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Theoretical and experimental results of heat curing of concrete
using ultra-high fre-quencyelectromagnetic energy as a source of
heat are presented. The advantages of microwave method of
heat curing of concrete are compared with traditional methods.
The results of studies on the accelerated curing of concrete slabs
in a beam-type microwave setup are presented.

A beam-type microwave setupwas developed to accelerate the
curing the concrete slab, with the size of 200 mm x 2000 mm x
3000 mm, weight 2760 kg at the temperature of +70°C and the
electromagnetic field frequency oscillations of 2450 MHz, and
power output of 38.4 kW. A setup allows to reduce the energy
consumption for the technological process of the heat treatment
of concrete products, increase productivity and improve working
conditions for the staff.

Basic expressions for the temperature distribution calculation
along the thickness and the surface ofconcrete slabs are present-
ed. The time of heating a slabto the temperature of +70°C,
2760 kg of weight, was 50 minutes. The deviation from the nom-
inal value of the temperature of the concrete slab across the area
doesn't exceed 2°C, and across the thickness of the plate does
not exceed 5°C.

As a result, the research shows the prospects of using microwave
radiation for the pro-duction processes associated with acceler-
ated hardening of the concrete. Currently work is un-derway to
improve the strength characteristics of concrete due to uniform
heating of the con-crete, which contributes to the absence of
internal stresses and other defects in the structure.

The results of accelerating curing of the concrete slabs with the
use of microwave radiation as a source of heat were obtained,
that allows to refuse the use of expensive foreign addi-tives for
accelerated hardening of concrete, which lead to degradation of
strength characteristics due to the increase of acidity.
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I. Introduction

Traditional methods of heat treatment of concrete products
are associated with the solution of the following technological
processes:

— heating the concrete to a predetermined temperature by dif-
ferent methods: steam; electric heating; induction heating in the
electromagnetic field; heating of different electro heating devices
(contact, convection, including the use of infrared radiation);

— heating the formwork, typically made of metal, in which
the concrete is placed, to a predetermined temperature;

— keeping the set temperature of concrete and formwork for a
period of time necessary to obtain the stripping strength of con-
crete taking into account the heat transfer to the ambient envi-
ronment;

— accounting for heat generation in the volume of concrete
due to the reaction of hydration (determined experimentally).

Traditional technological processes of heating of concrete
products were accounting for heat conduction and are accompa-
nied by a high expenditure of time and energy. Low speed heat-
ing of concrete products is related to the transfer of heat by con-
duction from the outer layers to the inner layers of the concrete
slab. Internal stresses between the outer and inner layers of con-
crete products may occur during the heating, which can lead to
various defects of the material structure and may reduce the
strength characteristics of concrete

Research conducted in many countries to accelerate the
strength development of concrete products showed high effi-
ciency of the microwave radiation energy use for these purposes.
The use of microwave radiation allows to significantly intensify
the process of heat curing of concrete products, to reduce the
area occupied by the heating units, to improve economic per-
formance of the process.

In works [1-3] it is shown that the microwave method has the
following main advantages compared to conventional methods of
heat treatment of concrete:

— microwave radiation instantly penetrates deep into the
treated material and accelerates the reaction of hydration with the
heat dissipation inside the processed material;

— technological processes accelerate in several times due to
the volumetric nature of the heating of concrete products;

— volumetric character of heating of concrete products does
not depend on its thermal conductivity and does not lead to the
appearance of internal stresses and other mechanical defects of
the internal structure of concrete products;

— the technological process of heat curing of concrete prod-
ucts has no inertia, allowing precisely enough to regulate it;

— microwave radiation does not heat up the surrounding
space, which significantly saves energy consumption for the
technological process of accelerated curing of concrete products;

— if a heat-insulating radio-transparent material is used as a
form for concrete, it is possible not to take into account the heat
transfer into the surrounding space, which also leads to signifi-
cantly save of energy costs;

— simplicity of the technological process associated with the
supply of electricity only;

— using insulating material for the formwork, for example,
made of polypropylene, allows to save electrical energy for
maintaining the desired temperature in the concrete products
during the time needed to set the required strength due to the
thermos effect;

— simple design of the microwave setup and it's high per-
formance.

