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Analysis of Thin-Walled Helicoidal Beams using Physical Approximation

by Hiroyuki FUYAMA*, Masaharu HIRASHIMA** and Teruhiko YODA**

The increasing use of thin-walled curved and twisted beams has created a
need for a simple but thorough analysis of stresses as well as displacements
and stress resultants in tortuous members. The curved geometry of such
structures, and the complicated flexibility coefficients to be generated, make
the problem very difficult and cumbersome. In general, it may be adequate to
determine the stresses and displacements by reducing the helicoidal beam to
its horizontal projection and then to analyze it as a curved beam. However,
the rigorous treatment of the curved beam becomes so elabolated that it is of
little use to the design engineer.

In this paper, an attempt is made to develop a practical analysis of thin-
walled helicoidal beams, employing physical approximation by an assemblage of
straight beam elements. Little work has been done numerically to verify the
applicability of the physical approximation to the thin-walled helicoidal beams.
To show the validity of the physical approximation by an assemblage of straight
beam elements, a consistent one-dimensional theory of thin-walled helicoidal
beam with open cross-section is demonstrated, in which particular emphasis is
placed on the derivation of analytically exact solution with the help of the
Eigen Value Problem.

The convergence of the solution on a physically approximate model represented
by an assemblage of straight beam elements to that -of the thin-walled helicoidal
beam is shown for the I-sectioned beam with fixed ends, subtending a horizontal
angle of 90 degrees, and having a solpe of 6 degrees. The present physical
approximation is considerd to be valid for design purposes in that excellent
accuracy is observed for displacements and stresses.

The proposed physical approximation in this work involves the generation of
the exact stiffness matrix for thin-walled straight beam. Once this step is
performed, the amalysis proceeds in an anlogous way to that followed in any
thin-walled spatial beam by the stiffness matrix. Hence, this work can be applied
to any thin-walled spatial beam by dividing the total span into many segments and
treating each one as a different thin-walled straight beam.

* Graduate student, Graduate School of Science and Engineering, Waseda University.
*% Department of Civil Engineering, Waseda University.



