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Displacement Distribution over a Cross Section as a Basis of Finite

Deformation Analysis of a Thin Walled Curved Member
Seizo Usuki*and Tomonori Kano¥*¥

The basis for explaining various types of buckling phenomena and post buckling
behavior or large elastic deformations of a thin walled beam is a displacement
and stress distribution over the cross section which will be obtained by applying
the hypotheses of thin walled beam theory- no distortion of cross section and
Euler-Bernoulli hypotheses on shear strains- to three dimensional nonlinear
strain-displacement relations,

Let x,y,z be an orthogonal curvilinear coordinate in which x and y axis are
fixed on the plane of cross section,andalso s,n,z in which s is directed tangent
to the center line of the thin wall and n is normal to s, Then the hypotheses
of a thin walled curved member are expressed as

Ex=Ey=Txyg=Ins=10, s = RZZ/G/"'ZI‘

where R and P* denote the radius of curvature at the origin of x,y coordinate
and that at a point on the center line respectively, g and t an arbitrary con-
stant and wall thickness respectively and G the shear modulus, In the case of
an open section q equals to zero, If we apply above hypotheses to the three
dimensional nonlinear strain-displacement relations in orthogonal curvilinear
coordinates, we would obtain nonlinear partial differential equations with res-
pect to unknown displacement distributions u,v,w and w* describing displacement
at a point on the center 1line of the thin wall, These equations system, however
,» could not be solved analytically except for such a simple case as the elastica,

The basic idea to overcome this difficulty is in the following: Assuming a
small strain compared to unity, the orders of nonlinear terms in strain-displace-~
ment relations are much higher than those of linear terms, Then multiply all
the nonlinear terms by a fictitious small parameter mu (0SA<1) and let the sum
of linear terms and nonlinear terms multiplied by parameter M be new strain-
displacement relations, Then we can use the perturbation method for solving the
nonlinear partial differetial equations system described above,

As a result, The displacement distributions over the cross section are expre~
ssed in first, second or much higher order terms of displacements at the origin
in x,y coordinate and of rotations about x,y and curved z axis. The nonzero
strain components fgand {5y are also expressed by nonlinear curvatures about
x and y axis and nonlinear rate of twist about z axis,

The displacement and strain distributions obtained in this paper will converge
to exact solutions in the 1imit +that the angles of rotations are smaller than
unity, since they are expressed by Taylor expansions on the rotations about three
axes X, ¥ and z in the case of linear problem,

* Associate Professom Department of Civil Engineering, Akita University,
** Professor, Department of Civil Engineering, Akita University,



