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Abstract. In this paper, an experimental study was conducted to compare the properties of aggregateobtained from de-
stroyed concrete waste, laboratory concrete waste and natural aggregatesused as control samples. The study examines the pos-
sibility of using demolition waste to develop building materials with sustainable properties in order to obtain economic benefits
from the disposal of man-made waste. Initially, the selection of aggregates from waste was carried out by crushing concrete
fragments from demolition waste and laboratory waste, and then studying their physical and chemical properties to obtain
fillers and concrete mixtures, make samples, and determine compressive strength. The correlation between the results of vari-
ous experiments was analyzed and a linear correlation was established between the compressive force and other established
mechanical properties. The possibility of recycling construction waste is presented, which leads to the solution of several prob-
lems: reducing the cost of processing industrial waste and improving the physical and mechanical properties of concrete due to
their introduction as a filler.
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1. Introduction

One of the most important reserves for saving material
and energy resources in the construction industry is the use
of waste from precast concrete enterprises and construction
objects intended for demolition in the form of concrete scrap
[1].

Natural resources are consumed in significant quantities
in the construction sector, and a significant amount of
construction and demolition waste is produced, which makes
up the largest volume of all solid waste.

The abundance of construction waste
countries has highlighted the importance of countries
actions to manage, recycle and reuse waste that occurs
throughout the life cycle of a particular infrastructure.

The generation of construction waste and the
unsustainable use of depleted natural resources for building
materials are also associated with the negative impact of the
construction industry on the environment. Globally, it is
estimated that about 10-30% of landfill waste is generated
from construction and demolition work [1].

Environmental goals can be achieved by developing
mandatory regulations for the demolition of efficient
building materials and the disposal of construction waste, as
there is a great need to develop appropriate disposal
processes to protect the environment, as well as to obtain
economic benefits from waste.

Currently, due to the widespread introduction of
complexes for the destruction of substandard reinforced
concrete products by mechanical means and the production
of crushed stone from crushed concrete, the question of its
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rational use in the technology of reinforced concrete products
and structures arises.

Crushed concrete is characterized by the following
quality indicators: grain composition; strength; content of
pulverized particles; content of weak grains with a strength
of less than 20 MPa; content of lamellar (leshchadny) and
needle-shaped grains; frost resistance; abrasion resistance in
the shelf drum; content of harmful components and
impurities; content of clogging impurities; bulk density (at
the request of the consumer).

Crushed stone grains separated from substandard
concrete include a cement-sand mortar and a contact zone
between them. The presence of this shell, which partially or
completely covers the crushed stone grains, is the main
difference between secondary aggregate and natural
aggregate and leads to an increase in water absorption of the
aggregate, respectively, and to a decrease in frost resistance,
as well as to an increase in the crushing capacity of the
material and weight loss during the abrasion test [1,2].

2. Materials and methods

When forming the structure of cement stone, such
aggregate has an impact due to its water demand and water
absorption indicators: having increased porosity, crushed
stone from crushed concrete will actively absorb water from
the concrete mixture, which will lead to insufficient water
content in it. Subsequently, when a capillary-porous structure
is formed, free water migrates from the pores of the
aggregate back to the already hardening cement stone.
Therefore, in order to avoid reducing the mobility of the
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concrete mix when using secondary crushed stone, it is
advisable to use superplasticizing additives.

For the production of concrete and reinforced concrete
products, as well as in other areas of construction activity,
secondary aggregate from concrete scrap must meet the
requirements of State Standarts 32495-2013 [2].

For the preparation of the concrete mix, quartz sand
(modulus of fineness 2.2) was used as a fine aggregate, and
concrete scrap (fraction 5-40 mm) obtained from ordinary
concrete and high — strength concrete was used as a coarse
aggregate. Portland cement of the M400 brand was used as a
binder.

Concrete scrap in the form of destroyed control samples
of concrete after testing them for strength determination,
made on natural crushed stone and gravel, was accepted for
research.

Laboratory samples of secondary aggregate were obtained
by crushing concrete scrap in a laboratory jaw crusher.

3. Results and discussion

Table 1. Physical and mechanical characteristics of cement

Portland cement CEM 142,5N
Construction and technical properties of cement

Indicators Value = Normalized State Standarts

Specific surface,area, 330 Not normalized

kg/m?

