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Analysis of Circular Members by An Assemblage of Straight Elements

by Toshio Suzuki®, Shinichiro Ueno®*® and Fumio Nishino##:

Practical analyses of curved structural members are frequently made employing
an approximate method. Approximate analyses of frequent use may be divided into
two groups. One is to obtain approximate solution of the analytically exact
governing equation and the other is to represent the structure to be analysed by
a physically approximate model for which analytically exact solution can be
easily obtained and then to solve it. Finite element method is one of the ex-
amples of the former, while analysis of curved members by an assemblage of
straight elements is a representative example of the latter.

This report deals curved structures subject to biaxial bending moments,
torsion and axial force. The convergence of the solution on physical models
represented by assemblage of straight elements to that of the originagl curved
structures is shown by making use of convergence of stiffness equation to the
governing differential equation at the limit of Increasing number of straight
elements. Using the stiffness matrix considering shear deformations associated
with variable moments and bi-moments, the stiffness equation converges to the
governing differential equation of curved structures, while it turned out that
the use of stiffness matrix neglecting the shear deformations resulted in the
governing equation with additional constraints, of which meaning are not obvious.

Numerical solutions are obtained on arch type structures subjected to axial
force and in-plane bending and on curved bridges subjected to out-of-plane bend-
ing and torsion by using both finite element approximation and physical approxi-
mation with straight elements. TFor arch type structures with the same number of
mesh sizes, physical approximation resulted in much closer solutions to the
exact ones on all ranges of the parameters varied for the examples. For curved
bridges, no particular superiority was observed between two methods of approxi-
mation. Depending on the values of parameters of the examples, finite element
approximation may result in closer solutions, while for the different values of
the parameters, physical approximation results in better solution.

By the results of the numerical examples on convergence together with the
simplicity and smaller amount of computation required to form stiffness
matrices, it is concluded that physical approximation by assemblage of straight
elements is superior to the finite element approximation of curved elements.
This conclusion is further strengthened by the fact that curvature of practi-
cal curved structures is scarcely constant but it is variable along arc length,
for which derivation of the stiffness matrix by finite element method is a
rather involved task.
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