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Abstract. In the modern construction industry of Kazakhstan, to ensure the
needs of the market, there is an urgent essential to improve the quality of concrete and
expand its functional purpose. To a large extent, this is achieved by designing concrete
as composite materials with different structures, quantities and nature of components.
The multicomponent composition makes it possible to effectively manage the structure
formation processes of the concrete cementing matrix and obtain concretes with the
required properties. This article presented the effect of plasticizing and air-entraining
admixtures on the properties of heavy concrete. The compositions of concrete mixture
with plasticizing and air-entraining admixtures were selected. The results of study of
plasticizing and air-entraining admixtures effect on average density, workability, com-
pressive strength of concrete samples are presented. The effectiveness of introduction
of a complex admixtures was evaluated in order to further improve operational prop-
erties of concrete. The plasticizing effect makes it possible to increase workability of
concrete mortar while by reducing water-cement ratio from 0,5 to 0,38. Due to this,
density and strength of concrete increased while improving operational characteris-
tics. The combined effect of plasticizing and air-entraining admixtures had a positive
effect on mobility of concrete mortar and its strength of concrete samples. The signifi-
cant strength of 47,2 MPa was achieved with the combined introduction of a plasticiz-
ing and air-entraining admixtures in the amount of 1,2% and 0,5% of the cement
weight, thereby increasing the strength of concrete samples by 32% compared to the
control sample.
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AnpaTna. Kazaxcmaunvly Kazipel 3aMaHebl KYPblIblC OHEPKICIOIHOe HAPLIK-
MblY KA’CeMMINIKMePiH KAMMAamMacyl3 emy yulin 6emoHoapovly canacvlh apmmaolpy
JHCoHE ONAPObIY PYHKYUOHALObIK MAKCAMBIH KeHelmy Kaxcemminiei myvlHoauovl. byn
KebOiHece 6emoHOapovl Kypamoac 66nikmepoiy KYpPblibIMbIMeH, CAHbIMEH JHCIHE CUNA-
MbIMeH epeKuleleHemiH KOMNOUYUAIbLIK MAMepuailoap peminoe iHcobanay apkbiivl
arcyzeze acvlpwvliaosl. Komnozuyuanvly ken KOMNOHEeHMMmIiNiel OemoHHbIY YeMeHmme)
MaAmpuyacviHbly KYpbliblMblH KATbINMACMbIPY Npoyecmepin muimoi backapyaa jHcone
Kasicemmi Kacuemmepi 6ap 6emonoapovl anyea MyMKiHOIK 6epedi. bByn maxanaoa nia-
CMUKMeHOIpemin JicaHe aya mapmamuli KOCNanapowvly Oipiecker acepiniy ayvip oe-
MOHHBIY Kacuemmepine acepi Kapacmulpuliadsl. Ilnacmuguxayusnatimsin sdcane aya
mapmamvlH KOCnaiapvl oap 6emoH KoCnacviHbly Kypamvl mayoanowsl. Iliacmugpuxa-
YUANAYWbl JHCOHe aAYaHbl MApmamvlH KOCHANApObly OemoH yacilepiniy opmauia
MbIEbIZObIRLIHA, HCYMBICKA HCAPAMOBLILIEbINA, KblCy Oepikmizine acepin 3epmmey
