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Abstract. The materials of the proposed article are devoted to the study of mechanical
properties of sand concrete with the addition of hydrophobized basalt fiber and polycarboxylate
superplasticizer Relaxol-Super PC. Adding hydrophobic properties to the basalt fiber causes a
decrease of water consumption of fine-grained concrete mixture, which leads to improved
mechanical properties of concrete.

The aim of the work was to increase the mechanical characteristics of sand concrete by
introducing hydrophobized basalt fiber into its composition. The objective of the research is to
study the effect of hydrophobized basalt fiber on the mechanical characteristics of sand concrete.

The polycarboxylate superplasticizer Relaxol-Super PC (Budindustriya, Zaporozhye) was used
to increase the mobility of the concrete mixture. Basalt fiber Bauson-basalt 12 mm long and 18 + 2um
in diameter was used as a fibrous filler.

Sand concrete mixture was prepared in a laboratory forced-action mixer. Dosing of Portland
cement, quartz sand and basalt fiber was carried out by weight, water and water-reducing additive —
by volume, taking into account the density of the additive. The fiber was introduced into a dry
cement-sand mixture. After mixing for 120 ... 150 seconds, water with a dosed amount of additive
was introduced into the mixture.

The hardening of samples concrete took place under normal conditions in a chamber with a
temperature of 20 + 2°C and a relative humidity of at least 95%.

The compressive strength of concrete was determined by testing the halves of the samples —
beams 4x4x16 cm in size at 28 days of age.

The abrasion of the investigated concrete was determined by testing cube specimens with an
edge of 7.07 cm on an LKI-3 device in accordance with the procedure set forth in DSTU B.V.2.7-
212: 2009 “Building materials. Concrete. Methods for determining abrasion “.

The impact resistance of concrete was determined from the results of testing cubic specimens
with an edge of 7.07 cm on a vertical dynamic laboratory test machine.

Especially effective is manifested positive role hydrophobization basalt fiber in combination with
the water-reducing additive Relaxol-Super PC. The introduction of hydrophobic fiber (2 kg/m®) and
Relaxol — Super PC (1.2% by weight of cement) into the sand concrete mix provides an increase in
the strength of sand concrete by 45 ... 48%, impact resistance by 45 ... 50%. The abrasion of
concrete is reduced by 36 ... 48% compared to the control.

Keywords: hydrophobization, basalt fiber, sand concrete, water-reducing additive, abrasion,
impact resistance.

Introduction. Among the wide variety of concretes used for flooring industrial and civil
buildings, a special place belongs to sand concretes [1].
The use of sandy concrete is especially important for the regions of Ukraine, which are
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experiencing a shortage of high-quality granite crushed stone, and the increasing costs of
transporting large aggregate lead to an increase in the cost of concrete.

Possessing a number of positive properties associated with the preparation and placement of
concrete mix, sandy concretes are characterized by relatively low compressive strength, reduced
impact strength, and increased abrasion. Improving of the operating properties of concrete is
achieved by reinforcing it with various types of fibers of organic or mineral origin [2-5].

Analysis of literature data and problem statement. Sandy concrete, due to the presence of
a number of positive properties in it, has become widespread in construction. Unlike traditional
heavy concrete, sandy concrete lacks a large aggregate, which makes it indispensable for concreting
thin-walled structures, the front layer of floors of industrial and civil buildings. Sandy concretes are
characterized by increased cement consumption, which causes an increased risk of cracking due to
shrinkage deformations [6]. Also, sand concretes are characterized by a relatively low impact
resistance, which leads to cracking under impact loading.

By introducing basalt fiber into the sandy concrete mix, the risk of shrinkage cracks is
reduced. At the same time, the presence of fiber in the concrete mix increases its water demand,
which affects the decrease in the strength of the construction material [7, 8]. A technological
method, which consists in hydrophobization of basalt fiber, which leads to a significant decrease in
its water absorption is proposed.

Goal and tasks. The aim of the work was to increase the mechanical characteristics of sandy
concrete by introducing hydrophobized basalt fiber into its composition. The objective of the study
is to determine the effect of hydrophobized basalt fiber on the mechanical characteristics of sandy
fiber-reinforced concrete.

