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METHOD OF THERMAL CALCULATION
OF HEATING ROAD COVERING

Safe maintenance of roads, especially in the winter, is a topical issue today. Among the various traditional
methods of combating snow and ice on the coating, there is an alternative method, in particular the use of
heating coatings. The method of thermal calculation of ecologically safe heating road surface is developed,
namely — the problem of thermal conductivity at the set certain thermal boundary conditions and conditions of
contact of layers is solved. The heating system of the coating consists of crushed stone-mastic asphalt concrete,
a layer of electrically conductive concrete (fibroconcrete), carbon mesh for power supply and a layer of thermal
insulation. To solve the thermal problem, we used the hypothesis of temperature distribution in the layers of the
heating coating over the thickness of the system. Physico-mechanical and thermophysical characteristics of
layers and boundary conditions on their surface are given. A heat flow of a given power acts through the lower
surface. Heat transfer occurs from the lower surface to the upper — perpendicular to the package of layers,
which makes the problem of heat transfer one-dimensional and stationary. Under given thermal conditions, a
stationary one-dimensional temperature field for the layer k=1.2...n is described by the differential equation of
thermal conductivity. The accuracy of solving the problems is related to the approximation of the temperature
distribution in the layers by expression. When the layer thickness decreases, the accuracy increases, and
the continuous functions change in steps. In order to achieve the required accuracy, each of the two layers
of the road surface (fiber concrete, ShchMA-15 asphalt concrete) is distributed into several sublayers with
constant thermal characteristics. Stationary temperatures at the boundaries of the sublayers at a given
heat flux are obtained. The dependence of the heating system temperatures on the heat flow supplied to the
electrically conductive grid and the possibility of providing a positive temperature on the coating surface at a
negative ambient temperature are determined. The heat-insulating properties of the thermal insulation layer
(“Pinosital” bulk foam glass) have been tested and the efficiency of its use in construction has been confirmed.

Key words: fibroelectric concrete, road cover, crushed stone and mastic asphalt concrete, thermal
conductivity, boundary conditions, thermophysical characteristics eating system, heat flow, differential
equation of thermal conductivity.

Formulation of the problem. Winter maintenance of
roads is the most difficult type of maintenance. Under the
influence of winter weather and climatic factors, transport
and operational characteristics and traffic conditions of
highways change the speed of vehicles is reduced by
2-2.5 times, their productivity by 30-40%, and the cost of
transportation increases by 25-30% [1]. At the same time,
winter slipperiness is the cause of up to 82% of traffic
accidents and accidents [2]. Thus, losses and general
expenses from the influence of weather and climatic
conditions on the functioning of the road transport system
make the task of safety of its provision the most urgent
both in the countries of the nearest and far abroad.

Despite the different approaches to this issue in
countries with different climatic conditions, there is
a common strategy for safe winter road maintenance,
which includes the search for new anti-icing materials
together with promising research and practical work
to develop effective and environmentally friendly
technological solutions to remove the ice from the
floor [3—4]. Such solutions include environmentally
friendly construction of heated pavement [5—6] using
a monolithic layer of fiber concrete [7-8], developed
with the participation of the author. Taking into
account the fact that the calculation methods for the
heating coatings are not studied properly, there are
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no any norms and classifications on this issue, that is
why the research in this direction can be considered
relevant and promising.

Analysis of recent research publications.
The design of the heating coating requires thermal
calculation, which determines the possibility of
achieving a thermal effect — to obtain on the surface
of the coating enough temperature for melting snow
and ice in external negative temperature conditions. To
solve this problem it is necessary to apply the theory of
thermal conductivity. The basics of the theory of thermal
conductivity are given in the works of B. Boli and
J. Weiner, A.A. llyushin and B.E. Pobedri, V.I. Belyaev
and A.A. Radyno, B.G. Koreneva, [.A. Motovilovets,
Ya.S. Pidstrigach, V.A. Lomakin and Y.M. Koliano,
S.M. Konstantinov. Asymptotic methods for solving
problems of the theory of thermal conductivity and
thermoelasticity are considered by LY. Zino and
E.A. Tropp. Engineering and analytical methods in
thermal conductivity problems are covered in the works
of V.S. Zarubina, E.M. Kartashova, G.N. Dulneva,
A.V. Sigalova and V.G.Parfyonova. Research of
temperature crack resistance and issues of increasing
the durability of asphalt concrete layers of road surfaces
dedicated to a number of works by O.V. Mozgovyi.

