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B.B. Teltayev
E.A. Suppes

Kazakhstan Highway Research Institute, Almaty, Kazakhstan
(E-mail: bagdatbt@yahoo.com, suppes08@mail.ru)

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
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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 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
+5°C...49 ¢ C, and at the end of observation period had +17°C...+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 ¢ C. Temperature at the depth of 240 cm in annual cycle is always positive
and varies within a relatively narrow range (+4°...+20 ° C).

BECTHUK EHY umenu A.H. T'ymunesa. Cepust mexnuueckie HAYKU 1 mexHoA02 1 Ne 3(1 32)/2020 135
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Figure 3 — Graphs of temperature variation at subgrade points on experimental road section
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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.
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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%.
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Figure 6 — Moisture distribution on highway depth during different seasons of year
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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
t0 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).
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Figure 8 — Correlation between unfrozen water content and
negative temperature (h=100 cm, W0=7,2%)
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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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b.b. Teanraes, E.A. Cynimec
Kasaxcmar asmomo0urb kordapot eviAbimu-3epmmey urcmumymot, Aamamot, Kasaxcman

«AamaTpI-bilkek» aBTOMOONAD JXOABIHBIH XXep ToceMiHaeri TeMIepaTypa MeH blAFaaAbLABIK,

Anaatmia. Maxaaaga 2013 sxene 2014 XbplagapAbIH KBICKBI JKoHe KOKTeMTi Ke3eHaepiHde «Aamarsl - bim-
Kek» (58 kM + 895 M) aBTOMOOMAD XKOABIHBIH JKep ToceMi HyKTedepiHaeri TeMIiepaTypa MeH blAFaA/AbIABIKTHIH
esrepyiHe DKCIIePUMEHTTIK 3epTTey HoTUKeAepi KapacThIpbLAFaH. YaKbIT IIeH MapIIPYTThIH TepeHAiriHie TeM-
IepaTypa MeH bIAFaAABIABIKTHIH ©3TepyiHiH Kelibip 3aHABLABIKTaphl aHBIKTaAFaH. Tac 5K0a4bIH Xep OeTiHAeri
HyKTeaepingeri TeMmiepaTypa MeH BLAFaAABIABIK JKBIAABIK ITUKAAE TYPaKThl 00AMaiigbl, 0Aap KbIA Me3TidiHe
GariaaHbpICTHI ©3repedi. Tac >KoaAbIH >KOFapFbl 00Airi cyblK Mesriage KaTeil Kadaasl. JKep TecemiHiH HyKTeci
HeFYPABIM >KOFaphl 004ca, My3JaTy Ke3eHi COFYpABIM YAKeH 004a4bl. My3aaTblAMaraH Cy MOAIIIepi MeH TeMITe-
paTypa apachiHAa KOppeAsIMsAABIK OaillaHbIC OpHATBLAABL. MarucrpaapAblH >Kep TeCeMiHiH TOIbIparblHAAFbI
KaTIIaFaH CyAbIH MOAIIepi 9KCIIOHeHITaAAbl ToyeaAiaik OOVBIHIIA TeMIlepaTypaHbIH ToMeHAeyiMeH a3as/bl.

Tyiiia ce3aep: TeMueparypa, bIAFaaAbIABIK, TeMIIepaTypa MeH bLAFaAABLABIK 4aTIMKTEPi, JKep ToceMi, K04
>KaMBILAFBICHI, MY3JaTblAMaraH Cy.

b.b. Teanraes, E.A. Cynimec
Kasaxcmarckuii HayuHo-uccAed06ameAbCKutl UHCmMumym asmomoourbHolx dopoz, Aamamul, Kasaxcman
Temmneparypa 1 BAaXXHOCTb B 3eMASTHOM II0OA0THE aBTOMOOMABHOM A0pOIru «AaMaTbl-bunikex»

AnnoTanus. B ctatbe mpeacTraBaeHbl pe3yAbTaThl DKCIIEPUMEHTaAbHOTO MCCAeA0BaHN U3MEHEeH TeMIIe-
paTypBl 1 BAa>KHOCTY B TOUYKaX 3€MASHOTO 11010THa aBTOMOOMABHOI 40poru «AamaTsl — buiiikek» (58 km + 895
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M) B 3UMHMI 1 BecenHuit nepuoart 2013 u 2014 rogos. OrpeseaeHbl HEKOTOPBIE 3aKOHOMEPHOCTU U3MeHeHNs]
TeMIlepaTypsl U BAaXKHOCTU BO BpeMeHU U rayOuHe Tpaccel. TeMmepaTypa 1 BAaKHOCTh B TOUKaX 3eMASHOTO
IT00THA IIIOCCe He OCTAIOTCs MTOCTOSHHBIMU B TOAOBOM ITMKJAE, OHM M3MEHSIOTCS B 3aBMCHMOCTM OT Ce30Ha.
BepxHss 9acTh 3eMASHOTO IOAOTHA ITIOCCe B XOAOAHBIN ITepHoJ poMep3aeT. UeM BEIIITe pacro0KeHa TOUKa
3eMASHOTO T10/0THa, TeM D0bIIe ITepuo MpoMep3aHsl. Y CTaHOBAeHa KOpPeAsIIIMOHHAs CBA3b MeXAy KOAM-
JeCcTBOM He3aMep3IIell BoAbl 1 Temmepatypoii. CogepsKaHne HezaMep3Iell BOABI B IPYHTe 3eMASHOTO IT0A0THa
MarucTpaau yMeHBIIaeTcsl C IMOHVDKeHNeM TeMIIepaTyphl 10 9KCIIOHEeHI[MAaAbHO 3aBUICHMOCTIL.

Karouesbie caosa: remriepartypa, BAa>KHOCTh, AATYUKM TeMIlepaTyphl U BAaXKHOCTHU, 3eMASHOE IOAOTHO,
AOPO>KHOE TIOKPBITHE, He3aMep3Ias BoJa.
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