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Numerical simulation on wind-induced response of
membrane structure of the Expo Axis
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Abstract: With the wind speed time history as the wind tunnel boundary conditions, the wind load time history on
membrane structure of the Expo Axis was obtained by using unsteady state calculation. The precision of the unsteady
state simulation was verified by comparison of the mean wind pressure using steady state calculation and the statistical
average of the wind load time history. Analytical results indicate that the unsteady state simulation can take the spatial
distribution of the fluctuating wind load into account. The wind loads from CFD simulation are directly acted on the
FEM nodes to calculate the dynamic responses in time domain. The results show that the method can take spatial-
temporal correlation of wind and higher modes influence into account. Therefore, wind-induced vibration can be
described more accurately.
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Fig. 1 Perspective view of the Expo Axis and

composition of membrane structure
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FETH TR Bl ) 2 rh e 8 55 B[] A G T
53 R 5 B[R TR AR S TR AN 5 B[R] AE DG B AR A
TR, R WU $e e s J7 k dE AT o b, b Ja 4
A EAESAR A AR B R 5, T X AERR ST A S 2
A DRy 28 o R 5 A0 BB 2 4 TR R T A5 235 4 11 - 34
KW, A R S TR AR SR A
B KU R AT L85, DR B 538 A0 e ik
FEE LR I, oF— 25 R AR R AT T AR 2 0 XU e
TR AR AT 245K B 3 T AP RR AT
2.1 JLHERIpYEE ST

FERCE AR e 12 1 RS g o7 1 A A - B
YRR 6t KA 28 R MR B G 10m =5 -
S HAM AR, AN RS F G R A 9E 1500m
200m K J&F 3200m 14725 [8] X e, i i 14 B X AR 9 4%
PRI BEA TR IR BE I AT R8N EIAEL RG] B P A% %5
i, AR TR EUE XA A DA 2 1000m, B 25
BB AU 5 F1 24 2000m LA AR AU F3H550 0 A% 2
3 B, U] FAE AL 4 Fs

2|

!




(a) LA

(b) THE R
K3 RRI ST
Fig.3 CFD model

315’

&

tm*

K4 SRR RUE] F KA br il S
Fig.4 Orientation, wind direction and

coordinate definitions of model
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Fig.5 Wind speed simulation and correction with

height of 268m at inlet boundary
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Fig. 6 Mean pressure contour map of membrane at

o - W

wind attack angle of 90° by steady state simulation
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Table 1 Mean pressure comparison of steady

and unsteady state
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Table 2 Displacement and stress of observation

point of membrane
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