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1 Introduction 
 

Materials used for road paving in road constructions are exploited under some of the toughest 
conditions: highly dynamic loading combined with direct exposure to temperature, water and various 
corrosive agents. Road surfaces possess the most heat-absorbing color - black, and cover large areas 
in and between urban areas [1 - 4]. 

From a thermo-physical point of view, the road surface, or the materials from which it is built 
respectively, performs unidirectional non-stationary heat exchange through conduction, convection 
and radiation, both between the layers and the environment (Fig. 1) [5 - 8]. Heat exchange processes 
result in a change in the mechanical behavior of the road paving materials – they get deformed in 
temperature amplitudes, which also generate thermal stresses (Fig. 2) [7].  

Calculation of thermal stresses in asphalt concretes is hampered by the fact that they behave as 
viscoelastic materials. In such cases, according to Marasteanu et al. [7, 8], indicative is the 
temperature gradient: 
                                                                                                                             

 ,                                                                                                                          (1) 
 
where: k– thermal conductivity coefficient, W/m.K; T– temperature, K; t – time, s; C– specific  heat 
capacity, J/kg.K; ρ – density, kg/m3. 

As a result of the simulations conducted, based on the modelling of the heat processes, 
according to equation (1), and after setting the respective boundary, initial, geometric and physical 
conditions, it was assumed that the thermal stresses are significantly lower for asphalt materials with a 
higher thermal conductivity coefficient [8]. This is the base of constant demand for new materials in 
road construction and of the orientation to synthetic polymers [14, 15]. 
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Fig. 1: Schematic representation of the heat-transfer processes in road structure. 

 

                                                    
Fig. 2: Schematic representation of the conditions for cracks formations in asphalt concretes [7]. 

 
The thermo-physical properties of asphalt concretes have been the subject of research for many 

years by many authors (Table 1). However, there are no uniform values of the thermo-physical 
indicators of the asphalt-concrete materials because they are highly dependent on the composition of 
the mixture, the density and the temperature [7, 9]. Precise determination is recommended of the 
thermo-physical properties for a particular asphalt composition. Despite the many years of research, 
there are still no uniform standards to regulate the test methods and conditions for determining the 
thermo-physical properties of asphalt concretes. 

 
Table 1: Thermo-physical characteristics of the asphalt concretes according to different sources. 

Source k, W/m/K ρ ρ ρ ρ · Cp · 106, J/m3
·K αααα    ·    10-7, m2/s 

Kersten (1949) [9] 1.49 - - 

Corlew and Dickson (1968) [9] 1.21 2.05 5.9 

Jordan and Thomas (1976) [9] 0.8 – 1.06 2 – 2.16 3.7 –  5.3 

Turner and Malboy (1981) [9] 0.76 - - 

Chadbourn (1996) [9] 0.6 –  2.5 1.2 – 1.9 5 - 13 

CLPM at IAP (ЦЛПМ при ИАП) (2003) [10] 0.55 – 1.30 - - 

Luka and Mrawira (2005) [11] 1.45 – 1.81 2.69 – 3.29 4.42 – 6.39 

Mrawira and Luka (2006) [12] 1.38 – 2.11 2.31 – 4.8 3.8 – 6.1 

Cote (2013) [13] 1.19 – 1.49 - - 

k – thermal conductivity coefficient - a measure of the material’s capability to conduct heat; cp - specific heat capacity - a 
measure of the material’s capability to accumulate thermal energy [5]; α - thermal diffusion - a measure of the velocity of a heat 

dissipation from the material to the environment [5, 9]. 
 
With the advancement of measuring technologies, the Modified Transient Plane Source Method 

(MTPS) has been developed by Mathis Instruments Ltd. in 2004 [16]. It is based on Gustafsson's [17] 
proposed Transient Plane Source (TPS) method. This method has several main advantages: - it 
allows unilateral in-situ measurement or in laboratory conditions; - the size and shape of the tested 
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materials is irrelevant; - short-term testing, etc. The results obtained from measurements based on 
MTPS show a good correlation with the values obtained by the other methods [18, 19]. 

The aim of the present study was to determine the basic thermo-physical properties of a new 
synthetic acrylic polymer material as well as concrete based on this polymer. The thermo-technical 
characteristics were determined by applying the MTPS Method. A comparative analysis was carried 
out with the characteristics of petroleum bitumen and asphalt-concrete. The thermo-physical 
properties, which were determined, are: thermal conductivity coefficient, thermal diffusion, specific 
thermal capacity and thermal effusion. The data thus obtained can be used to determine the short-
term thermal conductivity in each asphalt layer as well as to model the time-temperature dependence 
in asphalt concretes. Specific for this study is the determination of the thermal effusion e, which 
characterizes the ability of the material to exchange heat with the surrounding environment. 

The compositions of both tested concretes were the same, only the binder underwent 
modifications. The test results can be used for more accurate calculations and predictions of 
temperature deformations and thermal stresses, or the crack propensity at low temperatures, 
respectively. 
 
 
2 Materials and methods 
 
2.1 Materials 
 

Subject to the study were four samples (Fig. 3, Table 2), made from the following materials: 
- sample 1 – a  new  generation  synthetic thermoplastic acrylate  polymer for hot mix asphalts 

with rheological properties analogous to the bitumen [14, 15]; 
- sample 2 – dense asphalt concrete with a thermoplastic acrylate polymer as a binder; 
- sample 3 – viscous petroleum bitumen for road pavements; 
- sample 4 – dense asphalt concrete with a viscous petroleum bitumen as a binder. 

