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ABSTRACT

The article presents the results of technology development and research on the operational
properties of porous aggregate and cement-free concretes based on it. The purpose of the work
is to study lightweight concretes containing a liquid—glass porous aggregate for resistance to
various aggressive influences. The porous granular aggregate was obtained by firing a mixture of
liquid glass with the ash of thermal power plants and an ash aluminosilicate microsphere.
Binders based on caustic magnesite and liquid glass with the addition of thermal energy waste
were used to produce coarse-pored concretes. The choice of cement-free binders is due to the
high adhesion to the filler. The behavior of the developed concretes in various aggressive
environments, under the influence of low and elevated temperatures, has been studied.
The resistance of magnesia concrete to the effects of water and salt solutions has been revealed.
The technological and operational advantages of liquid-glazed concrete are shown, featuring
increased thermal insulation ability, satisfactory resistance to aggressive media and resistance to
low and high-temperature fluctuations. The developed concretes can be used in the enclosing
structures of objects for various purposes.
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Introduction

Concrete is the most popular building
composite material. The matrix of concrete - a
composite material - is a hardened binder stone;
the discrete component is the filler.

Materials of natural and artificial origin are
used as filler. Filler grains are characterized by a
variety of shapes and sizes, dense or porous
structures. The filler makes up 70 - 80% of the mass
of concrete and determines the structure and
physical and mechanical properties of the
composite material.

To ensure energy efficiency of construction
projects, lightweight concretes with a density of
500-1600 kg/m?* are used. Thermal and physical-
mechanical properties of lightweight concrete are
provided mainly by the characteristics of the
porous filler. Concretes on porous fillers allow the
implementation of modern technologies in
construction production, expanding the range of
products [[1], [2], [3], [4]].

The structure of porous fillers of artificial origin

is regulated by the choice of raw materials and the
method of porization. Therefore, the prospects for
the development of lightweight concrete are
associated with advances in the technology of
porous fillers. Modern porous fillers are based on a
variety of raw materials and have a wide range of
properties [[5], [6], [7], [8], [9], [10], [11], [12]].

To assess the quality of new porous fillers, not
only the structural and mechanical properties of
the granular material are important. Lightweight
concrete objects are often subject to alternating
wetting and drying, freezing and thawing, and
exposure to aggressive environments under
operating conditions [[6], [7], [8], [9], [10], [11],
[12]]. The porous structure can contribute to the
destruction of concrete components under
environmental influences.

When developing lightweight concrete on
porous aggregate, the choice of binder is very
important. The presence of amorphous silica in the
composition of porous aggregates creates a risk of
alkaline corrosion of cement  concrete
[[13], [14], [15]]. Therefore, the use of new types of
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porous fillers should be preceded by studies of the
operational durability of lightweight concretes
created on their basis.

The current article aims to study lightweight
concrete containing porous liquid glass filler for
resistance to various aggressive effects.

Experimental part

The porous liquid glass filler was obtained by
thermal swelling of granules from a molding
mixture consisting of the following components,
wt.%: liquid glass — 50; thermal power plant ash
(hereinafter referred to as TPP ash) — 20; ash
aluminosilicate microsphere — 30 [16].

Liquid sodium glass with a silicate modulus of n
= 2.7 and a density of 1350 kg/m3 was used in the
experiments.

Chemical composition of TPP ash, %: SiO, 43 —
51; Al,Os 14 - 27; Fe;03 4 —9; CaO 7 — 10; Mg0 2 - 4;
R,O 1 — 2; SO; 2 — 5; loss on ignition is 4 — 15. The
material composition of TPP ash is represented by
aluminosilicate glass, quartz particles, mullite and
unburned coal. The specific surface area of TPP ash is
280 — 300 m?/kg.

