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Abstract. The article is devoted to the study of
dispersed reinforced fine-grained concrete, based
on modified fly ash-cement binders, containing at
least 55% by weight of fly ash. The use of the
developed binder will allow the utilization of waste
from the fuel and energy industry in the composition
of fine-grained concrete, on the one hand, and on the
other hand, it will reduce emissions of carbon
dioxide into the atmosphere by reducing the
consumption of OPC clinker in the composition of
binders.

In the course of the research, the positive effect
of the complex modification of the fly ash-cement
composition with sulfate and carbonate additives
was proven, and the phase composition of new
formations of artificial stone was studied. It was
found that during the simultaneous modification of
the fly ash-cement composition, the synthesis of
strength is ensured due to the formation of hydration
products in the early stages of hardening of
ettringite and its analogues with a carbonate and
iron component.

The operational and technological properties of
the developed binders and concrete based on them
were studied. In the process of studying the
atmospheric  resistance of the developed
compositions based on modified binders, a stable
increase in strength by 13...15% was established
after 350 cycles of alternating wetting and drying of
fine-grained concrete samples, which indicates the
continuation of the processes of structure formation
in artificial stone and allows predicting high
operational properties of developed materials.

It was found that the developed fine-grained
concretes based on modified ash-containing binders
are distinguished by a denser and more
homogeneous structure of artificial stone, as
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evidenced by a decrease in the abrasion indicators
of concretes based on modified systems by 50% and
by 54.8% for dispersion-reinforced concrete
compared to  additive-free  compositions,
respectively.

The durability of the developed concrete
compositions was studied by studying their kinetics
of strength gain, wear, frost, atmospheric and
corrosion resistance. It was established that the
introduction of a sulfate-carbonate additive to the
composition of fly ash-cement systems contributes
to a more uniform set of strength of concrete at all
stages of hardening. The increase in strength of
modified concrete samples is: at the age of 7 days —
105.88%, at the age of 28 days — 141.17% and at the
age of 90 days — 117.53%, the value of compressive
strength is 8.05, respectively MPa, 24.6 MPa and
33.5 MPa.

Keywords: fine- grained concrete, fly-ash,
plasticizing additives, durability, modified fly ash-
cement binders.

INTRODUCTION

Recently, multi-component fine-grained
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concrete has been actively introduced into con-
struction. Previously, their use was restrained
by some features of the structure and properties.
For example, the use of unfractionated sand as
an aggregate led to a significant increase in
voids and a deterioration in the physical and
mechanical properties of the resulting concrete
[10]. During the production of a mixture of
specified mobility and homogeneous structure,
the consumption of water and cement increased
by 15...25%, compared to concrete on coarse
aggregates. This, in turn, led to an increase in
shrinkage. In modern conditions, new technical
and technological possibilities have appeared,
which made it possible to minimize the increase
in the consumption of water and cement in fine-
grained mixtures and significantly reduce the
shrinkage of the material, even obtaining
shrinkage-free concrete [1-4].

The advantages of the fine-grained structure
include: the possibility of creating a finely dis-
persed, homogeneous, high-quality structure
without large grains, high thixotropy and the
ability to transform the concrete mixture, high
manufacturability - the possibility of forming
structures and products by casting, extrusion,
pressing, stamping, spraying etc., the possibil-
ity of wide application of dry mixtures with a
guarantee of high quality [5-7].

The development of modern society requires
the use of new effective building materials, the
production of which requires minimal con-
sumption of natural and energy resources, in
particular, fine-grained concrete. The cost of
fine-grained concrete is primarily determined
by the type of cement and its amount in the ma-
terial. Reducing the cost of fine-grained con-
crete and structures based on it is possible due
to the use of multi-component cements. In the
world, the volume of production and use of
these cements, which contain waste from the
fuel and energy complex represented by TPP
ashes, is constantly increasing [8-11]. How-
ever, an increase in the amount of ash in the
composition of binders leads to a decrease in
the strength, frost resistance, abrasion re-
sistance and other indicators of the quality of
binders and concrete based on them, therefore
the use of such waste is limited to 10...55 wt.%
[12]. It is possible to increase the ash content in
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the composition of binders and improve their
physical and mechanical properties by filling
the matrix of the binder system with mineral ad-
ditives of different nature and fractional com-
position [13-16]. At the same time, not only are
the strength and deformation characteristics im-
proved, but there is also the possibility of direc-
tional formation of the micro- and macrostruc-
ture of cement stone, as well as the raw material
base of the construction complex is signifi-
cantly expanded due to the use of materials
available in Ukraine. It is also known that a
component of ensuring and improving the prop-
erties of fine-grained concrete is the use of
chemical modifying additives (in particular,
plasticizers), the selectivity of which action in
relation to cements with mineral additives de-
termines the relevance of coverage in this work
on the possibilities of optimizing the composi-
tion of modified fly ash-cement compositions
and fine-grained concrete according to strength
criteria, frost, atmospheric and corrosion re-
sistance [17-20].

