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ABSTRACT

The paper studies the temperature dependence of the surface of the asphalt concrete on the temperature
of the environment of different Russian cities road-climatic zones with a view to determining the most effective
method of calculating the temperature of the coating of the road. There are the materials of research, which
shows that the fluctuation range of the surface temperature of asphalt pavement is roughly proportional to the
range of air temperatures. Especially dangerous is winter and spring period, when the change in temperature
occurs unevenly, as a result of which there is a decrease in strength and deterioration of transport performance
indicators. Seasonal and diurnal variations of the temperature of pavement can be levelled by applying a special
composition, which allows to maintain approximately the same temperature of the coating during the entire period
of exploitation.
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1. Introduction

The mechanism of improvement of technical condition of roads is a topical issue for many cities of Russia,
which will help to achieve economic efficiency by increasing maintenance periods [1]. In order to avoid large-scale
reconstruction projects of highways [2], the main problems encountered with their operation should be explored.
That's why the main goal of our study is determination the best method of calculating the surface temperature of
road clothes. The strength and durability of road constructions is influenced by many factors including weather
and climate. It is known that asphalt is a thermoplastic material [3], therefore, one of the climatic factors that
significantly affect rutting and also on the strength and deformation properties asphalt layers material in
construction of road pavements is temperature. The stress-strain state and asphalt concrete lifetime pavements
depend on the temperature [4]. Every year more urgent becomes the problem of the destruction of pavement.
Expert assessment shows that currently, meet standards only 37% of Federal and 24% of regional roads [5].

Low operating characteristics of the materials used in road construction, lead to the fact that already for 3-4
year operation of the vast number of roads in Russia requires major repairs, while abroad, the average
maintenance free life is 10-13 years [6]. Moreover, the road network built in the 1960-1970-ss, continues to
deteriorate, and the total economic losses caused by the poor condition of pavements make up about 6 percent of
GDP. A significant part of the road network has exhausted standard operation time. However, their service life
can be significantly extended using various technologies, selection and justification which should be based on the
results of detailed surveys of road condition and forecasting of development of different types of damage [7-11].

Clarification of the temperature dependency of asphalt concrete from operating conditions is important at
the present time [12]. Important to remember, in different climatic conditions, the effect of ambient temperature on
the pavement temperature affects differently. In the paper [13] is considered in detail the dependence of the
properties of bitumen coatings from external influence, and measures ensuring the required quality of the
material. The study [14] examined the problem of influence of seasonal climatic terms on the condition of the
roadway on the example of the Khabarovsk territory.

Experimental and theoretical studies [15] demonstrated the mechanism of cracks formation and other
damage to the road surface from the influence of not only external, mechanical influences, but also temperature
changes. The coefficient of linear expansion of the asphalt depends on the temperature of asphalt concrete, type
and content of binder in asphalt mixture [16]. The effect of temperature on the condition of the road also is
considered in detail in papers [17-31]. Foreign authors also investigate the problem of road surfaces. In [32]
carried out a comparative analysis of temperature of road constructions in different regions of Kazakhstan. In the
paper [33] described the effect of temperature on the quality and service life of the pavement on the example road
network in Oman. Thus, asphalt pavement's temperature mode is one of the key factors determining changes in
its properties and service life in operation.

2. Methods and results.

Temperature of asphalt pavement is a function of air temperature [4]. It is important to consider the climate
of the city, in which the road is. Factors such as temperature extremes and diurnal dependence of the air
temperature can lead to decision the issue of roads durability.

To achieve the goal, it's necessary to perform the following tasks:

. To create a model sine wave oscillations of average monthly air temperatures for the period of 365
days.

. To determine the dependence of the surface temperature from air temperature for various road-
climatic zones (RC2Z2).

. To produce a precise mathematical description of the heat transfer mechanisms in the structural
layers of the pavement based on periodic diurnal and annual temperature changes of various RCZ.

