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Abstract. Trends in the development of modern monolithic housing construction show the
need to increase the viability of the concrete mixture and determine the feasibility of using the
method of «late» introduction of additives («two-step mixing method»), which consists in the
introduction of additives in two stages. At the first stage, to increase the viability of the mixture and
lengthen the injection period of hardening, which is especially important for laying concrete at
elevated temperatures, plasticizer and hardening inhibitor additives are introduced into the concrete
mixture. At the second stage, immediately before laying and compacting the concrete mixture in the
structure, the secondary dosage of additives and the hardening accelerator are introduced into the
concrete mixture. This method allows restoring the mobility of the concrete mixture by adding a
very small amount of water included in the working solution of the additive.

The effect of repeated introduction of additives on the kinetics of plastic strength is analyzed.
The analysis showed, firstly, the possibility of a sharp decrease in structural strength at the time of
introduction of additional additives; secondly, the possibility of lengthening the induction period,
which prolongs the shelf life of the mixture; thirdly, the additional introduction of the accelerator as
part of the “secondary” complex additive allowing accelerating the set of plastic strength of cement
paste, which should positively affect the growth of early concrete strength in the structure.

To test the effect of this additives introducing scheme on early strength and in the later stages
of hardening, special experiments were performed on a 15-point D-optimal plan, in which the
concentrations of superplasticizer, moderator and accelerator were varied. Based on the obtained
models of physical and mechanical properties, the influence of various concentrations of additives
on the early strength of concrete in the structure and in a later period is analyzed. The areas of
optimal concentrations of additives were determined.

The proposed method of working with concrete mixture under conditions of prolonged
transportation and at increased temperatures allows the use of additives of different types and their
combination separately at different stages, depending on the time of year, the organization of
concrete work, the distance to the construction site, taking into account the cost of transportation
and other factors.

Keywords: concrete, mobility, phased method, superplasticizer, moderator, accelerator, strength.

Introduction. In recent decades, concrete production technology has identified a tendency to use
easily blendable mixtures including self-compacting concretes [1, 2]. However, as seen from practical
experience, there exists a risk of mobility loss of concrete mixtures, especially at times of long
transportation and in higher temperatures. Hydrating after transportation causes a decrease in strength
and a deterioration in the performance characteristics of concrete.

Analysis of recent research and publications. The need to increase the strength of the concrete
mixture determines the expedience of using the two-stage mixing method [3]. The mobility retention
time can be extended by dispensing the superplasticizer in portions (Fig. 1). The number of portions
should not be large, as repeated dosing can cause the formation of frail structure and the decrease in
strength of concrete [4].
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Fig. 1. Pattern (a) of gradual dosing of the superplasticizer (ty, t, t3 — initial time of
decrease in effect; I, IT and III — periods of full effect; A and B — the time of introduction
of the next portion) [1], as well as the effect of such dosage [2] (b)

Recurring dosing can be divided into primary portion (the introduction of plasticizer during
the preparation of the mixture) and secondary portion — just before the laying and curing of the
concrete mixture in the structure [1-4].

We have made the assumption that this method can be improved from the standpoint of
solving the above mentioned engineering problem by using different types of additives that are
introduced gradually.

Ensuring the specified parameters of technological mixtures in the conditions of their long
transportation without slowing the curing process is a difficult engineering task in monolithic
construction [1]. This task can be solved by the stagewise introduction of additives. Plasticizing
surfactants, including superplasticizers (SPs), are used to control the technological properties of the
mixture. At the same time, the mixtures modified by these additives are characterized by a fairly
rapid loss of ease of laying. To prevent this phenomenon, the superplasticizer can be added in
portions — one part when preparing concrete mixes at concrete mixing unit, and another at the place
of laying the concrete mixture into the structure (usually, the solution of the additive is poured
directly under the rotating drum of the concrete mixer).

