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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.

Keywords: road and climatic conditions, snow and ice formation, snow rolling, snow
mechanics, speed of movement, surface roughness

*Corresponding author
Gulnara Bektursunova, e-mail: kamila_19jule@mail.ru

https://doi.org/10.51488/1680-080X/2026.1-10
Received 18 December 2025; Revised 30 January 2026; Accepted 03 February 2026

153


mailto:kamila_19jule@mail.ru
https://doi.org/10.51488/1680-080X/2026.1-10
https://doi.org/10.51488/1680-080X/2026.1-10
https://orcid.org/0000-0003-2635-4512
https://orcid.org/0009-0005-9478-8314
https://orcid.org/0000-0002-3068-3856
https://orcid.org/0000-0001-7228-4813
https://orcid.org/0000-0003-3126-7237

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Nel (99), 2026. Construction

O0X 625.82
FTAMP 73.31.11
FbIJIbIMN MAKAJTA

KBICKbI TAUFAK KAF TAVMBIHJIA KOJIIK
KYPAJIJTAPBIHBIH KO3FAJIBIC KBIJITAMIBIF BIHBIH KOJI
’KABBIHJIAPBIHBIH IJITHICY KACUETTEPIHIH
TOMEHJIEYIHE OCEPI

I.C. Bextypeynoat @ | A K. Kapumoaes' @ |
O.K. Kusi6aes’®  TA. Ecnaepa?® , HOK. Manandexos® @

1 J1. B. Tonuapos arsirnarsl Kazak aBToMmo6mib-x01 uHcTUTyTH, 050061, AnmMarsl, Kasakcran
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Anparna. bAyn wmaxanada Kvlc Mes2iliHOe ABMOMOOUNL  WUHALAPLIHBIY — JHCOT
mecemimen Oauianvicy Kodpguyuenminiy memenoeyine acep ememin Helizei acnekminep
Kapacmulpviiaovl. Kap-my3 my3zinimoepiniy apmypni mypiepiuiy, COHOQU-aK KOaIK
KYDALOAPLIHBIY KO32ANbIC HCHLIOAMOBIRLIHLIY IIHICY CUNAMMAMALApbiHA dcepine epeKuie
Hazap ayoapwvinaowvi.Ecenmey adicmepiniy kemeciMen Makaiaoa ininicy koagouyuenmi meu
KOIK KYPAIbIHbIY HCLLIOAMObIZbL APACLIHOARbL OAULAHBIC OpHAMbBLIEAH. KblidamoviKkmbvly
JHCORAPBLNAYLIMEH INIHICY KOIPPuyueHminiy memenoey meHOeHYUusACvl 0alKanaosl, acipece
My30aHyea Hemece Kapowuly nauoa 001yviHa Oeuim dcabvinoapoa. Byn wunanviy dHcon
bemimeHn JCaHacy YakblMblHbIY A3AI0bIHA  JHCIHE NPOMeKmopobly HCabbIHHbIY Kedip-
OYObipbiMer apekemmecy MUIMOLNIcIH MOMeHOememin OUHAMUKATLIK HCYyKmemenepoiy
ocyine OaulnaHvicmbl. 3epmmey JHCON  AHCAMBLIRBICHIHBIY — KYPAMBIHOA — KOJOAHLLIAMbIH
KUbIPUBIK MACmbll MOulepine epexuie Hazap ayoapaovl. Munepanovl mamepuan 0aHOepiHiy
Ménuepi MeH NIWIHI JHcon GemiHiy KYPbLIbiMbl MEH MAKpo Kedip-OYouipblHa miKenell acep
ememini anbikmanovl. Makpo kedip-OyObIpvblK HeYpabiM Hcoapbl 00Jcd, HCAObIHHBIY
OpeHadCcOblK Kacuemmepi CORYPIbIM HCAKCbl 001a0bl, DY CYObIH HCUHATYbIH DON0bIPMALIObL
JiICoHe CaliKeCiHue MY30bly HeMece Kapobly nauoa 6oy mMymkinoiein azatimaodvl. CoHblMeH
Kamap, molM YIKeH KUbIPUIbIK MAC JHCAOBbIHHbIY Me3 MO3YblHA JHCIHE HCO2apebl Kabam
KYDOLILIMbIHLIY,  [WIHAPA OY3blIyblMeH OalllaHblc KACUemmepiHiy HAWapiayblHa dKeryi
MyMKiH. Makanaoa conwvimen Kamap mMaxpo kedip-0yovipoviy OemKi bli2aiobly HCUHALYbIHA
bIKNan ememin ¢haxmopaapoviy 6ipi peminde2i peoii, acipece HCAObIHHLIK, MOMeHOeyiHOe
manoanaovl. byn vinzan aazoel scagoatioa Kamvln, My30anyovly 6acmankvl auMaKmapuli
KYpaiiovl, co0aHn KeliH o1ap KejiK ablHbIHbIY acepinen kobetiedi. Mynoaii yuackenep
MAUaKmMulKMblY JHCORAPLLIAYLIHLIY OUWABLIHA AUHANAObL, OY JHCONL Mecemoepin xcobanay,
Kymin ycmay dcaue KbiCKbl o40ey Ke3iH0e muicmi uapaiapovl Kaowulioayovl maian emeoi.

