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ETFE Air Cushion Membrane Configurations, Structural
Performances and Material Properties Experiments
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2. Institute of Shanghai Building Science, Shanghai 200031, China)

Abstract: Firstly, uni-tension and cycle loading tests were carried out for ETFE film. The stress
and strain curve and cycling curve were analyzed thoroughly. The results indicate that ETFE is
super elastic and elastic-plastic. According to form finding method formulated from force density
subjected to volume constraints, design analysis procedure was developed for pneumatic
structure, and specialized EasyVol was introduced for air cushion membrane analysis. Through
series numerical analysis, parametric effects on equilibrium form and inter discipline were
investigated for various plan form (rhombus, hexagon, rectangular, circle), such as rise, rise-to-
span, differential pressure, initial prestress. Finally, structural performance analysis was
performed for cushion applied wind pressure and suction, as well as parametric effects
investigation. The presented works are valuable to design of ETFE air cushion membrane.
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Tab.1 Experiment Results of ETFE Film
‘ ETFE200N] ETFE250N]
i
1 2 3 W 1 2 3 W
ob/(kN «m~1) 8. 49 8.97 9.37 8. 94 11.18 11.52 9.81 10. 84
o/ MPa 42. 45 44, 85 46. 85 44,72 44.72 46. 08 39. 24 43. 36
ev/ % 409. 55 419. 05 430. 70 419. 77 453. 20 472.50 388. 15 438.15
TE con 0 2% VI L JBE A 0 R 58 TBE 5 o, O S 5 T IS JE 114 0 L A0 L 588 B e, Ol T OB EE i %
% 2 ETFE200N] #4 R E
Tab. 2 Elastic Stiffness of ETFE200N]J Film
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Fig.2  Strain and Stress Curves of ETFE200NJ
Cycling Loading Test
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Fig.3 Rectangular Air Cushion Membrane Unit
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Fig.4 Rhombus Air Cushion Membrane Unit
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Fig.5 Hexagon Air Cushion Membrane Unit

A
(a) i (b)>L T
6 ERBESRT
Fig. 6 Circle Air Cushion Membrane Unit
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Tab.3 Relationship Between Air Cushion Membrane Element Rise and Inner Pressure

WS JE/kPa 0.05 0.10 0.15 0. 20 0.25 0. 30 0.35 0. 40 0.45 0. 50 0.55 0. 60
o ZEIRHIT | 0.000 | 0.287 | 0.431 | 0.575 | 0.718 | 0.862 | 1.006 | 1.149 | 1.527 | 1.802 | 2.284 X
A ANHEEIE| 0.454 | 0.908 | 1.362 | 2.027 | 2.734 | 4.293 X X X X x X

" BIEHIT | 0.286 | 0.572 | 0.859 | 1.145 | 1.431 2.007 | 2.534 X X X X X
x4 SEERRTRXSEVEANXER
Tab.4 Relationship Between Air Cushion Membrane Element Rise and Initial Prestress
WRi S/ (kN m~ 1) 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
| UL | 1.437 | 1149 | 0.958 | 0.821 | 0.718 | 0.639 | 0.575 | 0.523 | 0.479 | 0.442 | 0.411 | 0.383
K/ NAIE I x x X 3.636 | 2.734 | 2.309 | 2.027 | 1.808 | 1.634 | 1.397 | 1.297 | 1.211
" [ JE #.o0 X 3.503 2.311 1.635 1. 431 1.272 1. 145 1.041 0. 954 0. 881 0.818 0.763
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Fig.7 Deformation of Rhombus Air Cushion Membrane

Element with Wind Suction Applied on Upper Surface
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Fig. 8 Deformation of Rhombus Air Cushion Membrane

Element with Wind Pressure Applied on Upper Surface
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