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1. Introduction

The use of laminated composite materia
various machine components has increased
past decades. In fact, a monograph wri
showed very limited number of publicatio
vibration. There is evidence that vibratio
was the subject of more than a 1000 public
[1,2]. Researchers show significant interest
ural frequencies of such important struc
results for the frequencies of laminated pl
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shapes [5].

Under repeated or impact loads these m
various forms of damage, mostly delaminat
Such damage becomes an obstacle to the m
composite materials. Therefore, the monito
den damage in composite material is critic
tice [12]. The use of vibration based
destructive testing methods for damage m
composite panels is a field attracting the int
ers [13–19].

The effective damage monitoring for t
structure depends largely on the accurate p
of mechanical or dynamic behaviors of bo
composite panels [20]. It is difficult to obta
tions for multi-layered panels having
sequence and/or boundary conditions. T
considerably when such structures are dela
tational approaches like finite element met
role in detecting damage for laminated
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numerical and experimental investigations of delaminated multi-
layered composites [19–26].

Sankar [27] modeled a delaminated beam as two sublaminates
by offsetting beam finite elements. Rikards [28] developed a model
of finite superelements for sandwich composite beam and plate
without delamination, each layer being considered as a simple
Timoshenko beam. Later, Gadelrab [8] discussed the modal varia-
tion of delaminated beam under different boundary conditions.
Ousset and Roudolff [9] analyzed the delaminated multi-layer
composite plate based on Mindlin Reissner plate model. Zak et al.
[29] and Ousset and Roudolff [9] developed models of finite ele-
ments for beams and plates with boundary delamination.

Among most of the publications the prediction of material
mechanical or dynamic behaviors is based on the classical lami-
nated plate theory [3,30]. In this theory, the transverse shear defor-
mation effect is ignored. Subsequently, this theory cannot provide
accurate results for moderately thick laminated plates, for which
the inplane elastic modulus is much higher than the transverse
shear modulus [3,31]. Besides, the Poisson’s effect is significant
for angle-ply laminated plates. Therefore, three-dimensional
layer-wise theory is needed in order to obtain an accurate predic-
tion of the dynamic response of multi-layered composite panels. In
addition, potential dangers are often induced by hidden or internal
delaminations in the in-service laminated composites. However,
there is a lack of both numerical and experimental investigations
on internal delaminations with different geometries in laminated
composites. Yam et al. [34] discussed the relation between the
strain mode and the displacement mode for vibrating elastic struc-
ture. They claimed modal strain analysis can be used for investiga-
tion of local variation of structural parameters.

In this paper, a three-dimensional finite element model for mul-
ti-layered composites with internal delamination is established,
and the fiber orientations of individual lamina as well as the trans-
verse shear effect are taken into account. Numerical calculations
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