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Abstract. High-strength and high-modulus fibers and threads, such as glass, basalt, carbon
and others, in combination with a cement matrix form a new class of structural building materials,
the so-called textile-reinforced concrete. Currently, concrete reinforced with textile reinforcement is
most often used to strengthen existing building structures such as stone panels, roofs, and reinforced
concrete beams. Over the past two decades, a significant number of works have been devoted to the
development of this direction. The disadvantage of textile-reinforced concrete is the low strength of
its matrix during bending and stretching.

The purpose of the work was to determine a way to increase the strength of the textile-
reinforced concrete matrix without losing its durability.

It was found that there is a relationship between the composition of the mixed matrix
aggregate and its strength. The dependence of matrix strength on the content of fine aggregate,
which includes iron ions, was determined. In the course of the study, it was established that the
simultaneous introduction of an aggregate containing iron and a mixture of surface-active
substances into the composition of the matrix leads to an increase in its bending strength from 50%
to 90%. Thus, the tensile and bending strength of textile-reinforced concrete increases.

It has been proven that the content of surface-active substances in the amount of 0.0004% of
the mass of cement in the matrix provides the greatest increase in its strength. This phenomenon
occurs without a decrease in the water-cement ratio, which is assumed to be larger than the
minimum acceptable for durability. Thus, it has been proven that the flexural strength of textile-
reinforced concrete depends mainly on the tensile strength of its concrete matrix, and the strength of
textile reinforcement practically does not affect the strength.

To increase the strength of textile-reinforced concrete and ensure its durability, it is advisable
to use a mixed aggregate, which is a mixture of river sand and iron ore beneficiation waste,
simultaneously with the modification of the water structure using micellar catalysis
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Introduction

Steel reinforcement has traditionally been widely used as reinforcement in
building structures for more than a hundred years. However, traditional reinforced
concrete structures have significant disadvantages. The main one is the irrational use
of concrete in the stretched zone, which significantly increases the weight of the
structure. The use of prestressed structures only partially solves this problem. The
high cost and irrational use of formwork in the manufacture of both prefabricated and
monolithic reinforced concrete structures is also a disadvantage of reinforced
concrete structures [1].

To date, the proposed steel-reinforced concrete structures are such structures in
which reinforced concrete and steel work together. in such elements, reinforced

concrete is used to absorb compressive forces, and steel is used to absorb tensile
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forces [2].

The disadvantages of reinforced concrete include the significant own weight of
the structure, which is a consequence of the irrational use of concrete in the stretched
area of the structure.

The first attempts to use non-metallic materials as reinforcement, highlighted in
work [3], gave an impetus to the development of composite materials of a new type.
Currently, high-strength textile materials are finding new applications for reinforcing
structural elements in the construction industry [4]. High-strength and high-modulus
fibers and threads, such as glass, basalt, carbon and others, are mainly used for their
manufacture. In combination with the cement matrix, they form a new class of
structural building materials - textile-reinforced concrete, which today is considered
one of the most promising materials used in construction. Compared to traditional
building materials, textile-reinforced concrete has a number of undeniable
advantages, such as high corrosion resistance, less weight of structures, etc.

Survey of external environment

Currently, concretes reinforced with textile reinforcement are mostly used to
strengthen existing building structures such as stone panels [5], roofs [6], and
reinforced concrete beams [7]. Over the past two decades, a significant number of
works have been devoted to the development of this direction. The work [8] describes
a systematic approach to the study of concrete reinforced with fibrous composites.
The works [8,9] describe methods of measurement and application of structures made
of concrete reinforced with composites, as well as methods of production of
reinforcing threads and fabrics. In [10], the dependence of the strength characteristics
of the composite on the structural parameters of reinforcing rovings and fabrics is
considered. Studies [11] describe the use of polymers in composite concrete. Various
models are studied in studies [12], such as a computer model of a composite structure
made of concrete, models describing the behavior of the structure under the influence
of long-term loads and corrosion. In works [13] it is determined that the strength of
concrete structures can be increased with the use of prestressed textile fabrics. In
general, the technology of using a reinforcing mesh made of high-strength rovings
has a number of advantages compared to reinforced concrete.

The mechanism of operation of the reinforcing fiber in the cement matrix is very
different from that in the polymer matrix due to the lower limit of the elongation of
the former, which is significantly less than the elongation of the fibers. Therefore, in
cement composites, the matrix is destroyed before the strength properties of fiber
reinforcement are fully realized.

Destructive processes in concrete, such as the occurrence of internal stress, the
formation of structural microcracks, changes in geometric dimensions, etc., are
mainly caused by shrinkage phenomena of cement stone, which in most cases leads
to cracking of concrete. This is especially important for thin-walled textile concrete.

