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The article analyzes the experience of using Portland limestone cement for the production of
ready-mixed concretes. It is shown that polycarboxylate superplasticizers (PCE) play a decisive role in
providing required technological and construction-technical properties of concrete. The data show that
the most effective PCEs for maintaining the workability of the concrete mixture over time and obtaining
the required strength class of concrete are PCE based on modified acrylic polymers. It was found that
polycarboxylate superplasticizers provide a significant water-reducing effect (4W/C = 38 %) and was
achieved compressive strength class C45/55. It is shown that such concretes are characterized by its
rapid strength development (f.,.2/fem2s = 0.54). The ready-mix concrete with PCE was used for concreting
foundations of wind turbines on the wind power plant with provide the technological properties and of
reduce CO, emissions.
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Introduction

Concrete, as the main composite building material, due to its high durability and operational
reliability is widely used in construction. The design level of strength and the required performance
characteristics of concrete is achieved by high-quality design of the warehouse, the choice of
manufacturing technology and care with ensuring the required level of technical condition of building
structures throughout the service life (Jamrozy, 2000; Fic, 2019). The experience of EU countries shows
that high-quality concrete for monolithic construction, which is characterized by improved technological
properties that can be obtained on the basis of Portland limestone cement (Giergiczny & Sokotowski,
2008; Sanytskyy et al., 2019). Efficiency of using such binder is shown in increase of workability of
concrete mixes and the accelerated increase in durability of concrete. On the other hand, for ready-mixed
concrete it is necessary to ensure the preservation of time in combination with the necessary strength and
durability. Therefore, the study of the effect of polycarboxylate superplasticizers based on different
polymer on the properties of ready-mixed concretes determines the relevance of the work.

Concrete is one of the most important materials used in construction (Aitcin & Wilson, 2014). It is
30-50 % of the total cost of any building under construction. The quality of the used concrete directly affects
the strength and durability of the structure (Hooton, 2019; Dvorkin et al., 2018, Plugin et al., 2021). In this
context, ready-mixed concrete plays an important role. The advantages of using ready-mixed concrete are
varied (Kovler & Roussel, 2011; Seok-Joon & Hyun-Do, 2015; Tolmachov et al., 2019, Markiv, et al., 2021).
This helps to increase efficiency and reduce the cost of resources involved in the construction process.

At present, Portland cements of I and II types of strength classes 42.5 are used in the production of
ready-mixed concrete. Portland limestone cements are under considerable practical interest. EU experience
shows that Portland limestone cement CEM II/A-LL 42.5 R should be used for the production of high
quality concrete of compressive strength classes from C16/20 to C50/60, for the manufacture of high-
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strength and self-compacting concrete (Gotaszewski, 2017). The efficiency of CEM II/A-LL 42.5 R is
manifested primarily in increasing the early strength of concrete, as well as in reducing water consumption,
increasing the workability of concrete mixtures and reducing their water separation (Kropyvnytska et al.,
2021). Concretes based on Portland limestone cement are used for the construction of load-bearing
structures of all construction types (Giergiczny & Sokotowski, 2008; Sanytskyy et al., 2019). The increased
heat of hydration of Portland limestone cement allows concreting in conditions of low positive temperatures.

At the present stage of construction technology development, the problems of improving the quality,
durability, cost-effectiveness of concrete and reinforced concrete are successfully solved by introducing
chemical admixtures (Collepardi & Valente, 2006; Runova et al., 2005; Lukowski, 2016). Classic
plasticizers have already been successfully used in commercial concrete mixtures, both technically and
economically. Currently, the most effective modifiers are polycarboxylate superplasticizers. Note that there
is not one type of PCE, but a family of PCE, which can be characterized by quite different actions (Plank et
al., 2015). In particular, their tendency to be incompatible with cement due to their molecular structure
should be noted. Polycarboxylates may contain groups with polyoxyalkylene, especially polyethylene or
polypropylene glycol groups, as well as monomers of carboxylic acid and/or carboxylic acid anhydride (e.g.
acrylic acid, methacrylic acid, maleic acid, itonic acid and their anhydrides). In addition, vinyl or acrylate-
based monomers can contribute to the chemical structure of PCE (Gamze Erzengin et al., 2018).

