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ABSTRACT

The article presents the results of developing lightweight structural concretes based on ash-slag
waste from the Almaty Thermal Power Plant-2. The ash-slag aggregates were produced using
both firing and non-firing (clinker) technologies. The fired aggregates, obtained with the use of
bentonite clay, exhibited a bulk density of 530-640 kg/m? and a strength of 1.8-4.8 MPa. The
non-fired aggregates based on Portland cement had a density of 644—-690 kg/m? and a strength
of 1.79-2.98 MPa, while those based on liquid glass showed a density of 562—-642 kg/m?® and a
strength of 1.93-3.8 MPa. Using the obtained aggregates, lightweight concretes with a density of
1210-1750 kg/m3 and a strength of 100-152 kg/cm? were produced, meeting the requirements
of GOST 25820-2014. In the compositions without coarse aggregate, the influence of additives
such as CaCl,, superplasticizers, and basalt fibers on the properties of ash concrete was studied.
The strength of the concrete after 28 days exceeded the 7-day strength by 1.5-2.3 times, with
the most significant effect observed from CaCl,. Ash concrete of classes B10-B12 with a density
of 1500-1600 kg/m* was obtained, which according to GOST can be classified as structural-
thermal insulating concrete. The objective of the research is to develop compositions of
lightweight structural concrete based on ash-slag waste. The novelty of the work: for the first
time, ash-slag aggregates based on the ash-slag from Almaty Thermal Power Plant-2 have been
obtained using both firing and non-firing technologies.
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Introduction

When coal is burned, 10-45% of ash and slag

opportunities for use in industry and construction,
thus helping to conserve natural resources [2]. The
recycling rate of ASW in Russia is 4-5%, while in
developed countries it is around 50-90%, thanks to

waste (ASW) is produced, which is transported to
ash dumps, forming an ash-slag mixture (ASM) [1].
ASW requires significant operational costs and is a
source of environmental pollution, posing threats
to human health and ecosystems. At the same
time, its chemical and mineralogical composition is
similar to that of natural raw materials, opening up

government support for their utilization [3].

In Germanv. 3.1 million tons of cement are
replaced annuallv with ASW. This oractice saves
resources and energv needed for cement
production. as well as recouns costs related to silos.
transportation, and salaries [4]. In South Africa,
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with financial government support, experimental
construction of roads using fly ash is being
conducted [5]. It has been proven that mixtures of
fly ash with inert materials achieve 50-70% of the
strength of cement-stabilized materials. The
American Coal Ash Association and the Solid Waste
Utilization Group sponsor a project to promote the
use of coal combustion products in construction
[6]. Research is also being conducted on the use of
ASW for lightweight aggregates and concretes. A
patent for a method of producing lightweight
aggregates from carbon-containing waste from
thermal power plants includes mixing with
additives, pellet formation, and firing. The resulting
porous aggregate has a density of 200-300 kg/m?
and a strength of 0.8-1.2 MPa [7].

The study [8] shows that concrete with fired
ash gravel is 22% lighter and 20% stronger than
conventional concrete, with a drying shrinkage 33%
lower. Reducing cement content by 20% does not
affect strength. Gonzalez-Corrochano and co-
authors investigated the production of gravel from
thermal power plant ash, firing at 1175-1225 °C
with a comprehensive analysis [9]. Non-fired ash
gravel can be produced from various ashes and ash-
slag mixtures, with the addition of hardening
accelerators. The strength of non-fired gravel
reaches 3-8 MPa with a density of 600-1100 kg/m?
[10]. The study [11] examined the interaction
processes of fly ash with liquid glass and calcium
chloride, resulting in concrete with strengths of 2.1-
10 MPa.

