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Abstract. The use of hybrid alkaline cements is
effective for materials of general construction and
special purpose, namely in the production of
concrete mixtures and concretes based on themwith
an increased risk of structural loosening due to an
increased content of organic residues and
combustion products. Materials based on them are
able to withstand the significant impact of swelling-
shrinking deformations caused by the presence of
combustion products and organic residues. This
makes it possibleto predict the effectiveness of their
introduction to control the processes of concrete
structure formation based on recycled aggregates.

It is shown that the use of recycled aggregate in
the composition of a concrete mixture based on
alkaline cements makes it possible to obtain
concrete mixtures of different mobility and
concretes based on them, which according to their
physical and mechanical properties meet the
requirements for concrete for general construction
purposes. Thus, recipes for concrete with an average
density of 2200...2420 were developed kg/m3 and
compressive strength at the age of 28 days at the
level of 15.1...39.8 MPa at mobility of concrete
mixture P2.

The strength at the initial and middle terms of
hardening (2 days and 7 days) also corresponds to
the generally accepted indicators of the set strength
of concrete of different classes.

At the same time, the water-cement ratio of the
studied concretes is characterized by sufficiently
high indicators and varies at the level of 0.5...0.8,
which is often unacceptable according to regulatory
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documents for concretes for general construction
purposes, potentially creating problems with the
long-term properties and durability of such
concretes.

Solving the mentioned problems is possible due
to the selection of the composition of concrete
mixtures by modifying them with additives of
different origin and functionality.

Keywords: concrete, recycling, demolition
waste, cement, exploitation properties, aggregates.

INTRODUCTION

The war started by Russia had devastating
consequences on the infrastructure of Ukraine,
creating an acute problem of disposal of a huge
amount of construction waste. According to
preliminary estimates, the volume of such
waste already reaches several million tons and
continues to grow. Natural landfills with
hazardous materials such as asbestos pose a
serious threat to the environment and human
health, as they cause groundwater and air
pollution and worsen the  sanitary-
epidemiological situation.

Modern technologies make it possible to
turn construction waste into full-fledged
construction materials. Crushed concrete
fragments can successfully replace natural
aggregates or even become part of cement. This
significantly reduces the pressure on the
environment, reducing the need to extract new
materials and reducing the amount of waste sent
to landfills, as well as making construction
more cost-effective and contributing to the
development of the construction industry. Thus,
the production of aggregates from concrete
waste allows you to create a closed cycle in the
construction  industry and reduce the
consumption of natural resources. However, the
surface of secondary concrete aggregates has a
porous structure with cement residues, which
negatively affects their adhesion to the cement
paste in new concrete. This leads to a decrease
in the strength and durability of structures. To
improve the properties of secondary concrete
aggregates, it is suggested to treat their surface
with special additives. The use of pozzolanic
additives and superplasticizers will make it
possible to seal the surface of the aggregate and
increase the strength of the connection with the
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cement paste.

This direction of research is aimed at the
development of scientific foundations for the
use of construction debris, which was formed as
a result of destruction, as a secondary raw
material for construction. Using modern
methods of analysis, it is possible to assess the
potential of various types of waste and develop
recommendations for their effective use in
construction, which will allow creating safe and
energy-efficient houses and structures.

The question of application of mentioned-
above aggregate a little bit complicated due to
the problems in joint work of such aggregates
with cementitious system. In various studies
had been shown that the most effective cements
for this case could be alkali activated cements,
developed by scientific school SRIBM named
after prof. Glukhovskii. Advantages of such
materials had been underlined in the paper of
different scientists all over the world.

Preliminary study had shown possibility to
make mix design of concretes for common
application using alkali activated cements and
non-conditional aggregates, including recycled
aggregates form demolition wastes.

PURPOSE OF THE STUDY

The purpose of the present study was to pro-
vide preliminary mix design of the concrete
mixes using slag alkali activated cement and re-
cycled aggregates.

The aim of the study was to determine pos-
sibility to obtain concretes for common use
based on recycled aggregates form demolition
wastes, to test their service properties and to un-
derline the problems in the concrete structure
formation have to solve during the future inves-
tigations.

MATERIALS AND TESTMETHODS

As the main aluminosilicate component for
slag alkali activated cement, granulated blast
furnace slag (Kryvyi Rih, Ukraine) was used,
according to DSTU B.V.2.7-302:2014, ground
to a specific surface area of S=450 m?/kg by
Blain and the modulus of basicity Mo=1.11.

