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Parametric Analysis of Laminated Composite Umbrella-type Shell Roofs
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Abstract : In this study, laminated composite umbrella type roofs structures such as stadium, exhibition, auditorium
and museum are analyzed. These structures have not been dealt with so far because of the difficulty in modeling.
These have been analyzed mostly by a simplified method or a grid analysis in design. In this study, better results
can be obtained by using shell element. The behavior of umbrella type shell roof under self weight is analyzed for
various parameters such as the influence of diaphragm, diaphragm type, y-angle type, height/chord ratio of segment,
slope of roofs, number of conical segment and subtended angle.
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Fig. 1. The cylindrical coordinate system and displacement
fields of conical shell.
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Fig. 2. In plane forces for conical shells.
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Fig. 5. Effect of diaphragm on Uy.
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(t=254cm, R1=20t, L =500t §=120°, f=15)

Table 1. Material properties of shell element

Boron/
Epoxy

E1 /Ez (GPa) G]z / G|3 / Gz3 (GPa)

Vi2

200720 6.67/6.67/4 0.3

Table 2. Material properties and section properties of beam
element

Material (Steel)

E=200GPa, v=0.3
G=E/2L+v)

(Solid Circle)

Section

D, =20¢Diameter of section)
Length of column = 120¢

Da, Dy=10r2t
(Diameter of section)
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Table 3. Comparison of y-angle type A and B
{Diaphragm type A)

Maximum Type A Type B Difference*
U -0.16625 -0.21219 21.6%
Ne -9.2740 -21.537 56.9%
N, -3.8659 -6.4332 39.9%

*(B - A}/ B x 100(%)
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The efect of height/chord
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Fig. 10. Effect of hichord ratio on Uv.

Table 4. Effect of height/chord ratio

Maximum Uy Ne N,
0.1 -0.8991 -13.156 -3.8891
0.2 -0.3095 -14.140 -4.2109
0.3* -0.1569 -8.8324 -3.8444
0.4 -0.1059 -6.1231 -3.8692
0.5 -0.1815 -8.9087 -4.2000

*almost default height of original conical shell
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