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Temperature and moisture in subgrade of the highway 
«Almaty-Bishkek»

Abstract. In the article results of an experimental study of temperature and moisture variation 
in points of subgrade of the highway «Alma ty- Bishkek» (58 km + 895 m) in winter and spring 
periods of 2013 and 2014 are presented. Some regularities of temperature and moisture variation 
in time and depth of the highway are determined. Temperature and moisture in points of the 
highway subgrade do not remain constant in an annual cycle, they vary depending on season. The 
top part of highway subgrade in the cold period is frozen. The higher subgrade point is located, 
the greater frost penetration period.  A correlation relationship between amount of unfrozen water 
and temperature is established. Unfrozen water content in the highway subgrade soil is decreased 
with reduction of temperature according to exponential dependence.
Keywords: temperature, moisture, temperature and moisture sensors, subgrade, pavement, 
unfrozen water.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-134-140

Introduction. Research questions of water-thermal regime of road pavement structures and road 
subgrade in different climatic, hydrological and geological conditions are particularly important. 
Due to distribution of temperature and moisture in pavement layers and soil subgrade has a strong 
influence on their deformation and strength characteristics. In research of this problem experimental 
approach is important. Experimental results are primary in establishment of characteristics and 
regularities of distribution and heat and moisture movement in the called structural elements of 
roads.

Some results of experimental study of temperature and moisture distribution in subgrade of the 
highway «Almaty- Bishkek» relating to the period from July 15, 2013 to May 30, 2014 are presented 
in the article.

Actual information on temperature and moisture distribution at the points of subgrade is obtained 
by means of special sets of sensors of temperature and moisture.

Experimental highway section. The experimental section, where a set of sensors for temperature 
and moisture were installed, is not far from Almaty (58 km + 895 m) on the highway «Almaty-
Bishkek». This road in accordance with normative document [1] belongs to the II technical category, 
has 2 lanes and is in operation after reconstruction in 2005.

Pavement structure on this highway consists of the following layers: fine-grained asphalt (5 cm), 
coarse- grained asphalt (10 cm), old fine-grained asphalt (6.5 cm), old cold asphalt (15 cm), sand and 
gravel mixture (60 cm). Subgrade soil – heavy sandy clay loam.

Temperature and moisture sensors. A set of temperature and moisture sensors on the above 
mentioned experimental section was installed in the summer of 2013. Feature of these sensors is 
that one temperature sensor, operating by the principle of thermal resistance variation, and another 
moisture sensor, operating by the principle of permittivity variation, are mounted in a single metal 



135№ 3(132)/2020ВЕСТНИК ЕНУ имени Л.Н. Гумилева. Серия технические науки и технологии
BULLETIN of  L.N. Gumilyov ENU. Technical Sciencs and Technology Series

B.B.Teltayev, E.A. Suppes

capsule. Such combined design of sensors allows obtaining information about temperature and 
moisture points of road structure simultaneously. More detailed information about these sensors can 
be obtained in papers [2, 3]. General view of one set of temperature and moisture sensors and land 
part view of automatic measurement system of temperature and moisture are shown in Figures 1 and 
2. System automatically measures temperature and moisture in each hour and writes the obtained 
information in a memory device.

 

Figure 1 – General view of one set of temperature and moisture sensors
 

Figure 2 – Land part view of automatic measurement system of temperature and moisture on the 
highway «Almaty-Bishkek» (58 km + 895 m)

The temperature in highway subgrade. Figure 3 shows graphs of temperature changes in 
subgrade at depths of 100 cm, 135 cm and 170 cm during the  period  from  1  December  2013  to  30  
May  2014. As it is seen, during the cold period temperature in subgrade decreases with increasing 
depth, and during the warm period, on the contrary, temperature decreases with increasing depth. 
We can consider that since depth of 100 cm (almost the road subgrade surface) daily fluctuations of 
air temperature don’t influence on temperature in subgrade, i.e. in subgrade temperature variation 
has seasonal nature. At the beginning of observation period, temperature in subgrade had values 
+5ºC...+9 º C, and at the end of observation period had +17ºС...+23 ° C.

Figure 4 shows graphs of temperature distribution along highway depth. As expected, temperature 
values vary within wide limits depending on the time of year. Thus, the maximum temperature on 
surface of asphalt  pavement July 15, 2013 (summer) reaches +50 ° C, 15 October 2013 (autumn) is 
equal +23 ° C...+25 ° C, 15 January 2014 (winter) is decreases to 0 ° C, and 15 March 2014 (spring) 
increases again to +8 ° C...+9 º C. Temperature at the depth of 240 cm in annual cycle is always positive 
and varies within a relatively narrow range (+4º...+20 ° C).
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Figure 3 – Graphs of temperature variation at subgrade points on experimental road section
 

Figure 4 – Graphs of temperature distribution along highway depth

Moisture in road subgrade. Graphs of moisture variation at three points of road subgrade are 
shown in Figure 5. From these graphs it is seen that moisture variation in the cold period at different 
depths are different. So, at a depth of 170 cm moisture varies very little, its value amounted to 3-5%. 
At a depth of 100 cm from the moment of temperature transition with positive values to negative 
moisture are significantly reduced. The maximum moisture content at this depth, on 1 December 
2013 amounted to 8%, and minimal, almost zero, took place on 20 February 2014. Then, in a moment 
of transition temperature with negative values to positive moisture increased again. Certainly, this 
phenomenon is due to the transition of water into ice at low temperatures. The same phenomenon, 
but  with a smaller effect was observed at a depth of 135 cm. It is due to the fact that the absolute value 
of the minimum temperature at this depth less than in depth of 100 cm.