Research of physical and mechanical properties of
a covering depending on temperature and deformation
rates are covered in the works of I.P. Homelyak [9].
Main issues of thermoelasticity in homogeneous
structures, considered by V.M. Maisel, in the future
generalized for layered structures V.G. Piskunov and
V.S. Sipetov [10].

For layered structures, which include heating
coating, piecewise linear laws of temperature
distribution are used, similar to the broken line
hypothesis for a package of issues in stress problems .
In this case, the properties of the layers are taken into
account in general , as for the linear law of temperature
distribution in a homogeneous body thickness, and
the order of the system of thermal equations does
not depend on the number of layers. Averaging
thermophysical parameters over the thickness of the
layers, E.I. Starovoitov [11] reduced the problem
of thermal conductivity in a three-layer plate to
determine the temperature field in a homogeneous
plate with modified thermophysical characteristics.

V.G. Piskunov and V.S. Sipetov [12] to describe
the temperature distribution over the thickness of
layered systems proposed a nonlinear law, which
allows to refuse introduction of such meanings, as
average temperature and it's difference on thickness
of a package of layers. In addition, it is possible to
describe the nonlinear character of the temperature
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distribution over the thickness, replacing it with
piecewise-linear, in this case, to achieve sufficient
accuracy, each layer can be divided into sublayers,
which is effective for solving the problem of thermal
state of layered structures.

For the calculation of layered orthotropic
thermosensitive shells and plates under force and
heat O.M. Demchuk used an iterative approach
[13]. The system of differential equations and
boundary conditions of the stationary problem of
thermal conductivity is obtained by variation, which
was further used to develop a method of thermal
calculation of heated road surfaces.

Formulation article goals. The purpose of
research is to develop a method of thermal calculation
ofheated pavement with a layer of conductive concrete
for the safety of its maintenance in the winter.

Presenting main material. The calculation is
used to solve the thermal problem for the heating
system that forms the coating, scilicet the problem of
thermal conductivity under certain thermal boundary
conditions and contact conditions of the layers [13].

The heating system is a layered body of total
thickness ,,h”, collected from ,,n” isotropic layers and
assigned to the coordinates 0X, 0Z (Fig. 1). The order
of the layers in the system is arbitrary.

Physico-mechanical and thermophysical
characteristics of layers k =1,2,..n are connecting
with direction 0Z (within the layer are constant). On
the outer (upper) surface ( Z = /) evenly distributed
stationary temperature field 7(h)=T.
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Fig. 1. Fragment of a layered body
in the temperature field

Through the lower surface ( Z = 0 )a heat flow of a
given power is working 7' (0) = g . Heat transfer goes
from the lower surface to the upper — perpendicular to
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the package of layers (along the axis 0Z). So, the heat
transfer problem is one-dimensional and stationary.
Under given thermal conditions, a stationary
one-dimensional temperature field for the layer
k =1,2,...n is described by the following differential
equation thermal conductivity:

w 4T (2)
z dZZ

Where xg“ — the thermal conductivity of the
layer £;

T (z)~ the law of temperature distribution in the
layer k.

