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Abstract. This article considers energy-saving technologies for winter concreting of building structures
and constructions. Various authors have studied mathematical models of the thermal regime of a
three-dimensional building structure. The mathematical model of the heat balance equations in the
concrete structure, the thermal conductivity coefficient, the dependences of the heat balance equations
in the concrete structure and the junction, the thermal conductivity coefficient, the volumetric thermal
conductivity, respectively, in the erected fragment and the previously erected part of the wall was
implemented on a computer. The article considers the processes of cement and concrete strength gain
during early freezing of concrete. In previous studies by various authors, it was found that with an
increase in the time for gaining critical strength, the cost of electricity is reduced by 25-50%, due to
the use of thermal inertia of the structure. The rate of cooling of monolithic structures at negative
temperatures is revealed. The chemistry of cement hardening processes during early freezing is shown.
Thermodynamic calculations set the limits of negative temperatures at which concrete strength curing
stops, but under the action of repeated positive temperatures, the cement hydration process resumes
and concrete continues to harden. The aluminum minerals of Portland cement clinker are usually the
first to hydrate when the cement hardens with water, and in the presence of gypsum they form calcium
hydrosulfoaluminate. This connection is very fragile and is destroyed by mechanical stress (repeated
vibration) and over time even at normal temperatures. The article reviews the foreign experience of
winter concreting and the preferred methods of work in this case.

Keywords: Winter concreting, massiveness of the structure, hydration of Portland cement minerals,
additives in winter concrete, electric heating of the concrete mix, concreting in "greenhouses”.
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Anoamna. byn makanaoa Kypwiibic KOHCMPYKYUALAPLL MEH KYDbLILIMOAPbIH KbiCKbl OemoHOay-
OblH dHepeusi YHeMOeUumin MmexHON02UANAapsbl Kapacmulpbliean. Opmypii agmopiap yul eauemol
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KYPbLIbIC KOHCMPYKYUSACOIHIY HCBLLY PEHCUMIHIH MAMeMamukanivlk yiaciiepin 3epmmeceH. bemon
KOHCMPYKYUSCLIHOARbL HCHLTY OANIAHCH MeHOeYIePIHIH MAMeMamuKaiblk MOOei, HCbLLY OMKI3IUMIK
Ko2(hhuyuenmi, OemoH KOHCMPYKYUACbL MeH mylicneoeci HCblly OananHcvbl meHOey1epiHiy
mayenoiiikmepi, CalUKeCiHue MYPbl3bli2aH (pasmenmmei JHColly 6mKi3eiumix Ko guyuenmi,
KOeMOIK JICHLILY OMKI32IUMIK JCIHe KAObIP2AHbIY OYPbIH CANbIHEAH 06jliei KoMnblomepoe JHcyseze
acvipwvliovl. Maxanada 6emonobl epme my30amy Ke3iHOe yeMeHm NneH OemoHHulH OepikmiciH
apmmulpy npoyecmepi Kapacmulpbliaosl. Opmypii agmopirapobiy aloblHabl 3epmmeyiepinoe CblHU
bepikmikke ue 601y YaKblmMblHbIH Y12AI0bIMEH KYPbLIbIMHbIY HCHLLY UHEPYUACLIH NAUO0aLany ecedineH
anekmp 2HepeuscviHvlY Kynvl 25-50% -2a memenoeiimini amvikmanosi. Tepic memnepamypada
MOHOIUMMI KYPbLILIMOAPObIH CANKLIHOAMY HCHLIOAMObIZbL aHblKmanovl. Epme my3oamy xesinoezi
YyemeHmmiy Kamaio npoyecmepiniy Xumuscvl Kepceminzeen. Tepmoounamuxanvlx ecenmeynep
OemonHbly OepikmiciHiy Kamarbl MOKMAumvli mepic memnepamypaiapovly uiekmepin oeneineioi,
Oipax KaumaniaHamviy oy memMnepamypaiapovly acepiner yemeHmmiy cuopamayus npoyeci Kama
bacmanaowl dHcone bemon Kamaroowvl xHeaieacmuipaowl. Ilopmianoyemenm KiUHKEPIHIY antOMUHULL
MUHepanoapvl a0emme YyemeHm CYyMeH KamkaHoa OIpiHwi Oonvin blIeAI0AHAObl, Al SUNCMIH
KamwlCybLMeH Kanbyuti 2uopocyivgoantomunam myseoi. byn batinanvic ome Ha3iK HcaHe MEXAHUKATIBIK
KepHeyMeH (Kaumanaum2an OIpin) JHcoHe Yaxvim ome Kele MIinmi Kalblnmvel memnepamypaod
oy3binaosl. Makanaoa KblcKbl 6emoHOayObly wemenoik maxcipubeci jHame OYn Hcagoaoa Heymblc
icmeyoiy Konauivl 20icmepi Kapacmuipuliaobi.

