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THREE DIMENSIONAL ELASTIC ANALYSIS OF CIRCULAR THICK PLATES

by Koichi Yajima*, Hiroshi Ohyama** and Yoshikatsu Tsuboi***

The object of this paper is to obtain the stresses in circular thick plates,
subjected to arbitrary external forces with no axisymmetry at boundary
surfaces. As the representative of the problems with no axisymmetry and for
ease of explanation, the problems with cyclic symmetry of n=1 are only treated
in detail. Using cylindrical coordinates (r,0, z), the boundary is defined
by r=a and by z=th. Stresses in circular thick plates are generally expressed
by Boussinesq's stress functions ®j(i=1,T,T) as shown in Egs.(2.1), where &;
are harmonic functions satisfying Egqs.(2.2), and have series solutions of
Egs.(2.3) and algebraic solutions of Egs.(2.4).

For problems with z-directional symmetry, Boussinesq's stress functions must
be chosen as Eqs.(3.1), where S«=tT/h and & = As/a, and As are possitive zeros
of J'(L). Substituting Eqs.(3.1) in Eqs.(2.1), the stresses are shown in
Table 1. At the boundary, the stresses can be expressed in the forms of
Fourier's and Dini's expansions of Eqs.(3.2) at r=a and of Eqs.(3.3) at z=th,
where the coefficients §Q and ® are shown in Table 2, and the coefficients P
and Q in it are shown in Table 3. It is worthy of notice that the forms of
r«Czp and rxTer in Eqs.(3.3) are used to obtain all of the coefficients
analytically as shown in Table 2 and Table 3. Corresponding to the expressions
of boundary stresses, external forces can be also expressed in the form of
Fourier's and Dini's expantions of Eqs.(3.4) and (3.5). Equating each
corresponding equations, yields a system of infinite simultaneous linear
equations with respect to the coefficients, A, B and C in Egs.(3.1). Solving
the equations and substituting the coefficients in Table 1, stresses in
circular thick plates are determined.

Problems with z-directional asymmetry are also solved in similar procedures,
where Boussinesq's stress functions must be chosen as Eqs.(4.1). All of the
necessary formula for Fourier's and Dini's expansions of boundary stresses are
listed in Table 3. External forces can be expressed in the forms of Fourier's
and Dini's expansions of Eqs.(4.2) and (4.3).

Example 1 is symmetric in z-direction as shown in Fig.1l. Boundary
conditions are Egqs.(5.1) at r=a and Eqs.(5.2) at z=th, having the expansion
coefficients of Eqs.(5.3). The results of this example are shown in Figs. 2
(a)-(f) for h=a, g=0.5a and Vy =0.2. Example 2 is more complex and separated
into two cases as shown in Fig.3. Boundary conditions are Eqs.(6.1) at r=a,
Eqs.(6.2) at z=h and Eqs.(6.3) at z=~h. Expansion coefficients are listed in
Eqs.(6.4) and (6.5), for the symmetric and for the asymmetric components in
z-direction, respectively. The results of this example are shown in Figs. 4
(a)-(f) for h=a, g =0.5a, g =0.75a and V=0.2.

This paper treats problems with cyclic symmetry of n=1 only, but this method
of analysis can be developed further for arbitrary general problems with no
axisymmetry. An appendix is added to explain Galerkin vector Z roughly, which
is helpful to simplify the system of infinite simultaneous linear equations.

* Graduate Student, Chiba Univ.
**% Asgistant Professor, Chiba Univ.
*%% Professor Emeritus, Univ. of Tokyo
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