In the research [12], optimal compositions of
lightweight concrete with fly ash from the Dnipro
Thermal Power Plant were determined: ash
consumption of 370-410 kg/m?3, cement of 140-180
kg, density of 1720-1780 kg/m3, and compressive
strength of 7.3-8.9 MPa. Authors [13] reviewed the
physicochemical characteristics of waste for the
production of building materials. The study [14]
explored the microstructure of pellets made from
ash and glass waste. The article [15] presents data
on fly ash for the production of fired ash gravel and
high-strength concrete (up to 55 MPa). Research
[16] is dedicated to porous concrete with fired ash
gravel, showing strengths of 7.15-15.74 MPa and
water permeability of 9.38-16.07 mm/s.

The work [17] investigated the mechanical
properties of concrete with fired ash gravel,
including the use of steel fibers. Replacing 20-60%
of coarse aggregates with fired ash gravel improved
the workability of the mix but reduced the
concrete's strength. With 40% replacement and the
addition of fibers, the strength reached 42.6 MPa.
The study [18] produced non-fired ash gravel from
the Novosibirsk Thermal Power Plant, with
characteristics of density 970 kg/m3 and strength
6.2 MPa, meeting European standards for
lightweight concretes. Thus, compositions and
technologies for lightweight aggregates from ash-
slag waste have been developed, including both
fired and non-fired gravel, using various binding
agents.

The objective of the research is to develop
compositions of lightweight structural concrete
based on ash-slag waste.

The novelty of the work: for the first time, ash-
slag aggregates based on the ash-slag from Almaty
Thermal Power Plant-2 have been obtained using
both firing and non-firing technologies. Based on
these aggregates, lightweight concretes with an
average density of 1250-1750 kg/m3® and
compressive strengths after 14 days of curing of 10-
14.5 MPa have been produced. Compositions of ash
concrete without the use of aggregates have been
developed, achieving compressive strengths after
28 days of curing of 12-18.2 MPa, corresponding to
concrete grade M150 or classes B10 and B12.5.

Experimental part

Materials. For the experiments, the primary
raw material component used is the fly ash from
Almatinskaya TPP-2, which is produced from the
combustion of coal sourced from the Ekibastuz coal
basin. The actual specific activity of natural
radionuclides in the fly ash ranges from 65 to 80
Bqg/kg, allowing it to be used in housing
construction without restrictions. The chemical
composition of the fly ash from Almatinskaya TPP-2
is presented in Table 1.

Table 1 — Chemical composition of the fly ash from Almatinskaya TPP-2, wt.%

SiO2 TiO2 Al>03 Fe203 Cao MgO Na20 K20 Other
impurities
65.0-65.9 1.1-1.18 21.9-22.7 | 4.55-7.71 | 2.2-2.37 | 0.48-0.92 0-0.84 0.48-0.52 0.96-1.19




Complex Use of Mineral Resources. 2026; 336(1):74-85

ISSN-L 2616-6445, ISSN 2224-5243

k

400 —

()
[=]
=]

Intensity counts
N
=]
=]

-
Q
=]

2-Theta - Scale

Dnmuliite. svn - A(AR.85i1.2)09.

Quartz low - SiI02 - 5-Q 26.9 %
Oianbunr - ca(cos) - s-0 4.5 %

Figure 1 — X-ray Diffraction Pattern of Ash-Slag from Almaty TPP-2

X-ray phase analysis showed (fig. 1) that the
mineralogical composition of the fly ash consists of
mullite (3Al,05:25i0,) — 68.6%, quartz (Si0,) -
26.9%, and calcite (CaCOs) — 4.5%.

For the production of sintered fly ash
aggregate, highly plastic bentonite clay was utilized.
For the non-sintered fly ash aggregate, Portland
cement CEM 132.5 H (GOST 31108-2003) was used.
To enhance the properties of fly ash concrete, the
following additives were incorporated: calcium
chloride as a hardening accelerator, Cemmix
CemPlast as a superplasticizer, basalt fiber,
asbestos fiber, and Sika ViskoCrete 20HE KZ as
another superplasticizer.

