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Abstract. This article examines the factors influencing the reduction of tire—road adhe-
sion under winter conditions, with particular emphasis on vehicle speed, snow and ice for-
mations, and pavement surface characteristics. The study aims to determine how vehicle
speed and pavement macrotexture affect the coefficient of adhesion on winter road surfaces.
Computational methods were applied to establish the relationship between vehicle speed and
the coefficient of adhesion. The analysis considered different types of snow and ice for-
mations, as well as the influence of crushed stone size and shape on pavement texture and
macro-roughness. The findings indicate that as vehicle speed increases, the coefficient of ad-
hesion decreases, especially on surfaces affected by icing or snow accumulation. This reduc-
tion is associated with shorter tire—road contact time and increased dynamic loads, which
weaken tread interaction with surface irregularities. The study also confirms that the size and
shape of mineral aggregates significantly influence pavement macro-roughness. Higher mac-
ro-roughness improves drainage capacity, reducing water accumulation and the likelihood of
ice formation. However, excessive crushed stone content may accelerate pavement wear and
lead to partial deterioration of the surface layer, negatively affecting adhesion. Additionally,
surface depressions can accumulate moisture that freezes at subzero temperatures, forming
initial icing zones that expand under traffic loads.Vehicle speed and pavement macrotexture
are critical factors affecting skid resistance in winter conditions. Proper selection of aggre-
gate characteristics and effective winter maintenance strategies are essential to minimize
slipperiness and enhance road safety.
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Anpatna. byn makanada Kvlc me32iniHOe A8MOMOOUNL  WUHALAPBIHBIY — JHCOT
mecemimeH Oatinanvicy Kodgguyuenminiy memenoeyine acep ememin He2izel acnekmiiep
Kapacmuipbliadel. Kap-my3 my3inimoepiniy apmypii mypaepiniy, COHOAU-aK KOjliK
KYPanoapviHbly KO32ANbIC AHCHLIOAMObBIIHLIY IIIHICY CUNAMMAMANIApbIHA 2Cepine epeKuie
Hazap ayoapwiiaovl. Ecenmey adicmepiniy kemezimen maxanaoa ininicy Kosghguyuenmi meH
KOMIK KYPANbIHbIY AHCOLIOAMObIZbL APACLIHOARbL OAUNAHLIC OpHAmbLIeaAH. JKbindamovikmoiy
JHco2apuliayvbiMer Linicy Koagh@uyuenminiy memenoey meHOeHYusCcyl OAKAIaovl, acipece
My30aHyea Hemece Kapowly natioa Oonyvina Oetim dcabvinoapoa. Byn wunaHuly Hcon
bemimeHn dcaHacy YaKbImMbIHbIY A3QI0bIHA  JHCIHE NPOMEKMOpOblY HCAObIHHLIY  Kedip-
OyObipbiMen apekemmecy MUIMOLNIZIH MOMeHOememiH OUHAMUKATILIK JHCYKmemenepoiy
ocyine oOaunanvicmsl. 3epmmey IHCON  HCAMBIIRLICHIHGIY — KYPAMbIHOA — KOJOAHbLIAMbIH
KUbIPUBIK MACMbIY MOIUlEpiHe epeKute Hazap ayoapaovl. Munepandvl mamepuan 0aHOepiHiy
Menuepi MeH NiWiHi Jconl OemiHiy KYpulibiMbl MeH MAaKpo Kedip-OYOwipbiHa mikenel acep
ememini aHblKmanovl. Maxpo Keodip-OYObIpIbIK HEYPIbIM HCOAPbl 00CA, HCADLIHHBIY
OpeHaxsCObIK Kacuemmepi coYPavIM AHcaKcobl 001adbl, OY1 CYOblH HCUHATYBIH DONOLIPMALObL
JHcoHe calikeciHule MY30bly Hemece Kapowiy nauda 601y MymKinoiein azaimaosi. CoHbiMeH
Kamap, melM YIKeH KUbIPUIbIK MAC IHCAObIHHBIY Mme3 MO3VbIHA HCIHE HCO2apebl Kabam
KYDUUIBIMbIHLIY,  [WIHAPA OY3blIYbiMeH OalllaHblC Kacuemmepiniy HAuwapiayblHa aKeayi
MyMmMKiH. Makanada convimen kamap Makpo Kedip-0yovlpOvly 6emKi bli2aioblly HCUHATYbIHA
bIKnanl ememin akmopaapovly 6ipi pemindeci poni, acipece HcabObIHHbIY MOMeHOeYIiHOe
manoanaovl. byn wvinzan aazovl scazoatioa Kamvin, MY30aHyovly 6Acmanisbl auMakmapul
KYpaiiosl, coOaH KeliH olap KeJIK ablHbIHblY acepiHeH Kobeuedi. Mynoail yuackenep
MAan2aKMulKMblY HCOAPLIAYLIHLIY OUARBIHA AUHANAObL, OY1 HCON MeceMoepin Hcobdanay,
Kymin ycmay J#caHe KblCKbl OH0ey Ke3iHoe muicmi wmapanapobl Kabwvlioayobl maian emeoi.