 
  

  
Fig. 3: General view of the testing materials. 

 
 
All specimens were with cylindrical shape. Sample 1 and sample 3 were with a diameter of ø 45 

mm and with a height of 10 mm. Sample 2 and sample 4 were prepared by the same recipe but with a 
different binder. They are core specimens (with a diameter of ø 60 mm and a height of 60 mm) of the 
asphalt mixtures, designed and used into real objects. 
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Table 2: Characteristics of testing materials. 

Study material Density ρρρρ  
kg/m3 

Penetration  
at 25ОС1)  
0.1mm 

Softening  
point2)  
О
С 

Air voids 
content3)  

% 

Synthetic thermoplastic acrylate polymer  (sample 1) 991 46 66.6 - 

Dense asphalt concrete with a thermoplastic acrylate 
polymer (sample 2) 2284 - - 3 

Viscous petroleum bitumen (sample 3) 936 60 53 - 

Dense asphalt concrete with a viscous petroleum 
bitumen (sample 4) 2217 - - 3 

1)according БДС EN 1426:2015; 2)according БДС EN 1427:2015; 3)according БДС EN 12697-8:2003. 
 
2.2 Experimental test method 
 

For the purposes of this study, a TCi thermal conductivity analyzer was used (Fig. 4). The 
effusion e was directly measured, and also the thermal conductivity coefficient k. Specific thermal 
capacity cp, thermal diffusion α and thermal resistance R were calculated by relationships (2), (3) and 
(4): 
 

 ,                                                                                                                                           (2) 
 

 ,                                                                                                                                          (3) 
 

 .                                                                                                                          (4)    
 

    
                 а                                 b                c                         d 

Fig. 4: Testing the specimens with the TCi analyzer: а) sample 1; b) sample 2; c) sample 3;  
d) sample 4. 

 
All tests were carried out in compliance with the TСi analyzer operational methodology, as well 

as with the requirements of the БДС ISO 22007-2:2015 standard [20]. Before each measurement, a 
test was conducted with the appropriate calibration material.  
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3 Results and analysis 
 

The results from the tests are presented in Table 3. The relative standard deviation (RSD) for all 
tests is less than 5 %. There is a good correlation with the results presented by other authors and 
listed in Table 1. 

 
Table 3: Results from the testing with the TCi analyzer.  

Study material e, 
 Ws1/2/m2K 

k, 
W/m/K 

Cp, 
J/kg·K 

ρ ρ ρ ρ · Cp · 106, 
J/m3

·K 
αααα, 

m2/s 
R, 

m2K/W 

Synthetic thermoplastic acrylate 
polymer (sample 1) 

676.1 
0.315 

(RSD 0.53 %) 1467.7 1.45 2.166 · 10-7 2.958 · 10-3 

Dense asphalt concrete with a 
thermoplastic acrylate polymer 
(sample 2) 

1566.2 1.296 
(RSD 3.07 %) 835.8 1.91 6.844 · 10-7 1.278 · 10-3 

Viscous petroleum bitumen  
(sample 3) 

519.9 0.179 
(RSD 0.86 %) 1605.3 1.50 1.188 · 10-7 3.848 · 10-3 

Dense asphalt concrete with a 
viscous petroleum bitumen  
(sample 4) 

1663.1 1.430 
(RSD 1.18 %) 

872.0 1.93 7.398 · 10-7 1.20 · 10-3 

 
The synthetic acrylic polymer (sample 1), which could be used as a bitumen substitute, showed 

a higher thermal conductivity than the petroleum viscous bitumen (sample 3), a better propensity to 
heat exchange with the environment, i.e. a higher value of thermal effusion e, as well as a higher 
sensitivity to temperature changes, i.e. a lower value of specific heat capacity ср. The analysis of the 
values of thermal diffusion α indicates that sample 1 would be more adaptable to temperature 
changes in the environment since its thermal diffusion value is greater than that of sample 3. 
Accordingly [8], it should be expected that less thermal stress will occur with the use of synthetic 
acrylic polymer than with petroleum viscous bitumen. 

The results of the asphalt-concrete tests show that sample 2 has better thermal properties than 
sample 4. The asphalt-concrete with synthetic acrylic polymer has a lower thermal conductivity 
coefficient and lower thermal effusion. In terms of sensitivity to temperature changes, both asphalt 
concretes have similar behavior, i.e. very close values of the specific heat capacity ср and of ρ . ср. 
The analysis of the thermal diffusion values indicates that sample 4 would be more adaptable to 
temperature changes in the environment since its thermal diffusion value is greater than that of 
sample 2. Accordingly [8], it should be expected that less thermal stress will be generated when using 
asphalt-concrete with viscous petroleum bitumen than when using asphalt-concrete with a synthetic 
acrylic polymer. 

 
 

4 Conclusions 
 

The conclusion that can be drawn based on the results thus obtained and their analysis is that 
the synthetic acrylic polymer, which is a bitumen substitute, has a higher thermal conductivity than the 
petroleum viscous bitumen and better adaptability to the temperature changes in the environment. The 
asphalt-concrete with synthetic acrylic polymer has a lower coefficient of thermal conductivity than 
asphalt-concrete based on petroleum bitumen, but the two asphalt-concretes have similar sensitivity to 
temperature changes, i.e. very close values of their specific heat capacity ср. 
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