Materials and research methods. The studies were carried out using Portland cement of
grade 500 PC Il / A-Sh-500 produced by Cement LLP (Odessa Cement Plant) with 18% ground
granulated slag content. The specific surface of the cement is 350 m?/kg. The sand of the Nikitsky
quarry (Nikolaevskaya oblast) with Mk = 2.4 was used as a fine aggregate.

A polycarboxylate superplasticizer Relaxol — Super PC (Budindustriya, Zaporozhye) was
used as a water-reducing additive to the Portland cement. Basalt fiber Bauson-basalt 12 mm long
and 18 £ 2 um in diameter played the role of a fibrous filler. Fiber hydrophobization was carried out
with the use of GKZh-10 organosilicon liquid.

Sandy concrete mixture was prepared in a laboratory forced-action mixer. Dosing of Portland
cement, quartz sand and basalt fiber was carried out by weight, water and water-reducing additive —
by volume, taking into account the density of the additive. The fiber was introduced into a dry
cement-sand mixture. After stirring for 120 ... 150 s, water with a dosed amount of additive was
introduced into the mixture. The hardening of sandy concrete samples took place under normal
conditions in a chamber at a temperature of 20 + 2°C and a relative humidity of at least 95%. The
mobility of the sandy concrete mixture was determined by the draft of a standard cone using a
device — the StroyTSNIIL cone.

The tensile strength in bending and compression of sandy concrete was determined by testing
samples of beams measuring 4 x 4 x 16 cm.

The abrasion resistance the concretes under study was determined on cubic samples with an
edge of 7.07 cm using an LKI-3 device in accordance with DSTU BV.2.7-212:2009 "Building
materials. Concrete. Methods for determining abrasion™.

The impact resistance of sandy concrete was determined according to the results of testing
cubic specimens with an edge of 7.07 cm on a vertical dynamic laboratory test machine. The impact
strength of concrete was determined from the expression (1):

N
T (J/sm*)=Px > h xg , 1)
1

where: P —is the mass of the striker, kg;
h — is the height of the falling weight, m;
N — is the number of impacts before the destruction of the sample;
S —is the area through which the load was transferred, cm?.
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Research results. The study of the strength properties of sand concretes using basalt fiber
was carried out according to a 2-factor optimal plan. The following composition factors varied:

X 1 — the amount of water-reducing additive Relaxol — Super PC, 0.8 + 0.4% of the cement
mass; X » — the amount of basalt fiber, 1 + 1kg/m3.

The studies were carried out on two similar series of samples using hydrophobized fiber
(index "r") and control (index "c"), that is, using untreated fiber. All studied mixtures had the same
mobility and amounted to 6+0.5 cm by the slump of the cone. Data on the mechanical
characteristics of sandy concrete are given in table. 1.

ES-models, built according to those given in Table. 1 data and reflecting the influence of
composition factors on the tensile strength of concrete in bending at 3 days of age, have the form:

focar (MPa) = 4.4 + 0.6x1— 0.05x;° — 0.04x1x, )
+0.2x2— 0.1x;°

foteae (MPa) = 4.3 + 0.6x; — 0.08x,° — 0.03x1x2 (3)
+0.2x, — 0.03x,”

Table 1 — Mechanical characteristics of sand concrete at the age of 3 and 28 days

fctk.3(MPa) fctk.( MPa) fek.cube 3 (MPa) fck.cube(MPa)
Q Q Q Q
e T BE| £ | B8 £ | B&| £ | B8 E
° o o o ° o _e) o
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I I I I
-1 -1 35 3.5 4.8 4.8 15.8 15.8 26.6 26.6
-1 0 3.8 3.7 5.4 5.1 16.9 16.6 28.6 27.8
-1 +1 4.0 3.8 5.6 5.3 17.1 16.9 29.6 29.0

0 -1 4.1 4.1 5.7 5.7 18.6 18.9 32.0 32.0

4.4 4.3 6.2 6.0 19.8 19.4 34.3 33.2
0 +1 4.5 4.4 6.4 6.2 20.6 20.0 35.5 34.4
+1 | -1 4.6 4.6 6.3 6.3 21.0 21.0 35.8 35.8

+1 0 4.9 4.8
+1 | +1 5.0 4.9

6.5 22.2 21.8 375 37.0
22.9 22.1 38.8 38.2
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According to the data of ES models (2) and (3), the maximum values of tensile strength in
bending at an early age for concrete with hydrophobized fiber fcxsmax = 5.0 MPa and control,
respectively fox.cmax= 4.9 MPa, is observed at the point with coordinates x; =+ 1 and x, = + 1, that
is, with the maximum dosage of water-reducing additive and basalt fiber.

