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Abstract. The purpose of this study is to experimentally substantiate the effect of
the concrete mixing methods on the physical and mechanical properties of expanded
clay concrete used in modular construction. In the framework of research two
technological approaches of mixing are compared.: traditional (according to GOST)
and alternative method of "suspension concrete". The study was conducted on identical
compositions of lightweight concrete with expanded clay aggregates with fractions of
0-10 mm at a constant dosage of cement, sand, water and chemical admixtures. Control
samples were produced for each mixing method and compressive strength tests were
conducted at the ages of 1, 3, 7 and 28 days to determine the average density of the
samples. The results show that changing the order of introducing the components has
a significant impact on material structure formation. The use of the suspension mixing
method, in which a cement-water suspension is formed before the introduction of
aggregates, provides an increase in the strength of expanded clay concrete by up to
19% on day 28 compared to traditional technology. In addition, there was an
improvement in the uniformity and surface quality of samples. At the same time,
workability and the density of the concrete mixture remained at the same level.
Therefore, suspension mixing can be considered an effective way to strengthen the
structure of expanded clay without changing its composition, which is particularly
important in industrial production of precast products. The obtained data are of
practical significance and can be used to improve production technologies for
lightweight concrete with enhanced performance properties.
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Anparna. byn zepmmeyoiy maxcamol mooynwdik Kypuinvicma Konoanviiamolt
Kenelmineen caszobl OeMOHHbIH (QUIUKA-MEXAHUKATILIK CUNAMMAMANAPbIHA OemoH
KOCNACLIH apanacmulpy 20iCiHIH 2CepiH IKCnepuUMeHmmik Hezizoey 00.1bln maowiiaobi.
3epmmey ascvlHOa apanacmulpyovly €Ki MexHONO02USANbIK MACIIIH  CATbICMbIPY
arcypeizindi: dacmypai (I'OCT 6botivinwa) scane banama "cycnenzusnviy bemon "20ici.
3epmmey yemenm, Kym, cy HcaHe XUMUALBLIK KOCRANapObly mypakmsl 0ozaceinoa 0-10
MM (ppakyusnblK Keneumineen cazobl azpezamvl Oap dHceHin OemoHHblH Oipoell
Kypamoapvinoa cypeizindi. Apanacmuipyoviy ap 20ici ywin Oakwiiay yieinrepi
arcacanovl xcame 1, 3, 7 grcone 28 maynik scacbinoa Kbicy bepikmici CblHan0bl, COHbLMEH
Kamap yreinepoiy opmawia mulabl30blebl  AHbIKMAnovl. Homuowcenep bemon
KOCNACLIHbIY —~ KOMNOHEHMMepPIiH — eHei3y  mapmibOiHiy — e32epyi  mamepuanobiy
KYDOUILIMbIH — KAILINMACMbIPYEA  Amapivikmail  acep  ememiHOiciH  Kepcemmi.
Cycnensusinbl — apanacmoelpy 20iCiH  KONOAHy, OHOA YEMEHM-CYy CYCHEeH3UACHl
acpecammap  eHeizinceHee  OeliH  Kalblnmacaovl, OICMYpPIi  MEXHOA0SUAMEH
canvlcmvlpeanoa Kenelmineen cazobl OemoHuwly bepikmiciniy 28 maynixke 19% - 2a
Oetiin ocyin xammamacviz emmi. ConviMen Kamap, yaciniepoiy Oipmekminici meH
beminiy canacvl dcakcapovl. bemown Kocnacvinvly ocymvic Kabinemminiei meH
Mmoulebl30bi2bl Oipoeli Oeneetioe Kanovl. OcvLiauiuia, CYCNeH3UsHbl apaniacmulpyobl
KOMNO3UYUsHbl 632epmnecmen Keyeumineen cazobl OemoH KYpPulIblMblH Kyuietimyoin
muimoi a0ici peminde Kapacmuipyea 601aovl, 0yn acipece Kypama oOytivimoapoviy
OHEePKACINMIK OHOIPICI Ha20albiHOA MAKbI30bl. ANblHeaH MaiMemmep KOa0aHOAbl
MoHee ue JCoHe OHIMOLNI2 JHco2apbl JiceHil Oemon dcacay MmexHONOUSLIAPbIH
JHceminodipy yuliH natioaiansbliybl MYMKIH.