Sodium metasilicate pentahydrate
(Na2Si03-5H20) and soda ash (Na2CO3) were
52
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used as an alkaline component. The alkaline
component was used in a dry, powdery state.

Dnieper sand with Mkx=1.2 was used as fine
aggregate for slag-alkaline concrete (DSTU B
V.2.7.-32-95).

In the control concrete composition was
used granite coarse aggregated with the fraction
5-20 mm (35 % of 5-10 mm fraction and 65 %
of 10-20 mm fraction).

To investigate the possibility of creating
effective slag-alkaline concrete based on
materials from recycled destroyed concrete
structures, recycled aggregate with a
heterogeneous grain composition (Table 1.) was
used, from which crushed stone fraction 5-20
was separated.

Physical-mechanical  characteristics  of
crushed stone from recycled concrete
structures, such as grain composition, the
content of grains with weak pores, the content
of dusty and clay impurities, the content of
laminar (planar) and needle-shaped grains,
crushing, frost resistance, water absorption was
determined according to DSTU 9179:2022.

Table 1. Grain composition of recycled

aggregate
Sieve No Rest on the sieve, %

20 18.34
10 19.16

5 12.5

2.5 7.54
1.25 5.28

0.5 8.7
0.25 15.87
0.16 6.26
0.05 5.67
<0.05 0.68

Content of poor particles in the composition
of artificial aggregate is 18% by mass, not
meeting the requirements of the standard DSTU
B V.2.7-75-98 (have to be less than 15 for the
aggregate with a crushing capacity of 300).

The content of dusty and clay admixtures for
the 5-20 mm fraction is 3.7% (according to
DSTU B V.2.7-75-98, up to 3% is permissible
for grades with a crushing capacity of 200, 300,
400).

The content of lamellar (sparing) and
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needle-shaped grains - 24% (improved group
(from 15 to 25%) in accordance with DSTU B
V.2.7-74-98).

The pH value of pore solution in the artificial
aggregate is 7 (neutral). It is suitable to be
applicated as an artificial aggregate to obtain
new concrete mixes and concretes on their
basis.

Water absorption of recycled aggregates is
10.5 % by mass of the aggregate.

Frost resistance of the recycled aggregate is
F15 (according to DSTU B V.2.7-47-96, for 15
cycles of frost resistance the loss of sample
mass after testing is up to 10%, in our
recirculated one - 13.5% by mass). That means
that artificial aggregates are also not meeting
the requirement of standard and cannot be used
for the concrete for common application in the
aim to obtain normal exploitation properties of
the concrete constructions. Concrete on the
basis of such aggregates have to be checked
experimentally

Frost resistance of concrete (DSTU B B.2.7-
47-96) was determined by the accelerated
method. The criterion for evaluating the frost
resistance of the concrete specimen are the
sample mass loss in %, loss of compressive
strength and loss of surface.

Physical-mechanical properties of concrete
were tested according to the DSTU B V.2.7-
224:2009 demands.

RESULTS AND EXPLANATIONS

At the first stage of the study were
investigated properties of the concrete on
traditional granite aggregates. Properties of
such concretes were compared with properties
of concretes on recycled aggregates form
demolition waste basis.

Compositions of the concrete mixes and
concretes on their basis are shown in Table 2.

Properties of concretes under study are given
in Table 3.

As it seems from the Table 2, compositions
on the granite aggregate basis are characterized
by water to cement ratio 0.5. At the same time,
compositions on the recycled aggregates bases
are characterized by much higher W/C ratio
(from 0.56 to 0.8). Such difference could be

53



Construction, Architecture

explained by high porosity of aggregates so as
by high content of powder-like fractions.
Potentially this will lead to the lower service

properties, especially initial compressive and

flexural strength and 28 days strength, so as
frost resistance.
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Table 2. Composition of concretes on alkali activated cement and recycled aggregates basis

