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FORECASTING THE PROCESS OF CRACK FORMATION ON THE 

SURFACE OF ASPHALT CONCRETE PAVEMENTS AS A RESULT OF 

WHEEL TRАCK DEFORMATION 
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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. 

 

ПРОГНОЗИРОВАНИЕ ПРОЦЕССА ОБРАЗОВАНИЯ ТРЕЩИН НА 

ПОВЕРХНОСТИ АСФАЛЬТОБЕТОННЫХ ПОКРЫТИЙ В 

РЕЗУЛЬТАТЕ КОЛЕЕОБРАЗОВАНИЕ 
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Аннотация: Асфальтобетонные покрытия являются основным компонентом 

современных автомобильных дорог. Их прочность и долговечность 

эксплуатации обеспечивается скоростью движения транспортных средств, 

климатическими условиями и качеством строительства. Важно изучить 

факторы, вызывающие колееобразования в асфальтобетонных покрытиях, 

а также тот факт, что трещины, возникающие в асфальтобетонных 

покрытиях в результате колееобразования, оказывают серьезное влияние 

на качество дорог. В статье анализируется процесс образования трещин в 

асфальтобетонных покрытиях, вызванных деформацией колеи колес. 

Ключевые 

слова: 

асфальтобетонное покрытие, колееобразования, трещины, боковой уклон, 

прочность, температура. 

 

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]. 

 

 
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. 

 

 
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.  

 

 
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. 

 

 
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). 

Figure 4. In this figure, you can see the 

increasing side slope as a function of 

temperature. 
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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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