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Abstract  This study carried out a geometrical nonlinear dynamic analysis of laminated composite shell
structures. Based on the first-order shear deformation shell theory and nonlinear formulation of Sanders, the
Newmark method and Newton-Raphson iteration are used for dynamic solution considering nonlinear effects. The
effects of radius, fiber angles, and layup sequences on the nonlinear dynamic response for various parameters
are studied using a nonlinear dynamic finite element program developed for this study. The several numerical
results were in good agreement with those reported by other investigators for square composite plates, and the
new results reported in this paper show the significant interactions between the radius, fiber angles and layup
sequence in the laminate. Key observation points are discussed and a brief design guideline of laminated
composite shells is given.
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[Fig. 1] Laminated composite shells
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[Fig. 2] Comparison of normalized nonlinear dynmaic
displacements at a central point of square plates
with simply supported subjected to distributed
loads (Material I).
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[Table 1] Comparison of normalized natural frequencies
of composite shells for different R and layup

SequenCeS
Layup sequence
R Reference
[0/90] | [0/90/0] | [0/90/90/0]

Ref. [9] 28.840 | 31.020 | 31.100
5 Ref. [5] 29049 | 31216 | 31.296
This study | 28.900 | 30.777 | 30919
Ref. [9] 16710 | 20350 | 20.380
10 Ref. [5] 16762 | 20394 | 20422
This study | 16744 | 20283 | 20.333
Ref. [9] 11.840 | 16620 | 16.630
20 Ref. [5] 11.806 | 16595 | 16.595
This study | 11.843 | 16549 | 16.567
Ref. [9] 10060 | 15420 | 15.420
50 Ref. [5] 9.9822 | 15361 | 15.359
This study | 10.047 | 15333 | 15.341
Ref. [9] 97840 | 15240 | 15230
100 Ref. [5] 9.6929 | 15.176 | 15.170
This study | 9.7636 | 15.151 | 15.157
. Ref. [9] 9.6880 | 15.170 | 15.170
10 Ref. [5] 9.5905 | 15.115 | 15.109
(Plate) | This study | 9.6674 | 15090 | 15.096
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displacements at a central point of composit
shells for R (Material II).
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[Table 2] Comparison of normalized maximum nonlinear
dynamic displacements of composit shells for
R and layup sequences

Layup sequences

R
[30/-60/ | [45/-45/- | [75/-15/
(079090101 | o301 | asjasy | -15775)
2 18990 | 10974 | 07704 | 1.6618

(difference) (1.000) (0.572) (0.407) (0.875)

5 2.3348 1.5432 1.1683 2.0805

(difference) (1.000) (0.657) (0.500) (0.891)

10 2.5020 1.7162 1.3447 2.2351

(difference) (1.000) (0.686) (0.537) (0.893)

50 2.6363 1.8612 1.4982 2.3661

(difference) (1.000) (0.706) (0.568) (0.897)
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[Fig.
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5] Comparison of normalized nonlinear dynmaic

displacements of composit shells for fiber angles
and R (Material II).
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