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Abstract. The article is devoted to the study of
possibility to use demolition wastes as an aggregate
to create new effective concrete constructions.

It had been shown that artificial aggregates from
demolition wastes, especially from military origin,
are very various and complicated in their
composition.

All demolition wastes are characterized by weak
and damage structure. There are a lot of damages
and cracks are present in the aggregates, lowering
their service properties and properties of concretes
on their basis. Moreover, such aggregates appeared
from the war reasons also are containing a lot of
additional problems such as rests of organic
compounds, unburned particles form the fire and
explosion, etc.

It was shown that such kind of demolition wastes
contain a lot of fine particles, influencing in a bad
way on water consumption of the concrete mix.
Also powder-like particles influence bad on service
properties of concrete as well as on water to cement
ratio in the concrete mix.

However, it was proved that beside of negative
influence of aggregates from demolition wastes on
concrete properties, it is still possible to obtain
concrete mixes and concretes on their bases able to
be used as a common concrete.

The best results are obtained using slag alkali
activated cement. Compressive strength up to 32
MPa at 28 days is comparable to compressive
strength of the control composition using OPC and
traditional granite aggregate — 34 MPa at the age of
28 days of normal hardening. Use of slag OPC and
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recycled aggregates leads to the low compressive
strength — up to 24 MPa at the age of 28 days.
Also, it should be mentioned that all concretes
under study were characterized by low flexural
strength, proving necessarity to provide further mix
design to increase strength properties of concrete on
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recycled aggregates basis.
Keywords: concrete, recycling, demolition
waste, cement, characterization, aggregates.

INTRODUCTION

The priority and relevance of the given di-
rection of research is determined by the need to
dispose of a huge layer of products of human
life - waste, which is formed during the destruc-
tion of concrete and reinforced concrete struc-
tures and buildings. It is known that materials
based on port-land cement systems are irre-
versible products that are not subject to chemi-
cal decomposition and can be disposed of only
by mechanical processing [1]. In world prac-
tice, more and more works of scientists are ap-
pearing aimed at solving this problem [2]. At
the same time, the use of similar materials also
leads to the appearance of defects that are not
inherent in traditional concrete structures [3,4].
First of all, the issue is due to the increased de-
fectiveness of the material structure of the recy-
cled aggregate itself, which in the process of
processing and classification acquires structural
defects (microcracks) and, accordingly, deteri-
orates the properties of the final product.

For Ukraine, the issue of using such materi-
als is even more acute, since according to the
statistics of the confederation of builders of
Ukraine and the Ministry of Infrastructure Re-
construction and Regional Development, more
than 100 million m* of housing stock are dam-
aged and destroyed today, not counting indus-
trial buildings and infrastructure facilities. Most
of such structures are subject to dismantling and
disposal, which causes the creation of huge de-
positories on the lands of the agricultural and
industrial fund. In addition, just to restore the
lost fund of buildings and structures, a huge
amount of building materials will be needed,
and already today the Union of Building Mate-
rials Manufacturers predicts terrible shortages
of building materials in all positions. Accord-
ingly, the solution to the problem should be the
use of processing products of destroyed struc-
tures as raw materials for the manufacture of
new ones [5-6]. Also, in the conditions of large-
scale restoration, a significant shortage of ce-
ment is expected (optimistic forecast of the pro-
duction of traditional cement up to 20 million
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tons with a projected demand of 30 million
tons/year), which can be partially filled by due
to the use of alkaline cements, for which there
is a full regulatory framework in Ukraine.

The issue of using materials based on recy-
cled aggregates and alkaline cements is actively
researched in the world scientific market [7-8],
studying the behavior of such materials in vari-
ous operating conditions [9-10]. Researchers
note the perspective of using such systems and
high operational indicators, at the same time
noting the increased cost of such technologies
and the complexity of the technology of obtain-
ing the material compared to traditional cement
systems. At the same time, the Ukrainian school
of alkaline cements, which is the progenitor of
such materials and has more than 65 years of
experience in the development of materials
based on them, is significantly ahead of its
global counterparts in terms of the development
of resource-efficient and economical materials,
offering relatively cheap and technological
methods of organizing production in the short-
est possible time.

Representatives of the scientific school of
the NDIVM named after V.D. Glukhovsky were
engaged in the study of issues of directed struc-
turing of cements and concretes for various pur-
poses within the framework of research topics,
state budget and farm contract developments, as
well as international projects (INTAS, COST
Action, etc.), in particular, they studied the is-
sues of differences in the structuring of materi-
als based on traditional and alkaline cements.