Tyiiin ce3aep: owcon-kiumammelx Hcazoaurap, Kap-my3ovly namoa 0601yvl, KapowlH
Opaybl, Kap MEXaHUKacsl, KO32AAbIC HCHLIOAMOBIRbL, HCAOLIHOAPObIH KeOIp-0Y0bipibiebl
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AHHOTAIUSA. B dannoli cmamve paccmampusaiomcs, Kioyesble dcneKmol, eiusioujue
HA CHUMCEeHUe KOdPuyuenma cyenienus asmomooOUIbHbIX WUH ¢ OOPONCHLIM NOKPLIMUEM 8
sumnux ycnogusx. Ocoboe eHUMaHue yOeniemcs GIUAHUI0 PA3IUYHBIX MUNOE CHEN’CHO-
JICOSIHBIX  0OPA306AHUL, A MAKI’CEe CKOPOCMU OBUNCEHUS. MPAHCNOPMHBIX CPEOCme HA
xapaxmepucmuku cyennenus. C nOMOWbIO pacuemHuvlx Memooo8 8 Cmamve YCMAaHO8IeHA
3aeucumocms  Mexcoy — Kodgguyuenmom — cyenienus U CKOPOCMbIO  OBUINCEHUS
MPAHCNOPMHO20 CPEOCMBA. YCMaHOBIeHo, Ymo npu yeeiudeHuu CKOpocmu Habaooaemcs
MeHOeHYUsi K CHUJMCEHUI0 Kod(duyuenma cyenienus, O0COOCHHO HA NOKPLIMUSX,
NO0BEPHCEHHBIX 00NCOeHEHUIO UU 00PA308AHUI0 CHENCHO20 Hakamd. Dmo 00biACHsemcs
VMeHblUeHUeM 8peMenU KOHMAKmMA WUHbL ¢ NOBEPXHOCMbIO O0PO2U U POCIOM OUHAMUYECKUX
HAcpy30K, KOMopbvle CHUNCAIOM IPPeKmusHoCms  83aUMOOeCmEusi npomeKmopa ¢
wepoxogamocmvio nokpvimus. OmoenbHoe SHUMAHUE 8 UCCIe008AHUU YOeleHO pazmepy
WebHsl, UCNOIb3YEeMO20 8 COCMABE OOPOICHO20 NOKPLIMUSL. Y CmMAano81eHo, ymo KpynHOCmbs U
Gopma  3epen  MUHEPATbHO2O MAMEPUANd HANPSIMYIO  GIUSAIOM HA  MEKCMmypy U
MAKpOULepoxXo8amocms O0POACHOU nogepxnocmu. Yem eviule MAKpoOuwepoxo8amocms —
mem Jyuue OPEHAdNCHble CEOUCMEA NOKPLIMUS, 4MO NPEensimcmeyem CKONJIEHUo 600bl U,
COOMBEMCMBEHHO, CHUNCAEN 8ePOSIMHOCIb 00PA306AHUSA 1b0A ULU CHEJCHO20 Hakama. B
mo Jice 8pemsl, CIAUWKOM KDPYNHbIU WebeHb MOJCem Npugooums K ObICIPOMY UBHOCY
NOKpbIMUsL U YXYOULEHUI) CYENHbIX KA4eCme Npu HaCmMUudHOM PA3pyuleHuu CmpyKmypbl
8epxHeco cnos. B cmamve makoice npoanHanuzupo8ana poib MAKpoOuEpoXo8amocmu Kax
00HO20 U3 (PAKMOpos, CNocoOCMEYIOWUX HAKONIEHUI) NOBEPXHOCMHOU 61a2u, 0COOEHHO 6
NOHUJICEHUSIX MeCmax NOKpblmus. Dma 61aea 6 YCI08UiX OMpUyameibHblX MmeMnepamyp
3amep3aem, 00pa3ysi HAYAIbHLIE VUACMKU 00JIe0eHeHUs, KOMOpble 3ameM YEeaudueaomcs
noo  oelicmeuem MpPAHCNOPMHO20 nomoxa. Taxue yuacmku CMAHOBIMC —04deaMU
NOBBIUEHHOU  CKOJIb3KOCMU, 4MO mpedyem NpuHsmus CcOOmeemcmeyiouux mep npu
NPOEKMUPOBAHUL, COOCPHCAHUU U 3UMHEL 00PAOOMKe 0OPOI’CHBIX NOKPBLMUIL.