Setting time

Beginning, h 25h | Notearlier than 2.00

End, h 335h | Not later than 10.00

Compressive strength of cement mortar, MPa in age:

3 days. 58 Not normalized Not

-bending 3300 hormalized

-compression

7 days.

-bending - -

-compression - -

28 day. 8.1 ne less than 5.9

-bending 56.6 Not less than 49

-compression

Fineness of grinding, 7.00 Not less than 85

residue on the screen

0.008, %

Normal density of 255 Not rated

cement dough, %

The content of sulfur 242 Not less than 1.00

oxide SO, % Not more than 3.5

The content of chlo- 0.002 = Not more than 0.1

ride ion Cl, %

C,AF 13.1 is not normalized rated
Cements were tested in accordance with the

requirements of current standards. The cement used fully
meets the requirements imposed on it. It should be noted
that this cement shows a high compressive strength at the
age of 28 days, significantly exceeding the required level.
As a fine aggregate for concrete, quartz sands were used
with a fineness modulus Ms=1.01, and a bulk density in the
uncompressed state pn(neup)=1495 kg/m?, in the compacted
state  py(upl)=1570 kg/m?, true density pis=2640 kg/m?,
watervoidness according to STATE STANDARTS 8735-
88-43.4%, water demand-5.5%, cement demand-0.530.
Sands must meet the requirements of State Standarts 8736-
93, the quality of sand is evaluated grain composition, grain
size modulus, and chemical composition (Tables 2 and 3).
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Table 2. Chemical composition of fine aggregate

Name Content, mass.
Si02 = AIRO3 | Fe203  CaO  R20  cl
Quartzsand | 96.8 0.5 0.9 038 098 044

Table 3. Granulometric composition of fine aggregate

Name — Screenmesh 55 1o5 063 0315 016 M,
Size, mm

Quartz = Total residue, 07 13 46 194 754 101

sand %

Course aggregate must meet the requirements of State
Standarts 8269.0-97 in terms of strength, bulk volume, grain
composition, frost resistance, and total specific effective
activity of natural radionuclides. Table 4 shows the chemical
composition of concrete scrap from destroyed buildings,
which consists SiO; (52.5%), CaO (31.4%), Al,O3 (6.48%),
Fe;0O3 (4.05%), MgO (1.93%), SOs (0.947%), Na; (0.927%),
K20 (0.913%). Figure 2 shows the microstructure and chem-
ical composition of concrete scrap, where (a) is a photo of
concrete scrap describing the composition and contact zones
between cement mortar and coarse aggregate of concrete
scrap, (b) is a map of the chemical composition of concrete
scrap, (c — is the chemical elements present O (55.5%), Si
(21.9%), Ca (19.5%), Al (1.6%), S (1.2%) and K (0.3%)
[3.4].

Table 4 shows the granulometric composition of coarse
aggregate obtained from concrete scrap, which meets the re-
quirements of State Standarts 8267-93.

Table 4. Chemical composition of concrete scrap

Content, mass. %
Fe, 0,
4.05

cl
0.853

Si0,
525

C0  ALO,
314 6.48

MgO
1.93

S0,
0.947

Na,
0.927

K,0
0913

7 |
d Wy =

c)

Figure 1. Microstructure and chemical composition of con-
crete scrap: (a) - a photo of the concrete scrap describing the
composition and contact zones between the cement mortar and the
coarse aggregate of the concrete scrap, (b) - a map of the chemi-
cal composition of the concrete scrap, (c) — the chemical elements
present
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Table 5. Granulometric composition of concrete scrap frag-
ments (course aggregate)

A units of Indicators
Ne ' number = measurement = Private Full Standard
of sit residues | residues = value
according
to State
Standarts
8267-93
1 20 10 10 up to 10%
2 10 % 64 74 30-80%
3 5 20 94 90-100%
4 25 5 99 95-100%

Table 6. Chemical composition of laboratory concrete waste

Content, mass. %

Sio, 91.85
Ca0 1.28

AlLO, 3.98

Fe,0, 0.626
MgO 0.660
Na,O 0.200
Tio, 0.623
K,0 0.673
cl. 0.108

This study examines case studies from two different
sources, the first (C1) — where fragments obtained from con-
crete cube samples destroyed during testing (laboratory con-
crete waste) were considered, (Figure 2) and the second (C2)
— with fragments of destroyed buildings and structures.