PURPOSE OF THE STUDY

The purpose of the work is the development
of compositions of fine-grained concrete based
on modified fly ash-cement compositions,
which contain the maximum amount of ash and
do not differ in their technological characteris-
tics from materials obtained on the basis of pure
OPC and can be manufactured according to the
technology of dry construction mixes.

To achieve the set goal, it is necessary to
solve the following problems:

- to develop and optimize the compositions
of binders modified with sulfate-carbonate ad-
ditives;

- to develop and optimize the compositions
of fine-grained concrete obtained on the basis
of modified fly ash-cement compositions;

- to investigate the physical-mechanical and
special properties of fine-grained concrete ob-
tained by the technology of dry building mixes
based on modified sand-cement compositions.

RAW MATERIALS

For the production of fly ash-cement binder,
we used: OPC-1 M500 of Volyntsement OJSC,
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fly ash from the Ladyzhynska TPP, gypsum an-
hydrite obtained by burning gypsum stone from
the Artemiv deposit and chalk from the Bil-
horod deposit. To improve ease of application,
increase the plasticity of the mixture, reduce
water consumption, as well as improve strength
indicators, sulfate-containing superplasticizer
C-3 was added to the binder in the amount of
0.75% by mass. For the preparation of fine-
grained concrete on the basis of the developed
binder, fractionated Dniper sand and granite
dropouts of the Rokytnyan deposit were used.
Plasticizers based on polycarboxylates (brands
"Melflux" and "Sika") and based on sulfate-
containing naphtha-linformaldehyde polycon-
densates (brand C-3) were used as plasticizing
additives.

RESULTS AND EXPLANATIONS

At the first stage of the work, the expediency
of modifying fly ash-cement compositions with
sulfate and carbonate additives was studied
according to the criteria of cement stone
strength at a consumption of OPC in the range
of 20-40 wt.%.

It has been confirmed that during the
hydration of fly ash-cement binding systems
activated by the addition of burnt gypsum stone,
the greatest effect related to the increase in
strength at all stages of hardening is achieved
when the additive is used in the amount of 10%
by weight. Modification of fly ash-cement
compositions with a sulfate additive causes an
increase in the strength of artificial stone at the
age of: 2 days by 14.24; 25.0 and 35.47%; 7
days at 83.18; 43.6 and 40.6%; 28 days for 75.5;
41.6 and 31.5%, respectively, when used in the
binder composition of cement 20; 30 and 40%
by weight. Activation of fly ash-cement binding
systems with a carbonate additive contributes to
the maximum increase in strength when using
chalk in the amount of 6% by weight with the
consumption of 20-30% by weight of OPC.

Modification of fly ash-cement
compositions with a carbonate component
causes an increase in the strength of artificial
stone at the age of: 2 days by 18.6...20%; 7
days by 105.12..453%; 28 days by
86.6...29.99%, respectively. With a

Transfer of Innovative Technologies
Vol.7, No.2 (2024)

consumption of OPC of 40% by mass, the
optimal amount of carbonate additive is 9% by
mass and causes an increase in the strength of
artificial stone at the age of: 2 days by 33.3%;
7 days by 56.63%; 28 days for 43.5%.

