG
o] ¥HH RFP] HIFHAG(0.60)2F AL FA
S & F Y, TEHY S E HglE v
A5s Ak T MEFEATY A
A" 28] 01 R 27 & S HolA|vh
T 5450 e Wate A9 )k 28y F
Azpgre] MEZEATE FUFTE Ue=10914
Hjghs Holal FapdFEo] AR wet M
Zpolr], FadF o] g 1420 & Bfole 1
49 B WEZEAS0.15)9 A viEgs
& Stk

= 3=

of Fardst g Ao

glol A9 frAkeE &4 7k

94| <Fig. 8> %

3e]7} REo] 384
3l

0.05 —

0.01p 1

fSer(h)

0.001r ##

0.00 ‘
801 0.01
1BIUx

0.050.1 0.2

(Fig. 9) Power spectrum of along-wind
force coefficients

ae} A2 A9 (<Fig 10%), Zde 3
FHT U PAATS w2 Aol 982 B

82 _HI17H H1Z SH67%, 2017. 3



b

Colku N
I N Ao
= O
- = 7 E_E%mo
= =3 n A —_
%) Mo =
S fow
(@) o]
M M ,MS _‘%&_.E
s . = mo Ho ap
R 3 0 - %o
=3 = =5 3 Es g B
S oa Q 3 7 2F  aF R —
A I si., 2 588 Tzoa
2’3z, = | 592 TE, I
| NE oy T 88 Tty
S s g 5 E s S s g e s s LT ImM=E
s < = g s S = g ool o
IS =) AN —
(fprogf (fpaogf o OW Wm ﬁm
. ) 0
o w2
W_l\ UI_HT_X_l
W m ®
WHEHRY PN IITRTIRTILRE BT
P o B BTN W RN
ww R AM w5 oD
u_._ﬂlafwdﬂ.ﬂ% W L w TR A
O = S = S U U V- B — A A P
Rl o _ A o oy | N w| N o =% T %0 il =
o ok V2 QLEﬂﬂui_ﬂ_ﬁTéi o»_ﬂvoxo_,_umo
oo o _L/ .o_e o © ~ . Y + =0 - T 3
o delﬂﬁﬂlo_aﬂll_‘o_LzLoa umui_. Moo N 1<
= S B I ol < B I R
o_amom?iﬂfrﬂ%e_ﬁiwnﬂﬂl%é D 3
TR T et ten Teppel 38
o Do T W _IT HL g mD < 5%
o g Wy H R ,ATﬂE_LﬂPdr o T o= X o = S
T Myl pT BINR PR TTEE oL 3'snun
S N (- SR N 1A i s S (S " 3
o ¥ Ooﬂﬂﬂ ~ NF Nr:._iﬁ? 5 ﬂﬂwa]._ 1 77 =
%mﬁﬂ%u‘rﬂﬂglﬁﬂ%zfzf w5 N sy = = 2l
=7 m%k\%ﬂuurﬂ\{ﬂﬂd‘av.no% W S S 2 2 = 2
;/%u%%%%ﬂ7zfﬂ%ﬂﬂ%%@ﬂﬂm S 2
Mo ok gy XN X B o ) AR e B oop MR (raosf
Mﬂqliﬁﬂlﬂnﬂﬂﬂioit}ﬂiﬁ}%! ],._OCH‘M.L\QI
f S hra TR TP LR e b
AR RTRNTREDTBNEFET S P W RN Mo

179}

o
31X_83

=
|

o 7]
=

o

=

t

st17] o

AR fARRET O 2 792
o

L

Bustgeh 2 £ AFelXE A

1 gEEe 2

785l
3

(a) UH*< ures




599 ANE AL FE gtk A, N1E @
FE o s nelRTh S&o) FAFLNT &
e Aol nYE BN T 47 YEF
SrE H AR, F4o] FAFSHT
2 A%l £ B ohje mFas o)A
HolE AR(AR)] BATUT & 5 Al $%
o] FAFENG AL AT AR JFE B3
3 FAT 5+ AW f AR AP Jro) o
e ST 5 G E AADERANN 4
B3 ARASHAN fAR WAl e
Us A7t Bag Aoz Yen

—

— Static
*
""" Un =78
ostV .. | 10.5
N P -
SN N
/ \“ /I \“ FAN
. 7 \ I \
'//,'?\ 5 P e N, A\
71 \/ 7 — —

Auto-correlation coefficient
(=}

0 10 20 30 40 50
Normalized time lag

(Fig. 11) Auto-correlation coefficient
of generalized force

<Fig. 11>0 JutglFele] A7PdaAss Le
WAtk xE S MRS F&3) mye) Loz B
A48} 3 (7 Un/B)2-2, F&o] FRFEHHRT 2
o Asdle 14" 2EF 50| H4H 2y
ATHe A Hl&akANL, BRFE B2 A E vl
4 & 7o) 2 A%HT JeS & = Atk o]
£ myo] A5 A TRFE BaoME 14
d 2yuc 33 33 bl os) 9T e
E AL Juislal <Fig 10>9] 3% oA
o 9=7} 1AE 2R Acke AT 93
g}
4, BE

AT,
2) Aol 8" Ae, TUFE F2olME 2
e 2y 2ERS ol djdshs A= 54
(=

o sgshs 4R FET PA Fkshe 4R
2 FHES BT F YU
UMl 2

Support was provided by Year 2016 Joint
Research Program of Emerging Scholars of Wind
Tamkang

Engineering Research  Center in

University.

References

1. P.A. Bailey, K.C.S. Kwok, "Interference excitation
of twin tall buildings", Journal of the Wind
Engineering and Industrial Aerodynamics 21,
pp-323-338, 1985.

2. H, Kawai, "Vortex induced vibration of tall
buildings", Journal of the Wind Engineering
and Industrial Aerodynamics 41-44, pp.117-128,
1992.

3. Y.C. Kim, J. Kanda, Y. Tamura, S.W. Yoon,
"Pressure fluctuations on tapered and setback
tall buildings", Journal of the Korean
Association for Spatial Structures, Vol.13, No.1,
pp.97-104, 2013.

4. Y. Taniike, “Study on aeroelastic instability of
tall buildings”, Ph.D. Dissertation, 1983 (In
Japanese).

5. T. Taniguchi, “Study on unsteady aerodynamic
force on structures”, Ph.D. Dissertation, 2001

(In Japanese).

® Received : January 28, 2017
®m Revised : February 18, 2017
® Accepted : February 20, 2017

84 _H 174 H1E SH67%, 2017. 3