Ash aluminosilicate microsphere is a bulk mass
consisting of hollow glass-crystalline particles of
spherical shape with a diameter of 50 - 250
microns. An Aluminosilicate microsphere is a light
fraction of ash residue that is formed during coal
combustion. Chemical composition of
aluminosilicate microsphere, %: SiO; 65 — 70; Al,O3
1-2; Fe;032 —4; CaO to 10. Bulk density 380 — 400
kg/m3.

Granules from the liquid glass mixture, formed
in a drum granulator, were fired at a temperature
of 350°C. The expanded granules had the shape of
a sphere with a diameter of 5 - 10 mm. The
coefficient of swelling of the granules is 1.2. The
physical and mechanical properties of porous liquid
glass granules, determined using standard
methods, are described in Table 1.

To obtain lightweight concrete based on liquid
glass granules, binders with high adhesion to the
porous filler and pronounced binding capacity were
used. These characteristics provide lightweight
concrete with increased strength. Analysis of the
results of developments [[17], [18], [19], [20], [21]]
and the experience of preliminary studies by the
author showed the feasibility of using caustic
magnesite and liquid glass as binders for concrete
mixtures.

When designing the composition of concrete
mixtures, numerical modeling of the porous filler
packaging in concrete was used [22]. For maximum
use of the binding properties of substances, a
preferred region was identified that corresponds to
an average granule diameter of 6-8 mm and a
binder content in the material of at least 30%.
Numerical comparisons of the properties of
concrete based on porous granules of different
sizes indicate that, under load, large granules are
more susceptible to destructive processes. It is
noted that the main role in the stress-strain state of
lightweight concrete is played by the binder, which
causes the redistribution of forces between the
elements of the large-porous structure.

Magnesia lightweight concrete was obtained on
the basis of a mixed binder consisting of caustic
magnesite (grade magnesite powder caustic, with a
magnesium oxide content of at least 75%) and TPP
ash. The concrete mixture was mixed with a
magnesium chloride solution with a density of 1230
kg/m3. Composition of magnesite concrete mix,
kg/m3: porous filler — 210 (955 I/m3); caustic
magnesite — 159; TPP ash — 106; magnesium
chloride solution — 127 (103 I/m3). The magnesite
concrete mixture was prepared in the following
sequence: a mixture of caustic magnesite and TPP
ash, previously activated in an E-max high-speed
mill, was mixed with a magnesium chloride solution
and mixed for 2 minutes. Porous granules were
loaded into the resulting magnesite suspension and
mixed for 3 minutes to evenly distribute the
magnesite paste between the aggregate grains.

The material composition of the liquid glass
binder for lightweight concrete contained
components used to obtain a porous filler.
Composition of the liquid glass concrete mixture, kg
/ m3: porous filler - 210 (955 | / m3); liquid glass -
200 (148 | / m3); TPP ash - 85; ash aluminosilicate
microsphere - 85. The liquid glass concrete mixture
was prepared in the following order: TPP ash and
aluminosilicate microsphere were poured into a
liquid glass, and the mass was mixed for 2 minutes.
Porous granules were loaded into the resulting
liquid glass suspension and mixed for 3 minutes to
uniformly coat the aggregate grains with a binder.

The mobility of concrete mixtures, assessed
using an Abrams cone, corresponded to a cone
settlement of 2-4 cm. Concrete mixtures were
placed in metal forms measuring 100x100x100 mm
and vibrated for 50 s.
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Table 1 — Main properties of porous liquid glass granules

Properties Value Appearance of granules
Average granule density, kg/m3 430 .
Bulk density, kg/m3 205 Vv $
Granule porosity, % 78
Splitting strength, MPa 2.6
Compressive strength in a cylinder, MPa 1.2
Water absorption, % 7.5
Softening coefficient 0.87
Thermal conductivi ty coe fficient, W /(m 0 C) 0.085 1|||"l|||I|\||mI'ﬂl‘||I|I|Jlll\|‘l‘l‘I|||\I|IJI||'I‘Flll|||1|I|||t||l|l|\ll||1||‘I‘I|||ll\|lll|4llllilll[ll‘lllll1ll g