Tyitin ce3nep: orcon-krumammolx dHcazoainap, Kap-my30biy namoa 601ybl, Kapobly
Opaybl, KAp MEXAHUKACHl, KO32ANbIC HCHLIOAMOBIZL, HCAOBIHOAPObIH Kedip-O0YOblpIbl2bl
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BJIUSITHUE CKOPOCTMH JIBUKEHUS TPAHCIIOPTHBIX
CPEJICTB HA CHUKEHUE CHEITHBIX KAUECTB
JTOPOKHBIX MIOKPBITHUHN B YCJIOBUSX

3SUMHEM CKOJIB3KOCTH
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AHHOTAIMA. B dannoil cmamve paccmampuearomcs Kuouedble dcneKmol, Gausioujue
HA CHUMICEHUe Kodhhuyuenma cyenyienusi agmomMoOUTbHbIX WUH C OOPOICHBIM NOKPLLMUEM 6
sumnux ycnosusx. Ocoboe enHumanue yOeniemcs GIUSHUIO PA3IUYHBIX MUNOE CHENCHO-
JIOSIHbIX  00pPA3068aHULl, A MAKICe CKOPOCMU OBUINCEHUsT MPAHCHOPMHLIX CPEOCmE HA
xapaxmepucmuku cyennenus. C noMowbio pacuemuvlx Memooos8 8 Cmamve YCMAaHOBIeHA
3A6UCUMOCb — MeXCOY  KOIP@uyuenmom  cyenienus U  CKOPOCMbIO  OBUNCEHUs.
MPAHCNOPMHO20 CPEOCMBA. YCMAHOBIEHO, YMO NPU VEEIUHEHUU CKOPOCU HADII00aemcs
MeHOeHYyusi K CHUJICeHUl0 Kod(ppuyuenma cyenienus, 0COOEHHO HA  NOKPLIMUSX,
NO0BEPIHCEHHBIX 001e0eHEeHUI0 UTU 00PA308AHUI0 CHENCHO20 HaKamd. Imo 00bACHAemCs
VMeHbUeHUeM 8PeMenlU KOHMAKMA WUHbL ¢ NOBEPXHOCMbIO O0PO2U U POCIOM OUHAMUYECKUX
HA2PY30K, KOMOpble CHUNCAIOM  3pGexmusHocms  83aumMo0eticmeust npomexKmopa ¢
uepoxosamocmvito nokpvimusi. Omoenvhoe HUMAHUE 6 UCCIEO08AHUU YOCLEeHO pPa3Mepy
wiebHsl, UCNONB3YEeMO20 8 COCMABE OOPONCHO20 NOKPLIMUSL. Y CmMaHos1eHo, ymo KpYRHOCHb U
Gdopma  3epen  MUHEPANbHO20 MAMEPuald HAnpsIMylo GIusiom HA — MeKCmypy u
MAKpOUepoxo8amocms O0PONCHOU NosepxHocmu. Yem evlue MAKpoOUIepoxo8amocms —
mem jyyuie OPeHAdICHble C8OUCMBA NOKPLIMUsL, 4O NPEnsmcmeyem CKONJIEHUIo 600bl U,
COOMBEMCMBEHHO, CHUNCAEN 8EPOSIMHOCTb 00PA308AHUSL 1bOA UNU CHENCHO20 Hakama. B
Mo Jice 6pemMsl, CIUUKOM KPYNHbIU WeOeHb MOodcem Npugooums K OblCMpoM)y UHOCY
NOKpbIMusL U YXYOUEHUIO CYENHbIX KA4ecmé Npu HaCMUYHOM PA3PYULeHUU CMpPYKMypol
sepxHe20 clos. B cmamve makowce npoananuzuposamna poib MAKpouLepoxXo8amocmu Kaxk
00H020 U3 (pakmopos, cnocooCmayIUUx HAKONIEHUIO NOBEPXHOCMHOU 81dcu, 0COOEHHO 8
NOHUNCEHUSX MeCmax NOKpvlmus. Oma e1aza 8 YCIO08UAX OMPUYAMETbHbIX MeMnepamyp
3amep3saem, 00pa3zys HAYAIbHbIE YHACMKU 00JIe0eHeHUsl, KOMOopble 3amem YEeauduearomcs
noo oelicmseuem MPAHCNOPMHO20 NOMoKa. Taxkue yuyacmku CMAHOBAMCA 04deaMuU
NOBLIUWEHHOU  CKOIB3KOCMU, YMO mpebyem NpUuHImus COOMEEMCmeylowux mep npu
NPOEKMUPOBAHUU, COOEPIHCAHUU U 3UMHE 0OPAOOMKe OOPONHCHBIX NOKPLIMUIL.

