
Citation: Kováč, M.; Brna, M.; Pisca,

P.; Jandačka, D.; Decký, M. The

Influence of Road Pavement

Materials on Surface Texture and

Friction. Sustainability 2023, 15, 12195.

https://doi.org/10.3390/

su151612195

Academic Editor: Rosolino Vaiana

Received: 17 July 2023

Revised: 31 July 2023

Accepted: 4 August 2023

Published: 9 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

The Influence of Road Pavement Materials on Surface Texture
and Friction
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Abstract: This article’s primary goal was to analyze the effect of texture on skid resistance. Surface
texture was recorded with a revolutionary device designed to create 3D surface scans, the Static Road
Scanner. The skid resistance was represented by a pendulum test value. Measurements were made on
three different groups of surfaces. Reference surfaces with known standard grain sizes represented
the first group. The second group consisted of specimens made from a different type of aggregate.
The last group of surfaces consisted of asphalt specimens made from different sizes and types of
aggregates used in a mixture. The test results shed some more light on understanding texture’s effect
on surface friction. Although some results were expected, not all of them were proven. For instance, a
high level of texture doesn’t necessarily mean high friction. A relatively strong relationship was found
between friction and microtexture on the reference surfaces with grain sizes up to 125 µm. However,
the relationships between texture and skid resistance on the aggregate and asphalt specimens turned
out to be shallow for the investigated samples. For this reason, it was recommended to expand the
number of investigated surfaces in further research to ensure sufficiently different levels of texture.

Keywords: pavement surface; morphology; texture; skid resistance; friction; 3D scan

1. Introduction

The morphology of a road surface texture is one of the most important factors for
the realization of friction on the pavement surface and the resulting skid resistance of the
road [1–3]. Insufficient skid resistance is a decisive factor in traffic accidents [4–6]. Quality
and objective diagnostics of road surface characteristics play a key role in maintaining
road traffic safety at the required level during a road’s life cycle [7]. In general, it can be
stated that skid resistance is influenced by several factors, such as the speed of a vehicle,
tire inflation, tire tread depth, tread pattern, temperature, water film presence and depth,
asphalt mixture composition, and the mineralogical composition of aggregates. However,
there is still no doubt that the road surface and material it is made of are critical factors in
determining friction. The material from which the wearing course is made and how it is
built affect the texture of the road surface, which affects friction [8]. Besides friction, the
texture of the road surface also affects other principal matters related to life quality, such as
the amount of generated noise and particulate matter emissions [9]. Although the primary
source of emissions is road transport [10], the wear of the road surface, depending on its texture,
contributes a considerable share [11]. For this reason, measuring the texture of the road surface,
in cooperation with assessing the impact of road traffic on the environment [12–15], is crucial for
providing a holistic approach within the Pavement Management System [5,16–20]. The texture
of the road surface consists of macrotexture and microtexture, which are decisive properties
of the road surface, affecting the mutual interaction between the wheel and the road and
thus also the safety of the road traffic [21–27].

The mentioned components of the morphology of asphalt pavements are integrally
related, and their specific levels are influenced by the construction materials and techniques
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affecting the texture of the pavement [28,29]. Macrotexture refers to the more significant
pavement surface irregularities associated with voids between aggregate particles, and it
primarily depends on the size, shape, and distribution of the coarse aggregate fractions
used in the wearing course. An adequate macrotexture is essential for the rapid outflow of
water accumulated on the road surface to prevent aquaplaning [30]. In addition, it helps
the development of the hysteresis component of friction, which is related to the energy loss
when a tire deforms around macro-irregularities and consequently increases the skid resis-
tance [31]. Many methods and devices have been developed to evaluate pavement surfaces’
macrotextures, and road network administrators commonly use many of them. Despite this,
there is still research developing new contactless, real-time, and efficient pavement texture
measurement approaches [32–35]. The study [35] utilized close-range photogrammetry to
measure the texture of asphalt pavement surfaces, with a view of explaining the variation
in friction measurements obtained using a GripTester. The texture parameters were related
to friction measured at the image capture locations. The result was that a lane with higher
friction values generally showed higher individual texture parameters across different
scenarios. However, meaningful texture–friction correlations along the lanes were only
obtained with the top 2 mm of the surface. The relationship between the texture parameters
and the skid resistance was also investigated in the study [36], with the conclusion that the
skid resistance increased along with an increase in the texture parameters. However, this
statement was made based on the measurements of only two pavement specimens.