Tyiiin ce3nep: «kepamsumbemon, oicenin b6emoH, apanacmuipy — 0ici,
CYCNeH3UsANbIK OemoH, KblCy2a Oepikmik, molebl30blK, MOOYIbOIK KYPbLIbIC.
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AHHOTaI U, Lenvio Hacmosue2o uccne0o8ansl A6AEMCSL
9KChepuMeHmanibHoe 000CHO8AHUE BIUAHUSL CHOCODA nepemeuusanus. O6emoHHOU
cMecu  Ha o QQu3UKO-MexaHudeckue — XapaxkmepucmuKku — Kepamsumoodemoua,
NPUMEHAEMO20 8 MOOYIbHOM cmpoumenvcmee. B pamkax uccnedoeanus 8binoiHeHo
cpasHenue 08yX MEXHOI02UYEeCKUX N0OX0008 K NepeMeutusanuio: mpaouyuoHHO20
(no I'OCT) u anemepuamugHo2o memooa «CyCneH3UuoHHo20 bemonay. Hcciedosanue
NnpPOBOOUNIOCL HA OOUHAKOBLIX COCMABAX J1e2Ko20 OemoHa ¢ Kepam3umosvim
sanonnumenem paxyuu 0—10 mMm npu nOCmMosHHOU 003UPOBKe yeMeHmd, neckd,
600bl U XUMUYECKUX 000a80K. [nsa Kajxiooeo cnocoba nepemewusanus OvlLiu
U320mo8enbl KOHMpPOAbHble 00paA3ybl U NPOBEOeHbl UCNbIMAHUSL NPOYHOCU HA
corcamue 6 eospacme 1, 3, 7 u 28 cymok, a maxaice onpeoenena cpeoHsisi Ni1OMHOCHb
obpasyos. IlonyuenHnvle pe3ynbmamol NOKA3ALU, YMO UBMEHEHUe NOPAOKA 88e0eHUs
KOMNOHEHMO8 OemOHHOU CcMecu OKasvbleaem CYujeCmeeHHoe 6GlusHue Ha
Gopmuposanue cmpykmyper mamepuana. llpumenenue memooa CYCHeH3UOHHO20
nepemeuusans, npu KOMoOpOM UYEMEeHMHO-800HAs CYCHeH3us opmupyemcs 00
8600a 3anonHumeret, obecneyuso npupocm npoyHocmu Kepamzumobemouna oo 19%
Ha 28 cymKku no cpasmeHuro ¢ mpaouyuoHHou mexuonocuei. Kpome moeo, 0vin10
ommeueHo yayuyuienue OOHOPOOHOCMU U KA4ecmed MNOBEPXHOCMU 00OpA3YO8.
Yooboyknaovieaemocms u niomHocmes OEmMoHHOU cCMeCU Npu dMOM OCMABAIUCL HA
oounaxogom ypoeue. Takum 006pa3oM, CYCNeH3UOHHOEe NepeMeuuUsanue Moxtcem
paccmampusamsbcsi KAk 3@gexmusHvlll cnocod unmeHcugukayuu cmpyKmypol
Kepam3umobemona 6e3 usMeHeHuUs: cCoCmasd, 4mo 0COOEHHO aKmyalbHO 8 YCI08USX
NPOMBIULTIEHHO20 Npou3eo0cmea cOopHuix usdenui. llomyuenuvie OanHvle umerom
NPUKIAOHoe 3HAueHue u Mo2ym Oblmb UCHONbL308AHbL O]l COBEPUIEHCTNBOBAHUS
MEexXHONL02Ull U320MOBIEeHUsL 1e2KUX OeMOHO08 C NOBbIUEHHbIMU IKCHIIYAMAYUOHHBLMU
XapaxkmepucmuxKamu.

