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of Laminated Polymer Composite Plates
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Abstract: Laminated composites materials are mostly used in dynamically loaded structures.
The design of these structures with finite element packages is focused on vibrations, elastic deformations
and failure control. Damping is often neglected because of its assumed secondary importance
and also because of dearth of information on relevant material properties. This trend is prone to
change as it is now realised that damping plays an increasingly important role in vibration comfort,
noise radiation and crash simulations. This paper shows in a first step how to identify the orthotropic
elastic and damping properties of single layer fibre-reinforced composite material sheets using a new
extended version of the Resonalyser procedure. The procedure is based on the elastic-viscoelastic
correspondence principle and uses a mixed numerical experimental method. In a subsequent
step, the complex laminate stiffness values are computed using the identified single layer material
properties. To validate this approach, the modal damping ratios of arbitrary laminated plates of
different materials at several resonance frequencies are predicted and experimentally verified.
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1. Introduction
Composite materials are increasingly replacing more traditional materials like steel, wood and
aluminium in a wide range of applications. From the eighties till the end of the previous century,
composite materials were introduced successfully in dynamically loaded structures like satellites,
military aircrafts, expensive cars, boats, sporting and many consumer goods. As a result of marked
developments and improvements in manufacturing methods, robot assistance and quality control
systems, composites are now employed in major structural parts of civil aircrafts and vehicles [1,2].
The success of composites is due to their excellent mechanical properties like high stiffness to weight
ratio and high strength to weight ratio, combined with good fatigue resistance. Furthermore, composites
offer significant design freedom which allows tailoring of mechanical properties and creation of entirely
new shapes. Unfortunately, the mechanics of composites are much more complex than mechanics
of traditional isotropic materials. A good introduction to mechanics of composites is given in the
book written by Jones [3]. The advancement of composite materials occurred hand in hand with the
advancement in computer power and software. In particular, modern finite element software packages
are vital in current design of composite structures. Fibre-reinforced composites are mainly used as
laminates in dynamically loaded structures. The fundamental building block of laminates is the lamina.
A layer in a laminate can be built up with several laminas with the same orientation. Each layer in
the laminate can possibly be composed of other materials and may have different orientations and
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