Microtexture refers to irregularities in the surfaces of aggregate particles, which are
mainly a function of the mineralogy of the particles [37], the basic roughness level of the
aggregate surface, and the ability of the aggregate to maintain its roughness against wear
caused by traffic and climatic factors [38]. The microtexture plays an essential role in the
contact between wet roads and tires. In addition, the task of the microtexture is to penetrate
the thin water film on the road surface, so that close contact between the tire and the
road is maintained. In general, the microtexture contributes to friction at all speeds, but
dominates at low speeds (around 50 km/h); macrotexture generally controls friction at
high speeds [25].

Knowledge of the influence of different materials in the composition of the mixture on
the texture of a road surface is important, as they can favorably affect friction and other
properties of the surface, as well as the cost efficiency of the road design. The optimization
of wearing course design in terms of surface texture and skid resistance is necessary for
increasing road safety.

This article aims to shed more light on the texture–friction relationship, where the
surfaces of different materials were used for this objective. One of the main goals of the
paper was to determine the impact of the individual scales of texture on skid resistance.
Even though it is widely known that macrotexture significantly affects friction at high
speeds (primarily due to the impacts of water drainage and hysteresis), it also has a
nonnegligible effect at low speeds. The study [39] proved that the hypothesis that British
Pendulum Number (BPN) is dependent only on surface microtexture and represents a low
speed friction appears to be invalid. The skid number–speed gradient is not something
universal, but varies from mix to mix.

According to the obtained results, this research aimed to imply the knowledge of the
use of different types and sizes of aggregates considering the best skid resistance properties
and a low cost for optimized wearing course design. To determine the rate of the impact of
texture on skid resistance, measurements of the Pendulum Test Values (PTV) and the Mean
Profile Depth (MPD) were performed on a wide range of surfaces. The friction dependences
on the micro- and macrotexture were evaluated.

2. Methodology of Measurements

The methodology of the performed measurements consisted of obtaining data on the
3D texture of the surface of the individual tested materials using the developed Static Road
Scanner (SRS). These raw surface data were further filtered and evaluated while we received
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parameters characterizing the surface roughness, for example, the MPD parameters for the
microtexture and macrotexture, respectively. When recording the surfaces of the different
materials, the influence of the results, with varying colors of surface, different lighting
conditions, and the measurements’ repeatability, was also investigated. The experience
gained was subsequently applied to the measurements on specimens with different types
of aggregates. The last measurements were carried out on asphalt mixture specimens.
The measurements were made on both new specimens, where the aggregates were coated
with an asphalt binder, and on specimens washed with perchloroethylene, where the
microtexture of the grain aggregates was revealed.

Subsequently, the British Pendulum Tester was used to obtain the coefficient of
friction—the Pendulum Test Value according to the standard [40]. The magnitude of
the resistance against the sliding of the rubber slider was on all the scanned surfaces. On
the aggregate and asphalt specimens, measurements of the coefficient of friction were
performed in both directions opposite each other. The resulting PTV value was defined as
the arithmetic mean of both measurements in opposite directions.

2.1. Measuring Devices
2.1.1. British Pendulum Tester

A laboratory test with a British Pendulum Tester (BPT), shown in Figure 1, was used
to obtain information about the friction on the surfaces of the individual test materials.
The principle of the test is the sliding of a rubber pad over a surface and a subsequent loss
of energy. The measurements of the friction coefficient were performed on wet and dry
surfaces. The water film on the surfaces was created by spraying the rubber slider and
its sliding path. The water film’s thickness was not measured. The resulting Pendulum
Test Value (PTV) represented the value of the coefficient of friction on the individual
test materials.
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Figure 1. British Pendulum Tester (on the left) and Static Road Scanner (on the right).