II. The main part

In this paper, we present the results of studies on the acceler-
ated curing of concrete slabs 2000mm=3000mm=200 mm of size
by using microwave radiation. The aim of the research was to
study the main features of heat curing of concrete products to
create a technological regimes of accelerated curing of concrete
products of various shapes and sizes in the future.

For the heat treatment of a concrete slab the beam-type mi-
crowave setup was chosen. The working chamber of the micro-
wave setup has the following dimensions: length — 3500 mm;
width — 1500 mm; height — 2750 mm.

Sources of microwave energy are arranged on the lateral sur-
faces of the working chamber in a particular order that ensure
uniform heating of the concrete slab on each side. 24microwave
energy sources are located on each side of the working chamber.
Maximum output power of each source of microwave energy is
0.8kW. Thus, 48 sources of microwave energy are installed, with
a total capacity of 38.4kW at the frequency of oscillation of the
electromagnetic field 2450MHz.

Cover of the working chamber is lowered at the camera with
a crane and has an electrical contact with the braid of a soft
springy metal to prevent microwave radiation into the surround-
ing space. Concrete slab is placed in formwork made of dielec-
tric radio-transparent material, such as polypropylene, which has
low thermal conductivity and keeps heat inside of the material
being processed and to maintain the desired temperature for cur-
ing of concrete, that is, acts as a thermos, which ensures high
efficiency of the setup. The thickness of the dielectric material
and construction of the formwork are determined by the strength
characteristics required for fixing and lifting slabs of concrete,
the material does not come into contact with the concrete and can
be easily detached from the concrete.

Formwork filled with concrete is lifted by crane and lowered
on special guides in the working chamber at equal distances from
the side surfaces of the microwave chamber, on which the
sources of microwave energy are located. Then the cover made
using special equipment to prevent the leakage of microwave
energy is lowered upon the chamber. After the preparatory work
the switched-on sources of microwave energy irradiate concrete
slab over time (50 minutes) required to reach the set temperature
+70°C,

After reaching the slab of concrete a predetermined tempera-
ture, the cover is removed from the working chamber, formwork
is lifted by crane and placed for a time in the room where the slab
of concrete reaches the necessary stripping strength.

A source based on foreign components is used as a source of
microwave energy,. The source of microwave energy has mass
12 kg and overall dimensions: length — 400 mm width — 200
mm; height — 200 mm. The output of microwave energy from the
source is carried out using waveguide with cross-section
(72x34)mm on the main wave type Hj.

In Figure | schematically shows a cross section of a beam-
type microwave setup for the heat treatment of concrete slabs on
the electromagnetic field oscillation frequency 2450 MHz.

e  ——————
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Fig. 1. Microwave beam-type setup for thermal curing of concrete
slabs:1 — working chamber; 2 — the source of microwave energy;

3 — formwork made of polypropylene, 4 — concrete slab, 5 — lower clamp

made of polypropylene, 6 - upper retainer made of polypropylene;
7 — top cover, 8 — metallic braid to prevent microwave radiation

The location of sources of microwave energy on a side wall
of the working chamber must be such as to ensure a uniform
temperature distribution on the surface of the concrete slab with
an area of 6m’, situated at a distance of 650 mm from the lateral
surface. The waveguide of rectangular cross section of the mi-
crowave energy source operates on the main wave type H,, and
the opening of the waveguide is used as radiating antenna.
Method of Huygens — Kirchhoff [4] was used when calculating
the radiation diagram of the aperture of the opened rectangular
waveguide.

The main objective of the calculation is to provide a uniform
temperature distribution on the surface of the concrete slab, lo-
cated at a distance of 650mm from the side wall of the micro-
wave installation. To address this problem, the source of micro-
wave energy in the amount of 24 pieces are arranged on the side
wall of the working chamber is thus to provide a uniform tem-
perature distribution in accordance with the directional diagrams
of the radiation power.

