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Probabilistic assessment on wind resistant performance of membrane structures
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Construction of Cities in Mountainous Area ( Chongging University) , Ministry of Education, Chongqing 400045, China)

Abstract; To study different wind demand exceeding probability assessment of the membrane roof, Chongqing was
taken as an example. Taking PEER performance-based seismic design method as reference and considering the
randomness of wind field, the probability distribution characteristics of monthly maximum wind speed samples in
recent ten years were calculated, and the designed maximum wind speed risk curve was obtained by polynomial
fitting. The horizontal wind speed spectrum was represented by Davenport spectrum. The nonlinear characteristics
of membrane roof structure were considered, and the relationship between resistance requirements ( vertical
displacement limit) and the average wind speed spectrum values was approximately represented by a power
function. The expression of the mean annual frequency of exceedance for displacement demand was derived. A flat
membrane roof was taken as an example, 30 pulsating wind speed time intervals were generated with the AR
method, and structural response analysis was carried out. Through calculation, the transcendental probability and
recurrence interval corresponding to different performance levels of the roof were obtained. The results show that
polynomial fitting has a better effect on the derivation of the expression of annual average exceeding probability.
Performance-based wind resistance probabilistic evaluation method for membrane roofs can obtain the transcendental
probabilistic evaluation values of different displacement requirements of structures through a small number of
structural analyses.
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Tab.1 Data of monthly maximum wind speed from 2002 to 2016 m/s
M L H 2 H 3A 41 51 6 A ;| 8 A 9 A 10 H 11 H 12 A
2002 5.0 5.8 20.0 13.9 5.8 9.7 9.7 7.2 8.1 8.1 5.8 5.0
2003 5.8 7.2 5.0 9.7 5.8 5.0 11.9 5.8 5.8 5.0 5.8 5.0
2004 1.7 5.8 5.0 8.1 8.1 5.8 7.2 9.7 7.2 5.8 5.0 5.8
2005 5.0 5.0 8.1 9.7 7.2 5.8 11.9 7.2 8.9 8.1 7.2 5.0
2006 5.8 5.8 7.2 9.7 8.9 11.1 8.9 5.8 7.2 5.0 5.0 5.0
2007 3.9 7.2 5.8 8.1 11.9 8.1 7.2 8.9 7.2 5.0 5.0 3.9
2008 5.0 3.9 7.2 7.2 8.1 8.9 8.1 8.1 5.8 5.0 5.8 5.8
2009 7.2 7.2 8.1 8.1 7.2 7.2 9.7 8.9 5.8 5.8 8.9 8.1
2010 7.2 7.2 8.1 7.2 8.1 7.2 7.2 8.9 7.2 5.8 5.8 8.9
2011 5.8 7.2 7.2 8.1 8.1 7.2 8.1 8.9 8.1 5.8 7.2 5.8
2012 5.8 7.2 8.1 8.1 8.9 7.2 7.2 9.7 8.1 5.8 7.2 5.8
2013 5.8 7.2 8.1 9.7 8.1 8.9 8.1 8.1 7.2 7.2 8.1 7.2
2014 5.8 7.2 11.1 9.7 8.1 7.2 7.2 8.1 5.8 8.1 5.8 5.8
2015 7.2 8.1 7.2 11.9 8.1 9.7 8.1 8.9 8.1 8.1 8.1 7.2
2016 8.1 5.8 8.1 7.2 8.1 8.1 7.2 8.9 8.1 5.8 8.1 7.2
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Tab.2 Wind load information of Chongging

Ty/a A=1/T, w/(kN+-m=2) V,/(m-s71)
10 0.10 0.25 20.00
50 0.02 0.40 25.30
100 0.01 0.45 26.83
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Tab.4 Exceeding probability assessment for the membrane roof

under different displacement demands

R PERERT AR H AR % Wi Jo7, LI/ a
L/300 65.89 1.52
L/250 51.24 1.95
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L/125 11.58 8.64
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Tab.3 Maximum displacement response of the membrane roof

« dxdy

m
T 10 a 50 a 100 a

1 0.144 9 0.2311 0.280 6
2 0.166 8 0.234 3 0.308 2
3 0.158 0 0.2539 0.261 8
4 0.150 0 0.2515 0.2925
5 0.158 6 0.217 2 0.3189
6 0.173 0 0.246 1 0.292 6
7 0.153 5 0.223 1 0.203 8
8 0.162 5 0.271 0 0.274 6
9 0.146 9 0.242 9 0.289 1
10 0.1539 0.2517 0.3120
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Fig.8 Displacement demand hazard curve
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