Methods

To prepare the mixtures, the ash-slag and clay
were dried in a drying oven at a temperature of
100-110 °C until a residual moisture content of 1-
2% was achieved. When preparing clay-ash-slag
mixtures, the dried clay was ground and sieved
through a 0.63 mm mesh. To obtain filler granules,
the ash-slag and clay were mixed in specified ratios,
and then moistened with water to achieve a
formable mass, from which granules with a
diameter of 10-20 mm were produced using a
laboratory granulator. After drying at 100-105 °C
for 1-2 hours in the drying oven, the granules were
fired in an SNOL 1.6/1300 muffle furnace. Following
this, their density and strength were determined.

For preparing concrete mixtures, fired and
unfired ash-slag fillers were used as coarse
aggregates, and construction sand and ash-slag
were used as fine aggregates. The curing of the ash-
slag concrete samples was performed by keeping
them in a humid environment for 7 and 28 days.

The chemical composition of the ash-slag was
for clinker-based mixtures, the ash-slag was mixed
with Portland cement in specified ratios, then
moistened with water to form a workable mass,
from which granules with a diameter of 10-20 mm
were also produced. Additives were introduced into
the mixture along with the mixing water. After
shaping, the granules were cured in a humid
environment for 14 days, after which their bulk
density and compressive strength in a cylinder were
measured.

For preparing concrete mixtures, both fired and
unfired ash-slag fillers were used as coarse
aggregates, while construction sand and ash-slag
served as fine aggregates. The curing of the ash-
slag concrete samples was performed by
maintaining them in a humid environment for 7 and
28 days.

The chemical composition of the ash-slag was
analyzed wusing a Rigaku NEX CG Il Series
spectrometer. X-ray diffraction (XRD) analysis of the
ash-slag  was conducted on a DRON-3
diffractometer with CuKa radiation and a B-filter.
Diffraction conditions were set at U = 35 kV; | = 20
mA; scanning mode 6-20; and detector speed of 2
degrees/min. The interpretation of diffraction
patterns was carried out using the ICDD data
library.

The thermal conductivity of the ash-slag
concrete was measured using an ITS-1 device. The
physical and mechanical properties of lightweight
aggregates were determined following the method
described in [19], while the physical and mechanical
properties of lightweight concrete were assessed
according to the method in [20]. The thermal
conductivity of lightweight concrete was measured
with an ITP MG4 100 device.
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Results and Discussion

1) Using the aforementioned methodology.
Granules were produced from aluminosilicate
mixtures, which were then subjected to firing at
various temperatures. After cooling, their
properties were determined. Table 2 presents the
compositions of the batches and the properties of
the aggregates based on ash-slag and bentonite
clay after firing. As shown in Table 2, the
compressive strength of the aggregates in the
cylinder is sufficient for their application in the
production of lightweight concrete. With an
increase in the content of bentonite clay in the
composition and the firing temperature, both the
bulk density and strength of the aggregates
significantly increase. Aggregates from
compositions No. 1 and 2, containing 75-80% ash-
slag and fired at temperatures of 1000-1100 °C, are
optimal coarse aggregates for the production of

lightweight concrete. Figure 2 shows samples of the
aggregates.

2) Selection of unfired aggregate compositions.

For the formulation of mixtures to produce
non-fired aggregates, fly ash and Portland cement
CEM 1 32,5 H were used. In the mixtures with
Portland cement, the water-to-cement (W/C) ratio
was set at 0.4 - 0.45. Calcium chloride (CaCl2) was
added to the mixture with the mixing water.

Table 3 presents the composition and
properties of ash-slag fillers obtained using non-
fired technology.

As shown in Table 3, the fillers after curing for
14 days exhibit sufficient strength and bulk density
within acceptable limits. An increase in the amount
of cement in the filler compositions leads to
enhanced strength and bulk density. The addition
of CaCl2 contributes to increased compressive
strength of the fillers in the cylinder. Figure 4
presents photographs of the fillers.

