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Abstract. This article presents part of a model study on the abrasion resistance
of an anti-icing agent impregnation composition, related to the calculation and
modeling of stresses transmitted by a model wheel to a concrete road, taking
into account actual indicators and scaling. The aim of the research was to assess
the normal stresses arising from the impact of motor vehicles, taking into
account the variability of the contact patch resulting from a decrease or increase
in tire pressure. Calculations were performed for different types of vehicles,
from bicycles to trucks, which were conditionally divided into categories A1-A5
(in ascending order of vehicle weight). The calculation results are presented as
ranges of normal stresses on the road surface caused by the operation of motor
vehicles, depending on their type and standard load capacity. The calculations
were performed using the linear graph method of universal tire characteristics,
taking into account normal deflection and variable potential pressure in the tire.
The obtained calculation results will allow for more accurate development of
calculation schemes in numerical or large-scale modeling of road situations.
Keywords: abrasion, contact patch, icing, modeling, road surface, tension,
pressure.
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Introduction.

Road construction plays a key role in the economic development of any country, ensuring
territorial connectivity, mobility of the population, and the stable functioning of logistics systems.
The quality and durability of road infrastructure directly affect transportation efficiency, safety
indicators, and long-term maintenance costs. In modern road construction practice, particular
attention is paid not only to structural strength but also to operational reliability under varying
climatic conditions. The emphasis is on creating safe and comfortable traffic conditions while
ensuring the long service life of pavement structures with minimal repair interventions.
Technologies for constructing cement concrete and asphalt concrete pavements are widely used
in the modern road industry [1]. The selection of pavement type depends on traffic intensity,
climatic factors, economic considerations, and lifecycle performance requirements. Cement
concrete roads possess a number of significant advantages compared to asphalt concrete
pavements, including extended service life, high compressive strength, resistance to rutting, and
improved performance under repeated freeze-thaw cycles [2]. Their structural rigidity allows for
more uniform load distribution, which is especially important under heavy traffic conditions. In
addition, cement concrete pavements demonstrate relatively stable mechanical characteristics at
elevated summer temperatures, where asphalt pavements may experience softening and
deformation. Despite these advantages, cement concrete pavements also have certain limitations.
One of the most critical issues in cold regions is the formation of ice on the road surface at low
temperatures, which significantly reduces skid resistance and poses a serious threat to traffic
safety [3]. The relatively smooth surface texture of concrete and its hydrophilic nature contribute
to water retention and subsequent icing under freeze-thaw conditions. In regions with prolonged
winter periods, this problem becomes particularly acute. Although accident statistics during
winter months do not always show a dramatic increase in the total number of road accidents
compared to other seasons, the nature and causes of accidents differ substantially. In warmer
periods, road accidents are typically associated with driver behavior, vehicle condition, or traffic
density. In winter, however, an additional and often decisive risk factor emerges — icing of the
pavement surface [4]. Even at minimum permissible speeds, vehicles may lose traction due to
reduced adhesion between tires and the icy surface. Sudden skidding and loss of vehicle control
can occur even under seemingly stable driving conditions. Therefore, preventive measures aimed
at reducing ice formation and ice adhesion to the pavement are of considerable practical
importance. Currently, the most widespread approach is the chemical method, which involves
treating road surfaces with solid or liquid reagents that lower the freezing point of water and
prevent ice formation. Combined methods, such as sand-salt mixtures, are also widely used.
However, chemical reagents may accelerate pavement degradation, contribute to reinforcement
corrosion, and negatively affect the environment [5]. The structural method focuses on modifying
the surface layer of the pavement itself by introducing materials or coatings with inherent anti-
icing properties. Although this approach can provide longer-term performance, it typically
increases construction costs and requires careful technological implementation. Given these
limitations, the development of effective and economically justified methods for protecting cement
concrete pavements from icing remains a relevant research problem. A promising direction is the
use of surface impregnations that do not require frequent reapplication and are capable of
significantly reducing, or potentially eliminating, ice formation and adhesion [6]. In addition to
technical performance, economic feasibility and ease of application are important criteria for
practical implementation [7].
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The ice-repellent impregnation composition proposed in this study is designed to reduce the
adhesive resistance between ice and concrete surfaces. The bond strength between ice and
concrete results from the combined action of two primary mechanisms: physicochemical adhesion
at the material interface and mechanical interlocking of ice within the pore structure (micro- and
macro-roughness) of the concrete surface. These mechanisms act synergistically, leading to a
substantial increase in overall adhesive resistance. Therefore, reducing or eliminating one of the
key components, namely interfacial adhesion, can significantly weaken the total bond strength of
the ice crust. The proposed protective layer consists of an aqueous solution containing water-
soluble polymer components. The use of a water-based system enables effective interaction with
the hydrophilic surface of concrete. Due to capillary absorption, the solution penetrates into the
near-surface pore structure, transporting the dissolved polymer components into the concrete
matrix. As a result, the polymers migrate into the surface layer and partially coat the pore walls,
forming a modified interfacial zone. This zone creates a stress-discontinuity layer that prevents ice
and concrete from forming a rigid monolithic bond. Consequently, the ice layer can be detached
under relatively small mechanical impact. However, the effectiveness of the impregnating
composition depends on the depth and uniformity of polymer penetration into the concrete
surface layer. These parameters are directly influenced by the concentration of components in the
solution, viscosity, and absorption characteristics of the concrete. Therefore, determining the
optimal concentration of the polymer components represents a key objective of the present study.
The technological application process involves spraying the impregnating solution onto the
pavement surface, forming a protective layer with ice-repellent properties.