Figure 2. Construction waste: a-fragments of destroyed build-
ing; b - laboratory concrete waste

As a result of the tests performed, based on a comparison
of bulk density, voidness, strength and water absorption
indicators for natural and secondary aggregates, we note that
the presence of cement mortar on the surface of crushed
concrete aggregate, as well as its presence in the [5] form of
solid pieces, has a significant effect on water absorption and
crushing capacity of secondary material. The test result is
shown in Table 7.

Table 7. Determination of grain composition

Calculation result for total bal-
ances, %, type of placeholder
crushed

Naming Indicator name

stone natural secondary
Granulometric composition,
total residue on sieves, %:
40 0 0
20 2 245
10 67.8 715
5 974 98.3
Less than 5 100 100
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According to the requirements of State Standarts 32495-
2013, the grain composition of the tested natural crushed
stone and gravel meets the requirements what for secondary
aggregates, there are excess standards on sieves 20 and 40.
Such indicators are associated with the presence of cement
mortar that did not separate during the crushing of substand-
ard concrete [7].

Table 8. Determination of the filler grade by crushability

Test fraction Test result, residue on the sieve, % /
grade of crushing capacity

crushed stone

capacity natural secondary crushed
5-10 mm 8.4 /1000 16.88 / 600
10-20 mm 8.7 / 1000 16.05/ 600

According to the test results, the grade for crushing natu-
ral crushed stone and gravel corresponds to 1000, secondary
crushed stone-600. Lower indicators of secondary aggregate
are explained by the presence of a contact zone between the
initial crushed stone grain and the mortar part, which is the
weakest link in the concrete structure.

The cement shell remaining on the grains of secondary
aggregate has porosity, which leads to an increase in water
absorption of such aggregate in comparison with natural
aggregate. Also, for this reason, an increase in voidness can
be observed. The decrease in the bulk density of secondary
aggregate in comparison with natural aggregate is explained
by the presence of crushed cement stone and fine aggregate
in the test sample.

An experimental study was conducted to compare the
properties of aggregate obtained from concrete waste of
various origins: fragments of destroyed buildings and struc-
tures, laboratory concrete waste, and control aggregate made
from natural materials.

In order to study the aggregate properties, a sieve analysis
was carried out, and the stability to the decomposition of
coarse aggregate, specific gravity, water absorption, bulk
density and voidness were determined.

The properties of large secondary and natural aggregate
are determined in accordance with State Standarts 8269.0-97
«Crushed stone and gravel from dense rocks and industrial
waste for construction work. Methods of physical and me-
chanical testing" and is evaluated by the technical conditions:

- for natural course aggregate State Standarts 8267-93
«Crushed stone and gravel from dense rocks for construction
works. Technical specificationsy»;

- for secondary course aggregate State Standarts 32495-
2013 «Crushed stone, sand and sand-crushed stone mixtures
from crushed concrete and reinforced concrete. Technical
specificationsy.

To assess the quality of concrete on secondary aggregate,
we used samples-cubes, 100x100x100 mm in size, which
were made in metal molds. Compaction of the concrete mix-
ture was carried out by vibrating. Solidification under normal
conditions at a temperature of (20+£2)C and relative humidity
(95£5)%, the tests were performed on day 28.

Concrete properties such as compressive strength on days
3, 7 and 28 and water absorption were determined [7.8].

The experiment was conducted on 3 different concrete
compositions. The results oftesting samples for strength,
water absorption and porosity are presented in Table 7.
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On the basis of aggregates obtained from waste and
natural raw materials, laboratory samples of concrete of
strength class B35 were made and their compressive strength
indicators were determined.

Figure 3. Compression testing of concrete samples

The results obtained show that the bulk density of the
tested laboratory concrete waste was higher than in the
control sample of natural composition, while the number of
voids decreased. This is due to the angularity of the particles,
since crushing was used to create a homogeneous aggregate
of 15 mm in size.

The results (Table 10) show that the specific gravity
increases with decreasing water absorption. The specific
gravity of the crushed aggregate is lower than that of the
identical traditional aggregate, which is usually about 2.2%-
2.5% under saturated dry surface conditions. Due to the
cement mortar attached to the particles, the water absorption
of the recycled aggregate is much higher than that of a
similar primary material, which is usually between 2% and 6
% for coarse aggregate. The results are suitable and fall
within an acceptable range.

Possible reason for the high rate of absorption of
laboratory-tested concrete waste and concrete waste from
destroyed buildings in the higher water-cement ratio used in
the mixture. When water evaporates, it leaves voids that take
up space in the concrete.

