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In the present work, we deal with the rheological properties of asphalt mastics made 
with mineral fillers, as well as with the relation of fine grain fillers to bitumen. The 
utilization of dolomite can (potentially) reduce the current use of limestone in Hungarian 
road construction. By testing different fillers, various asphalt mastic mixtures has been 
created, in which the effects of type, grain size and quantity (volume fraction) of the fillers 
could be observed at the same time. Rheological tests were performed on the mastics in the 
linear viscoelastic region (LVE) to describe the behaviour of asphalt pavements in summer. 
For the analysis of the creep-recovery features, the behaviour of the mastics has been 
described with the four-parameter Burgers model where the parameters were numerically 
defined. In view of the results, we could conclude that the coarse grains in the mastics 
increase the elasticity of the mixtures in each case and consequently reduce the deformation 
developed under the effect of load as well as the amount of deformation remaining from 
recovery. It has also been proved that with the use of limestone, minor deformations 
developed, which is attributable to the fact that limestone creates a stronger relation with 
the binder. 
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Introduction 
 

Asphalt mastics, which is the mixture of bitumen and filler, is the most important 
component of asphalt concretes. It affects both the cohesion between coarse grains (i.e. the 
load-carrying capacity of the layer) and the strength and stiffness of the pavement [1, 2]. A 
fundamental point in the (composite) structure formed with bitumen is the origin of the 
mineral filler [3, 4]).  

The behaviour of asphalt pavements also depend on the type of loading as well as on 
temperature [5]. Therefore, pavements are considered as viscoelastic material systems 
during their entire life-cycle, which means that viscous and elastic properties are 
simultaneously present. It is possible to study the properties of binder-and-asphalt-mixtures 
under linear viscoelastic circumstances and to reveal the relationships between them [6, 7]. 

Creep-recovery test is a suitable technique to analyse the viscoelastic properties of 
different materials such as asphalt mastics. One of the most common rheological model that 
describes the total deformation of a viscoelastic system due to constant loading (creep) and 
unloading (recovery) is the four parameter Burgers model (Fig. 1, Eqs. (1) and (2)) [8]. 
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Figure 1. Burgers model 

Burgers equation in creep stage: 













 t
E

sum e
E

t
E

t 2

2

1)(
2

0

1

0

1

0 



  (1) 

where: 
εsum: the sum of elastic deformations [–] 
σ0: constant shear stress [Pa] 
E1 and E2: elastic moduli of two spring elements of the Burgers model [Pa] 
η1 and η2: viscosity of two dashpot elements of the Burgers model [Pa∙s] 
t: loading time [s] 

 
Burgers equation in recovery stage: 
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where: 
εsum: the sum of elastic deformations [–] 
ε0: instantaneous deformation at recovery stage [–] 
ε1: delayed deformation at recovery stage [–] 
 : shear rate [s–1] 
t2: time at the end of recovery stage [s] 
λ2: retardation time [s] 
 
There are another two other parameters that properly describe the deformations of the 

material system: recovered part and permanent deformation (Fig. 2). 
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Figure 2. Representation of the parameters “recovered part” and “permanent 
deformation” 

The most widely used filler is limestone, and Hungary is rich in good quality mineral 
resources of it. Industrial requests, however, urge on the use of another type of mineral 
dolomite, which might reduce the current use of limestone. The need for the utilization of 
dolomite in road construction has encouraged this research work and gave us impetus for 
further investigations. Given the above, the aims of this research were the followings: 

 By the use of fillers, various asphalt mastic mixtures have been created, in which 
the effect of two fillers of different grain size and quantity (volume fraction) was 
be observed at the same time. Rheological tests were performed on the mastics to 
describe the behaviour of asphalt pavements in summer. 

 Creep-recovery tests made it possible to fit the viscoelastic rheological model with 
the test results, which provided a well-based mathematical description of the 
processes in asphalt mastics during constant loading and unloading. With this 
method, it was also possible to define the exact rheological model and the model 
parameters. 

 With the measuring methods used, our research has set forth to investigate rutting, 
the typical defect of pavements. 

 
1. Sample preparation and experimental procedures 
 

Mineral materials were prepared with the following methods in all cases.  Raw 
materials – limestone /Mexikóvölgy/ and dolomite /Pilisvörösvár/ − were available in bags 
in bulk state. Dolomite was supplied in two different ranges (d<0.3 mm and d<0.045 mm, 
respectively) previously fractioned by the manufacturer. Our purpose was to create units of 
the mineral materials that are smaller than a given grain size. Thus, the raw mineral 
materials were fractioned into two different fractions (d<0.063 mm and d<0.045 mm) using 
standard sieves. The fractions were then dried to weight-constancy in a drying chamber. 
After cooling, the samples were hermetically sealed in containers to avoid moisture uptake 
until further investigation. The physical properties of the fillers are shown in Table 1. 
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Table 1 

Physical properties of the fillers 
 

Filler 
Mineral 

 composition 
Bulk  

density (g·cm–3) 

BET specific surface  
area of fractions 

(m2·g–1) 
Limestone 

(Mexikóvölgy) 
CaCO3 (100 wt%) 2.717 

d<0.045 mm: 1.11 
d<0.063 mm: 1.02 

Dolomite 
(Pilisvörösvár) 

MgCa(CO3)2 (100 
wt%) 

2.842 
d<0.045 mm: 1.10 
d<0.063 mm: 0.38 

 
To determine particle size distribution, laser granulometric tests of the fractioned fillers 

were made with a Horiba LA-950V2 instrument using wet method. In order to dispergate 
the mineral fillers, 0.5 ml of sodium-pyrophosphate was added to each sample and 
ultrasonic treatment was applied for 1 minute.  