KuroueBble cinoBa: xepamsumobemon, neekuti bemon, cnocod nepemeuueanus,
CYCNEH3UOHHbIL OemoH, NpPOYHOCMb HA  cocamue, NIOMHOCMb, MOOVIbHOE
CmMpouUmenbLCmao.
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1 INTRODUCTION

Modern construction is moving towards industrialized and modular production methods, which
requires the use of lightweight, durable, and technologically advanced concrete mixtures that ensure
structural reliability and sustainability. Expanded clay concrete, a type of lightweight concrete made
with porous aggregate, has become increasingly popular due to its low density, satisfactory strength,
and enhanced thermal and acoustic insulation properties.

One of the most promising areas for the use of this material is in modular construction. Here,
reducing the dead weight of the structures directly affects their transportability, assembly, and load
on the foundation.

However, one of the main challenges limiting the widespread adoption of expanded clay
concrete is its heterogeneous structure and reduced strength. This is particularly true in the contact
zones between the expanded clay grains and the cement matrix. This is because of the high porosity
of the clay aggregate and the weak adhesion at the interface.

In the context of implementing the Sustainable Development Goals (SDG 9 - Industrialization,
SDG 11 - Sustainable Cities, and SDG 12 - Responsible Consumption and Production), it is an urgent
task to optimize not only the composition but also the technical parameters of concrete mixture
preparation. One of the most effective ways to conserve resources and enhance performance is to
enhance mixing techniques. In this study, the "suspension concrete" method is explored, in which a
cement-water paste is formed prior to the addition of aggregates. This approach is believed to
contribute to a more homogeneous distribution of the binding agent, reduce delamination, improve
uniformity, and increase strength due to enhanced coating of clay granules.

The current study aims to optimize the composition of expanded clay concrete for use in
modular structures, considering the requirements for strength, manufacturing processability, and
sustainability. Additionally, it aims to assess the impact of suspension mixing techniques on the
physical, mechanical, and structural properties of the material.

2 LITERATURE REVIEW

Expanded clay concrete is a lightweight concrete based on a porous aggregate (expanded clay
gravel or sand). It is widely used in construction due to its combination of sufficient strength and
reduced density. This reduces the mass of structures and improves their thermal protection properties
(Rashad 2018; Zega and Di Maio, 2011). However, the porosity of the lightweight aggregate and
the structural features of expanded clay concrete can lead to the fact that the strength characteristics
of such concrete are lower than those of heavy concrete of the same cement concentration
(Litsomboon et al., 2008). An important task is to increase the strength and uniformity of expanded
clay concrete without significantly increasing its density. It is known that technological factors in the
preparation of a concrete mixture — in particular, the mode and sequence of mixing of the components
— can significantly affect the formation of the structure of cement stone and the contact zone with the
aggregate, and therefore the strength and durability of concrete (Ozolins et al., 2021; Amran et al.,
2015).

Currently, expanded clay concrete is actively used in industrial housing construction, including
the production of volumetric modular blocks for residential and commercial buildings. In particular,
expanded clay concrete is used at the ModeX Astana enterprise as the main structural material in the
manufacture of factory-ready modules (Teshev et al., 2024). This approach allows not only to reduce
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construction time, but also to ensure high energy efficiency and durability with minimal weight of
elements.

