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Resume
The highways that are used in the countries with a sharp continental and 
a hot climate operate in the conditions when the pavement temperature 
changes along its height. This fact can lead to a significant increase in 
stresses in the layers of the road structure. In this paper is suggested an 
approach to solution of the joint problem of the pavement deformation and 
the heat propagation in it by a finite element modelling technique. The 
ANSYS software package was applied to solve the described problem. It is 
shown that an increase in the road surface temperature leads to a significant 
increase in the von Mises-equivalent stresses in the asphalt concrete upper 
layer and that is the cause for the ruts formation. Computational results also 
showed that at low temperatures of the road surface, the significant tensile 
stresses arise in its upper layers and that leads to formation of cracks.
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south of the country it reaches +31 °C to +32 °C. The 
absolute maximum of the air temperature in Tashkent is  
+44 °C, in Termez - +50 °C. The surface of the asphalt 
concrete pavement is heated up to +75 °C to +80 °C. In 
this regard, it becomes necessary to assess the effect of 
uneven temperature distribution in the road structure 
on stresses in it and its deformations. The similar 
analysis is also in demand in other countries, including 
the European ones, due to the climate changes [3-5].

Nowadays, the significant number of experimental 
studies, related to the analysis of the temperature 
distribution along the pavement height, have been 
carried out. The authors of the paper [6] present the 
results of measuring the temperature and moisture 
of the pavement upper layer on the island of Bali 
(Indonesia). It is shown that during the day the change 
in the temperature of the surface layer can reach  

1  Introduction

When vehicles pass through the highways, the 
roads are under the action of cyclic loads. Large flows 
of vehicles of various masses lead to accumulation of 
the residual deformations in various elements of the 
pavement; this subsequently causes damages of its 
surface. Climatic conditions have a significant impact 
on the strength of roads, as well. Seasonal fluctuations 
in air temperature throughout the year, as well as its 
jumps due to sharp changes in weather conditions 
for several days, lead to a change in the stress-strain 
state of the pavement layers [1-2]. The climate of 
Uzbekistan is sharp continental and it is characterized 
by a dry hot climate. The summer in Uzbekistan is 
dry and hot, the average temperature in July in the 
flat part of the country is +26 °C to +30 °C and in the 
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that all the stress and strain components at the points 
of the pavement and subgrade change significantly 
during the annual cycle. Similar results were obtained 
by Lithuanian scientists [17].

In recent research, there are many investigations 
performed by scientists from different countries where the 
stress-strain state of the road surface and the formation 
of various defects in road structures are studied. In 
[18], it was considered a multilayer system as one- or 
two-layer and the author established the depth where 
the stresses from the load action are almost unchanged. 
The authors of the article [19] used the Drucker-Prager 
model of the material elastic-plastic deformation to 
establish the effective equivalent stresses and strains 
in the coating at maximum operational loads. The 
problem was solved using the finite element model in the 
ANSYS software package. The results of the developed 
and optimized compositions of a complex organic binder 
based on Dzharkurgan oil, viscous bitumen and gossypol 
resin with structure-forming additives are given in [20-
21]. These compositions ensured the latter’s strength in 
the range of 1.1-1.5 MPa.

The authors of paper [22] demonstrate the results 
of determining the allowable temperature gradients 
for a cement concrete pavement that do not allow 
formation of microcracks on their surface. The finite-
difference method implemented in the PARUS software 
was used to study the stress state. The analysis used 
a strength criterion based on the process of formation 
and development of microcracks in concrete. Similar 
studies were carried out in [23]. In investigations [24-25] 
there were considered the peculiarities of the non-elastic 
deformation of the materials of the asphalt-concrete 
surfaces, as well as the approaches that are supposed to 
take into consideration the found effects at the process 
of computer simulation. However, those calculations did 
not consider the effect of the load from a passing car.

The stress-strain state analysis of the pavement 
system under moving aircraft loads is performed in 
investigation [26]. It is demonstrated that the Mises 
model allows to obtain the stress results that are the 
closest to the experimental data. The finite element 
method is applied for determining the stresses in 
asphalt pavements due to action of the moving load in 
papers [27-28]. It is shown that this method allows to 
get the results that are close to the experimental ones.

