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Experimental study of wind loads and wind-induced vibration on large single
column-supported two-plate billboard

WANG Dahai', LI Zhihao' ,CHEN Xinzhong®

(1.School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China;
2.Department of Civil and Environmental Engineering, Texas Tech University, Lubbock, TX 9409, U.S.A.)

Abstract; To study the wind-induced destroy mechanism and improve the wind-resistance design for outdoor large
single-column billboards, two kinds of wind tunnel experiments were conducted on a typical two-plate billboard.
Based on synchronous pressure measurement test, the coefficients of horizontal force that is parallel to and
perpendicular to plate, and torque loads coefficients in different wind directions were investigated, the wind pressure
distribution along width of board and wind force coefficient of structure at most unfavorable wind directions were
diagramed, and the analytic power spectrums density (PSD) of the horizontal and torsional wind loads were given.
According to the aero-elastic model test by utilizing high frequency force balance ( HFFB) , the wind-induced force
responses at the bottom of the two-plate billboard with flexible column were analyzed. The theoretical methods that
calculate billboard’ s wind-induced dynamic responses in horizontal and torsional directions were proposed based on
the analysis of experiments. The results indicate that the PSD of wind loading which is perpendicular to plate needs to
take aerodynamic admittance function into consideration. The excitation from turbulence and vortex shedding are the
main contribution to torsional load spectrum. The aerodynamic damping in two directions (i.e. perpendicular to plate
and torsion) has a significant influence on wind-induced vibration of billboard. The theoretical approach is validated
through the wind tunnel experiment, and it can be applied in predication for wind load effect on billboards.

Keywords: billboards; synchronous pressure measurement test; aero-elastic model ; wind loading; wind-induced vibration
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Tab.1 Structural size of two-plate billboard model
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Fig.1 Three typical failure modes of large billboards
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Fig.3  Pressure test of rigid model
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Fig.4  Mean wind speed profile and longitudinal turbulence

intensity profile
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Fig.5 Wind force coefficients of two-plate configuration versus wind direction
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Fig.6  Two unfavorable wind load cases on plates
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LY/BLIE =2 E NI 4
KB Ap=1:20
T A=A
i ] A=A
i A=1:1
)ES A =A7A =M

b Ap=A72At =2,
Ji5 Ay =Apa =2t

RIS EE ATI 2 7 () Delta F/T /<43 J17%5
ARSI A 3 RS- I A5 AR <7 A IS A4S 5 ) g, R
TSR A IR B 28 v o | 30 e R 8 TSP A S A I R
(99 2= BN IR A AL an 1] 10 B il g R
WG RIE RGN R AN 200 Hz 3255 XA £
}3-90° ~90° , #1530, 4t 7 AN K A, 1A AR AR
AR R SR 3(b) —3K.

10 SEEEB KR
Fig.10  Wind tunnel test of aero-elastic model
®3 WET FREZH N

Tab.3  Dynamic characteristics of two-plate billboard
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Fig.11  Coefficients of wind-induced force response at the column bottom
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Fig.12  PSDs of the column bottom response
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