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Abstract: The article is devoted to the researches considering the influence of various chemical additives and
fine fillers (industrial wastes) available in the Republic of Kazakhstan on concrete mixes and concrete
rheological and physical-technical properties. The article provides laboratory studies results of some of self-
compacting concrete (SCC) mixtures properties. There were identified the most efficient type of fine-dispersed
filler and the most optimal type of chemical additive to be able to get a high-quality SCC mix and a concrete
with the class of B25 based on local raw materials. There were enlisted compositions of SCC with a high
strength in early terms. The research results are of practical value in the forms of economic efficiency and
quality improvement in the production of SCC mixes for manufacturers of ready-mixed concrete operating in
the Republic of Kazakhstan.
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Introduction

Modern construction requires a variety of
building materials with different property complexes.
In this regard, high hopes are associated with the
improvement of self-compacting concrete (SCC)
technology, a material that will soon be widely used
in the construction industry of the Republic of
Kazakhstan [2]. In recent years, in construction
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practice abroad, during the production of new-
generation concrete, the development of DMS
compositions, which is a material that can be
compacted under the influence of its own weight,
filling the form even in densely reinforced structures,
has become more and more inclined to [3]. This type
of heavy concrete has a great future in monolithic
construction, prefabricated concrete production,
reinforcement of concrete and reinforced concrete
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structures for various purposes, as the use of this type
of concrete allows you to abandon the traditional
paving of concrete with the use of vibrocompaction,
optimize labor costs and improve sanitary and
hygienic working conditions [2]. SCC is the subject
of research by scientists from all over the world. At
the moment, there are studies that prove the
possibility of creating a high performance SCC with
high physical and technical characteristics, as well as
the possibility of successful application of fibre
reinforcement and application of various industrial
wastes [4-6]. The use of SCC greatly reduces the
impact of noise pollution on people and the
environment during construction, allowing for
concrete work in densely populated urban areas and
even at night. However, such a sharp difference of the
SCC from the traditional classical heavy concrete
with the given physical and technical properties
poses a number of serious problems to the researchers
in the field of concrete science, which require a
systematic and step-by-step approach to the
prediction of the properties of the SCC, description
of the rheological properties of cast concrete
mixtures, the optimal distribution of fillers in the
concrete matrix, as well as the establishment of
dependencies that assess the impact of fine-graded
fillers on the characteristics of self-compacting
mixtures. Thus, a systematic approach is needed to
predict and regulate its properties depending on the
tasks set before the researchers [7]. During the
construction process, there is a problem of easy
paving of concrete mix, which affects the labor costs,
timing and cost of construction. In this regard, it is
necessary to use a new generation of chemical
additives. Chemical additives provide an increase in
the decidability of concrete mix, stability to
stratification; increase the structural homogeneity of
concrete and its strength at an early age of hardening.
In addition, according to Professor V.I. Kalashnikov,
one of the ways to solve the abovementioned
problems is to provide high expansion! of coarse
aggregate grains. It is impossible to solve this
problem by additional application of chemical
additives, as it will lead to separation of concrete
mixture, and application of fine-dispersed filler gives
positive result, especially as it does not lead to loss of
durability of SDS in comparison with usual concrete
[8]. The purpose of the conducted scientific
researches was to study the influence of finely
dispersed micro-fillers and various types of chemical
additives on rheological and physical-technical
properties of the SCC.

t Grain expansion coefficient is the ratio of the volume of the mortar
part of the concrete mixture to the volume of voids between the coarse
aggregate grains
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Research methods

This paper uses theoretical and empirical
research methods. Theoretical research was carried
out in order to get acquainted with the existing
compositions of concrete mixtures of DMS, to
determine the direction of work, to focus on the use
of components that are industrial wastes. The
empirical studies were aimed at experimental
confirmation of theoretically developed composition
and methods of SDS production.

The workability (mobility) and stability of
concrete mixtures were determined according to [16].
According to this standard, the mobility of the
concrete mixture is estimated by the sediment of cone
(hereinafter — SC) molded from the concrete mixture.
The standard Abrams cone is used. The SC of the
concrete mixture is determined twice. The total test
time from the beginning of filling the cone with the
concrete mixture at the first determination to the
moment of SC measurement at the second
determination should not exceed 10 minutes.
Moreover, the SC of the original sample concrete
mixture shall be calculated with rounding to 1.0 cm
as the arithmetic mean of the results of the two
determinations, which differ from each other for not
more than:

- 1 cm for cone draught up to and including
9cm;

- 2 cm with a cone draft of 10 to 15 cm;

- 3 cm for cone draught of 16 cm or more.