This method allows to restore the mobility of the concrete mixture without adding very little
water included in the working solution of the additive. However, the prepared mobile concrete mixture
cannot quickly gain strength after laying it in the structure due to the slowing effect of the additional
portion of the superplasticizer. As already mentioned, slowing down the curing process does not make
it possible to increase the turnover of the formwork and to perform the transfer of load.

The following hypothesis is stated. Since the introduction of SP leads to a decrease in early
strength [5], to compensate for its loss before laying the mixture in the formwork, it is advisable, at
the time of reintroduction of the superplasticizer, to additionally introduce a curing accelerator,
which can be particularly effective in coordination with the processes of structure formation.

The purpose of this research is to increase the preservation of the concrete mixture and to
regulate the kinetics of curing of concrete in course of the gradual introduction of additives.

Objects and methods of research. Portland cement of type CEM 1 45.2 of brand PC 1-500
produced at the Olshansk plant was used for the preparation of mortars and concrete. The additives used
were the standard C-3 superplasticizer, the Isola VVZ-520 retarder, and the Na,SO, curing accelerator.

The sand of Bilyaev deposit with the size modulus of My = 1.6 was used as a small filler.
Crushed granite stone of fraction 5-10 was gradually introduced into that of fraction 5-20. The
highest value of bulk density of the crushed granite mixture was noted when introducing 40% of
fraction 5-10 into that of large fraction 5-20.

The measurement of plastic strength was carried out on a Rebinder plastometer, the design of
which allows to measure the amount of immersion of the cone in the researched mixture with a
mechanical lift of the table which automatically stops when reaching the specified load by opening
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the contacts of the microswitch. The recording device ConReg 712 produced by GSM-instrument
company was used to measure the temperature of the curing solution.

The quality of the concrete mixture was evaluated according to the methods of the European
Commission on self-compacting concrete. The diameter and time of flow of the cone of the concrete
mixture were determined. The strength characteristics of the researched solutions were studied on the
samples of beams of 40x40x160 mm, which were cured at normal and at higher temperatures.

The search for solutions of engineering problems was performed using the multifactorial
experimental and statistical models calculated on the basis of the results of experiments carried out
under optimal plans.

Research results. We have analyzed the change in time of plastic strength of cement pastes
with the usual and repeated introduction of additives.

Fig. 2 shows the change in the time of plastic strength of cement pastes with the usual (curve
1) and repeated (curve 2) introduction of superplasticizer, as well as with the additional introduction
of the complex additive «superplasticizer + curing accelerator» (curve 3).

L6 -

Fig. 2. Kinetics of plastic strength with the
stagewise introduction of additives:
1 — superplasticier according to the
usual pattern; 2 — 60% of the SP
when preparing the mixture and 40%
of the SP before laying + 1,2% of the
accelerator; 3 — two-stage
introduction of the SP (60% + 40%)
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Naturally, the increase in strength is also influenced by the process of repeated mixing itself, but
the clearly visible difference in kinetics allows us to state the predominant effect of namely additives
rather than that of the mixing process with the introduction of additional portions of additives.

The analysis of the kinetics of plastic strength (Fig. 2) indicates, firstly, the risk of a sheer
decrease in structural strength at the time of introduction of additional additives; secondly, the
possibility of extending the induction period, which extends the time of preserving the mobility of the
mixture; and thirdly, the additional introduction of the accelerator in the composition of the
«secondary» complex additive allows to accelerate the gaining of plastic strength by the cement paste,
which should have a positive impact on the growth of early strength of concrete in construction.

The temperature dependencies (Fig. 3) indicated a change in the rate of hydration of cement
[6] when applying stagewise introduction of additives.

The superplasticizer introduced in conjunction with water is intensively absorbed by the
surface of C3A, C3S, as well as ettringite formed in the first stage as a result of the reaction of C3A
and gypsum [7]. As a result of the formation of new surfaces, the content of the additive decreases
rapidly in the liquid phase, and the exposure of the active centers of the particles that continue to
interact with water leads to the acceleration of the reaction. This is reflected in the increase in the
hydration temperature (curve 1, Fig. 3).