Table 2 — Properties of lightweight concretes based on various binders

Properties

Magnesia concrete

Liquid glass concrete

Appearance

Filler granule in concrete

Nature of concrete destruction during
strength testing

Porosity, % 67 78
Average density, kg/m?3 515 480
Compressive strength, MPa 5.2 4.7
Thermal conductivity coefficient, W/(m °C) 0.113 0.095

After preliminary holding for 1.5 hours, the
molded magnesia concrete samples were subjected
to heat treatment to accelerate hardening. Drying
mode: 0.5 hours — heating to a temperature of 50
°C; 3.5 hours — isothermal holding; 0.5 hours —
cooling.

The molded samples of liquid glass concrete
were pre-conditioned for 1 hour and then
subjected to heat treatment to form water-
resistant compounds in the binder. Heat treatment

mode: 2 hours — heating to a temperature of 350
°C; 2.5 hours — isothermal ageing, 1 hour — cooling.
The strength of concrete samples was
determined using a PGM-1000MG4 hydraulic press.
The thermal conductivity coefficient of concrete
ITP-MG4  thermal
samples

was estimated wusing an

conductivity meter on measuring
100x100x10 mm. The results of concrete tests are

presented in Table 2.
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Discussion of results

The developed concretes have a large-porous
structure, in which the space between the
aggregate granules is free. A thin binder shell,
enveloping the aggregate grains, binds them
together at the points of contact. Due to the high
adhesion of the binders under study, a stable
structure of concretes with high porosity and heat-
insulating properties is formed. The density and
thermal conductivity
developed concretes as heat-insulating materials.
The nature of the destruction of concrete samples
during testing indicates reliable adhesion of the
aggregate to the binder stone (Table 2).

The following are accepted as aggressive
operational humidity
fluctuations, liquid media (water and salt solutions),
and temperature differences. To enhance the
impact of aggressive environments on concrete,
samples with exposed ends were used. This
provided open access to the inner part of the filler
and made it possible to evaluate its durability in the
composition of concrete. The tests used methods
that are generally recognized in research practice.

Resistance to alternate water saturation and
drying was determined by comparing the strength
after a given test cycle with the control indicator.
Test cycle: 4 hours - water saturation, 4 hours - air
drying at a temperature of 20 - 22°C. Inspection
and testing of samples were carried out every 10
cycles. No pronounced defects were found on the
samples during the testing period. The test results
confirmed the satisfactory resistance of lightweight
concrete to fluctuations in ambient humidity (Table
3). The strength of concrete subjected to testing is
83 - 85% of the strength of the control samples.

Water absorption of concrete was determined
taking into account the mass of the initial sample

indices characterize the

impacts on concrete:

and the mass of the sample saturated with
water for 1 day. The value of water absorption is
significantly less than the total porosity of the
materials (Tables 2 and 3), which indicates the
predominance of closed pores in the structure of
concrete. Water mainly fills open voids, and
penetrates the pores on the sections of the
samples.

The water resistance of concrete was assessed
by the softening coefficient taking into account the
strength of the samples after being in water for 3
days and the strength of the original samples in the
air (Table 3). It is important to note that caustic
magnesite and liquid glass are binders that harden
and retain strength only in air conditions. However,
the combination of caustic magnesite with TPP ash
contributed to the formation of water-resistant
hydrated formations in the magnesite binder stone.
The heat treatment mode of the liquid glass binder
containing waste from thermal power engineering
ensured the formation of insoluble crystalline and
amorphous compounds. As a result, the adopted
technological solutions ensured satisfactory
resistance of the studied lightweight concretes to
the effects of water.

