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Abstract

Plate and shell structures have been widely used in engineering practice. Since
composite materials combine the advantages of different phase of materials, they are
well utilized to form composite plates and shells. For the composite plates and shells,
it is crucial to efficiently study the macroscopic structural response as well as the
microscopic stress-strain behavior for safty evaluation and economic design. However
the in-plane periodicty of the microscopic reinforcement and generalized plane stress
condition in composite or heterogeneous plates and shells prevents the direct
employment of three dimensional asympotic expansion multiscale analysis method. In
this thesis, the consistent asymptotic expansion of the displacement field that preserve
the structural characteristic of plates and shells is employed to develope a multiscale
formulation which can bridge the mircroscopic and macroscopic behaviors. This
formulation particularly emphasize the bending response that is very important for

plates and shells.

As a foundation for the present multiscale analysis, the consistent aymptotic
multiscale expansion of the displacements in plates are analyzed in detail, and
subsequently based on the three dimensional elasticity theory, the microscopic and
marcroscopic governing equations are established in a rational manner. The
microscopic is analyzed by the three dimensional eight-node tri-linear elements in
order to compute the stress fields, the stress resultants can be obtained though the
thickness integration. Thereafter the homogenized constitutive relationship is
constructed by mapping the averaged stress resultants and the macroscopic
deformation modes. Subsequently, the homogenized constitutive law is employed for
the macroscopic structural analysis using the quadratic Hermite triangular finite
element method. This shape functions of quadratic Hermite triangular element is
completely C' continuous and allow a fast computation of macroscopic response.
Finally, the proposed formulation is extended to shell problems. Though several
typical examples it is demonstrated that the proposed multiscale method is very
effective, which simutaneously achieve the efficient macroscopic strutural analysis as

well as an accurate microscopic evalution of stress field at the critical locations.
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