In the case of repeated introduction of superplasticizer, a new amount of additive will appear
in the liquid phase. This will renew its absorption and again cover the active centers of the cement
particles with the surfactant molecules. As a result, the heat dissipation decreases, which indicates
the slowing of the hydration process (curve 3, Fig. 3).
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If we evaluate the effect of the repeated introduction according to the pattern of «initial
deceleration with subsequent acceleration», the greatest effect would be shown in the addition of
40% of the SP with the accelerator in 60 min. (curve 2, Fig. 3), since with the increase of the
induction period, the temperature maximum is reached earlier compared to the introduction of the
superplasticizer in a repeated dose.

Apart from the introduction of the accelerator, the possibility of solving the set task in the
case of introduction of the retarder for a significant extension of the period of preservation of
mobility of the concrete mixture, which is particularly relevant when conducting construction works
in higher temperatures.

The pattern of influence of additives (superplasticizer, retarder, accelerator) with stagewise
introduction is shown in Fig. 4.

To test this pattern, special experiments

sc RI accelerator were performed on a 15-point D-optimal plan,
which varied the concentrations of the
no accelerator superplasticizer, retarder and accelerator. The
" | - - pattern of formation of factor space is shown in
@ s Fig. 5. In accordance with the general
= | 7/ . .
S| paretarder : recorr}menda_tlons [8, 9], the l_evel Xj = _-;L IS
o ‘_>‘ combined with zero concentration of additives
21 S ! \ N (point No.1), which allows to research the
* NG additional composition without additives on models SC
\*ETS| additive . and R, as well as the compositions with

T'i e individual and double additives.

The points No.2-No.5 correspond to the
composition of the «primary» equilibrium
mixture (cone sediment SCy = 18 £ 0,2 cm)
with variable concentrations of standard
superplasticizer C-3 (factor X,) and retarder Isola VZ-520 (factor X3).

The experiments at five base points are supplemented at the first stage by designing the mixtures
at points N0.6-No.10, but in this case the mixtures did not contain any accelerator (X; = 0%, the factor
indexed as x; = -1). The mixtures obtained in these research points had the curing accelerator Na,SO,4
introduced into them at variable doses after 2 hours-long infusion at the temperature of 28 + 1 °C. The
conservation index for the mobility of the mixture was calculated as (1):

C = (SCo - SCe2) / SCo, %, (1)

where SCy — the output mobility 18 cm;
SC.-, — mobility after 2 hours-long infusion.

Fig. 4. Pattern of the effect of three
additives in a stagewise introduction
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In the study of the method of two-stage introduction of additives, the ES-designing has a
number of features, in particular, each model describes both the initial and the «belated» effects of
their introduction.

The effect of three additives on the strength of concrete after the first day of curing under
normal conditions in the zone of the maximum and minimum of Ry is shown in Fig. 6, a. The effect
of the accelerator on the strength of the concrete after one day of curing can be compared with the
superplasticizer, with full compensation for the negative effect of the retarder being a possibility,
especially with the introduction of the SP and curing regulator in optimal dosages.

A graphical solution to the problem of additive selection is shown in Fig. 6, b. The lower face
of the cube reflects the effect of the superplasticizer (X;) and the retarder (X3), which are introduced
directly when preparing the mixture. Axis X; shows the effect of the accelerator introduced after a 2
hours-long infusion, and the combined effect of the three additives is observed inside the cube.

A selected region of concentrations of modifiers is formed in the space {Xi, Xz, X3}, In
which, given the stagewise method of their introduction, the mobility of the concrete mixture is
reduced by less than C = 50% after 2 hours-long (t = + 28 °C) infusion while providing the strength
of Ry > 15 MPa, normalized for monolithic concrete.