KiawueBble  cioBa:  dopoowcHo-KaumMamuieckue — YCI08Usl,  CHEHCHO-NE0AHOe
006pazoeanue, CHeJ}CHuIU HAKaAm, MeXaHukd CHe2d, CKOPOCHb OBUINCEHUS, UWEPOX08AMOCMU
NOKpbIMUU
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1 INTRODUCTION

The aim of this study is to identify the factors affecting the reduction of tire-road friction in
winter conditions and to determine the relationship between the friction coefficient, vehicle speed,
and pavement characteristics. This task is addressed in the field using the PKRS-2U dynamometric
trailer, which was employed to measure the friction coefficient on various types of road surfaces.

An analysis of both international and domestic research shows that one of the main causes of
road traffic accidents (RTASs) on federal highways — as well as on republican roads in CIS countries
— is the impact of accompanying road conditions, namely climatic factors. However, despite the
overall increase in the number of RTAs, since 2023 there has been a decrease in accidents caused by
adverse road conditions on republican roads in Kazakhstan. For instance, while the number of such
accidents reached 325 cases in 2011, by 2022 this figure had decreased to 214, a 1.5-fold reduction.
This trend is associated with the region’s climatic conditions and the operational and technical char-
acteristics of the road infrastructure. The key factor influencing accident rates in this context is the
pavement surface friction coefficient.

On January 3 at 13:28, a massive traffic accident involving 95 vehicles occurred simultane-
ously at the 104th kilometer of the Astana—Shchuchinsk highway, near the village of Zhanatalap
(Figure 1a). According to the Road Police, the cause of the accident was drivers' failure to comply
with traffic regulations — specifically, excessive speed and insufficient safe following distance.
However, drivers expressed a different opinion, placing the blame on the road maintenance services.
Regardless of these differing perspectives, in practice, during snow removal operations on high-
ways, the outer edges of the roadway are often not fully cleared of snow. As a result, the remaining
snow is easily compacted by vehicle tires into a snow-ice layer (Figure 1b), with a surface friction
coefficient dropping to 0.1 or even lower.

Figure 1. Large-scale traffic accident at km 104 of the Astana—Shchuchinsk highway (a);
snow-ice layer remaining uncleared from the edge of the roadway (b) (Automotive News, 2025).

As a result of this large-scale vehicle collision, road operator KazAvtoZhol reported that traf-
fic on this section was suspended from 13:28 until 23:50. According to the requirements of ST RK
1279-2013 and PR RK 218-27-2014, the maintenance quality of such a road section is classified as
hazardous.