. To determine the average temperature of the periods used to calculate asphalt pavement in various
RCZ.
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The city's location in the country, particularly its climatic features, affect the technical condition of the
pavement as a whole. At high operating temperatures of the road surface the stability of asphalt concrete to the
formation of deformations greatly decreases. In a cold climate, low-temperature pavement cracking happens [28].
Russia is among the five road-climatic zones: |, Il, Ill, IV, V (Fig.1) and four climatic zones — Arctic (1), Subarctic
(1), Moderate (Ill) and Subtropical (V) (Fig. 2). The need to address the tasks required to study the climatic
features of cities such as Omsk (Omsk region), St. Petersburg (Leningrad region), D. Akbasheva (Chelyabinsk
region), Krasnodar (Krasnodar region), Astrakhan (Astrakhan region), respectively, belonging to I, II, lll, IV, V
RCZ.

Figure'l. Road-climatic zones of the Russian Federa tion.
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Figure 2. Climatic zones of the Russian Federation.

One of the main parameters, which affects the technical condition of the road surface, is the impact of the
ambient temperature, which in large measure harms the coating. Each zone, in its turn, has its own natural
features, but the structure of the asphalt pavement designing and its physical and mechanical properties remain
the same, although for each temperature regime should choose the most suitable materials [34-36]. This
approach to the construction of roads is incorrect, and, consequently, lifespan is reduced.

Based on long-term measurements, it is possible to propose a mathematical description of the mechanisms
of heat transfer in constructive layers of road clothes. Herewith, certain and measured quantities are temperature
and time. Since radiation was not measured, in the formulas modeling the temperature of the road surface, time
acts as an independent variable. In itself time is not a factor influencing the temperature, but with it it's possible to
describe changes of the technical condition of the road. Also important is the creation of models of the sine wave
oscillations of average monthly air temperatures for the period of 365 days, which gives an indicative forecast of
the course of temperatures (Fig.3).

The sine wave is calculated according to the formula [4]:

) (pv — 109.4) ) (pv —30.2) Q)
tik = 13.23sin (ZHT —0.7s 2 W + 2.05
pv — the ordinal day number from January 1st.
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Figure 3. Sine wave oscillations of average monthly air temperatures for the year.

The graph shows that the temperature in the course of a year roughly goes along a certain trajectory of a
sinusoid, based on which you can orient the plans, progress and completion dates for the construction of road.

After receiving tentative schedule fluctuations in mean monthly temperatures, it is necessary to proceed
directly to the calculation of the coating temperatures. At definition were taken into account all the data hourly
temperatures during the measurement period, the number of samples - 7982. The formula (2) is easy to use, but
the accuracy of the results is small [4].

t, = 1.017t; + 1.593 2
Where:
tp - temperature of the road surface, °C;
ti - air temperature, °C.

Figs. 4-6 illustrate graphs of temperature distribution of coatings various road-climatic zones of Russia
(each chart corresponds to a certain time of day). It is seen that in various RCZ temperature of the coating at the
same time will differ greatly. Based on these data, it can be concluded that the temperature difference can reach
40°C. The greater the difference, the responsibility should approach the construction of roads, their reconstruction
and exploitation.

Justification of differentiation the day on three intervals is that according to American scientists, the highest
daily temperature observed at 4:00 p.m., the lowest night is at 4:00 a.m. Also, for purposes of our research, was
allocated an additional value at 10:00 p.m.
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Figure 4. A graph of the temperature distribution o f the coating asphalt for 365 days in 2013 in
4:00 a.m.
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Figure 5. A graph of the temperature distribution o f the coating asphalt for 365 days in 2013 in
4:00 p.m.
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Figure 6. A graph of the temperature distribution o f the coating asphalt for 365 days in 2013 in
10:00 p.m.

On the example of Krasnodar city (Fig. 7) you may see a significant change in the temperature of the
coating.

Temperature, 'C
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Figure 7. A graph of the surface temperature of asp  halt concrete in 4:00 a.m., 4:00 p.m., 10:00 p.m.
in Krasnodar in 2015.
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There are many methods for calculating the surface temperature of asphalt concrete. Compare the 3 most
famous: the method Kovalev Y. N. (Russia) [4], the Method of "Superpave" (USA) [4], as well as the method used
in Finland.