Numerous studies indicate that the properties of expanded clay concrete depend not only on the
composition, but also on the technological parameters of preparation. The standard technology for
the preparation of concrete mixtures, regulated by regulatory documents (for example, GOST 27006-
2019 and GOST 7473-2010), usually involves the sequential introduction of components: first dry
aggregates, then cement, then water with additives, with intermediate mixing. The mixing technology
of the components has a significant impact on the properties of expanded clay concrete, especially
when using lightweight aggregates such as LECA. The high porosity of expanded clay requires
precise selection of the mixing mode and the order of the components to ensure the uniformity of the
mixture and the strength of the material. Scientists (Li et al., 2017) proposed a method for designing
the LWASCC composition that takes into account the thickness of the cement shell around the grains
and the packing density. They emphasized that uniform distribution of the solution is possible only
with strict control of the water-cement ratio and the mixing stage. Mccnenoarenu (Kaffetzakis &
Papanicolaou, 2016) pointed out the need to pre-create a cement paste before adding aggregates to
increase the stability of the composition and prevent delamination. Their colleagues take a similar
position (Vakhshouri & Nejadi, 2016), focusing on step-by-step and "soft" mixing. Researchers
(Bogas & Gomes, 2013) associate the nature of the fracture and the strength properties of light
concrete with the quality of the contact zone between expanded clay and cement stone, which directly
depends on the mixing technology. In their works (Issa & AI-ASADI, 2022), they also note that the
saturation of the aggregate and the order of component insertion significantly affect the mechanical
properties of LECA concrete. Scientists (Dabbaghi et al.. 2022) have confirmed that pre-dispersion
of cement in water makes it possible to increase the strength, uniformity and fire resistance of
concrete. The study (Uysal et al., 2024) showed that the effectiveness of using expanded clay directly
depends on the mixing sequence and the quality of coating the grains with cement paste..

One of the promising methods is the so-called "suspension concrete", in the preparation of
which a cement-water suspension (cement "paste" with chemical admixtures) is first created, and only
then aggregates are injected. It is assumed that this mixing method can provide a more uniform
coating of expanded clay grains with cement mortar and filling of pores, which should have a
beneficial effect on the structure of concrete (Demissew, 2022; Xu & Garrecht, 2024). Studies
(Ahmad & Chen, 2019), as well as (Ahmad et al., 2019) show that lightweight concretes based on
expanded clay aggregate are characterized by a sensitive contact zone structure, especially with a
high water-cement ratio. To increase uniformity and strength, such formulations require optimization
of cooking technology. In particular, researchers (Bogas et al., 2012) indicated that the preliminary
formation of the cement suspension before the injection of aggregates contributes to the uniform
distribution of the binder and reduces the effect of water extraction with a porous aggregate. In their
work (Kroviakov et al., 2019) note that the mixing sequence has a significant impact on the formation
of quality criteria for expanded clay concrete, including strength, uniformity and resistance to
segregation.

In this article, the effect of two different mixing methods, traditional (according to GOST), is
experimentally investigated and suspension — for the strength and density characteristics of expanded
clay concrete. The aim of the study is to determine how a change in the sequence of component
introduction and mixing mode affects the density of the mixture, workability, strength gain dynamics
and the quality of the structure of lightweight concrete on expanded clay aggregate with fraction 0-
10 mm.

141



QazBSQA Xatapusbicbl. Ne2 (96), 2025. KypbLibic
3 MATERIALS AND METHODS

The tests were carried out on an expanded clay concrete mixture with the same composition
prepared in two different ways: according to the traditional method (GOST 27006-2019) and using
the "suspended concrete" method. The cement used was Portland cement CEM I - 42.5 H produced
by Central Asian Cement JSC (Kazakhstan), conforming with GOST 31108-2020 "Cements. General
Technical Conditions". Construction sand used as a fine aggregate, with a grain modulus of M\=3.2,
and bulk density of 1637 kg/m? (from the village of Kyzyljar, Akmolinsk region). The granulometric
composition of the sand confirmed to GOST 8735 - 88 "Sand for Construction Works. Test Methods"
as shown in Table 1.

Table 1
Granulometric composition of sand (author's materials).
No The size of the sieve cell, mm Full residual, %
1 2.5 25.1
2 1.25 43.1
3 0.63 72.9
4 0.315 88.9
5 0.16 98.7
6 <0.16 100

Expanded clay gravel with a particle size of 0-10 mm was used as a lightweight porous
aggregate (Figure 1), provided by Stroitel LLP in Taldykorgan. The bulk density of the material is
585 kg/m?, which corresponds to GOST 9757-90 and GOST 9786-86 standards.

