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Road surface friction coefficient measured at different slip
ratios — comparison of results from the ViaFriction
and SRT-3 devices
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Abstract: The anti-skid properties of road surfaces play a key role in ensuring the safety of road users.
The paper emphasizes the need to use friction coefficient measurement with a variable slip of the test
wheel, which allows for more detailed control of the surface technical condition, e.g., using the ViaFriction
device. In Poland, the minimum required friction coefficient values have so far been clearly defined only
for the SRT-3 device with the locked wheel. This motivated the authors to compare the friction coefficient
measurements obtained with the SRT-3 and ViaFriction devices. The tests were conducted on selected road
sections in the Opole Voivodeship (Poland), considering two road surface technologies: stone mastic asphalt
(SMA) and cement concrete. In the case of SMA, the operating time and the temperature surface were also
taken into account. As a result, a strongly correlated linear relation between the friction coefficients from the
SRT-3 and ViaFriction devices was observed for the SMA surface.
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1. Introduction

In order to ensure traffic safety and driving comfort, road surface diagnostics primarily
focus on longitudinal evenness, transverse evenness (ruts), and anti-skid properties. If the first
two parameters meet the required criteria, the anti-skid properties will be the most important for
braking safety and ensuring the adhesion of vehicle wheels to the surface. For this reason, these
properties are determined in individual countries using standardized measurement techniques.
For example, a comparative description of the requirements and testing methods for anti-skid
features of road surfaces across the European Union member countries can be found in the
report [1], which was developed within the ROSANNE project.

Many statistical studies show information on the importance of ensuring roads’ anti-skid
properties. For example, based on annual measurements of the friction index using the
Sideway-force Coeflicient Routine Investigation Machine (SCRIM) in the years 1997-2002,
conducted by the New Zealand road administration, a significant reduction in the risk of a road
accident was demonstrated with an increase in this index [2]. Another example in this respect
is the research conducted by the Federal Highway Administration of the U.S. Department
of Transportation on the relationship between accidents and the anti-skid properties of road
surfaces, which also showed a significant impact of insufficient friction. In 2009, two locations
near Louisville (KY) with a high accident rate were selected for research (65 accidents on wet
surfaces in 3 years). It was decided to use the high friction surface treatments (HFTS) to improve
the anti-skid properties, which consists in the surface consolidation using a two-component
technology: epoxy topped with a hard, fractured aggregate. After implementing this technology,
accidents dropped to 15 within 4 years [3]. In Poland, no detailed studies have been conducted
so far on the relationship between accidents and anti-skid properties, but related information
can be found in the Police reports. For example, the 2023 annual report shows that the cause
of 51 accidents in Poland was the improper condition of the roadway, resulting in 1 death
and 58 injuries [4]. Unfortunately, friction coefficient measurements are not covered by an
international standardized method, as is the case, for example, with roughness measurement
using profilographs and the international roughness index (IRI). There are many research
methods worldwide for determining the friction coefficient, and each country defines its own
requirements. European research projects within the World Road Association (PIARC), such
as TYROSAFE [5] or ROSANNE [1], aimed to harmonize devices for measuring anti-skid
properties, and the latest ROSANNE project from 2016 [1] assumed the development of a single
standard that would specify requirements for all groups of measuring devices and replace the
current national regulations. However, there is still no common definition of these standards
in Europe, even for similar road design technologies. In Poland, the requirements for these
surface features are specified in the Regulation of the Minister of Infrastructure of June 24,
2022, on technical and construction regulations regarding public roads [6]. The standard test
method for determining anti-skid properties is measurement using the SRT-3 device with the
locked test wheel, which was developed in the 1960s by the Road and Bridge Research Institute
(Poland) in cooperation with the Warsaw University of Technology. Currently, the General
Directorate for National Roads and Motorways (GDNRM) in Poland has 11 such ones. In
contrast, in other European countries, devices that measure the friction coefficient continuously
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with a fixed or variable slip of the test wheel are more common and meet appropriate technical
specifications (e.g., ViaFriction (VF) according to the standard [7]). In Poland, methods for
determining anti-skid properties using a wheel lock and variable wheel slip are presented in
the document of the Minister of Infrastructure [8]; however, in the latter case, the minimum
required friction coefficient values have not been clearly defined. Considering that the minimum
friction coeflicient values from the SRT-3 device (for acceptance of contract road works and
diagnostic) result from many years of experience of Polish road engineers, providing statistical
data that relates them to the measurements performed using a more modern method with
a slipping wheel is necessary for its scientifically justified implementation. This was the reason
the authors undertook research, the main goal of which was to determine whether there is
a basis for establishing a statistically justified relationship between measurements obtained
with the SRT-3 and VF devices. The detailed goal of the research was, in turn, whether it is
possible to determine the minimum required friction coefficient values for the VF device that
correspond to their well-established counterparts for the SRT-3. The tests were carried out on
specially selected road sections with surfaces made of stone mastic asphalt (SMA) and cement
concrete (CC).

