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Abstract: It is noted that the curing of cement composites is impossible without effects and is a reaction to them.
In this case, the forces of the resulting resistance, according to the laws of thermodynamics, are aimed at
weakening the impact. Experimental prerequisites and arguments are given that by choosing the time, intensity
and duration of aggressive action on cement composites during their curing, it is possible to obtain more impact-
resistant or ordered and durable structures of the material. The creation of conditions for the hardening of cement
composites using liquid aggressive media leads to the formation of a dense inert layer on their surface, more
adapted to the effects of this type. Using temperature and humidity influences, freezing and thawing, and loads,
more durable composites were obtained. Thus, the curing of cement composites using time- and intensity-
determined harsh temperature and humidity conditions, freezing and thawing, aggressive liquids, and loads
makes it possible to obtain more durable or resistant structures of the material to specific destructive factors.
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Annotanusi: OTMedaeTcs, YTO OTBEp)KJCHHE IEMEHTHBIX KOMIIO3UTOB HEBO3MOXKHO 0e€3 BO3/EHCTBUI U
ABIseTCd peakuuedl Ha HuX. [Ipy 3TOM CHIBl BO3HMKAIOLIETO COMNPOTUBIIEHUS, COIVIACHO 3aKOHAM
TEepPMOJMHAMUKH, HallpaBJICHBI Ha ociadyieHne Bo3aecTBys. [IpuBOAITCS SKCIIepUMEHTaIbHBIE TIPEIIIOCBUIKN U
JIOBOJIBI, YTO TOAOMpas BpeMs, HHTCHCUBHOCTh M UIMTEIBHOCTh ArpeCCHBHOTO BO3ACHCTBUS HA IIEMEHTHBIC
KOMITO3UTHl B MEPHOA MX OTBEPJCBAHMS MOXHO MONydaTh OoJjiee MPHCHOCOOJICHHBIE K BO3JICHCTBUSIM HIIH
YIOpsIAOUEHHBIE M ITPOYHBIE CTPYKTYpHI Matepuana. Co3aHne ycloBUil OTBEpAeBaHMUS IEMEHTHBIX KOMIIO3UTOB
C TIPUMEHEHHEM XHMIKUX arpecCHBHBIX Cpell NMPHUBOIUT K (DOPMHUPOBAHMIO HA MX IOBEPXHOCTH IUIOTHOTO
MHEPTHOTO CcJI0si, 0oJee MPHUCHOCOOIEHHOTO K BO3JCHCTBMAM Takoro Buaa. C NMpHUMEHEHHEM TeMIlepaTypHO-
BIIQKHOCTHBIX BO3JCHCTBHH, 3aMOpPaXXMBaHWA M OTTAaMBAHUs, HArpy30K OBUIM TIOJNydEeHBI OoJiee MpPOUYHBIC
KOMMO3UTHL. TakuM 00pa3oM, OTBEp)KACHHE IIEMEHTHBIX KOMITO3UTOB C IMPHUMEHEHHEM, YCTAaHOBICHHBIX IO
BPEMEHH ¥ HMHTEHCHBHOCTH, JKECTKHMX TEMIEpPaTypHO-BIAKHOCTHBIX BO3JACHCTBUH, 3aMOpPaXUBaHHUA U
OTTaMBaHMA, arpPECCHBHBIX MKHUJKOCTEH, HArpy30K MO3BOJSET IOJNydaTh Ooyiee MPOYHBIE WM CTOMKHE K
KOHKPETHBIM pa3pylIalomuM (pakTopaM CTpyKTypbl MaTtepuaia.

KiroueBble cj10Ba: 1[eMEHTHEIC KOMITIO3UTBI, OTBEPIKIACHUC, arpCCCUBHBIC BO3Z[eI71CTBPIH, IMPOYHOCTb, HAI'PY3KH,
3aMOpPAXKMBAHUC U OTTaMBAaHUC, CTPYKTYpPaA, MaTCpUal

INTRODUCTION aggressive media with concrete components can

lead not only to deterioration but also contribute
In the 1970s, Professor V.I. Solomatov to compaction, structural strengthening, etc.,
proposed the idea that the interaction of liquid 1i.e., improve their properties. We have termed
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processes of this kind "positive corrosion of
concrete” [1], and its consequences such as
compaction and strengthening are the “positive
effect of corrosion” [2].

