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ABSTRACT

The present paper considers the influence of basalt fiber method of
addicting in to self-stressing concrete, modified by sulfoaluminate type
expansive additive, on main properties of concrete. The use of basalt
fiber and expansive additive together allows to obtain a composite with
optimal structure and high-quality properties. The combined application
allows to achieve several effects such as filling effect, pozzolanic effect
and dispersed reinforcement effect (due to chaotic fiber distribution in
the concrete composite structure and needle-shaped crystal of ettringite
micro reinforcement).

Use of even small amount of basalt fiber due to disintegration on a great
amount of monofilaments with a great specific surface leads to an increase
in concrete composite tensile strength due to spatial dispersed reinforcement
effect and changing fracture toughness There is also an effect of simultaneous
expansion due to adding an expansive additive and strengthening achieved
by binding effect of basalt fiber as a dispersion-reinforcing element.

The maximum amount of basalt fiber in the research is limited by
4% to prevent full percolation effect, but at the same time to provide the
formation of filament spatial skeleton in the concrete structure. In this
study are considered the changes of properties of the concrete composite
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with different degrees of expansion and self-stressing (varied by energy-
activity and amount of sulfoaluminate expansive additive).

In the article the most optimal basalt fiber addicting method in the
concrete mix is proposed, preferences and influence degree of this method
on strength properties are determined.

The integral use of the modifying expansive agent makes it possible
to predict an increase in impermeability due to chemical-mechanical
reinforcement of the structure, which results in durability of this type of
concrete. This predetermines a perspective range of their applications in
various kinds of structures including those with high serviceability.

Keywords: self-stressing concrete, sulfoaluminate type expansive
additive, monofilament, strength properties, suspension, linear expansion.
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MaBnoBa UHecca MaBAOBHA, KaHA. TEXH. HayK, AOLEHT, AOLEHT Kadbeapsbl
TEXHOAOTUM OETOHA W CTPOMUTEAbHbIX MaTepuanoB, bpecTckui
rocyAapCTBEHHbIN TEXHUUYECKUIM YHUBEPCUTET (. BpecT, benapychb)

BenomecoBa KpuctuHa FOpbeBHa, acnvpaHT, MarucTp TexH. Hayk, bpecTtckui
rocyAapCTBEHHbIN TEXHUYECKUIM YHUBEPCUTET (. bpecT, benapychb)

3ABUCUMOCTb NPOYHOCTU BETOHA OT METOAA
BBEAEHUA BASAALTOBOWN ®UEPhI

AHHOTALMUA

B cmambe paccmompeHo 8ustHUe cnocoba 8gedeHuss 6a3anbmosotl
¢ubpsL 8 Hanpsiearowuil 6emoH, MoOUPGUUUPOBAHHDLIL pacluupsouleii-
cs1 006a8kotll Cyn1bGOANOMUHAMHO20 MUNA, HA OCHOBHble cBolicmad.
CosmecmHoe 8gedeHlle pacuwiupsitouetics 0obasku u 6azanbmosoil Pu-
OpbL no3gossiem peanuzogams psd IPgdexkmos: ahghexkm HANONMHEHUS,
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nyyyoaHoswlil u aggexm ducnepcHozo apmuposarus (kak 61azooaps
pasHomepHomy pacnpedesieHutro Gubpsl 8 mesie Komnoduma, mak u 6.1a-
200apsi MUKPOAPMUPOBAHUIO UZ0JIbYAMbIMU KPUCMAIAMU IMMPUH-
2Uma npu peanu3ayuu MexaHuama paculupeHus).