Thus, the research is aimed at substantiating the effectiveness of a polymer-based
impregnation capable of reducing ice adhesion to cement concrete pavements while maintaining
practical applicability and economic feasibility.

The methodology

The methodology of the technological process for producing the anti-icing composition is
shown in Figure 1. The polymer component is expected to be a colloidal dispersed polymer in
combination with a keratin-containing component. Acrylic latex is proposed to be used as the
colloidal polymer, and keratin-containing products will be manufactured from agricultural
industry waste.

Raw materials
| (horns, hooves, scales) | Caustic soda

> 3.0%

/
| Iron sulfate
i
A \\ "/' =

. Boric acid &
8 Water

Urea and
carbamide

Figure 1. Technological diagram of additive production
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The keratin-containing raw materials required for the production of ice-repellent coatings are
of animal origin and include animal wool, hair, horns, hooves, and others. Before production
begins, the keratin-containing components are prepared, precisely crushed and ground. Next, the
raw materials are loaded into a boiling kettle with a weak concentration of boric acid in water (the
ratio of water to raw materials is 1:3 by weight). At the same time, a mixture of urea in water is
added (the water ratio is 2:3 by weight to the raw material). After the hydrolysis process at a
temperature of 1300 °C for up to 10 hours, a pH acidity neutralizer, represented by iron sulfate, is
added to the cooled mass.

To simulate the stresses transmitted by motor vehicles to cement concrete road surfaces,
calculations were made for the wheel contact patch at its minimum and maximum standard loads.
The stress calculations were necessary for subsequent large-scale tests based on the actual stress
transmitted from the vehicle wheel to the concrete road surface. Motor vehicles were conditionally
divided into five categories according to their load capacity, the characteristics of which are
presented in Table 1, [10-14].

Table 1. Categories of motor vehicles

Maximum permissible load, kN

Category GOST Type of vehicle single double

Min Max Min Max

Al GOST 4750 | bicycles 4.2 14.2 - -

A2 GOST 5652 | motorcycles, motor | 2.6 5.7 - -
tricycles, motor scooters,
and mopeds

A3 GOST passenger cars and trailers | 0.98 3.29 - -
52900

A4 GOST 4754 | light trucks and buses with | 0.29 0.85 - -
particularly low capacity

A5 GOST 5513 | trucks and buses 13.34 50.52 12.26 | 35.80

The contour area of the contact spot is calculated using the formula for the area of an ellipse,
[13]:

T
Fki = Zakibki (1)

where ay, and by, — are the length and width of the contact patch of the tire tread with a flat,
rigid surface, m.
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The dimensions of the tire tread contact patch using universal tire characteristics parameters
are proposed to be calculated using the following formulas:

20,5

D |n-9|
11,9 + ) -3

' VD .fH_Ii _fHZ_II (2)

g, =

(3)

where D — is the outer diameter of the tire;

B — tire profile width, m;

H = (D -d)/2 — tire profile height, m;

d — nominal rim diameter, m;

The dimensions of tires D, B, and the layer ratio n are given in table A.1 of GOST 7463 2003
[14], and the value [f,] can be approximately determined using the known formula:

[fm] = D/Z — Ter (4)
where 1., — static radius.

