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FORECASTING THE PROCESS OF CRACK FORMATION ON THE
SURFACE OF ASPHALT CONCRETE PAVEMENTS AS A RESULT OF
WHEEL TRACK DEFORMATION

Urokov Aslidin Xushvaktovich, Narmanov Akbar Kuzibayevich, Mamatkulov Muzaffar
Tashbayevich
Tashkent State Transport University (Tashkent, Uzbekistan)

Annotation:  Asphalt concrete pavements are a key component of modern roads. Their
durability and long-term service life are ensured by the intensity of vehicle
traffic, climatic conditions, and the quality of construction. The study of factors
that cause wheel track deformation in asphalt concrete pavements is of great
importance, and many scientific works have shown that cracks occurring in
asphalt concrete pavements as a result of wheel track deformation have a serious
impact on the quality of roads. This article analyzes the process of crack
formation in asphalt concrete pavements as a result of wheel track deformation.

Key Words: asphalt concrete pavement, rutting, cracks, side slope, strength, temperature.

HNPOI'HO3NPOBAHMUE ITPOLNECCA OBPA3OBAHUS TPEIIIUH HA
MNOBEPXHOCTHU AC®AJBTOBETOHHBIX TIOKPHITUH B
PE3YJIBTATE KOJEEOBPA3OBAHUE

YpokoB Aciuaun Xymsakrosud, Hapmanos Ax0ap Ky3n6aesu4, MamaTky.10B
My3addap TambaeBuu
TamkeHTCcKkHit rocy1apcTBEHHBIN TpaHCIIOPTHBIN yHUBepcuTeTH (TamkeHT, ¥Y30eKkucTan)

AHHOTauusi: Ac]anbTOOETOHHbIE  TMOKPBITUA  SIBISIOTCS ~ OCHOBHBIM  KOMIIOHEHTOM
COBPEMEHHBIX aBTOMOOWJIBHBIX JOpor. X TpoOYHOCTh W JOJTOBEYHOCTH
HKCIUTyaTalui 00ECTIEYMBAETCS CKOPOCTHIO JIBMXKEHUS TPAHCIIOPTHBIX CPEJICTB,
KJIMMAaTHYECKUMHU YCIOBUSIMH M Ka4eCTBOM CTPOUTENLCTBA. BaXHO M3y4YUThH
(baxTophl, BEI3BIBAIOLINE KOJTee0Opa30BaHus B ac(haibTOOCTOHHBIX MOKPBITUSX,
a Takke TOT (akT, 4YTO TpPEHIMHBI, BO3HUKAIONIME B ac(albTOOETOHHBIX
HOKPBITUAX B Pe3ysbTaTe KoJieeoOpa3oBaHMsl, OKa3bIBAIOT CEPhE3HOE BIUSHUE
Ha KayecTBO JIopor. B crarbe aHanmm3upyercs nporecc o0pa3oBaHUs TPELIUH B
ac(anbTOOETOHHBIX MOKPHITUAX, BEI3BAaHHBIX Ae(opMaliieil Koeu KoJec.

KiroueBble  acdanbToOeTOHHOE MOKPBITHE, KOJIeeoOpa30BaHUs, TPEIIUHbI, OOKOBOH YKJIOH,

ciaoBa: IPOYHOCTh, TEMIIEPATYpa.

Asphalt-concrete paved roads are important for ensuring the movement of vehicles, and their
high-quality and long-term service plays an important role in the country's economic development.
Asphalt concrete pavements are the main part that receives the loads caused by the movement of
vehicles [1]. However, high vehicle speeds, heavy vehicles and external environmental
conditions cause various deformations in asphalt concrete pavement, including wheel track
deformation [1, 2].

Wheel track deformation is the process of forming depressions on the surface of asphalt
concrete pavement as a result of vehicle movement. Such deformation worsens the mechanical
condition of the pavement and leads to the accumulation of residual deformations on the surface
of the pavement. As a result, cracks of various shapes form on the pavement, which reduces the
overall operational condition of the roads [3]. The appearance of cracks increases the cost of road
infrastructure maintenance and seriously affects the safety of road traffic.
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Cracks caused by deformation of wheel tracks in asphalt concrete pavements are mainly
caused by the mechanical properties of binding and filling materials in asphalt concrete, traffic
conditions and the influence of external environmental factors [4].

We can see the deformations of wheel tracks on the surface of the asphalt concrete pavement
over time during the operation of the pavement using the following scheme [5].
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According to the results of laboratory tests (Figure 1) on the occurrence of wheel track
deformations on asphalt concrete pavements, it can be said that this phenomenon is not only caused
by heavy loads from vehicles, but also by the increase in air temperature. In Figure 1, it can be
seen that the depth of the wheel track increases as the air temperature increases.
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Figure 1. The graph of the formation of wheel marks on the surface of the pavement when
testing the asphalt concrete pavement of type A with the UK-1 device at temperatures of

50, 60 and 70 C is presented.

