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Abstract: Membrane structures are sensitive to wind loads and generate large vibrational displacements under
wind loads, while the wind-resistant design of membrane structures lacks support from reliability theory. The
random vibration model and reliability theory of membrane structures under wind load can provide a reference
for the wind-resistant design of membrane structures. The skeleton-supported saddle membrane structure is
taken as the object. Based on Von Karman’s large deflection theory and potential flow theory, the theoretical
model of random vibration under wind load 1s established, and the approximate theoretical formula of wind-
induced dynamic response is obtained using the perturbation method combined with MATLAB software. In
accordance with the first-passage failure criterion of displacement, the reliability performance function of the
skeleton-supported saddle membrane structure is established, and the reliability index and failure probability are
obtained by means of the first-order second-moment method. The wind tunnel test of the skeleton-supported
saddle membrane structure is conducted, and the vibration law at each point of the membrane is analyzed in
terms of flow velocity and pressure. The percentage difference is introduced to compare the theoretical results
with the experimental results, and the sensitivity analysis of the parameters affecting the reliability is carried out.
The results show that the theoretical results are in good agreement with the experimental results. The rise-span
ratio, pretension and wind speed all have a certain influence on the reliability of membrane structures. However,
an examination of the trend of failure probability indicates that the rise-span ratio exerts a more substantial
influence on the reliability of membrane structures than other variables.

Keywords: saddle membrane structure; random vibration; wind-induced response; structural reliability; first-

order second-moment method
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Fig.1 Theoretical model of skeleton-supported saddle

membrane structure
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Fig. 3 Schematic diagram of membrane structure frame
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Table 4 Statistical parameters of random vibration

displacement in wind tunnel tests
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Table 5 Statistical parameters of random vibration

displacement in the theoretical model
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Fig. 10 Comparative analysis of the Monte Carlo

method and the first-order second-moment method
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Table 6 Reliability of maximum random vibration

displacement
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3.5 12.51 13.57 8.13 1.15 1. 10 4.44
4.0 9.18 9.85 7.04 1.33 1.29 3.05
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Table 7 Comparison of structural reliability under

different working conditions and methods

T REMAR/ % FHay AR bR 4y
CREFIL-Bisk 22k —kZ W% SRR kI W
J1- M) Bk Mm% R/% Bk WL R/%
1/10-2.5-6  9.18  9.85 7.04 1.33 1.29  3.05
1/12-2.5-6 11.31 13.14 14.97 1.21 1.12  7.73
1/10-5.0-6 6.94 7.78 11.41 1.48 1.42  4.14
1/10-2.5-5 7.64 8.85 14.68 1.43 1.35 5.76
1/10-2.5-4 5.16 6.18 17.99 1.63 1.54 5.68
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Table 8 Average failure probability of the two calculation

methods

TAFS RS- - G PRR T R 8 2 2R R

1 1/10-2. 5-6 9.52

2 1/12-2.5-6 12.23

3 1/10-5.0-6 7.36

4 1/10-2.5-5 8.25

5 1/10-2. 5-4 5.67
4 #Hig
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