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STUDY OF THE EFFECTIVENESS OF THE USE OF COMPLEX ADDITIVES MASTER
RHEOBUILD 1000 AND MASTER AIR 200

Abstract. The article discusses the results of experimental studies to identify the effect of chemical
additives on the properties of concrete on reducing the water demand and workability of the concrete mixture.
The task is the need to increase the operational reliability of concrete and reinforced concrete to the quality
of structural building materials, including the most common and resource — intensive-cement concrete.
Chemical additives, being one of the simplest and most affordable technological methods for improving the
properties of concrete, can significantly reduce the level of costs per unit of production, improve the quality
and efficiency of a large range of reinforced concrete elements and structures, increase the service life of
both reinforced concrete and reinforced concrete, and buildings and structures. The joint work of chemical
additives with the mineralogical composition of cement clinker provides an increase in the strength, density,
frost resistance and water resistance of concrete. Only those additives that simultaneously have a plasticizing
effect (improving the quality of the concrete mixture), the property of significantly accelerating the end
of setting, and are inhibitors of steel corrosion in reinforced concrete elements and structures can provide
improvement of these properties. Therefore, great attention is paid to the use of chemical additives in concrete
technology in the world practice. The resulting concrete mixture has properties that allow it to be transported
over long distances, filled with pumping equipment. The purpose of the work is to obtain a plastic, workable
concrete mixture, with the preservation of characteristics over time.

Key words: chemical additive, superplasticizer, mobility, concrete structure, concrete strength.

Introduction. The problem of using additives for concrete modification is multifaceted. Currently, there is
no unified classification of additives to cements and concretes in the world practice. Different countries have
developed their own classification schemes. These schemes are based on the authors [1-3], desire to facilitate
the correct choice of additives for concrete or mortars in accordance with their purpose.

The use of additives in concrete should be preceded by testing the properties of concrete mixtures and
concretes with them in accordance with the requirements of current standards, regulatory and technical or
design and technological documentation 4. In turn, concretes with additives, concrete mixtures, materials
used for them, the technology of manufacturing products and structures must meet the requirements of state
standards, building codes and other regulatory documents for specific types of products and structures, taking
into account their purpose was described 5,6. The expediency of using additives in concrete is determined by
the achievement of various technological and economic effects during the operation of products and structures.
In terms of quality indicators, additives must meet the requirements of the relevant regulatory and technical
documentation for a specific product, and in terms of the effectiveness of the action — the effectiveness
criterion according to the requirements of technical document. The effectiveness of additives is determined
by comparing the quality indicators of concrete mixes, concrete of the control and main compositions, with
the exception of stabilizing, water-retaining additives and additives that increase the protective properties
of concrete in relation to steel reinforcement. The last ten to fifteen years have seen the development and
increasing use of several types of high-performance concrete, such as high-strength concrete, high-durability
concrete, fibre-reinforced concrete, underwater concrete and self-compacting concrete. Most of these contain
a combination of admixtures, cement replacement materials etc. and will therefore have very different
rheological properties to those of «normal» mixes 7,8
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Figure 1 shows the regions of the yield stress/plastic viscosity diagram for four types of concrete. In
«normal» concrete, in which the workability is controlled mainly by water content, the yield stress and plastic
viscosity will vary together, as already discussed. Flowing concrete, produced by adding superplasticizer to
a normal mix (with perhaps a higher fines content to ensure stability), has a yield stress lower than that of
normal concrete, and hence a high slump, but a relatively high viscosity for stability. High- strength concrete
mixes, which have a high paste content commonly containing microsilica, can be viscous and sticky, making
them difficult to handle despite including superplasticizers to produce a high slump/low yield stress.

Yield stress
[

Normal
concrete
High-strength
concrete

Flowing

concrete
Self-compacting
concrete

Plastic viscosity

Fig. I - Rheology of several types of concrete

Optimization of the composition of heavy concrete based on local raw materials and modifying additives
in order to improve the physical and mechanical properties of heavy concrete and products based on them is
an urgent task, the solution of which will improve the technical and economic indicators of buildings under
construction9.

