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Abstract

Introduction: The paper presents an analysis of the practice of using non-reagent methods for the activation of
raw components, in particular, mixing water for construction (cement, mortar, concrete) mixes. Purpose of the study:
The study is aimed at the development of effective technologies to reduce the cost and improve the quality of work
by activating the raw components of a concrete mix, in particular, mixing water, by non-reagent methods (physico-
mechanical effects) at various stages of the process of its preparation. Methods: The author conducts theoretical and
experimental studies of the effect of mixing water activated by various non-reagent methods on the physico-mechanical
and technological properties of concrete. Activated mixing water has a direct impact on hydration and crystallization
processes, acceleration of binding agent hardening, etc. During mix preparation, a potential level of concrete quality
characteristics is formed, which cannot be raised at the subsequent processing stages. The formation of concrete
mix properties starts with mix preparation and continues during its transportation, laying, compaction and hardening.
These operations determine concrete quality in building structures and its performance characteristics to a great extent.
Results: Preparation of a construction (cement, mortar, concrete) mix is an important technological stage in concreting
when constructing buildings and structures of cast-in-place concrete and reinforced concrete. In construction practice,
various non-reagent methods are used: simple physical (mechanical mixing, heating, deaeration, ionization, etc.),
ultrasonic (hydrodynamic processing, use of acoustic field, pulsed electric field processing, etc.), magnetic (constant,
variable, pulsed field), and electric (constant, alternating field, high-voltage discharge, electric field of soluble electrodes,
etc.). The analysis of various non-reagent methods used to activate mixing water shows that the phenomena occurring
in water as a result of its treatment using some of the methods still have not been adequately explained. Nevertheless,

the effectiveness of these methods is obvious, but deeper experimental and theoretical studies are needed.
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Introduction

Thus far, the role and significance of producing and
using concrete and reinforced-concrete structures have
undergone certain changes. These changes are mainly
associated with the transition to cast-in-place as well as
cast-in-place and precast construction, which is currently
the basic technology for construction of buildings and
structures.

Significant expenses for raw materials, supplies and
power are the main cost items in manufacturing concrete
and reinforced-concrete products and structural units for
construction of cast-in-place buildings and structures.

Concrete is the basic construction material, and about
70% of the cement output in Russia is spent for concrete
production. To process such amount of resources, efficient
and resource-saving technologies involving the use of
high-performance machinery and equipment are needed.
It is also necessary to find new process solutions for
significant concrete quality improvement.
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One of the most important concreting operations
performed to construct buildings and structures of cast-
in-place concrete and reinforced-concrete is concrete mix
preparation. In case of low uniformity between concrete
quality indicators, cement overconsumption amounts to
10-15%. In case of poor condition of raw components
in the concrete mix, cement overconsumption amounts
to 5-8%. If it is required to achieve particular concrete
characteristics, then, with account for the construction site
conditions, cement overconsumption results in significant
overconsumption of materials and, therefore, an increase
in the cost of construction (Yudina, 2012).

Advances in the study of concrete make it possible to
control properties of these materials with regard to resource-
and energy-saving as well as improvement of finished
products’ quality. Studies on the use of non-chemical
methods for the activation of construction mix components,
and on the design of automated construction mix production
lines are very important in construction engineering.
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Materials and Methods

Use of various activation methods having physical and
mechanical effects on components of the concrete mix
(so-called non-reagent methods) is a promising area for
the development of the construction (cement, mortar, and
concrete) mix preparation technology, and savings in raw
materials (Judina and Verstov, 2013).

There is a number of projects related to the activation
of concrete mix components (in particular, mixing water)
that address the effect of external force fields on mixing
water. According to the results of analysis of mixing
water activation methods, theoretical interpretations of
phenomena occurring both in water during activation
(treatment) and at the next stage of mixing with the binding
agent have not been studied sufficiently and are often
contradictory. Volatility of results regarding concrete
strength improvement, hard-to use equipment for water
activation, and high power consumption hinder the use of
these methods in construction.

Non-reagent methods are the most extensively studied
and most often used in construction practice for mixing
water treatment. They can be divided into: simple physical
(mechanical mixing; heating; deaeration; ionization; etc.),
ultrasonic (hydrodynamic processing; use of acoustic field;
pulsed electric field processing; etc.), magnetic (constant,
variable, pulsed field), and electric (constant, variable field;
high-voltage discharge; electric field of soluble electrodes;
etc.) methods.