KiroueBble  cioBa:  0opoodicHO-KIUMamuieckue  YCIOBUS,  CHENCHO-Ie0aHOoe
00pa306anue, CHEICHLIL HAKAM, MEXAHUKA CHe2d, CKOPOCMb OBUICEHUS, WEPOX08AMOCMU
NOKpbLMUU
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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.

ST e 0 L L L QL

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)
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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.
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 V = 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

(9r) to its permissible value (¢p) (Melnikov, 1974):

K =251 0
Py

where

K. - slip coefficient;

s - actual friction coefficient;
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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-
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)

80
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Table 1 - Values of friction coefficients and friction adjustment factors (author’s materials)

Pavement condition

Referenge (dry) Wet (clean) Wet (dirty) Loose snow Compacted Ice
Pavement coating snow
Pn b, Pn b, Pn b, Pn b, Pn b, on__ 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 0.45 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
cretewﬂhoqtsurface 0.80-0.85 0.002 0.60 0.0035 0.40 0.0025 035 0004 0.50 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 0.35 0.0025 030 0.004 0.50 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  0'00°0-70 0004 5 g5 0004 525 00025 a5 0004 050 9092 g20 2
texturing
Black crushed stone
and black gravel sur-
. 0.40- 0.25- 0.12- 0.001- 0.20- 0.08- 0.00
faceswnhoqtsurface 0.50-0.60 0.004 0.50 0.005 0.30 0.003 030 0.004 0.50 0.0025 015 2
texturing
Crushed stone and 0.55- 0.30- 0.15- 0.001- 0.20- 0.10- 0.00
gravel pavements 0.60-0.700.004 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
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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= p20-P,(V—20) (2)
where
Bo - speed adjustment factor for friction characteristics (depending on pavement type and
condition);

@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):

Moo~ fzo_l +20

:_m'ﬂ'(p+Kf 3)

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 @so, and the speed of 20 km/h with 60 km/h.

¢, =(05-085) ¢, @)
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
0.8
g 0.7 '\-\'\"<2
£ os
3 [
2 05 —*
:g 0.4 R\ﬁ = e
- 0.3 L‘*\_
0.2
0.1
0
o 20 40 60 80 100 120 140
Speed, kw'h

Figure 3 — Graph of vehicle speed reduction depending on the pavement friction coefficient (author’s materials)
1-snow-ice pack; 2- dry pavement

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
(pmin), reduced tire tread wear, and an optimal noise level. Pavements whose surfaces have a mean
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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)

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 4Db).

7Z /i f '[~ \n \ &
B /// ui“\&\\

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/m?, 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-
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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 3%:(1: Cto- -6 -10 -15 -18

Hardness, MPa 0.30 0.45 0.90 1.60 2.25

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 compacte(_j, freshly fallen, wind- 0.220-0.300 0.02-0.1 0.005-0.01

deposited

Compacted, freshly fallen 0.300-0.400 0.2-04 0.01-0.02

Old, settled 0.480-0.520 0.4-0.5 0.025-0.08
Fine-grained avalanche snow, compacted snow 0.550-0.700 0.5-0.7 0.1-0.5

pack

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
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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

2l V74 /7 N / %

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)

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 moxpsiTHs types,
highlighting the critical role of surface microtexture under dynamic loading conditions.
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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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