If the difference is higher than the
aforementioned, the test is repeated on a new batch
of concrete of the same composition.The stability of
the concrete mixture is determined by the
establishment of mobility at certain intervals from the
time of preparation of the mixture [16].

The standard Abrams cone is used to
determine the cone melt of the self-compacting
concrete. The cone and the metal sheet are wetted,
and then the cone is placed on the metal sheet with a
smaller base to the sheet surface. The concrete
mixture is poured until the cone is completely filled
in one step. The cone is lifted within 5-7 seconds, and
after the mixture has stopped completely, the two
largest melt diameters are measured. The arithmetic
mean of the two largest melt diameters is the result of
a test.

This study was conducted in four stages, each
of which was aimed at solving a specific problem

(Fig. 1).

65



KomnnekcHoe Ncnonb3oBaHne MuHepansHoro Coipbsi. Ne4.2019

Determination of the characteristics of the main
components of the concrete mixture
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\/ Determining the optimum type and consumption of the

chemical additive
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N

Determination of the optimal type and consumption of
the mineral additive

3 Z
\/ 4
Obtaining and analyzing the test results of concrete
mixtures and the final conglomerate of the SCC

Figure 1 Stages of work

The research methodology is aimed at
comparing the rheological and physical-technical
characteristics of the concrete mixture obtained as a
result of mathematical planning of the experiment by
varying the components of the DBMS. Al researches
and tests were carried out according to the normative
documentation operating in the territory of the
Republic of Kazakhstan.

Input materials

Local raw materials were used in the work, as
well as fine-graded fillers made of waste from the
Kazakhstan industry, and a number of chemical
additives proposed by Ariranggroup were studied as
hyperplasticizers.

M400D20 cement produced by Semey
Cement Plant LLP (Semey, Kazakhstan) was used as
a binder for the concrete mixtures under study. To
confirm the compliance of the selected binder with
the norms and requirements [9] a number of tests
were conducted. The methods specified in these
standards allow to define the following parameters of
the building material:

1) Grinding fineness:

The binder under study showed a grinding
fineness of 94.4%.

2) Normal density and setting time of cement
dough:

The binder under test showed a normal density
of 27.30 %. The cure started after 2 hours and 11
minutes, and the cure ended after 4 hours and 10
minutes of cure. These values are included in the
normalized area.

3) Compressive and bending strength (at the
age of 28 days):

In determining the strength characteristics of
the investigated binder showed the result at the age of
28 days: bending - 5.6 MPa; compression -
42.4 MPa. These parameters are included in the
normalized area.
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For carrying out of tests the sand of the
manufacturer "Mark" LLP (Almaty region,
Kazakhstan), corresponding to the standard
document [10] was used. According to this standard,
sands with a maximum amount of dusty and clayey
inclusions for groups of increased size, large and
medium in size of 3%, can be used as fine aggregate
for heavy concrete, under the definition of which the
SCC will fall under, [10]. However, according to the
results of laboratory and production tests [11], in
order to obtain satisfactory characteristics of the
concrete mixture and the final conglomerate of the
DLS it is necessary to use sand, the amount of dusty
inclusions in which does not exceed 1.5% [11].
Testing to determine the amount of dusty and clayey
inclusions of the sand under consideration was
carried out by the method of soaking according to
[12]. According to the test results, the content of
dusty and clayey inclusions in the sand under study
was 1.08%. Also, according to [12] by sieving and
determining the grain composition of the aggregate,
was determined by a modulus of grain size of the
sand under study, which was 2.6. These parameters
are acceptable for the use of the investigated
aggregate both in heavy concretes and in the DBMS
in particular.

As a coarse aggregate, 5-10 mmand 10-20 mm
crushed stone produced by KENTAS LLP (Almaty
region, Kazakhstan) with known physical and
technical characteristics was accepted. This
aggregate meets the requirements of the regulatory
document [13], which defines the basic requirements
for crushed rock from dense rocks, used as a filler for
heavy concrete, including the SCC.