The analysis of iso-surfaces in Fig. 6 shows that at higher concentrations of the
superplasticizer and the accelerator, the strength of the modified composite is increased by 60% or
more compared to the additive-free composite. However, in the region of high values of X, and X3
the retardery effect (within this experiment) of Vizola concentration is reduced. It can be concluded
from the graphical analysis of the model that the accelerator and the superplasticizer are
characterized by positive impact on R as a result of change in the kinetics of the reactions (the
strength is increased by more than 1,8 times compared to the standard). Further analysis showed
that mortars with such concentrations of additives have the highest strength after 60 days, which is
probably due to the favorable effect of additives on the formation of the cement stone structure.
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Fig. 6. Influence of ingredients in the zones of maximum and minimum R; (a) search for a
compromise area for additive concentrations (b)

Not only imported retarders, but also more affordable additives, including technical
lignosulfonates and feed molasses can be used as ingredients of multifunctional additives.
Depending on the requirements for concrete, any additive may be excluded from or added to the
pattern. Thus, it is possible to apply a two-stage pattern of introducing modifiers, and their
efficiency can be increased when the effect of additives is consistent with the processes of structure
formation [7].

Conclusion and prospects for further research. We have suggested a method of operating
with concrete mixtures at times of long transportation and at higher temperatures, namely the two-
stage introduction of additives. Additives of different types (plasticizers, superplasticizers, retarders,
accelerators) are combined and introduced separately at different stages depending on the time of
year, the scheme of organization of concrete works, the distance to the construction site, taking into
account the cost of transportation and other factors. This also allows avoiding the introduction of
excess water into the mixer (the amount of water is taken into account when designing the concrete
composition) to restore the mobility of the concrete mixture lost during transportation, and thus
avoiding the lowering of the concrete strength class in the structure.
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AHorauis. TenaeHuii B po3BUTKY Cy4aCHOIO MOHOJIITHOIO JOMOOYIIBHUIITBA MOKa3ylOTh Ha
HEOOXIJHICTh MIABHMINCHHS JKATTE3MATHOCTI OCTOHHOI CyMilmii 1 BHU3HAYAIOTh JOIUIBHICTH
BUKOPHCTAHHS METOY «3aITi3HUIOr0» BBEICHHS 100aBOK («two-step mixing methody), mo momnsirae y
BBeJICHHI /100aBOK B JBa eramu. Ha mepiioMmy erami Juisi TiJABUIICHHS >KUTTE3JATHOCTI CyMIlIi i
MOJIOBXKEHHSI 1HIYKIIHHOTO Mepioly TBEPIIHHS, 110 OCOOIMBO aKTyalbHO JJIs YKJIaJaHHs OCTOHY MpH
MiBUIIEHUX TeMIeparypax, WpH TPUTOTyBaHHI B OETOHHY CyMIII BBOJATHCA J100aBKU
actudikaropa i crioBuIbHIOBaYa TBepIiHH. Ha npyromy erami 6e3nocepeHbo nepes yKiaaaHHsIM i
YUIUTbHEHHSIM OETOHHOI CyMillll B KOHCTPYKIIIi B OSTOHHY CyMiIll BBOJUTHCS BTopuHHE 03yBaHH: CII
1 mpuckoproBada TBepHiHHA. Lleil crmocid m03BOJsIE BITHOBUTH PYXJIMBICTH OCTOHHOI CyMmimmi Ipu
JI0/1aBaHHI BeJIbMU MaJIOi KiJTbKOCTI BOJH, IO BXOAUTH B pOOOYHIA pO3YHH JT00ABKH.

IIpoanaizoBaHO BIJIMB IOBTOPHOTO BBEAEHHS J100aBOK HA KIHETHUKY IUIACTUYHOI MIITHOCTI.
AHami3 mokasaB, NO-TIEpIIe, MOXIIMBICTh PI3KOrO 3MEHIIEHHS CTPYKTYPHOI MIITHOCTI B MOMEHT
BBEJICHHS JIOJAATKOBUX JI00ABOK; IMO-IPYre, MOKJIHUBICTh MOJOBXKEHHS I1HIYKI[IHHOTO TEpioy, IO
MOJIOBXKY€E vac 30epekeHHs CyMillll; MO-TpeTe, IOJAaTKOBE BBEJICHHS NPUCKOPIOBaYa B CKIIAJI
«BTOPUHHOD» KOMILJIEKCHOT JT00aBKHU J103BOJISIE IPUCKOPUTH HAOIp MIACTUYHOI MIITHOCTI IEMEHTHOTO
MIaCTH, 1110 TOBUHHO MO3UTHBHO MMO3HAUYUTHCS HA 3pOCTaHHI paHHbOI MILHOCTI O€TOHY B KOHCTPYKIII.

