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Abstract

The results of experimental studies are presented on the production of single low-
cement modified dry-pressed bricks from limestone stone sawing waste from Martakert stone
quarries. The technological parameters for the manufacture of these bricks and their physical
and mechanical properties have been established. A high convergence of the properties of the
resulting wall material was determined in comparison with ceramic and silicate bricks used in
construction. Using the method of analogy, the compliance of the quality indicators of
experimentally obtained bricks with the requirements of regulatory documents was proven.
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The fundamental possibility of producing low- cement bricks from stone sawing waste from
local quarries, as well as their use in construction, has been established. The production of
low-cement bricks makes it possible to increase construction efficiency and reduce the cost of
operating completed facilities. This also leads to a reduction in environmental risks from the
accumulation of stone sawing waste in large areas and pollution of the air and water basins of
the region.

Keywords: waste limestone, dry pressing, technological parameters, brick, modifier,
convergence.

Introduction

In the construction complex of Nagorno-Karabakh, the most common are structural
solutions for the walls of buildings made of sawn limestone, dimensions 390x190x188 mm,
weighing 30-32 kg. Masonry made from these materials is characterized by high labor
intensity, technological imperfections and as a consequence a shortage of specialists.

The problem is also complicated by the variability of the physical and mechanical
properties of local limestones, such as: bulk density(1960-2080kgf/m3), water absorption
(11.5-14.5%), strength (8.4-13.6MPa), etc. [1,2,3]. The variability of the physical and
mechanical properties of limestones lead to a decrease in the quality of masonry, which limits
their use for the construction of load-bearing wall structures of multi-story buildings in
earthquake-resistant construction. In general, sawn limestone masonry does not correspond to
the nature of modern construction, and the transition to light weight concrete small-piece wall
materials, taking into account changes in the structural layouts of buildings, leads to an
increase in the estimated cost by almost 40%.

An analysis of the costs of using artificial wall materials in construction (ceramic,
lightweight concrete, cellular, silicate, etc.) showed that the most economical are stones made
from cellular and silicate concrete [4]. However, given the limited energy capabilities, the
production of these materials has not received further development. Making masonry from
hyper-pressed bricks also does not solve the problem, due to the increase in the estimated cost
of construction and the increase in operating costs of the buildings and structures being
constructed [5, 6].

The research of the problem [7-11] led to a working hypothesis about the possibility of
producing low-cement pressed wall materials from waste stone sawing limestone from local
stone quarries. This solution to the problem also has an environmental focus - reducing the
risk of waste accumulation over large areas and pollution of the air and water basins of the
region.

Conflict Setting

Improving the technical and technological parameters of erected stone structures in
earthquake- resistant construction, using wall materials from local limestone sawing waste.
The possibility of implementing this idea was confirmed by experimental studies\ of the
scientific and production association “SAT” in Yeravan
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Research Results

1. Determination of the chemical and mineralogical composition of the starting materials.

2. Identification of the ratios of the components of the feed stock. Determination of
technological parameters for the production of molding sand.

3. Establishing the physical and mechanical properties of the new material, their
compliance with the requirements of current regulatory documents for construction.

The following materials were used as starting materials for the experiments:
= Limestone waste from stone sawing of the Martakert stone quarry;
= Portland cement grade 400 from Ararat Production Association “Ararat Cement”;
= Natural pigment from the Hrazdan deposit;
= plasticizer, water-soluble methyl cellulose MC-100(TC6-05-1857-78).

Experimental studies have determined the technological parameters for the production
of single bricks (250x120x65mm), dry pressing from a modified molding mixture and their
physical and mechanical properties (tab. 1).