2. Anti-skid properties of road surfaces

2.1. Friction coeflicient

Friction plays a key role in keeping vehicles on the road, enabling drivers to safely control
and maneuver them in both the longitudinal and lateral directions. Furthermore, when designing
road geometry, friction is a key 1 factor in determining minimum stopping distances, minimum
curve radii, and super-elevation. For the obvious reasons, the greater the friction between the
tire and the road surface, the greater the driver’s ability to control the vehicle. Road friction is
defined as the net force that opposes the relative motion between a vehicle tire and the road
surface (Fig. 1). Friction forces occur both during rolling and sliding on the road surface [9].

Weight, F,,

Direction of motion

Friction force, F

Fig. 1. Simplified diagram of the forces acting on a rotating vehicle wheel [9]
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The measure for assessing the anti-skid properties is the dimensionless coeflicient of
friction calculated using the formula [9, 10]:

F Fa+Fc+Fp+Fy

2.1 ==
(2.1 M . F.

where: u — friction coefficient; F' — tangential friction force between the tire and road surface;
F,, — vertical wheel load; F, F., Fj,, F4 — components of the friction force respectively from:
the adhesion between the tire rubber and the road surface, the cohesion between the tire rubber
and the surface rubber contaminants, the hysteresis in stress-strain relation during deformation
of tire rubber in contact with the road surface, and the air and fluid drag.

F is mainly the result of two phenomena — adhesion (F,) and hysteresis (F}) of the
rubber. Adhesion results from the bonding/interlocking of the tire rubber and the surface at
the micro- scale and depends on the contact shear strength and area. In turn, the hysteresis
in the tire rubber’s stress-strain relationship depends on the intensity of the strain energy
dissipation. When the rubber is compressed in contact with the surface, the strain energy is
stored in it. When the rubber is unloaded, some of the stored energy is recovered, while the
rest is irreversibly lost as heat. Since F, is generated at the interface of the road surface and
tire, it depends primarily on the surface micro- unevenness. It is described by the so-called
micro-texture, which depends primarily on the micro-roughness of the aggregate with which
the tire is in contact. On the other hand, hysteresis in the stress-strain relationship appears
primarily in those parts of the tire that are deformed in contact with macro-irregularities of the
surface. They are referenced as macro- texture, which depends primarily on the manufacturing
technology and the composition of the mixture for a wearing course. Adhesion is primarily
responsible for friction on smooth, dry surfaces and hysteresis on wet, rough surfaces.

The friction forces, which are longitudinal to the direction of travel, occur during both
free-rolling and constant braking. In free-rolling, the relative speed between the tire and the
traveled surface at the center of the contact area (called slip speed) is zero. In the constant
braking mode, the slip speed increases from zero and can be equal to the vehicle’s speed at
most. For example, it can be defined by the relationship [9]:

2.2) S=V-Vp=V-wr

where: S — slip speed, V — speed of the vehicle, Vp — average peripheral speed of the tire,
w — angular speed of the tire, » — mean dynamic radius of the tire.

When the wheel is rolling freely, Vp is equal to V, and when the wheel is locked, Vp is
zero. Knowing V and Vp, the slip ratio is determined in percentage terms according to the
formula [9]:

V-V
2.3) SR = P

100% = E100%
\%4

where: SR — slip ratio.