Materials and methods. To solve this problem, studies were conducted on the influence of plasticizing
additives on the basic properties of concrete mix and heavy concrete based on local raw materials. Binders,
Portland cements PC400 D-0, PC 500 D-20 of the «Shymkent Cement» plant were used as starting materials
for the experimental part of the study, crushed stone and monofractive sand were used as a filler. The Portland
cements of this plant have distinctive mineralogical compositions of clinker and technological characteristics
given in tables 2 and 3, respectively. As modified additives, Master Rheobuild 1000, Master Air 200. Technical
characteristics are given in Table 1.

Table 1- Technical data of additives

Ne | Name of the additive Colour Consistency Density Content of chlorine ions
1 |Master Rheobuild 1000 | Dark brown Liquid 1,21-0,02 g/cm? <0,01%
2 |Master Air 200 Light brown Liquid 1,02-0,02 g/cm? <0,01%

Additives do not change the color of concrete, do not create efflorescence on the concrete surface and are
suitable for reinforced and prestressed elements and structures, do not cause corrosion of steel reinforcement
in concrete. The recommended dosage of the Master Rheobuild 1000 additive leaves 0.8-1.6 kg, Master Air
200 is 0.03-0.20 kg in the liquid state per 100 kg of cement. The dose depends on the purpose of the concrete
mixture, its mobility, the cement content and the desired effect.

Table 2- Mineralogical composition of clinker
Name of components | CaO, % |SiO,, % | ALO,, % | Fe,0,, % |MgO, % | SO,, % | Other, % |PPP, % |3, %

273 273

«Shymkent Cementy Plant

Cement Clinker 65,4 21,6 5,15 4,86 1,8 0,27 0,35 - 100
«Shymkent Cement» Plant
Cement Clinker 65,2 21,5 4,7 3,5 2,6 2,9 100
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Table 3- Technological characteristics of the PC

Name of Plants Bulk density, p , kg/cm® | Fineness of grinding, % | normal cement density,
%

«Shymkent Cement» Plant 1,25 28,5 23,9

«Shymkent Cement» Plant 1,0 7.2 25,5

The workability of a concrete mix is the ability of concrete during concreting to fill a mold, formwork
under the influence of its own weight or applied external force (vibration, compaction).

Concrete mix workability is determined by the mobility of the concrete mix (P) or the draft of the cone
(OK, S). The mobility of the concrete mixture is determined according to the GOST 10181-2014 method,
where the draft of the cone OK (S) is determined, see Standard cones are used for testing the concrete mixture
depending on the fraction of coarse aggregate:

- with a fraction of crushed stone, no more than 70 mm - 300x200x100 mm (H xD x d);

- with a crushed stone fraction of more than 70 mm - 450x300x150 mm (HxDxd).

The determination of the strength of concrete consists in measuring the minimum forces that destroy
specially made control concrete samples when they are statically loaded with a constant rate of load increase,
and then calculating the stresses under these forces. The obtained samples are exposed to a press device that
compresses a concrete cube with increasing force until the control sample is destroyed. Summing up the
results of the batch of samples and deducing the average value according to special formulas, the compressive
strength of concrete is determined.

The compressive strength of concrete is the most important characteristic regulated by regulatory
documents. According to practical studies, 80-85% of the grade strength of concrete acquires on the 28th
day after sealing with water. The destructive method of testing concrete is carried out using control samples
that are subjected to hardening under the same conditions as the construction or removed directly from the
concrete monolith after it reaches the required hardness values. These methods of determining the strength of
concrete are considered the most accurate. The obtained samples are exposed to a press device that compresses
a concrete cube with increasing force until the control sample is destroyed. Summing up the results of the
batch of samples and deducing the average value according to special formulas, the compressive strength of
concrete is determined 11.

Results. The effectiveness of the additive was evaluated by increasing the mobility of the mixture and the
strength of concrete with the same water-cement ratio of the control and main compositions of the samples
in accordance with GOST 10181. The workability (plasticization) of concrete mixtures was determined in
accordance with GOST 24211. The peculiarity of the selection of the composition of heavy concretes is the
need to obtain at a minimum consumption of the binder, in addition to the required strength, also the smallest
volume mass.

In the study of modified heavy concrete, the tests were carried out in accordance with the requirements of
GOST 11, 12.

The results of the conducted studies of control samples are shown in Table 4.