The developed concretes were tested for
resistance to aggressive solutions, the composition
of which is represented by salts of various
compositions. Concrete samples were kept in
solutions of magnesium sulfate (concentration 3%),
magnesium (concentration 7%) and
sodium sulfate (concentration 5%). For 12 months.
the samples were examined visually, and after
completion of the tests, the resistance coefficient

chloride

was determined (the ratio of the strength of the
samples in an aggressive environment to the
strength of the control samples). The results of the
concrete tests are given in Table 4.

Table 3 — Indicators of resistance of lightweight concrete to the effects of humid environment and water

Properties Magnesia concrete Liquid glass concrete
Strength after 90 cycles of alternating wetting and
. 4.2 3.8
drying, MPa
Water absorption, % 31 38
Softening coefficient 0.87 0.82
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Table 4 — Indicators of concrete resistance to the effects of salt solutions

Coefficient of resistance of concrete in solutions

Type of concrete magnesium sulfate

(concentration 3%)

sodium sulfate
(concentration 5%)

magnesium chloride
(concentration 7%)

1.13

1.15 0.93

Appearance of concrete after testing

Magnesia

0.84

Appearance of concrete after testing

Liquid glass

Table 5 — Frost resistance characteristics of liquid glass concrete

Characteristic

Appearance of concrete

Strength, MPa 4.7

Before the test

After 50 test cycles

3.7

Magnesia concrete withstood exposure to all
salt environments. Exposure to solutions of
magnesium chloride and sulfate contributed to the
strengthening of magnesia concrete. This is due to
the participation of magnesia salts in the hydration
of magnesia binders.

Liquid glass concrete demonstrated resistance
in the environment of magnesium salt solutions. On
the surface of the samples that were in the
magnesium sulfate solution, white insoluble
accumulations of magnesium hydroxide formed,
which are capable of compacting the structure. In
the sodium sulfate solution, the strength of liquid

glass concrete is reduced by almost half. The
sodium salt solution contributed to the formation
of soluble compounds with the participation of
amorphous components of the liquid glass binder.
This was accompanied by the destruction of the
binder shells around the filler grains. At the final
stages of testing, the destruction of the porous
filler grains was observed.

Frost resistance of concrete was assessed by
the number of freezing and thawing cycles. Before
freezing, the samples were saturated with water.
Freezing mode: freezer air, temperature "minus"
18+2°C, duration 2.5 hours. Thawing mode:
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immersion of frozen samples in water with a
temperature of 20+2°C for 2 hours. Upon
completion of each cycle, the samples were
inspected to detect signs of destruction. When
testing magnesia concrete, chips and small cracks
were found, so after 15 cycles the tests were
stopped. No obvious defects in the structure of

was determined by the number of thermal changes
during which the samples retained their integrity,
and the mass loss did not exceed 20%. The heat
resistance of liquid glass concrete was assessed by
changes in appearance and residual strength after
exposure to high temperatures. The samples were

o kept for 4 hours in a muffle furnace at a
liquid glass concrete were observed. After 25 test o
. temperature of 1050°C. After the furnace was
cycles, the strength of liquid glass samples was ) d off th | led t
92%, after 50 cycles - 78% of the strength of urned  oft, € samples were coole ° .a
temperature of 500°C for 2 hours, then again

concrete not subjected to freezing (Table 5). The
test results showed that liquid glass concrete has
frost resistance that meets the requirements for
wall materials.

Materials based on liquid glass are

characterized by resistance to elevated
temperatures [17]. The developed liquid glass
concrete was tested for heat resistance and heat
resistance. The heat resistance of liquid glass
concrete was determined by the ability of samples
to withstand sudden temperature changes. The
samples were placed in a drying chamber heated to
a temperature of 250°C and kept for 2 hours. Then
the heated samples were immersed in water
(temperature 20°C) for 2 hours. Thermal resistance

exposed to high-temperature action. For heat-
resistant materials, the residual strength should be
at least 80%. The test results showed that thermal
effects increase the density of concrete by 6-15%
(Table 6). At the same time, the strength of
concrete tested for heat resistance decreased by
30% as a result of sample destruction. Concrete
subjected to heat resistance testing is characterized
by shrinkage of 2-3% and strengthening due to
crystalline compounds formed during high-
temperature treatment. Consequently, the test
results indicate the thermal stability of the
components of liquid glass lightweight concrete to
the effects and changes in elevated temperatures.

