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Abstract. Foam concrete is currently enjoying its popularity due to a
number of advantages, such as non-toxicity, reduction of thermal insulation
costs, noise absorption. Nowadays at the state level the issue of utilisation of
waste of different nature and increasing the quality of recycling is constantly
being considered. Also a big task is set in the scientific sphere of the country on
recycling of utilised waste in different sectors and especially in the construction
sector. There are numerous grant programmes in the scientific field, which
are aimed at the use of waste in the industrial and construction sector of the
country. This paper is devoted to the study of the qualitative characteristics of
traditional foam concrete and foam concrete with the addition of mineral fibre.
In the construction sphere the main thermal insulating material in the form
of mineral boards is widely used and there are factories for the production of
basalt boards in the course of production of which there is a lot of basalt waste.
Tests have been carried out according to the standard methodology in order to
determine the strength and density of the finished product. According to the test
results it was determined that the pore structure and strength is uniform over
the whole surface of the blocks. It was also determined that the specimens with
fibre showed a strength of more than 50% compared to conventional foamed
concrete. This work will be a good direction for further in-depth study on the
utilisation of basalt slabs in construction.
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Introduction

Today, the construction industry is saturated with different building materials, from cement-
based materials to organic binders.

The advantages of cement binder are high strength and high density; however, there are
materials with lower density, such as lightweight concrete on lightweight aggregate, as well as
cellular concrete with low density and pore structure.

Due to the high demand for this cellular material, there has been an increased interest in
the research and improvement of this material. Cellular concrete has the purpose as a thermal
insulation, thermal insulation and structural and structural, as well as low thermal conductivity
and density of 200 to 500 kg/m3 with minimum strength properties, thermal insulation and
structural has a density of 600 to 800 kg/m3 low thermal conductivity and strength allowing to
build a structure from 2,5 to 4,5 MPa, structural cellular concrete has a density of 900 to 1200 kg/
m3 has the purpose as a structural material thermal conductivity is lower than that of concrete
and higher than that of heat-insulating-constructive cellular material. The big disadvantage of
aerated concrete is its instability during the preparation process. Cellular concrete is of two
types: foam concrete and aerated concrete. A distinctive feature of foam concrete is the method
of obtaining a cellular structure in foam concrete, it is adding of foam concentrate, which
contributes to the formation of a closed pore structure of the material. Foam concrete, over
time, has occupied its place in the construction industry and it began to be used as a monolithic
thermal insulation material, since the production of structural material was always accompanied
by a large number of low-quality products; foam mortar gave a large shrinkage in the mold and
the material became unserviceable. However, the use of waste from the production of mineral
insulators as a reinforcing component makes it possible to ensure a high-quality structure of
foam concrete and increase the strength characteristics of the material.

Research methods

For the foam concrete production using mineral fiber, based on waste from the production
of basalt insulation, a comparative analysis with the traditional foam concrete product,
manufactured according to the standard method, was conducted. The composition of traditional

foam concrete and foam concrete using mineral fiber is presented in Table 1.

Table 1. The composition of foam concrete D 500

Ne | Type of foam | Cement, kg Sand, kg Foaming Mineral Polymer, | Water, kg
concrete agent, kg fiber, kg %
1 Traditional 300 180 1,5 - - 150
foam concrete
(Type 1)
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2 Foam 230 240 1,5 20 0,1 140
concrete with
the use of
mineral fiber

(Type 2)

In the production of traditional foam concrete, the mixer is loaded with dry components:
sand and cement; then water is poured into the mixer, the water temperature should not be
below 22 C. Next, the mixture is thoroughly blended for 5-7 minutes. Afterwards, the foam is
prepared as follows: 1.5 liters of foam concentrate is mixed with 40 liters of water, then, the
resulting foam is loaded into the mixer and blended with the solution for 3 minutes. And when
it is unloaded into molds, after an hour the excess is removed from the top.

To produce foam concrete using mineral fiber; mineral fiber is loaded into the mixer, after which
sand is loaded and blended for 2 minutes. Then cement is loaded and mixed for 3 minutes, after
which water, previously combined with a water-soluble polymer; is poured into the mixer; the
water temperature should not be lower than 22°C. Next, the mixture is thoroughly blended for 4
minutes. After which the foam is prepared as follows: 1,5 liters of foam concentrate is mixed with
40 liters of water, the resulting foam is loaded into the mixer and blended with the solution for 2
minutes. And when it is unloaded into molds, after an hour the excess is removed from the top.

The production diagram of foam concrete using mineral fiber is presented in Picture 1.

