BRI F RFERFBAEEE AL E Vol. 5 (1996)

SR OMTEIYEZ Z R L 72 BERE & O B R

BE 317

On the shape finding analysis of membrane structures
considering the bending stiffness of boundary frames

Nobuyuki Ataka

The paper describes the shape finding analysis of membrane structures considering

the bending stiffness of boundary frames. The aim of this paper is to release the

freedom of deciding the shape of membrane surface more in designing membrane

structures. As a concrete example, I study the structure of umbrella possessing a

flexible frame like the same time. This example will enable to solve the shape finding

analysis of the membrane structure which have boundaries of stressed beam and

curved beam with initial bending.

Keywords : Membrane Structure, Initial Stress, Initial Bending, Flexible Boundary.
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upper cable element plane element

lower cable element
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Example 1 Material Properties for Cantilever Beam

plane element

E=2.1E+4 kgf/cw? »=0.3
upper cable element

ou = Heer'4 = 1.0 kgf/em

lower cable element ( kgf/cm? )
case 1 o) = Hw 'l = 0.1E+4
case 2 oy = Heey '} = 0.3E+4
case 3 o1 = Heer'/ = 0.5E+4
case 4 g1 = Heey ¥} = 0.6E+4
case 5 o1 = Ha'i = 1.1E+4
case 6 0y = Hey'i = 1.4E+4
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upper cable element

lower cable element
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Example 2 Material Properties for Simple Beam

N S aew 9, G e |

plane eleaent

E=2.1E+4 kgf/cem®  »=0.3
upper cable element
o) = Heey '3 = 0.1E+4 kgf/cm?

lower cable element ( kgf/cm? )

oy = Heer '/ = -0.12E+4
ou = Heer i = -0.17E+4
gy = Heer '} = -0.30E+4
au = Hcer'¢ = -0.50E+4
ou = Heer'i = -0.60E+
gy = Heer'i = -0.70E+4
ou = Hiey'i = -1.20E+4
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Example 3 Material Properties for Simple Beam

plane element
thickness t=1.0cm
E=2.1E+4 kgf/fcm2 v =0.3
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cable element ( kgf/cm2)

sectional area A=1.0cm2
case | o u=H(0)ij=I1.0E+4
case 2 o u=H()ij=1.0E+5
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(a) AvapElEaminEs (b) BTEHMECE & HimEs
upper cable element plane element
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lower cable element
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(C) MHAREN

Exampl 4 Properties for Membrane Structures Exampl 5 Properties for Membrane Structures

(type A) (type B)

plane element of membrane ( kgf/cm®) plane element of membrane ( kgf/cm®)
1= Ho'' = 0.2E+2 1= Ho'' = 0.2E+2

plane element of beam plane element of beam
E=2.1E+4 kgffcm* v =0.3 =2.1E+3 kgf/cm’ v=0.3

upper and lower cable element upper and lower cable element
6.=Ho'=1.0 kgf/cm? ou=Ho''=1.0 kgf/cm?

cable element of inner and outer circle cable element of inner and outer circle
E=2.1E+6 kgf/cm’ E=2.1E+6 kgf/cm’
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Exampl 4

Exampl 5 (type B)
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