The following chapters discuss the steps for
determining the types and costs of chemical and
mineralogical additives for SDR based on laboratory
testing. The effectiveness of the chemical and
mineralogical additives is based on the data obtained
from the testing of concrete mixtures and the final
conglomerate.

Within the limits of the given research
laboratory tests of a concrete mix with application of
the  following additives-hyperplasticizers  of
manufacture of factory of "Ariranggroup” (Nur-
Sultan, Kazakhstan) on conformity to requirements
[14] are carried out:

1. Polycarboxylate
—PCE);

2. Polycarboxylate ether + Lignosulphonate
(hereinafter — PCE+Lig);

3. Naphthalene sulfonate (hereinafter — SNF);

4. Naftalin sulfonate + Lignosulphonate
(hereinafter — SNF+L.ig);

5. Lignosulphonate (hereinafter — Lig).

ether (hereinafter
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Experiemental studies
Determining the optimum and
consumption of the chemical additive.

The primary task was to determine the
effectiveness of each of the presented chemical
additives in terms of the parameters of paving
properties and the stability of the concrete mixture.
To carry out the tests it was necessary to determine
the basic composition, taking the following
corrections [15]: the amount of water in all
compositions to take equal to 135 kg/m3, mark on the
paving of concrete mixtures - P4-P5, the
consumption of additives - 1% of the mass of cement.
The composition presented in Table 1 below was
accepted as a base one:

type

Table 1 Basic composition [15]
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admixtures. It is also worth noting that this mixture
also has the best retention rate.

In order to determine the effect of the type of
chemical additive used on the paving properties of
the self-compacting concrete mixture, a number of
experiments had to be carried out.

The aim of the experiment was to obtain a
concrete mixture of SCC with the same cone melt
according to [18] and to obtain data on the
compressive strength of the studied compositions at
the age of 1, 3, 7, 28 days. The experiment was
carried out on the previously selected composition of
SCC within the framework of the research conducted
in 2016-2017 by the Scientific Research Institute of
Building Materials and Design of
NIISTROMPROEKT LLP in order to select the
composition of SCC of M350 class B25 for
monolithic construction [18].

Cement, Sand, Crushed Water, Table 3 Composityion of SSC
kg/m3 kg/m3 stone, kg/m3 kg/m3
350 850 1065 135
Cr. stone Cr. stone,
] o L | Cement, |Sand, | ' 10-20 | Additive, | Silica,
Table 2 Test results to determine the suitability and 2 kg/m®  |kg/mé MM mm, kg/m® | kg/m®
- . .- kg/m 3
stability of the studied compositions kg/m
03-
SC, cm 04 500 | 999 | 468 252 1045 | 50
g = g el - s
= “ 4 © @ . . .- .
2 5 El |5 S|5|& E% According to [19], the SCC is classified into
=] (=2 c - age
Slsie|dlg|gs|8|gE|E three classes of fitability (Table 4).
[S) kel = S
g |55/ E|gs|2/88 8
o o | < = E E s Table 4 Classification of the SCC according to
3} g’ q < | % suitability
o Class The cone's floating, mm
310,39 |350 (850 1065 (35| & | 22 |22|215| 21
Q SF1 550-650
SF2 660-750
2
|
5 039|350 (8501065 (35| 8 | 21 |21| 19 | 14 SF3 760-8%0
g
In order to use the SCC in large-size and
% 039 |350 (850 1065 35| 8 | 17 [16] 14 | 11 reinforced structures !n order to obtain the required
surface quality, the mixture should correspond to SF
- class 2 in terms of its suitability for laying, and the
= X . . :
7 (030|350 8501065 35| 8 | 10 |18] 16 | 12 optimum is the me-ltlng of the cone of §8 75 cm.
z Therefore, [21] achieved a composition with 75 cm
melt cone, adhering to the experience of previous
o - studies.
T 0,39 |350 18501106535 « | 20 |19 17 | 13 However, in order to obtain results that reflect
the effect of the chemical additive only on the

The results of the conducted tests, reflected in
Table 2, show that the concrete mixture with the use
of PCE chemical admixture has acquired the largest
amount of OK, which indicates its best water-
reducing capacity in comparison with other

properties of the self-compacting concrete and the
mixture, adjustments have been made to the
composition shown in Table 3: the fine aggregate is
excluded, the additive is reduced to 1%.
Based on the results of the tests performed, the
results were obtained as shown in Table 5.
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Table 5 — Test results of B25 (M350) concrete
mixtures to determine the workability of the concrete
mixtures

