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Abstract. The quality of the paved road depends not only on the decisions of 
the road designer and the work carried out but also on the materials used. 
Most of the aggregates used are imported from other countries. However, the 
usage of domestic materials reduces the cost of the road pavement and the use 
of aggregates produced by a special production technology in Lithuania, i.e., 
dolomite aggregates instead of granite aggregates. Experimental studies were 
carried out on the skid resistance of the road surface. It was found that the 
coefficient of skid resistance met the requirements for surface dressing with 
dolomite aggregate, and the results were analysed with 95% probability. This 
coefficient partially met the requirements for asphalt concrete, while it did not 
meet the requirements at all for stone mastic asphalt. The surface roughness, 
however, met the requirements for road sections where granite aggregates were 
used instead of dolomite in mixes of surface dressing and asphalt concrete. The 
analysis was carried out considering the volume of traffic and the service life of 
the individual road sections. It was determined that it was suitable for a 5-year 
guarantee period to perform the surface dressing, wearing course of asphalt 
concrete and stone mastic asphalt with dolomite aggregate where part of heavy 
vehicles is less than 20% of traffic flow. The use of granite aggregates was 
justified only in the road where heavy vehicles dominated. 

Keywords: aggregate, asphalt, dolomite, granite, mixture, skid resistance, 
surface dressing.
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Introduction 

Aspects of innovative road construction using natural and 
manufactured, organic and inorganic materials focused on the 
competitiveness of cities, countries, and regions (Vaitkus et al., 2019, 
2011; Vorobjovas et al., 2017; Wojcik, 2018). The major part of the cost 
of maintaining and renewing the road network consists of road paving 
aggregates, natural or manufactured recycled rocks, e.g., granite, 
diabase, gabbro, basalt, quartz diorite, dolomite, and gravel (Vaitkus & 
Vorobjovas, 2015). The 80−90% of the total volume of the asphalt mix 
or the 90−96% of the total weight of the asphalt mix consists of fillers, 
sieves, and aggregates (Kogbara et al., 2016; Lodhi & Yadav, 2016; 
Šneideraitienė & Žilionienė, 2019). Aggregates are one of the main 
components of asphalt mixtures (Ciont et al., 2017; Gautam et al., 2018) 
and must comply with the Lithuanian TRA Aggregates 19 (Lithuanian 
Road Administration…, 2019) standard for quality (Bulevičius et al., 
2013; Haritonovs et al., 2016; Kogbara et al., 2016; Lodhi & Yadav, 2016; 
Šneideraitienė et al., 2016; Vaitkus et al., 2017а, 2017b). Asphalt mixtures 
consisting of aggregates bound with a bitumen binder are widely used as 
a material of surfacing. Although asphalt is a relatively cheap material, 
the disruption of traffic flows and the cost of replacing degraded road 
surfaces are significant, which leads to a demand for more durable 
materials (Cui et al., 2014).

1. Literature review

Descantes & Hamard (2015), Haritonovs et al. (2013), Siriphun et 
al. (2016), Šernas et al. (2016), Vaitkus et al. (2017), Vorobjovas et al. 
(2017) and Wu et al. (1998) state that the surface course constitutes 
the top layer of the pavement and should be able to withstand high 
traffic volume − and environment-induced stresses without exhibiting 
unsatisfactory cracking and rutting to provide an even profile for the 
comfort of the user and at the same time possessing a texture to ensure 
adequate skid resistance. Depending on local conditions, functional 
characteristics such as skid resistance, noise reduction and durability 
are often required for surface courses. Kogbara et al. (2016) give an 
overview of friction and skid resistance measuring instruments.

In the context of road transport, the contact point is the interaction 
between the car wheel (tires) and the road surface, and the normal force 
is the wheel load. The coefficient of adhesion varies from 0 − when the 
road surface is covered with ice – to 1 − when the road surface is dry 
and clean. Adhesion is defined as the resistance to the movement of 
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two surfaces at their point of contact, where the coefficient of adhesion 
expresses the magnitude of adhesion.

