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Abstract. Application of polycarboxylate-based superplasticizers can contribute to the increase of
concrete early strength. It makes possible to obtain the concrete of the required strength after heat-
steaming treatment with decreasing the isothermal temperature and the Portland cement quantity
compared to the concrete without admixtures. Reducing of water-cement ratio and lack of accelerated
high-temperature of heat-steaming treatment raises the durability of precast concrete. The use of low
heat-steaming treatment must not lead to an increase of the duration of treatment and reduction of
productivity of plant with double turnover of moulds per day. It is necessary to take into account the
compatibility of Portland cement and polycarboxylate-based superplasticizers to obtain the high concrete
strength after heat-steaming treatment. The problem of the compatibility of Portland cement and
polycarboxylate-based superplasticizers in precast concrete production contains the following items: the
influence of chemical and mineralogical compositions of Portland cement on the water-reducing effect of
polycarboxylate-based superplasticizers, on the retention of workability of fresh concrete as well as on
the growth of early concrete strength. Most of the published papers contain the results received when
investigating the cement paste. However, the effect of polycarboxylate-based superplasticizers in stiff
fresh concrete has not yet been fully investigated. The optimal dosages of polycarboxylate-based
superplasticizers, requirements to the granulometric and chemical-mineralogical compositions of Portland
cements with the purpose of reducing the cement consumption and providing the required concrete
strength after the heat-steaming treatment at 40 °C have been defined.

AHHoTauuA. NpumMeHeHre nonukapboKcUMnaTHBIX CynepnracTMUKaTopoB NO3BONSAET Monyyartb
BbICOKOMPOYHbIN BETOH M MOXET CnocoOCTBOBaTb MOBLILEHWIO paHHEN MpoYHOCTU OeToHa. OTo gaet
BO3MOXHOCTb Mony4aTb 6eTOH ¢ TpebyeMon NPOYHOCTLIO MOCNe TennoBraXxHoCcTHON obpaboTkm (TBO)
MPW CHUXKEHMN TeMnepaTypbl N30TEPMUYECKON BbIOEPXKKN U pacxoda NopTraHgUueMeEHTa MO CPABHEHUIO C
6eToHom 6e3 pobaBok. lMpu 3TOM HEOOXOAMMO Yy4MTbIBaTb COBMECTUMOCTb MOPTNaHALEMEHTa WU
nonvkapbokcunatHoro cynepnnactucgpukatopa. B obnactu npoussogctBa cbopHoro 6GeToHa u
ene3obeToHa nof BOMPOCOM COBMECTUMOCTM NOPTHAHALEMEHTOB C cynepnnactudukatopamm cnegyet
NMOHUMAaTb BIMSIHAE XUMWKO-MUHEPArorMyeckoro cocrtaBa nopThnaHguemMeHTa Ha Boaopegyuupyollee
aenictene gobaBok, NCKITYeHne BLICTPON NoTepu NOABMKHOCTU BETOHHOW CMECH, MOYacoBYI0 KMHETUKY
Habopa paHHel NpoYHOCTM GeToHa C cynepnnactudgukaTopom. bonbwasi yactb paboT oTpaxaeT
pes3ynbTaThbl, NOMyYeHHblE Ha UeMeHTHOM TecTe. OgHAKO 3TV BOMPOCHI HE UCCMEAOBaHbl ANIA XXECTKMX
OGETOHHBIX CMecel. YCTaHOBMEeHbl ONTUMarbHble pacxodbl cynepnnactudukaTopos, TpeboBaHusa K
rpaHyrnoMeTpUYecKOMY U XUMUKO-MUHEPANOrMYECKOMY COCTaBYy NMOPTNaHOUEMEHTOB C LIENbI0 CHUXKEHMS
pacxofa uemMeHTa u obecnedeHunss Tpebyemown npoyHocTn 6eToHoB nocne TBO npogomkuTensHocTbio 12
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yacoB Npu Temnepartype nsortepmmyeckon eoigepxkn 40 °C. MNonyyeHbl 3aBUCMMOCTN NPOYHOCTM OeToHa
nocne TBO oT pacxoga noptrnaHguemMeHTa u nonmkapboKkcnnaTHeIX CynepnnacTtuukaTopos.