The minimum strength value feu 3rmin = fekse min = 3.5 MPa have the compositions at the point
with coordinates x; = x, = —1, that is, with a minimum amount of water-reducing additive and in the
absence of basalt fiber.

ES-models reflecting the effect of the amount of Relaxol — Super PC additive and basalt fiber
on the tensile strength of sandy concrete in bending at 28 days of age are as follows:

fouer (MPa) = 6.2 + 0.7x1— 0.17 x;° — 0.03x1x2 (4)
+0.35xz— 0.15x,”

fotee (MPa) = 6.0 + 0.7x;— 0.2x1” — 0.05x1x2 (5)
+0.2x,— 0.05x,°
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The fields of properties of ES-models (6) and (7) also show the maximum and minimum
values of strength in the same coordinates as for the tensile strength of sandy concrete in bending
models (4) and (5).

Analysis of models (6) and (7) allows us to note that the general positive trend from the use of
basalt fiber is also preserved for the strength characteristics of concrete under compression.
Dispersed-reinforced sand concretes at 3 days of age have 1 ... 2 MPa greater strength compared to
concrete without fiber and 2 ... 3 MPa — at 28 days of age. At the same time, concretes with
hydrophobized basalt fibers are characterized by compressive strength 0.5 ... 1 MPa more than the
strength of concretes with the addition of untreated basalt fiber.

The floors of industrial and public buildings are subject to abrasion during operation, and in
some cases to dynamic influences (most often impacts). Accordingly, for concrete floor coverings,
the most important properties are wear resistance (abrasion) and impact resistance. Table 2 shows
the data on the levels of abrasion and impact resistance of the investigated sand concrete

Table 2 — Abrasion and impact resistance of sand concrete

Abrasion, Impact resistance,
Ser. | - G (g/sm?) T (I/sm?)
Ne ! 2 Hydrophobic Hydrophobic
. control ) control
fiber fiber
1 -1 -1 0.403 0.403 7.6 7.6
2 -1 0 0.329 0.342 10.8 10.7
3 -1 +1 0.287 0.307 12.7 12.5
4 0 -1 0.378 0.378 8.2 8.2
5 0 0 0.304 0.310 11.4 11.2
6 0 +1 0.264 0.279 13.2 12.9
7 +1 -1 0.371 0.371 8.3 8.3
8 +1 0 0.288 0.309 11.6 115
9 +1 +1 0.232 0.249 13.5 13.3

ES-models reflecting the influence of the factors of the composition of sandy concrete at 28
days of age on the level of its abrasion are as follows:

Gy (g/sm?) = 0.305 — 0.021x; + 0.003 x5 — 0.006x1X» (8)
— 0.062x, + 0.016x,°
Gy (g/sm?) = 0.315 — 0.021x; + 0.008x;° — 0.007x1x» (9)

—0.053x,— 0.011x,°

Analysis of models (8), (9) shows that the highest abrasion resistance (0.232 g/cm?) is
characteristic of the compositions at the point with coordinates x; = x, = +1, that is, with the
maximum amount of water-reducing additive and hydrophobized basalt fiber. The maximum
abrasion (0.403 g/cm?) of sandy concrete is observed for compositions at the point with coordinates
X1 = Xp = -1, that is, with a minimum amount of water-reducing additive and without fiber. In
general, by increasing the amount of the Relaxol — Super PC additive and introducing
hydrophobized basalt fiber, the wear resistance of sandy concrete can be increased by almost 60%,
which is the most important effect for the flooring material.