2.1.2. Static Road Scanner

To create a 3D model of the surfaces of the individual materials, the Static Road
Scanner (SRS) device was used, as shown in Figure 1. This device was designed at the
University of Žilina to record texture irregularities down to the microtexture scale. Two
different methods were used for recording the surface. The first method used laser scanning
with a resolution of 15 µm on the X and Y axes. The second one used a structured light
with a resolution of 2.49 µm. The goal was to capture the texture from the area matching
the track of the BPT rubber slider. The device output a 3D surface model in a text file with
X, Y, and Z coordinates. This surface model was used as an input for the texture parameters
calculation, subsequently performed in the MATLAB® R2020a software. This algorithm
could calculate the standard roughness parameters according to the standard [41], and one
of the outputs was also the MPD parameter, which is commonly used for road network
surface texture characterization using profilometers, according to the standard [42]. The
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parameter can be used for the evaluation of a texture for irregularities in the scale of the
macrotexture, but also that of the microtexture. The principle of the MPD determination
was that, for each profile of the captured surface, the result was the arithmetically averaged
two peak levels obtained on each half of the profile minus the average whole profile level.
The lengths of the profiles were determined by the length of the specimen or the length of
the slip path of the rubber slider. Single profiles were spaced every 15 µm from each other,
which was determined by the SRS device resolution.

2.2. Testing Surfaces

Three different groups of surfaces were measured, depending on their individual
materials. The first group of surfaces consisted of reference sandpapers with a known,
standardly determined grain size (Figure 2a). The second group consisted of specimens
made of different aggregate grains to assess the influence of the types of aggregate on
the friction (Figure 2b). The last group was represented by asphalt specimens, made
from different types and grain sizes of aggregates, to ensure a diverse microtexture and
macrotexture of the surface (Figure 2c).
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2.2.1. Reference Surfaces

Sandpapers with a known, standardized grain size, according to FEPA standards
(from P16 to P7000), were used as the reference surfaces. The measurements took place on
sandpapers not only with different grain sizes but also with different colors. In this way,
more than 50 different types of reference surfaces were tested, with surface irregularities
(grain sizes) ranging from 3 µm to 1324 µm. Since the homogeneity of the factory-produced
sandpapers was assumed, the size of the scanned area of the sandpapers was limited to
30 × 10 mm.

2.2.2. Specimens of Aggregate

In the case of the aggregate specimens, it was a matter of simulating a different
surface microtexture according to the type of aggregate used. To produce these specimens,
aggregates of limestone, dolomite, andesite, and granodiorite, obtained from various
quarries in Slovakia, were used. It was assumed that the highest level of microtexture
was on the specimens using granodiorite, the middle level on those using andesite, and
the lowest level on those using limestone. In total, nine specimens were produced with
different types of aggregates from different quarries.

2.2.3. Specimens of Asphalt Mixture

As previously mentioned, the asphalt specimens were manufactured with the goal of
providing a wide range of surfaces with diverse microtextures and macrotextures. Different
fractions of aggregate should ensure different macrotextures of the surfaces, while using
different types of aggregate should provide different microtextures. The aggregate fraction
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used to produce the asphalt specimens had maximum grain sizes of 8, 11, and 16 mm. The
aggregates used for the specimens were Granodiorite (Gra), Andesite (And), and Limestone
(Lim). This was how 12 specimens with different microtextures and macrotextures of their
surfaces were created.

3. Results and Discussion
3.1. Results of Reference Surfaces

The measurements on the reference surfaces were primarily intended to test the SRS
device’s reliability by comparing the measured values of the surface scans with the known
values of the geometric parameters. The effects of various boundary conditions during
the measurement on the accuracy of the resulting parameters were also investigated. The
mentioned conditions during this measurement represented different surface colors (blue,
gray, black, and red) and different light conditions (covered or uncovered device).

Subsequently, the device’s reliability was determined by comparing the measured
parameters and the parameters declared by the sandpaper manufacturer. An example of
the comparison between the grain size specified by the manufacturer and the measured
parameter, Ra, is shown in Figure 3a. The relationship between the sandpaper grain size
and the MPD value can be seen in Figure 3b.
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Figure 3. Comparison of measured values; (a) grain size vs. arithmetical mean deviation (Ra); and
(b) grain size vs. Mean Profile Depth (MPD).

The individual relationships are shown on semi log graphs to visualize the obtained
results better. The presented results confirm the reliability of the SRS device. Individual,
negligible differences between the sandpapers of different colors may have been due
to different sandpaper manufacturers, where a different production process may have
caused this slight deviation. Measurements under different marginal conditions had
practically identical results, which confirmed the reliability of the device, independent of
the lighting conditions.

