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Abstract. More and more roads with hard cement concrete pavements are built in developed
countries, including Ukraine. The production of almost all types of concrete involves the use of
plasticisers. Today, polycarboxylate additives are the most effective plasticisers. However, the
effect of water-reducing modifiers depends on the formulation and technological characteristics of a
concrete. In the construction of hard pavements, concrete mixes with relatively low mobility are
used, in which it is necessary to determine the effectiveness of various plasticisers, taking into
account the type of cement. Accordingly, the purpose of the study is to establish how the strength of
concrete pavements is determined by different types of plasticisers.

The strength of concretes with four different plasticisers was compared. The plasticisers
considered were: Polyplast SP-1 (based on a mixture of sodium salts and polyethylene of phthalate
sulphuric acids); Coral ExpertSuid-5 (based on carboxylic acid polymers and esters), Coral
MasterSilk (based on lignosulphonates), and Sika® Plastiment®-1230 (produced on the basis of
lignosulphonates). These were added in two dosages — 0.8 and 1.2% by weight of cement. The
cement used was PC IlI/A-Sh-500 R-H in the amount of 350 kg/m3, the crushed stone was as fine as
5-20 mm, and the washed quartz sand had the fineness modulus 2.4.

The mobility of all concrete mixes was S1 and depended on the composition of the concrete.
It has been found that the use of Coral ExpertSuid-5 can reduce the water/cement ratio most
significantly. The use of Coral MasterSilk reduces the water/cement ratio to a slightly lesser extent.
SP-1 and Sika® Plastiment®-1230 have approximately the same, and the lowest, effectiveness in
reducing the water demand of the mixture.

At the design age, the highest strength (55.9-57.5 MPa) was observed in concrete pavements
modified with Coral ExpertSuid-5 and Sika® Plastiment®-1230 plasticisers. At the age of 3 days,
concretes with the Coral ExpertSuid-5 additive have the highest strength. An increase in the dosage
of these two plasticisers from 0.8% to 1.2% increases the early strength of concrete, but does not
change the strength at the design age. The strength of the concrete modified with the Polyplast SP-1
and Coral MasterSilk additives was lower at the early and design ages. That is, taking into account
the use of mixtures of low mobility and cement PC IlI/A-S-500 R-H, the effectiveness of the
additive based on carboxylic acid polymers in increasing the strength of concrete at the design age
is approximately equal to that of the lignosulphonate-based additive.
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Introduction. Roads with rigid cement concrete pavements are widely used in developed
countries. In recent years, the share of roads with cement concrete pavements has also increased
significantly in Ukraine, due to their technical advantages. The main ones are their high durability,
resistance to formation of corrugations and ruts, and low dependence of their performance on the
ambient temperature. An important economic advantage of hard-surfaced roads for Ukraine is that
the production of cement concrete does not use bitumen, which otherwise must be exported.
Accordingly, in the process of post-war reconstruction of the country, the construction of cement
concrete roads will also be highly practical economically.
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In recent decades, plasticisers of one kind or another have been used to produce almost all
types of concrete. At the current stage of development of the construction industry, polycarboxylate
superplasticisers are the most effective, especially in the manufacture of concrete mixes with high
mobility. However, it is concrete mixes with relatively low mobility that are used in the
construction of rigid concrete pavements. Besides, new plasticisers and complex additives never
stop appearing on the domestic market. Therefore, selecting rational superplasticisers for hard
pavement concretes is a topical task. To solve it, one should also take into account the type of
cement used.

Analysis of research and publications. Cement concrete can effectively distribute the
stresses that loading produces on the road base, and withstands repeated loading better than asphalt
concrete does. So, rigid pavements prove the most effective with high traffic intensity [1].

It is economically practical to use rigid pavements, primarily because roads with such
pavements are two or more times as durable as those with asphalt concrete pavements [2].

Due to its lighter colour, cement concrete has better surface visibility, which increases traffic
safety in the dark. Also, the properties of hard pavements hardly change with fluctuations in the
ambient temperature [3].

When laying rigid pavements, a project must specify the requirements for concrete, primarily
the tensile strength class, compressive strength class, and frost resistance. DBN B.2.3-4:2015
specifies, depending on the road category, the minimum design class of concrete for cement
concrete pavements [4].