In addition to wear resistance, the resistance of sandy concrete to dynamic loads — impacts —
was also studied. ES-models reflecting the influence of factors of the composition of sandy concrete
on impact resistance are as follows:
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T, (3/sm?) = 11.39 + 0.38x; — 0.18 x;° — 0.03x1x> (10)
+ 2.55x,— 0.68x,°

T (J/sm?) = 11.21 + 0.38x; — 0.12x,° (11)
+2.43x,— 0.67x,°

Analysis of models (10), (11) shows that the maximum impact resistance (13.5 J/sm?) is
shown by the composition at the point with coordinates x; = x, = +1, that is, with the maximum
amount of Relaxol-Super PC additive and hydrophobized basalt fiber. Experimental results of
studies of the mechanical properties of sand concrete for floor coverings have shown the
effectiveness of the use of hydrophobized basalt fiber in combination with a polycarboxylate
additive Relaxol — Super PC.

Conclusions and prospects for further research:

1. Hydrophobization of the surface of basalt fiber in combination with the superplasticizer
Relaxol-Super PK leads to an increase in the tensile strength of concrete in bending (compared to the
control) from 4.8 to 6.6 MPa. The compressive strength of concrete increases from 26.8 to 38.8 MPa,
that is, by more than 45%.

2. The analysis of the resistance of the investigated dispersion-reinforced sand concretes to
abrasion and dynamic effects has shown the effectiveness of the use of hydrophobized basalt fiber
in combination with the additive Relaxol-Super PC. The introduction of basalt fiber in an amount of
2 kg/m?® reduces the abrasion of sandy concrete by 36 ... 48% compared to the control. The impact
resistance of concrete increases by 45 ... 50%.

Further research will be aimed at studying the durability of dispersion-reinforced sand
concrete.
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AHoTamifa. Marepianu NPOMOHOBAHOI CTATTI MPUCBAYCHI OCIIIHKCHHIO MEXaHIYHUX
BJIACTUBOCTEH TiIaHOrO OeTOHY 3 J00aBKOIO Tipodo0i30BaHHOTO 0a3aJbTOBOIO BOJOKHA 1
noJtikapOokcunatHoro cynepruiactudikaropa Pemakcon — Cymep IIK. JlomanHs riapodoOHuX
BJIACTHBOCTEH 0a3aJlbTOBOMY BOJIOKHY BHUKIMKA€ 3HIDKEHHS BOAONOTPEOH JpiOHO3EPHUCTOI
OETOHHOI CyMiIlli, IO TIPU3BOAUTH JO TOJIMIICHHS MEXaHIYHUX XapaKTCPUCTHK OCTOHY.

MeToro po6oTu Oyno miABUIIEHHS MEXaHIYHUX XapaKTEPUCTUK MIIaHOTO OETOHY 3a paXyHOK
BBEJICHHS B HWOTO CKJIaa Tiapodo0i30BaHHOTO 0a3abTOBOTO BOJOKHA. 3aBIAHHS JOCIHIKCHHS —
BHBYHMTH BIUTMB Tip0o00i30BaHHOI 6a3anbToBOi (iOpy Ha MEXaHIYHI XapaKTEPUCTHKH ITIIIAHOTO
¢bi6pobeTony.

Jlis miABUILEHHS TMOKa3HMKIB OETOHHOI CyMillli BUKOPHCTOBYBABCSI MOJIKApOOKCHIATHUI
cynepmiactudikarop Pemakcon — Cymep IIK (Byminayctpus, M. 3amopixoks). Y SKOCTI
BOJIOKHHCTOTO HAIlOBHIOBaYa BHUKOpHCTaHa OasanbroBa (hibpa Bauson-basalt mosxwnoro 12 mwm i
niameTpom 18 + 2 Miwm.

[IpurotyBanHs mimaHoi OETOHHOI CyMilIi 3AIACHIOBAJIOCS B JIAOOPAaTOPHOMY 3MilllyBaui
npuMycoBoi aii. Jlo3yBaHHSI OPTJIAaHIIEMEHTY, KBapLIOBOTO ITiCKY 1 0a3anpToBoi (hiOpH BUKOHYBAIOCS
M0 Maci, BoJia 1 BOJIOPEAYKYIOUi T00aBKU — 3a 0OCSITOM 3 ypaxXyBaHHSM IIUIBHOCTI A00aBku. DiOpa
BBOJJIACS B CyXy HeMeHTomimany cymimt. Ilicis nepeminryBanns mpotsrom 120 ... 150 ¢ B cymimn
BBOJIMJIACS BOJA 3 BiA030BAHOK KUIBKICTIO JOOABKH.