Figure 1 — Expanded clay fractions of 0-10 mm (author's materials).

The chemical admixture MC PowerFlow 7951H, produced by MC-Bauchemie in Germany,
was used to improve the workability and manufacturability of the concrete mixture. This admixture
corresponds with the European standard EN 934-2 and the ISO 14001:2016 standard for
environmental management systems. The dosage of the admixture was 1% of the weight of cement,
which is approximately 4.6 kilograms per cubic meter of concrete.

Drinking water was used to mixing the concrete, and it meets the requirements of the ST RK
1015-2000 standard for "Water. Gravimetric method for determining sulfate content in natural
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wastewater", as well as the GOST 23732-2011 standard for "Water for concrete and mortar. Technical
specifications."
The compositions of the concrete mixtures are presented in Table 2. The first mixing, with

composition No. 1, was prepared according to the traditional method in accordance with GOST
27006-2019. First, dry aggregates (sand and expanded clay), measured in advance, were loaded into
a mixer and mixed for 30 seconds. Then, cement was added, and the dry mixture was mixed again
(for 30-60 seconds). After that, a measured amount of water was added, pre-mixed with a liquid
admixture. The mixture was stirred until it became smooth (for another 1-2 minutes).

The second mixing, with composition No. 2, was prepared using the "suspended concrete"
method. All the calculated water, along with the chemical admixture dissolved in it, was poured into
the mixer first. Cement was then added immediately, while stirring, to create a homogeneous cement-
water mixture within 1 minute. Sand and expanded clay, pre-weighed, were then added to the cement
paste, and the mixture was further mixed for another 1-2 minutes to achieve the desired consistency.
In both cases, the total mixing time was three minutes.

Table 2
Compositions of concrete mixtures (author's materials).
No of Cement, kg Coarse sand, kg Expanded clay fractions PCE, kg Water, kg
specimen 0-10mm, kg
1 0.460 1.030 0.351 0.046 0.220
2 0.460 1.030 0.351 0.046 0.220

The readiness of the concrete mixture was assessed based on its workability and density. We
used the slump test method to check the workability of the mixture according to GOST 10181-2014.
The density of the freshly mixed concrete was measured by filling a known volume measuring cone
and weighing it, also according to GOST. Control samples were taken from each batch ofthe prepared
mixture for strength testing. Metal cube molds with a size of 100x100%100 cm were used, and a total
of eight samples were prepared for each composition. Two samples were tested at each age: 1, 3, 7,
and 28 days after mixing. After casting, all samples were subjected to the same holding regimen:
initially, they were treated with heat and moisture in a chamber according to the plant's technological
process.

Compressive strength was determined in accordance with GOST 10180-2012 using a hydraulic
press and by breaking cubes with flat faces. The quality and uniformity of the concrete were
controlled in accordance with GOST 18105-2018, and the classification of the concrete by density
and strength was assessed in accordance with the requirements of GOST 25820-2014 for lightweight
concretes.

4 RESULTS AND DISCUSSION

The workability of the concrete mixture for both compositions was between 25 and 27
centimeters, which indicates that the mixtures have equally high workability and are close to self-
flowing, confirming the technological compatibility of the method with current production lines.

As shown in Figure 2, the density of the concrete mixtures did not differ significantly, with
values of 1831 kg/m® and 1835 kg/m’, respectively. Additionally, the density of the concrete has
significantly improved with the new mixing method, with the average density of suspended concrete
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samples being 10 - 30 kg/m® higher than that of concrete produced according to GOST standards. For
example, after 28 days, the density of specimens from composition No. 2 was 1753 kg/m?, while that
of composition No. 1 was 1723 kg/m’. An increase in the density indicates a more compact structure
and lower overall porosity in the material produced using the suspension mixing technique.