The positive effect of the complex
modification of the fly ash-cement
composition with sulfate and carbonate
additives has been proven, and the phase
composition of new formations of artificial
stone has been studied. It was found that during
the simultaneous modification of the fly ash-
cement composition, the synthesis of strength
is ensured due to the formation of hydration
products in the early stages of hardening of
ettringite and its analogues with a carbonate
and iron component. The increase in strength
after 28 days of hardening is provided by the
synthesis of the hydration products of low-base
calcium hydrosilicates and solid solutions
based on ettringite. In the products of the
hardening of artificial stone at the late stages of
hydration, new formations such as scoutite,
epistilbite and compounds of variable
composition, similar to hydrogarnets, are also
present.

The kinetics of increasing the strength of the
modified fly ash-cement composition of the
optimal ~ composition and comparison
compositions are shown in Fig. 1
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Figure 1. Strength gain of artificial stone based
on fly ash-cement compositions, containing 30
wt.% of OPC and 70 wt% of fly ash (1), modified
composition with OPC content 30 wt.% 11, 56 wt.%
of fly ash, 8 wt.% of sulfate admixture and 6 wt.%
of carbonate admixture (2) and control composition
on the pure OPC without admixture basis (3)

The analysis of graphic dependences of
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changes in the strength of the modified fly ash-
cement mixture shows that the complex
introduction of sulfate and calcium carbonate
into the studied system allows obtaining
compositions that are characterized by a high
rate of structure formation in the early stages
of hydration and practically do not differ in
terms of strength from the compositions. At the
first stage of the work, the feasibility of
modifying fly ash-cement mixtures was
studied of compositions with sulfate and
carbonate additives according to the criteria of
strength of cement stone with consumption of
OPC within 20...40 wt.%.

It has been confirmed that during the
hydration of fly ash-cement binding systems
activated by the addition of burnt gypsum
stone, the greatest effect related to the increase
in strength at all stages of hardening is
achieved when the additive is used in the
amount of 10% by weight. Modification of fly
ash-cement compositions with a sulfate
additive causes an increase in the strength of
artificial stone at the age of: 2 days by 14.24;
25.0 and 35.47%; 7 days at 83.18; 43.6 and
40.6%; 28 days for 75.5; 41.6 and 31.5%,
respectively, when used in the binder
composition of cement 20; 30 and 40 wt.%.
Activation of fly ash-cement binder systems
with a carbonate additive contributes to the
maximum increase in strength when using
chalk in the amount of 6 wt.% with the
consumption of 20..30 wt.% of OPC.
Modification of fly ash-cement compositions
with a carbonate component causes an increase
in the strength of artificial stone at the age of:
2 days by 18.6..20%; 7 days by
105.12...45.3%; 28 days by 86.6...29.99%,
respectively. With a consumption of OPC of 40
wt.%, the optimal amount of carbonate
additive is 9 wt.% and causes an increase in the
strength of artificial stone at the age of: 2 days
by 33.3%; 7 days by 56.63%; 28 days for
43.5%.

The presence of hydrosulfoaluminate-type
neoplasms in the composition of hydration
products and the presence of active mineral ad-
ditives in its composition, on the one hand, and
on the other hand, the contact of cement stone
with the environment can cause the appearance
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of dangerous compounds (such as thaumasite)
in hardening systems, the synthesis of which
will lead to stress in concrete structure and its
destruction.

At the second stage of the work, the stability
of solid solutions based on ettringite and the
possibility of thaumasite formation during hy-
dration of modified fly ash-cement composi-
tions were investigated. For this purpose, the in-
fluence of highly dispersed siliceous additives
on the phase composition of hydration products
of modified fly ash-cement compositions dur-
ing their hardening in different temperature
conditions (from +3°C to +20°C) was studied.
The obtained results indicate the absence of
thaumasite in the composition of hydration
products, and the phase composition of neo-
plasms is represented by solid solutions. The ki-
netics of increasing the strength of artificial
stone samples based on modified fly ash-ce-
ment compositions with the addition of micro-
silica are shown in Fig. 2.

The analysis of graphical dependences of the
change in strength (Fig. 2) shows that a de-
crease in the hardening temperature has a nega-
tive effect on the early set of strength of the ar-
tificial stone obtained on the basis of the devel-
oped binder, however, when favorable condi-
tions occur, all crystallization processes are ac-
celerated and the samples are intensively re-
cruited strength.

