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Abstract. The article presents an integrated approach to the design of the concrete composition, which contains
a combination of various types of modification of the concrete mixture by introducing a hyperplasticizer based on
polycarboxylate ether, as well as reinforcing fibers (anisotropic additive), activation of aggregates, binders and mixing
water. It is shown how the reinforcement of concrete cement stone with fibers reduces the formation of shrinkage
cracks and increases its frost resistance, and polycarboxylate nanoparticles significantly reduce the amount of water
used and the hardening time of the material, making the steam treatment stage optional. The article presents the
mechanism of action of the hyperplasticizer, the results of testing of samples-beams and samples-cubes at the age of
28 days. As a result of the action, polycarboxylate particles are adsorbed on the surface of cement grains, mutually
repel and drive the cement mortar. With the help of this approach, a condition is created for the formation of a cement
stone nanostructure of various functional actions with the help of nanoparticles already at the initial stage of mixing.

Keywords: concrete, nanotechnology, durability, concrete mix, structure, superplasticizer, fiber, concrete composition,
hyperplasticizer, cement stone.

Introduction

Currently, nanotechnology in the production
of concrete allows for local stimulation of chemical
reactions at the molecular level, changing the proper-
ties of traditional structural materials by modifying
them with nanostructures, increasing strength, water
and corrosion resistance.

One of the most important in the technology of
nanobetons is the directed use of the process of self-
formation of cement stone (in cement concretes),
launched by nanoparticles specially introduced
into the composition of concrete-nanoinitiators,
either containing some compounds that initiate a
special growth of cement stone, or possessing stable
anisotropy of electrophysical properties, also causing
the directed development of cement stone during
concrete maturation. Nanocrete has these or other
advantages due to its special structure set at the
nanoscale [1].

The structure and properties of concrete are
primarily determined by the quality of the cement
stone. Which, accordingly, leads to the need to form a
cement stone structure that will have a high density,
low water permeability, high strength, frost resistance
and corrosion resistance [2].

Research methods
To improve these properties, an integrated
approach to the design of the concrete composition

EED] is required, which will contain a combination

of various types of modification of the concrete
mixture by introducing a hyperplasticizer based on
polycarboxylate ether, as well as reinforcing fibers
(anisotropic additive), activation of aggregates,
binders and mixing water.

One of the ways to improve the properties of
concrete is dispersed reinforcement with fibers (fiber)
of various origins, such as polypropylene, steel, glass,
basalt, synthetic, carbon and others. Reinforcement
of concrete cement stone with fibers reduces the
formation of shrinkage cracks and increases its frost
resistance [3, 4].

The polycarboxylate ether-based hyperplasticizer
is superior to traditional superplasticizers in reducing
the amount of water, preserving workability, shrinka-
ge, not to mention other parameters. With the help of
the new technology, it is possible to create polymers
for different types of cement, but this also means
that each polymer structure behaves differently in
different cements [5].

Scientific results

It should also be mentioned about self-compacting
concrete, which does not require vibration to
consolidate the composition. Its use significantly
reduces energy and labor costs. The starting material
containing  highly  dispersed polycarboxylate
nanoparticles behaves like a thick liquid with a small
cement-water ratio. When hardening, the swelling
particles of the plasticizer prevent the formation



of voids and cracks [6]. Self-compacting concrete
has another important advantage. Conventional
plasticized concrete slowly sets in winter, which
leads to the need for additional steam treatment
of  structures. Polycarboxylate  nanoparticles
significantly reduce the amount of water used and
the hardening time of the material, making the steam
treatment stage optional [7].

The mechanism of action of the hyperplasticizer
is shown in Figure 1.

The mechanism of action of the new
superplasticizer is that polycarboxylate particles
are adsorbed on the surface of cement grains and
give them a negative charge. As a result, the cement
grains mutually repel and drive the cement mortar.
Only a small part of the cement grain is coated with
polymer and the free surface of the cement floccules
are sufficient for water access and the hydration
reaction. Note that the structure of polymers differ
in the length of the main chain, the length of the side
chains, the number of side chains and the ionic charge.
Therefore, the properties of these polymers can be
controlled by changing the molecular structure and
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directly affecting the properties of cement stone [8].

During the experiment, a control composition and
formulations were made with the joint introduction
of GP «Muraplast FK 63» with polypropylene fiber.

Figures 2 and 3 show data on the study of the
effect of complex administration of the above-
mentioned compositions of cement stone at the age
of 28 days.

It should be noted that already at the daily age
of the samples, an early set of strength, acceleration
of hardening of cement stone, light stripping, smooth
surface and smooth edges of the samples are noticed.

After analyzing the obtained values, it was found
that with the introduction of polypropylene fiber
modifiers in a percentage of 0,1% (FcofM0.1) and
Muraplast FK 63 — 0,5% (by weight of cement), the
bending strength of the beam samples increased by
25,7%, and in a percentage of 0,2% (FcofMO0.2) — by
33,3%.

As a result of the analysis of the obtained values,
it was found that with the introduction of fiber in a
percentage of 0,1% (FcofM0.1) and Muraplast FK 63 —
0,5% (by weight of cement), the compressive strength

Hydrated particles

Figure 1 — Mechanism of action of polycarboxylate additive
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Figure 2 — Test results of beam samples at the age of 28 days
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Figure 3 — Test results of cube samples at the age of 28 days

of the cube samples increased by 15,5%, and with a
percentage of 0,2% (FcofM0.2) — by 12,2% [9, 10].

to reduce the water separation of cement stone
through effective hydration control, thereby reducing
internal loads.