Hamudcenepi kenmipineen. bemonnviy naioanrany Kacuemmepin 00an api apmmulpy
MaKcamvlHOa KeuleHol KOCNaHvl eHeizy muimoiniein bazanay opuvlnoanowl. Ilnacmugu-
Kayusanay acepi cy-yemenm gamoinacvin 0,5-men 0,38-ce Oetiin momendemy Kezinoe
OemoH KOCNACbIHbIY HCYMbIC Kabinemminiein apmmulpy2a MYMKIHOIK 6epedi, COHbIY
apkacwvinoa OemoHHblY Mblebl30bl2bl MeH Depikmici apmaosl, coHbiMeH Oipee natioa-
Jaamy cunammamanapsl sHcakcapaovl. llnacmuguxayuaniaywel dxcone aya emkizeiu
KOCnaHuly Oipiecken acepi OemoH KOCNACbIHbIY KO32AISbIUMBbIEbIHA HCIHE OHbIH Oe-
MOH yaeinepiniy bepikmizcine oy acep emmi. 47,2 Mlla ey srcozapul bepikmixkke yemenm
maccacvinvly 1,2% owcone 0,5% menwepinde niacmupukayusiayuivl dcaxne aya
emkizeiu Kocnaul Oipaecin eHeizy apKulibl KO4 JHCemKizindi, Oyn 6axKbliay yacicimen
canvicmuipeanoa bemon yaeinepiniy oepikmiciniy 32% - ea apmyvina axenoi
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AHHOTAUMA. B cospemennoli cmpoumenvhou npomviuiiennocmu Kazaxcmana
07151 0becneyeHuss NOmMpeOHOCMell PbIHKA 803HUKAEm 0Cmpas HeoOX00UMOCMb NOBbl-
weHus Kavecmea 6emoH08 U pacuupeHus ux QyHKYUOHAIbHO20 Ha3HavyeHus. B 3ua-
YUMeNbHOU Mepe MO 00CMU2Aemcst nymem NPoeKmuposanust 6emoHo08 KaxK KOMno3u-
YUOHHBIX MAMEPUALOs, OMIUYAIOWUXC CIPYKMYPOLL, KOIUYEeCMEOM U XAPAKMepoM
KOMNOHEHMO08. MHO2OKOMNOHEHMHOCMb COCMABA NO360Jslem IPHEKMUSHO YNpaes-
JISIMb npoyeccamu CmpyKmypooopazoeanus yemeHmupyrowelu mampuysl 6emona u
noxyuams 6Gemonsvl ¢ HeoOX0OUMbIMU C8OUCMBaMU. B dannoii cmamve paccmompero
BIUSHUE COBMECH020 0eUCMBUs NIACMUDUYUPYIOWUX U 8030YX0808IEKAIOUUX 000a-
80K Ha ceolicmea msaiceno2o bemona. Io0obpanvl cocmagvl 6emonHOU cMecu ¢ nia-
cmuguyupyrowumu u 8030yxosoeiekaowumu 0ooaskamu. Ilpusedenst pe3yrvmamol
uccne0o8anus BIUAHUL NAACMUDUUUPYIOWUX U 8030YX0B08IEKAIOWUX 000ABOK 00-
0asKu Ha cpeoHIo NIOMHOCMb, YOOOOYKIAObIBAEMOCTb, NPOYHOCMb HA Cocamue be-
MOHHBIX 00pa3yo8. Beinonnena oyenxa s¢hghexmusnocmu 68edeHuss KOMNIEKCHOU 00-
0asKu ¢ yenvro 0anbHelue20 NO8bIULEeHUS IKCNILYAMAayuoHHbIX ceoticme bemona. Ila-
cmuguyupyrowui 2¢hghexm no36osem nogulcUums Y0000yKIaA0bI8AEMOCHb OEMOHHOU
cMecu npu CHUdCeHUuU 8oooyemenmuo2o omuoutenusi ¢ 0,5 oo 0,38, 3a cuem uezo npo-
UCX00UmM NOGbLUUEHUE NIOMHOCMU U NRPOYHOCHU DEMOHA ¢ 0OHOBPEMEHHBIM YIyUULe-
Huem sKcniyamayuonnulx xapakmepucmuk. Coemecmuoe delicmaue niacmuuyupy-
rowel u 8030yxososieKkauell 000asKu OKA3aL0 NOJONCUMENIbHOE GIUAHUE HA NO-
O0BUNCHOCMb DEMOHHOU CMeCU U ee NpOYHOCMb OemoHHbIX 00pa3yos. Haubonvwasn
npournocmo 47,2 Mlla 6viia docmueHyma npu co8MecmHoM 68e0eHUU NIACMupuyu-
pyiowell u 8o30yxososiexaioweti 0obasku 8 koawecmae 1,2% u 0,5% om maccot ye-
MeHma, mem NPoU3OULIO yeeaudeHue npoyHocmu 6emonuwvix obpasyos Ha 32% no
CPABHEHUIO ¢ KOHMPOIbHBIM 00PA3YOM.
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1 INTRODUCTION