The results show that the compressive strength at the age
of 28 days increased with a decrease in the water-cement
ratio for all mixtures.

Table 9. Physical properties of crushed stone

Indicators Natural Crushed stone Crushed stone

crushed from laboratory = from demoli-
waste tion waste

Bulk density, (kg/m®) 1485 1478.3 1245.25

Specific gravity 2.630 2.527 2.520

Water absorption, % 2.3 2.74 11.2

Crushing capacity, % 28 26 35

Grade crushed stone 600 = 600 800

\Voidness, % 21 39 48.2

Three compositions of concrete samples with aggregate
from various sources were produced: fragments of destroyed
buildings and structures, laboratory concrete waste from
laboratory-tested samples, and traditional aggregate sold on
the building materials market, which was used to prepare
control samples. All samples were designed with a design
compressive strength of 35 MPa. The compressive strength
of each sample and the consumption of components for the
concrete mixture (Table 8) were determined after 7, 14, and
28 days.
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The results show that the control samples exceeded the
design strength of 35 MPa. The highest strength is found in
samples made from waste samples tested in the laboratory
C1, on which the calculated strength was achieved, while
samples C2, made from random concrete waste, were slightly
lower than the calculated strength.

Table 9. Consumption of components for concrete mix and
compressive strength

the composition of = unit of Control Waste Waste

concrete measurement | mixture mixture mixture
(C1) stone (C2)

Cement kg/ m® 230 230 230

Crushed stone stone kg/ m® 1023 - -

Sand kg/ m® 891 839 814

Crushed stone kg/ m3107 1075 1100

from waste

Water 1/md 180 (45 198 (50 205(51%)

%) %)

Compressive

strength MPa 33 28.2 18.3

-3 days

-7 days MPa 35.6 285 24.1

-28 days MPa 411 34 31

When determining the flexural strength, concrete made
with a laboratory-tested concrete waste aggregate, concrete
with demolition waste, and traditionally used aggregate were
used for comparison.

Three samples of each composition were tested after 7,
14, and 28 days (Table 9). The strength of concrete samples
made from traditional aggregate was usually higher than that
of samples made from C1 aggregate. In addition, the flexural
strength of samples made with C1 concrete waste is also
generally slightly higher than that of samples made with C2
aggregate.

The results show that flexural strength increased with
increasing compressive strength for the entire mixture.

Figure 4. Determination of flexural strength of concrete
samples

When determining the flexural strength, concrete made
with a laboratory-tested concrete waste aggregate, concrete
with demolition waste, and traditionally used aggregate were
used for comparison [8].
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Three samples of each composition were tested after 7, 14,
and 28 days (Table 10). The strength of concrete samples
made from traditional aggregate was usually higher than that
of samples made from C1 aggregate. In addition, the flexural
strength of samples made with C1 concrete waste is also
generally slightly higher than that of samples made with C2
aggregate.

The results show that flexural strength increased with
increasing compressive strength for the entire mixture.

Table 10. Average flexural strength (MPa) at different ages

Curing time Waste  mixture = Waste  mixture = Control
(days) (C1) (C2) mixture
7 24 1.9 2.34

14 2.8 2.1 291

28 2.9 2.3 3.2

Thus, the possibility of recycling construction waste has
been studied, which contributes to solving several problems:
cheap waste disposal and increasing the physical and
mechanical properties of concrete, due to the introduction of
recycled waste as aggregate. Based on the presented material,
we can draw the following conclusions:

- thevolume density (specific gravity) of waste for the
control sample was higher than for C1, while the number of
voids was less.

- thespecific weight of crushed recycled aggregate C2 was
lower than that of conventional aggregate, which usually has
values from 2.2 to 2.5.

- thewater absorption decrease for the recycled aggregate
was much higher than that of conventional aggregate, due to
the presence of cement mortar attached to the particles.

When studying the compressive strength, it was found that
the control sample has the highest strength, with an average
value of 41.1 MPa. The results also show that the average
compressive strength of concrete waste C1 has the highest
value of 34 MPa, which is very close to the calculated
compressive strength of 35 MPa, with an increase in the
compressive strength of concrete, there is also an increase in
flexural strength [8, 9].