Findings/Discussion.

Figure 2 shows calculations of stresses transmitted from motor vehicles to the road depending
on the wheel contact patch (more precisely, the range of stresses from minimum to maximum).
Figures 2A-2E show the results of calculations by category, and Figure 2F shows a comparison of
the stress ranges for all categories, depending on tire pressure. The variation in tire pressure was
taken from a condition of +15% of the standard, the permissible deviations of which vary in the
range of +2.5%. When the pressure decreases, the static radius decreases and the static deflection
increases, therefore the contact patch increases. Conversely, when the pressure increases, the
contact patch will increase, and consequently, the stress transmitted by the wheel will also
increase. The values of the maximum permissible loads, static radii, tire widths, outer diameters,
and rim diameters were taken from GOST [9-13]. Thus, the wheel contact patch was determined
from the conditions of standard (ps; = 100%), minimum (p;,;, = 85%) and maximum (pqx =
115%) tire pressure. It is logical that when tire pressure is low, the contact patch increases,
thereby reducing road stress. For bicycles, the minimum road pressure at the minimum
permissible tire pressure is 0.50 kg/cm? (48.7 kN/m?2), and the maximum pressure at the
maximum permissible tire pressure is 2.34 kg/cm? (229.8 kN/m?). The same values, under similar
conditions, for motorcycles are: minimum stress - 1.13 kg/cm? (111.2 kN/m?); maximum stress -
3.53 kg/cm? (346.2 kN/m?2). For passenger cars, the minimum stress is 1.72 kg/cm? (168.8
kN/m?2) and the maximum stress is 3.22 kg/cm? (316.2 kN/m?2). For light commercial vehicles, the
minimum stress is 2.62 kg/cm? (257.2 kN/m?)
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Figure 2. Wheel-to-road voltage ranges by category
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For trucks, the minimum stress is 3.56 kg/cm? (349.4 kN/m?) and the maximum is 12.41
kg/cm? (1216.7 kN/m?). Thus, it is logical that trucks, due to their high weight relative to the size
of their tires, transmit the greatest stress to the road. Moreover, given the degree of freedom of
large trucks relative to the width of the lane, the degree of abrasion of the tread increases
significantly. In other words, the width of the wheel's contact patch is smaller for large trucks than
for small ones. Therefore, despite the relatively higher stress from a motorcycle (3.53 kg/cm? or
346.2 kN/m?) compared to a passenger car (3.22 kg/cm? or 316.2 kN/m?), the abrasion resistance
of the impregnating compound for the latter will be higher.

Based on the data in Figure 2, a summary table of maximum permissible load limits by vehicle
category was compiled (Table 2).

Table 2. Normal stress values from a motor vehicle wheel

Category Spot area (S;), cm? Stress on the road (o¢)
Pmin Pst Pmax
Pmin Pst | Pmax | KN/m? | kg/cm? | kN/m? | kg/cm? | kN/m? | kg/c
m2
min | 46.5 53.6 60.5 | 48.7 0.50 54.9 0.56 63.4 0.65
! max | 25.6 29.4 329 |178.7 |1.82 200.2 | 2.04 229.8 | 2.34
min | 85.2 99.1 112.7 | 1114 | 1.13 126.7 | 1.29 1474 | 1.50
? max | 92.1 107.1 | 1218 | 261.8 | 2.67 297.6 |3.04 346.2 | 3.53
min | 116.6 |135.5 | 154.0 | 1688 |1.72 191.7 | 1.96 222.8 | 2.27
’ max | 173.7 |202.3 |230.3 | 2385 |2.43 2715 | 2.77 316.2 | 3.22
min | 146.6 |171.0 | 1949 | 259.0 | 2.62 2953 |3.01 3445 | 3.51
i max | 185.7 |216.7 |247.2 | 4106 |4.19 468.4 |4.78 546.6 |5.57
min | 3483 |4064 |463.4 |3494 |3.56 3984 |4.06 464.8 | 4.74
> max | 3629 |4239 |484.1 9121 |9.30 1041.5 | 10.62 | 1216.7 | 12.41
Conclusion.

