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Introduction

Residual stresses are self-balanced stresses that exist in engineering components,
even when they are not under external loads. Although residual stresses exist in
many engineering components, due to the complexity of their nature some
designers ignore them in the design process. Often the magnitude of these stresses
is significant and ignoring them at the design stage may result in a risky design.
However, residual stresses can be useful and improve the performance of the
component under load-bearing conditions. Therefore, methods of determination,
measurement, simulation and reduction of residual stresses are important research
topics.

In composite materials, micro-residual stresses are created during the
manufacturing process, due to the mismatch of the physical and mechanical
properties of the matrix and reinforcement. The shrinkage of the matrix after
curing is also another source of such stresses. In laminated composites, the
physical and mechanical properties of each ply are functions of the direction of
the reinforcement. This is the source of macro-residual stresses in laminated
composites. Also, heat treatment processes after manufacturing, machining and
environmental conditions, such as absorption or release of the moisture, are some
of the other sources of residual stresses.

Although residual stresses can occasionally be beneficial, they are usually
detrimental. In some circumstances these stresses can cause warping, undesired
distortion and dimensional instability in composite specimens. Experimental
observations show that residual stresses can cause matrix cracking. Although this
mode of failure is not catastrophic, cracks can be a dangerous source of failure
initiation; especially when the specimen is under cyclic loading conditions. Also,
matrix cracking can be a source of delamination in laminated composites, which
is a catastrophic mode of failure.

There are different experimental methods for measuring residual stresses in
various materials. Measurement of residual stresses can be performed by
destructive, semi-destructive and non-destructive techniques. As a general
classification, these methods can be categorized as mechanical, optical, diffraction
and stress-relevant properties methods. By considering the physical and

XX
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XX Introduction

mechanical properties of composite materials, special methods for measurement
of residual stresses in these types of materials are available. Among different
measurement techniques for measuring the residual stresses, mechanical
techniques are those most often used by various researchers for measurement of
residual stresses in composites.

Application of the other techniques for measurement of the residual stresses in
composite materials can sometimes be very difficult or even impossible. A deeper
understanding of the physics and mechanics of these stresses in composites and
finding suitable techniques for their measurement are still needed. As already
mentioned, there are many complexities and difficulties in the use of some of the
experimental techniques for the measurement of residual stresses in composites
and further research is also needed to eliminate these obstacles.

There are also various mathematical (analytical and numerical) methods for
calculation of residual stresses in composite materials. These methods have been
developed based on assumptions made on the curing process of composites. The
generality of the model and the proper characterization of the constituent materials
(reinforcement and matrix) play important roles in successful simulation of
the process. For this purpose, a precise characterization of the matrix and the
reinforcement properties with time and temperature is necessary. Studies on the
mechanisms of generation of additional residual stresses due to tool-part
interaction are an ongoing research area and their influence on the final residual
stresses should be understood. Thus, there are many unanswered questions in the
mathematical modeling of residual stresses that need to be clarified by further
research.

There are a few techniques available in the literature for reduction of residual
stresses. One of these techniques is heat treatment after the curing process of
composites. Addition of nanoparticles to the matrix, to reduce the mismatch of the
physical and mechanical properties of the matrix and the reinforcement (also
reducing the shrinkage behavior of the matrix), is a new method that has been
recently studied by some authors. This field also seems attractive for further
research.

In this book, the latest available results of research in the field of residual
stresses in polymer, metal and ceramic matrix composites are comprehensively
reviewed and provided. The present state of knowledge and the future trends of
research on this subject are analyzed and interpreted. A comprehensive review of
the available knowledge of residual stresses in composite materials shows that
further research is required, in modeling and experimental characterization, for a
proper and deeper understanding of this complicated subject.

Mahmood M. Shokrieh
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