Table 6 — Resistance of liquid glass concrete to thermal effects

Density, kg/m3 Strength, MPa
Type of test before testin after 25 Appearance after
P g before testing |after 25 cycles testing
cycles
Thermal resistance 510 33
480 4.7
Flame resistance 550 5.8

Table 7 — Comparative economic indicators of concretes of different compositions

Costs, KAZ tenge/m3
Indicators liquid glass concrete magnesite cement expanded clay
concrete concrete
Components of concrete mixtures 42262.26 42375.30 44716.88
Ezf(;i\r/“ngresources for concrete 1117.29 89.96 788.12
Total 43379.55 43465.26 45505.00
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The results of testing lightweight concrete on a
porous aggregate show that the resistance of
concrete to external influences is determined
mainly by the properties of the binder, the shells of
which cover, bind and protect the aggregate
granules. The destruction of the binder is
accompanied by a violation of the bond between
the granules and the destruction of the concrete.
The use of samples with exposed ends in the
experiments, providing access to the aggregate,
made it possible to verify the individual resistance
of the aggregate of different concretes to the most
aggressive influences.

A comparative analysis of the performance
properties of concretes made from different
binders indicates several advantages of liquid glass
concrete. Firstly, with an equal volume of porous
filler, concrete based on a binder made from liquid
glass has a lower density and increased heat-
protective  capacity.  Secondly, satisfactory
resistance to aggressive environments and
resistance to low and high-temperature changes
expands the scope of the application of liquid glass
concrete compared to magnesite concrete. Thirdly,
the pronounced resource-saving focus of concrete
made from a liquid glass binder (170 kg of man-
made waste from thermal power engineering is
used to obtain 1 m3 of concrete mix). Fourthly, the
related composition of raw mixes for porous filler
and binder of liquid glass concrete not only
contributes to reliable adhesion of the components
but also allows organizing a compact integrated
production for the production of porous granular
material and concrete based on it.

The advantages of concrete based on mixed
magnesite binder are satisfactory resistance to
water and high resistance to aggressive
environments. The technology of the developed
magnesite concrete provides for the use of a man-
made component and is characterized by low
energy consumption.

The main economic indicators of the developed
lightweight concrete were calculated. For
comparison, the base object was cement concrete
containing expanded clay as a porous filler.
Comparable strength indicators of different
concretes are achieved provided that the density of
cement expanded clay concrete is 750 kg/m?3, the
thermal conductivity coefficient is 0.155 W/(m °C).
Assuming that the labor intensity of technological
processes does not depend on the composition of
concrete mixtures, only material and energy costs

for obtaining 1 m3 of concrete were calculated.
Comparative indicators of resource intensity of
concretes of different compositions are given in
Table 7.

The highest material costs are typical for
cement concrete, which is characterized by
increased density and, consequently, increased
consumption of concrete mix components. The
high energy intensity of liquid glass concrete is due
to the adopted heat treatment mode. The total
costs of material and energy resources of cement
concrete are 4.48 - 4.67% higher than similar
indicators of the developed concretes.

The efficiency of the developed cement-free
concretes is more pronounced at the stage of
application in construction. To ensure the required
thermal resistance of a wall of a residential building
equal to 3.279 (m? °C)/W, the thickness of the
thermal insulation layer of different concretes,
defined as the product of the thermal resistance
and the thermal conductivity coefficient, will be: for
liquid glass concrete 3.279 (m? °C)/W 0.095 W/(m
°C) = 0.311 m; for magnesia concrete 3.279 (m?
°C)/W 0.113 W/(m °C) = 0.371 m; for cement
expanded clay concrete
3.279(m?-°C)/W-0.155W/(m-°C) = 0.508 m.
Consequently, to achieve a comparable thermal
effect, the consumption of cement expanded clay
concrete is 1.37-1.63 times higher than the
consumption of magnesia and liquid glass concrete.