Subsequently, the measured textures of all the reference surfaces were compared with
the PTV friction values. Given the assumption that the microtexture was formed on a scale
of irregularities smaller than 0.5 mm, it was mainly a matter of determining the relationship
between the microtexture and the friction. Only the P16 and P24 sandpapers had a grain
size exceeding the microtexture range. A comparison between the measured PTV value
and paper grain size is shown in Figure 4a, and a comparison between the PTV value and
MPD on the same sandpapers is shown in Figure 4b. The border between the microtexture
and macrotexture is illustrated by the dashed line.
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The results are presented only on blue and black sandpapers, as the sample of red
papers was not sufficiently represented. Initially, it was assumed that increasing the
sandpaper grain size would increase the PTV value. As can be seen from Figure 4, this
trend was not demonstrated. In contrast, the PTV value rose only to a grain size (or
MPD) of about 100 µm and then decreased. The highest friction values were achieved for
irregularities with a value from approximately 80 to 125 µm. The range of the measured
PTV values was from 61 to 103. As expected, relatively small friction values were obtained
for surfaces with small irregularities. Lower values were also measured for surfaces
considered to be rougher, i.e., irregularities greater than 200 µm. This fact indicates that it
was impossible to determine friction based only on the height parameters of the profile.
Since high texture values do not necessarily mean a high value of friction, finding other
texture parameters, or their combinations, will be necessary.

If we consider only surfaces with unevenness sizes up to 125 µm, we can talk about a
clear rising tendency of the friction based on texture. Here, a relatively strong relationship
between microtexture and friction could be found. The relationship between the grain
size and the pendulum test values is shown in Figure 5a, and the relationship between the
pendulum test values and the MPD is shown in Figure 5b. For a better representation, a
power function of the regression curve was used.
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As seen in Figure 5, a relatively strong relationship between the microtexture and
friction was found. However, this relationship was legitimate only for even surfaces with
irregularities up to 125 µm. This meant that the friction prediction would not be sufficient
without a characterization of the macrotexture.



Sustainability 2023, 15, 12195 7 of 18

3.2. Results Obtained on Specimens of Aggregate

As mentioned in the article above, one of the groups of surfaces was made up of
specimens consisting of various types of aggregate. Different types of aggregates were
supposed to ensure different levels of microtexture. Aggregates from limestone, dolomite,
andesite, and granodiorite, obtained from various quarries in Slovakia, were used to
produce these specimens. Nine specimens were manufactured, upon which tests were
carried out. Photos of examples of the selected aggregate specimens and their 3D models
created from laser scans can be seen in Figure 6.
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Figure 6. Examples of selected aggregate specimens and their 3D models.

The same tests were performed on the aggregate specimens as those on the previous
reference surfaces. Three-dimensional scans were created using the SRS device, and the
coefficient of friction was measured using a pendulum test. All the tests were performed
under the same boundary conditions. The measurement of the PTV using the pendulum
test was performed only on surfaces covered with a water film in two opposite directions.
The resulting levels of the textures represented by the MPD, as well as the skid resistance
represented by the PTV, are shown in Table 1.

Table 1. Results from measurements with the SRS device and the pendulum device.

No. Specimen MPDmacro MPDmicro PTVWET
(mm) (mm) (-)

1. Dolomitic limestone 1.458 0.232 19.70
2. Dolomitic limestone 1.038 0.163 21.60
3. Dolomitic limestone 1.395 0.257 21.20
4. Siliceous limestone 0.859 0.183 22.80
5. Dolomites 1.130 0.210 19.80
6. Andesite 0.985 0.159 24.40
7. Andesite 1.774 0.265 28.40
8. Andesite 1.355 0.223 23.60
9. Granodiorite 1.384 0.229 22.38

3.2.1. Results of Texture Measurement on Aggregate Specimens

In addition to the characteristics analyzed on the primary surfaces, including a range
of both the macrotexture and microtexture (up to a resolution of 0.015 mm, given by the
maximum resolution of the SRS device), the characteristics were analyzed for surfaces
containing only irregularities falling into the scales of macrotexture and microtexture,
respectively, obtained by filtering the primary profiles. This surface data filtering was
performed according to the standard [43]. For a better representation of the results of the
macrotextures on the individual specimens, they are shown in Figure 7a, and to show the
results of the microtextures on the specimens, they are shown in Figure 7b.
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Figure 7. Results of MPD value for individual aggregate specimens on surface macrotexture (a) and
surface microtexture (b).

It was hypothesized that different types of aggregate would provide significantly
different levels of microtexture. The lowest level of microtexture was predicted for the
specimens made from limestone, followed by the specimens made from andesite, and the
highest level of microtexture was expected for the specimens from granodiorite.