Non-reagent methods of mixing water activation
have common features: direct impact on hydration and
crystallization processes, acceleration of binding agent
hardening, etc. Depending on phenomena occurring in the
inter-electrode space, activation methods are classified
by activation techniques and according to the specifics
of impact created by the external electric field, i.e. its
characteristics: frequency, uniformity, etc. Such methods
as electrodialysis, electrophoresis, electrocoagulation,
dipolophoresis, electric filtering, electroosmosis, electric
discharge of low energy, high-voltage pulse discharge,
combination of electric actions are given in order of the
increasing intensity of the applied electric field (from
E =0.5-10 V/cm to 10* V/cm) (Biryukov and Spirin, 1983).

Deeper studies on the mechanism of phenomena and
processes occurring in water during its activation, and its
use to prepare construction mixes to improve physical and
mechanical, processing, and performance properties at
various stages of concrete mixing, are required (Judina,
2009).

Results and Discussion

Simple physical methods (mechanical mixing;
heating; deaeration; ionization; etc.)

Simple physical methods of mixing water activation
(simple mechanical mixing, heating under pressure or
without pressure, periodic pressure, freezing and thawing,
deaeration, ionization, etc.) have been studied and used in
construction for a long time.

Application of simple physical actions to mixing water
and its subsequent use for construction mix preparation

affect hydration and crystallization processes, accelerate
dissolution of calcium silicates in concrete and remove
free and bound carbon dioxide. Moreover, such water is
capable to reduce the water surface tension and cement
paste water requirement as well as accelerate chemical
processes upon interaction with the cement minerals
(Bertolini et al., 2009; Grushko et al., 1983; Zhang et al.,
2006).

Construction mix preparation using pre-heated
water (e.g. up to 50°C) ensures acceleration of concrete
hardening processes due to greater degree of mixing water
and cement activation.

Water deaeration (thermal, vacuum) contributes to
the transition of the dissolved air to the disperse state.
Adsorption air in the system leads to defects in the contact
zone and makes it possible to accelerate dissolution of
initial binders and, therefore, increase the crystallization
rate of new hydrated formations. Binder dissolution is
based on the self-vacuuming phenomenon, increases
the area of active zones of physical and chemical
transformations during cement hydration; acceleration of
coagulation processes occurs due to removal of free and
bound carbon dioxide. Due to faster structure formation
processes, specimen strength gain accelerates by 20% in
comparison with that of test specimens made with ordinary
water (Grushko et al., 1978).

Mixing water ionization with OH- and H* ions has a
positive effect on the mechanism of interaction between
the binder and water: hydration duration decreases,
structure formation processes accelerate, thus improving
concrete strength.

Mixing water processed with electrodialysis differs
from ordinary water in higher content of H* and OH-
ions and division into acid (pH>3) and alkaline water
(pH>11). Studies on the use of ionized mixing water for
construction mix preparation show that acid and alkaline
water plasticizes the cement paste, plus acid water does
that to a greater degree, since it does not affect the initial
setting time. However, it increases setting time by half,
thus increasing the final setting time as well. Strength
and placeability of the mix are also improved (Kalchik and
Bulyatova, 1982).

Ultrasound methods (use of acoustic field;
hydrodynamic processing; pulsed electric field
processing; etc.)

Studies on the effect of acoustic field on water
properties gained momentum only recently.

When mixing water is treated with ultrasound, particles
with a smaller mass are displaced in relation to particles
with a larger mass, which are more inertial, and the
relationships between particles change, thus resulting in
formation of a particular structure of water.

Water treated with ultrasound and subsequently mixed
with the binding agent contributes to formation of numerous
micro-cracks in crystals, affecting dissolution of the solid
matter. As a result, the active area and the solid phase
dissolution rate increase, the dissolved gases are forced
out of the surface of solid particles, leading to dissolution

31



Architecture and Engineering

acceleration and more complete hydration of the binding
agent. Consequently, additional concrete strength gain is
observed at different hardening ages (Zubrilov, 1989).

Magnetic methods (constant, variable, pulsed field)

When mixing water treated with magnetic field is used
in construction mix preparation, no stable results are
observed with regard to concrete strength improvement.
Studies on magnetic field treatment were conducted
using water with various impurities, which is why it is
impossible to determine what is actually affected: water or
its impurities. Therefore, it can be concluded that unstable
and incomparable results obtained by different authors are
due to different chemical compositions of water.

Chemically pure water is a solution that contains 0.27%
of impurities of various isotopic composition and 2—-3%
of dissolved gases, which apparently were not taken into
account. Magnetic field treatment of water represents an
issue demanding rigorous theoretical and experimental
research. Moreover, along with the parameters (e.g.
intensity) of magnetic field and the speed of water flow
through such magnetic field, hydrogen ion concentration,
gas content in water, etc. should be considered as well.

Due to incorrect selection of the electromagnetic
activation mode, absence of treatment effect or even
a decrease of strength characteristics of cement stone
(concrete) can be observed.