Foam concentrate

Mineral wool 4

Sand Acrylic
lat
Water t—,—— avex
Cement
2 min 5 min
7 3 min 4 min
1 min

o 3 Fivished
= MIXER products

Picture 1. Foam concrete production scheme with mineral fiber
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After 28 days sampling was carried out. Sampling was carried out according to the methods
of GOST 12852-77 "Cellular Concretes. Test methods". Cube samples for the study were sawed
out of prepared samples of type 1 and type 2. The dimensions of the samples of type 1 and type
2 were: length 600 mm, width 400 mm and height 400 mm. The test specimens were sawn from
the upper middle and lower parts of the product, three specimens from each part. When cutting
out cube samples, at least 40 mm were removed from the edge. The room temperature was
19°C at 35% relative humidity. The specimens were Kept in the laboratory for 24 hours before
testing. The age of the specimens was 28 days; 54 specimens (cubes) were made: 27 made of
composite aerated concrete and 27 prepared in the traditional way. A template was used for
sawing even specimens, which allows to obtain specimens with an even geometric surface with
an error of up to 1mm.

To start the tests, the density of samples was determined according to GOST 12730.1-78
Concretes. Methods of density determination. The volume was determined using a caliper
because the sample (cubes) had the correct geometric shapes 100x100x100.

Density was determined by the formula:

po ==+ 1000 ()

Where pw is the density of the material

m - sample mass gr.

V - sample volume cm.

The strength of foam concrete type 1 and type 2 was determined according to GOST 10180-
2012 Concretes. Methods for determining the strength of control samples. Tests were carried out
on 100x100x100 specimens prepared in advance by sawing from a solid block 600x400x400.
The age of specimens is 28 days.

Picture 2. Compressive strength test
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The compression test is presented in Picture 2; the samples were tested on an automatic
CONTROLS(Pilot) 500 kH press. Strength from one series was determined as the arithmetic
mean value of the tested samples. 18 samples were tested, 9 from each series,

Test results

In the studies of foreign scientists there are works on the approval of the effective use
of polymer fibers in the production of cellular concrete, but in these studies the priority
determining the efficiency of cellular concrete is its strength; no work has been carried out on
compression and dynamic effects regarding the uniformity of the cellular structure. The results
of determining the density of foam concrete type 1 in comparison with foam concrete type 2
allowed us to objectively assess the quality of the pore structure of the materials. According to
a study of the pore structure of non-autoclaved foam concrete type 1, its heterogeneity and, as a
consequence, there is a difference in density in various areas of the material. The quality of the
pore structure directly depends on the difference in the density of the material in various areas
of the same block.

Table 2. Density of foam concrete type 1 and type 2

Ne | Sample Actual density
Top samples Average samples Lower samples
1 Type 1 420,5 510,7 580,1
418,5 517,4 582,8
422,7 516,3 587,2
Average density 420,5 514,8 583,3
The average density of all samples 506,2
2 Type 2 508,4 508,9 510,1
507,7 508,5 510,7
505,2 509,8 509
Average density 507,1 509 509,9
The average density of all samples 508,6

Based on Table 2 in foam concrete type 1, we see a density difference between the upper
and lower samples, which indicates an uneven distribution of pore structure, caused by the
shrinkage of foam-expanded solution until it is gripped; heavy particles of sand and cement are
lowered down, thus increasing the density of the bottom of the foam concrete

Type 2 foam concrete, in contrast to type 1, has a more stable density in all areas of the
tested material, which is explained by the composition and technology of its production. We get
a positive effect from the use of mineral fiber, which structures and preserves the frame of the
foam-expanded solution and the uniform distribution of all components of the solution.
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Thus, the use of mineral fiber preserves the structure of foam concrete and provides quality
improvement (Table 3).

Table 3. Compressive strength of foam concrete type 1 and type 2

Ne Sample Average density, The strength of the samples, MPa
Nen/m kg/m? Top samples | Average samples | Lower samples
11 Type 1 506,2 0,9 1,9 2,3
0,5 1,5 2,1
1,1 1,8 2,1

Average strength 506,2
index

The average strength of all samples

22 Type 2 508,6 3,1 3,2 3,3
3,0 3,0 3,3
3,2 3,1 3,0

Average strength 508,6
index

The average strength of all samples

The strength of type 1 foam concrete is 49,52% lower than type 2 foam concrete. This
difference in material strength is a result of the uniformity of pore distribution. One of the
first important factors contributing to a decrease in the strength of type 1 foam concrete is the
delamination of the foam before the foam solution begins to set.