The use of efficient PCE allows to optimize high quality concrete “water — cement” and “water —
binder” with a significant water-reducing effect (4W/C = 25-35 %) with high strength (Aitcin & Flatt, 2015).
At that time, the task of concrete in the technology of goods is to ensure its manufacturability - maintaining
the movement of the concrete mixture over time. The authors found that PCEs derived from acrylic and
maleic acid have a longer spine and side chains, as well as carboxylate groups (R — COO-), which increase
hydrophilicity, but are able to slow down the hydration process (Liu et al., 2019). The introduction of such
modifiers can slow down the hydration of the cement. Modifiers significantly reduce the amount of kneading
water to obtain a cast mix of ready-mixed concrete (Flat & Schober, 2012). This allows the transportation of
concrete mixtures over long distances while providing the required strength class of concrete.

The purpose of the study — to investigate the effect of polycarboxylate superplasticizers based on
different polymers the technological and strength properties of ready-mixed concrete.

To achieve this goal the following tasks were solved:

— to study the effect of polycarboxylate superplasticizers on different polymer bases on the
workability and strength of modified concretes;

—to show the practice of using ready-mixed concrete modified with polycarboxylate superplasticizers.

Materials and methods

Portland limestone cement with high early strength DSTU B EN 197-1 — CEM II/A-LL 42.5 R was
used to design the concrete composition. Portland limestone cement CEM II/A-LL 42.5 R was obtained at
PJSC “Ivano-Frankivskcement”. Portland cement clinker with chemical composition (mass. %: CaO —
66.45; Si0, — 20.84; Al,O; — 5.36; Fe,0; — 4.03; MgO — 0.75; SO; — 0.87; K,0 — 1.02; Na,0O — 0.11) was
used in the investigations. Mineralogical composition of clinker is, mass. %: C3S — 60.91; C,S — 14.26;
C3A —7.07; C4AF — 12.35. The heat of hydration after 24 and 96 hours is 234 and 328 J/g respectively.

Fine sands and crushed stone of two fractions: 2—4 mm and 4—16 mm were used to design the grain
composition of aggregates. The grain composition of the aggregates was determined by dry sieving
through a set of sieves in accordance with EN 933-1:2012-03. The selection of the composition of the
mixture of aggregates was carried out in accordance with PN-B-06250:1988. Polycarboxylate superplas-
ticizers were used for the study: ordinary polyester type (PCE 1), based on acrylic polymer (PCE 2), based
on modified polymer of acrylic acid (PCE 3, PCE 4) of BASF, ATLAS, CHRYSO. The water-reducing
effect of superplasticizers was determined in accordance with DSTU B V.2.7-69-98. The effects of admix-
tures were determined in accordance with DSTU B V.2.7-171:2008. Slump tested concrete mix in accor-
dance with EN 12350-2.
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Results and discussion

To obtain ready-mixed concrete, the optimization of the grain size distribution of the components is
decisive for the grain packing density. The results of studies of polyfractional grain composition of
aggregates (sand fraction 0.125-2.0 mm, crushed stone fractions 2—4 mm, 4-16 mm) allow us to more
fully assess the contribution of individual fractions to design the curve of the required particle size
distribution of ready-mixed concrete. It was found that for sand the highest content of fractions based on
partial residues — 24.6 and 59.8 mass. %. Is concentrated on sieves of 0.50 and 0.25 mm, which indicates
an increased content of fine fraction. For crushed stone fractions of 2-4 mm, the maximum size of
aggregate on sieves of 4.0 and 2.0 mm is 64.5 and 28.1 mass. %, respectively. When sifting the crushed
stone fraction of 4-16 mm, the highest grain content was 34.2 and 59.7 mass. %. On sieves of 16.0 and
8.0 mm selected particle size distribution of the mixture provides a uniform distribution of aggregate
fractions. This has a positive effect on the consistency of the concrete mixture with the least possible
amount of water and cement (mortar component), and also ensures a minimum air content.

The study of the effect of polycarboxylate superplasticizers on the technological properties and
strength of ready-mixed concrete (slump class — S4) was performed on an optimized composition of a
mixture of components with material consumption per 1 m’: Cement — 380 kg, Sand — 405 kg, Crushed
Stone (2—4 mm) — 510 kg, Crushed Stone (4-16 mm) — 835 kg. Polycarboxylate superplasticizers on
different polymer bases were introduced in an amount of 1.0 mass. %. It is established that for fresh
concrete without admixtures the slump 185 mm at W/C = 0.54 (Fig. 1). The loss of workability is observed
after 60—120 min.