The issues of ensuring adequate tire-road friction in winter conditions have been extensively
studied both in the CIS countries and abroad. Significant differences in approaches between coun-
tries are determined by regional climatic conditions, traffic intensity, and the standards applied for
winter road maintenance. (Lobanov, 2019)

In countries with prolonged winter periods, primary attention is given to experimental studies
of the tire-road friction coefficient on various types of snow and ice formations. Field measure-
ments are widely conducted using specialized towed devices and friction measurement instruments.
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Several studies also examine the influence of pavement macrotexture and the effectiveness of anti-
icing materials. (Kingeri, et al.,1996, Titova, 2015)

The speed of vehicles on a roadway is one of the key indicators of its user performance

characteristics and a major factor influencing road traffic safety. (Chvanov, 2011) Methods for en-
suring traffic safety during the design of new roads, their reconstruction, repair, and maintenance of
existing infrastructure are widely studied, with particular attention given to the role of traffic man-
agement measures in improving road safety (Babkov et al., 1978).
Combined approaches to assessing the transport-operational condition of roads include evaluation
of the route based on key technical parameters and characteristics (Kuznetsov, 2022).
The technical level and operational condition of a road must comply with regulatory standards and
ensure all necessary conditions for accident-free traffic situations (Kurakina, 2014).

Based on the analysis of a large dataset of measured vehicle speeds and road accident statis-
tics, it was found that the lowest risk of traffic accidents occurs within the speed range of 85-90%
of the maximum permitted speed. This range represents the safest speed for traffic flow and has
been adopted in modern standards as the design speed for determining the values of geometric road
elements (Kiyalbaev et al., 2023, Kutela et al., 2025).

2 MATERIALS AND METHODS

The study utilized data from field measurements of the tire-road friction coefficient on various
types of snow and ice formations along the Kostanay—Surgan highway (km 40-82 and km 89-103).
Based on these field measurements, calculation methods were also applied, relying on the analysis
of well-established theoretical relationships describing the interaction between the tire and the road
surface.

Influence of pavement friction coefficient on vehicle speed. On dry and clean pavement sur-
faces, at a vehicle speed of 60 km/h, the friction coefficient on straight road sections ranges from
0.65 to 0.70 (the friction coefficient was measured under field conditions using a PKRS-2U dyna-
mometric trailer). As the vehicle speed increases from 60 to 80 km/h, the friction coefficient de-
creases by approximately 0.05 to 0.10. According to (Kuznetsov 2022, De Vos et al., 2023) the
minimum permissible friction coefficient during road operation — including for stopping lanes —
must not fall below 0.4 at a speed of VV = 60 km/h on wet pavement, across the full width of the car-
riageway.

The roughness and condition of the roadway surface must ensure an adequate level of tire-
to-pavement adhesion, which is characterized by the friction coefficient. The friction coefficient
must be > 0.3 when measured with a smooth (treadless) tire and > 0.4 when measured with a tire
having a tread pattern. (Yesbolat et al., 2025)

The indicator of pavement grip and surface roughness — known as the relative friction coef-
ficient (or slip coefficient) — is calculated as the ratio of the actual measured friction coefficient

(¢f) to its permissible value (¢p) (Melnikov, 1974):

K =251 )

Cc
Po
where
K. - slip coefficient;
ot - actual friction coefficient;
op -permissible (minimum required) friction coefficient.

The friction coefficient depends on the type and condition of the pavement, tire type and con-
struction, tread pattern, pavement wear, vehicle speed, wheel load, temperature, and other factors
(Figure 2, Table 1).

The most significant influences are the pavement type and condition, as well as vehicle speed.
Therefore, for an objective assessment of road conditions, the friction coefficient should be meas-
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ured at a standardized speed of 60 km/h in each case. Tabulated friction coefficient values should
only be used for approximate calculations.
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Figure 2 — Dependence of the friction coefficient on vehicle speed for pavements with different roughness:
1 — sand asphalt concrete; 2 — dense-graded asphalt concrete;
3 — surface treatment (author’s materials)