In papers [29-30] there are demonstrated the results 
of the finite element modeling of the stress-strain state 
of the cement concrete pavement under the action 
of passing vehicles for various temperatures of the 
pavement. 

Thus, the performed analysis allows to obtain 
a large amount of information on the experimental 
determination of temperatures, stresses and 
deformations in the road surfaces. In addition, the 
methods for calculating temperatures in the road 
material were developed in sufficient details. However, 
no investigations were found with calculations of the 

35 °C. In the article [7] there are presented the results 
of experiments performed in order to determine the 
temperature, moisture, stresses and strains in the 
pavement of an experimental road section in Lithuania. 
The above information shows that during the calendar 
year the range of temperature changes in the road 
surface layer is more than 65 °C. At the same time, the 
temperature difference at the surface and at the base 
of the pavement at a particular point in time can reach  
20 °C or more. The measurement results also showed 
that the stresses in the upper layer of the road surface 
during the passage of cars do not, as a rule, exceed 
250 kPa. In the paper [8] there are presented the 
experimental results of the determining the temperature 
in the layers of the pavement in Slovakia. In [9], a two-
layer pavement was modeled to determine the effect of 
ambient temperature in summer on an asphalt concrete 
pavement, taking into account the traffic load.

In the paper [10] there are investigated the factors 
that determine the temperature value on the pavement 
surface. The dependences demonstrating the effect of 
thermal conductivity on the pavement temperature 
are given. A technique that allows to calculate the 
pavement temperature depending on the meteorological 
conditions typical for Sweden at different times of the 
year is described in [11]. The authors of papers [12-13] 
propose a method for determining the temperatures in 
pavement elements based on parameters that determine 
the meteorological situation in the place under  
consideration.

The authors of [14] provide an overview of studies 
on determining temperatures in the pavement and 
present various empirical models and analytical 
dependencies that make it possible to establish the 
distribution picture for the physical, mechanical and 
geometric temperatures for different road parameters 
and environmental conditions.

In [15], a simplified model is proposed to describe 
the thermo-viscoelastic deformation of the road 
surface under the action of a moving load from tires. 
Comparison of the calculation results to the experiment 
demonstrated a satisfactory accuracy of the obtained 
results. It is noted that for a more precise determination 
of the maximum deformations, a detailed investigation 
of the base deformation features is required.

In the work [16] there are analyzed the distribution 
patterns of temperature, moisture, stresses and 
strains in the pavement and subgrade of a highway 
located in the northern part of Kazakhstan during 
one year, in particular, during the cold period. The 
distribution of temperature and the moisture was 
studied experimentally using special sensors. It is 
shown that in the winter the elasticity modulus of 
the asphalt concrete layers and the upper part of the 
subgrade increases significantly: up to 18,000 MPa and  
10,000 MPa, respectively. Stress and strain calculations 
were performed using a mathematical model of an 
elastic multilayer half-space. It has been established 
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containing a section that includes ¼ of the load 
application area is selected. Thus, a parallelepiped is 
taken as the calculation area, which includes several 
layers of the road surface with different physical and 
mechanical characteristics. The resulting geometric 
model is shown in Figure 2.

The finite element model of the selected pavement 
structural element was created using the ANSYS 
Mechanical software. To conduct a complex static 
and temperature analysis, the pavement layers were 
modeled by a 20-node Brick-element Coupled Field 226, 
which allows to consider the features of multiphysics 
analysis. The finite element mesh was created in a semi-
automatic mode, the number of finite elements of the 
model was about 7000.