Table 4- Control composition of heavy concrete

Ne Type of binder Brand |The amount| Mobility of | The draft | The composition of
of of the the concrete | of the concrete on 1 M?, kr

concrete| additive mixture |cone,cm, [~ [ M | A S
1 «Shymkent Cement» LLP 350 - P1 2-3 420|195 |1100| 600
2 «Shymkent Cement» LLP 350 - P 2-4 420|195 (1100 | 600

For further testing of heavy concrete with modifying additives, a binder of «Shymkent Cement» LLP, PC
M400 DO was used. Plasticizing additive «Master Rheobuild 1000» and air-entrapping additives «Master Air
200» were used for modification BASF companies. The studies were carried out at the dosage of additives:
0,5%, 0,7%, 0,9% and 1,3%.

The results of the study of the workability of concrete mixes for two types of cement are shown in Table
5.
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Table 5- The effect of the additive on the main characteristics of the concrete mixture

Ne Name of additives Dosage quantity | The draft of the cone, cm | Mark for workability
1 Without additives - 2,5 P1
2 Master Rheobuild 1000 0,5 9 P2
3 Master Rheobuild 1000 0,7 12 P3
4 Master Rheobuild 1000 0,9 16 P4
5 Master Rheobuild 1000 1,3 13 P3
6 Master Air 200 0,08 6 P2
7 Master Air 200 0,09 7 P2
8 Master Air 200 0,1 9 P2
9 Master Air 200 0,2 12 P3

10 Master Air 200 0,3 10 P3

When additives are introduced into the concrete mixture, a significant increase in its mobility is observed.
The best indicators were obtained at a dosage of 0.9% by weight of cement. At this dosage, the mobility of
concrete increases by 6.4 times with the addition of Master Rheobuild 1000 and by 4.8 times with the addition
of Master Air 200. This effect helps to reduce the I / C ratio when obtaining an equally mobile concrete
mixture. The study of the effect of additives on reducing the water demand of concrete mixes is shown in
Table 6.

Table 6- The effect of additives on the water-cement ratio

Ne W Crushed stone | WW/C | The content of Sample | Strength
Compo- of fractions, mm additives,% by weig weight
sition |Cement | Sand | WWater | 5-10 | 10-20 Master Master 7 | 28
Rheobuild | Air200 days | days
1000
1 420 | 600 95 420 780 0,46 - - 2,49 186 | 429
2 420 | 600 84 420 780 0,44 0,5 - 2,435 | 198 | 419
3 420 | 600 76,4 | 420 780 0,42 0,7 - 2,436 | 360 | 552
4 420 | 600 68 420 780 0,40 0,9 - 2,456 | 306 | 554
5 420 | 600 80 420 780 0,40 1,3 - 2,45 |452]419
6 420 | 600 89 420 780 0,45 - 0,08 | 2,43 324|443
7 420 | 600 84,5 | 420 780 0,44 - 0,09 2,5 316438
8 420 | 600 80,6 | 420 780 0,43 - 0,1 2,445 | 326 | 483
9 420 | 600 84,8 | 420 780 0,44 - 0,2 | 2,335 | 284|238
10 420 | 600 89 420 780 0,45 - 0,3 2,240 | 188 | 332

Discussion. It was reported by author 13 that, the examined superplasticizer (SP) type, air-entraining
admixture (AEA), viscosity modifying admixture (VMA) and anti-foaming admixtures (AFA) significantly
affect the properties of fresh and hardened self-compacting concrete. Better insights on the working mechanism
of these admixtures are provided based on the advancement of modern techniques in microstructure analysis
14. In the tested concretes with a constant basic composition, along with the increase in SP compressive
strength in NAEC increased by 13-14%.

As can be seen from the table, the I / C ratio with the addition of Master Rheobuild 1000 decreases by
13.0% and with the addition of Master Air 200 by 4.4%. With a further increase in the dosage, the rate of
increase decreases and the reduction in water demand becomes constant. As already noted, the increase in the
mobility of the cement dough, and therefore the possibility of reducing water consumption, comes from the
dosage of additives corresponding to the formation of an adsorption layer on the surface of cement particles.
A further increase in the dosage increases the concentration of the additive in the solution, but does not affect
its adsorption and rheological characteristics of the cement dough.