BgedeHue 6azanbmogotll gubpwul daxce 8 HEOONLIUUX KOAUUECMBAX
61az00apst pacnady HA 02POMHOe KOAUUECMBO MOHOPUIAMEHMO8 C
8bLCOKOTl YOeNbHOL N08EPXHOCMbI0 NPUBOOUM K NOBbLUUEHUI) NPOUHO-
cmu 6emoHH020 KoMno3uma 3a cuem 3dgdexma npocmpaHcmMeeHHO20
O0uCNepcHO20 aApMUpPOBAHUS CMPYKMYPbl U U3MEHeHUs. 8513KOCMU pas-
pywenus. ITpu amom makwuce peanudyemcs adgdexm 00HOBPeMEHHO20
pacwuperus baazodaps esedeHuro pacwupsrouletics 00basku u ynpou-
HeHUs U3-3a c8s3blearouiezo aggekma b6azanbmosoil Gubpwvl kak Ouc-
nepcHO20 yNpouUHAWe20 3neMeHmd.

MaxkcumanvHoe codepucarue 6a3ansmosoll ubpwbl 8 0AHHBLX UCCle-
008aHUSIX 02paHuUeHO 4 %, ucxo0s u3 npednocsLIOK npedomsepauieHus
apekma nosHOU nepKoNAYUU, HO NPU IMom obecneueHUs HOPMUPO-
BAHUS YCNI08HO20 «NPOCMPAHCMBEHHO20 KAPKACA» U3 BOJIOKOH PUODDL.
B danHoll pabome paccmompeHo u3meHeHue c8olicma 6emoHH020 KOM-
no3uma npu pasHulX YPOBHAX PACWUPEHUS U camoHanpsceHus (8a-
pbUpYemcst IHep20aKMUBHOCMBIO U KOAUUECMBOM 8800UMOLL cynbdoa-
JromuHamuotl 0obasku). Takice npednoxceH Haubosee ONMUMANbHbLLL
cnocob 8gedeHUs 6A3ANLMOB020 BOJIOKHA 8 BEMOHHYI0 CMeChb, onpede-
JleHbl €20 NPeUMYLLeCmada U CmeneHb BAUSHUS HA NPOUHOCMHble XAPAK-
mepucmuku Komnosumad.

KomnnekcHoe ucnonvsosarue moouguyupyroulell pacuitupsitousetics
dobasku u 6a3anbmogoll GubpsL n0360J51em Cnpo2HO3UPOB8AMD 3d Cuem
XUMUKO-MEXAHUUECK020 005eMH020 APMUPOBAHUS CMPYKNYPbl NOBbL-
WeHue HenpoHUUAeMOCMU U, KaK ciedcmaue, 00J1208eUHOCMU MAK020
poda 6emoHos, umo npedonpedesisiem NepcneKmusbl UX NPUMeHeHUs.
0151 peMOHMA PA3JUUHO020 podd 30aHUll U COOPYHceHULl, 8 MOM UUCe
IKCNLYAMUpPYeMblLX 8 PA3JIUUHBLX A2PECCUBHBLX CPEOAX.

KiroueBbie cj10Ba: HANPATAIOMINK OeTOH, paCIIUPSIOMAsACS [0-
6aBKa CyabGOATIOMUHATHOTO TUIA, MOHOGWIAMEHT, ITPOYHOCTHBIE
MIOKA3aTeJsIu, CyCIIEH3Us, INHEHOE paclIipeHue.
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INTRODUCTION

Building of modern constructions and structures needs to employ
concretes with high field performance and physical-mechanical
properties. One of the more actual materials on the present-day is fiber
concrete — concrete with dispersed filaments (fiber).

Fiber concrete is one of the most perspective composites in the area
of high performance (HPC) and high strength concretes, because they
enjoy not only high strength level, but also fracture toughness, water
permeability, frost resistance and durability scores of times these
characteristics for ordinary concrete. But, in spite of quite of a number
advantages of fiber concrete over ordinary concrete, fiber concrete is
not prevailing as opposed to ordinary concrete.

It’s connected with a great amount of questions that a researcher
faces in the current area. Many of them are not studied to the end so
there are not unambiguous answers to them.

The list of main issues which the researcher encountered to prepare
fiber concrete is the following: fiber filament optimal type, its amount,
method of addicting, also determining the character and the degree of
influence of fiber on main properties of concrete composite structure
(strength, fracture toughness, shrinkage strains, etc.).