A uniformly distributed pressure of 600 kPa was 
applied to the model surface circle quarter of the 140 mm 
radius, this load simulated the force acting on the road 
from the tires. A symmetry condition is imposed to all 
the side surfaces of the parallelepiped as bonds; vertical 
movement is prohibited for the lower surface of the 
lower layer. In addition, for the pavement upper layer 
the different temperatures Tt were set from the range 
from - 20 to + 50 °C relative to the constant temperature 
of the lower surface of layer 5, which was assumed to 
be 0 °C. The selected range of temperature changes 
corresponds to the conditions of Uzbekistan, which 
is located in the sharply continental climate zone. In 
this paper, the change in Young’s modulus depending 
on the increasing temperature is neglected. Therefore, 
for example, at the base temperature T0 = 20 °C the 
real surface temperature of 70 °C corresponds to the  
Tt = 50 °C.

During the calculation, the solution of the coupled 

pavement stress-strain state under the loads from 
moving vehicles, taking into account the peculiarities of 
the temperature distribution along the pavement height.

The purpose of the presented paper is to determine 
the influence of temperature distribution in the 
pavement on its stress-strain state. In this case, the 
algorithms developed earlier [31-32] are used to solve 
other technical problems.

2 Finite element model

As an example of the model the section of the 
first category road (according to the scale used in 
Uzbekistan) is considered, the corresponding scheme 
is shown in Figure 1. The used type of pavement 
includes four layers, which are made from various 
materials. The physical, mechanical and geometric 
characteristics of the layers used for the calculations 
are shown in the Table 1. The physical and mechanical 
parameters are taken from [33]. The thickness of the 
base (of the layer 5) was assumed to be 830 mm. The 
investigation demonstrated that in this case, it is 
possible to determine the stresses and deformations 
in the road surface with a sufficient degree of 
accuracy, therefore, no increase in its thickness was 
required.

The standard method for calculating the road 
surface assumes application of uniformly distributed 
pressure from the tires to the road section. When 
the vehicles move along the road, it is affected by 
several tires at the same time. Taking into account 
the periodicity of load application along the length 
and width of the pavement, a structural element 

Figure 1 Estimated model of the road surface: 1 - dense asphalt concrete,  
2 - porous asphalt concrete, 3 - highly porous asphalt concrete,  

4 - gravel mixture, 5 - dusty sandy loam

Table 1 Physical and mechanical properties of pavement layer materials

Layer
Number

Thickness
layer
(mm)

Density
(kg/m3)

Young
modulus

(MPa)

Poisson‘s 
ratio

Coefficient
thermal 

expansion (1/K)

Specific heat
(kJ/kg·K)

Thermal 
conductivity 

(W/m·K)

1 60 2300 3200 0.30 10-5 1.65 1.40

2 90 2300 2000 0.25 10-5 1.65 1.25

3 120 2000 2000 0.25 10-5 1.65 1.00

4 400 1700 205 0.15 10-5 1.00 0.64

5 - 1600 46 0.35 1.18×10-5 1.10 0.62
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presented in [16] shows a fairly good agreement.
Figure 4 shows the distribution of deformations 

along the cross section of the road near the place of 
the load application. Under the applied load action, 
at the same temperature at all the points of the road 
surface, all the road surface layers are displaced 
downwards, as shown in Figure 4, a. When the 
pavement is heated, its thickness increases due to the 
thermal expansion. The application of the load from 
the tire weight leads to a decrease in deformations 
caused by heating and the total movement of the 
four upper layers of the pavement at high heating 
temperatures remains positive, i.e. they do not return 
to their original position.

There should also be noted that the difference 
between the largest and the smallest displacements 
of the model points in the case of pavement heating 
increases and for the temperature Tt = 50 °C the 
ratio is 2.4 times in comparison to the case of the not 
heated pavement, that fact indirectly indicates an 
increase in the uneven distribution of stresses over 
the volume.

Comparison of the von Mises equivalent stress 
patterns (Figure 5) confirms the conclusion presented 

thermoelastic constitutive equations [34] was performed:

D T1 Tf v a= +-6 @" " ", , , , (1)

TS T
CT p

0
Ta v

t
= +6 @ " , , (2)

where: { f } - total strain vector; [D] - elastic stiffness 
matrix; {v } - stress vector; { a } – vector of the thermal 
expansion coefficients; ΔT - temperature change relative 
to the reference temperature (it was assumed 0 °C); 
S - entropy density; t  - density of a material; Cp - 
specific heat at constant stress; T0 - absolute reference 
temperature (K).

