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1. Introduction

In order to model and design a flexible pavement, Hot Mix
Asphalt (HMA) mixes are described by their stiffness modulus
and Poisson's ratio. The Stiffness of HMA mixture depends on
temperature and loading period, which is related to the speed
of vehicles. Thus, an elastic stiffness can be defined at low
temperatures and short loading periods and a viscous

stiffness can be defined at high temperatures and long
loading periods. The elastic stiffness, to which the highest
stiffness modulus values correspond, is used to characterize
HMA mixture for design purposes. However, the viscous
stiffness of asphalt mix is fundamental to predict the
permanent deformation. The knowledge of HMA mix elastic
and viscous stiffness is very important in order to determine
the pavement resistance and to analyze the pavement
response to vehicles load.
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a b s t r a c t

The mechanical properties of Hot Mix Asphalt (HMA) mixes are often characterized by its

viscoelastic behavior. Viscoelasticity coupled with the thermo-mechanical nature of asphalt

offers time-temperature dependence to the mechanical properties of HMA mixes. Also, the

wide range of distribution of particles, and several orders of magnitude of differences in the

mechanical properties between constituents cause a wide range of stress and strain

distribution within the microstructure. In this paper, micromechanical modeling has been

performed to study the relationship between individual material properties, their interac-

tion within the microstructure, and the macroscopic properties of HMA mix. The analytical

model based on N phase self-consistent scheme allows calculating the complex modulus

and phase angle of HMA mixes from the mechanical properties of its constituents and

designed mix data. In the mix microstructure, aggregates and sand are classified using

simple sieve analysis test. Asphalt and sand mastic film thicknesses around the aggregates

are calculated for each class and introduced into the model.
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Many numerical approaches including rheological model of
Huet and Sayegh [1–3] are already in use to predict the
modulus of HMA mixes from the properties of its constituents.
Although the most direct method to obtain HMA mixture
stiffness is to conduct laboratory tests, it is suitable to have
typical values, or better yet, procedures for analytical estima-
tion of mix viscoelastic stiffness based upon the information
about asphalt grade and other mix design parameters. A study
on the Huet-Sayegh model [17] has shown its limitation for
temperatures below 4 8C and frequency above 25 Hz; thus, its
inability to predict pavement response in cold climates. Also
the generalized Maxwell model requires a large number of
elements to obtain a reasonable accuracy. The model does not
provide smooth data fitting and curve waves are generally
obtained [17]. Analytical estimation of stiffness has been
subject of many research studies over the past decades.
Viscous stiffness values can be predicted using empirical
relationships, such as Hirsch model [4]. These empirical
relationships can give satisfactory estimates only under
conditions in which they were developed. Since there are so
many types of asphalt binder and aggregates used in HMA
mixtures, it is very hard, if not impossible, to establish a
universal relationship that can be applied to all the HMA
mixtures. In this paper, an approach is presented to establish
an analytical relationship between the mechanical properties
of the HMA mix with those of its constituents.

HMA mixes essentially contain two components, asphalt
and aggregate materials. The asphalt works as a binder to hold
together the aggregate particles, which forms the aggregate
structure in the asphalt mixture. By weight, aggregate
generally accounts for between 92 and 96 percent of Hot Mix
Asphalt (HMA). Asphalt being a dark brown to black, highly
viscous, hydrocarbon produced from petroleum distillation
residue, in HMA mixes functions as a waterproof, thermoplas-
tic and viscoelastic adhesive. By weight, asphalt generally
accounts for between 4 and 8% of HMA depending upon the
type and quantity. In HMA mixture, asphalt is distributed in
interconnected domains of various geometric dimensions
combined with air voids and mineral fine particles that are
distributed randomly in this complex composite.

Fines are also used in HMA mix to improve its mechanical
characteristics. In general, an increase in the fines proportion
(if not used in excess i.e. �8%) contributes towards the
improvement of mechanical properties of asphalt mix by
decreasing the elastic deformation, and consequently, in-
creasing the modulus of rigidity of HMA mix, increasing the
resistance to rupture and shearing, improving the cohesion at
low temperatures and increasing the internal friction angle in
function of the ratio fines/asphalt [4].

Air voids being an important part of asphalt mixes play an
important role in major pavement distresses including rutting,
fatigue cracking, and low temperature cracking. Air voids also
affect the durability of asphalt mixtures in terms of aging and
stripping. The amount of air voids in the asphalt concrete can
be a detrimental effect if it is too high or too low. High air voids
increases the asphalt stripping, accelerated oxidation, and
rapid deterioration by development of rutting because of
consolidation of wheel loading. Low air voids increases the
likelihood of bleeding, shear flow, fatigue cracking and
permanent deformation (i.e., rutting) in the wheel paths [5].

In polymeric systems like HMA mixes, mechanical behavior
is dominated by viscoelastic phenomenon. This prominence of
viscoelasticity is not unexpected when one considers the
complicated molecular adjustments and microstructure as
explained above, which might underlie any macroscopic
mechanical deformation.

2. Micromechanical modeling of HMA
mixtures

Micromechanical modeling has been receiving a great deal of
attention recently for interpretation of the mechanical
behavior of polymer composites. It is based on the idea that
a composite body, essentially discontinuous, heterogeneous
and often anisotropic, can be replaced by a homogeneous and
continuous equivalent medium. As this approach simplifies
considerably the computation of composite structures which
is treated then by the means of resistance of materials, it on
the other hand also poses a problem of the determination of
the equivalent medium. This can be resolved by applying the
micromechanics approach where there is a single question of
breaking up the medium into an irreducible part (or represen-
tative elementary volume) interpreting the mechanical state
of the medium.

The micromechanical models fall into three basic catego-
ries: (1) Those that are based on phenomenological macro-
scopic analyses and extended through the correspondence
principle (Voigt and Reuss). This approach is appealing in the
sense that it requires neither the geometry of the body nor the
boundary condition between the two phases. But unfortu-
nately, the bounds of Voigt-Reuss become excessively distant
when one of the two phases is comparatively more rigid than
the other (Figs. 1 and 2). (2) Those that are based on variational
principles of Hashin and Shtrikman [6] which give more
constricted bounds than Voigt-Reuss approach. Instead of
minimizing (or maximizing) the potential energy, they mini-
mize (or maximize) a certain function U defined on a
functional space E(V), being chosen as a product of the
cinematically admissible field to the polarizing stress field. The
originality of the principle lays in the fact that function U is not
only defined by the material under study but also by a
reference material Mo having the same geometry to that of M
and subjected to same boundary conditions. (3) Self-consistent
schemes are the most frequently used models to study the
composite materials consisting of different phases. The method
allows determining the mechanical behavior of a heteroge-
neous medium from the properties of its constituents. The first
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Figs. 1 and 2 – (1) Composite of polymers and inclusions. (2)
Representative elementary volume of a composite in Self-
consistent scheme.
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