Table 1
Compositions and technological parameters for the production of cement-limestone mixtures
and their physical and mechanical properties

Technological properties Physical and mechanical
Ingredients properties
Ne Waste, g.| Portlan Modifi| Water| Stirrin Molding | Pressing |[Water Density,
cement, g. Pigm | er, |g. z time, (force, .  |absorptionjg/cm’
ent, g.| % time, min  MPa %o
tmin
1 2 3 4 5 6 7 8
1 4000 160 520 9 10 13.5 2,018
2 4000 200 520 | 4.9 2 13 1,944
3 4000 240 240 | 4.8 1 3.5 14,7 2,013
4 4000 320 400 | 5.3 13 14,9 1,995
5 4000 320 520 | 4.8 2.8 6.3 12.1 2,06
6 4000 400 600 | 4.0 14 81 10.8 2,13
7 4000 500 400 | 3,2 1.2 8.9 104 1,985
8 4000 240 120 240 | 4.7 1.9 54 14 2,02
9 4000 240 200 320 | 3.2 1.3 6.0 13.6 2,00
10 4000 240 200 400 | 2.8 1.1 6.4 12.5 2,05
11 3599 240 33 240 - 0,75 14.0 6.1 1,992

The molding of the mixture was carried out under a pressure of 80 MPa , because The
pressing force on a single brick, according to various sources, should not exceed 300 kg/cm?.
Experimental studies of the possibility of manufacturing wall materials were carried out using
dry (samples 3, 8, 9, 11) and semi-dry pressing methods (samples 1, 2, 4, 5, 6, 7, 10). Sample
11 was made with the introduction of modifier MC-100 (TC6-05-1857-78) Into the
composition of the molded mixture in an amount of 3.3% (tab. 1).

Frost resistance tests of samples 7 and 11 were carried out at the scientific and
production association “SAT” (tab. 2), control testing of their strength was carried out in the
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central testing laboratory, Natural porous aggregates of volcanogenic rocks of the Republic of
Armenia for concrete. (tab. 3).

Analysis of the convergence of physical and mechanical properties of low-cement
single dry- pressed bricks, in comparison with ceramic and sand-limebricks (tab. 4).

Results of testing samples for frost resistance

Table 2

‘Mixture Control Strength of samples Strength loss, % after
ngrediets strength of after testing them for frost resistance
samples, MPa Frost resistance, MPa Testing at 25 cycles
N7 35 3.05 12.85
Nell 14,0 13.5 3.50
Table 3
Results of control tests for pressing strength of samples
Sample Weight, [Product Compression strength, kg/cm?
Ne number g volume
Sample strength Average
value
1 3900 12x12 34%
7 67
2 4215 12.1x12 66
3 4450 12x12 69
4 3385 12.2x12.1 142
11 142
5 3895 12.1x12.1 143
6 3645 12.3x12.1 144
Note34*- random size.
Table 4
Basic physicomeghanical properties
Compressive |Water absorption| Thermal |Frost resistance
No | Brick types |Density g/em?| strength mark, o conductivity cycles Notes
MPa , watt/m?°C
1 2 3 4 5 6 7 8
1 [Low-cement 1.992 15 6.1 0.5 25 Experimen|
Dry pressing tal
results
2 |Ceramic 1.960 No less Noless 6 More0.5 Noless  |GOSTS530-
15 25 12012
3 |Silicate before No less 6 Noless0.56 Noless  |GOST379-
2100 15 25 95
4 |Average 1.985 15 6.03 0.52 25 -
values
5 |Conyergene 0.07 0 0.17 0.12 0 -
=]
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The high convergence of the physical and mechanical properties of the experimentally
obtained bricks in comparison with the ceramic and silicate bricks used in construction, as
well as the analysis of the results by the method of analogy, led to the conclusion that the
composition and quality indicators of low-cement modified bricks correspond to the current
building standards for construction, inincluding SNRA1V-13.01-96“Stone and reinforced
stone structures”.

Conclusion

Based on the results of experimental studies, the fundamental possibility of producing
a rational material for laying walls from stone sawing waste from the Martakert limestone
quarry was proven, which confirmed the reliability of the working hypothesis.

It has been established that the method of dry pressing of a molding mixture with a
cement content of up to 7% and a modifier in an amount of 3.3% makes it possible to obtain
wall material with a compressive strength of 142 kg/cm2and a density of 1.992 g/cm3. At the
same time, compared those drypressing, cement consumptions reduced by more than two
times.

A promising direction of research is the experimental substantiation of the possibility
of producing a wider range of building materials from limestone waste (tiles, lined slabs,
ventilation blocks, etc.) based on waste-free technology in a closed cycle.