Today, virtually all concrete is produced using plasticising additives (most often
superplasticisers), because it is necessary to ensure the specified strength and frost resistance of the
material while minimising production costs [5]. The most effective superplasticisers on the market
are polycarboxylate additives [6-9]. For example, the study [6] shows that the use of
polycarboxylates doubled the strength of concrete, as compared with unmodified concrete, and
amounted to more than 60 MPa. When lignosulphonate superplasticisers were used, the strength
was more than 45 MPa, and with naphthalene sulphomaldehyde superplasticisers, it was about
40 MPa. In the paper [9], it is shown that cement stone with a polycarboxylate additive has a higher
compressive strength than cement stone containing naphthalene-based superplasticisers. However,
the effect of water-reducing modifiers depends on the formulation and technological characteristics
of the concrete. Particular attention should be paid to the compatibility of the type of cement and the
superplasticiser [10]. For example, it is known that polycarboxylate-based plasticisers have better
water reduction in high-mobility concrete mixes. So, when using low-mobility or stiff mixes, the
effectiveness of plasticisers must be additionally determined.

When using a slipform paver for pavement construction, which is the most common
technology, in accordance with the requirements of DBN B.2.3-4:2015 [4], the concrete mix should
have a cone slump of 1 to 5 cm, depending on the speed of the paver. That is, the mixtures have low
mobility, and determining the effectiveness of plasticisers of various types in these mixtures is a
task of current importance. The optimal consumption of plasticiser can only be determined in the
laboratory, taking into account the characteristics of the aggregates and cement used [5].

The purpose of the study is to establish how plasticisers of different types determine the
strength of concrete in rigid pavements.

Materials and methods. The experiment compared the strength of concrete with four
different plasticisers available on the domestic market:

— Polyplast SP-1 (company Polyplast, Novomoskovsk). The additive is made on the basis of a
mixture of sodium salts of polyethylene of phthalate sulphonic acids of different molecular weights;

— Coral ExpertSuid-5 (company Coral, Zaporizhzhia). It is produced on the basis of polymers
of carboxylic acids and esters [11];

— Coral MasterSilk (company Coral, Zaporizhzhia). It is produced on the basis of
lignosulphonates [12];

—Sika® Plastiment®-1230 (Sika, Switzerland). Is also produced on the basis of
lignosulphonates [13].
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The cement used was PC Il/A-Sh-500 R-H manufactured by Dickerhoff Cement Ukraine. The
amount of cement in all concretes was 350 kg/m®. Crushed stone as fine as 5-20 mm and washed
quartz sand with the fineness modulus 2.4 were also used.

All additives were introduced in two dosages — 0.8 and 1.2% by weight of cement. Thus, 8
concrete compositions were investigated (Table 1). The workability of all concrete mixes was S1
with a cone slump of 2 to 3 cm. This meets the requirements of DBN B.2.3-4:2015 Highways,
according to which, as shown above, the mobility of concrete mixes for pavement construction
should be 1 to 5 cm [4]. The equal mobility was achieved by selecting the amount of water, along
with a corresponding adjustment of the concrete composition.

Table 1 — Compositions of the concretes analysed

" Concrete composition (k/m°)
g E _ Additive 5
Z S Portland Crushed Sand _ 2
cement stone type quantity =
la 766 2.8 (0.8%) 145
SP-1
1b 770 4.2 (1.2%) 140
2a 779 2.8 (0.8%) 128
Coral ExpertSuid-5
2b 780 4.2 (1.2%) 127
350 1205
3a 770 2.8 (0.8%) 139
Coral Master Silk
3b 774 4.2 (1.2%) 134
4a 766 ISika® Plastiment®-| 28 (0.8%) 145
4b 765 1230 42(12%) | 146

Research results. Since the mobility of all the concrete mixes studied was equal, the amount
of water in them and, accordingly, the water/cement ratio depended on the composition, i.e., based
on the experimental conditions, on the type and amount of a plasticising additive (Table 2).

The data in Table 2 have allowed building the diagram shown in Fig. 1. It visualises the effect
of plasticisers on the water/cement ratio of the concrete mixes.

Table 2 — Water/cement ratio of concrete mixes and compressive strength of the concretes analysed

Compressive strength, MPa
Points Additive wi/C atthe age of 3 | at the age of
days 28 days
la SP-1 (0,8%) 0,414 13,5 la
1b SP-1 (1,2%) 0,400 14,5 1b
2a Coral ExpertSuid-5 (0,8%) 0,366 16,9 2a
2b Coral ExpertSuid-5 (1,2%) 0,363 17,6 2b
3a Coral MasterSilk (0,8%) 0,397 13,7 3a
3b Coral MasterSilk (1,2%) 0,383 14,7 3b
4a Sika® Plastiment®-1230 (0,8%) 0,414 12,8 4a
4b Sika® Plastiment®-1230 (1,2%) 0,417 13,6 4b
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As can be seen from the diagram in Fig. 1, the water/cement ratio of a mix of the equal
mobility S1 is most reduced when using the polycarboxylate additive Coral ExpertSuid-5. The use
of the Coral MasterSilk additive reduces the water/cement ratio to a slightly lesser extent. The
additives SP-1 and Sika® Plastiment®-1230 are about equally effective in reducing the water
consumption of the mix, but are the least effective of the plasticisers considered in the study.