250
—+—without PCE —@—PCEl —#—PCE) —~—P(CE3 —%—PCE4

200 | . WiC=033
. 7F\“\ )
- W/C=0.38 WiD=034 3
=
7 100 W/C=0.54 \

W/C=0.39
50
0 *
0 60 120 150 240

TIME, MIN
Fig. 1. Slump retention of concrete mix in time with PCE on various polymeric basis

With the introduction of 1.0 mass. % PCE 1 workability of the mixture (slump — 200 mm) is
achieved at W/C = 0.39 with the preservation of consistency over time for 60—100 min. For fresh concrete
modified with superplasticizer PCE 2 at slump 200 mm (W/C = 0.38) workability is lost after 120 min. At
the same time, the introduction of polycarboxylate superplasticizers of the second generation of PCE 3 and
PCE 4 consistence expressed by slump — 200210 mm is achieved at a water-cement ratio of 0.33-0.34.
The workability is maintained for 180-200 min at slump class S4.

It was found that polycarboxylate superplasticizer based on simple polymer PCE is more effective as
a water-reducing admixtures (4W/C = 28 %) with high performance of both early (f.,1 = 26.2 MPa) and
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design (f..s = 67.6 MPa) compressive strengths concrete (Fig. 2). For this composition of concrete the
compressive strength class C40/50 is achieved. With the introduction of PCE 2, PCE 3 and PCE 4, there is
some slowdown in the kinetics of strength gain at the age of 1 day. At the same time, the introduction of
PCE 3 and PCE 4 provides a significant water-reducing effect (AW/C = 38 %) and increase in strength
after 2, 7 and 28 days of hardening compared to concrete with PCE 1. This achieves compressive strength
classes according to C40/50 and C45/55. According to the estimate of specific strength based on EN 206-1,
such modified concrete is characterized by its rapid strength development (strength ratio f.,.o/fems = 0.54).
According to the effects of polycarboxylate superplasticizers are superwater-reducing admixtures in accor-
dance with DSTU B V.2.7-171: 2008.
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Fig. 2. Compressive strength of concretes based on CEM II/A-LL 42.5 R with PCE

Significant improvements in workability combined with long-term efficiency over time mean that
concrete can be adapted to the specific requirements before it leaves the plant. Polycarboxylate
superplasticizers PCE 3 and PCE 4 are characterized not only by long-term efficiency over time, but also
improve the cohesion of concrete. Superplasticizers are characterized by their wide operational capabilities
in all the basic requirements for the production and use of ready-mixed concrete. High plasticity of the
modified concrete mixes on the basis of CEM II/A-LL allows to create irregular and free forms, providing
appearance, creating a unique form, a monolithic building. During the construction of the wind power plant
in Orliv with a capacity of 100 MW, during the construction of monolithic foundations of wind turbines,
ready-mixed concrete modified with a polycarboxylate superplasticizer based on a modified acrylic
polymer was used.

Portland limestone cement CEM II/A-LL 42.5 R of PJSC “Ivano-Frankivskcement” was used as a
binder. Ready-mixed concrete was characterized by the following indicators: the grade of the slump classes —
S4-S5, air content — 2.8-3.0 %. For fast-setting ready-mixed concrete of strength class C35/45, the frost
resistance grade reached F300, the water resistance class — W12—W14. The problem of ensuring the manu-
facturability of concrete mixtures (preservation of workability for 3 h, water separation less than 0.2 %)
and the rapid strength development of concrete (strength ratio f.,../fems = 0.51) was solved.

