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     Membrane may absorbs energy from wind and result in the large 
amplitude vibration or even damage of the membrane structures. 
     The wind-induced aero-elastic response of membranes can help 
designers to make clear the aero-elastic instability mechanism of 
membrane structures. 
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Amplitudes of the roof  for  
Point 2 at 0~90º directions 

Correlation coefficients of 
displacement and wind 

velocity for 30°direction 
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PSD of displacements and 
wind velocities for 30º  
direction at 11~16m/s 
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        The aero-elastic instability mechanisms of membrane structures were studied. 
Some preliminary conclusions have been drawn, which are: 
• Membrane structures deform to an equilibrium position and vibrate around it 

with certain amplitudes under the action of the wind.  
•  For most wind directions, several vibration modes are excited; the amplitude 

and damping ratio of the roof increase uniformly with the on-coming flow 
velocity. 

• For some particular wind directions, only one vibration mode is excited; the 
amplitude and damping ratio of the vibration mode increase slowly with the on-
coming flow velocity at first. Then, on exceeding a certain on-coming flow 
velocity, an aero-elastic instability caused by vortex-induced resonance occurs. 
The amplitude of the roof vibration begins to increase sharply and the damping 
ratio of the vibration mode begins to decrease quickly, to near zero, with the 
increasing on-coming flow velocity; the frequency of the vortex above the roof 
is locked in by the vibration within a certain wind velocity range. The 
amplitudes of the roof vibration at these wind directions reach 2~4 times the 
amplitudes for other wind directions. With an increase in on-coming flow 
velocity, the membrane can experience several aero-elastic instabilities.  

•  The reduced critical wind speeds for the first two modes are around 0.8~1.0. 
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