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£ L Hr il R jﬁ:ﬁ% CPU i i #r il B Wl [BE|CPU
J= X Y Z (%) | (sec) =8 X Y Z Z (%) | (sec)
1| 1.0000 0.0 2.29243 ——— 1| 1.0000 0.0 2.29243 — '
2| 1.1033 0.0 1.83963 | 1.84184 |0.12 2| 1.0296 0.0 2.05598 | 2.04979 |0.30
3| 1.6484 0.0 1.20767 | 1.20762|0.00 | 11.08 3 | 1.2375 0.0 1.62351 | 1.61613 |0.46
4 | 2.8360 0.0 0.59041 | 0.58954 [0.14 4 | 1.6718 0.0 1.19821 | 1.18999 | 0.69
6 | 5.0000 0.0 0.00000 -— 5 | 2.2796 0.0 0.83469 | 0.82728 |0.90 | 34.55
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6 | 2.9648 0.0 0.54773 | 0.54219 | 1.02
7 | 8.6511 0.0 0.32709 | 0.32356 |1.09
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9 | 5.0000 0.0 0.00000 e
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1 | 1.0000 0.0 2.29243 -— 1| 1.0000 0.0 2.29243 -
2 [ 1.1026 0.0 1.84135 | 1.84327|0.11 2| 1.0294 0.0 2.05656 | 2.05041 [0.30
3 | 1.6454 0.0 1.20987 | 1.20987 0. 17. 11 3 | 1.2865 0.0 1.62479 | 1.61751 |0.45
4 | 2.8337 0.0 0.59125 | 0.5%041 [0.14 4 | 1.6704 0.0 1.19915 | 1.19101|0.68
5 | 5.0000 0.0 0.00000 ———- 5 | 2.2786 0.0 0.83511 | 0.82775|0.89 | 48.17
6 | 2.9651 0.0 0.54765 | 0.54210|1.02
7 | 3.6512 0.0 0.32706 | 0.32352|1.10
8 | 4.2754 0.0 0.16214 | 0.16037 | 1.11
9 | 5.0000 0.0 0.00000 -—
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(a) —mHOEE (EX¥:53) (a) —mH2EHR (E#¥:103)
i [ i fifl B |RE|CPU i i r fitt M| |WME|CPU
=t X ¥ Z Z (%) | (sec) J=! X Y 7 Z (%) | (sec)
1 0.8315 0.5557 2.29243 ———— 1 0.8910 0.4540 2.29243 i
2 1.0834 0.7213 1.51533 | 1.53409 |1.22 2 1.1089 0.5624 1.58324 1.60822 | 1. 55
3 1.9387 1.2925 0.78126 | 0.80301|2.71 16.83 3 1.6216 0.8247 1.06814 1.08673 | 1.71
4 3.0617 2.0448 0.31100 0.31488 | 1,23 4 2.1778 1.1090 0.73902 0.75043 | 1. 52 43. 40
5 4.1574 2.7778 0.00000 s 5 2.7291 1.3901 0.50055 0.50775 | 1. 42
6 3.2767 1.6691 0.31184 | 0.31611 ) 1.35
T 3.8216 1.9469 0.15503 | 0.15711 | 1.32
8 4.4550 2.2699 0.00000 o
(b) MERIER (EH¥:53) (b) BEHIER (EXxH:103)
i % ¥ fitl H i |®E|CPU i [ T fili B meE|(CcPU
r_g X ¥ 7 Z (%) | (sec) it X Y Z Z (%) | (sec)
1 0.8315 0.5556 2.29243 ——— 1 0.8910 0. 4540 2.29243 e
2 1.0846 0.7213 1.55727 1.53291 [ 1. 59 2 1.0792 0.5473 1.67542 1.65517 | 1. 22
3 1.8883 1.2593 0.84642 0.83191 . 25, 80 3 1.5653 0.7957 1.14262 1.12952 [ 1. 16
4 3.0321 2.0250 0.33002 | 0.32497 | 1.55 4 2.1333 1.0861 0.78265 | 0.77315]1.23 | 64.84
5 4.1574 2.7778 0.00000 — 5 2.6974 1.3740 0.52671 | 0.52011 ] 1.27
6 3.2562 1.6590 0.32681 | 0.32261 | 1.30
7 3.8112 1.9419 0.16205 0.15989 | 1. 35
8 4. 4550 2.2699 0.00000 ===
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FORM FINDING ANALYSIS OF MEMBRANE STRUCTURES BY USING
BILINEAR QUADRILATERAL MEMBRANE ELEMENT

NORIO MASAOKA*!
KAZUO ISHII*Z
SYNOPSIS

A membrane structure is required the initial tension in its membrane surface
to be stabilized by itself. To analyze such a structure by the finite element
method, the geometrical nonlinearity should be considered. Generally, long
period of computation is required for a static or a dynamic nonlinear analysis
considering the stress concentration and the wrinkling due to its material
characteristics. Thus, an efficient computation is one of the important matters.

In the present paper, to improve the computation efficiency, the membrane
structure 1s analyzed with a bilinear quadrilateral element with one-point
quadrature based on the reduced integration technique already used in the plate
and shell structure analysis.

Based on the results obtalned through the form finding analyses, it is
investigated a feature of the present element and the computation efficiency.
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