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Abstract. Lightweight double-layer concrete walls with a 6-8 cm thick structural
concrete layer are effective in earthquake-resistant construction. The development of
lightweight concrete production is particularly important for Southern Kazakhstan due
to its high seismicity. Reducing the weight of individual structures, as well as buildings
and structures as a whole, through the use of lightweight expanded clay concrete can
be considered as a measure to improve their seismic resistance. The study examines
the effect of inorganic additives and coal mining waste as swelling intensifiers in
expanded clay production to improve the seismic resistance of brick buildings. The
material composition of the clays studied, as well as the mineralogical and structural
properties of the constituent mineral phases, were studied using electron microscopy.
Experimental firings of Kyngrak-Keles bentonite clay samples were conducted with the
addition of the following mineral salts and non-ferrous metallurgy waste: sodium
chloride, calcium chloride, polymetallic ore beneficiation waste, and coal mining
waste. It was found that with the addition of 0.5% NaCl and a firing temperature of
1180°C, the resulting expanded clay has a bulk density of 0.89 g/cm®, which
corresponds to a bulk density of 580 kg/m>. With the addition of 0.5% CaCl., the bulk
density at the same temperature is 0.99 g/cm® (bulk density is 650 kg/m’).
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KOMIP OHAIPY KAJJIBIKTAPBI MEH BEHOPTAHUKAJIBIK
KOCIIAJIAPBI BAP KEPAM3HT HETI3IH/IETT KIPIIILII
FUMAPATTAPIBbIH CEMCMUKAJIBIK TO3IMILIITT TYPAJIBI
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K.O. AGexos! @ | .M. Kyaraesa* @ I Typmyur® @, B.K. Jlyiicentexos' ®

'M.Dyes308 arbigarsr OnTYyCTiK Kaszakcran yausepcuteti, 160012, IlsmvkenT, Kasakcran
2Axkanemuk O.KyaT6eKkoB aThIHaFbl XaIbIKTap H0CTHIFI YHUBEPCHUTETI,

160011, HleimkenT, Kazakcran

’Taszu ynusepcureri, 06560, Aukapa, Typkus

X ansIkapanslk 6iniv 6epy xoproparmscsl, 050043, Anmarsl, Kasakcran

Annarna. Kep cinkinicine me3imoi Kypviivicma 6-8 cm Kanvly KYPulibLMObIK
bemon Kabamul bap dHcenin exi Kabammuol bemon Kabvipeanapsvl muimoi. Keyin bemon
eHOipicin  damwimy Oymycmix  Kazakcmanw — yuin — CEUCMUKANLIK — HCOEAPLI
Ooneanovikman epexue Manwvizovl. Jenin xkepamzum 0OemoHObl KOJNOAH) APKbLIbL
JHceKesiecet KYpobliblMOapOblH, COHOAU-AK HCANNbL QUMAPAMMAp MeH KYpuliblCmapobly
CANMABbIH A3aUmy 01apObll CEUCMUKANbIK MO3IMOLLICIH apmmblpy wapacvl peminoe
Kapacmulpsliybl MYMKiH. 3epmmeynep Kipniut 2umapammapovly dicep CLIKIHICiHe
Me3iMOiNiciH apmmublpy YWiH Kepamsum eHOIpiciHoe2l betlopeaHUKAIbIK KOCNALap MeH
KoMIp OHOIpemiH KalOblKmapobly dCepiH 3epmmeyee apHAI&aH. 3epmmenemin
cazo0apoviy 3ammvlK KYpambl, MUHepaniovl ¢hazaniapovly Kypamoac Oeaikmepiniy
MUHEPATIOSUSLTILIK, HCIHE KYPLLILIMObIK epeKulenikmepi 21eKmpoHObl-MUKPOCKONUATIbIK
manoay apxviivl 3epmmenoi. Keneci munepanovt myzoap meH mycmi Memauiypeust
KanoblKmapvl. HAMpuil Xa10puoi, Kaibyuti Xa10puodi, NOIUMemaill KeHOepiH Oauiblmy
KanoblKmapwl, COHOAU-AK KOMIp OHOIpy Kaiovikmapul Kocwiiean Kvinepax-Kenec
bOenmoHum cazoapviHbly yallepin IKcnepumeHmmik Kyuoipy socypeizindi. 0,5% NaCl
acone 1180°C «xyiidipy memnepamypacvin eneizeen Keszde anbIH2AH KeHelmineeH
cazoviy myiiipwixmezi konemoix maccacwot 0,89 2/cm® 6onamuvinbl anvikmanowl, 6y
kenetimineen cazoviy 580 xe/m® xenemoix maccacwina caiikec xeneoi. 0,5% CaCl:
Kocnacwimen bipoeii memnepamypadaeni kenemoix macca 0,99 2/cm’ (acannaii macca
650 ke/m’).