Designated textile-reinforced concrete (TAB), regardless of the field of
application, must have certain general properties. Namely, sufficient strength and
high speed of its formation, which will ensure a reduction in the manufacturing time
of such concrete products and structures or a reduction in the construction time.

One of the disadvantages of many "cement-water" systems is their sufficiently
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low speed of structure formation, and therefore the main properties of building
structures made on their basis. Thus, for the hydration reaction of cement minerals,
the usual transformation time is several weeks or even months, therefore, the search
for effective methods of accelerating these reactions is an urgent task.

To accelerate the hardening of textile-reinforced concrete in the production of
structures, various methods are used: increasing the specific surface of cement; the
effect of elevated concrete hardening temperature, both at normal atmospheric
pressure and at elevated pressure; introduction of additives that accelerate hardening.
However, each of these methods has its own drawbacks. An increase in the specific
surface of cement has its limitations both in terms of the value, the excess of which
leads to the reverse aggregation of cement particles, and in terms of increasing the
costs of concrete production. Heat treatment of concrete also has its limitations. Even
according to regulatory documents, in order to obtain high-quality (including frost-
resistant) concrete, it is necessary to reduce the isothermal heating temperature to
333K. Traditionally, hardening accelerator additives are used to solve the problem of
accelerating the formation of concrete strength. However, their drawback is
interference in the chemical processes of hardening of binders, in particular, changes
in their orientation and the formation of new "non-standard" minerals. That is,
traditional methods of accelerating chemical processes (use of high temperatures,
chemicals) most often do not give the desired result. In addition, they act
indiscriminately, accelerating side reactions, leading to the appearance of unwanted
products in the system.

At this time, the application of various types of catalysis to accelerate almost all
reactions used in organic chemistry became a stable trend. Even those
transformations that were previously carried out without the use of any catalysts are
now involved in the circle of catalytic processes, which reflects the general general
direction. To regulate the properties of textile-reinforced fine-grained concrete, the
most promising methods are the methods of liquid phase activation, which represent
various types of processing of liquid components of the concrete mixture, which, in
comparison with solid-phase mechanical activation of the binder and aggregate or the
introduction of chemical additives into the concrete mixture, can provide an increase
strength of concrete with a significant reduction in the costs of additives and binder
[14]. However, at the same time, the theory of activation of liquid components of the
concrete mixture [15] is not sufficiently developed to date, the mechanism of its
influence on the structure and properties of cement composites has not been
identified, rational compositions, methods of preparation and production of fine-
grained concrete have not been determined.

Interest in solutions of organic substances arises due to their general ability to
structure water molecules and promote peptization of binder particles, i.e., play the
role of a catalyst in chemical reactions [16] and a regulator of the structure of textile-
reinforced concrete. This indicates the relevance of research into the possibility of
obtaining high-performance textile-reinforced fine-grained concrete based on
activated water systems. There are well-known studies [17], which show the
influence of complex binders, as well as work [18], which shows the influence of
iron-containing components, and work [19] shows the influence of the amount of
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iron-containing filler on the properties of fine-grained concrete. But only in the paper
[20] was studied the deformability of fine-grained modified concrete.

The purpose of this work is to study the influence of mixed aggregate [18-20]
and water activated by the use of micellar catalysis [21] on the strength of TAB with
its rational location in the structure.

Inputs data and methods

In the research, Portland cement SEM 42.5 (PJSC "Heidelberg Cement Kryvyi
Rih"), fine aggregate - iron ore beneficiation waste (VZZR) of the Novokrivorizka
mining and beneficiation complex of JSC "Arcelor Mittal Kryvyi Rih" (Ukraine)
were used for the production of concrete, which have a maximum particle size 0.63
mm. and Dnieper river sand.

A polyethylene mesh with a hole size of 0.8 mm was used as a fabric.

The components of the concrete mixture were dosed in the necessary quantities,
according to the experiment plan, and mixed with a laboratory mixer for 3 minutes.
The resulting mixture was placed in a metal mold. The form containing the concrete
mixture was rigidly fixed on the laboratory vibration platform and compacted by
vibration until complete compaction, which was characterized by the cessation of
settling of the concrete mixture and the cessation of the release of air bubbles. After
the completion of laying and compaction of the concrete mixture in the form, the
open surface of the sample was smoothed with a trowel. For the first 24 hours, the
concrete samples were hardened under normal conditions, while they were stored in
forms covered with a damp cloth until formwork. This excluded the possibility of
moisture evaporating from them in a room with an air temperature of (293 + 5) K. 24
hours after production, the concrete samples were removed from the forms and
placed in a chamber that provided their surfaces with normal conditions, that is, a
temperature of (293 + 3) K and relative air humidity (95 £ 5)%. In the chamber, the
samples were placed on the substrates so that the distance between them, as well as
between the samples and the walls of the chamber, was at least 5 mm. The main
indicator of the quality of the studied concrete was its compressive strength limit.
Determination of the strength of the samples was carried out using the universal
testing machine UMM-100.