JInst mepeBipKu BIUTMBY JAaHOI CXEMH BBEACHHS JOOABOK HA PAHHIO MIIHICTH 1 B OLIBII Mi3HI
TEepMIHM TBEpAIHHSA OyaM TIOCTaBJEHI CHELIalbHI eKCHepuMeHTH 1o 15-Tm ToukoBomy D-
ONTUMAJILHOTO IIJIaHy, B SIKOMY BapilOBAJIMCS KOHIIEHTpALll cynepruiacTudikaropa, ClOBUIbHIOBAYA 1
IPUCKOPIOBaYa. 3a OTPUMAHUMH MOJAEIAMH (i3UKO-MEXaHIUHMX BJIACTUBOCTEH IPOaHaANII30BAHO
BIUIMB PI3HUX KOHIIEHTpaliil J00aBOK Ha paHHIO MIIHICTh OETOHY B KOHCTPYKIIi 1 B OUIBbII Mi3HIN
nepiol. BusHaueno o6iacTi oNTUMaNbHUX KOHIIEHTpAIlii J00aBOK.

3anponoHoBaHUN METOJ POOIT 3 OETOHHOIO CYMIIIIII0 B YMOBaX TPHUBAJIOTO TPAHCHIOPTYBAHHS 1
IIpY MiJBUILEHUX TEMIepaTypax, 103BOJIsi€ BAKOPUCTOBYBATH J100aBKH PI3HUX THUIIB 1 KOMOIHYBaTH iX
BBEJICHHSI OKPEMO Ha pI3HUX €Tarax B 3aJIeKHOCTI BiJl IOPH POKY, CXEMHU OpraHizailii 0eTOHHUX poOiT,
BIJICTaHI1 J10 Oy/11BEJIbHOTO MaliIaH4YMKa, 3 ypaXyBaHHSIM BapTOCTI IEPEBE3EHb 1 IHIINX (HAKTOPIB.

KurouoBi ciioBa: 6eToH, pyXJIMBICTh, HOETATHUI CIIOCIO, cynepIuiacTugiKaTop, CHOBUIbHIOBAY,
MIPUCKOPIOBAY, MILIHICTb.
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AHHoOTauus. TeH1eHInH B pa3BUTHH COBPEMEHHOT'O MOHOJIUTHOTO JOMOCTPOCHHUS TTOKA3bIBAIOT
Ha HEOOXOMMMOCTh  IOBBIIICHHUS  JKU3HECIIOCOOHOCTH OCTOHHOW CMECH H  OIpEACIISIOT
1eI1eCO00Pa3HOCTh MCIIONIB30BAHUS CIIOCO0a «3aro3/Iaioroy BBEACHUS J00aBOK («two-Step mixing
method»), 3akiodaromierocss BO BBEICHUU J100aBOK B JiBa dTana. Ha mepBoM 3rame /i NOBBIIICHHS
’KU3HECTIOCOOHOCTH CMECH W YIJIMHCHUS WHIYKIMOHHOTO TIEPHOJAa TBEPICHHUS, YTO OCOOCHHO
aKTyaJIbHO JUTS YKJIaJKK OETOHA TPH MOBBIIICHHBIX TEMIIEpaTypax, Py MMPUTOTOBJICHUH B OCTOHHYIO
CMECh BBOZATCS J00aBKM IulacTH(UKaTopa W 3aMeumuTeNns TBepAeHus. Ha Bropom odrame
HETIOCPEICTBEHHO Tepe/l YKIAIKONH M YIUIOTHCHHEM OCTOHHOW CMECH B KOHCTPYKIIMU B OCTOHHYIO
cMech BBOAWTCs BropuyHas no3upoBka CII M yckopuTenb TBepACHHS. DTOT CIOCOO IO3BOJISET
BOCCTQHOBHTH TIOJIBIJKHOCTH OETOHHOW CMECH TpHW J00AaBJICHHH BECbMa MAJOTO KOJIMYECTBA BOJIBI,
BXOJIAIICH B pabourii pacTBOp JTOOABKH.