Table 2 — Compositions and properties of aggregate with bentonite clay

No. Compositions 900 °C 1000 °C 1100 °C
Phulk, Compressive Pbulk, Compressive Pbulk, Compressive
kg/m3 strength in kg/m3 strength in kg/m3 strength in
cylinder, MPa cylinder, MPa cylinder, MPa
1 Ash-slag — 80% 530 1.8 545 2.2 550 2.5
Bentonite clay — 20%
2 Ash-slag — 75% 536 1.9 535 2.6 561 2.8
Bentonite clay — 25%
3 Ash-slag — 70% 548 2.4 550 2.9 580 3.2
Bentonite clay — 30%
4 Ash-slag — 60% 565 2.6 600 3.8 640 4.8
Bentonite clay — 40%

a)

a — before firing, b — after firing at 1000 °C

Figure 2 — Samples of ash-slag-based aggregates, composition No. 2
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3) Properties of concrete with ash-slag
aggregates.

Samples of lightweight concrete were produced
using both non-fired and fired ash-slag aggregates.
The concrete mixtures were formulated based on
the composition calculation methodology outlined
in the literature [21]. Two concrete compositions
were calculated: Composition 1, which uses
construction sand as the fine aggregate; and
Composition 2, which replaces sand with ash-slag.

For the production of concrete samples with
fired aggregates, we used the fired ash-slag
aggregate from Composition No. 2 (Table 2). The
concrete samples were formed into cubes
measuring 100x100x100 mm on a laboratory
vibrating table for 10-15 seconds. After forming,
the samples were kept in metal molds for 10-12
hours, after which they were demolded. Further
curing of the specimens was carried out at room
temperature for 28 days in a humid environment.

Table 3 — Compositions and Properties of Lightweight Fillers Based on Ash-Slag and Portland Cement

No. Compositions, % Pbulk, kg/m? Compressive strength in cylinder, Curing of the material
MPa
1 Ash-slag — 80 644 1.79
Cement —20
2 Ash-slag — 75 670 1.95
Cement — 25
3 Ash-slag — 70 687 2.75
Cement — 30 At room temperature, in a
4 Ash-slag — 80 637 2.73 humid environment, for 14
Cement —20 days.
CaCl, -3
5 Ash-slag — 75 665 2.81
Cement —25
CaCl, -3
6 Ash-slag — 70 690 2.98
Cement - 30
CaCl, -3

Figure 3 — Ash-slag aggregates with portland cement (sample numbering according to table 2)

a)
a —using quartz sand as the fine aggregate, b — using ash-slag sand as the fine aggregate

Figure 4 — Cube samples of lightweight concrete with fired ash-slag aggregate
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After 28 days of curing, the average density and
compressive strength of the
determined. The average density of concrete with
quartz sand was 1723 kg/m3, while the average
density of concrete with ash-slag sand was 1210
kg/m3. The compressive strength of concrete with
quartz sand was 17.9 MPa, and the compressive
strength of concrete with ash-slag sand was 15.1
MPa. conductivity
showed that the thermal conductivity coefficients
of the produced concretes were 0.70 W/m-°C and
0.42 W/m-°C, respectively.

For the production of concrete samples, the
non-fired ash-slag aggregate of Composition No. 5
(Table 3) was used. After 28 days of curing, the
average density of the concrete with sand was 1750
kg/m3, while the average density of the concrete
with ash-slag 1250 kg/m3. The
compressive strength of the concrete with quartz
sand was 15.8 MPa, and the compressive strength
of the concrete with ash-slag sand was 12.6 MPa.
Thermal conductivity measurements indicated that
conductivity coefficients of the
produced concretes were 0.72 W/m-°C and 0.45
W/m-°C, respectively.

Thus, as the experimental data demonstrated,
the compressive strength of ash-concrete samples
using fired ash-slag aggregates is higher, while the
average density is lower compared to the concrete

concrete were

Measurements of thermal

sand was

the thermal

samples produced with non-fired (clinker)
aggregates.

4) Development of Ash Concrete Composition
without Aggregates.