Tyiiinoi cozdep: Kvickbl OemonOay, KYpolIbIMHbIY MACCU8MINIc, NOPMAAHOYEMEHM MUHEpa-
0apuIHbIY 2UOPAMAYUACDL, KbiCKbl OemoHoasbl Kocnaniap, 6emoHn KOCHACbIH 1eKMPMeH JHCbLIbINY,
«ACBLLIBLCAULAPOAy OeMOHOa).
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Annomayun. B oannou cmamve paccmampusaiomcs sHepeocbepezanoyue mMexHoaiocuu 3UMHe20
OEemMoHUPOBAHUSA CMPOUMETbHBIX KOHCIPYKYULL U COOPYIIceHUN. Paznuunvimu asmopamu ucciedosanvl
MamemamuyecKue MOOelu Menio8oc0 pedcuMa O00beMHOU CMPOUMENbHOU  KOHCMPYKYUU.
Mamemamuueckas mooens ypasHeHuil menio8o2o 6aianca 8 OemoHHoU KOHCMpPYKYuu, Kodgpuyuenm
MenionpoBOOHOCMU, 3A6UCUMOCMU YPABHEHUL Menio8oco 0Alanca 6 ODEMOHHOU KOHCMPYKYUU U
NPUMBIKAHUU, 00beMHAs Meni0npo8OOHOCHb COOMBEMCMBEHHO 8 B036€0CHHOM (hpazmenme U paHee
6036€0eHHOl yacmu cmeHvl pearuszosana Ha IBM. B cmamve paccmompenvt npoyeccvl Habopa
NPOUHOCMU Y eMeHMOoM U OemoHOM NPU paHHem 3amep3anuu bemona. Ilpedvioywumu ucciedosanusmu
PA3HBIX ABMOPOE8 YCMAHOBIEHO, YMO NpU YEeIUYeHUU 8PeMeHU HAOOpa KPUmuiecKkou NpoyHOCmu
sampamul dnekmpodnepeuu cHuxcaromes Ha 25—-50% 3a cuem ucnonv3o6anusi menio8ol UHepyuu
KoHcmpykyuu. Buiaenena ckopocmuv 0X1axicoenus MOHOIUMHBIX KOHCMPYKYUL NPU OMPUYAMETbHbIX
memnepamypax. llokazana Xumus npoyecco8 meepoeHus yemMeHma HpU DPAHHeM 3aMep3aHUU.
Tepmoounamuyeckumu paciemamu YCmMaHoGIeHbl npedeibl OMpUyamelbHblX memnepamyp, npu
KOMOPbIX NPeKpauyaemcsaHabop npouHoCcmu OemoHoM, Ho NPU O eUCMEUU NOBMOPHBIX NOJIOHCUMETbHbIX
memnepamyp npoyecc cuopamayuy yemenma 60300H0611emcs u 6emoHn npoooaxicaenm meepoems.
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Antomunuegvle MuHepanivl NOPMIAAHOYEMEHMHO20 KIUHKEPA OObIYHO NepeuiMu 2UOPAMUPYIOMCs
npu 3ameepoesanuyl yemenma 6000, d 8 NPUCYMCMEUL 2Unca oobpazyiom 2uopocyib@oantomMuHam
Kanbyus. Imo coeouneHue oueHb HenPOUHO U PA3pPyuLaemcs npyu Mexanuieckom 8030etcmeul (nog-
MOPHOU UOpaAyULL) U cO 8peMeHeM O0adice NPU HOPMAIbHLIX memnepamypax. B cmameve paccmompen
3apy6edxHCHbIIl ONbIM 3UMHE20 OEeMOHUPOBANUS U NPeONOYmMUmebHble Memoobl pabom 8 IMoM Cryyae.

