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ABSTRACT
In this lecture, two separate topics are discussed: (1) shell finite elements based on sevenparameter and twelve-parameter shell theories for large deformation analysis of composite shell
structures and (2) non-local continuum mechanics theories. The seven-parameter shell element is
based on a modified first-order shell theory using a seven-parameter expansion of the
displacement field [1-3]. The twelve-parameter shell element is developed using third-order
thickness stretch kinematics. The non-local theories discussed include higher gradient to truly
nonlocal. An overview of the author’s recent research on nonlocal elasticity and couple stress
theories in formulating the governing equations of functionally graded material beams and plates
is presented. Two different nonlinear gradient elasticity theories that account for (a) geometric
nonlinearity and (b) microstructure-dependent size effects are discussed to establish the
connection between them. The first theory is based on modified couple stress theory of Mindlin
and the second one is based on Srinivasa-Reddy gradient elasticity theory [4]. These two
theories are used to derive the governing equations of beams and plates [5]. In addition, the
graph-based finite element framework (GraFEA) suitable for the study of damage and fracture in
brittle materials will be discussed briefly. GraFEA stems from conventional finite element
method (FEM) by transforming it to a network representation based on the study by
Khodabakhshi, Reddy, and Srinivasa [6].
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