The thermal conductivity problem described by
equation (1) meets the following basic boundary
conditions:

— temperature on the outer surface (Z = /) body
(boundary condition of the first kind)

) (= T; )
— given the intensity of heat flow through the lower

(Z =0) surface of the body (boundary condition of
the second kind)

A =0, (1

d 7TV
W= ) ()

— A partial case of boundary conditions of the
second kind is the condition of thermal insulation of
the body surface ( ¢ =0);

—given the law of convective heat transfer between
the body surface and the environment (boundary
condition of the third kind)

w 47" (2)

Z 4

Where o — heat transfer coefficient, which
depends on the thermal and physical characteristics
of the body surface and the environment;

T. — surrounding environment temperature.

At the boundaries of the layers the conditions of
"ideal" thermal contact are fulfilled, which for the
common surfaces of the layers (k) , (k-1) presented as:

=49

A =o(T-T,),

(%) (k1)
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Conditions (5) determine the continuity of

temperature and heat flux at the boundaries of the layers.
To solve the thermal problem, the hypothesis
of temperature distribution in layers was used
k =1,2,...n on the thickness of the system (3):
1

T (Z) = Zdu(fn) I, + dz(l;)qm :dl(g)to + dz(g)% + dl({c)tl + dz(ll()‘h ) (6)

m
m=0

where ¢, and g,, —looking functions of the reduction
surface ( Z = 0),which describe the temperature and

heat flux (m=0), also the rate of change of these
parameters over time (m=1);

dP()=[(A0) & dP)= [ O [ed,ydz dz;
1] 1] ]

di'(z)= “R el ] chiﬂdguds dz

]

L]
d(=}=1— given normal functions;

¢! — specific heat of the layers.

In the temperature distribution (6) not only thermal
conductivity coefficients are taken into account A"
, also a specific heat ¢! the material of the coating
layers. The largest order of the polynomial that
approximates the temperature within each layer for
this model is 3. The general order of the system to
which equation (1) reduces is 8.

According to the described method, the thermal
problem for the heating coating is solved. To the
lower (Z =0) surface of the layer of fiber concrete
with a thermal conductivity k(zl) =0,84 VT/m°C
and specific heat c¢” =0,47 kDg/kg °C the heat
stream from a carbon grid of the set power moves
g. On the surface of the coating (Z =0,11mM) with
thermal conductivity A" =1,68 VT/m °C and heat
capacity ¢!” =1,05 kDg/kg°C you should to get the
needed temperature to melt the snow and prevent ice
+(2 — 10) °C at ambient temperature —20 °C.

The accuracy of solving the problems is
related to the approximation of the temperature
distribution in the layers by expression (6).
When the layer thickness decreases, the accuracy
increases, and the continuous functions change in
steps. In order to achieve the required accuracy,
each of the two layers of the road surface (fiber
concrete [6], ShchMA-15 asphalt concrete [14])
is distributed into several sublayers with constant
thermal characteristics.

— So, in general, we get a multilayer system for
road surface:

— a layer of fibrobetel thick 4 =0,05m divided
into 10 sublayers 4 = 0,005 m;

— a layer of ShchMA thick #=0,06m on 10
sublayers on 4 = 0,006 m.

— An example of the obtained stationary
temperatures at the boundaries of the sublayers at
heat flow ¢ =900 Wt and external environment
temperature —20 °C for pavement are shown in table 1.

The next calculations are making with a further
increase in heat flux from

q=900 Wtto g=1400 Wt-(with a step AqW1).
The solution of equation (1) allowed to determine

the dependence of the temperatures of the heating
system on the heat flux, which is fed to the electrically
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conductive grid. So, table 2 shows the results of the
calculation for the road heating surface.

The calculations establish the possibility of
providing at an ambient temperature of —20° C on
the surface of the road surface a positive temperature
from +2.2 ° Cto + 11 ° C at a heat flux from 1000 W
to 1400 W.

So, if the temperature along the thickness of the
layer of fibrobetal for the pavement is maintained from
+(78.2-121.2)° C to + (30.6-54.6)° C, the surface of
the pavement provides the necessary thermal effect.

The heat-insulating properties and a layer of
thermal insulation are checked. According to Fourier’s
law, the amount of heat (q, Wt), which is transferred
to a layer of thermal insulation thickness Al= 05m per
plane of a standard cement concrete slab (s) depends
on the thermal conductivity of the thermal insulation
material (1), temperature gradient on the surfaces of
the layer for some time (T ) for time (t).

q =X£st.

