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Dynamic Characteristics Analysis of Spherical Shell with Initial Deflection(II)
- Effects of Initial Deflection -
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Abstract

The widespread use of thin shell structures has created a need for a systematic method of
analysis which can adequately account for arbitrary geometric form and boundary conditions
as well as arbitrary geheral type of loading. Therefore, the stress analysis of thin shell has
been one of the more challenging areas of structural mechanics.

A wide variety of numerical methods have been applied to the governing differential equa-
tions for spherical and cylindrical structures with a few results applicable to practice.

The analysis of axisymmetric spherical shell is almost an every day occurrence in many In-
dustrial applications. A reliable and accurate finite element analysis procedure for such struc-
tures was needed.

Dynamic loading of structures often causes excursions of stresses well into the inelastic
range and the influence of geometry changes on the response is also significant in many
cases. Therefore both material and geometric nonlinear effects should be considered.

In general, the shell structures designed according to quasi-static analysis may fail under
conditions of dynamic loading. For a more realistic prediction on the load carrying capacity of
these shell, in addition to the dynamic effect, consideration should also include other factors
such as nonlinearities in both material and geometry since these factors, in different manner,

-may also affect the magnitude of this capacity.

The objective of this paper is to demonstrate the dynamic characteristics of spherical shell.
For these purposes, the spherical shell subjected to uniformly distributed step load was ana-
lyzed for its large displacements elasto-viscoplastic static and dynamic response.

Geometrically nonlinear behaviour is taken into account using a Total Lagrangian formula-
tion and the material behaviour is assumed to elasto-viscoplastic model highly corresponding

to the real behaviour of the material.
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The results for the dynamic characteristics of spherical shell in the cases under various con-

ditions of base-radius/central height(a/H) and thickness/shell radius(t/R) were summarized

as follows
The dynamic characteristics with a/H,

1) As the a/H increases, the amplitude of displacement increased.

2) The values of displacement dynamic magnification factor (DMF) were ranges from 2.9

to 6.3 in the crown of shell and the values of factor in the mid-point of shell were ranged

from 1.8 to 2.6.

3) As the a/H increases, the values of DMF in the crown of shell is decreased rapidly but

the values of DMF in mid-point of shell is increased gradually.

4) The values of DMF of hoop-stresses were range from 3.6 to 6.8 in the crown of shell

and the values of factor in the mid-point of shell were ranged from 2.3 to 2.6, and the values

of DMF of stress were larger than that of displacement.

The dynamic characteristics with t/R,

5) With the thickness of shell decreses, the amplitude of the displacement and the period in-

creased.

6) The values of DMF of the displacement were ranged from 2.8 to 3.6 in the crown of

shell and the values of factor in the mid-point of shell were ranged from 2.1 to 2.2
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Table 1. The dimension and properties of

spherical shell

- R=10~21.25 uch
t=0.4~0.7 inch
a=90~28.072 degree
E=10.5 » 10° psi

v=0.3

0, =0.024 = 10% psi
E1=0.21 = 108 psi
0=2.45 % 1078 Ib-s?/in*
p=600 psi

Internal radius

thickness of shell

semi angle

elastic modulus

poisson ratio

yield stress

tangent hardening modulus
mass density

step distributed pressure

Table 2. Detail dimension of analyzed spherical

shell
a/H |a(inch) |H(inch)|a(degree) R (inch) t(inch)
1.0 | 10.000 | 10.000 | 90.000 | 10.000 | 0.42
2.0 | 10.000 | 5.000 | 53.130 {12.500 | 0.42
3.0 | 10.000 | 3.333 | 36.870 | 16.667 | 0.42
4.0 | 10.000 | 2500 | 28.072 | 21.250 | 0.42
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