Although the macrotexture and microtexture values had a similar course for individ-
ual aggregate specimens, the assumption that the lowest microtexture values would be
recorded for limestone and the highest for granodiorite was not confirmed. In contrast, the
aggregate specimens had microtexture values at approximately the same level. The highest
values for both textures were recorded for specimen no. 7, which was made of andesite.

3.2.2. Skid Resistance Results on Aggregate Specimens

In addition to measuring the textures on the individual specimens, skid resistance
measurements were carried out using a pendulum test. These tests were carried out on
specimens covered with a water film in two opposite directions. The results of the measured
values from the pendulum test are shown in Figure 8.
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Figure 8. Pendulum test results for individual aggregate specimens.

The lower levels of skid resistance characterized by the PTV were caused by a smaller
contact area due to smaller dimensions of the specimen and the use of a narrow slider. The
highest PTV value was recorded on specimen no. 7, upon which the highest texture values
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were also recorded. Even so, the differences between the levels of skid resistance were not
as significant as expected.

3.2.3. Relationship between Texture and Friction on Aggregate Specimens

The dependences between the MPD and PTV parameters were investigated to iden-
tify the rate of impact of the surface texture on the friction of the individual specimens.
The relationships between the skid resistance and macrotexture on the individual aggre-
gate specimens are shown in Figure 9a, and the correlation of the skid resistance and
microtexture of the specimens are shown in Figure 9b.
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Figure 9. Relationship of PTV vs. MPD values of (a) surface macrotexture; and (b) of surface microtexture.

As can be seen from Figure 9, the relationship between the skid resistance and single
texture values was weak. The assumption that different types of aggregates would affect
the skid resistance was not confirmed on the crafted specimens. Practically no relationship
was found between the MPD values of the macrotexture or microtexture and the PTV on the
aggregate specimens. This could have been due to the low differences between the texture
and skid resistance levels in the manufactured aggregate specimens. As mentioned above,
it was confirmed that high texture values do not necessarily mean a high friction value.
Since both scales of texture contributed somehow to friction, the measured coefficient of
friction was compared with the predicted one, which was calculated as a combination of
the micro- and macrotexture MPD values based on a multiple regression analysis.

According to the regression analysis, the relationship between the predicted and
measured PTV values was evaluated as strong (the coefficient of determination R2 = 0.991).
However, this was caused due to the settings of the calculation, where the regression line
was calculated through zero. However, as shown in Figure 10, the trend of the scattered
graph did not prove such a significant tendentious relationship, and this relationship could
not be considered as valid and relevant.
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For further research, it is recommended to test more aggregate specimens with a higher
range of differences in their texture values, to change the specimens’ production procedure,
and the method of filtering the primary surface data.

3.3. Results Obtained on Specimens of Asphalt Mixture

In order to create testing surfaces with different microtextures and macrotextures,
respectively, the asphalt specimens were made from different materials according to the
description above in the article. A total of 12 different asphalt specimens were manufactured
and tested. As with the previous reference surfaces, the specimens were subjected to 3D
scanning using the SRS device and were subsequently tested by the British Pendulum Tester.
These tests were performed under the same conditions on the new asphalt specimens, when
the aggregate grains were covered with an asphalt binder, but also on washed specimens.
The washing was carried out using perchloroethylene, which should reveal the microtexture
of the individual aggregate grains on the specimen’s surface.

The texture scanning was performed by the SRS device on the area matching the
track of the British Pendulum rubber slider. The microtexture was recorded by the SRS
device only on some selected grains, because the structured light sensor provides only a
small depth of field and its measurement is very time consuming. At the locations of the
3D scans, the pendulum test measurements were performed in two opposite directions.
Measurements were performed on wet and dry surfaces as well. The resulting PTV values
were determined as the arithmetic mean of these two values. The results obtained from
both SRS and BPT device measurements are shown in Table 2.

Table 2. Results from measurements with the SRS device and the pendulum tester.