[Ipoananu3upoBaHO BIMSHHUE TOBTOPHOTO BBEACHHS J00ABOK HA KHHETUKY IUIACTUYECKOM
NPOYHOCTH. AHAIM3 TOKa3aJ, BO-TIEPBBIX, BO3MOXKHOCTh PE3KOTO YMEHBIICHUS CTPYKTYPHOU
MPOYHOCTH B MOMEHT BBEICHHS JIOTIOJHUTENBHBIX TO0ABOK; BO-BTOPBIX, BO3MOXKHOCTH YIUITMHEHUS
MHIYKIIMOHHOTO TEPHO/Ia, YTO MPOJUICBACT BPEMsI COXPAaHHOCTH CMECH; B TPEThUX, JOOABOYHOE
BBEJICHUE YCKOPHUTENS B COCTaBE «BTOPUYHOW» KOMIUIEKCHOW JIOOABKHM TMO3BOJSIET YCKOPUTH HAaOOp
TUIACTUYECKOM MPOYHOCTH LIEMEHTHOM TACThI, YTO JOJHKHO MOJIOKUTEIFHO CKa3aThCsl HA POCTE paHHEH
MPOYHOCTH OETOHA B KOHCTPYKITHH.

JIist IPOBEPKH BIMSIHUSI TAHHOM CXEMbI BBEICHHS JOOABOK HA PAHHIOK IMPOYHOCTH U B OoJiee
TIO3/THUE CPOKH TBEPACHHS ObUIN TIOCTABIICHBI CIICIMANIBHBIC AKCIIEPUMEHTHI 110 15-T1 TodeuHomy D-
ONTHMAJbHOMY IUIaHY, B KOTOPOM BapbHpPOBAIUCH KOHIIGHTpPALMKM CymnepruiacTudukaropa,
3ameymrenss M yckoputend. [lo  mosnydeHHBIM  MoAensAM  (PU3MKO-MEXaHMYECKMX CBOWCTB
MPOAHATM3UPOBAHO BIIMSIHUE PA3IMYHBIX KOHIEHTpAlWii J00AaBOK Ha PaHHIOK MPOYHOCTH OETOHA B
KOHCTPYKIIMM M B Oosiee mo3aHuii mepuon. OmnpeneneHbl 00NacTH ONTUMAIBHBIX KOHIIEHTPAIU
100aBOK.

[lpennoxxenHslit  Meron paboT ¢  OETOHHOM CMeChbl0 B YCIOBUSIX  JUIUTEIBHOTO
TPaHCTIOPTUPOBAHUS M TIPH TMOBBIIIEHHBIX TEMIIEPATypax, MO3BOJISIET HUCIIONB30BaTh JOOABKH Pa3HBIX
TUIOB U KOMOMHUPOBATh UX BBEJIEHHE IO OTAEIBHOCTH Ha Pa3HbIX dTalax B 3aBUCUMOCTH OT HOPEI
rojla, CXeMbl OpraHM3alMud OETOHHBIX PabOT, PACCTOSHMSA O CTPOUTENBHON IUIOLIAJKH, C Y4ETOM
CTOMMOCTH TIEPEBO30K U JIPYTHX (HPaKTOPOB.

KioueBbie cjioBa: O€TOH, MOJBMIXKHOCTH, MOATAMHBIA CMOCO0, CyNepIiacTu(GUKaTop,
3aMeIUTENb, YCKOPUTENb, IPOUYHOCTb.

Crarts Hagiiinuia o penakmii 17.01.2020
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