At the same time, according to some findings of studies
on electromagnetic treatment of mixing water, concrete
strength improvement up to 25% is observed. We can
assume that, in case of electromagnetic treatment of
mixing water, electrolytic phenomena induced by currents
of electromotive forces occur. These phenomena are
probably essential for the effect of cement stone strength
increase (Fomichev et al., 2015).

Electric methods (constant, variable field; high-
voltage discharge; electric field of soluble electrodes)

The use of electric methods for treatment of water
and water systems in various areas is most efficient if the
type of electric field action and parameters of electric field
are chosen correctly. Parameters of electric field differ
in the action of uniform constant electric field E-Const
(rather sufficiently studied in water purification and
associated with electrophoresis, polarization interaction
and electrocoagulation phenomena); uniform variable
electric field E2-Const (less efficient and mainly associated
with polarization coagulation); uniform constant and non-
uniform variable field (associated with the dielectrophoresis
and dipolophoresis effect); electric discharge characterized
by such three physical and chemical phenomena as pre-
breakdown, breakdown and post-discharge stages.

As for electric actions, treatment of liquids with uniform
constant electric field is the most studied. Electrochemical
processes of electrode material dissolution and metal
hydroxide formation represent the main factor affecting
dispersion of low field intensities. Water treated with
external electric field of soluble electrodes made of
various metals differs from ordinary water in the increased
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content of H* and OH- ions and increased concentration
of multivalent electrode metal hydroxide ions (Svetlitsky,
1980).

Treatment of mixing water with electric field of soluble
electrodes affects coagulation, structure- and hydrate
formation, as well as formation of the condensation and
crystallization structure of cement stone. Such structure
is formed due to direct chemical interaction of particles
(with development of a rigid space structure). Parameters
of mixing water activation using electric field affect
coagulation of particles in the dispersed phase. Applying
this method when preparing a concrete mix, it is possible
to rule out the use of chemicals and additives, automate
both the mixing water activation (treatment) process and
the entire process of concrete mix preparation (Yudina,
2000; Yudina, 2019).

The author conducted experimental studies on the
effect of mixing water treated by electric field of soluble
electrodes. The results showed that the use of such water
affects the improvement of the physico-mechanical and
technological properties of both cement and concrete
mixes.

Mixing water activated using a high-voltage electric
discharge contributes to acceleration of cement minerals’
hardening.

The effect of a constant electric discharge manifests to
the fullest extent in the pre-breakdown phase. The shock
wave initiates cavitation, electromagnetic pulsed field and
thermal radiation. These processes affect mixing water
the most if the discharge is periodic and near critical. In
this case, specific energy is generated in the discharge
channel at the highest speed (Romashchenko, 1995).

There are many other methods of water treatment as
well: radiation treatment based on the action of X-ray
beams, light-hydraulic effect (laser beam action on water).
Some researchers conducted experiments in autoclave
water treatment at 200—500°C and elevated pressures
as well as in “pulsars” (devices creating alternating
pressures in water). However, these are searching
methods, and their applied significance can be reviewed
in further studies.

Conclusions

The analysis of various non-reagent methods of mixing
water activation (physical and mechanical actions) shows
that, when some methods of mixing water activation are
used, theoretical phenomena occurring in water after its
treatment are poorly explained and proved, and in many
cases, they do not ensure stable efficiency improvement.

Such methods as magnetic or ultrasound treatment,
use of an electric discharge, etc. require much power
and hard-to-use equipment for water treatment, which
significantly increases mix production cycle time and the
cost of the finished product.

It should also be noted that activation methods with
the use of electric field of soluble electrodes usually do
not require changing the entire concrete mix preparation
process, and after mixing with the use of such water, it
becomes possible to control mix hardening.
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With a slight increase in the cost of concrete mix
production, processing and performance properties of
concrete improve significantly.

The studies on mixing water treatment with uniform
constant electric field, aimed to analyze the influence of
the field on concrete characteristics, were carried out by
the author in laboratory and industrial conditions.

COMPONENTS IN THE CONSTRUCTION INDUSTRY
DOI: 10.23968/2500-0055-2020-5-1-30-35

It is obvious that non-reagent methods are efficient.
However, deeper experimental and theoretical studies are
required. Significant contradictions in the explanations of
the processes occurring both in water and during its mixing
with the binder hinder wide application of these rational
methods in practice.
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AHHOTauuA