Tyiin ce3mep: kipniw 2umapammapovly  CEUCMUKANLIK — MO3imOinici,
betiopeaHukanvlk Kocnaiap, Kemip OHOIpy KaloblKkmapbl, iCiHy Kyuietumxiwimep,
Kepam3um.

* ABTOP-KOPPECTOHIEHT
bu6oa Kakunbdaes, e-mail: specialist udn@list.ru

https://doi.org/10.51488/1680-080X/2025.3-09
Anpraaet 09 mayceiv 2025; Kaiita kapanaet 29 minge 2025; Kadsuganas: 25 Tamsiz 2025

127


https://doi.org/10.51488/1680-080X/2025.3-09
https://orcid.org/0009-0002-1620-4975
https://orcid.org/0000-0002-7246-6251
https://orcid.org/0000-0002-1412-7796
https://orcid.org/0000-0001-6686-4926
https://orcid.org/0000-0002-2409-1184
https://orcid.org/0000-0002-8827-7041
https://orcid.org/0000-0002-3476-5218

QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic

YK 621.314
MPHTH 67.09.33
HAVYHAA CTATBA

O CEUCMOCTOMKOCTHU KUPIINYHBIX 3JAHUN HA
OCHOBE KEPAM3UTA C OTXOJIAMM YIVIEJOBBIYA U
HEOPTAHUYECKHUX JOBABOK
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"TOxnH0-Kazaxcranckuit yausepcuteT uMeHd M. Ayazosa, 160012, lIsimkenT, Kasaxcran
>VuuBepcUTeT APYXKObI HAPOIOB UMeHH akageMuka A.Kyar6exosa, 160011, IlIsiMkent, Kazaxcran
3Vuusepcutet 'asu, 06560, Anxapa, Typuus

*MexyHapoaHas oOpasoparebHas kopropanus, 050043, Anmarsl, Kazaxcran

AHHOTauusl.  JleckobemoHuvie  OB8YXCIOlUHbIE ~ CMEHbl  CO  CllOeM
KOHCMpPYKMUHo2o bemona moawunou 6-8 cm sppdexmuensvt 6 ycrousx
celicmocmotikoeo cmpoumenvcmea. Ocoboe snauenue 0ns FOoucnoeo Kasaxcmana
npuobpemaem pazeumue Npou3eo0Cmea JecKux OemoHO8 8 C85A3U C BblCOKOU UX
celicmuynocmoto. CHudiceHue eeca OmoenbHblX KOHCMPYKYULl, a makdice 30aHull u
COOPYIHCEHULL 8 YETIOM 3a CHem NPUMEHEHUs JIe2KUX OemoHO08 U3 Kepam3uma ModHcem
paccmampusamscsi KAk OOHA U3 Mep NOBbIUEHUS UX — CelicMOCMOUKOCHUL.
Hccneoosanus nocesujensvt usyuenuio IUsHUs HEOP2AHUYUECKUX 000ABOK U OMX0008
Venedoowiul KaKk UHMEHCUDUKAMOPOE8 8CNYUUBAHUSL 8 NPOU3BOOCMBE KEPAM3UMA 05
NOBbIUEHUS  CEUCMOCMOUKOCMY — KUPNUYHLIX  30aHul. Bewecmeennviii cocmag
uccnedyemvlx — 2luH,  MUHepaloudeckue U CMpPYKmMypHvle — 0COOEHHOCMU
COCMABNAIOWUX MUHEPANbHbIX (a3 Obll  U3yueH ¢ NOMOwbl0  INeKMPOHHO-
MUKpocKonuueckoeo auanusa. buvinu npogedenvl sxcnepumenmanvuvie 00cucU
00pasyo6 U3 KblHSPAK-KeNeCCKUX OeHMOHUMOBBIX 2IUH ¢ 000aB8KOU Cle0yHuux
MUHEPAIbHBIX CONlell U OMX0008 UBEMHOU Memailypeul: XJI0pPUcmoz20 Hampus,
XJIOpUCMOo20 Kalbyus, Omxoovl 0002aujeHUs NOIUMEeMANLIUYecKux pyo, a makxoice
0mx0008 y2nedobwviuu. Yemanosneno, umo npu égederuu 0,5% NaCl u memnepamype
obacuza 1180°C nonyuennviii kepamsum umeem obwvemmyio maccy 6 epanyie 0,89
2/em®, umo coomeemcmeyem nacwinnoii macce xepamsuma, paenoti 580 xe/m’. Ipu
dobasxe 0,5% CaCl> obvemuas macca npu moii sce memnepamype paeua 0,99 2/cm’
(nacvinnas macca pasua 650 k2/m’).