Composition, kg Slump
Marking Aggregates type MC S;S(Iila Slag Aggregate | Sand W/C S
Granite,
1K4/6 590 132 | 19,8 297 1180 780 0,5 8
Granite,
1K5/8 0590 26,4 | 16,5 | 287,1 1180 780 0,5 8
1P Recycled, not 264 | 165 | 287,1 1180 780 | 0,83 9
classified
jpc | Reeycled,without |0 )| 165 | g7 1180 780 | 0.8 10
poor fraction
1P5-20 Recycled, 26,4 | 16,5 | 287,1 1180 780 | 0,63 8
fr. 5-20
jpy | Reeycled,washed |0 )65 | 087 1180 780 | 0,56 8
fr. 5-20
2PM Recyt‘irleg:%“hed 264 | 165 | 287.1 1230 750 | 0.56 9
spm | Reeycled,washed |0 oo g7 1130 830 | 0,56 9
fr. 5-20
Table 3. Service properties of concretes under study
Compressive strength, MPa Mean
Marking . density,
Thermal curing 7 days 28 days ke/m
1K4/6 23.7 19.0 34.5 2420
1K5/8 23.0 21.0 39.8 2430
1P 6.3 5.7 15.1 2180
1PC 7.0 6.5 16.3 2210
1P5-20 10.2 9.4 19.6 2310
1PM 16.8 15.0 25.0 2350
2PM 13.9 12.6 25.7 2360
3PM 12.0 11.4 32.0 2280

Analysis of the given results shows that
system needs higher alkaline content to obtain
good results. Thus, composition 1K4/6 with
lower content of alkalis in the case of using
granite aggregates showed not bad strength
properties —35.9 MPa at 28 days age, however,
increasing of alkalis content leads to
significant increasing in strength properties to
39.8 MPs. In that case, all other compositions
were done using high alkaline content.

As is shown at Figure 1, use of recycled
aggregate results in strength drops of the
concretes  nevertheless  of  specimens’
pretreatment type. Concrete mix based on
aggregates without any pretreatment is
characterized by 0.83 water to cement ratio and
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thus compressive strength of the system is also
low —15.1.

One of the possible reasons of strength
drops could be presence of poor fractions in
aggregates. As it shown, this is true, after
separation and extraction of poor fractions
strength a little bit increased, but only to 16,3
MPa. That means that a main problem in our
case is not s poor fraction presence.

In case of additionally  washing
pretreatment of aggregates and drying after
that compressive strength rises to 25 MPa, that
is not bad, but much lower comparing to the
systems on granite aggregate.
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Figure 1. Compressive strength of the concretes
under study depending from the aggregate type

Given results had proof that one of the main
problems in using of recycled aggregated from
the demolition wastes origin is the presence of
fine, powder-like particles, which needs a lot of
wastes to be sprayed and that results on final
strength of the system.

So, for the next investigations were used
concrete mixes based on classified and
additionally washed artificial aggregates from
the demolition wastes.

The next step was to study influence of ratio
between coarse/fine aggregates in the system in
the aim to additionally reduce the number of
powder-like fractions and also to reduce
defectiveness of the concrete system due to the
presence of the particles with pores, cracks and
other defects, as it was shown in the previous
studies.

Study was conducted using alkali activated
slag cement in the quantity 330 kg/m? and
mentioned above aggregates. We try to increase
or reduce content of recycled aggregates in the
aim to find out optimal content. Results of the
study are shown on Figure 2.

3PM
2PM

1PM

1K5/8

o

10 20 30 40 50

Compressivestrength, MPa

Figure 2. Compressive strength of the concretes
on alkali activated cement depending from the
mix of aggregates
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As it seems from the results all the
compositions have a similar water to cement
ratio. That means that powder particles are
really washed out and thus not influenced on
the concrete mix properties, so as on concrete
characteristics. In general, concretes on
recycled aggregates are showing almost equal
strength characteristics for basic 1180 kg of
aggregate content and increased 1230 kg
content — about 25 MPa, by at the same time
reduction of the aggregate content to 1130 kg
leads to the strength gain up to the 32 MPa.

At present stage of the studies strength of
concrete on the recycled aggregates basis is
still lower than properties of control
composition on granite aggregate basis, but
there were find some regularities which will be
useful for the further optimization of concrete
mix design.

CONCLUSIONS

The use of hybrid alkaline cements is
effective for materials of general construction
and special purpose, namely in the production
of concrete mixtures and concretes based on
them with an increased risk of structural
loosening due to an increased content of
organic residues and combustion products.
Materials based on them are able to withstand
the significant impact of swelling-shrinking
deformations caused by the presence of
combustion products and organic residues.
This makes it possible to predict the
effectiveness of their introduction to control
the processes of concrete structure formation
based on recycled aggregates.

