
Accepted Manuscript

Flexural vibrations of discontinuous layered elastically bonded beams

Salvatore Di Lorenzo, Christoph Adam, Andrea Burlon, Giuseppe Failla, Antonina
Pirrotta

PII: S1359-8368(17)31665-7

DOI: 10.1016/j.compositesb.2017.09.059

Reference: JCOMB 5306

To appear in: Composites Part B

Received Date: 15 May 2017

Revised Date: 19 September 2017

Accepted Date: 25 September 2017

Please cite this article as: Di Lorenzo S, Adam C, Burlon A, Failla G, Pirrotta A, Flexural vibrations
of discontinuous layered elastically bonded beams, Composites Part B (2017), doi: 10.1016/
j.compositesb.2017.09.059.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.compositesb.2017.09.059


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Flexural vibrations of discontinuous layered elastically bonded beams

Salvatore Di Lorenzo1,a, Christoph Adama, Andrea Burlonb, Giuseppe Faillab, Antonina Pirrotta1,c,∗

aUnit of Applied Mechanics, University of Innsbruck, 6020 Innsbruck, Austria
bDipartimento di Ingegneria Civile, dell’Ambiente, dell’Energia e dei Materiali (DICEAM), University of Reggio Calabria,

89124 Reggio Calabria, Italy
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Abstract

This paper addresses the dynamic flexural behavior of layered elastically bonded beams carrying an arbitrary
number of elastic translational supports and rotational joints. The beams are referred to as discontinuous for
the discontinuities of response variables at the application points of supports/joints. The Euler-Bernoulli
hypothesis is assumed to hold for each layer separately, and a linear constitutive relation between the
horizontal interlayer slip and the interlaminar shear force is considered. Based on the theory of generalized
functions to handle the discontinuities of response variables due to supports/joints, exact beam modes are
obtained from a characteristic equation built as determinant of a 6 x 6 matrix, regardless of the number of
supports/joints. On using pertinent orthogonality condition for the deflection modes, the dynamic response
of the beam is derived in time domain. Remarkably, all response variables are presented in a closed analytical
form. Two numerical applications illustrate the efficiency of the proposed method.
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1. Introduction

In engineering applications, beams composed of two or more layers are widely used to increase the
strength-to-weight and stiffness-to-weight ratio of structural components. If bonded by strong adhesives,
the layers can be assumed to be rigidly interconnected, and a full composite action between the layers is
developed. During the last decades a large amount of studies has been devoted to static and dynamic
analysis of rigidly bonded composite structures for various engineering problems [1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14], providing engineers with various well established methods.

However, in certain structural components such as composite steel-concrete beams and layered wood
beams with flexible shear connectors, a rigid bond between the layers cannot be achieved. The deformation
of the connectors results in an interlayer slip, which affects both strength and deformation of the structure.
Existing literature has focused on static and dynamic analysis of layered elastically bonded beams. For
instance, linear static analysis is performed in [15, 16, 17, 18, 19, 20, 21, 22, 23, 24], and vibration problems
are addressed in [25, 26, 27, 28, 29, 30, 31, 32, 33]. In general studies in [15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33] have considered layered beams in a simple configuration, with uniform
cross section and constraints at the beam ends only.

In practical applications, beams often have one or several in-span elastic supports, and in-span local
flexibility may arise from cracks and imperfections [34, 35, 36, 37, 38, 39, 40, 41]. In this case, the corre-
sponding structural model is a multi-span beam with elastic translational supports, and elastic rotational
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