In Kazakhstan, monolithic construction is one of the most promising technologies applied in
the construction of various buildings and structures for different needs (Tolegenova, 2021). Nowa-
days, concrete is one of the main building materials. Modern building materials are being developed
to improve their characteristics, rapid construction, efficient energy saving, lightweight, and above
all they must be environmentally friendly (Lian et al., 2018). One of the main technical and techno-
logical tasks of production is to improve the composition of concrete, quality and reduce its cost
(Beste, 2022). At the same time, modern materials should have important characteristics: strength
and durability, which are the main factors when using a certain technology. At present, the use of
complex chemical admixtures is an effective way to improve the quality and properties of ordinary
heavy concrete. Admixtures improve the technological, rheological properties and technical indica-
tors of concrete (Strelenko et al., 2020).

2 LITERATURE REVIEW

Numerous research have proved that an increase in the water and cement ratio leads to a de-
crease in the strength and durability of concrete (Anisimov & Chikin, 2015). The use of superplas-
ticizers can reduce the water and cement ratio and improve the workability of the concrete mortar. In
addition, plasticizers contribute to the homogenization of the concrete mortar and, as a result, its
workability increases. Due to these characteristics, superplasticizers are the main elements for pro-
ducing high-performance concrete (Tarasov et al., 2018). An important effect of using superplasti-
cizers is the possibility of increasing the kinetics of concrete strength growth, which is a mandatory
requirement for monolithic concrete.

Attract attention to the aspect of our research work issue the study of the effect of air-entraining
admixtures on concrete mortar. The addition of air-entraining admixtures to the concrete mortar
causes the formation of small and stable air bubbles, thereby improving the workability of the con-
crete mortar (Lori, 2021). When the fresh mortar begins to harden, the bubbles in it exposed miner-
alization and become an integral part of it. Therefore, an additional space is formed inside the concrete
structure, in which the freezing water expands. The uniform distribution of pores with air over the
entire volume of concrete increases its freezing-thawing resistance (Yang et al., 2022).

The study aims to compare the kinetics of heavy concrete's strength set and the workability of
a concrete mortar modified with plasticizing and air-entraining admixtures.

3 MATERIALS AND METHODS

The technological properties of concrete modified with air-entraining (CHRYSO Fliud 423)
and plasticizing (Master Air200) admixtures were investigated in the research laboratory.

The slag-Portland cement of the Standard Cement LLP CEM III/A-Sh 32H plant appropriate to
ST RK EN 197-1-2011 was used as a binder. The composition of cement clinker, the chemical com-
position of electrothermophosphoric granular slag and the chemical composition of slag-Portland ce-
ment, including its physical and mechanical properties are presented in Tables 1, 2, 3 and 4. Granular
electrothermophosphoric slag is used as the main component of cement. This material is used as an
active mineral additive in cement, moreover, slag is the main component in the production of slag-
alkaline binders and products based on them (Gryizlov et al., 2014).
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Table 1
Composition of cement clinker [author’s material]
Name of components Amount,%
The total content of tricalcium and bicalcium silicates (CaS, CaS) 75
Mass ratio of calcium to silicon oxide (CaO/Si0») 2,8
Magnesium oxide (MgO) 1,6
Table 2
Chemical composition of electrothermophosphoric granular slag [author’s material]
Name of components Amount,%
Silicon dioxide (SiO») 40,3
The total content of calcium oxide and magnesium oxide (CaO, MgO) 47,2
Phosphorus pentoxide (PsO) 1,1
Chloride-ion (CI") 0,03
Table 3
Chemical composition of slag-portland cement [author’s material]
Name of components Amount,%
Mass loss during calcination 0,7
Insoluble residue 1,4
Sulfur oxide (SO2) 2,2
Magnesium oxide (MgO) 1,6
Chloride-ion (CI") 0,05
Table 4
Physical and mechanical properties of slag-portland cement [author’s material]
Properties Properties
Compressive strength, at the age of 7 days, MIla 18
Compressive strength at the age of 28 days, MIla 34,2
Setting time of cement paste: beginning, min, not earlier 81
Uniformity of volume change (expansion), mm, no more 6

Dolomite crushed stone of a fraction of 5-20 mm with a crushing mark of M1000 and a bulk
density of 1,310 t/m® was used as a coarse aggregate (Table 5). This aggregate responds to the re-
quirements of ST RK 1284-2004. The standard defines the basic requirements for crushed stone from
dense rocks used as a coarse aggregate for heavy concrete.

Table 5
Grain composition of coarse aggregate [author’s material]

Sieve sizes

Quarry dmm 0>(dD), D,20mm 125D, 25 mm
12,5 mm

5-20 Test 97,4 66 2,4 0

Fractions of crushed
stone

Natural fine-grained quartz sand with a grain size modulus equal to Mk = 2,4 and a bulk density
of 1,450 kg/m? responding to ST RK 1217-2003 was used as a fine aggregate. The grain composition
of the sand is presented in Figure 1.
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Figure 1 — Grain composition of sand [author’s material]

Drinking water was used to prepare concrete mortar. Water confirms the requirements of GOST
27732-2011, standard ST RK 1015-2000 «Water. Gravimetric method for determining the content of
sulfates in natural wastewater».