As a result, the production of high-tech concrete mixtures based on Portland limestone cement
allows to obtain high-quality fast-setting concrete for monolithic construction, which are characterized by
improved construction and technical properties.
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Fig. 3. Construction of monolithic foundations of wind turbines during the construction
of the wind power plant in Orliv using ready-mixed concrete modified with polycarboxylate superplasticizers

Conclusions

Polycarboxylate superplasticizers based on modified acrylic polymers provide the necessary
workability of the concrete mixture over time, supply and placement of ready-mixed concrete, combined
with high quality and excellent consistency. Ready-mixed concrete based on CEM II/A-LL 42.5 R,
modified PCE 3 and PCE 4 are characterized by delayed loss of workability — 200 min, compressive
strength classes C40/50 and C45/55 and a rapid increase in strength (f..»/foms = 0.54). Due to the
polycarboxylate superplasticizers of the new generation, which improve the plasticization, it is possible to
control the compositions for a wide range and type of cements and applications. This will ensure maximum
operational reliability of buildings and structures.
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VY cTarTi mpoaHani3oBaHO JOCBiA BUKOPHCTaHHS MOPTJIAHALIEMEHTY 13 BamHAKOM 1 MoaudikaTopiB mix
Yac BUTOTOBJICHHS BaXKux OeToHiB. JlaHi cBigyats, 1o 3acrocyBanus CEM II/A-LL 42,5 R 3a6e3nedye 30i1b-
IICHHS paHHBOI MIIHOCTI OeToHy. [loka3zaHo, IO AJIsI MOKPAINECHHS TEXHOJIOTIYHUX 1 OyHiBeIBbHO-TEXHITHUX
BJIACTHUBOCTEH OCTOHY BUpIMIAIbHE 3HAUCHHS MaOTh MMOJIIKapOOKCUIIaTHI cynepriactudikaropu. BussieHo, 1o
HaifepexktuBHiuMu PCE s 36epeskeHHsT pyXJIUBOCTI OETOHHOI CyMIIlN B 4aci Ta JOCSTHEHHSA HEOOXiTHOTO
KJIacy MIIHOCTI OCTOHY € TONiKapOOKCHIIATHI CyIepIuiacTU(IKaTOpu Ha OCHOBI MOIM(IKOBAHMX aKPIIOBHX
nosriMepiB. BeranosineHo, mo B pasi BBegeHHs: PCE Ha ocHOBI Mo iKOBaHMX aKpHIIOBHX ITOJIIMEpiB 3abe3Ie-
4yeThCsl ICTOTHUN BojopenykyBaibHuii edext (AB/L] = 38 %) i3 moCArHEHHSM BUCOKOI PaHHBOI Ta MPOEKTHOT
MinHOCcTeH 6etony. ITokazaHo, o MoaM(iKOBaHUH TOBApPHUI OETOH XapaKTEPU3YETHCS OKPALIEHUMHU TEXHO-
JIOTIYHMMH Ta MIIIHICHIMH ITOKa3HUKaMH: KJIAC 332 OCaJKOI0 KOHyca S4, BMicT HoBiTps — 2,8 %, 30epexeHHs
pyxsmBocTi B yaci — 200 XB, IBUKE HAPOCTAHHS MIITHOCTI — fopo/fems = 0,54, Kitac MinHOCTI Ha ctuck C45/55.
Bcranoeneno, mo PCE Ha ocHOBI MOAM(iKOBaHUX aKPUJIOBHX MOJIMEPIB ICTOTHO 3MEHIIYIOTh KUIbKICTh BOAX
3aMiIlyBaHHS 3 OJIepKaHHAM JIUTOI CyMIIli TOBApHOTO OETOHY, IO YMOXKJIMBIIIOE TPAHCIIOPTYBAHHS HA TPHBAII
BifactaHi. ToBapHi O€TOHM Ha OCHOBI MOPTIAHAIEMEHTY 3 BAaITHAKOM Ta i3 HMOMIKapOOKCHIATHUMHU CyIepIuiac-
TU(iKaToOpaMu Ha OCHOBI MOJM(IKOBaHHX aKPUIIOBUX IOJIMEPIB 3aCTOCOBAHO Uil OETOHYBaHHS MOHOJITHHX
¢dbyHnameHTiB BiTpoTypOiH mix yac OyniBHHITBa OpriBcbkoi BEC i3 3a6e3neuennsM 3MeHmenHs BUkuais CO,
Ha 400 THC. T/piK.

KurouoBi ciioBa: ToBapHuii 6eTOH; MOPTJIAHIIEMEHT 3 BaIHAKOM; MOJiKAPOOKCHIATHUH cymep-
njactudikarop; pyxauBicTb; MillHicCTh Ha CTHCK.