These experimentally confirmed propositions
were further developed in the study [3] . This
was based on the fact that if liquid aggressive
media can cause effects such as compaction,
hardening, and increased physicochemical
resistance, then under the action of other
destructive  environmental factors (loads,
freezing and thawing, etc.), corresponding
positive changes are also feasible.

The scientific literature contains some instances
where the action of an aggres-sive factor was
thought to have improved or contributed to the
improvement of a material’s properties. For
example, according to L. A. Malinina [4],
reducing the relative humidity of the
environment during the initial hardening period
can regulate the evaporation of moisture from
concrete and result in a finer-pored structure.
According to our research [5], there is always
such an initial curing time for cement concrete
in air (t =20 £ 2°C, W = 65-75%), at which its
compressive  strength  during  subsequent
hardening in water is greater than that of a
material that initially hardened for 24 hours
under normal conditions.

Concrete curing also occurs through loading [6,
7, 8], freezing [9, 10, 11], and exposure to
aggressive liquids [12]. According to research
by A. V. Satalkin [6], concrete at an early age
under compressive stresses up to no more than
0.6 Rpr experiences an increase 1in its
compressive strength. It is evident that in this
case, the material is strengthened due to
resistance forces that contributed to the
formation of a structure better adapted to this
particular load.

Investigations by I. A. Kireenko, S. A.
Mironova, and I. N. Akhverdov show that
freezing cement concrete at specific stages of its
hardening can improve its structure and,
consequently, increase its strength [9]. However,
this should not occur before the induction period
has completed. According to the data in [13],
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cement concrete subjected to a single freeze-
thaw cycle after two weeks of storage in water
increased its strength by 17%. Studies by A. G.
Olginsky and V.L. Chernyavsky [14, 15]
indicate that cement composites can adapt to the
effects of a low-intensity  aggressive
environment even in their mature state. There
are cases where loading concrete, both in the
early and mature stages, with compressive or
tensile forces led to a corresponding increase in
strength of up to 20% [16].

Based on the above studies, the issue of
applying aggressive treatments to ce-ment
composites to improve their properties has not
been fully investigated. It is necessary to
determine the optimal age at which cement
concrete should be subjected to such treatments.
Furthermore, what is needed is not merely data,
but specific methodologies (protocols) for
applying aggressive treatments to composites to
improve their properties. In this regard, the
proposed study is relevant, as it aims to address
these objectives.

METHODOLOGY

This study presents the results of investigations
conducted to demonstrate that a cement
composite can more effectively resist a specific
destructive factor if, during a certain stage of its
evolution (hardening), it is exposed to that same
factor at a predetermined intensity and for a
predetermined duration. Thus, the following
objectives were stated:

- theoretical justification of the possibility of
improving the properties of cement composites
by applying aggressive environmental factors
during the hardening process;

- experimental studies to determine the effect
on cement composites of an initial “harsher” air
curing environment, as well as the effects of
freezing and thawing and exposure to
aggressive liquid media during a specified
period of hardening;

- analysis of the correlation between
experimental data and theoretical justification.
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Portland cement MS500 DO from the
Alekseevsky Cement Plant in Mordovia was
used to produce cement stone and fine-grained
concrete. The compressive strength of the
cement stone was determined by testing
specimens of 20 x 20 x 20 mm, while that of the
fine-grained concrete was determined by testing
halves of specimens measuring 40 x 40 x 160
mm in accordance with GOST 310.4-81.
The composition ratios of the cement stone and
fine-grained concrete are presented throughout
the paper. The following curing conditions were
adopted, including exposure to aggressive
environments:

Cement stone with W/C =0.33
e  Curing under normal conditions (t = 20 +
2°C, W =95-100%);
e 1 day under normal conditions, then 27
days in water (t = 20 + 2°C);
e 1 day under normal conditions, then 13
days in 0.5% H>SOs, then 14 days in water;
e 1 day under normal conditions, then 27
days in 2% (NHa4)2SOs4 solution;
e 1 day under normal conditions, then 27
days in 2% Al2(SO4)s solution.
Fine-grained concrete with mix proportion 1:3
and W/C =0.45
e 1 day under normal conditions, then 27
days in water (t = 20 + 2°C);
e 1 day under normal conditions, then 27
days in 0.5% H2SOx;
e 1 day under normal conditions, then 1 day
in water, then 26 days in 0.5% H2SO4;
e 1 day under normal conditions, then 3 days
in water, then 24 days in 0.5% H2SOa.
Other exposure conditions: The duration and
parameters of exposure to a "harsh" air
environment, as well as the number of freeze-
thaw cycles, are shown in the figures of the text.
Frost resistance was determined according to
GOST 10060-2012 (Method 1).