TBepaiHHA 3pa3KiB O€TOHY B1IOyBaJIoCs B HOPMaJIbHUX YMOBax B Kamepl MpU TeMIleparypi
20+2°Ci BiJTHOCHI BOJIOTOCTi MOBITPs HE HIDKYE 95%.

MinHicTh Ha CTHCK O€TOHY BHM3HAYajacsi LUIAIXOM BUIIPOOYBAHHSI IOJOBHMHOK 3pa3KiB —
6anmouok po3mipom 4x4x16 cm B 28-mu 1000BOMY BIIII.

CtupaHHICTh IOCTIPKYBaHUX OCTOHIB BU3HAYAJACs MUIIXOM BHUIPOOYBaHHS 3pa3KiB-KyOiB 3
pebpom 7.07cm Ha mpunani JIKI-3 BignosigHo no metoauku, BukiangeHoi B JICTY b.B.2.7 - 212:
2009 «bynisenbHi Matepianu. beronu. MeToiu BU3HAYEHHS! CTUPAHHOCTIY.

VYnapHa cTilikicTh OETOHY BU3HAdanacs 3a pe3yjibTaTaMH BHMIIPOOYBaHHS 3pa3KiB-KyOiB 3
pedbpom 7.07 cM Ha BEpTUKAIILHOMY JUHAMIYHOMY J1a00paTOpPHOMY KOII.

Oco61uB0 e(heKTHBHO MPOSBIAETHCSA MO3UTUBHA POJIb IiApodo6i30BaHHOT 6a3anbToBOI (Hi6pU
B MO€IHAHHI 3 BOAOpeayKyrouoro gobaBkoro Pemakcon — Cymep T1K. Benenns 10 ckiamy mimianoi
6eToHHOi cymimi Tigpodoonoi didpu (2 KF/M3) 1 mobaBku Pemakcon — Cymep TIK (1.2% Big macu
[IEMEHTY) 3a0e3Mneuye MPUPICT MIIHOCTI MIIaHoro 0eTony Ha 45 ... 48%, ymapHOi CTIHKOCTI Ha 45 ...
50%. CtupanHicTh 6€TOHY 3HMKYETHCS Ha 36 ... 48% y MOpiBHSAHHI 3 KOHTPOJIEM.

KurouoBi ciaoBa: rigpodoobizamis, 6a3ampToBa (iOpa, mimaHuii OETOH, BOJOpPEAyKYyrOYa
no0aBKa, CTUPAHHICTb, yJapHa CTIHKICTb.
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AHHOTanusi. Marepuansl npeajgaraeMoi CTaThH TOCBSAILICHBI WCCIEIOBAHHIO MEXAHHUECKHX
CBOMCTB TecuaHOro OeToHa ¢ J00aBKOM THIPO()OOM3MPOBAHHOTO 0a3aJbTOBOIO BOJIOKHA H
nojukapOokcunatHoro cynepriactudukatopa Penakcon — Cymep IIK. Ilpumanue rumpodoOHbIX
CBOMCTB 0a3aJbTOBOMY BOJIOKHY BBI3bIBAET CHH)KEHHE BOJONOTPEOHOCTH MEIKO3EPHUCTON OETOHHON
CMECH, YTO TMIPUBOJUT K YITYUYIICHHIO MEXaHUIECKUX XapaKTEPUCTHUK OETOHA.

Llenpto paboThl ObUIO MOBBIMIEHHE MEXAHMUYECKUX XapaKTEPUCTHK IECYaHOro OeToHa 3a cyeT
BBEJICHUSI B €ro cocTaB TruapodoOM3UPOBAHHOTO 0a3aJbTOBOTO BOJIOKHA. 3aada HCCIEAOBAaHUS —
U3y4YUTh BIUSHUE T'MAPo()OoOM3MPOBAHHOM 0a3anbTOBOW (MOPHI HA MEXaHUYECKUE XapaKTEPUCTHKH
necyaHoro GpuopodeToHa.