Conclusions

The technology has been developed and the
operational properties of porous liquid glass filler
and cement-free heat-insulating concrete based on
it have been studied.

The use of magnesia and liquid glass binders
allows the creation of highly porous concrete
structures on liquid glass filler and provides rational
areas of application of lightweight concrete taking
into account resistance to various operating
conditions. The use of cementless binders is also
aimed at developing the technology of building
materials with a low carbon footprint.

The developed composition of magnesia heat-
insulating concrete is characterized by a low-energy
hardening process and high resistance in salt
solutions and water.

The composition of the raw materials and the
proposed conditions for heat treatment of concrete
based on liquid glass binder provide the heat-
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insulating material with resistance to liquid Economic indicators demonstrate the feasibility of

aggressive environments, frost

exposure to elevated temperatures.
The developed cement-free

damage and using the developed cement-free concrete for
energy-efficient construction.
concretes on
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LLeMeHTCi3 6eToHAAPAbIH KONAAHbIMADIK KacueTTepi

Muptok O.A.

PyOHbIl uHOYcmpusAnsiK yHusepcumemi, PyOoHoil, KazakcmaH

Makana kengi: 14 kapawa 2024
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TYWIHAEME

MaKanaga KeyeKkTi TOATbIPFbIWTbIH, YK9HE OHblH,  HerisiHaeri uemeHTCi3 6eToHAapAbIH,
KONAAHbIMABIK KacMeTTepiH 3epTTey KaHe TeXHONOTMAHbI AAMbITY HITUXKenepi KenTipinreH.
KYMbICTbIH MaKcaTbl — KypamblHAA CYMbIK LWbIHbIAAH TYPaTblH KeyeKTi TONTbIPFbilbl Hap ¥KeHin
6eToHAapAblH, BPTYP/i arpeccusTi acepsiepre Te3iMAiniriH 3epTTey. KeyeKTi TyMipLuikTi
TONTbIPFbIL CVVIbIK WbIHbl KOCNACbIH Xbl/ly 3/1€KTP CTaHUMANAPbIHbIH KVﬂiMEH XoHe Kyn
ANIOMUHUIA CUAMKAT MUKpochepacbiMeH KyWAipy apKblibl anbiHAbl. Ipi KeyeKkTi 6eToHaapap! any
YWiH KayCTMKaNblK MarHesuT MNeH KblNly 3HepreTUKacbiHblH, KanAblKTapbl KOCbIAFaH CyMbIK
WbIHBIAAH a/bIHFAH TYTKbIP 3aTTap KoAAaHbinAapbl. LleMeHTCi3 TyTKbIp 3aTTapapbl TaHaay onapapblH,
TONTLIPFbILWKA AEreH »KOFapbl agresunacbiHa 6anaHbICTbl. TOMEHTI KaHe »KoFapbl Temnepartypa
acepiHeH ap Typai arpeccuBTi opTaga o3ipneHreH 6eToHAapAblH  dpEKeTi  3epTTengi.
MarHe3uanablk 6€TOHHbIH, Cy MeH Ty3Abl epiTiHginepaiH, acepiHe Te3imainiri aHbikTanabl. CyMbiK
LWbIHbI GETOHHbIH, TEXHONIOTUADIK KaHe NaianaHy apTbiKWbIIbIKTApbl KOPCETINFEH, 0N1ap XKblay
OKLaynay KabineTiHiH, ofapblnaybiMeH, arpeccusTi opTafa KaHafaTTaHAp/bIK TesimainirimeH
YKOHEe TOMeH »JHe XOfapbl TemnepaTypaHblH aybITKyblHA Te3imAinirimeH epeklweneHeai.
O3ipneHreH 6eToHAapAbl 9PTYPAI MaKcaTTafbl OBGbEKTIepAi KOPLWaWTbiH KOHCTPYKUuMAnapaa
KoNAaHyFa bonaabl.
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JKcnayaTauMoHHble CBOMCTBA becueMeHTHbIX 6eTOHOB ¢

NMOPUCTbIM 3aNOJIHUTE/IEM

Mupiok O.A.