RESULTS AND DISCUSSION

A hardening cementitious composite is a
dynamic system which, according to [17],
contains more microstates than it would if it
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were in a mature state. This means there are
more competing structures, from which the ones
best adapted to the external environment can be
“strictly” selected.

Consider the possibilities of open systems from
the perspective of thermodynamics. The
tendency of physicochemical systems toward
irreversible motion toward equilibrium s
expressed by entropy (S). It is also a measure of
the system’s degree of order, i.e., a measure of
structure formation. The rate of change of
entropy for open systems can be determined by
the expression [18]:

dS_doS | diS
dt dt dt

&)

deS . .
where i is the rate of change in entropy due to

. dis .
external influences, j is the same due to

internal processes.
For isolated systems

deS

i’ (2)
Then

ds _ diS

o a 3)

The second law of thermodynamics states that
entropy is always produced by internal
processes, i.e.

a;S

o >0 4)
As a result, for an isolated system, we have
— =0 (5)

This means that the entropy of an isolated
system increases if the processes within it are
out of equilibrium. The disorder of the system
(material) increases, with the resulting negative

. ais .
consequences. While the value ﬁ is never

. deS o .
negative, i has no definite sign. This allows us
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to view evolution as a process in which the
system can reach a state of lower entropy
through the exchange of matter and energy with
the external environment. It is evident that by
adjusting mass and heat fluxes, one can
influence the entropy increase, i.e., achieve the
creation of an ordered or more adapted material
structure, which is then fixed as a result of
curing.

Thus, there are arguments that suggest that the
application of aggressive influences to improve
the properties of cement composites is most
effective  during the hardening phase.
Furthermore, it is recommended that the material
be adapted to aggressive environmental factors—
not only liquid ones—in advance, during the
hardening stages, to avoid disrupting the
equilibrium of its structure during service [5].
Based on the above, it is possible to determine
the timing, intensity, and duration of exposure
to a high-temperature air environment during
the curing of composites, when structural
formation processes will prevail over
degradation, and to consolidate the formed
structures through curing. Thus, by pre-curing
the molded fine-grained concrete with an open
surface at a temperature of 40 £ 3°C and a
humidity of 70-80%, followed by curing for up
to 28 days in water, an increase in compressive
strength in water of more than 20% was
achieved (Fig. 1).

For comparison, a material was used that
initially cured for 24 hours under normal
conditions and then for up to 28 days in water.
In Fig. 1, the strength value of such concrete
was taken as the initial reference point.

Figure 2 shows the results of studies in which
fine-grained cement concrete, af-ter two weeks
of storage in water, was subjected to three
cycles of alternating freez-ing and thawing,
followed by a 28-day immersion in water, and
gained approximately 18% in strength. The
increase in material strength is attributed to
more complete cement hydration resulting from
increased water penetration into the concrete
structure due to the rise in water pressure during
freezing and its activity during thawing.
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Figure 1. The relationship between the strength
of concrete with a 1:3 mix ratio (W/C = 0.45)
and the duration of initial air-setting at elevated
temperatures and relative humidity (RH) of 70—
80%: 1 — hardening at 40 + 3°C; 2 — same at
50 £3°C; 3 —same at 60 +3°C
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Figure 2. The effect of alternate freezing and
thawing of fine-grained concrete during its
hardening in water (after 14 days) on
compressive strength: 1 — composition 1:3 with
W/C = 0.45; 2 — the same with W/C = 0.5

According to [9], this is a result of the increased
density of the crystalline hy-drate structure and
the reduced porosity of the cement paste. It is
evident that freezing leads to the emergence of
structural features in concrete that, according to
established theory, contribute to increased
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resistance to this same type of stress. And the
curing of cement paste (W/C = 0.33) using a
0.5% sulfuric acid solution led to an increase in
its resistance in a 2% solution of the same acid

