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Design and study of an long-span cable-membrane structure
for the Expo Axis

WANG Dasui' , ZHANG Weiyu', FANG Wei', WANG Rong', DING Shenggen', GAO Chao', ZHANG Anan’
(1. East China Architectural Design & Research Institute Co. Ltd, Shanghai 200002, China;
2. Shanghai World Expo Land Holding Co. Ltd, Shanghai 200125, China)

Abstract: The Expo Axis project and its underground multi-system is the landmark building of Expo Shanghai 2010.
Its roofing system is composed of cable-membrane structure and Sun Valley steel structures. The cable-membrane roof
adopting the flexible structural system of continuous tensile membrane units featuring long span, large displacements
and significant geometric nonlinearity. By studying the membrane material safety factor values, the wind-induced
responses, the values of the membrane surface displacement control methods and other issues, the design principles of
membrane structure were made clear. The membrane’s long-and short-term stress and deformation under load
combination were studied by calculation and analysis through multiple programs. It is shown that the maximum stress of
the membrane meets the specifications and the maximum displacement does not affect the use of architectural features.
In the light winds through the structure under the membrane surface displacement analysis, partial collapse analysis,
the comfort and safety of the structure are demonstrated.
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Fig.2 Model of cable-membrane structure
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Fig.3  Roof plan
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Fig.4  Structural longitudinal section diagram
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Fig.7 Parameter definition for relative displacement

calculation of membrane
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Fig. 11 Details of membrane’s maximum stress
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Table 4 Calculating results with wind time-history method and considering wind flutter factor 8. =1.5 method
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Fig.26  Membrane reinforcement on suspension points
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Fig.27 membrane’s envelope displacement

under 6 class wind load
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Fig.28 membrane’s envelope displacement

under 8 class wind load
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Fig.29 membrane’s deformation after back stay

cable broken of No. 1 outer mast
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