According to Kovalev Y. N. [37] the minimum temperature of asphalt pavement is determined by the
formula:

T = 0.7T pin (3)
Where:
T™n" _ the calculated minimum surface temperature of asphalt pavement, °C;
Tmin — the minimum outdoor temperature, °C.
Maximum temperature:

Ty = Ty + Ty (4)

Where:
Tn — the calculated minimum surface temperature of asphalt pavement, °C;
Ts — air temperature, °C;

Take — €quivalent temperature, °C;
[ 5
TZ—)KB=(1_A)_ ( )
aTl

Where:
A — the albedo of a surface coating, characterized by its reflectivity;
| — the intensity of solar radiation, W/m2;
an — the heat transfer coefficient, W/(m2:°C);
«Superpave» method:
TM = 0.859T i, + 1.7 (6)

Where:
T™n" _ the calculated minimum surface temperature of asphalt pavement, °C;
Tmin — Minimum air temperature in average year established on meteorological data, °C.

TJ%% = 0.9545(T,, — 0.006181112 + 0.228911 + 42.2) — 17.18 (7)
Where:
T;"** — the maximum design temperature of the coating at a depth of 2 cm, °C;
T,; — average weekly maximum air temperature, °C;
Ll — the latitude of the object in degrees

Thus, the method of "Superpave" is governed by the estimated maximum temperature of the coating for the
upper layer at a depth of 2 cm from the surface and lowest design temperature at the surface of the coating.

The method used in Finland:

. 2m(4.681 — h) . 2m(108.6 — p) (8)
Tap keski = 0-470sin ——— ——= = 1.212sin—— ==+ 09177, + 0.308

Where:
T askeski — the average temperature of the layer of pavement (100 mm), °C;

T p — the surface temperature of the road surface (tm — surface temperature in the warm season
(March 31-October 15), tpk — surface temperature in the cold season (October 16 — March 30), °C;

Thus, the average temperature coating thickness of 100 mm are defined.
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In Figs. 8-9 presented the plots of the estimated minimum and maximum temperatures of the coating
according to various methods.
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Figure 8. Comparison the minimum temperature of the pavement.
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Figure 9. Comparison the maximum temperature of the pavement.

From Fig. 8-9 we see that the difference of temperature is present. After analyzing the data, it can be
concluded that in the case of determining the minimum temperature, the lowest calculated values obtained
according to egs. 3-4, Kovalev Y. N.. In the case of determining the maximum temperature of the asphalt to
extreme calculated values obtained by the method of "Superpave", and the difference is significant.

3. Discussion.

In the paper was carried out a comparative analysis of the road constructions' temperature in different RCZ
of Russia. There was investigated road sections located in areas with dramatically different climatic conditions.
The data was used to determine the temperature dependency of the roads from the ambient temperature, taken
from hydrometeorological station cities of the corresponding zones. It was found that, depending on the location
in various RCZ of Russian Federation, the temperature limits of work asphalt concrete in our country have
enough differences. Indeed, during the day the temperature varied considerably. Such factors adversely affect the
condition of the roads. It turns out that the asphalt concrete can "breathe" warm air that affects the temperature of
the "body", which adversely affects longevity and the quality of the coating [38-40].

4. Conclusions.

Temperature mode monitoring and theoretical analysis of the impact on the condition of the asphalt
pavement allows to draw the following conclusions:
1. During the year, the time and technology of work execution it is possible to adjust, based on the
influence of temperature;
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2. During winter time, the asphalt coating maintains higher temperature than the minimum ambient air

temperature;

3. The surface temperature of asphalt pavement varies with the time of day in the considerable interval that

has a negative impact on the physic-mechanical properties of asphalt concrete;

4. The range of fluctuation of the surface temperature of asphalt pavement is approximately proportional to

the range of air temperatures, which confirms their interconnection to each other;

5. In winter and spring there is a sharp and uneven temperature changes in the pavement layers, causing a

reduction in strength, and then the deterioration of transport performance indicators, such as flatness, roughness,
adhesion of wheel and coating.
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