. £ £ £
8 1S ° IS o ©
s « .S, |gE|2|§S |
gz | o SH 2E|wE|2E| S| & g
= s £33 89| o] 88| 2 | & S
e 3= x| x| 58| E 2 -
g £ <18 |2 v
T o gl < 5

@) e o

w

® 031 550 | 999 | 468 | 252 | 54 | 170 | 75

p

(=]
g
g 035 | 550 | 999 468 252 | 54 | 195 75
5
L%L 0,36 | 550 | 999 468 252 | 54 | 200 75
(=2
g
& 0,33 | 550 | 999 468 252 | 54 | 180 75
&
'5’ 0,34 | 550 | 999 468 252 | 54 | 190 75

Table 5 shows that:

- when introducing PCE into the concrete
mixture of the SCC, the desired characteristics of 75
cm cone melting can be obtained with the lowest
water consumption for mixing the mixture;

- Concrete mixture with SNF has the highest
water-cement ratio at 75 cm cone floating.

To obtain a complete picture of the influence
of the additives under study on the characteristics of
the final conglomerate of the SCC, tests were carried
out in this paper to determine the compressive
strength of the concrete compositions examined in
Table 5. The results are shown graphically in Figure
2 below.

PCE SNF+Lig SNF
1 day 3 day

PCE+Lig  Lig

m 7day m28day

Figure 2 Influence of chemical additives on the
strength of concrete mix
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If we consider the results of these studies in
relation to the production of construction works,
then, according to generally accepted methods [22],
further loading of reinforced concrete structures can
be made at the acquisition of strength of concrete at
the rate of 70% of grade strength. Based on the results
obtained, it is possible to give a high estimation of the
effect of the RSE hyperplasticizer in the SCC. Thus,
at the age of 3 days, this composition is gaining
strength in the amount of 85% of the grade strength
of concrete (B25), which will accelerate the pace of
construction work. The highest index of strength at
the age of 7 days (107%) and 28 days (128%) is also
observed in the composition with the use of RFE.
This effect is expected, as the application of RCE has
caused the lowest water-cement ratio in the mixture.
From which it can be assumed that the basic law [23]
of concrete strength (the relationship between
strength and water-cement ratio) in this case is not
broken and works similarly in the SCC.

Determination of the optimal type and
consumption of the mineral additive. The
influence of fine aggregate on the properties of
concrete was studied by many foreign scientists, the
results of which can be used to conclude that micro-
fillers affect the hydration of cement, and therefore
the properties of self-compacting concrete mixture as
a whole [21].

In order to determine the efficiency of
application of fine mineral additives made of
technogenic waste, similar to the previous tests were
carried out in order to obtain concrete mixtures with
the same spraying of cone (75 cm) and to determine
the strength characteristics of concrete in different
curing terms (3, 7 and 28 days).

As a fine-graded filler in this paper we
considered:

- Microsilica of Tau-Ken Temir
(Karaganda, Kazakhstan);

- Slag of refined ferrochrome (hereinafter -
Slag RFH) of JSC "Aktobe Ferroalloy Plant"
(Aktobe, Kazakhstan);

- Fly ash from Almaty CHPP-1 (Almaty,
Kazakhstan).

In addition to strength characteristics, the
influence of the type and quantity of the mineral
additive on the stability of the concrete mixture of
the SCC with the use of hyperplasticizer PCE was
considered.

In order to analyze the efficiency of mineral
additives based on production wastes, the
compositions of mixtures have been developed in
order to obtain 75 cm cone melt. The compositions
are presented in Table 6 below.

LLP
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Table 6 Compositions of concrete mixtures of
SCC

Component - Composition number
name Quantity

1 2 3 4 5
Cement 385 | 385 | 495 | 450 | 477
Microsilica 0 0 55 51 53
Fly ash 0 |165 | 0 0 0
Slag 165 | 0 0 0 0
Water kgm* | 160 | 180 | 165 | 160 | 160
sand 960 | 800 | 999 | 943 | 900
gtgfehg(-jlo 438 | 550 | 468 | 472 | 489
sct:;ﬁhig 5 202 | 315 | 252 | 328 | 326
';‘ngi“"e 165 | 165 | 165 | 153 | 159

The previously described methods [16, 19]
have determined the characteristics of the cone
melting stability of the concrete mixtures under
study. Test results are shown in Fig. 3.

