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a b s t r a c t

This paper presents the full closed-form solution of the governing equations describing the behaviour
of a shear-deformable two-layer beam with partial interaction. Timoshenko’s kinematic assumptions
are considered for both layers, and the shear connection is modelled through a continuous relationship
between the interface shear flow and the corresponding slip. The limiting cases of perfect bond and no
bond are also considered. The effect of possible transversal separation of the two members has been
neglected. With the above assumptions, the present work can be considered as a significant development
beyond that available from Newmark et al.’s paper [4]. The differential equations derived considering the
above key assumptions have been solved in closed form, and the corresponding ‘‘exact’’ stiffness matrix
has been derived using the standard procedure basically inspired by the well-known direct stiffness
method. This ‘‘exact’’ stiffness matrix has been implemented in a general displacement-based finite
element code, and has been used to investigate the behaviour of shear-deformable composite beams. Both
a simply supported and a continuous beamare considered in order to validate the proposedmodel, at least
within the linear range. A parametric analysis has been carried out to study the influence of both shear
flexibility and partial interaction on the global behaviour of composite beams. It has been found that the
effect of shear flexibility on the deflection is generallymore important for composite beams characterized
by substantial shear interaction.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

For the last few decades, composite members and structures
have often been used in civil engineering. Steel–concrete compos-
ite beams and nailed timber members are two possible techni-
cal solutions based on coupling two layers made up of different
materials with the aim of optimizing their mechanical behaviour
within a unique member. For these applications, relative displace-
ments generally occur at the interface of the two layers, resulting
in the so-called partial interaction. Whereas the transverse sep-
aration is often small and can be neglected [1,2], interface slips
influence the behaviour of two-layer composite beams and must
be considered. Several theoretical models characterized by differ-
ent levels of approximation have been proposed and are currently
availablewithin the scientific literature. Timoshenko [3] developed
a theory for composite beams with two bonded materials using
the Bernoulli–Euler beam model for each component and assum-
ing no relative displacement between them. The first formulation
of an elastic theory for composite beams with partial interaction
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is commonly attributed to Newmark et al. [4]. They adopted the
Euler–Bernoulli kinematic assumptions for both the concrete slab
and the steel profile, and considered a continuous and linear rela-
tionship between the relative interface displacements (slips) and
the corresponding interface shear stresses. This formulation is usu-
ally referred to as Newmark’s model, which is the most cited work
in the area of composite beams with continuous shear connection.
In their paper, a closed-form solution is provided for elastic com-
posite beams. Since then, this model has been used extensively
by many authors to formulate analytical models for the static re-
sponse of the composite beams in the linear-elastic range [5–11]
as well as in the linear-viscoelastic range [12–16]. Buckling loads
for composite members have been derived by Möhler [17]. New-
mark’s model was further developed to deal with the dynamic re-
sponse of composite beams, which in some situations governs the
design [18–20]. Besides these analytical works, several numerical
models based on the basic assumptions of Newmark’s model have
been developed to investigate the behaviour of composite beams
with partial interaction in the nonlinear range (for material non-
linear models, see, e.g., [21–25]; for geometric nonlinear models,
see, e.g., [26–29]). Most of these papers are concerned with finite
element (FE) formulations. A closed-form solution leading to an
‘‘exact’’ finite element, formally conceived under the so-called
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