7
A (7

If we assume that the thermal insulation layer is
supplied with heat of 1400 W, then from formula (7)

the temperature gradient °C.

_gN 1400005
Ast 0,059-18-1

When the value of the temperature on the upper
surface of the thermal insulation layer Tv = 121°C,
the temperature on its lower surface will be

T=T,-AT =121-66 = 55°C,
which confirms the effectiveness of the adopted
thermal insulation material.

Conclusions. The thermal calculation of the
heated road surface according to the above method
confirmed the effect of heating the road surface
to a positive temperature at a negative ambient
temperature. The further research in this area can be
considered relevant and promising.

Table 1
The results of the calculation of the temperature field in the heater system (q=900 Wt)
Fibrobetel layer, 4 = 0,05 m (7»(;) = 0,84 W/m°C; ¢!” = 0,47 kDg/kg°C)
he,m 0,000 | 0,005 | 0,010 | 0,015 | 0,020 | 0,025 | 0,030 | 0,035 | 0,040 | 0,045 0,050
T °C 67,38 | 64,10 | 59,81 | 55,53 | 51,26 | 46,96 | 42,67 | 38,38 | 34,10 | 29,81 24,60
Surface SHMA, % = 0,06 M (") = 1,68 Wt/m °C; ¢! =1,05 kDg/kg°C)
b, m 0,050 | 0,056 | 0,062 | 0,068 | 0,074 | 0,080 | 0,086 | 0,092 | 0,098 | 0,104 0,110
T, °C 24,60 | 22,97 | 20,42 | 17,87 | 15,31 | 12,76 | 10,21 | 7,65 5,10 2,55 +0,00
Table 2
Dependence of pavement temperatures on heat flow
Heat flow, | The temperature of the lower a, Fibrobetel boundary @, | Coating surface o,
Wt surface of the fibrobetel, °C °C surface temperature, °C | . C temperature, °C °C
900 +67,4 10,8 +24,6 6 0,00 2,2
1000 +78,2 10,8 +30,6 6 +2,2 2,2
1100 +89,0 10,8 +36,6 6 +4.4 2,2
1200 +99,7 10,8 +42,6 6 +6,6 2,2
1300 +110,4 10,8 +48.6 6 +8.8 2,2
1400 +121,2 10,8 +54,6 6 +11,0 2,2
References:

1. Tonuapenko @.I1. TeopeTnuHi OCHOBH Ta MPAKTHYHI METOAM ITiIBUIIICHHS O€3MIEKH PYXY MPH eKCILTyaTarii

aBTOMOOUILHUX JOpir : MoHorpadis. Kuis, 2000. 352 c.

2. Prasolenko O., Lobashov O., Galkin A. The Human Factor in Road Traffic Citi. International Journal of
Automation, Control and Intelligent Systems. 2015. Vol. 1. Ne 3. P. 77-84.

3. HamionaneHa  TpaHCIIOPTHA  CTpareris

VYkpainu

Ha mepion g0 2030 poky. URL:

http://zakon.rada.gov.ua/laws/show/430-2018-p. (nara 3BepHenns: 09.11.2021).
4. Crenypa B.C., Benstuncekuii A.O., Kywxenr H.B. OcHoBu ekcruiyaraiii aBTOMOOUIBHHMX JIOpPIr
i aepoapomiB : HaBuanbHUH nociOHUK. Kuis : HAY, 2013. 204 c.

272 Tom 32 (71) N2 6 2021



ByniBuuuTBO

5. Bonogeko O.B., Ilickynos B.I. [IpoexTyBaHHSsI JOPOKHUX HarpiBHUX MOKPUTTIB. Bicnuk Hayionanvnoeo
mpancnopmuozo yHisepcumemy. 2012. Ne 26. C. 443-448.