Table 4 presents the compositions and
properties of ash-concrete samples with and
without additives after curing for 7 and 28 days
under normal conditions. The content of Portland
cement in the concrete mixture ranges from 19.4%
to 29.6%, the content of ash-slag ranges from
43.2% to 49.5%, and the remainder is water. As
seen in Table 4, the amount of ash-slag in the
concrete mixture exceeds the cement content by
1.5to 2.5 times.

Analysis of the results presented in Table 4
shows that after 7 days of curing under natural
conditions, the concrete samples without additives
exhibit compressive strength in the range of 5.8 to
8.5 MPa. The increase in strength is attributed to
the higher cement content in the concrete mixture.

The addition of an equal amount of CaCl2 at 3%
(by weight of cement) to the concrete mixtures
increases the compressive strength of the samples
by 0.2 to 1.6 MPa after 7 days of curing [22]. The
cube samples of ash-concrete without coarse
aggregate are illustrated in Figure 5.

The addition of a plasticizer reduces the
compressive strength of the ash-concrete samples
by 0.1 to 1.2 MPa.

The incorporation of basalt fiber increases the
compressive strength of the ash-concrete samples
by 0.3 to 0.4 MPa.

Regardless of the type of additive, a correlation
is observed between the strength of the ash-
concrete and the cement content in its
composition. It is noteworthy that the addition of
CaCl2 has a

contributing to an increase in the compressive

significant effect on strength,
strength of the ash-concrete samples. This is clearly
illustrated in Figure 6, which displays the strength
results of concrete samples with and without
additives.

The compressive strength of the ash-concrete
samples after 28 days of curing (Table 4) without
additives ranges from 13.6 to 16.3 MPa, which is 2
to 2.3 times higher than the 7-day strength. This
corresponds to a concrete grade of M150 or a
concrete class of B10-B12.5 [20]. Ash-concrete
samples with the addition of CaCl2 after 28 days of
curing exhibit compressive strength that is 1.8 to 2
times higher than the 7-day strength, ranging from
12 to 18.2 MPa. Among these, the samples with
compositions No. 6, No. 7, and No. 8 correspond to
the concrete grade M150, i.e., concrete classes B10
and B12.5.

Ash-concrete samples with a plasticizer
generally demonstrate lower strength compared to
those without additives. However, the strength of
compositions No. 11 and No. 12 qualifies them for
class B10 concrete.

Ash-concrete samples with basalt fiber
additives also show lower compressive strength
after 28 days of curing compared to the samples
without additives. This can be attributed to the
smooth surface of the fiber and its low adhesion to
the ash. In this series, the strength of compositions
No. 14, No. 15, and No. 16 qualifies them for

concrete class B10.
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Table 4 — Compositions and Properties of Ash-Concrete Samples

No | Weight composition of ash Additives Compressive Compressive Average
concrete strength after 7 | strength after density,
Cement Ash w/cC days, MPa 28 days, MPa kg/m?
1 1 255 | 1.6 - 5.8 13.6 1557.5
2 1 191 | 1.27 - 6.3 15.7 1568.5
3 1 167 | 1.08 - 6.4 16.2 1574.3
4 1 146 | 0.92 - 8.5 16.3 1638.4
5 1 255 | 16 3% CaCl 6.0 12.0 1574.3
6 1 191 | 1.27 3% CaClz 78 152 1489.7
7 1 167 | 1.08 3 % CaCl 95 175 1586.0
8 1 1.46 0.92 3% CaClz 10.1 18.2 1626.8
9 1 2.55 1.6 Plasticizer 4.6 10.0 1492.7
10 1 1.91 1.27 -//- 4.9 124 1518.9
11 1 1.67 1.08 -//- 6.6 13.0 1548.0
12 1 1.46 0.92 -//- 8.4 15.4 1495.6
13 1 2.55 1.6 5 g Fiber 6.1 121 1561.0
14 1 1.91 1.27 5 -//- 6.8 14.5 1573.0
15 1 1.67 1.08 5 -//- 6.9 14.8 1581.2
16 1 1.46 0.92 5 -//- 8.8 15.0 1588.3

Figure 5 - Cube samples of ash-concrete without coarse aggregate: composition No 7 with 3% CaCl, additive (table 4)

Figure 7 illustrates the graphical relationship
between the average density of fly ash concrete
samples and their composition. The average density
varies from 1490 to 1638 kg/m3® and generally
increases with the rising amount of cement in the
mixture.