PyOHeHcKuli uHOycmpuaneHell yHusepcumem, PydHeill, KazaxcmaH

Moctynuna: 14 Hoabps 2024
PeueHsnpoBaHue: 25 Hos6pa 2024
MpuHATa B Neyatb: 5 dekabpsa 2024

AHHOTAUUA

B cTaTbe npuBefeHbl pesysibTaTbl Pa3paboTky TEXHONOTUM U UCCAEL0BAHUI SKCMTyaTaLMOHHBIX
CBOWACTB nopucToro 3anosHuTena u becuemeHTHbIX 6eToHOB Ha ero ocHose. Llenb paboTbl —
uccnefoBaHue NerkMx 6eTOHOB, COAEPMKALLUX MKUAKOCTEKONbHbBIN MOPUCTLIN 3anoNHWUTENb, Ha
CTOMKOCTb K Pas/IMyHbIM  arpeccuMBHbIM  BO3AEWCTBMAM. [TOPUCTBIA  rPaHY/IMPOBaHHbIN
3aMO/IHUTEb MONYYAAN OBKUIOM CMECU KUAKOTO CTEKNa C 30710/ TENNOBbIX 31EKTPOCTAHLUMI U
30/1bHOM  aNIOMOCU/IMKATHOW  MUKpochepoi. [ns nonaydyeHUa KpyrnHONopucTbix 6eToHOB
MCMONb30Ba/N BAXKYLLME, NOJYYEHHbIE HA OCHOBE KayCTUYECKOro MarHe3uTa 1 }MAKOro CTekna ¢
fobaBneHnem OTXOZLOB TensjoBOi 3HepreTMkU. Bblibop BeclemeHTHbIX BAXYLMX 06ycnoBaeH
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BbICOKOW aaresuveit K 3anonHutento. MccnepgosaHo nosegeHue pa3paboTaHHbIX 6GETOHOB B
Pa3NNYHbIX arpeccuBHbIX Cpeaax, NpU BO3AEWCTBUM HU3KUX WM MOBbIWEHHbIX TemnepaTyp.
BbifiBIeHa CTOWKOCTb MarHesuanbHOro 6eToHa K BO3AEWCTBUIO BOAbI M CONEBbIX PACTBOPOB.
MoKasaHbl TEXHONIOTMYECKME U IKCMYaTaLMOHHbIe NPEUMYLLECTBA KUAKOCTEKONbHOTO 6eToHa,
OT/IMYAIOLLErO  MOBbLILEHHON TEenJOM30/NALMOHHON  CMOCOBHOCTbLIO,  YAOBNETBOPUTE/IbHOM
CTOMKOCTbIO K arpeccvBHbIM Cpefiam W YCTOMUMBOCTbIO K Mepenasam HU3KUX U BbICOKMX
Temnepatyp. Pa3spaboTaHHble 6eToHbl MOryT 6biTb  WCMONb30BaHbl B  Orpa)KAAOLLMX
KOHCTPYKLMAX O6BEKTOB Pa3/IMYHOrO Ha3HAYeHUs.

Knroyeebie c€n08a: KWAKOCTEKO/MbHbIE MaTepuasbl, MOPUCTbIE FPaHy/Ibl, MarHesuanbHble
BANKYLLME, TENNOU30NALMOHHbIE 6ETOHbI, BOAOCTOMKOCTb, KOPPO3usa 6eToHa.
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