Conclusion. The study showed that the introduction of additives into the concrete mixture shows a
significant increase in its strength. The best indicators were obtained at a dosage of 1.3% and 0.1% by weight
of cement. With the introduction of additives, not only the grade of concrete increases, but also the intensity of
the increase in the strength of concrete significantly accelerates, therefore, additives accelerate the hydration
processes and ensure the compaction of the cement stone structure in the early stages of its formation.
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KEHIEHAI KOCITAJIAPAbI KOJJAHY TUIMALIITTH 3EPTTEY MASTER
RHEOBUILD 1000 ’KOHE MASTER AIR 200

AnHOTamus. Makanana XUMHUSUIBIK KOCHajapAblH OCTOHHBIH KacHeTTepiHe, aTam aWTKaHaa cy
KaXXETTUIIr1H ’)KoHe OETOH KOCIACHIHBIH bIHFaUIBUTBIFBIH TOMECHICTYTE 9CEPiH aHBIKTAy OOMBIHIIIA JKYPIi3iIreH
IKCIIEPUMEHTTIK 3€pTTeyIepIiH HOTIKeNepi KapacThIpbliaasl. MiHAET oapblH OCTOH MEH TeMipOSTOHHBIH
KYPBUTBIMABIK KYPBUTBIC MaTepHUaIapbIHbIH carachblHa, OHBIH iIiHAE €H KOl TapajfaH jKOHEe PecypcTap/bl
Ka)XeT €TeTiH [IEeMEHT OCTOHBbIHA CEHIM/IUTITH apTThIPY KAKETTUIIr 00BN Tadbu1aabl. XUMHUSUIBIK KocHaaap
OCTOHHBIH KaCHUETTEPIiH KETULMIPYIIH €H KaparaibiM JKOHE KOJDKETIMJII TEXHOJIOTHSUIBIK dAICTepiHiH Oipi
Oona OTBHIPBIN, ©HIM OipIiriHe WIBIFBIHAAD ACHICHIH €19ylp TOMEHAETyre, TeMipOETOH 3JEeMEHTTEpPiHiH
(TBD) xone koucrpykuusinapasiy (TBK) ynken HOMEHKIaTypachIHBIH canackl MEH THIMIUIITIH apTTBIPYFa,
TBD xone TBK, conpaii-ak »anmbl FUMaparTap MEH KYpPbUIBICTap/AbIH KbI3MET €Ty MEp3iMiH YIFaiTyra
MYMKIHIIK Oepeni. XUMUSUIBIK KOCHAJIap/AblH KIMHKEP IEMEHTIHIH MUHEPAJIOTHSUIBIK KYPaMbIMCH
Oiprecin *KyMbIC icTeyi OETOHHBIH OEpIKTITiH, THIFBI3BIFbIH, asg3fa TO3IIMIUIITIH XKOHE Cy OTKI30eHTIHIIriH
apTThIpaabl. by KacueTTepiH JKakcapyblH TEK IUIacTHQUKALMSIIBIK dcepi Oap Kocmaiap FaHa KaMTaMach3
eTe ajajibl (OSTOH KOCIAChIHBIH CAIlaChIH JKAaKCAPTAaJlbl); KACUSTI MOHTAXIBIH COHBIH €0Yip KbLIIaM/IaTa bl
KOHE TEMIpOETOH >JIEMEHTTEpPl MEH KOHCTPYKUMsUIapAarbl BonmaTThlH KOPPO3USCHIHBIH WHTHOWTOpIaphI
Oosbin TaObLIabl. COHMABIKTAH OJEMJIIK TIKIpUOEIe OCTOH TEXHOJIOTHSCHIHJA XUMUSUIBIK KOCIAlap/Ibl
KOJIJIJaHYyFa KeIl KOHUT 0eJiHe/li. AJIbIHFaH OCTOHHBIH XKETEyl OHbI JIbIC KAIIBIKTHIKKA TaChIMaJIIayFa, COPFBI
KaOBIFBIHBIH KOMETIMEH KYIOFa MYMKIHAIK OepeTiH Kacuerrepre ue. JKYMBICTBIH MaKCaThl —yaKbIT 6T€ Kejle
cUnaTTaMayiap/blH CaKTalybIMEH [IACTHKAJIBIK, BIHFAIIBI OETOH KOCIACHIH ay.