Table 1 - Values of friction coefficients and friction adjustment factors (author’s materials)
Pavement condition

p Referenqe (dry) Wet (clean) Wet (dirty) Loose snow Compacted Ice
avement coating snow
Pn b, Pn b, Pn b, Pn b, Pn b, @by
1 2 3 4 5 6 7 8 9 10 11 12 13
0.65- 0.40- 0.15- 0.001- 0.20- 0.08- 0.00
Cement concrete 0.80-0.85 0.002 0.70 0.0035 045 0.0025 035 0004 050 0.0025 015 2
Asphalt concrete with 0.60- 0.45- 0.15- 0.001- 0.20- 0.10- 0.00
surface texturing 0.80-0.85 0.0035 0,65 0.0035 0.55 0.0035 0.35 0.004 0.50 0.0025 020 2
Hot-mix asphalt con-
. 0.50- 0.35- 0.15- 0.001- 0.20- 0.08- 0.00
cretewnhoqtsurface 0.80-0.85 0.002 0.60 0.0035 0.40 0.0025 035 0004 050 0.0025 015 2
texturing
. 0.40- 0.30- 0.12- 0.001- 0.20- 0.08- 0.00
Cold mix asphalt ~ 0.60-0.70 0.005 0.50 0.004 035 0.0025 030 0004 050 0.0025 015 2
Black crushed stone
and black gravel sur- 0.50- 0.30- 0.15- 0.001- 0.20- 0.10- 0.00
faces with surface 000070 0004 g5y 0004 ga5 00025 a5 go0sa 050 9002 920 2
texturing
Black crushed stone
and black gravel sur-
: 0.40- 0.25- 0.12- 0.001- 0.20- 0.08- 0.00
faceswnhogtsurface 0.50-0.60 0.004 0.50 0.005 0.30 0.003 030 0004 050 0.0025 015 2
texturing
Crushed stone and 0.55- 0.30- 0.15- 0.001- 0.20- 0.10- 0.00
gravel pavements 0.60-0.70 0.004 0.60 0.0045 0.32 0.003 0.35 0.004 0.50 0.0025 015 2
. 0.25- 0.12- 0.001- 0.20- 0.08- 0.00
Improved soil 0.40-0.50 0.005 0.40 0.005 0.20 0.003 030 0004 050 0.0025 018 2

Table 1 presents the values of the friction coefficient at a vehicle speed of 20 km/h for tires
with standard tread patterns. Friction coefficient values at other speeds are as follows:

pw= pa0—P,(V-20) )
where
Bo - speed adjustment factor for friction characteristics (depending on pavement type and
condition);
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@0 - friction coefficient at 20 km/h;

V- vehicle speed.

As shown in Equation 2, the coefficient of friction depends on the pavement condition and
the vehicle speed. Based on this, the maximum allowable speed on a horizontal section and on an
incline, considering the wheel-to-road adhesion and rolling resistance, can be determined as follows
(Kurakina, 2014, Lobanov, 2019):

PRI P fy! 120
mpet K ©

where (Ks) is the adhesion weight coefficient (0.5-0.55 for passenger cars, 0.65-0.75 for

trucks).

It should be noted that regulatory documents usually provide values of the coefficient of fric-
tion at a speed of 60 km/h. In this case, to adjust to a different speed, one can also use Equation 2
by substituting ¢20 with @eo, and the speed of 20 km/h with 60 km/h.

», = (0-5_0'85)'(01 4)

The condition of road surfaces is assessed by qualitative characteristics: dry, damp, wet (clean
and contaminated), snow-covered (with loose snow or compacted snow layer — snow pack), ice
glaze, etc.

0.2

0.6

9 %‘\”@‘N&

0.3

Friction coefficient

0.2

0.1

o

o 20 40 60 80 100 120 140
Speed, km'h
Figure 3 — Graph of vehicle speed reduction depending on the pavement friction coefficient (author’s materials)
1-snow-ice pack; 2- dry pavement (author’s materials)

The frictional properties of pavements are primarily determined by surface roughness, which
should ensure high friction coefficients (¢max) throughout the pavement’s service life, rapid drainage
of water from the roadway, minimal seasonal and cross-sectional variation in the friction coefficient
(omin), reduced tire tread wear, and an optimal noise level. Pavements whose surfaces have a mean
profile depth of at least 1.5 mm best meet this set of requirements (Kiyalbayev et al., 2020, Yes-
sentay et al., 2021).