According to [20], the produced fly ash
concrete samples are classified within the medium-
strength category (compressive strength class B <

B40), specifically class B5. Based on their average
density, these samples are categorized as
lightweight structural-thermal insulating and
structural concrete (density grades ranging from
D800 to D1800).

Thus, the conducted studies demonstrate the
feasibility of producing fly ash concrete samples
without the incorporation of traditional
construction sand in the mixture.
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Figure 7 — Changes in the density of fly ash concrete samples depending on the composition
at 28 days of curing

A rational selection of fly ash concrete mixture
compositions, where the ash content is 1.5 to 2.5
times higher than the cement content, enabled the
investigation of the impact of various additives on
the properties of the samples based on a limited
number of experiments.

The compressive strengths of the concrete
samples were determined after 7 and 28 days of
curing. It was found that the strength of all fly ash
concrete samples after 28 days of curing is 1.5 to
2.3 times higher than their strength at 7 days. A
dependency of fly ash concrete strength on the

cement content in the mixture was observed,
regardless of the type of additive used.

It was established that the fly ash concrete
samples without additives, after 28 days of natural
curing, correspond to the concrete grade M150 or
strength class B10-B12.5.

Fly ash concrete samples containing a
plasticizer and basalt fiber generally exhibit lower
strength values compared to those without
additives. However, samples from these series that
contain an increased amount of cement achieve
strength values that qualify them as B10 concrete.
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Fly ash concrete samples with the addition of
CaCl2 after 7 days of curing show a compressive
strength that is 0.2 to 1.6 MPa higher than the
samples without additives. This indicates that CaCl2
enhances the strength of the concrete in the early
stages of curing. After 28 days of curing, the fly ash
concrete samples with CaCl2 exhibit a compressive
strength of 12 to 18.2 MPa, corresponding to a
concrete grade of M150 or strength classes B10 and
B12.5.

The most optimal fly ash concrete mixes for
manufacturing large products are recommended to
be compositions No. 2 and No. 3 without additives,
and No. 6 and No. 7 with the addition of CaCl2. The
fly ash content in these mixes is 44-45%.
Measurements of the thermal conductivity of
compositions No. 6 and No. 7 showed thermal
conductivity coefficients of 0.612 and 0.618
W/m-°C, respectively.

Overall, the fly ash concrete samples exhibit
compressive strengths of 13 to 18.2 MPa,
corresponding to a strength class of B10-B12. The
average density of the products ranges from 1500
to 1600 kg/m3 which, according to GOST
standards, classifies them as structural-thermal
insulation concretes.

Conclusions

1. For the first time, sintered ash-slag aggregates
have been produced from ash slag of the Almaty TPP-2
and bentonite clay, achieving a bulk density of 530-640
kg/m®* and compressive strength of 1.8-4.8 MPa.
Lightweight concretes with densities of 1723 kg/m? and
1210 kg/m3® were manufactured, exhibiting strengths of
17.9 MPa and 15.1 MPa, respectively. The thermal
conductivity of these concretes is 0.70 W/m-°C and 0.42
W/m-°C.

2. Using Portland cement, non-sintered ash-slag
aggregates have been obtained with a bulk density of
644-690 kg/m3® and compressive strength of 1.79-2.98
MPa. Lightweight concretes with densities of 1750 kg/m?3
and 1215 kg/m3 have strengths of 15.8 MPa and 12.6
MPa, with thermal conductivities of 0.75 W/m-°C and
0.43 W/m-°C, respectively.