Mixture

COATED REVEALED

MPDmacro MPDmicro PTVDRY PTVWET MPDmacro MPDmicro PTVDRY PTVWET
(mm) (mm) (-) (-) (mm) (mm) (-) (-)

AC8-And 0.85 0.092 92 61 1.70 0.098 81 66
AC8-Lim 0.88 0.066 92 58 1.15 0.077 82 65
AC8-Gra 1.23 0.075 86 60 1.35 0.123 83 66

AC11-And 1.69 0.044 88 58 1.29 0.114 80 67
AC11-Lim 1.58 0.059 85 58 1.22 0.099 84 62
AC11-Gra 1.41 0.055 88 56 1.34 0.112 81 64
AC16-And 1.86 0.109 89 70 1.38 0.148 83 68
AC16-Lim 1.75 0.155 87 65 1.26 0.150 83 63
AC16-Gra 1.62 0.142 86 67 1.33 0.111 84 68

SMA11-And 2.80 0.107 86 63 1.55 0.117 81 68
SMA11-Lim 2.10 0.090 85 65 1.41 0.123 82 64
SMA11-Gra 1.80 0.099 88 66 1.42 0.125 84 68

3.3.1. Texture Results on Asphalt Specimens

As mentioned, the individual specimens’ textures were evaluated for both micro- and
macrotexture. Likewise, the MPD values were determined on the coated and washed
specimens. For a better visualization of the macrotexture results, the MPD values for the
coated specimens are shown in Figure 11a, and the values for the washed specimens are
shown in Figure 11b.

According to the measurements on the coated surfaces of the specimens, the values of
the macrotexture parameters corresponded, on average, to the maximum mixture grain size,
as seen in Figure 11. For all types of aggregate used, the smallest MPD value was measured
on the specimens marked as AC8. However, the highest MPD values were obtained on the
SMA11 specimens, even though the AC16 specimens had a larger maximum grain size of
used aggregate. This could have been because the SMA is an open-graded asphalt mixture
containing only a small percentage of medium-sized aggregate particles, usually filling
the voids between aggregates. This could affect the average profile height and then the
measured MPD value.
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Figure 11. Ranges of macrotexture MPD values; (a) on surfaces with asphalt binder on the aggregate
grains; and (b) on surfaces without a bitumen film.

The results on the very same specimens, but after removing the bitumen film, can be
seen in Figure 11b. The same pattern according to the MPD value was recorded here, but
the difference between the values of the individual specimens was less visible. The MPD
value increased slightly only for the AC8 specimens, while the MPD values decreased for
the other specimens. This may have been due to the fact that the film was only removed
from the top of the surface of the individual aggregate grains, but not from the voids
between the individual grains, causing a decrease in the MPD value.

Likewise, to show the microtexture results, the MPD values for the coated specimens
are shown in Figure 12a, and the values for the washed specimens are shown in Figure 12b.
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Before measuring the microtexture, there was an assumption that the MPD values
would be low on the bitumen-coated aggregate surfaces, regardless of the type of aggregates
used in the mixture. However, as shown in Figure 12, these assumptions were not fulfilled,
and the microtexture values differed significantly. Another assumption was that, after
wiping away the asphalt binder, the microtexture would be revealed, and the values
would increase for all the aggregate types. It was expected that the lowest microtexture
would be found on the specimens with used limestone, medium values would be on the
specimens made of andesite, and the highest level of microtexture would be on those
made of granodiorite. This assumption was only partially fulfilled, as the average level of
microtexture increased after the aggregate grains were exposed. However, the dispersion of
the measured values on the exposed aggregate grains was very high. The anticipated order
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of the aggregates according to the level of microtexture was proven only for specimens AC8
and AC11. However, considering the dispersion of the values obtained on the investigated
surfaces of the different aggregates, the level of microtexture was approximately the same.
The reason for this could be that the microtexture parameters were calculated from the
data recorded by a sensor with a high resolution, but a low depth of field, and without
the subsequent filtering of longer wavelengths. For that reason, irregularities with a
longer wavelength, which is representative of the microtexture level, might have also
influenced the results. Another reason could be the insufficient data and number of
measured aggregate grains on the individual specimens.

3.3.2. Results of Skid Resistance on Asphalt Specimens

As already mentioned, in addition to measuring the texture on all the asphalt speci-
mens, the coefficient of friction was also measured using the pendulum tester, according
to the principles mentioned earlier in the article. PTV values were also measured on the
specimens covered with a bitumen film, but also after its removal. The results of the
measured values from the dry pendulum test are shown in Figure 13a, and the results of
the values from the wet pendulum test are shown in Figure 13b.
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wet surfaces.