The friction coefficient increases rapidly with increasing slip to a peak value, which usually
occurs for SR in the range of 10-20% (critical slip). Then the coefficient decreases to a value
known as the sliding friction coefficient at SR = 100%. The difference between the peak and
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sliding friction coefficients can be up to 50% and is significantly greater on wet surfaces than
on dry ones. The relationship shown in Fig. 2 is the basis of the anti-lock braking system
(ABS) operating principle, which is to use the peak friction and minimize the friction loss due
to sliding action [9].

Peak friction
'
= 1
=] '
2 !
E;:._)‘ E Intermittent sliding
—
: |
o ! Full sliding
=] '
g { :
2 : :
=] ' 1
== ! - . [
| Critical slip B
L7 :
I '
0 10-20 Increased braking 100
(free rolling) (fully-locked)

Slip ratio (%)

Fig. 2. The friction coefficient in the contact of the tire and the road surface vs. slip ratio [9]

2.2. Measurement methods

Each country implements preferred methods of measuring the friction coefficient of road
surfaces based on its own experience. The dominant group of devices uses a wheel with
SR < 100% (Table 1). In Poland, the SRT-3 device is a current standard one with a locked test
wheel (SR = 100%).

The SRT-3 set shown in Fig. 3 consists of a towing vehicle (with a water tank) and
a measuring trailer. Currently, it is the third generation of the device, developed in the 1960s
and used only in Poland. The measurement consists in bringing the test wheel to a lock every
50 m or 100 m. During the measurement, the surface is wetted with water in the amount of
0.5 L/m?. The ribbed tire PIARC 165 R15 is used, compliant with the standard [13] (Fig. 4).
As a standard, the measurement is performed at a speed of 60 km/h [8, 14].

Fig. 3. The SRT-3 device
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Table 1. Types of devices used to measure the anti-skid properties in Europe (measuring speed is not
given if the information was not available to the authors) [11,12]

Countr Device SR Device name Tire type Measurement
y type [%e] YP€ | speed [km/h]
Belgium slip 26 Stradograhe smooth -
Denmark | $19601€ 51 18 | SiradograrROAR | SO0 ~ 60, 80
slip smooth
. locked RRL-Trailer R R
Finland wheel slip 100 13 BV-11 ribbed ribbed -70
locked
France wheel | 10034 | ADHERA SCRIM |  Smooth | 40.60. 90. 120
. smooth 50
side-force
locked
Struttgarter Gerat ribbed
Germany .wheel 100 34 SCRIM smooth -50
side-force
Great .
.. side-force 34 SCRIM smooth 50
Britain
locked Model Ariano smooth
Tialy wheel stip | 1% 1% | Skiddo-meter BV8 | smooth 40, 60,80
Norway slip 16 ROAR II smooth -
Poland locked 100 SRT-3 ribbed 60
wheel
Spain slip 13 Skiddometer BV8 smooth 40, 60, 80
Sweden slip 13 Sarsys Friction ribbed -
Tester
Switzerland slip 13 Skiddo-meter smooth -

A s - k4

Fig. 4. The test tire PIARC 165 R15 for the SRT-3 [13]
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The VF is a device standardized, among others, in accordance with [7]. It is used worldwide
for scientific, acceptance, and diagnostic purposes. In the latter two cases, the VF is used by
road administrators in Norway, Denmark, Estonia, Lithuania, Mexico, and India, and friction
measurement is performed continuously with the skid of the test wheel for SR from 1% to 75%.
Usually, this is the range of 15-20%, which corresponds to braking conditions with the ABS
system. As one of the few devices, the VF can also measure the maximum friction coefficient
with variable slip. In the VF, SR is regulated by an electric brake. There are currently two VF
devices in Poland, owned by the Opole and Krakéw branches of the GDNRM. The device in
Opole (Fig. 5), which the authors of the paper had at their disposal, is mounted on a truck with
a 2000 L water tank, enabling an uninterrupted 50 km measurement. It is performed using a
tire compliant with the standard [15] on a wetted surface with a 0.5 mm water film. The tire
wears out on average after 500-600 km of measurements (Fig. 6).