Temperature and moisture in subgrade of the highway «Almaty-Bishkek»
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Figure 5 – Graphs of moisture variation in points of highway subgrade

Graphs of moisture distribution on highway depth during different seasons of year are shown 
in Figure 6. It is seen that moisture is also relatively variable at the top part of (to a depth of 170 cm) 
subgrade. Most variable moisture is on the subgrade surface (1,5% in winter and 9.0% in summer). At 
depths of 205 and 240 seasonal change in moisture content does not exceed 1.5%.

Graphs of moisture distribution on highway depth during different days of spring period are 
presented in Figure 7. It turns out that moisture in points of subgrade located lower than  120...125 
cm is almost constant. Moisture variation was observed in the upper part of subgrade. The greatest 
moisture variation is at subgrade surface: moisture at thawing time (25 March 2014) is maximum 
(13.4 %), then it decreases over time to stable value, equal to about 9%.

 
 

Figure 6 – Moisture distribution on highway depth during different seasons of year

B.B.Teltayev, E.A. Suppes
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Figure 7 – Graphs of moisture distribution on highway depth during spring period

Characteristics of frost penetration in subgrade. As a result of joint analysis of temperature 
and moisture variation in points of road subgrade it is established that at a depth of 100 cm frost 
penetration in soil starts on December 31, 2013, finishes at the end of March 25, 2014 and duration 
of frost penetration was 85 days. Initial (before frost penetration) moisture was 7,2%, and moisture 
during thawing was 13,4% which within 68 days gradually decreased up to the stabilized size equal 
to 9,0%.

At a depth of 135 cm frost penetration in soil starts on February 9, 2014, finishes at the end of 
March 30, 2014, duration of frost penetration was 50 days. Initial moisture was equal to 5,3%, and 
moisture during thawing  was equal 7,2% which within 63 days gradually increased to the stabilized 
size of 8,2%.

Figure 8 shows correlation dependence between unfrozen water amount in soil subgrade and 
negative temperature. Content of unfrozen water decrease exponentially with decreasing temperature. 
We believe that the correlation is quite reliable (R2=0,787).

 

Figure 8 – Correlation between unfrozen water content and 
negative temperature (h=100 см, W0=7,2%)

Temperature and moisture in subgrade of the highway «Almaty-Bishkek»
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Conclusion. 
1. Temperature and moisture in points of the highway subgrade do not remain constant in an 

annual cycle, varies depending on season.
2. The top part of highway subgrade in the cold period is frozen. The higher subgrade point is 

located, the greater frost penetration period. So, at a depth of 100 cm it is equal to 85 days, and at a 
depth of 135 cm it is equal to 50 days. The maximum depth of frost penetration is 137 cm.

3. Unfrozen water content in the highway subgrade soil decreases with reduction of temperature 
according to exponential dependence.
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«Алматы-Бішкек»  автомобиль жолының жер төсеміндегі температура мен ылғалдылық

Аңдатпа. Мақалада 2013 және 2014 жылдардың қысқы және көктемгі кезеңдерінде «Алматы - Біш-
кек» (58 км + 895 м) автомобиль жолының жер төсемі нүктелеріндегі температура мен ылғалдылықтың 
өзгеруіне эксперименттік зерттеу нәтижелері қарастырылған. Уақыт пен маршруттың тереңдігінде тем-
пература мен ылғалдылықтың өзгеруінің кейбір заңдылықтары анықталған. Тас жолдың жер бетіндегі 
нүктелеріндегі Температура мен ылғалдылық жылдық циклде тұрақты болмайды, олар жыл мезгіліне 
байланысты өзгереді. Тас жолдың жоғарғы бөлігі суық мезгілде қатып қалады. Жер төсемінің нүктесі 
неғұрлым жоғары болса, мұздату кезеңі соғұрлым үлкен болады. Мұздатылмаған су мөлшері мен темпе-
ратура арасында корреляциялық байланыс орнатылды. Магистральдың жер төсемінің топырағындағы 
қатпаған судың мөлшері экспоненциалды тәуелділік бойынша температураның төмендеуімен азаяды.

Түйін сөздер: температура, ылғалдылық, температура мен ылғалдылық датчиктері, жер төсемі, жол 
жамылғысы, мұздатылмаған су.
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Казахстанский научно-исследовательский институт автомобильных дорог, Алматы, Казахстан

Температура и влажность в земляном полотне автомобильной дороги «Алматы-Бишкек»

Аннотация. В статье представлены результаты экспериментального исследования изменения темпе-
ратуры и влажности в точках земляного полотна автомобильной дороги «Алматы – Бишкек» (58 км + 895 
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м) в зимний и весенний периоды 2013 и 2014 годов. Определены некоторые закономерности изменения 
температуры и влажности во времени и глубине трассы. Температура и влажность в точках земляного 
полотна шоссе не остаются постоянными в годовом цикле, они изменяются в зависимости от сезона. 
Верхняя часть земляного полотна шоссе в холодный период промерзает. Чем выше расположена точка 
земляного полотна, тем больше период промерзания. Установлена корреляционная связь между коли-
чеством незамерзшей воды и температурой. Содержание незамерзшей воды в грунте земляного полотна 
магистрали уменьшается с понижением температуры по экспоненциальной зависимости.

Ключевые слова: температура, влажность, датчики температуры и влажности, земляное полотно, 
дорожное покрытие, незамерзшая вода.
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