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Large Deflection Analysis of Curved Members with Thin-Walled

Open Cross Section

Susumu Nishida*, Hiroshi Yoshida**, and Yuhshi Fukumoto***

The study of the finite displacement theory of curved members with thin-walled
cross section has been quickly prospered by many investigaters among whom are
Konishi and Komatsu, Kuranishi, Enda, Nishino and Fukazawa, and Usuki in Japan.
The governing differential equations were derived from the equilibrium equations
through geometric consideration, or by using the variational method.

The purpose of this study is to derive a consistent one dimensional theory of
the curved members subjected to the action of axial force, bending and torsional
moments and to investigate the behavior of curved members under the large tor-
sional deflection.

The following assumptions are used: (1)the length and the radius of curvature
are considerably larger than the cross sectional dimensions; (2)the cross sections
are not distorted; (3)the shear strain due to shear in equilibrium with the change
of normal stress is small and can be neglected; and (4)the shear strain in the
middle surface and in the planes normal to that of thin walls is small and can be
neglected.

In view of the above assumptions, the three-dimensional expressions of strain-
displacement relationships are reduced to one-dimensional expressions and the
vertual work principle is used to derive all the equilibrium equations and asso-
ciated boundary conditions.

The proposed equilibrium equations are solved by using the transfer matrix
method without any approximation for the torsional angle. In other words, the
bending moments about the strong and weak axes, the axial force and the torsional
angle are approximated by parabora in the field matrix, but the trigonometrical
functions of the torsional angle are not approximated. Simply supported beams are
treated which are subjected to equal end moments Mg applied about the strong axis
for various L/R, where L denotes the length of curved beams, and R the radius of
curvature. By using figures, the relationships of the end moment versus the dis-
placements in the vertical and horizontal directions, the torsional angle and the
normal stresses at the four flange tips of H-beam at the center of the span are
shown.

Using this transfer matrix method, the force-displacement relationship can be
pursued up to the range of the large torsional angle, but this method did not so
differ from other method at the range in which the maximum normal stress is nearly
equal to the yield stress.

Finally, this transfer matrix method can be extend to the case, for instance,
members with abrupt changes in the cross section or pallarel beams with cross
beams commonly encountered in practical design of steel members.

*  Assistant Professor, Department of Civil Engineering, Kanazawa Institute of
Technology.

*% Associate Professor, Department of Civil Engineering, Kanazawa University.

#%% Professor, Department of Civil Engineering, Nagoya University.