Research results, discussion and analysis of results

Based on the results of the analysis of studies given in [13], the authors stated
that the behavior of TAB during stretching is similar to the behavior of ordinary
reinforced concrete. Three stages are observed in the tensile diagram, as shown in
Figure 1. Stage I corresponds to concrete stretching without cracking and continues
until its tensile strength properties are realized. Stage Il is accompanied by the
formation of cracks in concrete with an almost flat slope of the curve. Also at this
stage, tensile deformation is accompanied by partial peeling of the reinforcing roving
threads from the matrix. Then the process moves to stage 111, which is the final state.
External loads are taken by fabric reinforcement, i.e. TAB loses its integrity and can
be further used with the formation of cracks and with a greatly reduced stiffness
compared to section I. The main difference of this tensile diagram compared to steel
reinforcement is the lack of a yield section. Thus, the destruction of the TAB occurs
after the completion of the loading stage I, the limit of which corresponds to the
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tensile strength of the TAB - f,,» and the value of the strength of the fabric - f;, which
acts as a reinforcement, is practically leveled off and has no particular significance
when exceeding fqp.

This analysis shows that the increase in tensile strength of TAB is provided
primarily by the tensile strength of the concrete matrix.

To increase the bearing capacity of the TAB, it is necessary to increase the limit
of the first stage of loading. For this, various researchers suggest increasing the
strength of the cement matrix by reducing the water-cement ratio.

However, this decision cannot be accepted, since it is known that a decrease in
the water-cement ratio below a certain value leads to a decrease in the durability of
concrete and, therefore, TAB.
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Figure 1 — Dependence between stresses and strains in TAB

This is based on the following results of research and calculations.

The processes of hydration of cement, although sluggish, continue (of course, in
the presence of moisture) for decades. A natural question arises from this - if the
structure of the cement stone has already developed, "ossified", then what can happen
to the material during further hydration of the cement? Where do neoplasms come
from? And will something similar to sulfate corrosion of concrete happen, when the
formation of a "cement bacillus" leads to the destruction of the material due to the
manifestation of wedging deformations, with a parallel increase in the volume of the
material and a decrease in its strength and other related characteristics?

I. N. Akhverdov indicated the possibility of the occurrence of the named
phenomenon when the relative water content of the cement dough is less than 0.63.
Based on similar theoretical premises, some authors [22-23] experimentally
confirmed the fact of self-destruction of cement stone made with a water-cement ratio
below a certain critical value (different for each researcher) during long periods of
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operation. Thus, to increase the tensile strength of TAB, it is necessary apply such
methods that provide a solution to the specified problem without reducing the water-
cement ratio.
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Figure 2 — The influence of the content of iron ore beneficiation waste (WZZR)
in the aggregate on the strength of concrete (W/C = 0.5; Z/C is the ratio of the
mass of fine aggregate to the mass of cement)
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Figure 3 — The influence of surface-active substances on the strength of TAB
(MPAR - surfactant that forms micelles, PAR - molecular surfactant)
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Such methods, obviously, include the methods proposed in works [18-20],
which consist in using as a fine aggregate a mixture of river sand and VZZR, as well
as micellar catalysis to modify the structure of water [21].

The results of determining the effect of a mixture of river sand and VZZR (Fig.
2) and a mixture of surface-active substances on the strength of concrete (Fig. 3)
show the possibility of significantly increasing the strength of fine-grained concrete
without reducing the water-cement ratio.

Based on the knowledge about the nature of the origin of the used components
of the cement matrix of the resulting composition, the further increase in the
structural strength of the composite binders probably occurs due to the growth of
neoplasms during the hardening of the "cement - VZZR - water - surfactant mixture"
system. The sequence of hardening is determined by the different intensity and time
of interaction of the mineral component of polygenetic quartz, magnetite and
hematite with the hydration products of clinker minerals. Regionally metamorphosed
(chalcedony-like) generation of quartz from VZZR wastes - ferruginous quartzites,
intensively binds calcium hydroxide, and dynamo-metamorphic and contact-
metamorphic varieties act as substrates and centers of crystallization.
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Figure 4 — Scheme of interaction of iron ions with calcium silicates
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Figure 5 — Dependence between stresses and deformations in TAB
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Due to the high electrostatic potential, iron-containing (up to 17% of the weight
of iron oxide) magnetite and hematite attract calcium hydrosilicates, providing an
adsorbing effect and serving as substrates for neoplasms (Fig. 4).

The use of such concrete as a TAB matrix makes it possible to significantly
increase its bending strength from fi,, to fien (Fig. 5). However, the strength of the
fabric used as reinforcement remains unattainable, that is, it is not used to its full
extent.