Introduction

Application of polycarboxylate-based superplasticizers can contribute to the increase of concrete
early strength. It makes possible to obtain the concrete of the required strength after heat-steaming
treatment with decreasing the isothermal temperature and the Portland cement quantity compared to the
concrete without admixtures. Steaming at high temperatures reduces a number of technical
characteristics of concrete such as strength at age of 28 days and frost resistance [1]. Reducing of water-
cement ratio and the lack of accelerated high-temperature of heat-steaming treatment raises durability of
precast concrete due to the improvement of the concrete structure [2—6]. The use of low heat-steaming
treatment must not lead to an increase of the duration of treatment and reduction of productivity of plant.

It is necessary to take into account the incompatibility of Portland cement and polycarboxylate-
based superplasticizers to obtain the high concrete strength after heat-steaming treatment. Such
concrete should provide the required transfer strength (strength at the moment of release tension bars) in
a relatively short time 10-12 hours. For example, with double turnover moulds per day at the plant the
concrete strength of class B40 should be not less than 35 MPa at the age of 10-12 hours and 44 MPa —
for concrete strength of class B50.

Considering the problem of the incompatibility of Portland cement and polycarboxylate-based
superplasticizers in precast concrete production it is necessary to take into account the influence of
chemical and mineralogical compositions of Portland cement on the water-reducing effect of
polycarboxylate-based superplasticizers, on the retention of workability of fresh concrete as well as on
the growth of early concrete strength.

Considerable decrease of water quantity in fresh concrete mixes of equal workability by means of
introducting small dosages of polycarboxylate-based superplasticizer accelerates the Portland cement
hydration. On the other hand, the increased dosages of polycarboxylate-based superplasticizer slow
down the Portland cement hydration in spite of their high water-reducing effect.

The authors [7, 8] highlight the role of a soluble alkali and CsA in the retention of workability of
fresh cement paste.

The papers published on incompatibility theme can be classified into the following subjects
depending on the factor studied: chemical and mineralogical compositions of Portland cement (quantity of
CsA, Naz0equiv, SO3) and its fineness [9-10]; fineness and quantity of mineral fillers [11-15]; quantity of
admixture [12, 16]; chemical base of admixture, structure of its molecule [17], speed of polycarboxylate-
based superplasticizer adsorption on the cement particles being hydrated [18-23].

The mineral additions in Portland cement impact rheology of cement paste and affect the
interaction between superplasticizers and cements. The results of paper [11] show that cement-
superplasticizers compatibility is altered by the physical (specific surface) and chemical (surface charge)
characteristics of the mineral additions (limestone, fly ash and silica fume). In paper [14] it has
investigated the incompatibility of Blended cement and polycarboxylate-based superplasticizers in range
from 0.7 to 1.2 %. The delay of admixtures on cement hydration intensifies with rising PCE dosage. This
admixture-mediated retarding effect was also observed to vary depending on the nature of the addition,
and was most intense in slag-blended cement.

Most of the published papers contain the results received when investigating the cement paste.
However, the effect of polycarboxylate-based superplasticizer in stiff fresh concrete has not yet been fully
investigated. It is necessary to specify to what changes in admixture dosage or water quantity as well as
in concrete strength development the changing Portland cement properties can lead to. The results of the
research can be used in the production of precast prestressed reinforced concrete with polycarboxylate-
based superplasticizers on the existing technological lines of plants with double turnover of moulds per
24 hours.

Materials and methods of research

For research it was selected the domestic Portland cements PC500-DO-N of six manufacturers
corresponding to Russian Standard GOST 30515-97 “Cements. General technical conditions” and
CEM | 42.5N from two factories corresponding to Russian Standard GOST 31108-2003 “Cements.
Technical conditions”. Chemical and mineralogical compositions of Portland cements are presented in
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Tables 1 and 2. Most of Portland cements had the content of CsS within 60 % and the content of C3A —
6—9 %. Such Portland cements are the most effective in the precast concrete production under conditions
of heat-steaming treatment at temperature 80 °C. As polycarboxylate-based superplasticizers it was
selected those, which due to their certain molecule structure are able to increase the concrete early
strength. These are: Glenium ACE 430, Sika Viscocrete 20 Gold. The sand and crushed stone
aggregates were according to Russian Standards GOST 8736-93 and GOST 8267-93. The control
sample was prepared from the concrete mix (Portland cement 470 kg/m?) used in the production of
precast prestressed reinforced concrete with the double turnover of moulds every 24 hours and heat-
steaming treatment at the isothermal temperature of 80 °C. The workability of fresh concrete was 18-20
seconds.