3 Calculation results and their analysis

During the calculations, the distributions of 
temperature, stresses and strains in the pavement 
layers were obtained.

Figure 3 shows graphs demonstrating the 
calculated temperature changes along the road 
height at different temperatures of its surface. 
Their comparison to the experimental dependences 

Figure 2 Structural element of the pavement. The layers of the material  
correspond to the pavement layers shown in Figure 1

Figure 3 The obtained temperature changes in the pavement  
layers at different surface temperatures Tt.
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are observed in the first and the second layers at 
a temperature of about 30 °C. At the same time, at 
temperatures above 20 °C, the base is practically not 
deformed. However, the greatest modulus values of 
deformations are observed when the air temperature 
decreases.

Graphs of the von Mises equivalent stresses changes 
demonstrate a significant increase in their values in the 
layer 1 material both with an increase and a decrease in 
the temperature. In the first case, this can lead to the 
formation of a rut and in the second case - to the road 
surface cracking. 

4  Discussion and conclusions

The paper considers a technique for the finite 
element modeling of thermal elastic deformation of 
a road surface using an element that implements the 
possibility of the Coupled Fields analysis. Taking into 
account the actual distribution of temperatures in the 
pavement made it possible to establish that the presence 
of a temperature gradient leads to a significant increase 

earlier in the strain analysis. At the same temperature 
of the road layers, the stresses in the three upper layers 
are distributed fairly evenly, so, it can be assumed that 
they work like a three-layer plate on an elastic base 
(Figure 5, a). In the case of the road upper layer heating 
the greatest stresses are concentrated in the upper layer 
of the road (Figure 5, b). The maximum stress values 
increase by a factor of 5.7 compared to the case without 
heating (up to 2.7 MPa). This causes formation of the 
ruts in the places where the tires pass. It should be noted 
that the presented calculation did not take into account 
the decrease in the asphalt concrete stiffness with an 
increase in temperature, which is observed in practice. 
Consequently, the track appears on the road not only 
due to a change in the mechanical characteristics of the 
road surface upper layer, but due to the redistribution 
of stresses due to the temperature deformations,  
as well.

Figures 6 and 7 show how the displacements and 
stresses in the layers of the road surface change when 
the heating temperature of its surface changes and the 
pressure force of the car tire is taken into account. The 
presented figures show that the greatest deformations 

 
a)

 
b)

Figure 4 Pavement deflections at temperatures: a - Tt = 0 °C, b - Tt = 50 °C
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a)

 
b)

Figure 5 Distribution of the von Mises equivalent stresses in the pavement  
layers at temperatures: a - Tt = 0 °C, b - Tt = 50 °C

Figure 6 Change in the maximum displacements in the layers of the road under  
the center of the contact area between the wheel and the road surface depending  

on the temperature of the upper layer Tt.
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investigation is planned to be performed in the further 
work.

The proposed method for the pavements’ calculation 
can be applied to the optimization of the geometric and 
physical parameters of pavements.
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in the asphalt concrete pavement upper layer stresses. 
When the pavement surface is heated to 50 °C the 
maximal stresses in the upper layer of the road surface 
increase by 4 times compared to the case when the 
temperature of all the layers is the same. This fact is 
one of the reasons for formation of the ruts on the road 
at high air temperatures. At a low pavement surface 
temperature the most unfavorable situation is observed 
in the third layer of the pavement where the stresses 
are doubled. This leads to the pavement cracking at low 
temperatures.

The results presented in the paper were obtained for 
the model that does not consider the dependence of the 
materials mechanical characteristics on temperature. 
A decrease in the elastic modulus due to the temperature 
increase would lead to some decrease in the road 
surface upper layer stresses. To perform an appropriate 
quantitative analysis, the use of nonlinear equations for 
the deformation of materials is required and this kind of 

Figure 7 Changes in the maximum von Mises equivalent stresses in the wheel-road  
contact zone depending on the temperature of the pavement top layer
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