Two terms are used: “the adhesion of a tire to the road surface” 
(“adhesion”) and “skid resistance”. Both terms are frequently used and 
sometimes confused when it comes to the properties of the road surface 
(Hall et al., 2009). Pavement-tire friction is caused by a combination of 
two mechanisms, namely adhesion and hysteresis (Figure 1).

Adhesion is based on molecular bonds in areas of high local pressure 
caused by unevenness in the road surface. Hysteresis is due to loss 
of energy caused by the deformation of the tire rubber around the 
protuberances and depressions in the road surface. In addition to the 
mechanisms, there are two other components of rubber friction, which 
are of minor importance. These are frictional contributions from rubber 
wear and surface (or micro) hysteresis as opposed to bulk hysteresis. 
Tests have verified the cohesion loss component of friction due to rubber 
wear over the past decade (Hall et al., 2009).

In contrast to adhesion, skid resistance represents only one single 
contact element between the tire and the road surface. Then the skid 
resistance is a characteristic of the road surface that describes the effect 
of the pavement on adhesion. It is important to note that skid resistance 
is determined by performing special adhesion measurements under 
specific and predetermined conditions, i.e., so that all potential variables 
are controlled. Skid resistance is also associated with measurements 

Figure 1. Fundamental mechanisms of pavement-tire friction (Hall et al., 
2009)
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on wet roads when driving conditions are at their riskiest. According to 
Kogbara et al. (2016), the adhesion force is influenced by adhesion and 
hysteresis.

Micro-texture and macro-texture of the road surface are closely 
related to the coefficients of adhesion. Mega-texture and skid resistance 
are generally not considered for skid resistance (Kane et al., 2009; 
Scharnigg & Schwalbe, 2010). In general, the skid resistance of the road 
surface is higher on dry roads, as both adhesion and hysteresis are 
highest under these conditions. On wet roads, the adhesion drops to zero, 
and the overall skid resistance is reduced (Siriphun et al., 2016; Vaitkus 
et al., 2017a).

As reported by Kogbara et al. (2016), Siriphun et al. (2016), 
Wasilewska et al. (2019), and Wu et al. (1998), in the operation of the 
road, it is essential to ensure adequate skid resistance of the road 
surface, which depends on the ability of the aggregates of the asphalt 
wearing course to resist the frictional forces. Continuous wheel 
impact over a smooth road surface reduces the skid resistance and 
angularity of the aggregates, resulting in a slippery road surface. The 
extremely slippery road surface becomes unsafe and dangerous in wet 
or icy conditions and when the side-friction between the wheel and the 
road surface is reduced to a minimum. The road becomes unsafe and 
dangerous as well (Noyce et al., 2005; Räisänen et al., 2003; Santucci & 
Engineer, 2013; Vaiana et al., 2012; Wasilewska et al., 2019). Therefore, 
both characteristics – friction and texture – of the road surface are 
essential aspects of traffic safety.

The analysis of the scientific literature raises the hypothesis “Is it 
possible to use a dolomite aggregate, i.e. locally mined as well as locally 
produced aggregate, in mixtures for the road surface and a wearing 
course due to the adherence to the skid resistance value”.

2. Plan of experiment and methodology 

A plan of the experiment was made to prove the hypothesis 
(Figure 2).

As stated in TRA Asphalt 08 Technical Specifications for Road Asphalt 
Mixtures (Lithuanian Road Administration…, 2008), the minimum (limit) 

Figure 2. Plan of experiment and methodology
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value of the coefficient of skid resistance of the road surface at the time 
of paving the road is not less than 0.50 − on main roads and 0.45 − on 
national and regional roads in Lithuania. Different types, i.e., surface 
dressing (on the road surface), asphalt concrete and stone mastic asphalt 
(in wearing course) with dolomite and granite aggregates in surfacing 
mixes and under different operating periods (from 3 to 7 years) were 
selected for the investigation in the selected road sections. The operating 
time for all selected road sections was more than one year. Accordingly, 
the skid resistance values were accepted to establish a fact, not for 
comparison.