At the third stage of the work, the optimal
composition of fine-grained concrete was se-
lected, based on modified fly ash-cement bind-
ers, which corresponds to the composition of
dry construction mixes (DSTU B V.2.7-
126:2011). The tests were carried out on sample
beams measuring 4x4x16 cm. Samples were
prepared from a mixture of the required con-
sistency (the sediment of a standard cone of
8...9 cm). The composition of binders and fine-
grained concrete is given in table. 1.

When a plasticizer based on polycarbox-
ylates of the trade mark "Melflux" is intro-
duced, the increase in strength at the early
stages of hydration (3...7 days) is 3.5...52.4%,
and at the design age it reaches only
8.8...70.2%. The use of plasticizing additives
containing sulfate groups allows to increase the
strength by 3.5...129% at the age of 3...7 days
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and by 20.1...128.8% after 28 days of harden-
ing.
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Figure 2. Strength gain of the specimens on the
pure OPC basis (1) and fly ash-cement composi-
tions, containing 30 wt.% of OPC, 6 wt.% of chalk
and 8 wt.% of anhydrite (2) and with microsilica ad-
mixture in quantity 3 wt.% (3) and 5 wt.% (4) after
28 days of hardening at temperature +3...5 °C and
further storing at 20+2°C during 2, 7, 28, 90 and 120
days.

Table 1 — Composition of binders and fine-grained concretes based on modified fly ash cement

Composition, wt.%
c aggregate admixture
(@) < =] .
z % ﬁ 2 2’ iﬁ quartz sand dgran,ti E - s
= 2 x| © ) ) ropouts = 1) =
< 0-05 | 05-1.2 0.63-2.0 g n
1 20 11 - - 28.4 25.6 15 - - -
2 10 | 19.2 | 1.2 0.6 28.4 25.6 15 - - -
3 10 | 19.2 | 1.2 0.6 28.4 25.6 15 0.1 - -
4 10 | 19.2 | 1.2 0.6 28.4 25.6 15 0.5 - -
5 10 | 19.2 | 1.2 0.6 28.4 25.6 15 - 0.4 -
6 10 | 19.2 | 1.2 0.6 28.4 25.6 15 - 0.8 -
7 10 | 19.2 | 1.2 0.6 28.4 25.6 15 - - 0.1
8 10 | 19.2 | 1.2 0.6 28.4 25.6 15 - - 0.5

The strength of the solution based on the fly
ash-cement composition (composition No. § of
Table 1), modified with the additive "Sika" in
the amount of 0.5 wt.% at the design age is 24.6
MPa, while the strength of the base composition
without plasticizing additives is 7.5 MPa. The
obtained results testify to the positive influence
of plasticizing additives on the increase in
strength of the artificial stone obtained on the
basis of the developed binders. The increase in
strength of concretes modified with plasticizing
additives can be explained by the formation of
a denser structure of cement stone and acceler-
ated synthesis of crystal hydrate neoplasms in
compressed conditions, compared to systems
without additives.

Therefore, composition No. 8 of the Ta-
ble 1can be considered optimal according to the
criteria of adequate strength at the design age
among the developed concretes.
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In order to improve the operational proper-
ties of the developed fine-grained concrete, the
impact of polypropylene fiber on the kinetics of
increasing the strength of artificial stone based
on composite cement, modified with a polycar-
boxylate-type additive of the "Sika" brand, was
studied. It was established that the maximum
strength in compression (27.0 MPa) and bend-
ing (5.1 MPa) at the design age is achieved by
dispersed reinforced fine-grained concrete
modified with fiber in the amount of 0.14 wt.%
with a fiber length of 12 mm which ensures the
production of concrete whose porosity does not
exceed 5%, and water absorption - 4 wt.%.

The durability of the developed concrete
compositions was studied by studying their ki-
netics of strength gain (Table 2), wear re-
sistance, frost resistance, atmospheric re-
sistance, and corrosion resistance. It was estab-
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lished that the introduction of a sulfate-car-
bonate additive to the composition of fly ash-
cement systems contributes to a more uniform
set of strength of concrete at all stages of hard-
ening. The increase in strength of modified con-
crete samples is: at the age of 7 days — 105.88%,
at the age of 28 days — 141.17% and at the age
of 90 days — 117.53%, the value of compressive
strength is 8.05, respectively MPa, 24.6 MPa
and 33.5 MPa.