In these graphs, the dependence of the tread depth on the number of tires can be compared

by temperature level.

50°C: There is a gradual increase in the depth of the wheel track. Because the temperature
is not high, the rut depth is less, and the deformation rate is relatively slow.
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60°C: A higher increase in rut depth and deformation is observed. The increase in
temperature causes the binder material in the asphalt concrete to soften, leading to a faster increase
in rut depth under the influence of single-track driving.

70°C: The maximum increase in wheel track depth and side slope was observed in relation
to the number of pulls. Asphalt concrete loses strength at high temperatures and shows more
deformation under stress.

The test results of the formation of wheel tracks on type A asphalt concrete pavement in
laboratory conditions at different air temperatures are shown in Fig. 2.

50°C 60°C 0 c

Type A (60% crushed stone)
—

S0 °C

60«

70 %

side slope (WTS) mun

groove depth, (PRD) mm 3,7

016
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10 000

Type A (60% crushed stone)

Type A (60% crushed stone)

Type A (60% crushed stonc)

groove depth 3.77 mm in 50 °C;

groove depth 4.51 mm in 60 °C;

groove depth 4.79 mm in 60 °C;

Figure 2. Test results of wheel track deformations at air temperatures of 50, 60 and 70 °C.

Based on the analysis of the above data, the following conclusions can be drawn:

The effect of temperature on the depth of the trace: The rut depth also increases with
increasing temperature. From 50°C to 70°C, the rut depth increased from 3.77 mm to 4.79 mm,
indicating that the asphalt concrete is more susceptible to deformation as a result of increasing
temperature.

Effect of temperature on lateral slope: As temperature increases, the lateral slope also
increases. The WTS, which was 0.16 mm at 50 °C, increased to 0.22 mm at 70 °C, indicating
lateral movement of the asphalt concrete relative to external loads. Figure 3.
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Figure 3. This figure shows the continuous
growth of the rut depth as a function of
temperature, which proves that the material is
sensitive to temperature.

The temperature dependence of the side slope
increases (figure 4).

50 55

Hayunslii )xypHaJ TpaHCIIOPTHBIX cpencTB u Jopor, 2024 Ned 72



The scientific journal vehicles and roads, 2024 Ne4

These data and graphs can be used as an important indicator in evaluating the mechanical
properties of asphalt concrete pavements under different temperature conditions and improving
their service life.

The formation of cracks caused by the deformation of wheel tracks in asphalt concrete
pavements is mainly evaluated by taking into account the mechanical properties of asphalt concrete
materials, loads from heavy vehicles, the increase in high air temperature, and external
environmental factors [2,6]. The rut depth indicates the stress concentration on the surface of the
pavement. The greater the load and the higher the air temperature, the greater the rut depth, which
increases the likelihood of cracks. The propagation speed of cracks formed on the surface of the
pavement is related to the speed of movement of vehicles, and the rate of crack deepening increases
with increasing load cycles [7].

Based on the above data, the following relationship between temperature (T) and tread depth
(PRD) can be established. Here, the tread depth increases with increasing temperature.

50°C — PRD =3.77 mm

60°C — PRD =4.51 mm

70°C — PRD =4.79 mm

The results show that for every 1°C increase in temperature, the tread depth increases by
approximately 0.051 mm.

The appearance of cracks can occur due to various materials, heavy vehicle traffic conditions
and external environment.

When determining the time to crack initiation or the number of loads applied, it is important
to study the relationship between the material properties of the asphalt concrete pavement used
and the applied load. From this data, it follows that when the stresses and deformation values in
the pavement are high, cracks in the pavement will develop more quickly [8]. Increased traffic of
heavy vehicles on highways during high temperatures leads to increased stresses on the pavement
surface, which accelerates the process of cracking [2,8].

As a result of the conducted studies, it should be emphasized that asphalt concrete pavement
is prone to deformation with increasing air temperature. This, in turn, leads to an increase in the
tread depth and side slope of the pavement during operation. With increasing temperature, the
stress and strain concentrations in the material increase, leading to the appearance of cracks in the
pavement. Based on the analysis of the above data, the following conclusions can be drawn:

-the depth of the tire tracks increases with increasing temperature. This indicates that the
asphalt concrete pavement is prone to plastic deformation at high air temperatures.

-the value of the side slope (WTS) also increased with increasing temperature. This means
that the internal friction coefficients of the material increase with increasing wheel loads on the
coating.
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