Fig. 6. The test tire for the VF. For comparison, a new tire is shown (bottom) and after 600 km of
measurements (top)
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3. Friction coefficient measurements using the SRT-3
and VF devices

3.1. Research program

Road surface sections in the Opole Voivodeship (Poland), where the GDNRM branch has
a VF device, were selected for the study. The first criterion for selecting individual surfaces
was their location from a logistical point of view, i.e., ensuring convenient refilling of water
necessary for wetting the surface and the travel time to a given section. The second selection
criterion was based on the analysis of archived diagnostic data from the GDNRM and on the
identification of sections with possibly different values of the friction coefficient and SMA or
CC technology (SMA is currently the standard for asphalt surfaces of national roads in the
Opole Voivodeship). Basic data for the selected five measurement sections are presented in
Table 2, and their locations are shown in Fig. 7.

Table 2. Data of the selected road surface sections

Road NoJ Location
oad No. . . .
Symbol Description in road (km+m) Distance Technology Ope.ratlon
of section Beginning| End [m] time
46 / Lane 1 of
RS1 Nysa-bound 57+700 56+600 1,100 SMA
carriageway Aggregate: gabbro,
46/ Lane 2 of max. diameter new
RS2 Nysa-bound 574700 | 56+600 | 1,100 11 mm
carriageway
SMA
o4 Aggreg‘;a:/tif;1 gabbro
RS3 Single-carriageway, 1414520 | 150+900 9,380 since 2009
graywacke/basalt
Opole-bound lane .
max. diameter
11 mm
46/ CC (C35/45, CEM )
RS4 Single-carriageway, 21+750 26+000 4,250 Aggregate:
Ktodzko-bound lane amphibolite,
max. diameter 8 mm | since 2023
46/ texturing method:
RSS Single-carriageway, 26+000 21+750 4,250 exposed aggregate
Nysa-bound lane concrete

Three road surfaces (RS1-RS3) were made of SMA, and the other two (RS4-RS5) of CC.
RS1 and RS2 were new and unused surfaces of the dual-carriageway national road no. 46
between Pakostawice and Nysa. It was being rebuilt in the form of widening. RS1 is on
lane 1, and RS2 is on lane 2 of the Nysa-bound carriageway. RS3 is on the surface of the
single-carriageway national road no. 94 between Opole and Brzeg, which is heavily trafficked
as an alternative route to the A4 motorway running through the Opole Voivodeship. The
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measurement on RS3 was taken on the Opole-bound lane. RS4 and RS5 are surfaces of the
single-carriageway national road no. 46 between Nysa and Ktodzko. This is the only section of
the national roads in the Opole Voivodeship constructed using CC surface technology, which
was opened to traffic in 2023; therefore, selecting a road with a new, unused CC surface for
comparison was impossible during the measurement campaign. RS4 is on the Ktodzko-bound
lane, and RSS5 is on the Nysa-bound lane.

In each section, measurements were taken with two devices: the SRT-3 and VF with a water
film thickness of 0.5 mm, assuming the speed (V) and slip ratio (SR) given in Table 3. The SR
values for the VF were selected in the range corresponding to the average maximum friction
coeflicient values according to Fig. 2. The measurements were taken at the turn of summer
and autumn 2024 over seven consecutive days. Due to the weather conditions, the surface
temperature ranged from 13°C to 30°C. About 200 and 12,300 results were obtained from the
SRT-3 and VF, respectively.

Fig. 7. Location of the tested RS1-RS5 surfaces shown on the road network map of the Opole Voivodeship

Table 3. Measurement parameters

SRT-3 VF
Distance between measurements: 100 m Distance between measurements: 10 m
Measurement trace: center of lane Measurement trace: center of lane
V =60 km/h SR = 18%
V =30 km/h
V = 60 km/h SR =18%
SR = 100% V =40 km/h
(locked wheel) SR = 18%
V =60 km/h
SR =15%
V =60 km/h
SR =21%
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3.2. Measurement results and analysis

In Figs. 8 and 9, the friction coefficient measurements are presented as points, the
coordinates of which correspond to the values of the VF on the horizontal axis and the SRT-3
on the vertical axis from the same 100 m measurement sections. The linear approximation of
the measurements is plotted against the points as a red solid line (determined by the linear
regression method), which is given by the function:

3.1 HMSRT =a - fvp+D

where: usrr, pvr — friction coefficients from the SRT-3 and VF, respectively; a, b — slope and
intercept of the straight line, respectively.