As expected, all the dry specimens coated with a bitumen film achieved higher PTV
values than the exposed specimens. This was caused by adhesion, which is highest on
smooth and dry surfaces, and also by the fact that the highest values were recorded on the
specimen with the smallest grain size AC8, which had the most significant contact area
when passing the pendulum rubber slider. On the other specimens, the trend was similar
but somewhat lower. After removing the asphalt binder from the surface of the aggregate
grains, the friction coefficients, measured on the dry surfaces, surprisingly decreased. This
was caused by the exposure of the microtexture, which reduced the contact area, and thus
the friction forces, while it was most pronounced on the AC8 mixture. Despite this, the
values of the pendulum test were at a relatively high level for all the mixtures.

As anticipated, the friction coefficients were significantly higher on the dry surfaces
(Figure 13a) than on the wet surfaces (Figure 13b) for all the specimens. The highest values
on the coated wet specimens were achieved with the larger aggregate grains SMA11 and
AC16, i.e., specimens with a higher macrotexture value. This may have been due to their
better drainage properties, but also to a higher loss of kinetic energy when hitting larger
aggregate grains. As expected, in contrast to the dry specimens, the PTV values obtained
on the wet specimens increased after removing the asphalt binder in almost all cases. These
values increased most significantly for the specimens with a smaller macrotexture. Despite
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the obtained results, it is still impossible to say without a doubt which type of aggregate
had the most significant effect on friction.

In Figure 14, the ratio of the decrease and the increase in the PTV values after the asphalt
binder removal from the surfaces are shown, respectively, thus revealing the microtextures.
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Figure 14. The increase or the decrease in coefficient of friction values after the asphalt binder removal
on dry and wet surfaces.

On all the dry specimens, a decrease in the pendulum test values was noted after
removing the bitumen film, as seen in Figure 14. As mentioned, this was due to reduced
adhesion forces, which increase on smooth and dry surfaces. The most significant decrease
was recorded on the mixtures of the AC8 and AC11 dry surfaces. These specimens with
smaller aggregate grains in their mixtures had the biggest contact areas and achieved the
highest friction coefficient values when tested on the surfaces covered with a bitumen film.
Despite this decrease, their PTV values remained at a relatively high level.

The opposite result was obtained for the wet specimens. After the asphalt binder
removal, the friction coefficient values increased the most on the mentioned specimens
with smaller aggregate grains. The values also increased for two SMA11 mixtures and one
AC16 mixture. This proved the microtexture’s crucial function, ensuring friction in wet
conditions. The PTV values decreased on the wet specimens SMA11-Lim, AC16-And, and
AC16-Lim, posing a question of if the friction coefficient value was more influenced by the
macrotexture than the revealed microtexture of the specimens with larger grains.

The decrease rate in the PTV values after the application of a water film on the surfaces
of the coated and washed specimens can be seen in Figure 15.

As already mentioned, there was a decrease in the value of the skid resistance after
applying a water film on the surfaces of all types of specimens. It is clear from Figure 15
that there was a more significant reduction in the PTV value for the coated specimens.
This more pronounced reduction was evident, especially on the specimens using a smaller
aggregate grain in their mixture (AC8 and AC11). The maximum recorded decrease on
the coated surfaces after wetting the surface was approximately 37%, while the decrease
was only about 21% for the same specimens with an exposed microtexture. This indicated
that a larger contact area and microtexture replaced the missing macrotexture. In mixtures
with a larger grain of the used stone, a smaller decrease was recorded, indicating a greater
influence of the macrotexture on the skid resistance. A lower decrease was also observed in
the specimens made of andesite, and on the contrary, the highest decrease in the specimens
made with limestone. Despite the relatively low differences, it is undeniable that the
microtexture contributed to the wet skid resistance on the exposed surfaces, especially in
mixtures with smaller aggregate grains.
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3.3.3. Relationship between Texture and Friction on Asphalt Specimens

To determine the rate of the effect of the surface texture on the friction of the evaluated
asphalt specimens, the correlations between the MPD and PTV parameters were investi-
gated. These correlations were analyzed for the dry and wet surfaces, as well as for the
macrotexture and microtexture obtained by filtering the primary surfaces. The correlations
of the skid resistance and macrotexture on the dry specimens are shown in Figure 16a, and
on the wet specimens in Figure 16b.
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and (b) on wet surfaces.