The developed fine-grained concretes based
on modified ash-containing binders are charac-
terized by a denser and more uniform structure

of artificial stone, which is evidenced by a de-
crease in the wear rates of concretes based on
modified systems by 50% and by 54.8% for dis-
persed reinforced concrete compared to compo-
sitions without additives. -but. The use of dis-
persed reinforcement allows for a 22.2% in-
crease in the abrasion resistance of ready-made
concrete, while its absence - only by 13.8%
compared to fine-grained concrete based on
OPC.

Table 2 — Strength gain of fine-grained concretes on the basis of developed compositions

Composition on Compressive/flexural strength, MPa,
1t of composition, wt.% after hardening, days
c | L2l g2l 8 S
O ) 22| 82 I = 8
ot S | £E2| 82| & | 87 3 7 28 90 365
© L | 8E|RE| o |FE
| OR =X 3
352/ | 462/ | 512/ | 562/ | 6.62/
20 | 1 - - 69 " | 1386 | 226 | 334 | 364 | 386
031/ | 124/ | 269/ | 362/ | 3.82
10 2 - - 69 ] 244 | 391 | 102 | 154 | 184
10/ | 179/ | 451 | 512/ | 562/
10 ] 92 12 1 06 ) 69 " | 553 | 805 | 243 | 335 | 434
36/ | 435 | 51/ | 662/ | 65/
10 92 12 1 06 69 1 014 1 454 | 1769 | 270 | 454 | 462

Remark: all compositions, modified by Sika admixture, in quantity 0.5 wt% from the binder

After 100 cycles of testing for frost
resistance, concrete samples based on fly ash-
cement compositions modified with sulfate-
carbonate additives increase strength by
16...33%. This indicates the continuation of the
hydration processes of the binder and the
possibility of obtaining concrete with higher
frost resistance (F200 and higher).

In the process of researching the weather
resistance of the developed compositions based
on modified binders, a stable increase in
strength by 13...15% was established after 350
cycles of alternating wetting and drying of fine-
grained concrete samples, which indicates the
continuation of the processes of structure
formation in artificial stone and allows
predicting high operational properties of the
developed materials.

Transfer of Innovative Technologies
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To implement the technology of complex
processing of ash with the aim of obtaining
composite materials with increased operational
characteristics  based on  technologies
developed at KNUBA and NDIVM, ALIT-
BUD LLC produced a batch of fine-grained
dispersed reinforced concrete using the
technology of dry construction mixtures based
on the developed fly ash-cement binding
composition, modified with sulfate and
carbonate additives, which contained: 58 wt.%
fly ash, 30% OPC, 6% calcium carbonate
(chalk) and 6 wt.% calcium anhydrite. Fine-
grained dispersed-reinforced concrete was
prepared on a technological line for the
production of dry building mixtures by
simultaneous mixing of the initial components
in a mixer of the CEM-1 type. The fiber was fed
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to the mixer manually, since the line does not
have equipment for its dosing and feeding in
automatic mode. The consumption of

components necessary for the production of a
dry mixture of fine-grained concrete is given in
the table. 3.

Table 3 — Composition on 1t of dry mix to prepare fine-grained concrete for obtain mortars class L[.I.CT3

according to DSTU B V.2.7-126:2011

Component composition on 1t of fine-grained concrete
Components
OPC Modified fly ash-cement

OPC Type I M500 0.27 0.081

chalk MMC-1 - 0.00162

gypsum anhydride - 0.00216

fly ash 0.15 0.31

sand 0.327 0.327

granite dropouts 0.25 0.25
superplasticizer 0.001 0.001

water retarder 0.001 0.001

defoamer 0.001 0.001
polypropylene fiber - 0.6
After the production of fine-grained operational characteristics of the proposed fine-

concrete, in order to study its operational
properties and the possibility of using it in the
installation of screeds, a series of beam samples
with a size of 4x4x16 cm were made based on
the proposed material, which were stored at a
temperature of +180C and humidity of 55%,
and their operational properties were tested.
The results of the research are presented in
table. 4.