3 RESULTS AND DISCUSSION

The mechanics of snow and ice formations on the highways of Kazakhstan are highly hetero-
geneous due to the diverse climatic and topographic conditions across the country. Meteorological
parameters in the regions depend on the degree of influence and intensity of temperature fluctua-
tions, air humidity, precipitation amounts, as well as wind direction and frequency throughout the
winter period. (Shen et al.,2023, Yashina 2019)
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For example, dry snow pack forms as a result of the rolling and compaction of freshly fallen
snow. When a vehicle wheel rolls, the tread points move along cycloidal paths, pushing and drag-
ging air ahead of them. As a result, air becomes trapped in front of the contact patch between the
tire and the road, creating a zone of increased pressure. The magnitude of this pressure depends on
the wheel diameter, tire width, and the square of the vehicle’s speed (Figure 4b).

a) b)

\
\

e % (I | AN
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Figure 4 — Snow and ice formations on the pavement surface of the Kostanay-Surgan highway
a — snow cover, section km 40-82;
b — snow pack, section km 89-103 (author’s materials)

The hardness of snow increases with its density over time, depending on the air humidity. A
decrease in ambient temperature also leads to an increase in snow hardness. As the temperature
drops, the hardness of snow increases more significantly with higher density. At a density below
0.200 t/m3, there is no bonding between individual snowflakes. At —20°C, the hardness of unmixed
snow is half that of mixed snow. For the same snow density, its hardness increases as the tempera-
ture decreases. (Yessentay, 2021)

Snow hardness characterizes its resistance to penetration by a solid body. Snow hardness in-
creases as a function of time with increasing density. Lower ambient temperatures also contribute to
an increase in snow hardness (Table 2). Table 3 presents data on snow density, hardness, and shear
resistance, which are research results obtained by Kazakh Automobile and Road Institute research-
ers on the highways of Kazakhstan.

Measurements were carried out on road sections with various types of snow cover and snow
compaction under subzero ambient temperatures. Air temperature and snow cover conditions were
recorded at the time of each measurement. Snow density was determined using standard field meth-
ods by collecting samples of a specified volume and subsequently weighing them, which allowed
the assessment of changes in snow density over time.

Snow hardness was measured as the resistance to penetration of a solid body using mechani-
cal penetrometer-type devices. Measurements were repeated multiple times at each site, and the ob-
tained values were averaged. This procedure made it possible to establish the relationship between
snow hardness, its density, and the ambient temperature, with the results presented in Table 2.

Snow shear resistance was determined by interacting a cutting element with the snow surface.
Measurements were conducted at various values of snow density and hardness obtained during field
observations. The results of snow density, hardness, and shear resistance measurements are summa-
rized and presented in Table 3.

Table 2 — Snow hardness values depending on air temperature (author’s materials)

Temperature, °C from ;fé Cto- -6 -10 -15 -18

Hardness, MPa 0.30 0.45 0.90 1.60 2.25
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The theory of particle embedding of friction materials in ice. As shown in Table 3 and Figure
5, at a macrotexture height of up to 1.5-2 mm, a clean embedding of these particles into the tire
tread rubber is observed (Figure 6a), meaning that the contact area is maximized, and consequently,
the adhesion component is also at its maximum.
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Figure 5 — Effect of surface roughness height on the relative wheel-to-pavement contact
(author’s materials)

Table 3 — Snow density, hardness, and shear resistance (author’s materials)

Specific shear re-

Snow cover characteristic Density, t/m3 Hardness, MPa -
sistance, MPa

Very loose, freshly fallen 0.010-0.200 0.02 0,001

Loose, weakly compacteq, freshly fallen, wind- 0.220-0.300 0.02-0.1 0.005-0.01

deposited

Compacted, freshly fallen 0.300-0.400 0.2-0.4 0.01-0.02

Old, settled 0.480-0.520 0.4-0.5 0.025-0.08
Fine-grained avalancgzssow, compacted snow 0.550-0.700 0.5-0.7 0.1-05
Snow-ice pack 0.700-0.950 - 1.0-25

A large macrotexture height will cause the protrusions of the particles to no longer fully em-
bed into the tire tread rubber (Figure 6 b). The tire will roll over them, which consequently reduces
the actual contact area. Thus, on snow-covered pavements, the macrotexture height should be main-
tained up to 1.5-2.0 mm, and taking into account possible surface irregularities and precipitation, up
to 3 mm.