The standard deviation with respect to approximation (3.1), i.e. usrr + o (usrr), is marked
with two red dashed lines, calculated according to the relation:

n

Y (a -pvri+b- ,USRT,i)z

i=1

(3.2) o (MsrT) =
n—1
where: n — number of measurements; usrr.i, 4vE,; — the i-th measurement of the friction
coefficient from the SRT-3 and VF on the same road subsection, respectively.

In turn, two violet solid lines indicate the limit values psrr(0.05) and psrr(0.95), which
meet the conditions:

(3.3) P (Msrr < psrT(0.05)) = 0.05 and P (Msrr < psrr(0.95)) = 0.95

where: P(...) — probability of event occurrence, Msg — a random variable with a normal
distribution N (usrr, 0 (UsRT))-

The legend of the graphs also provides numerical values for psgrr, o (usrr), and the
Pearson correlation coefficient R of approximation (3.1). It was arbitrarily assumed that
|R| £0.3,0.3 < |R| £0.5,0.5 < |R| £0.7, and |R| > 0.7 indicate no correlation, a weak,
moderately strong, and strong correlation between the variables, respectively.

The results presented in Fig. 8 illustrate the wide range of friction coeflicients for the
SMA surface based on measurements on the road just after reconstruction and after 15 years
of operation. On the total length of the RS1-RS3 surface sections of about 12 km, usrt was
obtained in the range of about 0.35 to 0.75 and uvyg from about 0.5 to 1.5. In particular, in
Fig. 8a—8c, there is a clear distinction between the two groups of measurements depending on
the surface wear. Lower friction coefficient values (black points) were obtained on the used
SMA, while higher ones (blue points) were obtained on the newly made one. Moreover, based
on the value of the coefficient R (equal to about 0.75), it can be stated that the linear relationship
between the friction coefficients on the SMA with the SRT-3 and VF is characterized by
a strong correlation regardless of the measurement speed V (30 km/h, 40 km/h, or 60 km/h)
and the slip ratio SR (15%, 18%, or 21%), which were used in the VF device. Moreover, the
VF parameters for the measurement did not affect significant changes in the parameters a and
b of the usrr function.
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The obtained value o~ (usrr) = 0.063 allows for a reasonably safe estimation of uggrt based
on measurements from the VF with a specified level of probability. For example, assuming
a normal distribution of measurement deviations, for a given value of pyg, the corresponding
point on the lower violet solid line in Fig. 8 will give such a value of yggrr, that only 5% of the
surface may have a lower friction coefficient when it is measured by the SRT-3. This provides
a rational basis for the road administration to conduct acceptance tests based on data from the
VF device after referring them to the minimum values required for the SRT-3, as specified
in [8]. However, it may be compared only within the same surface temperature range as that,
accompanying the described tests, using the measurement parameters for the VF device listed
in Table 3, and the material characteristics for the SMA listed in Table 2.

iy ) Iy ()

+  RS3(in use SMA) Hgry=0-441%41,:+0.107 —— jimit of probability 5% and 95% * RS3 (in use SMA, 18%, 30 km/h) Brr=0-441%p,,+0.113 —— jimit of probability 5% and 95%
* RS1,RS2 (new SMA) - - - - 0(gp)=0.063 R=0.747 * RS1, RS2 (new SMA, 18%, 30 km/h) - - - - o{piggr)=0.063 R=0.748
(a) (b)

Hspr ©)

e ()
iye ©) v

* RS1, RS2, RS3 (new and in use SMA, 15%, 60 km/h; Hgry=0:443"41,,+0.108
« RS3 (in use SMA, 18%, 40 km/h) Jgpy=0.458"j1,,+0.078 —— limit of probability 5% and 95% ¢ ) SRT v R=0.75
- ( )=0.063 + RS1, RS2, RS3 (new and in use SMA, 18%, 60 km/h) - - - - 0(11ger)=0.063
* RS1, RS2 (now SMA, 18%, 40 kmih) - - - - olligey R=0.75 - RS1, RS2, RS3 (new and in use SMA, 21%, 60 km/h) —— limit of probability 5% and 95%
© (d)