Conclusions During the experiment, it was noted that

Thus, by adding polypropylene reinforcing
fiber together with the «Muraplast FK63» modifier
to the cement mortar, a condition is created for the
formation of a cement stone nanostructure of various
functional actions using nanoparticles already at the
initial stage of mixing.

At a later stage, when the cement stone has
hardened and begins to shrink, polypropylene fiber
fibers connect the edges of the cracks, thus reducing
the risk of fracture. The use of fiber makes it possible

polypropylene fiber is resistant to absolutely all
chemicals that make up cement stone, to physical
damage during mixing, is distributed evenly,
without forming clots (when using a coffee grinder)
throughout the entire volume of the composition
and reinforcing it in all directions, does not lose its
durability and appearance. Fiber is also compatible
with any additives in cement composition and in
concrete.
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*aemop-KoppecrnoHOeHm.

AHOamna. MaKanada 6emoHHbIH KYpamMbiH #006asaayra KewleHOi macin YCbiHbIAFAH, OHOA roaukapbokcuaammap
apupiHe HezizdenzeH 2unepnaacmugukamoposl, coHOali-aK KywelimemiH manwsiKkmapos! (GHU30MpPonmMesl Kocrna),
azpecammapobl, 6alinaHeIcCMbIpFbILIMApPObl HaHe cyObl besceHOipydi eHzizy apKblabl 6emoH KOCrnacelH mypsaeHoipy-
0iH apmypni mypnepiHiH KombuHayuscsl 6ap. bemoH yemeHm macslH MaawWbeIKMAPMeH HelFalimy weay HapsliKkma-
pbIH a3alimadsl HaHe OHbIH AA3Fa Me3imoini2iH apmmelpadsi, an noauKapbokcuaammsiH HaHobeawekmepi nalioana-
HbIAFAH CYyOblH MesWEePiH ¥aHe MamepuandbliH KOmar yaKbimelH edayip azalimadel, 6yn 6ymeH eHOeyOiH Kaxcemci3
Ke3eHiH x#acalidel. MaKkanada aunepnaacmugukamopobiH acep emy mMexaHu3mi, 28 KyHOIK yneinep meH meKwenepoi
CbIHAYObIH Hamuxcenepi KeamipinaeH. dcep emy HamuxceciHoe noaukapbokcunam beawekmepi yemeHm mylipnepiHiy
b6emiHe adcopbyusanaHadsl, e3apa umepinin, yemeHm epimiHoiciH Ko3rasabicKa Keamipedi. Ocbl macindiH KemezimeH
apanacmelpydsiH 6acmankbl KeseHiHoe HaHobenwekmepoi Koa0aHa omebipbir, 3pmypi pyHKUUOHA0bI dpekemmeai
yemeHmM macbiHbIH HAHOKYPbIAbIMbIH KAAbIMMacmelpy ywiH xaroall #acanaosl.

Kinm ce30ep: 6emoH, HaOHomexHoso2us, bepikmik, 6emoH Kocracel, KypbiasiM, cynepnaacmugdukamop, maauwsix, be-
MOHHBIK Kypamel, 2ureprnaacmugpukamop, yuemeHm macel.
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*aemop-koppecrnoHOeHm.

AHHOMayus. Bcmamese npedcmasneH KOMMAEKCHbIU Mo0xo0 K MpoekmuposaHuo cocmasa bemoHa, Komopelil cooep-
Hum 8 cebe KOMBUHUPOBAHUE PA3IUYHbIX 8UOO8 MOOUGUUUPOBAHUA bemoHHOU cMmecu 3a ciem gsedeHus aunepraa-
cmuguKkamopa Ha 0CHose 3¢hupa MoAUKAPOOKCUAAMO8, O MAKHE APMUPYIOUUX BOAOKOH (aHU30mponHas 0obaska),
aKmusayur 3anonHumenel, 8aXywux seujecms u 800bl 3ameopeHus. [10Ka3aHO, KK apMuposaHue yemMeHmMHo20
KaMHA 6emoHa 80/10KHAMU yMeHbuwaem obpa3osaHue yca0oYHbIX MPewuH U yseauyusaem e20 Mopo30cmolikocms,
a HaHo4Yacmuuybl noaukapboKcuaama 3HaYUMeNbHO YMeHbWarm Koau4ecmao ucrnoss3zyemoli 8006l U spemsa meepoe-
Hua mamepuana, denas HeobazamesnbHol cmaduto napoobpabomku. B cmamse npusodamca mexaHu3m delicmsus
aunepnaacmugukamopa, pedysasmamel ucrneimaHuli o6pasyos-banovek u 06pa3yos-kybuxkos 8 sospacme 28 Cymox.
B pe3ynbmame Oelicmeusa Yacmuybl MoaukapboKcuanamos adcopbupyromca Ha Mo8epxXHOCMU YeMeHMHbIX 3epeH, 83a-
UMHO 0mMmmanKusaromcsa u npusoosm 8 dsuxceHue yemeHmHoll pacmeop. C nomouwjbto 0aHHO20 Nodxoda cozdaemcs
ycnosue 018 (hOPMUPOBAHUA HAHOCMPYKMYpPbl UeMeHMHO020 KOMHSA Pa3/u4H020 (PyHKUUOHAAbHO20 Oelicmaus ¢ nomo-
Wbl HAHOYACMUY, YXe HA Ha4as6HOM 3marne CMewUusaHUs.

Knrouesoie cnosa: 6em0H, HAHOMeXHOs102UHA, aOIIZOSE’LIHOCITIb, bemoHHas CMecCb, CmpyKkmypa, cynepnnacmucpuxa-
mop, 80/10KHO, cocmas 6em0Ha, eunepnﬂacmuqbummop, HEME’HmeIU KaMEHb.
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