Such for a choice of materials, used for dispersed reinforcement,
they are a different types of metallic and non-metallic filaments of
organic and non-organic origin. Today more popular are steel, glass,
basalt, polypropylene and so on.

Each kind of fiber holds its own advantages and disadvantages.
Filaments of a various origin in a different way interacting with
cementitious matrix in the concrete. In tabl.1 are presented
main characteristics of commonly used dispersed reinforcement
filaments.
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Table 1

Main characteristics of different kind dispersed reinforcement
according to [1]

Material Basalt fiber Polyp}' TEplEn || (B Steel fiber
Fiber mark E or S
Tensile strength, MPa 1900-3900 150-600 1500-3500 600-1500
Modulus of elasticity, GPa 90-130 35 75 190
Coefficient ((;f expansion, 3,2 20-150 45 3.4
Melting point, °C 1450 160 860 1550
Density, g/cm3 2,60 0,91 2,60 7,80

Among the multitude of used dispersed reinforcement materials its
necessary separately assign basalt fiber [2, p. 75].

Basalt fiber due to its mineralogical origin possess many advantages
such as high level of physical-mechanical and chemical properties,
durability, stability of characteristics during continuous service in
a different conditions including corrosion risks, good adhesion with
cement stone, high structural, heat-insulating, dielectric properties.

Basalt fiber like a dispersed reinforcement makes it possible to
improve in cementitious concrete one of the major imperfections — law
tensile strength. But concretes on the basis of ordinary Portland cement
nonetheless on dispersed reinforcement of structure are varying
shrinkage strains. In present study for compensating shrinkage strains
expansive modified binders are used [3, p. 102].

To prevent shrinkage strains used a mix of ordinary Portland
cement and expansive additive. Variations in amount and type of used
expansive agent make it possible to obtain concretes with different
levels of linear expansive strains and self-stresses. In current research
is used sulfoaluminate expansive additive. Expansion mechanism is
based on needle-shaped crystal ettringite formation (see figure 1) on
the next type chemical reaction:

3Ca0 - ALO, - 6H,0 + 3(CaSO, - 2H,0) + 19H,0 =
=3Ca0 - ALO, - 3CaSO0, - 31H,0.

67



Figure 1. Needle-shaped ettringite crystals in an hydrating expansive cement structure

Integral addicting of basalt fiber with expansive additive leads
to the advantageous stress-strain relationships in structure owing
to chemical prestress and spatial reinforcement effects in hydrating
cement system.

As can be seen from figure 2 the addicting of basalt fiber does not
lead to a sharp decline in linear expansion. It allows maintaining the
required level of energy activity and linear expansion. At the same
time, the binding of a hydrating system to a spatial skeleton will
prevent partial decompaction and strength decreases taking place in
energy-active mixes.
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Figure 2. Development of linear expansion in time
BF - basalt fiber
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There are some quite difficult moments, which researcher had to
face during the concrete mix preparation. One of these moments is
dispersed filament addicting in the concrete mix.

Basalt fiber, produced by cutting from roving segments of a given
length, consisting of a set of parallel laid elementary fibers, assembled
by sizing in temporary bundles (see figure 3, a)

Depending on the technology of basalt fiber production in one
such segment of basalt fiber («time bundle») there can be from 400
to 800 pieces of individual monofilaments. Diameter of monofilament
depends from the technical characteristics of the spinneret feeder,
through which the elementary fibers are drawn. When basalt fibers
are combined with components of the concrete mix during mixing
these temporary bundles break up into separate monofilaments. They
are freely and randomly distributed throughout the entire volume of
the composite causing special reinforcement effect. Homogeneous fi-
ber distribution in the cement composite structure leads to a forming
of spatial micro-reinforced cement matrix (see figure 3, b). This type of
structure effectively counteracts the compressive and tensile stresses
that occur in concrete under external force effects.