1) Calculations were made of the normal stress ranges from a motor vehicle wheel on the road
surface, based on the standard characteristics of tires, permissible load values, and potential tire
pressure.

2) For convenience, all motor vehicles were classified into categories based on their type,
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purpose, and general characteristics reflecting their common properties: A1 - bicycles; A2 -
motorcycles (mopeds); A3 - passenger cars; A4 - light trucks and buses with very low capacity; A5
- trucks and buses. For each category, stress ranges were calculated depending on the type of
vehicle, the standard load capacity, and tire pressure.

3) For each category of motor vehicles, calculations of normal stresses on the road surface
were performed: for category Al the stress range is 48.7 kN/m? - 229.8 kN/m? (2.34 kg/cm?); for
A2 111.4 kN/m? - 346.2 kN/m?; for A3 168.8 kN/m? - 316.2 kN/m?; for A4 259.0 kN/m? - 546.6
kN/m?; for A5 349.4 kN/m? -1216.7 kN/m?2.

4) The results obtained will be useful for designing roadbeds and subgrade foundations, in
particular for modeling vehicle loads in design schemes.
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IIIMHaHBIH, KbICBIMbIHA 6AaMAJIAHBICTDI XKaHACy HYKTeCI G0MbIHIIA aBTOKOJIiK
AOHreJieriHeH MoJeJIbJiK KepHey/epAl ecenrey

Anparna. bysn Makanaza HakKThl KepcCeTKiLITep MeH MaclTabTayAbl ecKepe OTBIPBIII,
MoOJleJIb/IiK IOHFaJaKeH 6eTOH »K0JIbIHAa OepisieTiH KepHeyJiep/i ecenTeyre >kxoHe MOJeJbJeyre
6alIaHBICTBl MY3/JaH Ta3apTKBIWTHIH CiHAIPY KYpPaMbIHbIH TO3YyblHAa apHa/lfaH MOJeJbJAiK
3epTTeyAiH 6ip 6eJiri KeaTipisreH. 3epTTeyAiH MaKcaThl LIMHAJAP KbICbIMbIHBIH, TOMEH/EeyiHe
HeMece KOFapblayblHa 6alJ/IaHbICThI )KaHACY HYKTECiHiH 63repTrilliTiriH eCKepe OThIPbII, KOJliKKe
ylIbIpaFaH Ke3Je mnaija 060J1aTblH KaJbIIThl KepHeyJsepAi Oaranay 6osazabl. Ecenrteynep
BeJIOCUIIe/ITEP/IEH 6acTam YK KeJIiKTepiHe AeHiHri apTypJii KeJiik TypJiepiHe apHaJiFaH, oJiap
mapTThl Typae Al-AS5 caHaTTapbiHa GeJsiiHel (KeJliK KypasbIHbIH, MacCacblHbIH, 6CYy pPeTiMeH).
EcenTey HoTHXeJiepi aBTOKOJIIK KypaslZJapbIHbIH TYPiHE >KoHe HOPMAaTHUBTIK )KYK KOTeprillTiriHe
6alIaHbICThl NalJasaHy/laH TybIHJaFaH >X0JI TeCEMiHe KaJsbIThbl KepHeyJiep Auana3oHbIMeH
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yCbIHbUIFAH. EcenTeysiep KasbINThl AaybITKYAbl >XoHe ILIMHAHBIH e3repMesi NOTeHLUaNJbIK
KbICBIMBIH €CKepe OTbIPbII, IIMHAHbIH 9M0eball CUullaTTaMacbIHbIH, ChI3BIKTBIK, 'paduri ajiciMeH
opbiHZanazabl. EcenTey/iiy aJiblHFaH HOTH KeJlepi K0J1 )KaFjal1apblH CaH/bIK HEMece MacIITa0 ThI
Mo/JiesibJley Ke3iH/ie ecenTey cxeMaslapblH AYpbIC )KacayFa MYMKIHJIK 6epeJi.