6. Bonogpko O.B. [IpoextyBaHHs iHHOBALIHOTO JOPOKHBOTO MOKPUTTS ISl TPAHCIIOPTHOI 1HPPACTPYKTypH
TYpUCTHUHOI raiy3i. Cmanuti po3gumox mypusmy Ha 3acadax napmuepcmed: 0Ceima, HayKa, npaKmuxd : Marepiana
I MixxnaponHoi HaykoBo-npakTH4HO1 KoHpepeHwii (27-29 sxorras 2021 p.). JIssis : JITEY, 2021. C. 133-137.

7. Bomompko O.B. JlocmimkeHHS MeXaHIYHMX Ta EJIEKTPHUYHUX XapaKTEPUCTHK HOBHUX PE3UCTUBHHX
marepianis. Bicnux [lonmascvkozo ynieecumemy exonomixu i mopieni. [lonrasa, 2015. Ne 1 (73). C. 140-146.

8. Piskunov V.G., Volodko O.V., Porkhunov A.l. Composite materials for building of heated highway
and airport runway coating. Mechanics of composite materials. Riga, 2008. Vol. 44. Ne 3. P. 317-326.

9. Tlamensk LIL., Sxkumenko S.M. JlocmimkeHHS (i3MKO-MEXaHIYHUX BIACTHBOCTEH achanbToOeToHy
B 3aJIEKHOCTI BiJ] TeMIepaTypH 1 BUAKOCTI AedopmyBanHs. Aemournaxosux Yipainu. 2009. Ne 6. C. 12-15.

10. Iluckyno B.C. Cuneros B.C. PacueT coucTbIX HONOTHX 0001049€K U3 aHU30TPOIHBIX KOMITO3UIIMOHHBIX
MaTepUaJIOB Ha CTaTUYECKOE U TeMIIEparypHoe Bo3uencTaue. [lpoonemuvl npounocmu. 1987. Ne 10. C. 79-82.

11. CrapoBoiitoB D.11. OCHOBBI T€OPHH YNPYTOCTH, IUNIACTUYHOCTH U BA3KOYIPYTOCTHU : YYEOHUK ISl CTYA.
cTpout. cnennansHocTed. [omens : benl VT, 2001. 344 c.

12. IMuckynos B.I'., Cuneros B.C. YTouHeHHast MozeNb pacipeeeHnsl TEMIIEPAaTyPHOTO MO Ul pEICHUS
3a71a4 TEPMOYIIPYTOCTH CIIOUCTBIX CUCTEM. JJoknaowl Akademuu Hayx YCCP. 1987. Ne 5. C. 48-51.

13. emuyk O.H. CpaBHeHue nmpuONMKeHHBIX YTOUHEHHBIX TPEXMEPHBIX PEIICHUH 3a1a4l TepMOYIPYTrOCTH
CJIOMCTBIX aHU30TPOIMHBIX IUTACTHH. Mexanuka komnosumuuix mamepuanog. Pura, 1995. T. 31. Ne 2. C. 216-226.

14. ICTY b B.2.7-127:2015. Cymiuti acansro0eToHHi i acanbTo0eToHH 1e0eHeBO-MacTHKOBI. TexHiuH1
ymoBu. Kuis : MinOyn Ykpainu, 2015. 28 c.