KioueBble €JI0Ba: celicMoCmoUKoCmy KUPRUYHBIX 30AHUL, HeopeaHuyecKue
000asKuU, 0mx00vl y21e000blYU, UHIMEHCUDUKAMOPbL 6CNYYUBAHUS, KEPAMIUNI.
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AJITBIC / KAPXKBIJIAHJIBIPY KO3I

3eprTey Keke KapKbUIaHIbIPY KO3JepiH Maiijasana OThIPHII KYPri3uil.
MYIIEJEP KAKTbBIFbICHI

ABTOpIAp MYIENIEP KAKTBIFBICHI )KOK JET MAJIIMICH/TI.

ABTOpIap MaKaJlaHbI JaibIHIAY OapBICBIH/Ia TEHEPATUBTI JKacaH/Ibl MHTEJUICKT TEXHOJIOTUsIIaphI
MEH >KaCaH Ibl MHTEIJIEKTKE HET13/IeITeH TeXHOJIOTHsIIap/Ibl TaijatanOaraHbIH MOJTIMICH/T1.

BJIATOJAPHOCTU/MCTOYHUK ®PUHAHCHUPOBAHUA

HccnenoBanye NpoBOAUIOCH C UCIIOJIb30BAHNEM YaCTHBIX MICTOUHUKOB (PMHAHCHPOBAHUS.
KOH®JIUKT UHTEPECOB

ABTODBI 3asIBJISOT, YTO KOH(IIMKTA UHTEPECOB HET.

ABTOpBI 3afBJISIIOT O TOM, YTO IIPU IOAIOTOBKE CTaThbU HE MCIIOJIB30BAIUCH TEXHOJIOTUHU

ICHCPATUBHOI'O HMCKYCCTBCHHOI'O MHTCIIJICKTA W TCXHOJIOTMH, OCHOBAaHHBIC HAa HMCKYCCTBCHHOM
HHTCIIJIICKTC.
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1 INTRODUCTION

Massive housing construction in large cities with unfavorable engineering and geological
conditions and extremely limited expansion potential places high demands on the reliability and cost-
effectiveness of multi-story buildings and structures constructed in high-seismic zones. In recent
decades, earthquake engineering specialists have been working to develop and apply new methods
for seismic insulation of brick buildings and structures. In today's construction environment, reducing
the weight of building structures through the use of lightweight concrete and ceramic materials,
including expanded clay, is particularly important. This will contribute to improving the seismic
resistance of brick buildings (Hafner et al., 2023).