Fig. 8. Dependence between usrt and uyg on the SMA surface: (a) RS1-RS3; all measurements,
(b) RS1-RS3; the VF measurement: V = 30 km/h, SR = 18%, (c) RS1-RS3; the VF measurement:
V =40 km/h, SR = 18%, (d) RS1-RS3; the VF measurement: V = 60 km/h, SR = 15%, 18%, or 21%

The results for the CC road surface, which are presented in Fig. 9, illustrate a smaller range
of friction coeflicient variability compared to the SMA. According to the authors, this results
from the lack of differentiation in the degree of wear of the CC surface that they had at their
disposal (one type of road surface put into service in 2023). On the total length of the RS4-RS5
sections of 8.5 km, usrr was obtained in the range of about 0.46 to 0.58 and uyg about 0.67 to
1.1. Moreover, based on the obtained values of the R coeflicients (from about 0.02 to 0.22), it
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can be stated that the correlation between usgrt and pyr is not indicated; it is not possible to
rationally conclude based on the presented measurements about ysrr, having measured pvr.
The lack of a satisfactory level of correlation applies to all types of measurements due to the
selection of the vehicle speed V and the slip ratio SR in the VF.

0.6 T T T T T T 0.6

0.55 -

Hsrr ()

051

L L L L L L 0.45 L L L L L L L L
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 11 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 11

Iye ©) g )
- RS4,RS5(inuse CC) - - - - o(igey)=0.023 R=0.081 * RS4,RS5 (in use CC, 18%, 30 km/h) - - - - of (1ggy)=0-023 R=0.021
Jigr=0.0411,,+0.494 — jimit of probability 5% and 95% 1gr=0016%4,,+0.516 —— limit of probability 5% and 95%
(a) (b)
06 06

045 L L L L L
0.45 L - - - - - - 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 11

e )
e ) v

+  RS4,RS5 (in use CC, 15%, 60 km/h)

Jegp=0-116",+0.427 —
+ RS4,RS5 (in use CC, 18%, 40 km/h) - - - - 0(jiger)=0.023

R=0.182 +  RS4,RS5 (in use CC, 18%, 60 km/h) - - - - o1 (11ggy)=0-023
Brr=0-13"1yg+0.411 —— limit of probability 5% and 95% ©RS4, RS5 (in use CC, 21%, 60 km/h) —— limit of probability 5% and 95%
(© (@)

Fig. 9. Dependence between ugsgrt and uyp on the CC surface: (a) RS4-RS5; all measurements, (b)
RS4-RS5; the VF measurement: V = 30 km/h, SR = 18%, (c) RS4-RS5; the VF measurement: V = 40
km/h, SR = 18%, (d) RS4-RS5; the VF measurement: V = 60 km/h, SR = 15%, 18%, or 21%

Measurements on the SMA with the VF device were also carried out at the same settings
V = 60 km/h and SR = 18%, but with different road surface temperatures 7', which occurred
as a result of different levels of insolation on one day (from 24°C to 30°C for RS1 and RS2
with the new SMA) or the average temperature change between different days (from 13°C to
25°C for RS3 with the SMA in use). The results are shown in Fig. 10, where, using analogous
relations to (3.1)—(3.3), the linear approximation of pyr as a function of 7" is shown in a red
solid line; uvg £ 0 (uvg), where o (uvg) is the standard deviation of v, are shown in two red
dashed lines; the limit values uyr(0.05) and pyr(0.95) for the probability of occurrence marked
with the subscripts in the parentheses are shown in two violet solid lines. The figure legend
also gives numerical values of uyg, o (uyr), and the Pearson correlation coefficient R. The
latter ranges from about 0.35 to 0.5, which allows the authors to conclude that the correlation
between the measured uvyr and T is detectable, but it can be described as weak on the SMA.
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23 24 25 26 27 28 29 30 31 12 14 16 18 20 22 24 26
T(C) T(C)

+ RS1,RS2 (new SMA, 18%, 60 km/h) - - - = o{i1,£)=0.111

R=0.487 R=-0.359

* RS3(in use SMA, 18%, 60 km/h) - - - - o{11,,£)=0.091
11yg=0.055"T-0.457 ——limit of probability 5% and 95%