Table 1. Chemical compositions of Portland cements

K20 | Na20
Noof | coment | cao | SiO2 | Al:Os | Fe20s | Mgo | SOs | 2 201 Na0 | Ca0 || )
sample eqv cB
CEM|

1 oMy | 6380 | 2120 | 490 | 390 | 100 | 280 060 | 013 | 052 | 030 | 1.10
2| PSS90 1 63.90 | 21.00 | 488 | 412 | 092 |277| 058 | 0.17 | 055 | 0.25 | 100
8 M. | 8620 | 2160 | 577 | 412 | 1.00 | 250 | 057 | 030 | 068 | - | 106
4 e | e5.97 | 21.41 | 567 | 512 | 080 |257| 068 | 031 | 076 | - | 0.86
5 PO | 6379 | 2126 | 367 | 354 | 175 |276| 059 | 076 | 115 | - | 117
6 e | 6574 | 2150 | 496 | 532 | 132 |260| 057 | 032 | 069 | 007 | 033
! PE00- | 63.56 | 2056 | 521 | 413 | 141 |282| 065 | 036 | 079 | - | 0.4
8 PE00- | 61,90 | 19.70 | 492 | 330 | 390 [312| 067 | 071 | 15 | - .

The following methods were used: analysis of the particle size distribution (the laser particle size
distribution analyzer — MicroSizer 201), termokinetic analysis (Calvet-type calorimeter), scanning electron
microscopy (Suprab5VP-3249 Zeiss). The kinetics of the plastic strength growth of the cement paste was
investigated using a cone plastometer following the methodology of academician P.A. Rebinder [24]. The
tests were conducted at intervals of cone immersing, equal to 30 minutes. As the criterion were used the
value of the plastic strength in MPa, which was determined from the expression:

F-g

P =K.
m

100000 -h
where F — the load in g;

h — depth of cone immersion incm, h =1 cm;

K — coefficient depending on the angle of the cone at the top, at 45° K = 0.656.

The results of defining the plastic strength are expressed graphically in the form of plastograms, on
which one can distinguish specific periods: the initial period (induction period) and that of rapid growth
plastic strength.
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Table 2. Mineralogical compositions of Portland cements

S':%g{e CsS C2S CsA C4AF
1 63.0 14.7 6.5 13.0
2 63.1 14.6 6.3 135
3 64.4 14.3 9.9 11.0
4 59.1 17.0 6.2 15.5
5 66.4 14.6 42 10.7
6 63.9 13.0 41 16.0
7 65.0 9.4 6.4 12.4
8 62.1 10.4 6.9 11.3

Results and discussion

Comparison of particle size distribution of the selected Portland cements showed that there are
fewer particles having the grains size less than 2, 3, 5 and 10 um in Portland cements No. 1, 2, 3, 4 than
in the other Portland cements (Table 3).

Table 3. The particle size distribution of Portland cements

No CopepxaHue 3epeH pasMepom MeHee, %
of 2 3 5 10 16 32
sample MKM MKM MKM MKM MKM MKM
1 7.2 9.9 15.9 25.7 37.8 59.6
2 6.3 8.6 14.1 23.7 48.8 68.9
3 9.7 13.6 20.2 33.8 44,2 71.6
4 9.0 12.5 19.8 36.7 47.1 72.6
5 14.8 20.8 28.7 42.9 51.3 70.7
6 11.6 16.6 23.7 38.6 49.2 75.2
7 6.6 11.5 24.0 38.9 45.8 71.0
8 13.9 19.7 27.4 42.2 51.8 73.8

Setting time can be estimated on cement pastes through the Vicat needle method. A recent study
[25, 26] suggested improving the Vicat test by using a static method that allows monitoring of the
evolution of the setting starting immediately from the mixing time. Based on ultrasound techniques, a new
testing device is suggested to analyze setting and hardening of concrete materials. In this paper the cone
plastometer of academician P.A. Rebinder are proposed. This method allows also monitoring of the
evolution of the setting starting immediately from the mixing time [27].

By comparing the kinetics of the plastic strength development it was found out that Portland
cements, which have a shorter initial period (induction period) of hardening and more intensive plastic
strength development in the second period of hardening, contained the increased number of grains of
size less than 10 um, which was 36—42 % (Figure 1). The application of such Portland cements allows
reducing the duration of curing before heat-steaming treatment of concrete.
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Figure 1. Influence of Portland cements on plastic
strength development cement paste of equal fluidity

It was stated that the required strength of concrete of class B40 (34.9 MPa) after the heat-steaming
treatment duration of 12 hours at isothermal temperature of 40 °C, can be obtained on Portland cements
with the content of grains of size less than 3 pm within 17-21 % (Figure 2).
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Figure 2. Concrete strength after the heat-steaming treatment
duration of 12 hours at isothermal temperature of 40 °C

However, not always the high value of early concrete strength on Portland cements, containing the
defined number of fine particles is a characteristic that guarantees the high early strength of concrete on
these Portland cements with polycarboxylate-based superplasticizers.