For most artificial aggregates, obtaining granules with the required density depends on the
amount of gaseous products released or introduced and retained in the pyroplastic mass. One such
gaseous product, iron and calcium oxides, can be one example. Iron oxide (Fe>0O3), converted to a
ferrous state as a result of reduction processes, reacts vigorously with aluminum and silicon oxides,
forming a series of eutectics and solutions of complex composition and exerting a strong fluxing
effect. One such compound of iron oxide (FeO) with silica is fayalite, which melts at 1205°C, i.e.,
within the temperature range for producing expanded clay. Also possessing high wetting capacity,
FeO promotes the formation of a system with optimal softening parameters, enabling intense and
complete swelling. Clays containing iron in the form of oxides and hydroxides exhibit good swelling
properties. Calcium oxide shortens the swelling range of the rock, and at high concentrations, by
sharply reducing the viscosity of the liquid phase over a short temperature range, it causes rapid
deformation and adhesion of the material, complicating firing. Alkali and alkaline earth oxides also
participate in the formation of eutectic melts, with their fluxing effect decreasing in the order Na>O,
K>0, FeO, Ca0O, and MgO. Clay minerals such as montmorillonite, mica, and hydromica can also be
sources of gas formation (Zhakipbayev et al., 2021).

The following features of the production of artificial porous fillers can be noted:

— raw material porosity during heat treatment is caused by the release of gaseous products into
the raw material during firing;

— swelling processes occur in the pyroplastic state of the material, therefore, the viscosity of the
liquid phase has the primary influence on swelling;

— high-speed firing of the raw material promotes a shift in gas formation processes to higher
temperatures, and the coincidence of these processes with the transition of some of the raw material
from a eutectic or near-eutectic composition to a pyroplastic state, which facilitates intense swelling;

— the transition of some of the raw material to a pyroplastic state usually occurs at temperatures
no higher than 1250°C.

Clays suitable for expanded clay production should not exceed 30% dust content, should not
contain carbonates with a grain size greater than 0.2 mm, and should not contain more than 1-2%
organic inclusions. However, the limited availability of such raw materials and the need to ensure the
cost-effectiveness of the process raise the question of using additives and industrial waste whose
chemical composition meets the requirements for expanded clay raw materials. It is known that
inorganic substances containing alkaline and alkaline earth element compounds promote the
formation of a liquid phase at low temperatures. Therefore, the addition of mineralizers to the batch
can reduce the temperature at which the mass transitions to a pyroplastic state or the firing temperature
ofexpanded clay. In order to reduce the firing temperature and intensify swelling, experimental firings
of samples of Kyngrak-Keles bentonite clays were carried out with the addition of the following
mineral salts and non-ferrous metallurgy waste: sodium chloride, calcium chloride, polymetallic ore
beneficiation waste, and coal mining waste (Seiitkassymuly et al., 2025).

2 LITERATURE REVIEW

A study (Gulfem et al., 2022; Vandanapu et al., 2018) assessed the feasibility of using coal
mining waste as a raw material for brick production. Dry-crushed waste was added to clay in
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proportions ranging from 0 to 100%, and the samples were fired at temperatures up to 1150°C. All
resulting bricks met Turkish strength standards, confirming the suitability of the waste as an
alternative building material and offering an environmentally friendly solution to its disposal.

The authors' study (Xiaogang et al., 2025; Kalman Sipos et al., 2019) proposes a method for
assessing the seismic resistance of buildings damaged by mining activities based on energy
dissipation theory. It was found that ground subsidence reduces the rigidity of buildings, lengthens
their natural period, and amplifies torsional vibrations under seismic loads. Numerical modeling
showed an increase in displacements and internal forces, especially on the lower floors. As a solution,
they propose a protection system combining underground backfill and surface isolation, providing
practical guidance for seismic design in mining areas.

The authors (Soumitra et al., 2024; Khan et al., 2023) explore a new approach to the design
of clay brick structures based on extensive shear testing, developing numerical models and failure
criteria, which improves the accuracy of calculations and the reliability of buildings such under
seismic loading. Modern brick buildings must not only meet architectural and functional requirements
but also be effectively designed for structural stability, energy efficiency, and seismic resistance.
However, the complex combination of these requirements makes testing their behavior under seismic
loads challenging.

A research (Mohammad Ali Esmaili-Tafti et al., 2025; Chourasia et al., 2020) first analyzed
the seismic performance of cold-formed steel frame (CFSF) shear walls constructed using different
installation methods and stud spacings. Six walls, varying in size, brick placement order, and the
presence of insulation, were fabricated and tested. The results showed that simultaneous wall
construction and increased stud spacing increased shear strength but had little effect on seismic
performance. The Wang and Pauli methods also yielded similar design parameters.