(Fig. 3).
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Figure 3. Effect of curing conditions on the
stone’s resistance in a 2% H>SO4 solution: I —
cured for 1 day under standard conditions, 27

days in water;2 — I day under standard
conditions, 13 days in a 0.5% H>SO; solution,
14 days in water; 3 — I day under normal
conditions, 27 days in a 2% solution of
(NH4):804,4 — 1 day under normal conditions,
27 days in a 2% solution of Al2(SO4)s
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The physical and chemical resistance of
concrete also increases when the com-ponents
of the curing medium are merely individual
constituents of that medium. Thus, the curing of
cement paste (W/C = 0.33) using 2% acidic
salts—ammonium sulfate and aluminum
sulfate—contributed to a significant increase in
its resistance to a 2% H2SOa solution. It should
be noted, however, that the use of curing media
containing aggressive components in all cases
led to a partial loss of initial strength. The initial
strength values, according to Fig. 1, were: 1 —
68 MPa, 2 — 56 MPa, 3 — 54 MPa, 4 — 47 MPa.
At the same time, cement stone cured under
such conditions always exhibited higher
strength (by 18-22%) after aging in an
aggressive environment than that aged in water.
The table presents the results of a test on the
resistance of fine-grained concrete with a 1:3
mix ratio and a water-cement ratio (W/C) of
0.45 to a 1% H2SOs solution; which, during the
hardening period, was exposed at specified
intervals to the same medium but at a lower
concentration (0.5%) and under different
conditions than those applied to the cement
paste.

Table 1. The Effect of the Curing Environment on the Resistance of Fine-Grained Concrete to 1% H2S50.

Curing Environment 0o, Duration of | o, MPa | K,
MPa | exposure, days
1 days under standard conditions, 27 days in water 21.9 20 13.1 0.6
1 days under standard conditions, 1 days in water, 21.7 20 16.9 0.78
26 days under 0.5% solution of H,S0,
1 days under standard conditions, 3 days in water, 19.8 20 16.6 0.84
24 days under 0.5% solution of H,SO,

The table shows that concrete specimens
exposed to an aggressive agent of a specified
intensity and duration during the hardening
period are more resistant, once matured, to the
same type of environment but at a higher
concentration. Their compressive strength after
exposure to the environment is 27% and 29%
higher than that of concrete that hardened in
water.
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Cement paste and fine-grained concrete, which
were partially adapted to a weak sulfuric acid
solution, had a dense protective layer on their
surface, the main components of which were:
silicic acid gel, sulfates, and cement paste
minerals modified by them.

The condition for the formation of a composite
more resistant to a specific aggressive influence
during its hardening with the formation of
adapted bonds can be expressed as follows:
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(@) = Vi (D), (6)
where V,(t) is the rate at which defects are
eliminated and adapted bonds are formed as a
result of positive interactions over a period of
time At, V,(t) is the the rate of decay of initial
bonds over a time interval At.

Previous studies [5] also confirm the positive
effect of early loading on the performance
properties of concrete. At the same time, the
application of a bending load to the concrete
during the curing period—amounting to
approximately 5% of the ultimate load at the
moments of its application, which is
significantly less than in known studies—did
not lead to an increase in the average flexural
strength but contributed to a 5.2-fold reduction
in the coefficient of variation of the flexural test
results. At the same time, the flexural strength
guaranteed with 95% confidence increased by
13%, while deflections and their deviations
from the mean value decreased by more than
12% and 30%, respectively.

Studies have also shown that the duration of
load application during the concrete hardening
period depends on the magnitude of the load.
The failure factor should not lead to material
failure.

CONCLUSION

1. The hardening of cementitious composites
through the application of temperature and
humidity stresses, freezing and thawing cycles,
and  aggressive  liquids—with  precisely
controlled duration and intensity—enables the
creation of material structures that are stronger
or more resistant to specific destructive factors.
2. To produce a composite that would more
effectively resist a specific destruc-tive factor, it
is necessary for the composite to be exposed to
that same factor during a specific period of its
development, but at a predetermined intensity
and duration. In this case, the aggressive factor
must not lead to the destruction of the
composite.
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3. Since exposure to liquid corrosive media of a
certain intensity and duration during the
specified curing periods of cement composites
can lead to their partial or complete adaptation
to the exposure, it can be concluded that during
the adaptation of the composite (system), a
selection of processes occurs that contribute to
increasing its resistance to a specific impact.
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