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GEOMETRICALLY NONLINEAR THEORY OF THIN ELASTIC SHELLS

WITH FINITE ROTATIONS

Masashi TURA* and Masaharu HIRASHIMA**

In the nonlinear theory of thin elastic shells, it 1is often
desirable to employ the Lagrangian formulation rather than the
Fulerian formulation. However, to the best of ocur knowledge, no one
has succeeded as vyet in deriving the consistent fully Lagrangian
nonlinear theory of shells undergoing finite rotations without using
small strain assumptions.

In the present paper, the Lagrangian formulation 1s used to
develop the geometrically nonlinear theory of thin elastic shells
under the Kirchhoff-Love hypotheses. Attention will be paid mainly to
derive the two-dimensionally exact equilibrium equations and boundary
conditions of the shell. When we obtain the equilibrium eqguations and
the associated geometric and static boundary conditions of the shell
utilizing the principle of virtual work. we do not use the small
strain assumptions, nor restrict the magnitude of rotations of the
shell., The introduction of variations of displacement vectors instead
of those of digplacement components make 1t possible to reduce
computational efforts for deriving the shell eguations. The internal
virtual work is evaluated using the exact nonrational tensor of change
of curvature. The external virtual work for the couple on the shell
boundary 1is expressed by the inner product of the total finite
rotation vector and the boundary couple vector. Consequently the
effects of finite rotations at the shell boundary are exactly taken
into account.

The resulting equilibrium equations are found accurate within the
range of the two-dimensional theory. The present equation of geometric
boundary condition for the comple is expressed in terms of the
nonlinear terms with respect to the displacements and  their
derivatives. The nonlinear egrations of static boundary conditions
obtained in this paper contain the higher order terms which have been
neglected in the existing literature.

* Department of Civil and Structural Engineering,
Tokyo Denkil University
** Department of Civil Engineering. Waseda University
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