During the research work, asphalt mastic samples were prepared with the use of two 
mineral fillers abundantly available in Hungary (limestone from Mexikóvölgy and dolomite 
from Pilisvörösvár), and from standard bitumen (Százhalombatta) with a penetration grade 
of 50/70. The filler to mastics volumetric ratios (i.e. filler volume/mastics volume; F/M 
ratio) were selected as 5%, 13% and 20%. 

The mineral fillers were mixed with bitumen at a temperature of 160 °C with 500 rpm 
mixing speed in a mixer. With these options/under these conditions, voidless, particle-filled 
asphalt mastics were produced (Table 2.). 

Table 2 
Composition of the tested asphalt mastics 

 

No. Mixture Binder Type of filler Particle size 
F/M 
ratio 

1 Bitumen 

B50/70 bitumen 
(Százhalombatta)

– – – 
2 LS_45µm_005 

Limestone 
(Mexikóvölgy)

d<0.045 mm 
 

0.05 
3 LS_45µm_013 0.13 
4 LS_45µm_020 0.20 
5 LS_63µm_005 

d<0.063 mm 
0.05 

6 LS_63µm_013 0.13 
7 LS_63µm_020 0.20 
8 D_45µm_005 

Dolomite 
(Pilisvörösvár)

d<0.045 mm 
0.05 

9 D_45µm_013 0.13 
10 D_45µm_020 0.20 
11 D_63µm_005 

d<0.063 mm 
0.05 

12 D_63µm_013 0.13 
13 D_63µm_020 0.20 

 

A Haake RheoStress RS80 dynamic shear rheometer with a standard 25 mm diameter 
parallel plate (or plate-plate) testing geometry was used to determine the LVE properties of 
asphalt mastics by creep-recovery method.  
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Considering the particle size of the tested mineral fillers, the gap size of the rheometer 

was set at 1.5 mm. The rheological tests were performed at 60 °C considering the pavement 
temperature in summer. During the research program, creep-recovery tests were performed 
on the mastics samples within the linear viscoelastic (LVE) region, therefore the applied 
shear stress was τ0 = 1 Pa. A loading time of t1 = 60 s (creep) and an unloading time of t2 = 
180 s (recovery) were chosen, as recommended by the literature [5, 9, 10]. 
 
2. Results and discussion 
 
2.1. Laser granulometric tests of mineral fillers 

 
A large amount (~25%) of fine grains was detected with laser granulometric tests. 

Grains under the size of 10 microns are decisive from the viewpoint of the role of these 
fillers in asphalt mixtures. In dolomite (d<0.063 mm), however, the amount of these fine 
grains hardly reached 1%. At the same time, in the d<0.045 mm fraction, the presence of 
grains under the size of 10 microns was highly significant (~38%). Figure 2. shows the 
results of particle size distribution tests. 

 

Figure 2. Particlesize distribution of fillers 

2.2. Creep-recovery tests of asphalt-mastics 
 

In view of the results, it was concluded that the presence of coarse grains in the mastics 
increased the elasticity of the mixtures (in each case) and thus decreased the deformation 
developed under the effect of load and the deformation remaining from recovery. It was 
also proved that with the use of limestone, minor deformations would develop due to the 
stronger binding of limestone to the binder. The results of creep-recovery tests are shown in 
Figure 3 and Table 3. 
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Table 3 
Recovered part and permanent deformation 

 

Sample Recovered part (%) Permanent deformation (%) 

Bitumen 54.27 45.73 

LS_45μm_005 40.24 59.76 

LS_45μm_013 43.42 56.58 

LS_45μm_020 72.69 27.31 

LS_63μm_005 77.98 22.02 

LS_63μm_013 49.04 50.96 

LS_63μm_020 50.55 49.45 

D_45μm_005 11.11 88.89 

D_45μm_013 13.35 86.65 

D_45μm_020 31.70 68.30 

D_63μm_005 36.25 63.75 

D_63μm_013 27.51 72.49 

D_63μm_020 16.57 83.43 

 

  

 

Figure 3. Results of the creep-recovery tests 
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Conclusions 
 

Based on the analysis of creep-recovery features, this study has set forth to describe the 
behaviour of mastics with the four-parameter Burgers model. In view of the results it was 
stated that the elasticity of the mixtures increases and consequently, the deformation under 
load and that remaining from recovery reduces with the fraction of coarse grains in the 
mastics. It has also been proved that the use of limestone leads to minor deformations due 
to the stronger binding relation of the limestone with the binder. 
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