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Usual continuum theories are inadequate in predicting the mechanical behavior of solids in

presence of small defects and stress concentrators; it is well known that such continuum

methods are unable to detect the change of the size of the inhomogeneities and defects. For

these reasons various augmented continuum theories and strain gradient theories have been

proposed in the literature. The major difficulty in implication of these theories lies in the

lack of information about the additional material constants. For fcc metals, for calculation of

the associated characteristic lengths which arise in first strain gradient theory, an atomistic

approach based on Sutton–Chen interatomic potential function is proposed. For validity of the

computed characteristic lengths, the phenomenon of size effect pertinent to a nano-size circular

void within an fcc (111) plane is examined via both first strain gradient theory and lattice

statics. Comparison of the results explains the physical ramifications of the characteristic

lengths in improving usual continuum results. Moreover, by reconsideration of the Kelvin

problem it is shown that a commonly employed variant of the first strain gradient theory is

only valid for a few fcc metals.
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a b s t r a c t

In this paper two methods are presented that can be used to determine the dynamic behavior of visco-
elastic beams with different boundary conditions, carrying a moving mass. An analytical–numerical for-
mulation that transforms the governing differential equation in viscoelastic media into a set of ordinary
differential equations and thereafter a discrete element model based on assumption that continuous vis-
coelastic beam can be replaced by a system of rigid bars and joints which resist relative rotation of
attached bars. The physical properties of the joints can be found through considering the viscoelastic
model of beams material. Correctness of results has been ascertained by a comparison, made between
the above two techniques and good agreements has been achieved.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

One of the essential problems that have concerned by engineers
is the moving mass problem. The tragic outcome of structural fail-
ure under moving mass, forced engineers to put together more
accurate solutions for this problem. Calculating the response of a
typical structure subjected to moving mass, involves solving com-
plex partial differential equations. Jeffcott [1] attacked moving
mass problem. He was followed by Steuding [2] and Odman [3].
Pestel [4] tried to solve moving mass problem in elastic beams
by means of the Rayleigh–Ritz method, but no numerical results
were presented. Stanisic and Hardin [5] presented a solution for
a simply supported elastic beam. Akin and Mofid [6] presented
an analytical–numerical solution for beams under moving mass.
Mofid and Shadnaam [7] applied this concept for calculating the
response of plates under moving mass. The other approach to mov-
ing mass problem which uses the discrete element model and
based on the flexural stiffness of Euler–Bernoulli Beam was pre-
sented by Mofid and Akin [8]. Mofid and Shadnaam [9] developed
this approach to beams with internal hinges. Yavari and Mofid [10]
extended this concept to Timoshenko beams using the shear stiff-
ness of beams. Bowe and Mullarkey [11] developed an analytical
numerical model based on modal analysis as well as a finite ele-
ment model for a moving unsprung mass traversing an elastic
beam. They have considered that the vertical acceleration of the
moving mass is equal to the vertical acceleration of the beam plus
additional convective terms.

On the other hand mechanics of viscoelastic media is suffi-
ciently complicated to challenge researchers. Deformation of
viscoelastic beams are mainly depends on their creep behavior,
which is carefully considered in this work. Understanding of vis-
coelastic behavior of materials dates back to the 18th century.
Vicat [12] reported studies on relaxation and creep of sagging
of wires materials of suspension bridges. Also, other works on
the mathematical aspects of viscoelastic behavior of materials
are such as, Christensen [13] who has presented the linear the-
ory which includes the solution of advanced problems in this
area; Renady et al. [14] as well as Gurtin and Strengberg [15]
had presented a postulation approach to the linear theory,
emphasizing proof of theorems. Also, the work of Bland [16]
and Flugge [17] are early introductions of linear theory, empha-
sizing mechanical models with springs and dampers. Also, Gold-
en and Graham [18] did present viscoelastic stress analysis,
specifically methods for solution of complicated boundary value
problems. The main purpose in this work is to attack the moving
mass problem on a viscoelastic beam. First of all, using Laplace
transform the moving mass governing differential equation in
viscoelastic media is introduced, and then a system of ordinary
differential equations, describing a continuous viscoelastic beam
with a moving mass, with various boundary conditions is solved.
Discrete element method is then used to determine the response
of the same viscoelastic beam. This work extends the procedure
that has been used to discretize an static structural system into
a number of rigid bars and resisting joints. The Kelvin solid mod-
el is used to determine the viscoelastic behavior of solid. These
approaches can be easily applied for any other viscoelastic
model.

0965-9978/$ - see front matter � 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.advengsoft.2009.08.001
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