3. The density and strength of the concrete meet
the requirements of GOST 25820-2014.

4. Mixture compositions of ash concrete have been
developed without traditional sand and with increased

ash-slag content, allowing for the study of the effects of
additives on the properties of the samples.

5. The compressive strength of the ash concrete
samples after 28 days of curing is 1.5 to 2.3 times greater
than that after 7 days. The strength is dependent on the
cement content in the mixture.

6. Ash concretes without additives after 28 days
correspond to grade M150 or strength class B10-B12.5.
Samples with additives exhibit lower strength; however,
those with increased cement content can be classified as
B10.

7. Ash concretes with CaCl2 show a compressive
strength that is 0.2 to 1.6 MPa higher after 7 days
compared to those without additives. After 28 days, the
strength ranges from 12 to 18.2 MPa, corresponding to
grade M150 or strength classes B10 and B12.5.

8. The optimal compositions for large product
manufacturing are No. 6 and No. 7 with CaCl2 (with an
ash-slag content of 44-45%). The thermal conductivity is
measured at 0.612-0.618 W/m-°C.

9. The ash concrete samples exhibit average
strength (class B5) and are classified by density as
lightweight structural-thermal insulating and structural
concretes (D800-D1800).
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TYRIHAEME

Makanaga Anmatbl HIC-2 KyN-KOXK KaNabIKTapbl HETi3iHAE KeHiN KOHCTPYKLUMANbIK BeToHaapab!
any HatvKenepi YCbIHbINFAH. Ky/i-KOX  TONTbIPFbIWTAPbl  KYyWAipeiH »KaHe KynaipmeunTiH
(KNuHKepni) TexHonorvanap 6okbiHWa AadbiHgangpl. Kyhgipy agicimeH 6eHTOHWUTTI cas
HerisiHaeri TonTbipsbiwTap 530-640 Kr/m3 Kenemagik  Tobifbi3gblfbiMeH KaHe 1,8-4,8 MMa
6epikTirimeH cunaTtangbl. KyigipinmereH TONTbIPFbILWITAPAbIH, NOPTAAHA LLEeMEHTTEr ThIFbI3AbIFbl
644-690 Kr/m3 oHe 6epikTiri 1,79-2,98 Mla 60nafbl, an CyiblK WbIHbIAAFbI TONTHIPFLILTHIH,
ThIfbI3A4blfbl 562-642 Kr/m3 skaHe 6epikTiri 1,93 — 3,8 MIMa 60n4bl. ANbIHFAaH TONTbIPFbILITAPAAH
MEMCT 25820-2014 TananTtapblHa COMKEC KeneTiH Toifbi3gpifbl 1210-1750 Kr/m3 xaHe 6epiKTiri
100-152 kr/m3 eHin 6eToHaap »acangbl. Ipi TOATbIPFBLILCHI3  KyA HerisiHaeri GeTOHHbIH,
kacvettepiHe  CaCl,-gpiH,  acepi, cynepnnacTuduKaTop KaHe  6asanbT  TaaWbIKTapbl
KOCManapblHblH, acepi 3epTTendi. betoHaapabiH, 6epikTiri 28 TaynikTeH KeliH 7 Taynik neH
canbicTbipfaHaa 1,5-2,3 ofapbl 6onbin, ofaH CaCl, ynkeH acep eTTi. Toifbi3abiFbl 1500-1600
kr/m3, B10-B12 knacTbl Kyn 6etoHaapbl anbiHbin, MEMCT 6oibiHIWAE 0napabl KypbLibiMAbIK-
Kby OKLIAyNafblll GETOHAAPFa MKaTKbl3yFa MYMKIHAIK 6epepai. 3epTTeyaiH MaKcaTbl KyA-KOX
KanablKTapbl HerisiHge >KeHin KypblibiMAblK 6eToHAapablH,  KypambliH - any. MKymbICTbIH
JKaHanblFbl: AnFaw pet Anmatbl HKIC-2 KyN-KOXKbIHbIH, HEri3iHAe KyMAipy KaHe KyhaipinmereH
TeXHONOrMANAPAbl NaitAanaHa oTbIPbIn KyN-KOXK TONTbIPFbILLTAPbI alblHABI.