References

1. Report on geological exploration work on a limestone deposit, carried out to assess the
quality of raw materials and calculate reserves for cement production in the Martakert
region of the NKR. Stepanakert: “Artsakh in the project” LLC, 1988, 32 pg.

2. Test results of delivered cubes measuring 5x5x5 cm from the Stepanakert building
materials plant. Baku, Research Institute named after. Dadasheva S.A., 1985

3. Polyakov S.V. Izmailov Y.V. etc. Masonry from saw limestones. Chisinau, “Map of
Moldovenaske”, 1973, 344 pg.

4. Ter-Petrosyan P.A., Israelyan R.G. Choosing a rational option for creating and using
construction resources. Collection of scientific works of National University of
Architecture and Construction, Yerevan, VVolume 111 (42). 2011, pg. 109-114.

5. Zhdanova N.V. Shcherbachenko T.V. Comparative studies of the properties of hyper-
pressed brick. Altai State Technical University, Polzunovsky Almnakh, N 1, 2021, pg. 53-
55.

6. TC5741-021-00284753-99 Construction and hyper-pressed materials.

7. Korovyakov V.F. Expanding the production of local building materials is an effective way
to reduce the cost of building low-rise buildings. Collection of scientific papers. M.,
MSUCE, 2009, pg. 50-53.

8. Sergeev A.M., Dibrov G.D., Shmitko E.l., Kovalev S.K. Use of local materials in
construction. K., “Budivelnik”, 1975.- 184 pg.

24



Bulletin of High Technology N4(28) 2023.-pp.20-27.

R.G. Israelyan, A.'Ya. Margaryan, M.A. Israelyan, A.A. Grigoryan

RESULTS OF EXPERIMENTAL RESEARCH ON OBTAINING LOW- CEMENT WALL MATERIALS FROM WASTE

10.

11.

10.

11.

OF SAMING OF LOCAL LIME STONES

Oleinik P.P. , Brodsky V.l., Formation of a waste management and processing system.
Collection of scientific papers of the international conference “Stroyinvest - 20117, M.:
MSAPUC, 2011, pg. 445-457.

Shchitkoval. Yu. Samoshina E.N., Kislitsina S.N. Boltyshov K.A. Modern composite
building materials. Textbook, Penza, PTUAIS, 2015, 136 pg.

Kuzbasnaya T.G. Use of technogenic waste in the production of building materials.

References
OT4YET 0 Te0JIOTO-Pa3BEIOYHBIX PA0OTaX MO0 MECTOPOK/ICHUIO N3BECTHSKA, BBHITTOJIHEHHBIX
C IIENbIO OIIEHKM KauyecTBa CBIPbS M MOJACUYETA 3amacoB JJIsi MPOM3BOJICTBA IIEMEHTa B
Maprakeptkom paitone HKP. Crenanakepr: OOO “Apuaxunxnpoext”’, 1988, 32 c.
Pe3ynpTaTel UCHBITAaHUS JIOCTABJIEHHBIX KyOMKOB pa3Mmepamu S5X5X5 oM. wu3
CTEMaHAaKepTCKOTO0 KOMOMHATa CTpOUTEeNbHBIX MarepuanoB. baky, HUM um. [lanamesa
C.A., 1985r.
[Tonaxo C.B. M3amaitioB HO.B. u gp. KameHnnas kimanka W3 NUIBHBIX H3BECTHSKOB.
Kumunes, “Kapra Mongosenscke”, 1973, 344 c.
Tep-Ilerpocsn IL.I1., Ucpaensn P.I. BpiOop paunmoHanbHOro BapuaHTa CO3JaHUS U
WCIIONB30BAHUSI PECYypCcOB CTpouTeNnbcTBA. COOpHUK HAydHBIX TpPyJoB EpeBaHcKoro
roCyIapCTBEHHOTO yHHBepcuTeTa Apxutektypsl u Ctpoutenscta, Epean, Tom Il (42).
2011, C. 109-114.
Knanosa H.B. [Illepbauenxo T.B. CpaBHurenbHHEe HCCIAEAOBAaHUS  CBOMCTB
TUIEPIPECOBAHHOIO KUPIUYaA. AJITANCKUIN rOCYJapCTBEHHBIN TEXHUYECKHIT YHUBEPCUTET,
[Ton3ynorckumit anemuax, N 1, 2021, C 53-55.
TV 5741-021-00284753-99 Matepuaiibl CTpOUTEIBHBIE W THIIEPIPECCOBAHHUE.
Kopossikop B.®. PacmupeHue npou3BOJACTBA MECTHBIX CTPOUTENBHBIX MaTEpHAIOB-
3GGeKTUBHBIA MYTh CHIDKEHUS CTOMMOCTHU CTPOHMTENBCTBA MAJIOATAXKHBIX JIOMOB.
COopuuk Hay4HbIX TpyAoB. M., MI'CVY, 2009, C. 50-53.
Cepree A.M., uopos I'.Jl., llImutko E.W., Koanes C.K. IlpumeHeHHE MECTHBIX
MarepuaioB B ctpoutensctBe. K., “byauBensuuk”, 1975.- 184 c.
Onmneiinuk ILIL , Bpoackuit B.U., ®opmupoBanue cucTeMbl yrpaBieHHs U MepepadoTKu
oTrx0/10B. COOpHUK HAyYHBIX TPYAOB MeXAyHapoaHol koHpepeHunu «CTpOMMHBECT —
2011», M.: TAKXuC, 2011, C. 445-457.
[[utkoBa WM.FO. Camommna E.H., Kucnuuuna C.H. bonteimo K.A. CoBpemeHHbIE
KOMITO3UITMOHHBIC CTPOMTENIbHBIE Marepuaibl. YueOHoe mocobue, Ilemsza, IITYAuC,
2015,136 c.
Kysbacnas T.I'. UHcnonp3oBaHHME TEXHOTEHHBIX OTXOJOB TMPU MPUPOU3BOJICTBE
CTpOUTENbHBIX MaTepuaioB. CtpourtenbHbie MaTepuainsl, 2002, N 2, C 10-11.