The design of the composition of concrete
mixtures based on recycled aggregates faces
the problems of high water sorption by
aggregates even with careful preliminary
processing and classification of secondary
aggregates - sieving, additional separation and
selection of grains of weak rocks, washing, etc.
However, this does not allow solving the
problem of the presence of microcracks and
porosity of the artificial aggregate structure
based on recycled concrete structures.

It is shown that the use of recycled
aggregate in the composition of a concrete
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mixture based on alkaline cements makes it
possible to obtain concrete mixtures of
different mobility and concretes based on
them, which according to their physical and
mechanical properties meet the requirements
for concrete for general construction purposes.
Thus, recipes for concrete with an average
density of 2200...2420 were developed kg/m3
and compressive strength at the age of 28 days
at the level of 15.1...39.8 MPa at mobility of
concrete mixture P2.

The strength at the initial and middle terms
of hardening (2 days and 7 days) also
corresponds to the generally accepted
indicators of the set strength of concrete of
different brands.

At the same time, the water-cement ratio of
the studied concretes is characterized by
sufficiently high indicators and varies at the
level of 0.5...0.8, which is often unacceptable
according to regulatory documents for
concretes for general construction purposes,
potentially creating problems with the long-
term properties and durability of such
concretes.

Solving the mentioned problems is possible
due to a more in-depth study of the selection of
the recipe composition of concrete mixtures by
modifying them with additives of various
origin and functionality, causing a decrease in
the overall porosity of the system,
plasticization and a decrease in water
consumption of the concrete mixture, the use
of additives that provoke self-healing of the
concrete structure and compaction.

In addition, the question of the presence in
the structure of such a secondary aggregate of
the remains of organic compounds, unburned
carbon particles, wood and other pollutants,
which are typical for waste from the
destruction of reinforced concrete structures,
formed as a result of hostilities, requires
additional research.
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Hocain:keHHs ¢izuKo-MexaHiYHMX BJIaCTHBO-
cTeil 0eTOHIB Ha 0CHOBI peIMPKYJILOBAHOIO0 3a-
NOBHIOBa4a

Onexcanop KOBAJIPYVK,

Bixmopia 303YVJIMHELD,

Banenmuna I'PABOBYAK,
Bacunv IBAHUYKO,
Pycnan KOIIOTYH

Anorauisi. Bukopuctanus riOpuaHUX JTyKHAX
[EMEHTIB € e)eKTUBHUM JIJISI MaTEPialiB 3arajabHO
OymiBeNbHOrO Ta CIENiaJbHOTO MPU3HAYCHHS, a
caMe INpW BUTOTOBIEHHI OCETOHHUX CyMIIIed Ta
OCeTOHIB Ha iX OCHOBI 3 MiJABHIIEHUM PHU3IUKOM
PO3XUTYBaHHS CTPYKTYPH BHACIIIIOK ITiIBUIIICHOTO
BMICTY OpraHiYHMX B3aJIMIIKIB Ta MPOAYKTIB
ropinHs. Marepianu Ha iX OCHOBI 314aTHI
BUTPUMYBaTU 3HA4YHWHA BIUIMB  Jedopmariit
HaOyXaHHS-Y CaJIKH, 110 00yMOBITIOIOTBCS
HAasBHICTIO TPOJYKTIB TOpIHHS Ta 3aJIMIIKB
OPTaHIKH. e JI03BOJISIE MIPOTHO3YBaTH
eexTuBHICTB TX 3anpoBaKEeHHS JJIs1 yIIP aBIiHHS
mpoliecaMi  CTPYKTYpPOYTBOpPEHHsI OETOHIB Ha
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OCHOBI pEeLUPKYJILOBAaHUX 3aIIOBHIOBAYIB.

[IpoexTyBaHHA cKIIay OETOHHUX CyMilIei Ha
OCHOBI PEeLUPKYITbOBaHUX 3aroBHIOBAYIB
3IITOBXYETHCS 13 MpoOieMamMyu BUCOKOI copOii
BOJIM 3aII0BHIOBAYaMHU HaBiTbh 3a YMOBHU PETEIbHOL
nonepeaHp0T 00poOKH 1 Kinacudikallii BTOpMHHKX
3allOBHIOBAYIB —  MPOCIIOBaHHS, J0JaTKOBa
cemaparmis Ta BifOip 3epeH ciabKux mopix,
NMpoMUBaHHA, Tomo. lIpoTe 1me HE n03BOIsE
BUPIMIMTH NMPOOIeMy HassBHOCTI MIKpOTPIIIMH Ta
MOPUCTOCTI CTPYKTYPH IITYYHOTO 3a[IOBHIOBAYA HA
OCHOBI PEIUPKYIbOBAHUX OETOHHUX KOHCTPYKIIiH.