TyliiH ce30ep: KyNn-KoX, Kynai 6eToH, TONTbIPFblIl, BEHTOHUT casbl, KyWAipy, KaTato, TbifbI3AbiK,
6epiKTiK.
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Jlerknii KOHCTPYKLMOHHO-TEN/1I0U30NALNOHHbIN 6eTOH C npumeHeHuem 3onbl TIL,
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AHHOTALMUA

B cTaTbe npeacTaBieHbl pe3ynbTaTbl Pa3paboTKM Nerkux KOHCTPYKLMOHHbIX BETOHOB Ha ocHoBe
30/10LU1AKOBbIX 0TX0A408B A/NIMaTUHCKOW TIL-2. 3010wWNaKoBble 3aN0SIHUTENN U3rOTaBAUBANAWCH
no o6Xurosoit M 6e306XXKMroBoi (KAMHKEpHOW) TexHosornam. OBXKWrosble 3anonHUTENM,
NosyYeHHble C WCMoNb30BaHMEM OEHTOHWUTOBOM [/IMHbI, XapaKTepM30Ba/UCb HACbIMHOW
nAoTHocTblo 530-640 Kr/m® u npouHocTblio 1,8-4,8 MIMa. Be306Kurosble 3anosHUTENN Ha
nopTAaHALEMEHTE MMEN NAOTHOCTb 644—690 Kr/m* u npouHocTb 1,79-2,98 MIla, a Ha XUAKOM
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cTekne — 562-642 kr/m3 n 1,93-3,8 MMNa. W3 nosiydeHHbIX 3aNo/HATENEN U3TOTOB/IEHDI IETKUE
6eToHbl ¢ naoTHOCTbio 1210-1750 Kr/m3 u npouHocTbio 100-152 Kr/m3, cooTBeTCTByHOLLME
TpebosaHuam MOCT 25820-2014. B coctaBax 6e3 KpynmHOro 3ano/sHUTENs W3Y4eHO BAUAHME

Moctynuna: 17 Hoabps 2024 pobasok CaCl,, cynepnnactudukatopa u 6asanbtoBol ¢ubpbl Ha cBOWCTBA 30/706€TOHA.
PeueHsvpoBaHue: 27 Hos6pa 2024 MpoyHocTb 6eToHOB yepe3 28 CyTOK npesbiwana 7-cyTouHyto B 1,5-2,3 pasa, ¢ Hanbonbwmm
MpuHATa B nevatb: 13 0ekabps 2024 addekTom ot CaCl,. MonyyeHbl 30106eToHbI Knacca B10—-B12 ¢ naoTHocTbio 1500—1600 Kkr/m3, no

FOCTy nosBonseT OTHEeCTU MX K KOHCTPYKLUMOHHO-TEMIOU3O0NALMOHHbIM beToHam. Lenbio
nccnepoBaHnA ABNAETCA pa3paboTka COCTAaBOB JIETKUX KOHCTPYKLMOHHbIX HETOHOB Ha ocHoBe
30/10LL1aKOBbIX 0TX0A408. HoBM3HA paboTbl: Bnepsble Ha 0CHOBe 300LWnaka AAMmaTuHCKoi TIL-2
No/y4eHbl 30/10LL1AKOBbIE 3aN0HUTENN NO 06XKMroBOW 1 6e306XKUrOBOIN TEXHONOTUAM.

Knroyeebie cnoea: 3010WNAK, 307106€TOH, 3anonHUTENb, GEHTOHMTOBAs [AWHA, OBGKMr,
TBEpPAEHME, NJIOTHOCTb, MPOYHOCTb.
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