1820

1800

Density, kg/m?
gy
D
o

1740
1720 - -
— According to GOST Suspension concrete
1700
0 5 10 15 20 25 30

Age of concrete, day
Figure 2 — Dependence of density on age of concrete (author's materials).

The comparative dynamics of strength gain for the two compositions are shown in Figure 3.
On the first day, the difference between the two was minimal, with the strength of concrete made
using the traditional method being 20.1 MPa and that of the suspension-based concrete being 19.45
MPa. However, by the third day, the strength of the suspension concrete began to steadily outpace the
traditional concrete, reaching 22.2 MPa by the seventh day. By day 28, this difference had
significantly increased, with the suspension concrete showing a strength of 27.8 MPa compared to
the 23.3 MPa of the control sample, an increase of almost 19%.

40.0

30.0
(48]
s . —

- —

% 200 | ¢
s
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10.0

— According to GOST Suspension concrete
0.0
0 5 10 15 20 25 30

Age of concrete, day

Figure 3 — Dependence of compressive strength on the age of concrete (author's materials).
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The maximum effect was seen on day 28, where the strength of suspension concrete reached
29.2 MPa, compared to 24.5 MPa for the control mixture. This represents an increase in strength of
19% compared to the traditional method, indicating an increase in concrete grade and more efficient
use of cement in the same composition.

In addition to the quantitative indicators of strength and density, a difference in the quality of
the hardened concrete structure was recorded. A visual inspection of the samples revealed that the
surface of the expanded clay concrete produced by the suspension method was smoother and more
uniform, with fewer shell-like structures and surface pores. Conversely, samples made using the
standard technique exhibited larger pores (shell-like features) on the concrete surfaces, likely
associated with air pockets around expanded clay particles and a less consistent cement film. Figure
4 illustrates a comparison between the surfaces of samples produced by the two different methods.

As can be seen in Figure 4 b, the suspension concrete sample has a denser and smoother surface.
The pores on this sample are much smaller and less numerous than on a concrete sample prepared
using the traditional method (on the left). This indicates a better filling of the mold and distribution
of the mortar in the suspension concrete, which correlates with its increased average density and
strength.

a) b)
Figure 4 — Comparison of the surface of expanded clay concrete samples: (a) specimen No. 1, mixing according
to GOST; (b) specimen No. 2, suspension mixing (author's materials).

The results suggest that the mixing order of the ingredients has a significant impact on the
structure and properties of expanded clay concrete. Using the "suspension concrete" method of
mixing ensures more efficient usage of cement and enhanced adhesion of the cement paste to the
porous aggregate.

It should be noted that the increased strength is achieved without changing the composition of
the concrete mixture, that is, by optimizing the mixing process and not increasing the cement content
or adding expensive additives. This difference is most noticeable after a longer period of hardening,
ranging from 7 to 28 days, which suggests an improvement in the structure of the cement matrix and
the contact area with expanded clay using suspension technology.

The practical conclusion from this study is that, when producing expanded clay concrete or
other lightweight concrete, it is important to pay attention not only to selecting the optimal
composition but also to improving mixing technology. The suspended mixing method has proven to
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be an effective way to increase the strength and quality of lightweight concrete without adding
additional material costs. This improvement in surface density (fewer voids) is important for
manufacturing architectural and decorative elements, such as wall panels, which require high
standards of appearance and uniformity.

5 CONCLUSIONS

It has been experimentally proven that changing the order of mixing the components of concrete
significantly affects the properties of expanded clay concrete.

1. The suspension mixing method provides higher compressive strength at all stages of
hardening compared to the traditional method. On the 28th day, the strength gain was up to 19%.

2. The density of the concrete mixture and finished samples was comparable in both methods,
but with the suspension method a more homogeneous structure and stable characteristics were
observed.

3. Visual and technological indicators, such as workability and surface quality, demonstrate the
advantage of the suspension method.

4. In terms of sustainable development, using the "suspension concrete" method can reduce
cement consumption, waste, and increase durability, while also allowing for the use of local raw
materials.
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