Knroueswvie cnoea: 3umnee bemonuposanue, Maccu8HOCMs KOHCMPYKYUU, 2UOPAMayull MUHEPALo8
nopmiaanoyemenma, 006aeKu 68 3UMHUL 6EMOH, dTeKMpPOPA302pe8 OemMonHOU cMecU, 6eMOHUPOBAHUe

8 «(MeNnJIAKAX».

Introduction

Peculiar offers of energy-saving technology
of winter concreting of constructions and
structures are specified in the work [1]. On the
basis of a mathematical model of the thermal
regime of a three-dimensional building structure,
a fragment of the concrete wall is investigated
during the intermittent electric heating mode.
An example of concrete of a wall adjacent to the
existing wall is considered. The mathematical
model of the dependence of the heat balance
equations in the concrete structure and
adjoinment, the coefficient of heat conductivity,
the volume heat conductivity respectively in the
elevated fragment and the previously erected
part of the wall is implemented on the ECM [2].
Approximation of differential equations is made
by the implicit difference scheme of Douglas
Ghan’s alternating directions. Based on the
graphs shown here, the following conclusions
can be drawn:

1. With an increase in the time for gaining
critical strength, the cost of electricity is reduced
by 25-50%, due to the use of thermal inertia of
the structural design;

2. The softer thermodynamic characteristics
of the controlled heating mode ensure flat heating
and hence the quality of the concrete;

3.The mathematical model, executed in
the algorithmic language Pascal, allows to vary
the production technology of works and winter
concrete methods.

Relevance of the article

The influence of ambient temperature on
the temperature of internal layers is ambiguous
and depends on the insulation capacity of the
formwork, the massive structure, the exothermic
cement. These factors are also influenced by
other factors, i.e. the process of collecting

concrete strength in winter concreting is very
complicated.

Research conditions and methods

When considering the hydration processes of
minerals of Portland cement in the presence of
additives, it was noted that new hydrate phases
are formed as a substitute for a hydrate compound
occurring under normal conditions. Let’s
consider the role of new hydrate phases in
forming the strength of cement stone. The
formation of 3CaOALO,,Ca(NO),,10H,0O during
the hydration of three-calcium aluminium in
solution Ca(NO), greatly increases the strength
of the samples [3]. The strength of the samples
with NaNO, is not much different from that of
the test samples. Since the formation of calcium
hydronitrialuminate requires a significant amount
of calcium hydroxide in the system. As a result
of the formation of complex calcium aluminium
salts, the strength of aluminium containing
clinker minerals in the cement hydration is
slightly reduced, and the strength of potash and
nitritentatrium as well as chlorinated salts has
slightly remained unchanged.

More significant is the role of new phases
formed on the basis of calcium hydroxide -
3Ca0,CaCl,10H,0 un CaCO3*6H,0. When
hardening in frost, especially in the early stages,
their formation leads to an increase in the
hydration rate of silicate minerals, due to the
lower solubility of these phases compared to
Ca(OH),. However, hydrochloride and calcium
hydrocarbonate are not stable phases. The first
one breaks down over time, and the second
one breaks down with ambient temperatures.
New phases formed instead of Ca(OH), play a
significant role in the formation of the structure
of the cement stone, as their breakdown in some
cases reduces the strength [4].
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Research results

The cooling speed of monolithic structures
according to standards is regulated as follows:
15°C/ /h at surface module Mp>14 m™!, 10°C/h
at Mp =10-44 m™', 5°C/ h at Mp=5 -10 m™". The
general positivity, the rate of rise and cooling
during electric heating depends on the required
strength of concrete by the time the structure is
stripped and is assigned based on the results of
experimental data obtained taking into account
the type and grade of concrete, the cements used
and the specific dimensions of the structure and
the environment.

At the early freezing of concrete, which
coincides with the first kinetic stage of the
hydration process, which ends, from the pers-
pective of Berkovich T.M., with the initial
crystallization of hydrate neoplasms, the
hydration rate is determined mainly by the
chemical velocity of cement minerals with water.
Temperature has a significant effect on the rate of
the hydration reaction, since as the temperature
rises, the number of active molecules increases
sharply, and the total kinetic energy of the
molecules increases.