The water-reducing effect of polycarboxylate-based superplasticizers depends on the chemical and
mineralogical compositions of cement (Figures 3—4). It is established that the increasing of Cs3A in
Portland cement results in the decreasing of the water-reducing effect of polycarboxylate-based
superplasticizers. This was also confirmed in fresh concrete mixes of equal workability when comparing
the water-reducing effect of Sika Viscocrete 20 Gold and Glenium ACE 430 (Figure 5). The content of
SOs3 and alkaline metals in Portland cement No. 1, 2, 3 was almost the same, so their influence on the
plasticizing action of admixtures can be neglected. Reduction of water consumption within the limits of
16 % was received in concrete mixtures on Portland cement containing CsA about 6.5 % with the
introduction of 0.4 % of polycarboxylate-based superplasticizers and 0.8 % of polycarboxylate-based
superplasticizers — on Portland cement containing CsA about 9.9 %. With the increase of dosage of
polycarboxylate-based superplasticizers the difference between their water-reducing effects in fresh
concrete on these Portland cements is decreased.
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Figure 3. The water-reducing effect of
Glenium ACE 430 depending on cement
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Figure 5. The water-reducing effect of polycarboxylate-based superplasticizers
in the stiff fresh concrete mixes depending on cement

In fresh concrete containing polycarboxylate-based superplasticizers and Portland cements with a
high content of alkali metals in 8-15 minutes from the moment of water addition there was observed the
rapid loss of workability. This agrees with the data obtained by calorimetric measurements on cement
pastes with polycarboxylate-based superplasticizers (Figures 6—9). The influence of alkali metal content
in cement on the value of first peak of heat flow curve was shown. In the cement paste on Portland
cement No. 2 (Na2Oequiv = 0.55) the first peak appears in 3-5 minutes, i.e. actually in the period of
preparation of fresh concrete mix. When increasing the alkali metal content in cement to Na2Oequiv= 1.15
the first peak appears in 8—-12 minutes. According to G. Verbek [28] the value of heat flow is proportional
to the number of hydrate phases, therefore, in case of Portland cements with high content of alkali metals
there occurs the intensive growth of hydrate phases and the fast loss of workability of fresh concrete mix.
The second peak of heat flow curve was noted on Portland cements No.5 and 8 earlier than on the
others, which agrees with the data of more high strength concrete on these cements at the age of
12 hours.
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Figure 8. Heat rate of Portland cements Figure 9. Cumulative heat of Portland cements
with Sika Viscocrete 20 Gold 0.4 % with Sika Viscocrete 20 Gold 0.4 %
during 25 hours of hydration during 25 hours of hydration

In order to avoid the loss of workability of fresh concrete with polycarboxylate-based
superplasticizers on Portland cements, containing increased quantity of alkaline metals, it is necessary to
add the mixing water in two stages. The polycarboxylate-based superplasticizers should be added with
the second part of mixing water or it is necessary to increase the duration of mixing up to 1-2 minutes.
In the absence of the possibility of adding the mixing water in the two stages it is necessary to increase
the total quantity of the mixing water up to 5-7 %. However, the increase of mixing water leads to the
reducing the early concrete strength and does not allow to receive the significant saving of Portland
cement.

According to the results of studies of eight Portland cements it turned out that to ensure the high
water-reducing effect of polycarboxylate-based superplasticizers and to eliminate the rapid loss of
workability of fresh concrete, the recommended content of the CsA, SOz, NazOequiv in Portland cements
should be within 4.0-7.0 %; 2.57-2.82 %; 0.52—0.79 % respectively.