74074 T4 T4 74 T4 T4 T4 T4
a3 =]
T2
71
58
Isj
Composition 1 Comoposition 2 Composition 3
4 4 ™ m
i3 fa
2T (v
II | III
Compexition 4 Compexition 5
Imm ediztely afier production Afier 15 min mAfier 3¢ min
nAfier S min mAferlmin

Figure 3 Cone floating and persistence of concrete
mixtures of different compositions, see

After the above characteristics were
determined, cube samples with a rib length of 150
mm were formed (Fig. 4). Further, the test for
determining the compressive strength of cubes at the
age of 3, 7 and 28 days of hardening under normal
conditions was carried out. The results are shown in
Fig. 5.

Figure 4 Concrete cube samples

49,13

458 45,04 46,28
40’343,04 412 42,6 43,1
- %8 38,1
31,47
271
19,7II

Composition 1 Composition 2 Composition 3 Composition 4 Composition 5

3day m7day

Figure 5 Strength characteristics of the studied
compositions, MPa

m 28 day

Discussion of research results

Based on the results of the tests performed, the
following can be assumed:

- the mixture with the inclusion of fly ash has
the highest water requirement, which affects the
strength characteristics of the final conglomerate (the
lowest strength of the presented compositions) and
the reduction of the mixture persistence;

- the highest strength index shows composition
3 with inclusion of microsilica and the highest
cement content, however, this consumption has no
effect on the stability of the mixture.

Thus, slag and microsilica are considered
acceptable for use. However, it is the microsilica that
should be used to obtain the high strength
characteristics of the SCC.

Conclusion

Studies have shown that the wuse of
hyperplasticizers based on PCE polycarboxylate
esters gives the following effect:

— maintaining the mobility (workability) of
the concrete mixture for 2 hours from the time of
manufacture.
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— the strength of concrete is 107% for 7 days.

When using RFC slag as a micropolluting
agent, it is possible to obtain the required shrinkage
capacity at W/C=0.41, with satisfactory retention and
high strength at early curing times.

When using fly ash, the test results are
comparatively worse - a decrease in the cone melt in
time is observed. Despite the high water-cement
ratio of 0.47, the conglomerate strength in the early
curing time is much lower than that of other studied
compositions.

At introduction in structures of the various
maintenance of microsilica, the concrete mix and
concrete with the expense of cement 495 kg and
microsilica in quantity of 55 kg/m® possesses the
best characteristics. This composition has the highest
strength characteristics at the age of 3 days, as well
as a satisfactory preservation of the mixture at a
water-cement ratio of 0.33.

Concretes with the use of hyperplasticizers
based on PCE polycarboxylates and fine fillers based
on microsilica and RFC slag can be classified as
"highly-productive” [24], which have high
transportability and patchability at the stage of
freshly prepared mixture, and in the hardened form
— a fast set of strength.

From the received data it is possible to draw a
conclusion that for reception of a set of durability of
SUB in early terms (for example, 2 days), builders
should resort along with increase in the expense of

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

cement to following technological receptions, such as
introduction in structure of concrete of fine-dispersed
fillers (microsilica and slag RFH), and also decrease
in a water-cement parity by introduction of high
enough quantity of the chemical additive on the basis
of polycarboxylates PCE. If it is necessary to reduce
the consumption of astringent introduction of
microsilica or similar mineral additives allows to
preserve the physical and technical characteristics of
conglomerate [25, 26].

As a whole, it is necessary to note that the
purpose of work and the set tasks have been
successfully realized, the necessary results for
successful practical application have been received.
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OHaipicTIK KaNABIKTAP MEH XHMHSJIBIK KOCIATAPAAaH 06JIIHIeH TOJTHIPFBIIITAPABIH
03/liriHeH ThIFbI31AJAThIH 0€TOHHBIH KacHeTiHe dcepiH 3epTTey