The distance between the source of microwave energy along
the length and height of the wall of the working chamber is
500 mm and the distance from the center of the waveguide
source to the edge of the concrete slab is 250 mm. Under these
conditions uniform temperature distribution over the area of the
lateral surface of the concrete slab +70°C is ensured.

Experimental study on determination of temperature distribu-
tion was carried out on a similar device, but instead a concrete
slab the sheet of dry wood with moisture content of 7% and a
thickness of 20mm was placed. Moisture content of 7% was cho-
sen in order to eliminate heat transfer to the wood by conduction.

The discrepancy of calculated and measured characteristics of
the temperature distribution on the surface of the processed ma-
terial, in particular sheet of wood, at a distance of 650mm from
the side wall of the working chamber is not more than 2°C, as

MYBJIMKALMM HA AHTTIMMCKOM $13bIKE

shown in the figure 2. The calculation of the temperature distri-
bution along the thickness of concrete slabs can be calculated by
the formula:

T(z)=T(0)-e~2%~ (1

Here 7(z) is the temperature of the concrete slab at a distance
z from the surface; 7(0) is the temperature at the surface of the
concrete slab (+70°C); a — damping constant of the electric fiel-
damplitude, which is determined by the expression [4]:
gk, L @)
A e

The relative permittivity of concrete is &' = 4,5. The tangent
of dielectric loss for the mixture of concrete is tgd = 0,03
In this case, the effective component of the imaginary part of
relative permittivity of the concrete mix is &', = 0,13.
The temperature change in the thickness of slabs of concrete,
according to expression (1) is changed from +70°C to +35°C.

Figure 2 shows the calculated dependence of the temperature
distribution along the thickness of concreteslab from the sources
located at both lateral walls of the working chamber of the mi-
crowave setup. Thus the heating of the slabs on each side must
be made to a temperature at which the addition of two exponen-
tial dependencies will create on the surface of the plate and in its
volume the temperature of +70°C.

1.°¢
70 f
‘--...______
63
60 |
0 50 100 150 200 =zmm

Fig. 2. The calculated dependence of the temperature distribution along
the thickness of concreteslab from the sources located at both lateral
walls of the working chamber of the microwave setup

The temperature deviation from the nominal value of the
temperature across the thickness of the200mm concrete slab did
not exceed 5°C.

II1. Conclusion

To accelerate the of a curing concrete slab a beam-type setup
weighing 2760 kg at the oscillation of the electromagnetic field
of 2450 MHz and output power of 38.4 kW was developed.
A setup allows to reduce the energy-related costs of the techno-
logical process of theconcrete slab heat curing, increase produc-
tivity and improve working conditions of staff. The heating time
of the slab was 50 minutes.

The discrepancy of calculated and measured characteristics of
the temperature distribution on the surface of the processed ma-
terial during heating up to +70°C, 6 m’ of area at a distance of
650 mm from the side wall of the working chamber did not ex-
ceed 2°C. Temperature deviation from nominal temperature
value for the slab thickness of 200 mm did not exceed 5°C.

It is assumed that uniform heating of the concrete in its vol-
ume will increase strength characteristics due to the absence of
internal defects and stresses. As a result, the research shows the
prospects of using microwave radiation for the production proc-
esses associated with accelerated hardening of concrete products.

—e . —————
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AHHOTaUuA

MpeAacTaBneHbl TeopeTUYECKUE U SKCMEPUMEHTASTbHbIE Pe3ysibTaTbl TEMIOBON OO6pabOTKM M3aenuii 3 6eToHa ¢ UCMonb30oBa-
HMEM B Ka4ecTBe UCTOYHMKA TeMsia SHEPrUM SNEKTPOMArHUTHOIrO MOJIA CBEPXBLICOKUX YacToT. [oKasaHbl NpenMyLLecTBa MUK-
POBOJIHOBOrO MeToAa TennoBor obpaboTku GeToHa MO CpaBHEHMIO C TPAAMLIMOHHbLIMU MeTofamu. [puBeaeHbl pesynbrathl
UCCNe0BaHUM MO YCKOPEHHOMY TBEPAEHUIO MUTbI U3 6eTOHAa B MUKPOBOJIHOBOM YCTaHOBKE JIy4EBOroO TUMa.