The influence of temperature on the kinetics
of heterogeneous processes can be described by
the Arrhenius equation, the integral expression
of which has the form:

Lnk =- ER,T +B (1)

where Ink - reaction rate constant; E -
apparent activity energy;

R - universal gas, constant; T - temperature;
B - constant, taking into account the influence of
different factors on the speed of reaction.

Studies by Berkovich G.M., and Heyker
D.M. and others have shown the applicability of
this dependence to diffusion processes as well
[5].

Equation (1) is also valid for the insulated
condition. Under real-life conditions, due to ex-
ternal and internal heat effects on the hardened
concrete, this dependence has a different appe-
arance.

Budnikov P.P., Royak S.M., and others show
that as the temperature of the thermal treatment
increases, the duration of the induction period of
the cement hydration process decreases and the
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constant increases in proportion to the reaction
rate.

The dissolution of the initial cement minerals
and the chemical process of their hydration begin
immediately after the cement is closed by water,
and they continue under normal conditions for a
relatively long time[6].

The second cement hydration period is
characterized by the presence of stable, dense
casings on the cement grains and by low rates of
water diffusion and reverse diffusion of hydrated
ions in solution.

The duration of each of these periods varies
considerably depending on the environmental
conditions. Thus, when the temperature increases,
the length of not only the kinetic stage but also
the first diffusion period (contact-heterogeneous
process) decreases, based on this it can be
assumed that electrical heating at an early stage
of cement stone hardening will accelerate the
onset of the film formation process and shorten
the period of intensive hydration. In addition,
the density and impermeability of the films on
the cement grains will be much higher when the
electric heating is forced than in normal, soft heat
treatments|[7].

Discussion of scientific results

Under these circumstances, it is reasonable
to assume that the final degree of hydration of
the binder will be slightly lower than in normal
heat treatment, despite an increase in the quantity
of the initial binder. The effect of intensive
electric heating could be more rational if the
concrete mixture was previously kept at low
positive temperatures, which contributes to a
deeper hydration process. Another measure that
enhances the effect of intense electrical heating
could be repeated vibration to destroy the loose
film on the aggregate grains. Aluminium minerals
of the Portland cement clinker are usually the
first to be hydrated when cement is solidified
with water, and in the presence of gypsum they
form calcium hydrosulfonal aluminate. This
compound is very weak and collapses during
mechanical action (re-vibration) and over time,
even at normal temperatures.

The application of rapid heating is optimal
also from the point of view of thermodynamics
of irreversible processes. As it is known, in
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accordance with the Le Chatellier principle,
cooling contributes to the completeness of
heat-emitting processes. The forced electric
heating, which is carried out until the maximum
exothermic effect appears in the concrete, and
the subsequent natural removal of heat during
thermostatic conditioning, most combine the
thermodynamics and kinetics of the structures of
formation of cement stone.

Anumberofworksinvestigatedtheproduction
of concrete works in winter in greenhouses. This
method is used in concrete-laying of foundations,
units of hydraulic structures with covered pits
with flat or tented light fences. Thermosets can
be structural: volumetric, sectional, floor, local,
movable, tented, etc [8].

Recently, in France, Poland, Turkey and
other countries, so-called inflatable heaters have
been successfully used. Theoretical principles
of erection of vertical monolithic constructions
using heating pneumocarcane modular decks
(HPMD) in winter conditions have been
developed. Technological principles for the
operation of HPMD in winter vertical fencing.

In Alaska, Finland, and Japan, tarpaulin
greenhouses are widely used, the load-bearing
frame of which is light aluminum structures
[9,10].

Conclusion

The choice of winter concrete method
depends on the size and purpose of the design,
on the expected winter temperatures, which
can vary widely. It is necessary to take into
account the properties of the cements used and
the presence of heat sources in construction, the
modes of production of work, and the provision
of appropriate working conditions for workers.
When choosing a method of performing work,
their comparative economy, ease of performing
work operations for laying and maintaining
concrete should be taken into account. Of
these listed criteria for the selection of winter
concreting, part is regulated and part of the
criteria is not regulated.
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