The plasticizer CHRYSO Fluid 423 (PCE) was used as a plasticizing admixture to improve the
workability of concrete. The chemical and physical properties of the admixture are presented in Table
6.

Table 6
Chemical and physical properties of CHRYSO Fluid 423 [author’s material ]
Name Properties
Colour Brown
Consistency Liquid
Density 1,180 g/cm’

Master Air 200 (AIR) was used as an air-entraining admixture (Table 7). Admixture was in-
jected into the mortar together with the mixing water. The content of admixtures is indicated as a
percentage of the cement mass based on the dry agent of the admixture.

Table 7
Physical and chemical properties of Master Air 200 [author’s material]
Name Properties
Colour Light brown
Consistency Liquid
Density 1,02 £ 0,02 g/cm?
Chlorine 10on content <0,01%

The composition of concrete mortar and density (determined according to GOST 27006-2019)
are presented in Tables 8, 9 and 10. Specimen C1 was prepared as a control specimen. The first four
specimens were mixed with a plasticizer and designated as PCE1, PCE2, PCE3 and PCE4. In speci-
mens with a plasticizer, the main difference between the mixtures is a different water and cement
ratio, which varies from 0,45 to 0,38. When the water and cement ratio changes, the amount of cement
and water remains unchanged. In the case of a mortar with an air-entraining admixture, the water and
cement ratio were equal to 0,4 for all specimens.
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Table 8
Compositions of concrete mortar with a plasticizing admixture [author’s material]
Crushed stone

Name of : Plasticizer
specimen Cement,g Sand, g Water, g fracgosn_sz,omm, W/C (PCE), %
Cl 460 670 230 1100 0,5 -
PCEI 460 670 207 1100 0,45 0,6
PCE2 460 670 184 1100 0,4 0,8
PCE3 460 670 175 1100 0,38 1
PCE4 460 670 175 1100 0,38 1,2
Table 9
Compositions of concrete mortar with an air-entraining admixture [author’s material]
Crushed stone
Name of Water, . Master AIR
specimen Cement,g Sand, g fractlcgrg,omm, g W/C 200 (AIR) %
AIR1 460 670 185 1100 0,40 0,2
AIR2 460 670 185 1100 0,40 0,3
AIR3 460 670 185 1100 0,40 0,4
AIR4 460 670 185 1100 0,40 0,5
Table 10
Compositions of concrete mortar with plasticizing and air-entraining admixtures [author’s material]
Crushed stone - Master
SNZIQ?;E:] Cement, Sand, Water, fractions, mm, g W/C IZ’IID%'E():lz;r AIR 200
P g g g 5-20 7 (AIR) %
(PCE+AIR)1 460 670 185 1100 0,4 0,6 0,2
(PCE+AIR)2 460 670 185 1100 0,4 0,8 0,3
(PCE+AIR)3 460 670 185 1100 0,4 1 0,4
(PCE+AIR)4 460 670 185 1100 0,4 1,2 0,5

The workability of the freshly prepared concrete mortar for each specimen was determined
using a cone in accordance with GOST 10181-2000 «Concrete mortar. Test methodsy.
For strength testing, cubes of 100x100x100 mm in size were made, four samples for each spec-

imen. When reaching the age of 7 and 28 days, compression tests were carried out in accordance with
GOST 10180-2012 by the following formula :

R=a-F/a-K, (1)

where F — destructive load, N;

A — working cross-sectional area of the sample, mm?;

a — scale coefficient for reduction of concrete strength to the concrete strength in samples of
basic size and shape;

Kw — correction coefficient for cellular concrete, considering the humidity of the samples at
the time of testing.

The results of tests of samples for compressive strength at the age of 7 and 28 days are shown
in Figure 2 and 3.
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4 RESULTS AND DISCUSSION

The results of determining the workability of concrete mortar with different content admixtures
are presented in Table 9.

The cone sediment of freshly prepared concrete mortar of the control specimen was 13 cm.
With the injection of admixtures, the workability of concrete mortar is significantly improved. Table
10 shows that all investigated admixtures increased the mobility of the concrete mixture by 10-30%.
At the same time, the maximum value is observed in specimen Nel3 and is 22 cm, which is 36% more
than in the control specimen C1. When determining workability after 120 minutes, the maximum
result of cone sediment -19 cm was also recorded in specimen Nel3. In specimens with air-entraining
and plasticizing admixtures the largest cone sediment was observed in compositions Ne4 and Ne 9,
which is 15% and 30% more than in the control composition C1.