wiC4
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>

0,301

0,251

0,20-
0,8% 1,2% 0.8% 1.2% 0.8% 1.2% 0,8% 1,2%

CII-1 Coral ExpertSuid-5  Coral Master Silk Sika Plastiment®-1230
Fig. 1. Effect of the type and amount of a plasticiser on the water/cement ratio of concrete mixes

With an increase in the dosage of the plasticisers SP-1, Coral ExpertSuid-5, and Coral
MasterSilk from 0.8% to 1.2% by weight of cement, the water/cement ratio of the mixtures
decreases still more. However, when using the lignosulphonate-based additive Sika® Plastiment®-
1230, changing its dosage from 0.8% to 1.2% does not affect the water/cement ratio of a mixture.

The compressive strength of concrete was tested at the age of 3 and 28 days (Table 2). The
diagrams based on the data in Table 2 and presented in Fig. 2 show how the type and amount of a
plasticiser affect the strength.

Analysis of the data in Table 2 and the diagrams shows that at both the early age and the
design age of 28 days, the highest strength is that of the concretes modified with the additive based
on carboxylic acid polymers Coral ExpertSuid-5. At the age of 3 days, concretes modified with
SP-1 and Coral MasterSilk are about equally strong. Concretes with Sika® Plastiment®-1230,
which are the highest in their water/cement ratio among the tested ones, have the early strength
lower by 0.7-1.1 MPa, as compared with the concretes modified with SP-1 and Coral MasterSilk.

However, at the design age of 28 days, the strength of concretes with Sika®
Plastiment®-1230 is by 2.5-4.7 MPa higher than that of concretes with SP-1 and Coral MasterSilk,
and only by 0.7-1.6 MPa lower than that of concretes modified with Coral ExpertSuid-5.

At the age of 3 days, with an increase in the dosage of all additives from 0.8 to 1.2% by
weight of cement, the strength of concrete increases by 0.7-1 MPa. At the age of 28 days, an
increase in the amount of the additive based on carboxylic acid polymers Coral ExpertSuid-5 results
in no increase in the concrete strength. For other plasticisers, increasing their dosage to 1.2% causes
an increase in the concrete strength by 0.4-2.1 MPa.

This effect of plasticisers on the strength is primarily due to their effect on the water demand
and, accordingly, the water/cement ratio of concrete mixes. Fig. 3 shows diagrams that visualise
how a water/cement ratio of a mix affects the strength of concrete at the age of 3 and 28 days.
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Fig. 2. Effect of the type and amount of a plasticiser on the compressive strength of concretes:
a — at the age of 3 days; b — at the age of 28 days

It is known that the effect of the water/cement ratio on the concrete strength is close to a
linear relationship [5]. Analysis of the diagrams in Fig. 3 shows that the water/cement ratio of a mix
has a more pronounced effect on the strength of concrete at the age of 3 days. The correlation
coefficient r (W/C, fcn3) is 0.94. At the design age, the effect of the water/cement ratio on the
strength is not as obvious, with r (W/C, f.,) = 0.46. This can be explained by the fact that as the age
of concrete increases, its strength is increasingly influenced by the peculiarities of the capillary-
porous structure, as well as by the structure density and total porosity.

Conclusions and prospects for further research. At the design age, the highest strength was
observed in the hard pavement concretes modified with Coral ExpertSuid-5 (based on carboxylic
acid polymers and esters) and Sika® Plastiment®-1230 (based on lignosulphonates). At the early
age, the concretes containing Coral ExpertSuid-5 had the highest strength. An increase in the
dosage of these two plasticisers from 0.8% to 1.2% by weight of cement increased the early strength
of concrete, but did not cause significant changes in the strength at the design age. Thus, taking into
account the use of low mobility mixes typical of hard pavement concretes, as well as PC 11/A-S-500
R-H cement, the effectiveness of the carboxylic acid polymer-based additive is approximately the
same as that of the lignosulphonate-based additive. However, as noted above, this conclusion is
only applicable to the concrete strength at the design age.
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Fig. 3. Effect of the W/C ratio of mixes with equal mobility on the compressive strength of
concretes:

a— at the age of 3 days; b — at the age of 28 days

In the future, it is planned to study how plasticisers of the same type affect the complex of
properties of concretes and fibre-reinforced concretes, in particular their frost resistance and wear
resistance, which are the parameters that determine the durability of rigid pavements. Experimental
design methods will be used in the study.
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AHoTauis. Jloporu 3 >KOPCTKUMH [EMEHTOOSTOHHIUMH TOKPUTTSMHU BCE YacTime OyIyroThes
B PO3BHHEHHX KpaiHax CBiTy, 30kpema B YkpaiHi. [Ipu BHpOOHUIITBI Maiike BCIX THUIIB OETOHIB
BUKOPHUCTOBYIOThCS J00aBKku 1iactudikaropu. Ha cporogni HalOimbil eQEeKTHBHUMHU Cepen
wiactudikaTopiB € go0aBku mojikapOokcuiaatHoro tumy. IIpore BIIUB BOAOPEAYKYHOUHX
MOMU(IKATOPIB  3aJEKUTh B  PEHENTYPHO-TEXHOJOTIYHUX ocobmuBocTei Oertony. Ilpm
BIIAIITYBAaHHI >KOPCTKUX IOKPHUTTIB BUKOPUCTOBYIOTHCS OETOHHI CYyMIllll 3 BiIHOCHO HH3BKOIO
PYXOMICTIO, B IKMX HEOOXiZHO BH3HAYaTH €()EeKTUBHICTH PI3HUX IUIACTH(]IKATOPIB 3 ypaXyBaHHIM
TUITY IEMEHTY. BiAmoBiqHO MeTOI0 poOOTH € BU3HAYEHHS BIUIMBY ILIACTU(IKATOPIB PI3HOTO TUITY
Ha MIIHICTh OETOHIB )KOPCTKUX JOPOXKHIX TTOKPHUTTIB.

[TopiBHsiHO MilHICTh OeToHIB 3 yoTupMa Iiactudikaropamu: Ilomimmact CII-1 (Ha ocHoBi
CyMIIlll HATpieBUX cosied 1 momMeTwneHyTaniHcyabpokucnor), Coral ExpertSuid-5 (Ha ocHOBI
noJiMepiB kapOoHOBUX KUCIOT Ta edipiB), Coral MasterSilk (Ha ocHoBi mirnocynshonariB) i Sika®
Plastiment®-1230 (BupoOIsIIOTbCS Ha OCHOBI JIIFHOCYNb(OHATIB). Yci 100aBKM BBOAWINCSA Y JBOX
nosyBanusx — 0,8 1 1,2% Big macu nementy. BukopucroByBascst nement 1L I/A-III-500 P-H y
KibKOCTI 350 Kr/M>, e6iHb ¢pakuii 5-20 MM 1 MUTHI KBapLIOBH MICOK 3 MOAYJIEM KPYMHOCTI 2,4.

PyxomicTe Bcix OeToHHHMX cywmimieii Oyma piBHOIO S, BIAMOBIIHO 3aieXxana Bil CKIamy
o6etony. Bceranosneno, mo Buxkopuctanns Coral ExpertSuid-5 B/IL] no3Bonsie HaitOuIbII 1CTOTHO
33ty B/I1. 3acrocyBanns Coral Master Silk no3Bosisie 3un3uTH B/ B A€o MeHIIOMY CTyTIEHI.
CII-1 1 Sika® Plastiment®-1230 maroTh npuOIM3HO OJHAKOBY 1 HalMEHIIY €(QEeKTUBHICTb Y
3HWKEHHI BOJIONIOTPEOU CyMiII.

BcranoBneHo, 1110 y npoeKTHOMY Billl HalOuIbIIy MinHICTb (55,9-57,5 MIla) matoTs OeToHM
KOPCTKHUX JIOPOXKHIX MOKPUTTIB, MoaudikoBani riactudikatopamu Coral ExpertSuid-5 1 Sika®
Plastiment®-1230. ¥V Bimi 3-x ai0 HalOuIbIIy MIIHICTE MaroTh OeToHu 3 mob6aBkoio Coral
ExpertSuid-5. 3pocranns no3yBaHHs qaHuX J1BOX Iuiactugikatopi Bix 0,8% mo 1,2% migsuirye
paHHIO MIIHICT OETOHy, aje He BHKJIMKA€E 3MIH MIIHOCTI Y NPOEKTHOMY Bimi. MIilHICTH
MoaudikoBanux nodaBkamu [lomimmact CII-1 1 Coral MasterSilk GeroniB Oyna HIKYOKO Y
paHHbOMY 1 TNpOeKTHOMY Bili. ToOTO 3 ypaxyBaHHSM BHUKOPHUCTAaHHS CyMillled HEBUCOKOI
pyxomocti Ta nementy IIL[ II/A-III-500 P-H edexTuBHICTh y MiJBUIIEHHI MIIHOCTI OETOHY Yy
MIPOEKTHOMY Billl /J00aBKM Ha OCHOBI MOJIMEpPIB KapOOHOBHX KHCIOT € TMPHUOIU3HO PIBHOIO
e(peKTUBHOCTI 100AaBKM HAa OCHOBI JIITHOCY/Ib(OHATIB.

KurouoBi ciioBa: KopcTKe T0pOKHE MOKPUTTS, cynepracTudikaTtop, epeKTUBHICTb, OE€TOH,
MIIHICTb.
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