A study (Shoaib Ur Rehman et al., 2025; Agrawal et al., 2021) examines the use of confined
masonry structures (CBMS) to improve the seismic performance of residential buildings. A
comparative numerical analysis of CBMS, traditional masonry structures (CMS), and framed
structures (FS) revealed that CBMS exhibit the lowest deformations and displacements under seismic
loading. Due to their concrete infill, such walls exhibit increased ductility and stability, offering an
effective solution for mitigating seismic damage.

A research work (As'at Pujianto et al., 2024; Bagnoli et al., 2021) examined the technical
properties of lightweight concrete with expanded clay aggregate for improving the seismic resistance
of infrastructure. Experiments showed that the oval aggregate shape provides superior strength and
density characteristics, while the optimal amount of superplasticizer (up to 2.5%) improves the
properties of both fresh and hardened concrete. The results confirm the potential of expanded clay as
an environmentally friendly and effective material for lightweight seismic-resistant structures.

3 MATERIALS AND METHODS

The Turkestan region is one of the richest in expanded clay raw materials with the location of
large and very promising for the development of such deposits of bentonite and bentonite-like clays
as Kyngrak-Keles. These clays consist mainly of minerals of the montmorillonite group
Al[S14010](OH)2*nH>0 and are capable of swelling during firing. The chemical composition of the
Kyngrak-Keles bentonite clays is represented by the composition (%): SiO2 - 63.0; ALLOs - 13.0;
Fe;0s - 5.40; CaO - 4.48; MgO - 3.35; K20 - 2.0; Na;O - 1.45; TiO: - 0.95; FeO - 0.85; SOs - 5.55.

For a more in-depth study of the material composition of the clays under study, the
mineralogical and structural features of the constituent mineral phases, electron microscopic analysis
was used on a scanning electron microscope SEM JSM-6490LV, where we recorded the following
elements: Si; O; Fe; K; Mg; Ca (Figure 1).
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Figure 1 — Energy-dispersive SEM spectrum of Kyngrak-Keles bentonite clays

Figure 1 shows the characteristic presence of iron oxide in the studied clays. Iron oxide,
converted to a ferrous state as a result of reduction processes, actively reacts with aluminum and
silicon oxides, forming a series of eutectics and solutions of complex composition, while exerting a
strong fluxing effect. Also possessing greater wetting capacity, FeO promotes the formation of a
system with optimal softening parameters, which facilitates intensive and complete swelling.

4 RESULTS AND DISCUSSION

The results of tests of expanded clay obtained from Kyngrak-Keles bentonite clays with the
introduction of mineral additives are shown in Table 1 and Figures 2 and 3.

Table 1
Physical and mechanical properties of expanded clays based on Kyngrak-Keles bentonite clays with the
introduction of inorganic additives

Swelling coefficient

Burning temperature, °C 0,5% CaCk 0,5% NaCl 7% of polymetallic ore
beneficiation waste

1080 1,02 0,82 1,22

1100 0,95 0,91 1,37

1120 1,03 0,98 1,38

1140 1,30 1,05 1,49

1160 1,33 1,22 1,61

1180 1,52 1,58 1,65
Burning temperature, °C Bulk density, g/cm®

1080 1.48 1.69 1.35

1100 1.52 1.52 1.20

1120 1.44 1.43 118

1140 118 1.32 1.07

1160 115 1,14 0,98

1180 0,98 0,90 0,92

The presented results show that with the addition of 0.5% NaCl and a firing temperature of
1180°C, the resulting expanded clay has a bulk density in granules of 0.89 g/cm?, which corresponds
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to a bulk density of expanded clay equal to 580 kg/m*. With the addition of 0.5% CaCl,, the bulk
density at the same temperature is equal to 0.99 g/cm® (bulk density is equal to 650 kg/m?).
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Figure 2 — Change in the swelling coefficient of the obtained expanded clay based on Kyngrak-Keles bentonite clays
with the introduction of inorganic additives depending on the firing temperature
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Figure 3 — Change in the bulk density of the obtained expanded clay based on Kyngrak-Keles bentonite clays with the
introduction of inorganic additives depending on the firing temperature

When 7% of polymetallic ore beneficiation waste was added, the performance of the resulting
expanded clay was inferior to that of expanded clay from pure clay.