Wheel Roadde-icingagents Snow-ice buildup

74 7 S /7
a) b)

Figure 6 — Variants of wheel-pavement interaction at different roughness heights
a— macrotexture height up to 2 mm;
b — macrotexture height greater than 2 mm (Kuznecov, 2022)
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Driving conditions during adverse meteorological events are significantly more challenging
compared to dry, clean pavements and shoulders. These differences are influenced by several fac-
tors, the main ones being: the reduction of pavement friction properties depending on vehicle speed
and changes in vehicle-road interaction; deterioration of pavement smoothness due to precipitation,
ice glaze, fog, high humidity, and other factors. (Moldamuratov et al., 2022)

When rain falls, a layer of water forms on the pavement surface, which begins to noticeably
affect friction characteristics at film thicknesses greater than 0.2 mm, reducing the adhesive compo-
nent of the friction force. (Yespaeyva et al., 2019)

The coefficient of friction sharply decreases during the initial phase of rainfall when a dense
lubricant film forms on the surface. After the dirt is washed away by the rain, the friction coefficient
somewhat increases.

In road engineering practice, the reliability of contact between the vehicle tire and the pave-
ment is characterized by the tire’s slip resistance on the road surface, which is evaluated by the fric-
tion coefficient. (Kosenko et al., 2019)

The obtained data indicate the necessity for strict monitoring and speed regulation under win-
ter conditions to prevent accidents related to loss of wheel traction. Special attention should be giv-
en to speeds above 40-50 km/h, where friction properties sharply deteriorate, increasing the risk of
skidding and slipping. Moreover, the results emphasize the importance of regular application of an-
ti-icing materials to road surfaces, which enhances traction and reduces accident risk. The imple-
mentation of adaptive speed limits and informing drivers about road conditions and recommended
speeds will help improve traffic safety. It is also important to note that the technical condition of the
vehicle, including the selection and proper maintenance of winter tires, plays a crucial role in ensur-
ing adequate traction and safety. Overall, the study confirms that to maintain friction properties and
ensure safety on winter roads, vehicle

4 CONCLUSIONS

1. The study establishes a quantified relationship between vehicle speed and the reduction of
frictional properties on icy pavements. Experimental results demonstrate that friction performance
on icy surfaces is significantly lower than on snow-covered or anti-icing treated pavements. A key
scientific contribution of this research lies in identifying that the rate of adhesion loss with increas-
ing speed is substantially higher on smooth ice surfaces compared to other winter mokperTus types,
highlighting the critical role of surface microtexture under dynamic loading conditions.

2. In addition to speed, the study systematizes the influence of tire tread condition, tire pres-
sure, and other operational factors on the friction coefficient. It is shown that tire pressure directly
affects the tire—pavement contact area, thereby modifying slip resistance. The research expands ex-
isting knowledge by integrating pavement condition classifications (dry, damp, wet, snow-covered,
slippery) with dynamic speed-dependent friction behavior, enabling a more comprehensive assess-
ment framework for winter road safety management.

3. Anovel practical finding of the study is the quantified increase in braking distance associ-
ated with speed growth under winter conditions. The results indicate that at approximately 50 km/h,
braking distance more than doubles compared to 20-30 km/h on icy surfaces. This confirms the
nonlinear character of friction degradation and substantiates the necessity for adaptive speed regula-
tion models during winter operation.

Thus, the scientific novelty of the work consists in establishing a speed-dependent model of
adhesion reduction on winter pavements, identifying surface-specific differences in friction degra-
dation, and providing a basis for dynamic traffic safety regulation under seasonal conditions.
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