PaspaboTtaHa MWKpOBOJIHOBasA YCTaHOBKAa Jly4eBOrO TWMa ANA YCKOPEHHOrO TBEPAEHWUA MIUTbl M3 GeToHa, pa3Mepamu
200 MM x 2000 MM x 3000 MM, Becom 2760 kr npu Temnepatype +70°C Ha 4YactoTe KosnebGaHui 31eKTPOMarHUTHOrO Moss
2450 MI'y v BbixoaHoM MolHocTbio 38,4 KBT. MUkpoBOIHOBas ycTaHOBKa MO3BOMAET COKPATUTL SHEPreTU4ecKue 3aTpathl Ha
TEXHOJIOrMYECKUIA NMPOLIECC TEMIOBOM 0OpaboTKN U3Eenuit U3 BeTOHa, YBENUYUTL MPOU3BOAUTENILHOCTb U YNTyHLUWUTL YCNOBUA
TpyAa obcnyxxuBatoliero nepcoHana. [pefcraBneHbl OCHOBHbIE BbIPKEHUA ANA pacyérTa pacrnpefeneHus TeMnepatypbl no
TOJILLMHE M MO MIOWAAW MAuThl U3 6eToHa. [nutensHocTb Harpesa niuTbl Ao Temnepatypbl +70°C, Becom 2760 kr, cocTas-
naet 50 MuHyT. OTKNIOHEHME TeMnepaTypbl OT HOMUHAJILHOrO 3HaYeHUsA TeMnepaTrypbl GETOHHOWM NAUTBLI MO NAOLAAM He npe-
gbiwaet 2°C, a No TosWmMHe nAuTbl He npesbiwaeT 5°C.

B pesynbrate npoBeseHHbIX WUCCNeAOBaHUMA MOKa3aHa NEpPCMEKTUBHOCTb WMCMOJIb3OBAaHUA MUKPOBOJIHOBOTrO W3JyHeHUs AJiA
TEXHOJIOrMYECKUX MPOLIECCOB, CBA3aHHLIX C YCKOPEHHbIM TBEpAEeHVMEM OeToHa. B HacTosllee BpeMa BeAdyTcAa paboTbl no
MOBbILLIEHNIO MPOYHOCTHBIX XapaKTePUCTUK BeToHa 3a CHET paBHOMEPHOrO HarpeBa GETOHa, YTO CrOCOBCTBYET OTCYTCTBUIO
BHYTPEHHUX Hamps>KeHU U Apyrux AedeKToB CTPYKTypbl. [lonyyeHbl pe3ynbTathl yCKOPEHUA MpoLecca TBepAeHUs MauTbl U3
6eTOHa MpU UCMONb30BaHUMN B KA4eCTBE UCTOYHUKA Tersla SHEPrUU MUKPOBOJIHOBOIO U3JTy4€HWUA, YTO MO3BOMUIIO OTKa3aTbCA
OT UCMOJIb30BaHUA AOPOrOCTOALLMX 3apyOeXHbIX JOOABOK ANA YCKOPEHWUA TBEPAEHUA BETOHOB, KOTOPbIE MPUBOAAT K YXYA-
LUEHMIO UX MPOYHOCTHbIX XapaKTEPUCTUK M3-32 MOBbLILLIEHWUA KUCTOTHOCTY.

Knioueebie cnoea: MukpogosiHoeas mexHosoaus, 31ekmpoduHamuyeckas cucmemd, uc-moyHuk CBY-3Hepauu,
pacnpedeneHue memnepamypel, ussieKmpudeckul mamepuan.
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