Seven masses of coal mining waste were tested in the range of 1-10% additive added. The
results presented in Table 2 and Figures 4 and 5 indicate that coal mining waste cannot serve as an
expanding additive for kyngrak-keles bentonite clays.
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Table 2
Physical and mechanical properties of expanded clays based on kyngrak-keles bentonite clays with the addition of
coal mining waste

% coal mining waste

Burning temperature, °C

1 3 5 7 10
1080 0,7 1,0 0,9 0,9 1,0
1100 0,9 1,1 1,0 1,1 1,1 o €
1120 1,1 1,2 1,1 1,2 1,2 o=
)
1140 1,3 1,3 1,2 1,3 1,3 7@ 3
1160 1,6 1,4 1,3 1,4 1,4
1180 1,7 1.8 1,4 1,5 1,5
1200 1,8 2,0 1,5 1,6 1,6
] 0 % coal mining waste
Burning temperature, "C
1 3 5 7 10
1080 1,80 1,55 1,60 1,66 1,38 >
1100 1,69 1,53 1,38 1,32 1,26 LS
1120 1,56 1,44 1,20 1,16 1,12 Eé
1140 1,32 1,18 1,17 1,04 1,16 %
1160 1,12 0,99 0,98 1,03 0,98 =
1180 1,05 0,82 0,95 0,86 0,95
1200 0,98 0,76 0,94 0,85 0,86
9
8 —
5 , /
,2 /
£ 6
S 5 — ——10
2 — 7
= 4
2
a3
2 - . — —1
/
1 /
0
1080 1100 1120 1140 1160 1180 1200
T, 0C

Figure 4 — Change in the swelling coefficient of the obtained expanded clay based on Kyngrak-Keles bentonite clays
with the addition of coal mining waste depending on the firing temperature

The addition of 1-10% coal mining waste had virtually no effect on clay expansion. The
expansion coefficient was lower, and the bulk density of the granules was virtually identical to those
of expanded clay from kyngrak-keles bentonite clays without additives. Only the addition of 7% and
10% coal mining waste slightly decreased the bulk density. Apparently, this additive acts as a leaning
agent for the studied clay, but does not promote expansion. The ash residue of the coal mining waste
reaches 65-75% of the total mass and, being refractory in nature, shifts the onset of liquid phase
formation to higher temperatures. Therefore, at the temperatures accepted for expanded clay firing,
the granules do not have time to transform into a pyroplastic state and expand very weakly.
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Figure 5 — Change in the bulk density of the obtained expanded clay based on Kyngrak-Keles bentonite clays with the
addition of coal mining waste depending on the firing temperature

5 CONCLUSIONS

1. It was found that with the addition of 0.5% NaCl and a firing temperature of 1180°C, the
resulting expanded clay has a bulk density of 0.89 g/cm? per granule, which corresponds to a bulk
density of 580 kg/m’. With the addition of 0.5% CaCl., the bulk density at the same temperature is
0.99 g/cm’® (bulk density is 650 kg/m?).

2. It was found that the swelling coefficient is lower, and the bulk density of the granules is almost
the same as these indicators of expanded clay from Kyngrak-Keles bentonite clays without additives.

3. It has been established that during heat treatment, all clay minerals and fluxes pass into the
melt, forming pore walls with the subsequent appearance of a glass phase, where the raw material,
already at the maximum temperature, softens due to the formation of ever greater quantities of low-
melting eutectics with the participation of fluxes and the assimilation of other finely dispersed
components in the melt, after which the mass passes into a pyroplastic state, characterized by a certain
homogeneity of the melt and an optimal viscosity for swelling and porization.

4. During heat treatment, under the influence of shrinkage deformations and rearrangement of
structural elements, the number and size of pores, as well as the overall porosity of the material,
change significantly, mainly determined by the mineralogical composition and degree of dispersion
of the original clay raw material, while the finer the clay, the more low-temperature vapor-gas phase
is released from the mineralogical components, the greater the microporosity of the material, and vice
versa.

Thus, it has been established that for obtaining expanded clay, inorganic additives can only be
used in combination with organic ones.
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