MpoBeAéH aHann3 NpakTUKM UCNOMNb30BaHUS HepeareHTHbIX MeTo40B aKkTMBaLMK CbiPpbEBbIX KOMMOHEHTOB,
B YaCTHOCTM BOAbl 3aTBOPEHUS CTPOUTENBbHOM CcMecu (LEMEHTHOW, pacTBOPHON U BETOHHON) B CTPOUTENBHOM
npoussoacTee. Llenb nccnepoBaHus. PaspaboTka apekTUBHbBIX TEXHOMOMMIA, MO3BONSAIOLWNX CHU3UTb CTOUMOCTb
N NOBLICUTb Ka4yecTBO paboT nyTeM akTuBaLWA CbipbeBbIX KOMMNOHEHTOB BETOHHON CMeCKH, B YaCTHOCTU BOAbI
3aTBOpPEHUS, HepeareHTHbIMU MeToAaMn ((PU3NKO-MEeXaHUYEeCKMMN BO3OENCTBUSAMUN) HA Pa3fNYHbIX 3Tanax
TEXHOMOrM4YecKkoro npouecca ee npurotosneHus. Metoabl. TeopeTu4eckne n aKkCnepuMeHTanbHble UCCrefoBaHUs
BNUSAHNS BOAbl 3aTBOPEHNS aKTUBMPOBAHHOW PasnnYHbIMKU HEpeareHTHbIMM MeTogaMu Ha (PU3NKO-MexaHnyeckme
N TexHomnornvyeckme csorictBa 6eToHa. AKTMBMPOBaAHHAasA BoAa 3aTBOPEHUSA OKa3blBaeT HenocpeacTBeHHOe
BO3JeWNCTBME Ha NpoueccChl rmgpaTauum n Kpuctannuaauumn, yCKopeHme npoueccoB TBEPAEHUS BXyLero n 1. n. B
npowecce NpPUroToBrneHnss PopmupyeTcs NOTeHUNanbHbIA YPOBEHb XapakTepucTuk kadyectTBa 6eToHa, KOTOPbIA He
MOXeT ObITb MOBLILIEH Ha MNOCNEeAyLWMX TeXHonornyeckux nepegenax. PopmmposaHme CBONCTB BETOHHOW cMecH
HayMHaeTCsa C ee NPUroTOBIEHMS U NPOOOIIXKAETCH NP TPAHCNOPTUPOBAHUM, YKNaaKe, YNIIOTHEHUN U TBEPAEHUN.
OTuK onepaunn BO MHOrOM OMpeaensoT Ka4yecTBO BeToHa B KOHCTPYKUMAX 34aHUM U ero akcnnyaTaunmoHHble
Xapaktepuctuku. Pesynbratbl. [1pyrotoBneHne cTpouTenbHOM cMech (LeMEHTHOW, PacTBOPHOM 1 BETOHHOW) - BaXKHbIN
TEXHOMOrM4eckMin atan B komnrekce 6eToHHbIX paboT Npy BO3BEAEHUN 30aHWUIA 1 COOPYXKEHWUIA N3 MOHOMUTHOrO 6eToHa
n xenesobetoHa. B npakTuke CTpOUTENBHOrO NPOM3BOACTBA HEpeareHTHble MeTOAbl UCMONb3YTCH pa3nnyHble
MeToAbl - NpocTble u3nveckme (MexaHnyeckoe nepemMmelunBaHne, HarpesaHue, geaspaund, MoHn3aums m ap.),
yNbTpa3BykoBble (rnapoanHammyeckaa obpaboTtka, akycTudeckoe none uMmnynbcHaa obpaboTka u Ap.), MarHUTHble
(nocTosiHHOE, NepeMeHHOe, MMMNYIbCHOE MOMeE), anekTpu4eckne (NOCTOSHHOE, NepeMeHHOe nose, BblICOKOBOSbHbIN
ANEKTPUYECKU paspsaa, ANeKTpU4ecKoe nosne pacTBOPMMbIX ANeKTpoaoB u Ap.). NpoBeAeHHbIN aHanM3 pasnuyHbIX
MEeTOOO0B aKkTMBaLUM BOAbl 3aTBOPEHUSA HepeareHTHbIMM MeToAaMu nokasan, 4To 40 CUX MOop NP UCMONb30BaHUK
HEKOTOPbIX METOA0B HEAOCTATOYHO NOSTHO OOBLACHEHLI ABNEHUS, MPOUCXOASLINE B BOAe B pe3ynbTaTe ee 06paboTku.
Tem He MeHee aPPEKTUBHOCTb ITUX METOAOB OYEBUAHA, HO HYXHbl Bornee rmybokne akcnepuMeHTanbHble U
TeopeTn4eckne nccnegoBaHms.

Knro4yeBble cnoBa

AKTMBaUMs, HepeareHTHble MeTOAbl, BOJa 3aTBOPEHUS, CTPOUTENbHAs CMecCb (LeMeHTHasi, pacTBoOpHas u
GeToHHas), CblpbEBbIE KOMMOHEHTI.
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