The analysis of the obtained results showed that the
compressive strength index is almost identical for the samples
of compositions No. 1 and No. 2 with concrete scrap of
different strengths. However, the bending strength of samples
with aggregate made of ordinary concrete is higher than that of
more durable ones. Based on the research results, it was found
that the strength of concrete scrap does not significantly affect
the strength of concrete. This may be due to the presence of
large pores in the samples, since samples with a higher cement
content have a higher index of both compressive and flexural
strength. Thus, a strong cordon of layers of cement stone with
aggregate is the reason for increasing the strength of concrete.
The formation of the structure and increase in the strength of
concrete is influenced by the fine-pored structure of cement
and mortar grains present in the aggregate from concrete scrap.

Samples from a rigid mixture have the highest strength
index than samples from a mobile mixture.

The reduced strength of samples with aggregate based on
concrete scrap is also due to the fact that the grains of
secondary crushed stone contain remaining cement and
mortar particles, as a result of mechanical destruction during
crushing, their structure becomes more porous and the water
absorption of such crushed stone reaches 6-8%. As a result,
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these factors lead to increased adhesion of the secondary
aggregate to other components and compaction of the
concrete structure, thereby increasing the adhesion of the
cement stone to the aggregate. Therefore, the secondary
aggregate has an impact on the structure of both the cement
stone and the tight contact zone between the cement stone
and the aggregate itself.

According to State Standarts 26633-91 «Heavy and fine-
grained concretes. Technical conditions», in terms of
compressive strength, samples of concrete on natural and
secondary crushed stone correspond to the M300 grade (class
B22.5), concrete on natural and secondary gravel — to the
M200 grade (class B12.5). The obtained concrete samples
correspond to the strength grade specified by the project,
which indicates that the composition of the concrete mixture is
selected and calculated correctly [10].

In terms of porosity, concrete on natural crushed stone is
characterized by a relatively low indicator of the average open
pore size and the average value of the open pore uniformity
indicator o, which makes the sample have low water
absorption. In comparison with it, concrete on secondary
crushed stone has an increased indicator , which in practice
proves that the secondary aggregate and the cement stone
contained on it really increase the water absorption value in
the finished concrete.

With a relatively high parameter o and a relatively low
parameter, concrete on natural gravel has a lower water
absorption compared to concrete on secondary gravel, the
average pore size of which is the largest of all the tested
compositions. This suggests that the average size of open pores
significantly affects the water absorption of concrete. To reduce
the water absorption of concrete and increase its frost resistance,
it is necessary to use plasticizing and air-entrapping additives.

The results obtained in the experimental part of this paper
reflect the possibility of using a secondary coarse aggregate in
the production of products and structures with a strength of up
to 35 MPa. | found that the secondary fillers are close to the
natural ones in their properties. A characteristic difference for
aggregates made of crushed concrete is the presence of cement
stone grains on the surface, which increases the water
absorption of aggregate and finished concrete due to its
porosity, and also affects the crushing capacity for the worse.
However, their use is advisable in products that allow the use
of gravel as a large aggregate. In the samples on the secondary
aggregate, a slight decrease in the compressive strength index
was observed, which indicates that with the same composition
of the concrete mixture, the secondary aggregate does not lead
to a decrease in the strength of the finished concrete, but, due
to its shortcomings, it cannot be used in products and
structures of serious significance.

For the production of secondary aggregate, complexes are
used that include two-stage crushing: at the first stage, the
products are crushed to the dimensions allowed by the
equipment of the second stage and the reinforcement is
removed; at the second stage, the crushed pieces are crushed to
the required dimensions and divided into fractions using a
sorting unit. This approach allows the most efficient separation
of coarse aggregate grains from cement stone. The prepared
aggregate can then be used for its intended purpose in the
production of new reinforced concrete products or in road
construction.

It is established that the main physical and mechanical
characteristics of secondary aggregate are only slightly inferior



U. Askarbekkyzy. (2024). Architecture and Civil Engineering, 1(1), 22-28

to natural aggregate. This is due to the presence of cement on  References
the surface of coarse aggregate grains made of substandard