Jlnst TOBBIIIEHWsS TOKa3arenell OETOHHOM CMecH MCHOJNb30BAICS —IMOJMKApOOKCUIATHBIN
cynepruiactugukarop Penakcon — Cymep IIK (bymunnycrpusa, r. 3amopoxee). B kauectse
BOJIOKHUCTOI'O HAIIOJHUTENSI UCIOJIb30Batach OasanbToBas (ubOpa Bauson-basalt gnunoi 12 MM u
nuameTpom 18 £ 2 MKM.

[IpuroroBnenne necyaHoi OETOHHOM CMECH OCYILECTBIUIOCH B JIAOOPATOPHOM CMECUTENe
NPUHYAUTETIBHOTO JEeUCTBUA. J03MpOBKa MOPTIIAHIIEMEHTa, KBApIIEBOTO Mecka W 0a3albTOBOU
¢uOpBI BBHINONMHSIACH IO Macce, BOJAA M BOAOPEAYLUpYIOLIHE A00aBKM — MO 00BEMY C y4ETOM
IUIOTHOCTU 100aBkU. PUbpa BBOIMIACH B CYXYIO LIEMEHTONECYaHyto cMech. [locie nepemerirBanus B
teuerue 120 ... 150 ¢ B cMech BBOAMIIACH BOJIA C OTIO3UPOBAHHBIM KOJIMYECTBOM JI00ABKH.

TBepnenuss 00pa3oB OeTOHA MPOMCXOAWIO B HOPMAIBHBIX YCIOBHSIX B KaMmepe Ipu
temneparype 20 + 2°C ¥ OTHOCHTENBHOM BIAKHOCTBIO BO3/1yXa He H1Ke 95%.

[IpouHocTs Ha c)kaThe OETOHA OIpPENENsIach IyTEM MCIBITAaHUS IOJOBUHOK 00pa3lioB —
Oanouek pasmepom 4 x 4 X 16 cM B 28-Mu CyTOYHOM BO3pacTe.

HcTtupaemocts uccienyeMbix OETOHOB OMNpeAersulach IyTeM MCIbITaHUs 00pas3loB-KyOOB ¢
pebpom 7.07cm Ha npubope JIKM-3 B coorBercTBHM ¢ MeToAMKOM, u3noxennoi B JICTY B.B.2.7 -
212: 2009 «byniBenbHi Matepianu. beronn. MeToau BU3Ha4€HHS! CTUPAHHOCTD.

VYnapHast cTOMKOCTh OeTOHA OmpeneNnsiach MO pe3ysbTaTaM HCHbITaHUS 00pa3loB-KyOOB C
pedbpom 7.07 cM Ha BEPTHKATLHOM JIMHAMHUYECKOM JIA0OPATOPHOM KOTIpE.

OcobOeHHO  3((EeKTUBHO MPOSBISETCS  IMOJIOKHUTENBHAS POk TUAPO(HOOH3MPOBAHHON
O0azasibTOBOM (UOpPHI B COUETAaHWUM C Bojopeaynupyromei modaskoit Pemakcon — Cymep TIK.
BBenenue B coctaB necuanoil 6eToHHOH cmecu ruipodoOHoi Guops! (2 Kkr/M°) 1 noGaBku Penakcon —
Cymep IIK (1.2 % ot Mmacchl nieMeHTa) o0OecrednBaeT MPUPOCT MPOYHOCTH MEeCYaHOro OeToHa Ha
45...48%, ynmapHoii croiikoctu Ha 45...50%. Uctupaemocts OeroHa cHukaercs Ha 36...48% 1o
CPaBHEHHIO C KOHTPOJIEM.

KiawueBble ciaoBa: ruapodobuzanus, OazanproBas  (guOpa, mecyaHblii  OeToH,
BOJOpeNyLHpYIoIIast 100aBKa, UCTUPAEMOCTb, YapHasi CTOMKOCTb.

Cratta Haaidinuia 1o penakuii 08.10.2020
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