The explanation for the high strength of type 2 foam concrete is the use of mineral fiber,
which provides the structure of the foam concrete frame, thereby facilitating the high- quality
distribution of all components, and reinforcement allows to increase the strength.

Conclusion

1. Density difference studies of type 1 foam concrete at three areas of the material (upper,
middle, lower) showed density differences from the average density of all samples:

— for the upper samples lower by 20,38 %,

- for the middle samples higher by 1,69%,

— for the lower samples higher by 15,23 %.

The results show that the pore structure of type 1 foam concrete has irregular pores with a
certain increase in the density of the material top. The density of type 2 foam concrete samples
showed high stability in all areas of the tested material. Density difference of type 2 foam
concrete from average density of all samples:

— for the upper samples lower by 0,29 %,

- for the middle samples higher by 0,08%,
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- for the lower samples higher by 0,25%.

Thus, having analyzed the results, we can conclude that type 2 foam concrete has a uniform
pore structure, providing stable density in all areas of the tested material. Stability of density of
type 2 foam concrete in contrast to type 1 is higher by 98%.

2. Compressive strength tests on type 2 foam concrete showed a 98,1% increase in strength.
The strength value in three areas (upper, middle, lower) of the tested material showed the
difference in strength from the average strength of all samples:

- for the upper samples lower by 0,97 %,

- for the middle samples higher by 0,97 %,

- for the lower samples higher by 2,24 %.

The strength of type 1 foam concrete showed the difference in strength in the material
sections (upper, middle, lower) of the samples from the average strength of all samples:

— for the upper samples lower by 90,36 %,

- for the middle samples higher by 9,49%,

- for the lower samples higher by 37,34 %.

According to the results obtained, it can be concluded that type 2 foam concrete has almost
uniform strength in all areas of the block, with the exception of an error of + 0,07%.
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JacTypJii Ke6iK 6e TOHBIHBIH, )KoHEe MUHEPAJIJAbl TA/NIBIKTHI KOGiK 6€ TOHBIHBIH, TEXHUKAJIBIK,
cUNaTTaMaJjlapbiH aHBIKTAY

AnpaaTtna. Kebik 6eToH Ka3ipri yaKbITTa YbITTBIIBIK, Kby OKLIAyJIay WbIFbIHAPbIHbIH TOMEH/IEYI,
myAbl CiHipy CUSKTBI GipKaTap apThIKIIbLIBIKTApFa 6alaHbICThI TaHbIMa Gojibln Keseni. Kasipri
yaKbITTa MEMJIEKETTIK JleHTel/ie 9pTYpJii CUllaTTaFbl KaJAbIKTap/bl K9/Iere XKapaTy XKaHe KaiiTa eHJey
canacblH apTThIpy MaceJieci yHeMi KapacTblpbLiyaa. CoHZlali-aK, esliMi3/iiH FbIJIBIMU CaJlacblHAA dPTYPJIi
cajlajap/ia, acipece KypblbIC cajacblH/la NaijjasaHblIFaH KaJJbIKTap/ibl K9/lere »kapaTy OoubIHILIA
YJIKEH MiHJeT Typ. FblIbIMU casiaja esfiiH, 6HEPKICINTIK KoHe KYPhIJIbIC CEKTOPbIHAA KaJAbIKTapAbl
naii/lanaHyfa 6aFbITTa/JFaH KOIITEreH TPAHTThIK 6aFgapaamMasap 6ap. by :KyMbIc MUHEPAJIAbI TAJIIBIK,
KOCBIJIFAH ITIeHOOETOH MeH JI9CTYPJli MEHO6ETOHHBIH, Cala/iblK CUIIaTTaMaJIapbIH 3ePTTeyTe apHaJIFaH.
KyphbLibic caslacblHAa MUHepaJ/ibl TaKTalap TypiHAeri Heri3ri )by oKlayaaFbIll MaTepUasl KeHiHEH
KOJIAHBLIAAbI JKoHe OHAIpic 6apbIChbIHAA 6a3a/JbT KaJAbIKTapbl K6l 60JIaThbiH 6a3aJibT TaKTalapblH
UIbIFAPAaThIH 3aybITTap 6ap. JlailblH eHIMHIH 6epiKTiri MeH TBIFBI3/|bIFbIH AHBIKTAy MaKcaTbIHJa
CbIHAaKTap CTAaHAAPTTHI d/licTeMe GOWBIHINA XKYprizisgi. CbIHAK HOTHXKeJiepi 6OUBIHIIA KeyeKTepIiH
KYpbLIbIMbl MeH GepikTiri 6J0KTapAblH O6ykia 6eTiHje Gipkesiki ekeHjiri aHbiKTaaabl. CoHJal-ak,
TaJIIIBIKTBl YATIEPAiH GepikTiri koAiMri KeOikTeHIipiireH 6eTOHMEH caybIcThipFaHaa 50% - maH
actaM eKeHJiri aHbIKTaAAbl. Bys )XyMbIC KYpbLIbICTA 6a3aJbT MJIUTAMAPbIH MalJa/aHyAbl 0aH api
TEpEeHAETIN 3ePTTeY YIUiH )KaKChl 6aFbIT 60J1a/1bL.