. . 1] Krylov, B.A. (2004). Recommendations for the use of processin
concrete.lt is shown that on secondary crushed stone it is [1] Krylov (2004) ; y P Ing

products of substandard concrete and reinforced concrete prod-

possible to obtain concretes of grades 200-300 (classes B12.5- ucts: reference material. Moscow: NI1ZhB Gosstroya SSSR Publ.
B22.5). [2] State Standarts 32495-2013. Crushedstone, sand and sand-
It is established that concretes made on secondary crushed stone mixtures from crushed concrete and reinforced
aggregate are slightly inferior to concretes on natural concrete. Technical specifications. Moscow: Standartinform
aggregate in terms of water absorption and the size of open [3] State Standarts 8269.0-97. Crushed stone and gravel from dense
pores. To eliminate such shortcomings in the concrete rocks and industrial waste for construction works. Methods of
technology, plasticizing and air-entrapping additives should be physical and mechanical testing. Moscow: Standartinform

[4] State Standarts 8735-88. Sand for construction works. Test

used. . . methods-Instead of State Standarts 8735-75. Moscow:
The main dependences of the properties of aggregates from Standartinform

concrete scrap on their composition and structure are obtained,  [5] state Standarts 157-2009. Mixtures of crushed stone-gravel-sand

which are necessary to justify the possibility of their use in for the coatings and bases of highways and airfields. Technical
concrete of strength classes up to 30 B30 inclusive. specifications. Moscow: Standartinform

The dependences of the technical properties of concrete  [6] State Standarts 30108-94. Materials and construction products.
mixes on the composition, structure and granulometric compo- Dete_rmination of the specif_ic effective activity of natural radio-
sition of aggregates from concrete scrap and the characteristics nuclides. Moscow: Standartinform
of the pore space are established. [7] Gusev, B.V., Zagursky, V.A. (1998). Secondary use of concrete:

. . textbook. Moscow: Stroyizdat
The dependences of the properties of concrete mixes and [8] State Standarts 8267-93. Crushed stone and gravel from dense

Con_crete on aggregates from _c_oncrete scrap a_rfe obtained, rocks for construction works. Moscow: Standartinform
which are necessary for optimizing the composition of con- (9] state Standarts 10180-2012. Concretes. Methods for determining

crete with the required properties. the strength of control samples. Moscow: Standartinform
The influence of concrete scrap aggregate on the cubic  [10] Lesovik, V.S., Potapov, V.V., Alfimova, N.I. & Ivashova, O. V.
strength and water absorption of a sample based on their con- (2011). Povyshenie effektivnosti raboty s nanomodifikatorami

crete scrap aggregate is shown.

beToH ChIHBIKTAPBIH TeMIPp0eTOH OYMBIMAAPHI YIIIH YJIKEH
TOJTBHIPFBIII PeTiHAE MAUTATIAHY

Y. AckapOeKKbI3hI
Satbayev University, Arvamei, Kazaxcman
*Koppecnonoenyus ywin asmop: umkaaskarbekkyzy@mail.ru

Anparna. byn xkympicTa ChIHFaH OETOH KaJlABIKTAapbIHAH, 3€PTXaHANBIK OCTOH KaJJbIKTapbhIHAH XKoHE Oakpuiay yirinepi
peTiHne mMaijanaHbUIFaH TAOWFH TONTHIPFBIITAPAAH albIHFAH TOJTHIPFBIIITEIH KACHETTEPiH CalbICTBIPY MaKcaThIHIIA
OKCIIEPUMEHTTIK 3€pTTey XKYpri3ingi. 3epTTey TEXHOTeHJIK KaJIBIKTap[bl KoJere japaTylaH SKOHOMHUKANBIK Maija amy
MaKcaThIH/Ia TYPaKThl KaCHETTepl 0ap KYpbUIBIC MaTepHaIJapbIH jkacay YUIH Oy3y KalJbIKTapblH IaijanaHy MYMKIHAICH
3eprreiizi. bacrankpina KanabIKTapjaH TOJATHIPFBIITAPABI IpIKTey Oy3y KaJIZBIKTapbl MEH 3€PTXaHAIbIK KaJJIbIKTapAaH OeTOH
KaJIJIBIKTapbIH YCaKTay, COJJaH KeiiH TONTHIPFBILITAP MEH OETOH KOoCHalapbliH ajy YIIiH olapblH (PU3UKAIIBIK KOHE XUMUSIIBIK
KacHETTEpiH 3epTTey, ChlHaMallap jkacay, KbICy OEpIKTIriH aHBIKTay apKbUIbl XKYPri3iiai. ©Op Typii 3KCIEPUMEHTTEPAiH
HOTWDKEJIEp] apachlHaFrbl KOPPEJSIMS TalJaHIbl JKOHE KbICYy KYIIl MeH 0acka OpHATbUIFaH MEXaHUKaJbIK KacHeTTep
apachbIHJaFbl CHI3BIKTHIK KOPPENSMS aHBIKTANAbl. Kyphliblc KaNIBIKTapbIH K9AEre »apaTy MYMKIHIITI YCBIHBUIFaH, Oy
GipHerre npobieManap/pl NISNIyre dKeJe/l: OHEPKACINTIK KAIABIKTapIbl KaliTa eHJeyre KeTeTiH IIBIFbIHAapAbl a3aiTy KoHE
OJIap/ibl TOJITBIPFBIII PETIHAE €HT'13Y apKbUIbl OETOHHBIH (PU3MKAIIBIK-MEXaHUKAJIBIK KACHETTEPIH apTTHIPY.