ITokasano, o BUKOPHUCTAHHS
PEIMPKYIOBAHOTO  3aMOBHIOBaYa y  CKIami
OCTOHHOT CyMilli HA OCHOBI JIyXHHX IEMCHTIB
JI03BOJISIE OTPUMYBAaTH OETOHHI CyMilli pi3HOI
PYXJIMBOCTI Ta 0€TOHHU Ha TX OCHOBI, 110 32 CBOIMH
(hi3UKO-MeX aHIYHUM U BJIACTHBOCTSIMH
BIATOBIAIOTH BUMOTaM 70 OeToHIB
3araJibHOOYAIBEFHOrO Npu3HaYeHHs Tak, Oyio
pO3pO0JIEHO pelenTypd OCETOHIB  CEpeIHBOIO
rycturoo 2200...2420 kr/mM3 Ta MIOHICTIO MpU
CTHCKY y Bili 28 gHiBHa piBHi 15,1...39,8 MIla mpu
pyxJuBocTi 6eTOHHOI cymimi P2.

MilHicTh Ha MOYATKOBUX Ta CEPEJIHIX TepMIHAX
TBEpAHEHHS (2 JHI Ta 7 AHIB) TaKOX BiqMOBiIac
3arajJbHOTPUHHATAM TOKA3HUKAM HA0OPY MIIHOCTI
OETOHIB PI3HUX MapoK.
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Bognouac,  BomOLEMEHTHE  BiJHOIIECHHS
JNOCIIDKYBaHUX ~ OETOHIB  XapaKTepH3y€EThCs
JIOCTaTHBO BUCOKUMU TIOKa3HUKAMH 1 Bap itOETHCS
Ha pieHi 0,5...0,8, M0 YacTO € HENPHIHSITHAM
3TiTHO HOPMATHBHUX JOKyMEHTIB Jjisi OETOHIB
3aralibHOOY/IiBeILHOTO MMPU3HAY CHHSI, TT0TEHIIIHO
3aKyIaialoyu npoOiaemMu 3 TPHUBAIUMH
BJIIACTUBOCTSIMH 1 TOBIOBIYHICTIO TAKKX OETOHIB.

BupimenHns 3a3HaueHnX MpoOIeM MOKIIHBO 32
paxyHOK OiIpII TAHOOKOTO MPOTPAIFOBAHHSI
Mia00pPy PEIenTYPHOTO CKIIaay OCTOHHHX CyMIIllSH
nursixoM Moaudikamii ix jgo0aBKaMu  Pi3HOTO
MOXOJUKEHHS Ta (YHKI[IOHANY, O00YMOBIIIOIOYH
3HIDKCHHSI  3arajbHOI  TOPHCTOCTI  CHUCTEMH,
wracTudikamito 1 3HWKEHHS  BOJOMOTPEOH
0eTOHHOI CyMilIi, BUKOPUCTAHHSI J00aBOK, IO

NPOBOKYIOTh ~ 3aMO3aJIiKOByBaHHS ~ CTPYKTYpH
0eTOHY 1 KOMITAKTyBaHHSI.
KpiMm Toro, momaTKoOBOTO  JOCIiKeHHS

noTpeOyloTh TMHTAaHHS HASBHOCTI Yy CTPYKTYpi
TaKoro BTOPHHHOTO 3allOBHIOBAYa 3aJTHUINKIB
OpTaHIYHUX CIIOJNYK, HEBHUITAJIEHUX BYTJICIEBHX
YaCTHHOK, IGPCBUHU Ta IHITUX 3a0pyIHIOBAYIB, 1110
XapakTepHi caMme Jis BigXOMdiB pyHHYBaHHSI
3aIi300€TOHHUX KOHCTPYKIIif, 10 yTBOPWINUCH
BHACJI1/I0K BEJICHHS OOHOBUX M.

Kurouogi cyioBa: 0 TOH, pelMPKYIISIIIS, BiIXOMH
pyHHYBaHb, €KCIUTyaTalliiiHi BIACTHBOCTI, 3aIl0B-
HIOBau1.
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