As can be seen from Figure 16, the correlations between the skid resistance and
the macrotexture of the monitored specimens were very low. The strongest relationship
between the MPDmacro and PTV value was on a dry surface covered with a bituminous
film. As mentioned earlier in the article, this could have been due to the effect of adhesive
forces and a larger contact surface in the mixtures with smaller aggregate grains. This
meant that, in the case of a dry and coated surface, the skid resistance decreased as the
aggregate grain increased. Likewise, no significant correlation was recorded, even on the
wet surfaces. However, a slight upward trend can already be observed on the surface of
the coated specimen. One of the reasons may be the better drainage of the surfaces with
larger aggregate grains, i.e., a larger macrotexture.

No significant relationship between the variables was noted for any group of speci-
mens. This may have been due to the insufficient range of the measured macrotextures
in the spectrum of surfaces, but also due to the low differences between the pendulum
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test values measured on the different specimens. It is therefore recommended to expand
this range of specimens in future experiments, as well as to perform testing in situ at road
sections, also with the use of a dynamic friction tester.

The relationships between the skid resistance and microtextures of the individual
asphalt specimens were also analyzed. The correlations between the MPDmicro and PTV
values on the dry specimens are shown in Figure 17a, and on the wet specimens in Figure 17b.
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As in the previous case, no significant correlation between the texture and friction
was noted for the microtextures on all specimens. As shown in Figure 17, the correlation
between the MPDmicro and PTV values was, in most cases, even lower than that for the
macrotexture. For the dry surfaces, this was due to the fact that, despite the fact that
there was a relatively wide range of microtexture levels, the obtained friction coefficient
values were very similar. The microtexture parameter values on the exposed surfaces
ranged from 80 to 150 µm, which corresponded to the irregularities range of the reference
surfaces (sanding papers) with the highest obtained friction. Even with these microtexture
values, the PTV values were measured without significant variances, which meant that the
microtexture change in this range did not cause a substantial change in the PTV.

Significant relationships between the skid resistance and microtexture were not
recorded on the wet surfaces either. A relatively high value of R2 was recorded for the
coated wet specimens, but due to the high level of dispersion of the measured values, this
seems to be a coincidence. Practically no relationship was found between the microtexture
MPD values and the coefficient of friction on the asphalt specimens.

4. Conclusions

This article’s main goal was to analyze the effect of surface texture on skid resistance.
The texture was recorded using a revolutionary device designed for creating 3D surface
scans, the Static Road Scanner, developed at the University of Žilina. The British Pendulum
test value represented the skid resistance. Measurements were made on three different
groups of surfaces. The MPD and PTV parameters measured on twelve different surfaces
were used to evaluate the individual relationships between the texture and skid resistance.
From the obtained results, it can be concluded that:

• The SRS device designed at the University of Žilina is reliable and suitable for pave-
ment texture evaluation. The measurements demonstrated this on reference surfaces
with a known surface roughness;

• The measurements on the reference surfaces showed that increasing microtexture
values do not only indicate increasing skid resistance values. The highest pendulum
test values were achieved on surfaces with grain sizes ranging from 80 to 125 µm. After
the grain size exceeded 150 µm, a decreasing trend of skid resistance was recorded.
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In the part of the microtexture level up to 125 µm, it was possible to find a relatively
strong correlation between the microtexture and friction;

• The measurements on asphalt mixture specimens with various values of micro- and
macrotexture confirmed some expected results. These included, for example, the level
of the macrotexture being influenced by the size of the maximum aggregate grain
used, a decrease in the skid resistance value on wet surfaces, and an increase on wet
surfaces without a bitumen film. Despite these expected results, some did not turn out
as expected. One of them was that the evaluation of the microtexture did not confirm
the expected friction levels for different types of aggregates. Although an effort was
made to create surfaces with a wide range of micro- and macrotexture values, this
range proved insufficient. This could also have caused the relationships between the
texture and skid resistance on the asphalt specimens to be shallow for the investigated
samples. For this reason, it is recommended to expand this range in further research
to ensure sufficiently different levels of texture;

• It was shown that high texture values do not necessarily mean high skid resistance.
These results indicate that it will not be possible to predict the skid resistance of the
surface of individual materials based only on simple texture parameters. Therefore, the
following research must focus on evaluating the 3D area and volume characteristics
in a broader range of surfaces with different micro- and macrotextures. In terms of
asphalt mixture design, the optimum ratio of the size combination of micro- and
macrotexture., i.e., the type and size of used aggregates, is necessary for optimal road
pavement surface skid resistance.
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