Ty#iH ce3aep: abpasus, kaHacy HYKTeCi, My3/laHy, MOJleJIb/ieY, KO0J1 )KaMbLIFbICh], KEPHEY,
KbICBIM.

JI.T.Ka6apipoBa'l, P.E. J/lyknaHog!, ®.b. A6aymkypoBZ, M. Kapaaxkacy3

1 Egpasutickull HaQyuoHabHblll yHugepcumem umeHu JI.H. ['ymunesa, Acmana, Kazaxcmau
2TOO Technobius, Acmana, Kazaxcman
3 Ackuwexupckull mexHuveckull yHusepcumem, Ickuwexup, Typyus

PacueTt MOJA€E€J/IbHBIX Haﬂpﬂ)l(eHI/Iﬁ OT KOJI€eCa aBTOTPAHCIIOPTA IO NNATHY KOHTAKTA B
3dBHCHMOCTH OT JAaBJICHHUA B IIIMHE

AHHoOTauMA. B Hacrosimed craTbe mpejcTaB/ieHa YaCTh MOJIEJIbHOTO MCC/IeJ0OBaHUS Ha
HUCTUPAEMOCTb MPOMUTOYHOTO COCTAaBa AaHTHUOOJIE[EHUTEJs, CBSI3aHHAs C pacieToM |
MO/IeJIMPOBaHHWEM HaNPSKEHUH, epeZilaBaeMbIX MOJIeJIbHBIM KOJIECOM Ha 6ETOHHYIO Z0POTY, C
ydyeToM paKTHYECKHUX MOoKa3aTesJed U MacuiTabupoBaHus. Llesbio uccieqoBaHus 6blja OlleHKa
HOPMaJ/IbHBIX HaNps’KeHWH, BO3HUKAWIUX NPU BO3JAEHCTBUM aBTOTPAHCIOPTA, C y4YETOM
M3MEHYHUBOCTH MSATHA KOHTAKTA, 00YCJI0BJEHHONW MOHUXEHUEM WJIU MOBbILIEHUEM JlaBJIeHUS B
IIMHAX. PacueThbl BbINOJHEHBI /1J1s1 PAa3JIMYHBIX TUIIOB TPAHCIOPTHBIX CPEJCTB, OT BEJOCUIE/ 0B
Jl0 TPY30BbIX aBTOMOGUJIEN, KOTOpPble YCJIOBHO pasjesieHbl Ha KaTeropuu Al-A5 (B mopsijke
BO3pacTaHUsl MacCbl TPAHCIOPTHOrO CpeAcTBa). Pe3ysbTaThl pacyeTa MpeJCTaBJEHbI
Jiiana3oHaMU HOPMasIbHBIX Hanpsi>KeHUH Ha JJOPOXKHOE MOJIOTHO, BbI3BAHHBIX JKCIJIyaTalMeil
aBTOTPAHCIOPTHBIX CPEACTB, B 3aBUCUMOCTHU OT UX TUIIA U HOPMAaTUBHOM I'Py30M0/bEMHOCTH.
PacyeTsbl BbINOJIHEHBI METO/I0M JIMHEMHOTO rpaduKa YyHUBEpPCaJIbHON XapaKTePUCTUKH LIUHBI, C
y4eTOM HOPMa/IbHOrO Nporuba W BapUAaTUBHOTO MOTEHIMAJbHOTO [laBJeHUs B IIHHE.
[TosnydeHHble pe3yJibTaThbl pacyeTa MO3BOJIAT 60Jiee KOPPEKTHO pa3pabaThiBaTh pacyeTHbIe
CXeMbl IPU YHUCJIEHHOM HJIM MacClITabHOM MO/IeJTMPOBAaHUHU JOPOXKHBIX CUTYaLUH.

KioueBble c/I0Ba: HCTUpPaHUE, IITHO KOHTAKTA, 00J1e/leHEHUE, MO/leJIMPOBaHUE, J0POXKHOE
HOKPBITHUE, HATIPSKEHUE, laBJIEHUE.
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