When comparing the effectiveness of admixtures such as Sika Viscocrete 20 Gold and
Glenium ACE 430 in the studied Portland cements in order to ensure the necessary strength of concrete
(class B40) after the heat-steaming treatment at the isothermal temperature of 40 °C and the duration of
12 hours, it was established that the maximum reduction of Portland cement consumption can be
obtained with the Portland cement, with the content of cement grains of size less than 3 um with 17 %
and content of C3A, SO3, Na2Oequiv Within the limits mentioned above (Figure 10).
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Figure 10. Saving of Portland cement after the heat-steaming treatment
at 40 °C and the duration of 12 hours
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The dependences of concrete strength after the heat-steaming treatment at temperature 40 °C and
the duration of 12 hours on the Portland cement consumption and admixture dosage were obtained.
Regression equations were calculated, which allows to choose the concrete compositions depending on
the required concrete strength at the age of 12 hours. Variable factors were: admixture dosage — X1 (%)
and Portland cement consumption — X2 (kg). The regression equations, obtained as a result of statistical
data processing are the following:

1. R =38.837 + 3.158X1 + 13.1X2 + 0.303X12 + 6.428X22— 2.150X1X2,
where X1 — dosage of Sika 20 Gold.

2. R=40.676 + 0.713X1 + 3.970X2 — 3.098X12? — 2.048X22 - 2.070X1X2,
where X1 — dosage of Glenium ACE 430.
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Figure 11. The dependence of concrete strength after the heat-steaming treatment at 40 °C
and the duration of 12 hours on the cement consumption and admixture dosage

Checking adequacy according to the criterion of the Fisher in the level of reliability of 0.95 showed
the suitability of mathematical models for the description of the investigated dependencies. In Figures 11
and 12 one can see the graphical representation of mathematical models. The use of admixtures in
optimal quantity: Sika Viscocrete 20 Gold of 0.38 %, Glenium ACE 430 — 0.4 % made it possible to
reduce Portland cement consumption by 15 % and the isothermal temperature of heat-steaming
treatment from 80 °C to 40 °C. The concrete strength of samples with admixtures at the age of 28 and
360 days was actually equal to the samples without admixtures.
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Figure 12. The dependence of concrete strength after the heat-steaming treatment at 40 °C
and the duration of 12 hours on the cement consumption and admixture dosage
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When comparing the shape and size of C-S-H phases by means of scanning electron microscopy
it could be seen that the samples of the cement stone at the age of 12 hours with the admixture of Sika
Viscocrete 20 Gold (0.4 %) are much finer and the structure of C-S-H phases is much denser
(Figures 13-14), which increases the number of contacts between C-S-H phases and helps to increase
the strength of cement stone.

Figure 13. The structure of C-S-H phases Figure 14. The structure of C-S-H phases
in sample without admixture after in sample with admixture after
the heat-steaming treatment at 40 °C and the heat-steaming treatment at 40 °C
the duration of 12 hours and the duration of 12 hours

The C-S-H that forms in the hydration of Portland cement has variable stoichiometry depending
on the water to cement ratio, curing conditions and use of supplementary cementitious materials [29, 30].
According [31] there are two types of C—S—H in hydrated Portland cement: low density and high density.
The low-density C—S—H phase has a mean stiffness of about 22 GPa while the mean stiffness is about
29 GPa for high-density C—S—H.

Conclusions

1. The results of the research can be used in the production of precast prestressed reinforced
concrete with polycarboxylate-based superplasticizers on the existing technological lines of plants with
double turnover of moulds per day. The influence of chemical and mineralogical compositions of Portland
cements should be taken into account to ensure the high water-reducing effect of these admixtures with
their small dosage.

2. The optimal dosages of polycarboxylate-based superplasticizers, requirements to the
granulometric and chemical-mineralogical compositions of Portland cements with the purpose of reducing
the cement consumption and providing the required concrete strength after the heat-steaming treatment
at 40 °C have been defined.

3. According to the results of studies of eight Portland cements it turned out that to ensure the
high water-reducing effect of polycarboxylate-based superplasticizers and to eliminate the rapid loss of
workability of fresh concrete, the recommended content of the CsA, SOs, NazOequiv in Portland cements
should be within 4.0-7.0 %; 2.57-2.82 %; 0.52—0.79 % respectively.

4. It was stated that the required strength of concrete of class B40 (34.9 MPa) after the heat-
steaming treatment duration of 12 hours at isothermal temperature of 40 °C, can be obtained on Portland
cements with the content of grains of size less than 3 um within 17-21 %.

5. The use of admixtures in quantity: Sika Viscocrete 20 Gold of 0.38 %, Glenium ACE 430 —
0.4 % made it possible to reduce Portland cement consumption by 15 % and the isothermal temperature
of heat-steaming treatment from 80 °C to 40 °C with providing the required concrete strength after the
heat-steaming treatment.
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