(a) (b)

11yF=-0.008"T+0.953 ——limit of probability 5% and 95%

Fig. 10. Dependence between pyg and T on the SMA surface: (a) RS1-RS2; the VF measurement:
V =60 km/h, SR = 18%, (b) RS3; the VF measurement: V = 60 km/h, SR = 18%

uvr shows a slightly decreasing trend for the used SMA in the surface temperature range of
13-25°C (a = —0.008 in Fig. 10b), which can be explained by the decrease in rubber hysteresis
with increasing temperature [16, 17]. However, for the new and unused SMA surface, an
increasing trend of uyvg was found in the temperature range of 24-30°C (a = 0.055 in Fig. 10a).
According to the authors, this suggests the need for further research to specify the nature of
the temperature effect on the friction on the SMA surface immediately after construction. In
particular, the following factors should be considered in this context. The new SMA surface
has a significantly greater macrotexture depth (after just 90 days of use, it can be reduced by
20-35% [18]), which increases the hysteresis phenomenon [17]. In addition, protruding coarse
aggregate fragments are surrounded by a thin bitumen layer, which is worn away after the road
is opened for traffic [18], changing the adhesion conditions.

4. Conclusions

It was found that there is a strong correlation for the SMA surface in the linear relationship
between the friction coeflicient measured with the SRT-3 and VF devices. It was found in the
temperature range of 13—30°C regardless of the VF device’s applied speed (from 30 km/h to
60 km/h) and the slip ratio (from 15% to 21%). This provides justified premises for using this
device in Poland in acceptance and diagnostic tests of the SMA anti-skid properties based
on the previous requirements specified for the SRT-3 device [8]. A weak correlation of the
linear relationship between the VF friction coeflicient on the SMA surface and the surface
temperature was demonstrated in the range of 13-30°C, and in particular, there is a need for
further research to specify the untypical effect of surface temperature on the friction for new
and unused SMA surfaces.

In the case of the CC surfaces tested, the presented studies did not allow for a conclusion
on a reliable relationship between the friction coefficients from the SRT-3 and VF devices due
to the very small absolute value of the Pearson coefficient. Therefore, further measurement
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campaigns are required for the CC surfaces to determine whether the low correlation level
results from the specificity of the applied measurement method, an insufficient sample size, or
insufficient differentiation of the measurement conditions.
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Wspélezynnik tarcia nawierzchni drogowej mierzony przy réznych
wartosciach poslizgu — poréwnanie wynikéw z urzadzen ViaFriction
i SRT-3

Stowa kluczowe: mastyks grysowy, nawierzchnia drogowa, SRT-3, ViaFriction, wlasciwosci prze-
ciwposlizgowe, wspéiczynnik tarcia

Streszczenie:

Streszczenie: Wiasciwosci przeciwposlizgowe nawierzchni drogowych odgrywaja kluczowa role
w zapewnieniu bezpieczenstwa uzytkownikow drég. W pracy podkresla si¢ w tym zakresie potrzebe
stosowania pomiaru wspéiczynnika tarcia przy zmiennym poslizgu kota testowego, ktéry pozwala na
bardziej szczegétowa kontrole stanu technicznego nawierzchni — np. za pomoca urzadzenia ViaFriction.
W Polsce minimalnie wymagane wartosci wspétczynnika tarcia okreslono dotychczas jednoznacznie
tylko w przypadku urzadzenia SRT-3 z pelng blokada kota. Byto to dla autoréw motywacja do poréwnania
wynikéw pomiaréw wspétczynnika tarcia z urzadzeri SRT-3 i ViaFriction. Badania prowadzono na
wybranych odcinkach drég w wojewddztwie opolskim, uwzgledniajac dwie technologie nawierzchni z
mastyksu grysowego (ang. stone mastic asphalt (SMA)) i betonu cementowego. W przypadku SMA brano
pod uwage takze czas eksploatacji i temperature nawierzchni. W rezultacie wykazano silnie skorelowang
liniowa zalezno$¢ pomigdzy wspdtczynnikami tarcia z urzadzen SRT-3 i ViaFriction na nawierzchni SMA.
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