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1
Introduction: Background
and Motivation

1.1 What This Book Is All About

The book introduces linear and nonlinear structural analysis through a combination of of mesh
generation, solid mechanics and a new finite element methodology called c-type finite element
method (Ray, 1999, 2003, 2004, 2005, 2007, 2008). The ultimate objective is to present the largest
possible (curved) beam, plate and shell elements undergoing extremely large displacement and
rotation, and to apply these to solve standard industrial problems. Any finite element method
is only as strong as its weakest link. In other words, the book is not just about unification
of mesh generation and finite element methodology but it strives to serve as a reference for
budding researchers, engineers, analysts, upper division and graduate students and teachers by
demonstrating what various interdisciplinary machinery has to be accurately harnessed to devise
a solid and conducive theoretical framework upon which to build a robust, reliable and efficient
numerical methodology for linear and nonlinear static and dynamic analysis of beams, plates and
shells. As indicated, the principal goal of the book is to produce the largest possible arbitrary
shaped elements (a) defined and restricted solely by the requirements of geometry, material,
loading and support conditions, (b) avoiding computational problems such as locking in the
conventional finite element methods and (c) presenting new, accurate and explicit expressions for
resolution of the symmetry issue of the tangent operator for beams, plates and shells in areas of
extreme nonlinearity. The ‘mega-sized’ elements may result in substantial cost saving and reduced
bookkeeping for the subsequent finite element analysis, and a reduced engineering manpower
requirement for the final quality assurance. For example, the explicit algebraic and symmetric
expressions of the tangent operator, as presented in the book, are an absolute necessity for
computational cost efficiency, especially in repetitive calculations that are commonly associated
with nonlinear problems. It must be recognized that the requirements for numerical convergence
should be purely adaptive and subservient to the main delineating factors already mentioned.
However, this strategy of computer generation of mega-elements of arbitrary shape, as it turns
out, takes its toll on the analyst. Firstly, only accurate theoretical formulation can be used for the
underlying continuum or solid mechanics principles without unnecessary ‘short-circuiting’ by
proliferation of ad hoc numerical manipulations. Secondly, it demands that the applicable finite
element method be devised to successfully accept computer generated elements with arbitrarily
distorted shapes, with edges (or faces) consisting of up to truly 3D curved boundaries (or surfaces)
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