Table 10
The effect of plasticizing and air-entraining admixtures on the workability of concrete mortar [author’s mate-
rial]

Cone sediment, cm

Ne Name of specimen Density, kg/m?

After 15 min. After 120 min.
1 Cl 14 8 2440
2 PCEl 15 12 2470
3 PCE2 16 13 2400
4 PCE3 18 16 2360
5 PCE4 20 17 2350
6 AIR1 13 10 2360
7 AIR2 14 12 2345
8 AIR3 16 13 2240
9 AIR4 17 15 2355
10 (PCE+AIR)1 15 13 2355
11 (PCE+AIR)2 17 15 2336
12 (PCE+AIR)3 19 16 2308
13 (PCE+AIR)4 22 19 2285

When using the PCE admixture in comparison with the control sample (Figure 2), an increase
in strength was observed at the ages of 7 and 28 days from 37,2 MPa to 38,4 MPa and from 46,8MPa
to 48,2MPa.

The increase in strength indicators is related to a result of the action of the plasticizing additive
in the cement paste, the volume of the intergranular space decreases. Thereby providing closer contact
between the shells of hydrated products on the surface of adjacent cement grains, which promotes
combining them into a denser and more durable conglomerate. From the diagram presented in Figure
2, with the injection of PCE, the water and cement ratio of the mortar decreased by 10-24%. At the
same time, a significant reduction is achieved with the injection of a plasticizing admixture in the
amount of 1,2% by weight of cement.
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Figure 2 — The effect of the water and cement ratio on the compressive strength of concrete
[author’s material]

When modifying the concrete mixture with plasticizing and air-entraining admixtures, a gradual
increase in strength was observed at the ages of 7 and 28 days from 21,2 MPa to 34,5 MPa and from
38,0MPa to 47,2MPa, as a presented on Figure 3.

The maximum strength at the age of 28 days was obtained with compression R = 47,2 MPa,
using PCE and AIR admixtures in the amount of 1,2% and 0,5% by weight of cement. These complex
admixtures make it possible to obtain a strength of 32,62% higher than the strength of the control
specimen. The density of the concrete mortar at the age of 28 days was 2440-2285 kg/m>. This phe-
nomenon is due to the fact that the combined action of admixtures causes the uniform formation of
small and stable bubbles throughout the volume of concrete, thereby increasing its frost resistance.

60

W
[=]

20

Compression strength, MPa

(=

W7 days A28days

0
2270 2290 2310 2330 2350 2370 2390 2410 2430 2450

Density, kg/m3

Figure 3 — Effect of plasticizing and air-entraining admixtures on concrete density
[author’s material |

5 CONCLUSIONS
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5 CONCLUSIONS

To date, the use of complex admixtures is an effective way to improve the quality of heavy
concrete. Admixtures improve the technological properties of the concrete mortar and the construc-
tion and technical indicators of concrete.

Based on the conducted experimental research, the following conclusions can be drawn:

1. Due to the formation of the appropriate structure of capillary pores in the hardened cement
mortar, the durability of the cement-based material depends on the ratio of W/C. The water-cement
ratio can be reduced by using plasticizers and increasing the air content in the mortar. An increase in
the amount of plasticizing admixture from 0,6% to 1,2% led to a decrease in water demand in the
concrete mortar to 23,9%.

2. The use of air-entraining admixture significantly increased the workability of the concrete
mortar and increased the stability of the air-entrained mortar. An additional effect of the use of air-
entraining admixture is a decrease in the actual density of the concrete mixture by 6,35% of the con-
trol specimen.

3. The injection of plasticizing and air-entraining admixtures into the concrete mortar has a
positive effect on the strength set of concrete. Plasticizer CHRYSO Fliud 423 in the dosage range
from 0,8% to 1,4% by weight of cement increases the strength of concrete at the age of 7 and 28
days by 74,5% and 51,5%. The combined action of CHRYSO Fliud 423 and Master Air200 in the
dosage range of 1,2% and 0,5% by weight of cement increases the strength of concrete at the age of
7 and 28 days by 56,8% and 48,4%.

Modern building materials require the use of technically and economically reasonable
materials with high operational and technical characteristics, therefore, the use of composite
materials is more actively included in the field of construction and has prospects for widespread use.
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