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SUMMARY

The object of the investigation is to clarify the influence of seismic
forces in the wvertical and horizontal directions regarding conical shells
with/without edge beams. An edge beam is to be regarded as ring elements with
triangular cross sections, and the shell as a set of conical frustum elements so
that the finite element method can take into account the deformation of the edge
beam in the cross section area. The authors attempted the study on free
vibration analysis using the power method and dynamic response analysis using a
step by step integration method.

INTRODUCTION

A large amount of research has been carried out on conical shells without
edge beams, while very little has been done on the dynamic behavior of conical
shells with edge beams in spite of the fact that conical shells in actual use
usually have edge beams.

Moreover, in recent years a great deal of attention has been given to the
dynamic response behavior of structures against seismic oscillation in a vertical

direction. Shallow shells will be greatly affected by seismic oscillation in a
vertical direction and high-rise shells by seismic oscillation in a horizontal
direction. However, sufficient 1light has not been shed on the extent of

influence of vertical and horizontal seismic oscillation in terms of the
rise/span ratio.

To solve this problem by the use of the finite element, the authors
considered an edge beam in an assemblage of ring elements with a triangular cross
section, and a shell in an assemblage of conical frustum elements. In an attempt
to find a solution, we proposed giving the ring element a degree of freedom of
rotation. We also allowed a degree of freedom in each direction when measuring
displacements in the perpendicular, circumferential and radial directions. We
did this so that the ring element of the edge beam which had a triangular cross
section, could be combined with the conical frustum element of the shell. We
assumed the angle of rotation to be the mean rotation.

We attempted the dynamic analysis of conical shells with edge beams to
consider the deformation of edge beams under certain boundary conditions and in
doing this we changed the rise in the shells. As a result of our analysis we
have been able to clarify some of the behaviors of conical shells with edge beams.
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CONICAL SHELL

Displacement Functions Displacement functions of a conical shell are
represented by polynomials in the meridional distance and the Fourier series in

the circumferential angle.
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Strain-Displacement Relations Strain—displacement relations of a conical shell
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EDGE BEAM
Displacement Functions We assume that the displacement functions of an edge
beam are as follows.
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Stress-Strain Relations Stress~strain relations of an edge beam are given as
follows.
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where, (Db) : elasticity matrix of an edge beam
EQUATIONS OF OSCILLATION

The equations of oscillation are represented in equation (7). We assume
that the damping matrix is in proportion to the mass matrix,

P18} + [CM1(8) + (K™} = (FY) @
where, [M"] , e, [Kn] : mass, damping and stiffness matrix

{8} , {8} , (&) : acceleration, velocity and displacement vector
The equations were computed by a step by step integration method. Here,

n=0 and n=1 represent seismic oscillations in the vertical and horizontal

directions, respectively.

MODELS

Conical shell models and their boundary conditions are shown in Figure 4 and
5, respectively.
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RESULTS
modes and natural frequencies are shown in Figure 6

Vibration

and Table 1, respectively.

Free Vibration
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CONCLUSIONS

Free Vibration We can conclude the following from the results of the free

vibration analysis of conical shells :

(1) In the case of a roller support, the natural frequency of the first
order is remarkably low and the shape of the mode is very different,
compared to other types of support.

(2) As the rise increases, the shell-approaches rigidity, and its natural
frequency becomes higher.

(3) Addition of an edge beam will raise the rigidity of the shell, which
will, therefore, run closer to the value in the case of a clamped
support.,

Seismic Response We can conclude the following from the results of the seismic

response analysis of conical shells :

(1) In the case of a roller support without an edge beam, the action of
seismic oscillation in either the vertical or horizontal direction will
cause major displacements and stresses to conical shells. The addition
of an edge beam can significantly reduce the displacements and stresses.

(2) Subject to vertical seismic oscillation, conical shells with and without
edge beams will show a smaller fall in displacement and stress as the
rise increases.

(3) When horizontal seismic oscillation takes place, each rise in the shell
has a very slight displacement in both vertical and horizontal

directions. Stresses are also small, compared to the vertical
displacement of a shallow conical shell subjected to vertical seismic
oscillation.

When we design a shallow conical shell with a rise/span ratio of less than

approximately 0.1, full consideration needs to be given to the deformations and
stresses against vertical seismic oscillation.
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