E.b. YTenos, /I.A. AxmeroB, UI.T. AxmaTtmaesna, E. H. Poor

Tyitinaeme. Makana Kazakcran PecnyOnukacsiHia KO KeTiMIII op TYpIli XMMMSUIBIK KOCTanap MeH Maiiia OelliHreH
TOJNTHIPFBIITAP/BIH (OHIIPICTIK KaJABIKTapbIH) OCTOH Kocnajapbl MEH OCTOHHBIH PEOJIOTHSUIBIK JKoHE (PU3MKaIIBIK-
TEXHUKAJIBIK KaCHETTEpiHEe acepiH 3epTreyre apHainraH. Makaiajga e3iriHEeH THIFBI3JANaThiH OCTOH KOCIHalapbIHBIH
(OTB) xeitbip KacueTTepiH 3epTXaHaJbIK 3epTTEy HATHXKeNepl KenrTipiareH. JKeprimikTi mukizaTraH B25 kilachbiHBIH
JKOFapbl canajbl ©3JirHEeH THIFbI3AIaThIH JKoHe OSTOH KOCIAChIH ajlyFa apHaJlFaH THIMZl OeJIIHIreH TONTHIPFHIIITHIH
YKOHE XMMHSUIIBIK KOCTIAHBIH OHTAMIIBI TYpi aHBIKTANIABI. bepikTeHaipyaiH ajFamKsl Ke3eHaepiHae sKorapsl OepikTiri 6ap
O3JITIHEH THIFBI3JANATEIH OETOHHBIH KOMITO3WUIMACHI KeNTipiareH. JKyMBICTBIH HOTWXKenepiHelH Kazakcran
PecnyOnukacsIHBIH ayMarbIHIA )KYMBIC iICTEHWTIH TaiiblH O€TOH OHAIPYIIiIep YIIiH NPaKTHKAJIBIK MaHBI3EI 0ap.

Tyiiinai ce3aep: KyYMbIC KaOUIETTIIIr, KACHETTEPIIH CaKTaIybl, OETOHHBIH OEPIKTITi, XUMHSIIBIK KOCIIAap, 63/iriHeH
TBIFBI3/IANIATHIH OETOH KOCMACHI, YCAK AUCIIEPCTI TONTHIPFBILII.
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HccaenoBanue BJIUSIHUSL MEJIKOIUCTIEPCHBIX HANOJHUTEJIEH U3 TEXHOTeHHBIX 0TX0/10B H
XHUMHYECKHX 100aBOK HA CBOMCTBA CAMOYILIOTHSIOIIMXCSI 0€TOHOB

E.B. Ytenos, JI.A. AxmeToB, U.T. Axmarmaena, E. H. Poor

AnHoramusi: CTaThs TOCBAIICHA HCCICIOBAHUAM, PACCMATPUBAIOIIUAM BIUSHHE PA3JUYHBIX THUIIOB XHUMHUYCCKHX
00aBOK M MEJKOIMCIIEPCHBIX HAIOJIHHUTENCH (TEeXHOTEHHBIX OTXONOB), mMerommuxcs B PecrmyOnmke Kasaxcran, Ha
peornorudeckne u (PU3UKO-TEXHHYECKHE CBOHCTBa OCTOHHBIX cMeceil m OeToHa. B craThe NMpHBOAATCS pe3yIbTATHI
1a00pATOPHBIX UCCIICAOBAHII HEKOTOPBIX CBOICTB caMOyILIOTHsoIMXCs OeToHHBIX cMmeceli (CYB). Brissien Haunboee
3¢ GEeKTUBHBIN BUJ] MEJIKOIMCICPCHOTO HAMOJNHUTENIS W ONTHMAJBHBIA THII XMMHYECKOH TO0AaBKH I TOJYyYCHUS
BBICOKOKauecTBeHHOM cMecu CY DB u GeToHa kimacca B25 Ha MecTHBIX chIpheBBIX MaTepuanax. [IpuBenenst coctaBsl CYD
C BBICOKMM Ha0OpPOM MPOYHOCTA B PAaHHUE CPOKU TBEPJACHUs. Pe3ynbTaThl MPOBEICHHBIX PAOOT MNPEACTABISIOT
MPAKTUYCCKYIO IECHHOCTh JIJISl 3aBOJIOB-M3TOTOBUTENCH TOBApPHOTO OCTOHA, ACHCTBYIOIIMX HA TEppUTOpUU PecnyOmuku
Kazaxcras.

KiaroueBble cioBa: Yno0OyKIagpIBaeMOCTh, COXPaHSAEMOCTb, IPOYHOCTH O€TOHA, XHMHUYCCKHE T00aBKH,
CaMOYIIIOTHSIOIIAsACS OCTOHHASI CMECh, MEJIKOAUCIICPCHBIN HATIOJHHUTEb.
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