During the experimental investigation, the skid resistance of the 
road surface was determined by CEN/TS 15901-14:2016 Road and 
Airfield Surface Characteristics – Part 14: Procedure for Determining the 
Skid Resistance of a Pavement Surface Using a Device with Longitudinal 
Controlled Slip (LFCN): ViaFriction (Road Analyser and Recorder of ViaTech 
AS) (Figure 3).

The measurements were carried out with a fixed coefficient of skid 
resistance of 18% and a constant operating speed of 60 km/h. Besides, 
the air temperature, humidity, and Global Positioning System (GPS) 
coordinates were determined. The measurements were carried out on 
the right side of the road, and the trajectory left wheel in the direction of 
increasing kilometres. The measurements were carried out in July when 
the adhesion value of the vehicle wheel is lowest with the road surface. 
The measurements were carried out on sections with surface dressing, 
asphalt concrete and stone mastic asphalt, where dolomite or granite 
aggregates were used in the paved asphalt concrete mixtures.

3. Analysis of the results of experimental research 

Table 1 presents the number of skid resistance measurements on 
road sections with different aggregates. Also, required for the analysis, 
the traffic volume data were taken from the LAKIS (Lithuanian 
Automobile Road Information System) database.

Figure 3. Road Analyser and Recorder of ViaTech AS
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Table 1. Data of skid resistance measurements 

Type of surfacing Aggregate Number of measurements

Surface dressing
dolomite
granite

932
379

Asphalt concrete
dolomite
granite

623
498

Stone mastic asphalt
dolomite
granite

2029
1572

The assessment of skid resistance of surface dressing, asphalt 
concrete, and stone mastic asphalt with dolomite and granite aggregates 
was carried out based on the plan of experiment and methodology. The 
measurement results were analysed using statistical methods and with 
95% probability (Figures 4−6).

Figure 4 presents research results on the roads with surface 
dressing. It was found that on the national road No. 194 with dolomite 
aggregate in surface dressing 10% of traffic volume was represented 
by heavy vehicles. The service life of the road was four years. As the 
coefficient of skid resistance met the requirement for national roads 
(0.45) almost by one and a half times, it was concluded that the use of 
dolomite aggregate in surface dressing proved to be justified.

Figure 4. Research results on surface dressing
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The traffic volume on the 2nd section of regional road No. 3404 was 
27% lower than on the 1st section of this road, but on both sections, 
about 10% of traffic volume was represented by heavy vehicles. 
The service life of regional road No. 3404 corresponded to a 5-year 
guarantee period, and the coefficient of skid resistance determined on 
both sections of this road met the requirements for the regional roads 
(0.45). It was, therefore, concluded that the use of dolomite aggregates 
for surface dressing proved to be justified.

The traffic volume on the 1st section of regional road No. 3404 was 
42% lower and 47% higher than on the 2nd section of regional road 
No. 3404, but 6% of traffic volume was represented by heavy vehicles 
on regional road No. 5202 with granite aggregate in surface dressing. As 
the road had a service life of four years, a 5-year guarantee period did 
not expire. As a result, the coefficient of skid resistance almost doubled, 
and it was concluded that the use of granite aggregates in the surface 
dressing of this road was overplus and did not work.

Figure 5 presents the research results on the roads with a wearing 
course of asphalt concrete.  Main road No. A4 with dolomite aggregate 
showed that 6% of traffic volume was represented by heavy vehicles, 
and the service life of the road was more than a 5-year guarantee period 
(6 years). As the coefficient of skid resistance met the requirements of such 
roads almost one and a half time, it was concluded that the use of dolomite 
aggregate in the wearing course of asphalt concrete was justified.

Figure 5. Research results on asphalt concrete
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On national road No. 136, the volume of heavy vehicles was 5% in 
traffic flow and the operating time of this road corresponded to a 5-year 
guarantee period. As the coefficient of skid resistance was 16% higher 
than the required level in the 1st section and 47% in the 2nd section, it 
was concluded that the use of dolomite aggregate in the wearing course 
of asphalt concrete was justified.