Hezizzi co30ep: bemounvly CculHy KalObiKmMapuvl, 3epmXaHanvly Oemon Kanoblkmapsl, madueu Mmoamvlpelulinap,
Kaumanama moameipebiid, Kaa0blKmaposl Hcoio.

HUcnosb30BaHue 0ETOHHOIO JIOMa B KAUeCTBe KPYIHOT0 3aMOJTHUATES
IS 2KeJI€300€TOHHBIX W3/1eJIUi

V. AcKapOeKKbI3bI -

27



U. Askarbekkyzy. (2024). Architecture and Civil Engineering, 1(1), 22-28

Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnondenyuu. Umkaaskarbekkyzy@mail.ru

AnHotanus. B nanHo# pabore npoBeneHo SKCIIEpUMEHTAILHOE HCCIIEIOBaHKE C LIEJIbI0 CPABHEHHS CBOMCTB 3aIl0JIHUTEIS,
MOJIyYEHHOTO M3 pa3pyLIEHHBIX OTXOIOB 0eTOHa, JabOpaTOPHBIX OTXOJOB OSTOHA W MPUPOIHBIX 3aNOJIHUTENEH, MCIOJIb30-
BaHHBIX B KayeCTBE KOHTPOJIBHBIX 00pa3loB. B Xxone mcciienoBaHus HCCeIyeTcss BO3MOXKHOCTH HCIIOJIB30BAHHS OTXOJIOB
CHOCa /It pa3pabOTKU CTPOUTEIBHBIX MATEPHAJIOB C YCTOIYMBBIMU CBOMCTBAMH C EJIBIO TOJIyYSHUS] SKOHOMUYECKOHN BBITOJIBI
OT YTHJIM3aLMH TEXHOTEHHBIX OTX0J0B. [lepBoHauabHO OTOOpP 3amojHUTENCH M3 OTXOAOB IMPOU3BOAMICS ITyTEM JIpOOIIEeHHS
00J10MKOB O€TOHA M3 OTXOIIOB CHOCA M JIAOOPAaTOPHBIX OTXOJOB, a 3aTeM M3YyUYCHHS WX (PU3MUECKUX M XUMHUYECKHUX CBOWCTB
IUISL TOJTYYESHUSI HATTOJHUTEINCH M OETOHHBIX CMecel, H3rOTOBJIEHHs IPO0, ONpeieIeH s IPOYHOCTH Ha cxxaTHe. bpita npoaHa-
JM3UPOBAHA KOPPEIILUS MEXIY pe3yibTaTaMH Pa3IMYHBIX SKCIICPUMEHTOB M YCTaHOBJICHA JIMHEHHAs KOPPEISLHSA MEXTY
CHJION C)KaTHS U APYTMMH YCTaHOBJICHHBIMU MEXaHHYECKUMHU cBoiicTBamu. [IpencraBieHa BOZMOXXHOCTh yTHIM3AIHUH CTPOH-
TEJBHBIX OTXOJOB, YTO NPHBOIHUT K PELICHHIO HECKOJBKUX MPOOJEM: CHI)KCHHUIO 3aTpaT Ha HepepaOOTKy MPOMBIIIICHHBIX
OTXOJIOB U MOBBINICHUIO (PU3NKO-MEXaHNYECKUX CBOWCTB OCTOHA 3a CUET BHEJIPEHHS X B KAUeCTBE HAIIOJTHUTEIS.

Kniouesvle cnosa: omxoouvl paspywenus bemona, 1ab6opamopHsie omxoobl bemona, npupoonsvle 3anoIHument, 6mopuy-
Hblll 3aNOAHUMENb, YIMUTU3AYUS OMX0008.
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