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Study on Geometric non-linearity of Thin-Walled Horizontally
Curved Beams and Application to

Lateral Buckling Strength of Curved I-Beams

* *k kkk
By Hisao Kotoguchi, Motoo Kubo and Hiroshi Nakai

During the past decade numerous horizontally curved I-girder bridges have
been constructed in the highway of large cities, because of the fact that these
type of bridges can easily be designed and much more economically fabulicated
than box girder bridges for the case of comparatively short span, However, the
induced response of horizontally curved girder bridges under the vertical loads
is always consisted of two parts,i,e,, bending’and "twisting’ due to the effect
of curvature of bridge axis., For the coupled actions of bending and twisting, the
geometrical non-lineality is so predominate that the statical behavior as well
as the strength such as the lateral buckling should be carefully analyzed by co-
sidering the coupled actions. Although, these kind of problems are important and
fundamental ones to reply the needs of the horizontally curved I-girder as men-
tioned above, we can find very little litaratures except the studies on out-of-
plane buckling of arch bridges.

In order to analyze the lateral buckling strength curved I-beams, first
stage of this paper will present the fundamental theory concerning the non-lin-
nearity under the finite displacement situation of thin-walled curved beams. The
relationships between displacements and stress are fairly derived by means of
the tensor calculus. From these basic formulae and the principal of virtual wor-
ks, the fundamental and more exact equations for the equilibrium of forces to-
gether with the boundary conditions are derived by taking into the considerations
of non-linear terms,

Second stage of this paper deals with the basic equations to estimate the
lateral buckling strength of curved I-beams, By modifying the fundamental equa-
tions of equilibrium, a set of second order differential equations of lateral
buckling of curved I-beam are developed, The procedures of numerical solution
are discussed by adopting the transfer matrix method. The non-lineality caused
not only by the relationship between stress and strain in the inelastic region
but also residual stress are, of course, taken into the consideration. On the
orther-hand, the experimental studies on model tests are carried out to check
the theoretical analysis for total of 27 model curved I-beams by changing radii,
spans, and width of flange plates.

At the final stage of this paper, a design formula to be applied for the
practical use is proposed by the comparison of theoretical results with experi-
mental ones. From, these studies, it seems to conclude that the economical and
reliable design of horizontally curved I-girder bridge will able to evaluate by
a simple and practical proposition described in this paper.
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