Also, the volume of heavy vehicles was 60% in traffic flow on national 
road No. 130 and this road was used for only three years (2 years to the 
end of a 5-year guarantee period). It was found that the coefficient of 
skid resistance was 30% higher than required. Thus, it was concluded 
that the use of granite aggregates in the wearing course of asphalt 
concrete was justified and the road should be used until the end of the 
guarantee period. However, after the end of a 5-year guarantee period, 
additional measurements of the coefficient of skid resistance should be 
carried out.

Figure 6 shows the research results on roads with a wearing 
course of stone mastic asphalt. On the main road No. A3 with dolomite 
aggregate, the heavy vehicles accounted for 20% of the traffic volume, 
and the road was used for longer than a 5-year guarantee period 
(6 years). As the coefficient of skid resistance was 14% lower than 
that required for such roads, it was concluded that the use of dolomite 
aggregate in the wearing course of stone mastic asphalt was not 
justified.

Figure 6. Research results on stone mastic asphalt
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However, the situation was quite different on the main road No. A15, 
where traffic of heavy vehicles accounted for 12% of the traffic flow 
and the road had a guaranty period of more than five years, i.e., seven 
years. The coefficient of skid resistance did not meet the requirements, 
as in the case of the main road No. A3, so it could not be concluded that 
the use of dolomite aggregates was successful or not. It is therefore 
proposed that after a 5-year guarantee period roads with a wearing 
course of stone asphalt mastic with dolomite aggregates were used. The 
traffic volume of heavy vehicles was less than 20%, annual tests of the 
coefficient of skid resistance should be carried out to guarantee road 
roughness, which is essential for road safety.

On the national road No. 149 with dolomite aggregate, it was found 
that heavy vehicles accounted for 10% of traffic flow and the road was in 
operation until the end of a 5-year guarantee period. As the coefficient of 
adhesion on both road sections did not meet the requirement for paving 
such roads, it was concluded that the use of dolomite aggregate in mastic 
was not justified.

On the main road No. A6, a wearing course with granite aggregate 
was paved. Heavy vehicles accounted for 17% of the traffic flow on 
this road, and this road was operated for four years, i.e., the guaranty 
period of 5 years had not expired. The determined coefficient of skid 
resistance was almost one and a half times higher than required. It was 
concluded that the use of granite aggregate in a wearing course of stone 
mastic asphalt was overplus. It was possible to install a wearing course 
of asphalt concrete with dolomite aggregates on this road because the 
percentage of heavy vehicles in the traffic flow and the traffic flow was 
lower (less than 20%) compared to the main road No. A3 on which a 
wearing course of asphalt concrete with dolomite aggregates was paved.

Conclusions

The hypothesis “Is it possible to use a dolomite aggregate, i.e., locally 
mined as well as locally produced aggregate, in mixtures for the road 
surface and a wearing course of surfacing due to the adherence to the 
skid resistance value” was proven and following conclusions were made.

1. The measurement results were analysed using statistical methods 
and with 95% probability.

2. The use of dolomite aggregates in the surface dressing was 
justified in sections of national and regional roads; however, the 
use of granite aggregate was overplus in sections of regional 
roads with the surface dressing.
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3. The use of dolomite and granite aggregates in a wearing course of 
asphalt concrete was justified on the sections of main and national 
roads, but not justified in a wearing course of stone asphalt mastic 
on the same significant roads.

4. The use of dolomite aggregates was justified when the heavy 
vehicles accounted for less than 20% of traffic volume during 
a 5-year guarantee period on roads with surface dressing and 
asphalt concrete pavement.

5. The use of granite aggregates was justified on the section of the 
main road where 60% of traffic volume was represented by heavy 
vehicles.

6. The use of granite aggregate becomes overplus and uneconomical 
in all types of tested pavements with 20% (or even less) of heavy 
vehicles in traffic flow.

7. Therefore, more research and economic calculations are needed 
to make more extensive use of existing local material − dolomite 
aggregate.
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