Conducted studies of the technological and

grained concrete for laying floors confirm the
effectiveness of replacing OPC with composite
cement. The use of the developed binder in the
composition of fine-grained concrete allows to
reduce the consumption of OPC without
deteriorating its properties, improve adhesion,
ease of laying and increase such physical and
mechanical characteristics as strength, as well
as reduce water absorption and shrinkage.

Table 4 — Comparison of exploitation properties of fine-grained concrete on the OPC basis (basic variant)
and on fly ash-cement basis, modified with sulfate-carbonate admixture

Composition of fly ash concrete on the

Name Demands DSTU basis: _
BV.2.7-126:2006 OPC Modified fly
(reference) ash-cement

Marking CTl | CT2 | CT3

Slump, cm Not less than 8 8...9 8...9

Water retention, % Not less than 95 95 100

Workability, min Not less than 60 120 120

Compressive strength, MPa

- 3 days 5 7 10 15.0 12.53

- 28 days 15 25 35 36.8 34.6

Flexural strength, MPa

- 3 days 2 25 | 3.0 2.5 3.8

- 28 days 35 | 45 | 6.0 55 6.8

Transfer of Innovative Technologies
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Adhesion after 28 days, MPa Not less than 0.5 0.5...0.6 0.6...0.7
Shrinkage, mm Not less than 8 1.0 0.8
Frost resistance, cycles - | -] 50 75 100

CONCLUSIONS

The composition of the fly ash-cement
binder modified with a sulfate-carbonate
additive in the presence of a super-plasticizer
was developed and optimized. The phase
composition of new formations of cement
stone, which is mainly represented by solid
solutions based on hydrosulfoaluminates and
calcium hydrosilicates, was established;

The peculiarities of the structure-formation
of the developed binding compositions in the
presence of micro-silica at different ambient
temperatures were investigated and it was
established that its presence does not cause
synthesis in the composition of thaumasite
hydration products. The phase composition of
neoplasms is mainly represented by solid
solutions based on ettringite and compounds
similar ~ to  scoutite, epistilbite = and
hydrogarnets.

The use of the developed binder will allow
the utilization of waste from the fuel and
energy industry in the composition of fine-
grained concrete, on the one hand, and on the
other hand, it will reduce emissions of carbon
dioxide into the atmosphere by reducing the
consumption of OPC clinker.

The developed compositions of fine-
grained concrete in terms of their operational
characteristics differ little from the properties
of concrete based on pure OPC. It is advisable
to manufacture them using the technology of
producing dry building mixtures with the
maximum content of waste from the fuel and
energy complex, which will allow saving
material and energy resources, including
reducing costs for OPC by 20-40%, and the
use of such mixtures in the national economy
will  contribute to  improving  the
environmental situation.
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3os0ueMeHTHI KoMno3uuii, MogudikoBaHi
KOMILJIEKCHOIO CYJIb(aTHO-KapOOHATHOIO 100aB-
KOI0 Ta piOHo3epHUCTI 0eTOHM HA iX OCHOBI
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Cepeiti IVPUI[BKHMU,
Bimaniii ITABJIFOK

Anotanis. CtarTs NpHCBSYEHA OCIIIKEHHIO
IPiOHO3EPHUCTHX OCTOHIB, Ha OCHOBI
MonudikoBaHUX 30JIOL[EMEHTHUX B’ SDKYUHX
PEUOBHH, IO MICTATh y CBOEMY CKJIaJi HE MEHIIE
55 % 3a Macoro 301M-BUHECEHHs. BukopucranHs
AHOTO B’SDKYYOTO JIO3BOJUTH 3 OHHOTO OOKY
YTHIII3YBaTH  BiIXOOWM TAJIWBHO-CHEPTETHYHOTO
KOMIUIEKCY y CKJaJi ApiOHo3epHHCTOrO OETOHY, a 3
HIIIOTO — 3MEHIINTHh BUKUIM BYIJIEKHCIIOTO a3y B
arMocdepy 3a paxyHOK 3MEHIICHHS BHTpPaTH
KIIIHKEpY B CKJIaJli B'SDKYYMX PEUOBHH.

