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Abstract

From the view of composite material science, asphalt mixture
could be regarded as a multi-phase compeosite, in which asphalt is
the exclusive continuous phase and the matrix while others are dis-
persed phases. Based upon the principles of mechanics, the me-
chanical behavior of the matrix constitutes the basic mechanical be-
havior of the composite material, With asphalt being a viscoelastic
material , asphalt mixture is naturally a viscoelastic composite mate-
rial,

Following the fundamental principles of viscoelastic mechanics
(also called as rheology) , this book has studied the basic viscoe-
lastic mechanical behavior of asphalt, asphalt mortar and asphalt
mixture. All mechanical behaviors and usage properties for viscoe-
lastic materials depend directly on the material parameters including
modulus, viscosity, phase shift angle, strength and toughness. Dif-
ferent from elastic solids and Newtonian fluids, the modulus and
viscosity for viscoelastic materials are not constants but functions of
temperature, strain and shear rate, which bring out a series of vis-
coelastic phenomena such as creep, stress relaxation, shear dilu-
ting, strain softening, heating by hysteresis dissipations, vertical
movement and expansion from the outlet,

The facts of the serious premature destruction of current as-
phalt pavements and the basic principles of materials science have
expressed that fiber-reinforced asphalt is an inevitable tendency for
asphalt mixture design. On the basis of viscoelastic mechanics and
composite micro-mechanics, the author has investigated the basic
relationships between reinforced-fibers and the asphalt mixture ‘s
material properties including modulus, viscosity, strength, tough-

ness and phase shift angle. On account of these material properties
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of asphalt mixtures being proportional to the fibers content, the au-
thor has argued that it is feasible to design and control asphalt mix-
ture to cater for different needs of loads and weather by the applica-
tion of fibers. »

In the section of viscoelastic mechanics of asphalt mixtures,
the author has analyzed the various material parameters and their af-
fecting factors, explained the difference in material principles and
“mechanical - behavior between aggregate suspension structure and
stone-to-stone contact structure, and pointed out that all asphalt
mixtures with stone-to-stone contact structure will fail if not solving
their strength problems. By applying viscoelastic mechanics,  the
causes for premature destruction patterns and their correspondent
solutions have been discussed for asphalt pavements.

The Superpave design system has been reviewed and studied in
this book. The author has highly thought of the application of the
complex modulus in Superpave system being a great scientific pro-
gress, but we must keep in minds that the ignorance of viscosity in
Superpave system will fail to predict the permanent deformation of
asphalt mixtures. In fact, the complex modulus is just a compre-
hensive material parameter calculated from viscosity, modulus
and shear frequency following the correspondence principles be-
tween elastic and viscoelastic materials. The complex modulus for
viscoelastic materials is a variant while the modulus for elastic ma-
terials is a constant. The gradation control diagram proposed by Su-
perpave is reasonable but is facing serious challenges at present due
to lack of understanding of viscoelastic mechanics and materials
science.

By studying the characteristics of SMA gradations, the author
has given an insight into SMA$ success which may be attributed to
the unconscious. application of viscoelastic mechanics. The SMA s
application experience in USA has also been introduced in this

part, one of which is that it is unnecessary to make too strict re-
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quirements on aggregate’s LA abrasion values but one should pay
great attention to aggregates shape. This may be meaningful for de-
creasing SMA% cost and promoting SMA S application especially in
the areas without hard aggregate sources. ,

Finally, the author has proposed theoretical models for design
of asphalt mixtures by applying viscoelastic mechanics. Under low
temperatures, the author adopted elastic mechanics to design and
test asphalt mixtures, predicted low-temperature life by creep and
brittle crack analysis, and provided solutions for releasing or retar-
ding the stress caused by cracks formed at road base. At high tem-
peratures, the fundamental relationship among permanent deforma-
tion , working environment and material parameters is established by
viscoelastic deformation mechanics. Meanwhile a model from the
standpoint of creep deformation has also been proposed to predict
the permanent deformation for asphalt pavements. Following these
models, one should be able to calculate and predict the permanent
deformation and to control asphalt mixture properties for different
usage requirements. Regarding the design of fatigue life, the author
has introduced the dissipated energy method prevailed in current as-
phalt studies and explained its disadvantages in failing to establish
the relationship between the fatigue life and material properties. A
model following continuum damage mechanics has been presented,
which has explained that the tensile strength and creep strength are
the material parameters to determine fatigue life of asphalt mix-
tures. This may direct our material research of asphalt mixture in
the future. Furthermore, the design procedure for asphalt mixtures
according to viscoelastic mechanics and a design idea for pavement
thickness have been shown in this section.

The author hopes this book will be an aid to study asphalt mix-
tures with the help of viscoelastic mechanics and composite micro-
mechanics and be helpful for readers to have a better understanding

of the principles governing asphalt mixiure s mechanical behavior
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and usage properties.

This book is supposed to be suitable for study and reference by
university teachers and students in civil engineeringarea, research-
ers, engineers and administrators related with highways and asphalt

pavements.
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