Bosonsko O.B., Poroa H.B. METO/IUKA TEIIJIOBOI'O PO3PAXYHKY
HAT'PIBHOTI'O JOPOXXHBOI'O ITIOKPUTTSA

besneune ympumanna aemomobineHux oopie, 0coonu8o 6 3UMOBUU Nepiod eKCNnyamayii, € akmyaibHUM
numantam coo2ooens. Ceped pisHOMAHIMHUX MPAOUYILIHUX CROCO0I8 BOPOMbOU 3i CHIZOM Ma 0Xceneouyero Ha
NOKPUMMI iCHY€ i AIbMEPHAMUBHULL CNOCIO, 30KpeMa BUKOPUCIAHHSL HAZPIBHUX KOHCMPYKYI nokpummis. Po3-
pobIeHo MemoOuKy menyio8020 pO3PAXyHKY eKOJLO2iUHO 6e3NeUH020 HaZPIBHO20 OOPOHCHLO20 NOKPUIMMS, d caMe
BUPILEHO 3a0ayy MenIoNPOGIOHOCI NPU 3A0AHUX NEGHUX MENLOBUX SPAHUYHUX YMOBAX A YMOBAX KOHMAKMY
wapis. Haepisna cucmema nokpummsi ck1aoaemucs i3 uebeHeso-MacmuKo8020 acanvmobemony, wapy enex-
Mponpogiono2o bemony (piopodbemony), gyaneyesoi cimku 0isi NOOA4i CMpymy ma npoutapKy mepmoizonayii.
Jlna po3e’sazanna meniogoi 3a0aui 8UKOpUCMana 2inomesda po3nooiy memnepamypu 8 NPoUulaprax HazpieHo2o
NOKpUMMsL N0 MOGWUHI cucmemu. 3adani ¢hizuxo-mexaniuni ma menioQisuyni Xapaxmepucmuru wapie ma
2PaHuyHi yMo8u Ha ixui nosepxui. Kpizo nudichio nosepxmio dic menioguil nomix 3adanoi nomyscrocmi. llepe-
HOC menia 8i00)8acmvbCsl 8i0 HUICHLOI NOBEPXHI 00 8ePXHBLOI — NEPREHOUK)IAPHO NaKemy uapis, wo pooums
3a0a4y menjionepeHocy 0OHOBUMIPHOIO Md CMAYIOHAPHOI0. 3a 3a0aHUX Menio8ux yMo8 CmayioHapHe 0OHO-
suMipHe memnepamypre noie ons wapy k=1.2...n onucyemocs Oupepenyitinum pieHsaHHAM MenionposiOHOCII.
Tounicme po3s’a3anHs 3a0ayi N08 A3aHA 3 ANPOKCUMAYIEIO pO3NOOLTY memnepamypu 8 wapax. 3i sMeHueHHAM
MOBWUHU WAPIE MOYHICINb 3POCMAE, A HenepepsHi YHKYIT 3MIHIOI0OMbC HA CIMYNEeHeBl. 3 Memoio 00CACHeHH S
HEeOOXIOHOT MOYHOCI KOJCEH 13 080X WAPI8 O0POACHLO2O NOKpUmms (QiopobemoHn, uedbeneso-macmurosul
acghanbmobemon) po3nodiiaemvcst Ha OeKLIbKA NIOWApié 13 NOCMIUHUMU MENI0GUMU XAPAKMEPUCTIUKAMU.
Ompumano cmayionapui memnepamypu Ha epasuysax niowlapie 3a 3a0aHo020 menioso2o nOmoky. Busnauero
3a1exCHiCmb memMnepamyp HazpieHoi cucmemuy 8i0 menyiogo2o NOMOKY, AKUU NOOAEMbCA HA eleKMPONpPOGiOHy
CIMKY, ma Moxcaugicme 3abe3neuenus 000amHoi memMnepamypy Ha nO8epxXHi NOKpUmMms 3a 6i0 €EMHOI memne-
pamypi 306HiUHbO20 cepedosunya. Ilepesipeni mennoizonayitini enacmusocmi wapy mepmoizonayii (HacunHo2o
ninockna «llinocumany) ma niomeepoxiceno egheKmuHicms 11020 GUKOPUCIAHHS 8 KOHCIPYKY.

Kniouogi cnosa: ¢iopoenexmpobemon, 00podiCHE NOKpUmMmsl, uedeneso-macmurkosutl acghaibmobemon,
MenionposioHicmb, paAHUYHI YMOBU, MENIOPIZUUHI XapaKmepucmuKy, HazpieHa cucmema, menjio8utl NOmik,
ougepenyitine pisHAHHA MENIONPOBIOHOCHII.
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