Conclusions

The results of the conducted research allow us to draw the following
conclusions:

1. The bending strength of textile-reinforced concrete depends mainly on the
tensile strength of its concrete matrix. The strength of textile reinforcement
practically does not affect the bending strength of this concrete.

2. An increase in the tensile strength of the concrete matrix must occur without
reducing the water-cement ratio below a critical value that ensures the durability of
concrete. In this case, it is advisable to use a mixed aggregate, which is a mixture of
river sand and iron ore beneficiation waste, simultaneously with the modification of
the water structure using micellar catalysis.
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Anomauia. Bucokomiyni ma B6UCOKOMOOYIbHI BONOKHA MA HUMKU, MAaKi 5K CKIAHI,
bazanbmosi, eyeneyesi ma iHwli Y NOEOHAHHI 3 YEMEHMHO MAMpuyero ymeopioms HO8Ull K1ac
KOHCMPYKYIIHUX 0y0igelbHUX mamepianie, max 36aHUll mekcmuibHo-apmosanuti bemon. Ha yeii
yac 6emoHuU, apmMosari MeKCMUIbHOK apmMamypoio, Haubiibue UKOPUCTNOBYIOMb OJid NIOCUTIeHHS
icHyOuUX 0Y0iBeNbHUX KOHCMPYKYI MUny Kam sHux nauenet, noxpigeivb, 3a1i300emOoHHUX OAOK.
3a ocmanmni 0sa Oecamunimms pO36UMKY Yb020 HANPAMY OVIO NPUCBAYEHO 3HAYHY KINbKICMb
pobim. Heoonikom mexcmunbHo-apmosano2o 6emony € maia MiyHiCmo 1020 Mampuyi npu 32uHi ma
po3mszy.

Memoto pobomu 6yn0 6usHaueHHs cNOcoby NiOBUUWEHHS MIYHOCMI Mampuyi meKCmuibHO-
apmosanozo b6emouy besz smpamu Hero 008208i4HOCHII.

Busieneno, wo nasenicmv 36’°sA3Ky MIdC CKAAOOM 3MIULAHO20 3AN0BHIO8AYA Mampuyi ma ii
Miynicmro. Busnaueno 3anedchocmi miyHocmi mampuyi 6i0 emicmy OpiOHO20 3an08HI08aud, 00
CKILAOY K020 6X005Mb I0HU 3ai3d. Y X001 00CNI0NCEHH BCMAHOBIEHO, WO 0OHOYACHE 88€0EHHS 00
CKAA0y Mampuyi 3an08HI08aYA, AKUU MICMUMb 3A1i30, MA CYMIiUll NOBEPXHEBO-AKMUBHUX DEYOBUH
npu3eo00ums 00 nioguujenHs ii miynocmi npu 3euni 6i0 50% oo 90%. Tum camum 36inbuLyemovcs
MIYHICMb MEKCMUTLHO-APMOBAHO20 DEMOHY Npu pO3MA2Y Ma 32UHI.

Jloseoeno, wo emicm nosepxneso-akmusHux pevosur 6 Kinbkocmi 0,0004% e6i0 macu
yemenmy 6 mampuyi, 3a6e3neuye Haubinbwul npupicm ii miynocmi. Lle ssuwe 6i006ysacmvcs 6e3
3MEHULeHHS B000YEMEHMHO20 8IOHOULEHHS, SKe NPULIHAMNO OLIbUUUM 30 BETUYUHOTIO HINC MIHIMATLHO
npunycmume 3a 006208iyHicmio. Takum YUHOM 008€0€HO, W0 MIYHICMb HA BUSUH APMOBAHOZO
meKkcmuiem OemoHy 3anexcumsv 20N08HUM YUHOM 8I0 MIYHOCMI HA po3mse 1020 OemoHHOT
mMampuyi, a MiyHicms MEKCMULbHOL apmMamypu NPaKmu4Ho He GNIUBAE HA MIYHICMb.

s  niosuwenns MmiyHocmi MeKCMUIbHO-APMOBAHO20 OemoHy 13 3a0e3nedeHHsAM U020
006206IYHOCMI OOYINILHO BUKOPUCTNOBYSAMU 3MIUAHUL 3AN08HI06AY, AKUL AGNAE CODOW CYyMil
PpiuKo6020 nicky ma 6i0xo0ie 30a2aueHus 3ani3HOI pyou, 0OHOYACHO 3 MOOUPDIKAYIEID CIMPYKMYypu
800U 3a OONOMO20I0 MIYENAPHO20 KAMANIZY

Knrwuoei cnoea: 6emon, mekcmunioha apmamypa, MiyHicms, NOBEPXHEBO-AKMUBHI PEeYOBUHU,
PIuKO8ULL NiCOK, 3A1I30
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