25

ARCHITECTURE AND CONSTRUCTION



Bulletin of High Technology N4(28) 2023.-pp.20-27. ARCHITECTURE AND CONSTRUCTION

R.G. Israelyan, A.Ya. Margaryan, M.A. Israelyan, A.A. Grigoryan
RESULTS OF EXPERIMENTAL RESEARCH ON OBTAINING LOW- CEMENT WALL MATERIALS FROM WASTE
OF SAMING OF LOCAL LIME STONES

SE1ULUL uruLurr urucutsLesrr [ uUeNLLENPS vuLu4ussEUELSU3PL MUSh
L3NkEEN USULULNR eNrAUMUNULLUL <6SURNSNRE3UL UMM3NhLLLENE

bupwjbpwu N.9., Vwpqupyuu U.Sw., hupubyw U.W., GSphgnpyjut WU
Cnphh inbutininghwlpwt hwdwuwpu

Lbpyuwjwgywsds £ nbnwlwu Ypwpwph pwpwhwupbiph pwithnuubhg dhwwnwpp
uwlwgbiduwnw)ht snn dwdndny winunwinnntzju thnpdwpwpwlwu
nunwtwuhpnyeniubph - wpryniupttipp: Uwhdwudlp  Gu updwds wngnwiubpp
wpunwnpnyejwu  wbuuninghwlywu  wywpwdbunpbpp bW $hghyn-dbfuwuhljulwt
hwwnynyeniuubpp: Npnadbp £ unwgywsd  wnnwubph  hwinynyeyniuubph - pwpép
hwdpulunwip ohuwpwpnyeniund  ogwnwgnpdynn  Ybpwdhlwlwu W upjhlunwghu
wnynwubph  htwn:  Ldwuwynenwubph  dbennnd  wwwgnigyty £ thnpduwlwunptu
wwuwnpwundwd  wrynwubph  npwlh  gnigwuhgubph hwdwwwnwufuwunge)niup
unpdwwnhywiht thwummwenpetph wwhwuutipht: Uwhdwuyb £ wnbnuiwu Ypwpwpbiph
pwihnuubhg  wwunpwunjwd  uwlwgbdunwihu wnynwubph  ogwnwgnpddwup
ohtwpwpnyeniunwd:  Uwlwgbdunwihu - wnynwubiph - wpunwnpnygniup eny] £ wwhu
pwpdpwgub  2huwpwpnygjwt - wpryniwwybitnngeniup W uwqgbigubip  pwhwgnpdynn
opjtijinutiph gnpduwlwu dwhuubipp: Uw twl hwugbgunid £ 2powlyw dhowdwyph nhuytiph
udjwqdwup, npnup Yuwwywsd Bu dbd tnwpwsdpubipnd pwihnuubiph Ynunwydwu hbwn, husp
hwugbigunw £ wnwpwdwypowuh onh W 9pph wnunindwun:

Pwbungh pwnbp. Ypwpwph pwihnuubp, snp dwdind,  wbluuninghwyw,
wwpwdbinpbin, wnnw, ybGpwihnfuhs:

PE3YJIbTATBI SKCIIEPUMEHTAJIBHBIX HCCJIEJIOBAHUI 1O IMTOJTYYEHUIO
MAJIOHEMEHTHBIX CTEHOBBIX MATEPUAJIOB U3 OTXOJI0OB KAMHEIIEJIEHUSA
MECTHbBIX HU3BECTHSIKOB

HUcpaensin P.I'., Maprapsau A.5., Ucpaeasin M.A., I'puropsa A.M.

L ywunckuti mexHono2u4ecKull yHusepcumem

HpI/IBOI[ﬂTCH pE3yJibTaTbl SKCIICPHUMCHTAJIbHbBIX HUCCIICIOBAHUN 10 U3TOTOBIICHUIO
OIMHAPHbIX MAJIOHCMCHTHBIX MO,Z[I/I(i)I/II_[I/IpOBaHHLIX KI/IpHH‘Ieﬁ CyXoro ImnpeccoBaHus H3
HN3BCCTHAKOBBIX OTX0I0B KaMHCITUJICHUA MapTaKCpTCI(I/IX KaMCHHBIX KapbEepoOB.
YCcTaHOBIEHBI TEXHOJOTHMYECKHUE apaMeTpbl U3TOTOBJICHUA 3TUX KHpHH‘Ieﬁ n ux (1)I/I3I/IKO'
MEXaHHYECKHE CBOMCTBA. Onpez[eneHa BBICOKAs CXOJIHUMOCTb CBOMCTB MMOJIYYCHHOT' O
CTCHOBOI'O Marcpurajia, B CPABHCHUHU C HUCIIOJIb3YCMBIMH B CTPOUTCIILCTBE KCPAMHUYCCKUMU U
CHJIMKATHBIMU KHUPIIAYaMHU. MeToIOoM aHaAJIOTHMM JI0Ka3aHO COOTBETCTBUE MoKa3aTesei
KaueCTBa OKCICPUMCHTAJIBHO IMMOJIYYCHHBIX KI/IpHI/I‘-Ieﬁ TpC6OBaHI/I$IM HOPMAaTUBHBIX
AOKYMCHTOB. YcranoBieHa NpUHIUIIHAIIbHAA BO3MOKHOCTE H3TOTOBJICHUS MAJIOIEMCHTHBIX
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KUpIHUYEH W3 OTXO0JIOB KAMHEMWJICHUS MECTHBIX Kaphe€poB, a TaKKe HMX NPUMEHEHHUS B
cTtpoutenbcTBe. [IpOM3BOACTBO  MaJOLIEMEHTHBIX  KUPIHYEH  TMO3BOJSET  IMOBBICUTH
3¢ (dEKTUBHOCTh CTPOHWTENHCTBA M CHHU3UTH 3aTpaThl Ha OSKCIUTyaTalldi0 3aBEPIICHHBIX
00BEKTOB. DTO MPUBOAMT TAK K€ K CHIKCHHUIO SKOJIOTHYCCKHX PHUCKOB  OT HAKOILICHUS
OTXOJIOB KaMHEINWUJICHUS Ha OOJBIIMX TEPPUTOPHUSAX, U  3arps3HSAHCHHUS BO3IYIIHBIX U
BOJIHBIX 0aCCEHHOB pEruoHa.

KuroueBnie cioBa: OTXOABl W3BACTHSIKOBOIO KaMHs, CyXO€ IIPECCOBAaHHE,
TEXHOJIOTUYECKHE MapaMeTphl, KUPIUY, MOAU(UKATOD.
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