TyiiH ce3aep: kebik 6eToH, 6EPIKTIK, TIFbI3/ABIK, TePi TECIri, MUHEPA/I/Ibl TAMIIBIK, KEYeK KYPbLIbIMBI,
TYTKBIP.
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OnpejesieHHe TEXHUNYECKUX XapPaKTePUCTHK TPAJUIUOHHOTO IeHO6EeTOHA U MEeHOGETOHA C
MUHepaJIbHOA puopon

AHHoTanus. [leHo6GeTOH B HacTosllee BpeMs MOJIb3YeTCs CBOEW MOMYJISIPHOCTHIO 33 CYeT psAfAa
IperMyL1ecTB, TAKUX, KAK HETOKCUYHOCTb, YMeHbllIeHHe 3aTpaT Ha TepMOU30JIALUIO, NOIVIOLeHHe
myma. Celyac Ha roCyAapCTBEHHOM YpOBHe INOCTOSHHO pAacMaTpPHUBAETCS BOIPOC IO YTU/IM3ALUHU
OTXO/IOB Pa3HOr0 XapakTepa W yBeJMYeHHe KauecTBa NepeppaboTku. Takke 6oJsibllas 3ajaya
1I0CTaBJIeHa B Hay4HOU cdepe CTpaHbl 10 BTOPUYHOMY UCIOJIb30BaHUIO YTUIU3UPYEMBIX OTX0J0B B
pa3HbIX OTPAC/AX U B 0COOEHHOCTH B CTPOUTENbHOU chepe. MHOKeCTBEHHbIE TPAaHTOBbIE IPOrPpaMMbl
HMMeIOTCsl B Hay4yHOU cdepe, KOTOpble HaNpaBJeHbl Ha UCIOJb30BaHHE OTXOJ 0B B MPOMBbIILJIEHHON
U CcTpouTesJbHOW cdepe cTpaHbl. /JlaHHasg CcTaTbs INOCBALIAETCA HCCAeOBAaHUIO KayeCTBEHHBIX
XapaKTePUCTUK TPaJULMOHHOIO NeHOGeTOHA U NeHOOeToHa ¢ Jj06aBJeHHeM MUHepaJbHOU PUODHI.
B cTpouTesbHOU chepe MIMPOKO UCHOJIb3YETCS OCHOBHOW TENJIOM30JISILMOHHBIMN MaTepuasl B BU/E
MUHepaJbHbIX IJIUT U UMEIOTCS 3aBOAbI 10 NPOU3BOACTBY 6a3a/bTOBBIX IIJIUT, B XOZ,e NPOU3BOJCTBA
KOTOPBIX OCTaeTCs MHOXKeCTBO OTXO0/0B 0a3asibTa. [IpoBe/ieHbI HCIIBITAHUSA 110 CTAHAAPTHON METOJHKE
C LleJIbI0 OTpe/iesieHHs NoKa3aTesiel NPOYHOCTH U MJIOTHOCTU TOTOBOH npoaykuuu. [lo pesysbpratam
UCOBITAaHUM ompeJie/ieHo, YTO MOpoBasi CTPYKTypa M IMPOYHOCTb IO BCell MOBEPXHOCTU OJIOKOB
SIBJISIETCSl paBHOMepHOU. Takke ObLJIO ompejesieHo, 4To 06pasibl ¢ $UOPON MoKazaid NPOYHOCTh
6oJiee 50% Mo cpaBHEHHIO C OOBIYHBIM IeHO6eTOHOM. [laHHas paboTa 6y/ieT XOPOIIUM HalpaBJeHUEM
JJ1sl fajibHeN1ero riy60Ko UccieL0BaHUs YTUAU3aL U 6a3a/1bTOBBIX JIUT B CTPOUTEJILCTBE.

Kiarw4yeBble c/10Ba: neHO6eTOH, NPOYHOCTh, MJIOTHOCTb, NOPbl, MUHepasbHasA ¢ubpa, noposas

CTPYKTYpa, BSKYILEE.
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