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Abstract: This paper presents a hybrid analyticaimputational mechanics formulation for an arbitrarily curved Timoshenko beam under-
going planar finite deformation and subjected to kinematic constraints in the form of fixed displacement and cross-linking. On the basis
an analytical reduction of the governing equations, the system reduced to a single nonlinear differential equation coupled with integr
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problems of serious interest not only to biomechanics, but also to
structural mechanics and many related modern engineering disci-
plines. The paper is organized as follows. In the following section,
the kinematic assumptions and governing conditions for the finite
deformation of beams are laid out. The next section describes the
resulting analytical framework and derives the equations for the
study of elastic beams. After that, the integral equations for apply-
ing kinematic constraints, focusing of fixed displacement, and
cross-link interactions are introduced. Then the finite-element com-
putational formulation is introduced, and a set of examples illus-
trating the capability and performance of the formulation are
presented. The final section presents the conclusions.

Fundamental Governing Equations

Kinematics

With the basic assumption of plane sections remaining plane and
allowing for axial, flexural, and shear deformations as in the
classical Timoshenko beam theory, the basic elements of the pro-
posed 1D finite deformation mechanics formulation for a curvilin-
ear beam are shown in Fifj. A material pointX in the initial
configurationCy of the beam is taken to have the Cartesian coor-
dinatesdX;; X,Pwith respect to a fixed frame and the orthogonal
curvilinear coordinateds, nbdefined by using the initial centroidal
line of the beam. Its image in the deformed configuratio@,

is denoted by the Cartesian coordinafies x,P and convected
coordinates$s; AR which correspond to the directionsdsfnpafter
deformation. Accordingly, the displacement vectaf a pointX

can be defined by its Cartesian componénts
