Tyiiinai ce3mep: XUMUSIIBIK KOCIa, CyHepriiacTU(UKATOp, OCTOHHBIH KO3FalFbIIITHIFbI, KYPBUIBIMBL,
OCTOHHBIH OCPIKTIri.
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HNCCIIEAOBAHUE DOPEKTUBHOCTU IPUMEHEHUA KOMIIJIEKCHBIX
JOBABOK MASTERRHEOBUILD 1000 U MASTERAIR 200

AHHoTammsa. B craree paccMaTpuBarOTCs  pe3yibTaThl MIPOBEIEHHBIX  JKCHEPUMEHTAIBHBIX
WCCIICIOBAHUM 110 BBISBICHHUIO BIMSHUS XUMHYECKMX J00aBOK Ha CBOWCTBa OeTOHAa, B YAaCTHOCTH Ha
CHIDKEHHE BOJIONIOTPEOHOCTH U Y1000y KJIaIbIBAeMOCTH OETOHHOI cMecH. 3a/1aua siBiIseTcss HEOOXOIMMOCThIO
MOBBIILICHHUS WX JKCIUTyaTallMOHHOW HAACKHOCTH OCTOHA U )KeNe300eToHa K KayeCTBY KOHCTPYKIIMOHHBIX
CTPOUTENILHBIX MaTEpUAIIOB, B TOM YHCIIE U K HanOoJee paclipoCTPaHEHHOMY H PECYPCOEMKOMY — IEMEHTHOMY
OetoHy. XMMUUecKHe J00aBKH, SBIISISICH OTHUM M3 CAMBIX IIPOCTBIX M JOCTYITHBIX TEXHOJIOTMYECKHX IIPUEMOB
COBEpPLICHCTBOBAHMS CBOMCTB O€TOHA, MO3BOJSIOT CYIIECTBEHHO CHHM3HMTh YPOBEHb 3aTpaT Ha CAMHUILY
MPOIYKIINH, TIOBBICUTH Ka4ecTBO U 3()(HEKTUBHOCTH OOJBILION HOMEHKIATYPHI jKeJIe300€TOHHBIX 3JIEMEHTOB
(OKBD) u xouctpykuuit (JKBK), yBennunth cpok cimyx0b! kak Kb u XXBK, Tak u 31anuii u coopykeHnit
B 1esnoM. CoBMecTHas paboTa XUMHUUECKUX JOOABOK C MHUHEPAJOTHYECKHMM COCTaBOM KIMHKEpa LIEMEHTa
o0ecreurBaeT MOBBILICHNUE TPOYHOCTH, TNIOTHOCTH, MOPO30CTOMKOCTH U BOAOHEIPOHULIAEMOCTH OETOHOB.
Ob6ecneunBaTh YAy4IICHHE ATUX CBOMCTB MOTYT JIMIIb T€¢ J00aBKH, KOTOPBIE 00JaJar0T OJHOBPEMEHHO
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IaCTU(GUIUPYIOMMM JeHCTBHEM (TIOBBILIAIONIMM KaueCTBO OCTOHHON CMECH); CBOWCTBOM 3HAYUTEIILHO
YCKOPATH KOHEL CXBaThIBAHUS, U SBISIOTCS HHTHOUTOPAMH KOPPO3UH CTAJIM B XKEJI€300€TOHHBIX AJIEMEHTaX
1 KOHCTPYKIMsIX. [103TOMy NpUMEHEHUIO XUMHYECKHUX 100aBOK B TEXHOJIOTUH OETOHA B MUPOBOW MPAKTHKE
yaensiercss orpoMHoe BHUMaHHe. [lomydeHnHast OeToHHas cMech 00NajaeT CBOHCTBAMH, MO3BOJISIIOLIMMHU
OCYILECTBIISITH €€ TPAHCIIOPTUPOBKY Ha JaJICKUE PACCTOSHUSL, 3JIMBKY P IIOMOLIN HACOCHOTO 000PYI0BaHMS.
Lenbio paboThI SBIISIETCSI HOMyYEHHE TNIACTUYHOM, YI000yKiIagpIBaeMOil OETOHHOW CMECH C COXPaHHOCTBIO
XapaKTEPHUCTHK BO BPEMEHHU.

KiroueBble cjioBa: xuMuueckas 1o0aBKa, CylepIuiacTU(HUKATop, MOABMKHOCTb, CTPYKTypa OeToHa,
MIPOYHOCTH OETOHA.
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