B xomi mocmimkeHb JOBEICHO TO3WTHBHUUN
BIUTMB KOMILUIEKCHOI MOAMQiKaIii 30J01eMeHTHOT
KOMITO3UIliT  Cylb(paTHUMH Ta KapOOHATHUMHU
nobaBkaMu Ta  BHBYCHO  (ha3oBUH  CKian
HOBOYTBOPEHb INTYYHOTO KaMeHIO. BcraHOBieHO,
10 TIPH OTHOYACHIW MoAudikarlii 30J01eMeHTHOT
KOMITO3UIIIT CHHTE3 MIIIHOCTI 3a0e3reuyeThes 3a
PaxyHOK YTBOPEHHS y CKJIaJli MPOAYKTIB Tiaparartii
Ha paHHIX CTaJisfX TBEPAIHHS ETPHHTITY Ta HOro
aHAJIOTIB 3 BMICTOM KapOOHATHOI Ta 3ai3uCTOl
CKJIaI0BO.

HocmimxeHo eKCIUTyaTarinHi Ta
TEXHOJIOT1YHi BIACTUBOCTI PO3POOJICHUX IIEMEHTIB 1
OeToHIB Ha 1X OCHOBI. B mporeci nocimimxeHHs
arMoc(epoCTIHKOCTI  pO3pOOICHUX CKIAMIB Ha
OCHOBI ~ MOAM(]IKOBaHWX  B’SHKYYHUX  PEYOBUH
BCTaHOBIICHO CTaOIIbHUK MPHPICT MIIHOCTI Ha
13...15% micnma 350 utukiaiB HaBIEPEMiHHOTO
3BOJIOKEHHS Ta BUCYIITYBaHHS 3pa3KiB
NpiOHO3EpHUCTOTO OETOHY, IO CBLIYUTH TIPO
MPOJIOBXKEHHS TPOLECIB CTPYKTYPOYTBOPEHHS Y
IITYYHOMY KaMeHi Ta JO3BOJIIE TPOTHO3YBaTH
BHCOKI €KCILTyaTaliifHi BIACTHBOCTI pO3POOICHUX
Marepiais.

BcranoBneno, mio pospoOneHi  ApiOHO-
3epHUCTI OETOHM Ha OCHOBI MOIU(IKOBAaHHX
30JIOBMICHUX B’SDKYYMX DPEYOBHH BiJPi3HSIOTHCS
OUTBII IIIJIBHOK Ta OJHOPITHOW CTPYKTYpPOHO
LITYYHOTO KAMEHIO.

[Ipo 1e CBIiAYUTH 3HWKEHHS TTOKA3HUKIB
CTHPAHOCTI OETOHIB Ha OCHOBI MOJU(IKOBAHUX
cucteM Ha 50% Ta Ha 54,8% gaa

JHUCIIEPCHOAPMOBAHOTO  OETOHY  TOPIBHSHO 3
0e3100aBOYHIMH KOMITO3UIIIIMU BiAIIOBIIHO.
BuBueHo  mOBroBiuHICTH  po3poOIIEHHX

CKJIaJ1B OETOHIB IUISXOM AOCIIIKEHHS 1X KIHETUKH
Habopy MIIHOCTI, 3HOCO-, MOPO30-, aTMOC(Epo- Ta
KOpO3iitHOi cTifikocTi. BcTanoBneHo, 10 BBEACHHS
Cynb(arHO-KapOOHATHOI  NOOaBKM OO0  CKJIamgy
30JI0IIEMEHTHHX crcTeM CIIpHSIE OLTBII
PIBHOMIpHOMY Ha0Opy MIIIHOCTI OETOHIB Ha BCiX

22


https://nuwm.edu.ua/en
https://nuwm.edu.ua/en

Construction, Architecture

eramax TBepAHeHHsS. [IpupicT MimHOCTI 3pa3KiB
MouGikoBaHOTO OETOHY CTAHOBHTD: Y Bimi 7 Ai0 —
105,88%, vy Bii 28 ni6 — 141,17% ta y Bimi 90 ni6
—117,53%, 3HaYCHHS MIITHOCTI TP CTHUCKY.

KuarouoBi cjoBa: mpibHO3epHUCTHIT OCTOH,
301a, racTudikyiodi J00aBKH, JOBTOBIYHICTD, MO-
I iKoBaHi 30J0LEMEHTHI B SDKYUi peYOBHHHU.
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