Figure 3. Type of basalt monofilament (a) and fiber-reinforced concrete samples after
tensile strength test (b)

o ™

One of the main tasks to achieve a uniform distribution of fiber in
the body of concrete composite is to determine the optimal method
of addicting and mixing basalt fiber with the components of concrete
mix.
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Moreover, the uniform distribution of basalt fiber in the concrete
composite structure is influenced by a number of complicated
technological aspects, including water to binder ratio, usage of high
efficiency plasticizing admixtures, quality of the used raw materials
such as chemical-mineralogical cement composition and its specific
surface, continuous grading for aggregates and so on.

There is no well-substantiated method of addicting basalt fiber into
the concrete mix, which will allow achieving uniform fiber distribution
throughout the entire volume of the concrete mix.

Results of the search of optimal method of addicting are presented
in several studies [1, 4-6]. It can be selected next basic methods: - fiber
is addicting into the dry components of the mix; - fiber is addicting in
cement suspension; - fiber is addicting in the already prepared mix.

EXPERIMENTAL STUDIES

The common purpose of this study is determining of the optimal
method of addicting basalt fiber into a concrete mix, which allows
achieving the most homogeneous distribution of fibers in the structure
of concrete composite.

In present studies the following methods were chosen: - fiber is
addicting to dry components (Scheme 1) and - fiber is addicting to the
cement suspension (Scheme 2).

Self-stressing cement consisting of a mix of ordinary Portland
cement and an expansive additive was used as a binder. Expansive
additive prepared as a mixture of highly active metakaolin Al,O, 2SiO,
with high pozzolanic reactivity (1200 mg/g) and natural gypsum
CaSO, 2H,0 in proportion 0,9:1 . Amount of expansive agent in binder
is chosen 15% proceeding from expansive strains achievement (see
figure 2 — mix without basalt fiber). Studied mixes, quantity of control
samples and its shape and size, also control of expansive/shrinkage
strains are realized according to STB 1335 [7] requirements: the ratio
of cement to sand was taken to be 1:3; water to binder ratio 0,4; the
content of basalt fiber was taken to be 4% by weight of the binder. In
this study were prepared standard samples-prisms 40 40 160 mm in
amount 9 per each scheme. Technical characteristics of the fiber are
shown in Table 2.
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Table 2
Technical characteristics of the used basalt fiber

Name of the indicator Value
Basalt fiber length, mm 24,5
Diameter of the individual monofilament, um 16
Modulus of Elasticity, MPa 93200-116000
Fructure strength, MPa 1500-2000
Density, g/cm3 2,7

The use of ultrafine expansive additive (metakaolin specific surface
is about 10x10* cm?/g) in complex cement compound needs to use
plasticizer of I group of effectiveness. Also in plasticized mixes is easier
to achieve a more uniform distribution of basalt fiber. In present study
a plasticizer based on modified polycarboxylate esters was used.

According two schemes for loading materials in the preparation
of fiber concrete mix (see Table 3) was used a different regularity for
loading materials.

Table 3

Preparation stages of basalt-fiber concrete mix according
to the accepted schemes

Scheme 1 Scheme 2
N¢ of
stage . .
Mix components Mix components
1 Self-stressing cement + Sand Self-stressing cement + Water + Plasticizer
(0,8%)
2 Basalt fiber (4%) Basalt fiber (4%)
3 Water + Plasticizer (0,8%) Sand

As noted earlier, this study examined two schemes for loading
materials that have main differences consisting of the regularity of the
addicting of basalt fiber into the concrete mix:
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scheme 1 — the addicting of basalt fiber in a dry mix of cement
and sand. Obtaining a homogeneous mixture of dry components. Next
subsequent mixing with water and a plasticizing admixture;

scheme 2 —the addicting of basalt fiber in a pre-prepared suspension
consisting of cement, water, and plasticizer. Obtaining a homogeneous
mixture. Next the subsequent addicting of sand with the joint mixing
of all components in mix.

The mix without basalt fiber was taken as the control. Since one of
the main advantages of dispersed reinforcement is an increase in the
tensile strength of cement composites — this characteristic was chosen
as control in experimental studies. Tests of control samples were made
at the age of 2, 7 and 28 days. The results are presented in Figure 4.
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Figure 4. Dependence sample tensile strength according different schemes
of fiber addicting

RESULTS OF EXPERIMENTAL STUDIES AND THEIR ANALYSIS

Analyzing the data obtained from experimental studies, it is possible
to make some conclusions concerning the degree of influence of basalt
fiber on the most important physical-mechanical characteristics of a

72



concrete composite, and also to determine the most optimal method of
the addicting of fiber into a concrete mix.

