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CHARACTERISTICSOF FRACTIONAL RHEOLOGICAL MODELS
OF ASPHALT-AGGREGATE MIXTURES

The procedure of the formulation of constitutiveuattpns for asphalt-aggregate
mixtures is based very often on linear rheologisathemes composed of classical elastic
and viscous elements. The parameters of these ssharan be obtained based
on laboratory experiments. It was proved in theréiture that it is possible to obtain better
curve fitting results using non-classical viscoéilaselements described by fractional
derivatives. In this paper we will present the @weristics of the fractional Huet-Sayegh
model. The problem of estimation of its parameteas analyzed in our previous paper [2].
We will show the results of calculations in thenfoof creep and relaxation curves as well
as hysteretic loops. The characteristics of thectih model will be compared
with the characteristics of the classical visco&tasBurgers model. The results were
obtained using algorithms of numerical calculatimiinverse Laplace transforms.

CHARAKTERYSTYKI FRAKTALNYCH MODELI REOLOGICZNYCH
MIESZANEK MINERALNO-ASFALTOWYCH

W procedurze formutowania relacji konstytutywnyaleszanek mineralno-asfaltowych
(MMA) s; wykorzystywane najestiej liniowe struktury reologiczne zawiegae klasyczne
elementy spgyste i lepkie. Warkwi parametrow takich struktur wyznaczae sna
podstawie wynikow badadaswiadczalnych. W wielu pracach wykazanozastosowanie
nieklasycznych elementow lepkagpgstych, opisywanych za pomocpochodnej
utamkowego ru (pochodnej fraktalnej), urdlovia lepsze dopasowanie wynikéw bada
W niniejszym opracowaniu zajmujemy sharakterystykami fraktalnego modelu Hueta-
Sayegha. Zagadnienie estymacji jego parametrowdgtagilismy we wcz@iejszej pracy
[2]. Podamy wyniki obliczé w postaci krzywych petzania, relaksacji dtlp histerezy.
Charakterystyki modelu fraktalnego zostarprzedstawione na tle charakterystyk
klasycznego, lepkosgystego modelu Burgersa. Rozrania uzyskano przy zastosowaniu
algorytmow numerycznego wyznaczania odwrotnyctstoamat Laplace’a.
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1. INTRODUCTION

Asphalt-aggregate mixtures constitute basic compbrier the road pavements
construction. The mechanistic design proceduredased on the analysis of stresses and
strains in critical points of the structure. Havioglculated these values one can evaluate
the fatigue resistance based on empirical formuldse fundamental problem in the
procedure of pavement design is to elaborate thbeoppate constitutive model suited for
the structural behaviour modelling within wide rangf mechanical and environmental
loadings.

Constitutive equations for asphalt-aggregate méguare formulated very often using
classical rheological models consisting of spriagsl dashpots [4]. The simplest models
are the Kelvin-Voigt and Maxwell models consistimigspring and dashpot in parallel and
in series respectively. A more accurate model ateglastic behaviour for asphaltic
materials is the Burgers model, which consistshef Maxwell model combined in series
with the Kelvin-Voigt model. It is possible to exgss the constitutive equation of
viscoelastic materials in terms of fractional ordirivatives of stress and strain. Such
formulation leads to so called fractional rheolayimodels. Applying this formulation it is
possible to obtain better curve fitting resultstlie procedure of parameters’ evaluation
based on experimental data.

In this paper we will present the characteristitshe fractional Huet-Sayegh model.
The problem of estimation of its parameters wadyaed in our previous paper [2]. We
will show the results of calculations in the forfaoeep and relaxation curves as well as
hysteretic loops. The characteristics of the foawl model will be compared with the
characteristics of the classical viscoelastic Biggaodel.

2. LINEAR RHEOLOGICAL ELEMENTS

Rheological properties of viscoelastic materialsynbe modelled applying the stress
relaxation functionG, which determines the time history of the stregsted by unit step
change in strain [1, 5]. Thus, the relaxation fiorttis a step characteristic of rheological
scheme. Applying the relaxation function one cafingean integral operator assigning the
stress functiono to the differentiable strain functiom what leads to the following
equation

J(t):G(t)5(0)+iG(t—r)£(r)dr )

The above equation represents the integral fornthef constitutive equation for a
viscoelastic solid. The equation is also refermedd a hereditary or convolution integral.