Figure 4 clearly shows that the use of basalt fiber as a dispersed
reinforcement (regardless of the method of its addicting into the
concrete mix) leads to increase in the tensile strength of concrete
composites structures.

Basalt fiber-reinforced samples have bending tensile strength on
average 25% higher than the strength values of control samples without
reinforcement. The effect of strength increasing takes its maximum at
an early age (for samples at the age of 2 days tensile strength increase
vary from 32% to 45%).

As for the optimal method of addicting the basalt fiber into a
concrete mix - the second scheme — the addicting of basalt fiber into
a cement suspension — is the most rational. The tensile strength of
samples prepared using the scheme 2 exceeded about 12% compared
with samples prepared according to the first scheme (with the addicting
of components in a dry form).

The studied schemes for obtaining a basalt fiber concrete mix have
some advantages and disadvantages. For example, with the addicting
of basalt fiber in a dry mix (Scheme 1) during the mixing process, each
fiber section is divided into many elementary fibers. At a sufficiently
high frequency of rotation of the mixing equipment individual
monofilaments are released into the air and a small proportion of
the reinforcing fibers are lost. Also addicting of basalt fiber into
dry components often leads to incomplete separation of fibers into
individual monofilaments, which further leads to the clumping of
basalt fibers. The presence of lumps of basalt fibers leads to a decrease
in the strength characteristics of the concrete composite.

Addicting of basalt fiber in a suspension of cement, water and
plasticizer (Scheme 2) results that mentioned above effects are not
observed. The losses of reinforcing fibers and ultra dispersed expansive
additive into the air on the stage of concrete mix preparation are
completely excluded. This method of the addicting (Scheme 2) allows
the fiber to be uniform distributed in the cement paste. However, this
method is fraught with some difficulties in the technological plan,
since it is not always possible to introduce raw materials in suspension
in construction conditions or in-situ.
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As seen from the obtained data the addicting of the basalt fiber is
more rational according to Scheme 2 (into the cement suspension).
Method of the addicting fiber in suspension allows to more uniform
distribution of the filaments in the concrete structure, resulting in the
forming of a spatial dispersed reinforced cement matrix.

CONCLUSIONS

1. Using of basalt fiber and an expansive additive together in the
hydrating cement system allows to achieve the effect of expansion
without decompaction and strength decreasing [2,3], which is usually
manifested in energy-active compounds. At the same time, the addict-
ing of basalt fiber only slightly reduces the strain of free expansion,
which allows that the energy potential of the modified binder to be
fully realized.

2. Dispersed basalt fiber reinforcement of cement systems leads
to the creation of a spatial skeleton according to the free and chaotic
distribution of elementary fibers in the composite structure. This spa-
tial skeleton allows to restrict the destructive stresses leading to the
formation of through or surface cracks.

3. Usage of basalt fiber as a dispersed reinforcement (regardless
of the method of its addicting into the concrete mix) leads to strength
increasing of the concrete composite. Samples reinforced with ba-
salt fiber have an average value of tensile strength 25% higher than
the strength of control samples without reinforcement. The tensile
strength increasing its maximum at an early age due to more imperme-
able microstructure with high dispersed ettringite instead incoherent
structure of ordinary Portland cement with high porosity and «card
house» structure of aluminate phase (the strength increasing vary
from 32% to 45%)).

4. Addicting basalt fiber into the concrete mix in suspension with
ultra dispersed expansive sulfo-aluminate additive allows achieving
the most uniform distribution of the filaments in the modified cement
matrix. In modified hydrating structure realized effects both of chem-
ical prestress due to ettringite formation and spatial reinforcement
due to basalt fiber volumetric distribution, which resulting in concrete
properties increase.
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