Let us assume the following stress relaxation tioncdefining so called fractional
rheological element [8]

1

W , a | (0,1) (2)

G(t):=/7

wheres denotes a material parameter dndlenotes Gamma function
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ri-a)= Tt"’e‘tdt 3)(

Constitutive relationships of the fractional rhmgital element may be expressed in
differential form
a(t):=/7D”£(t); aD(O,l) 4)

a

where D Ed— denotes thex -th derivative operator having the following for p]

D*elt) = I‘(li(g'))t” * r(11— a) { (tg—(rr))" o ©

The creep compliance function of the fractionahednt is defined as follows

J(t):=ﬁa+a); a0(03) 6)

Comparative visualization of elastic, fractionatlaviscous elements is shown in Fig. 1.
Along to the graphical symbols the operator de$ionig are given based on Eq. (4).

©)

LS CE
/LT €/L

E n,ai
R\ 8

¢ |l
&&
c =FED% o=nD% c=cD%
a=0 O<axl a=1

Fig.1. Comparative visualization of elastic (ajadtional (b) and viscous (c) elements.

The constitutive description of the fractional eamshows that this element exhibits
both elastic and viscous properties depending envtiue ofaD(O,l). For a - 0 the
elastic properties are dominant while in casexofs 1 the element behaves like a viscous
dashpot.

Figure 2 presents two viscoelastic rheological et®duited for constitutive modelling
of asphalt-aggregate mixtures — classical Burgexdainand fractional Huet-Sayegh model.
Our previous paper [2] was devoted to the problémstimation of their parameters based
on experiments. In case of the Burgers model tHewing results were obtained:
E, =12446viPa, E, =7199MPa,c, =368MPals and c, =126MPals$. For the Huet-
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Sayegh model the procedure of the curve fittingdsedo the values as follows:
E, =100310°MPa, E,=0MPa, a,=0787, a,=0247, n,=660MPals™,

n, =2989MPals™. It was proved that using the fractional model @ae better fit the
experiments within wide range of the excitatiorgfrencies.

a) g/LTG b) g/LTG

Fig. 2. Classical Burgers model (a) and fractiomhlet-Sayegh model (b).

3. NUMERICAL RESULTS
In order to establish the characteristics of rhgiol models shown in Fig. 2, we will
use their transfer functions. In case of Burgersi@have have the following equation

of _ 1
EB(S)_ 1 R 1 R 1 (7)

E, s E+sc
while the Huet-Sayegh transfer function is as fofio

1

1 1 1 ®)
—+ +

B, ms™ s

Ei(s)=E, +

For linear systems analyzed in this paper we cadte whe following equation relating
stresses and strains

o'(s)=E"(s)e°(s) ©

where JD(S) and SD(S) denote Laplace transforms of the str@s(s) and straing(t) states

respectively. Having analytical forms of the Lagacansforms for excitations suited for
evaluation of such characteristics as creep/rataxatcurves and hysteretic loops one can
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find the solution using inverse Laplace transforfinis operation will be carried out

numerically using algorithms described in [7].

The results of numerical calculations are showRig 3+5. It shows the differences in

characteristics for the classical Burgers modelfaactional Huet-Sayegh model.
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Fig. 3. Stress relaxation curves for Burgers ancetH8ayegh models.
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Fig. 4. Creep compliance behaviour of Burgers angttSayegh models.
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Fig. 5. Hysteretic loops of Huet-Sayegh and Burgeesiels (strain excitation).

4. FINAL REMARKS

The majority of methods used for numerical caléatabf inverse Laplace transforms
have serious limitations concerning the class afcfions that can be inverted or the
achievable accuracy. The procedures applied in gher can be used for analysis of
fractional rheological models. The required accyraicthe results can be enhanced without
changing the algorithm, only at the cost of a largEmputation time.
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