Artificial stone based on alkaline binders,
unlike other cement systems, is characterized
by high structural stability and durability under
the influence of factors that cause "shaking" of
the structure, which is associated with a reduced
basicity of the phase composition of hydrate ne-
oplasms and its difference from traditional sys-
tems. The issue of directed control of cement
and concrete structuring processes was widely
studied by the scientific school, in particular in
the works of SRIBM KNUCA school., and re-
lated in particular to the study of the processes
of directed formation of the structure of materi-
als of various purposes based on man-made raw
materials.
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The results of the research confirmed the ef-
fectiveness of the scientific approaches of the
SRIBM, at the same time, the issue of directed
management of the processes of structure for-
mation of alkaline cements in order to obtain a
low-defect structure of materials based on recy-
cled aggregates requires further work that is in-
novative for domestic and world science.

PURPOSE OF THE STUDY

The analysis of literary sources shows that
obtaining concrete mixes and concretes based
on recycled building structures is a quite possi-
ble issue, however, there are additional chal-
lenges to the design of the composition imposed
by the military nature of the generation of such
waste and, accordingly, the crushed stone im-
poses very specific requirements.

The purpose of the present study was to pro-
vide characterization of the demolition wastes
and coarse aggregates on their basis and also to
investigate the potential possibility of obtaining
concrete based on recycled building (concrete)
structures using slag-alkaline cement of the
LCEM-I type, as well as to study the physical
and mechanical properties of the materials ob-
tained.

MATERIALS AND TEST METHODS

As the main aluminosilicate component for
slag-alkaline 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 My=1.11. Sodium
metasilicate pentahydrate (Na2SiO3-5H>0) and
soda ash (NaxCOs3) were used as an alkaline
component. The alkaline component was used
in a dry, powdery state.

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

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.
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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

The frost resistance of crushed stone (DSTU
9179:2022, DSTU B B.2.7-75-98) was
determined by the accelerated method by
alternating vitrification for 4 years in a sodium
sulfate solution and drying it in a drying
chamber (temperature 105+£5°C) for the next 4
years. The criterion for evaluating the frost
resistance of the aggregate is the sample mass
loss in %, depending on the size of the fraction
and all test cycles.

Determination of the defectiveness of the
structure of coarse aggregate was carried out by
the method of electron microscopy with the
help of an electronic digital microscope Digital
Microscope.

The consistency of concrete mixtures was
evaluated by the values of slump (OK) in
accordance with DSTU B V.2.7-114-2002.
Determination of the compressive strength of
concrete was carried out on cube samples with
an edge size of 10 cm according to DSTU B
V.2.7-223:2009. The samples were hardened
under normal conditions (20+£2°C and relative
humidity of 95+5%). 7 and 28 days were taken
as the reference terms for determining the
strength, after preliminary studies the
classification of slag alkali activated cement
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used in the production of control compositions
of the M400 concrete mix (45.3 MPa for 28
days of hardening) was established.

RESULTS AND EXPLANATIONS

As it was shown before, composition of
artificial aggregate is very complicated. There
are a lot of different fractions, normally not or
almost not present in the aggregate
composition.

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
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. It means the
water absorption of such aggregates is much
higher than the one for traditional granite
aggregate (less than 2 % by mass). Potentially
it has to lead to high water consumption of the
concrete mixes on their basis and thus to the
reduced properties of concretes.

Frost resistance of the recycled aggregate is
F15 (according to DSTU B V.2.7-75-98, 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.
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Such lowered characteristics of artificial
aggregates are the function of weak structure of
recycled aggregate. As a result of destruction of
concrete structures, especially because of war
influence, these recycled aggregates are
characterized by different defects in the
structure of aggregate themselves, first of all,
resulted in cracks appearance. Results of the
study of artificial aggregate structure by micro
photo analysis is shown on Figure 1.
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Figure 1. Structure of recycled aggregates at 500
times magnification. Microcracks on the surface
of aggregate

Moreover, cracks are not all defects of the
structure  of artificial aggregates from
demolition waste. There are a lot of ithers
structure defects, first of all, pores with
different origin. It could be pores from the
former concrete structure of new-appeared
pores because of destruction of concrete and
lost or nature aggregates on their position in the
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structure. Different examples of such pores are
shown on Figure 2.

Dimension of such pores and voids could be
from 0.5 to 1 mm, lowering properties of
aggregate structure and in combination with
cracks leads to the low service properties of
concrete on recycled aggregates basis, mostly
influencing negative on flexural strength of the
concrete.
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Figure 2. Structure of recycled aggregates at 500
times magnification. Pore on the surface of
aggregate

As it seems from the concrete structure,
beside of dense structure of the body of
artificial aggregate, cracks, holes and pores are
weaking the structure of recycled aggregate,
making them bad choice for providing concrete
mix design. Use of such aggregates leads to the
increased loses of cementitious and mortar
component so far as higher water consumption
of the concrete mix. Also, according to the
standard, concrete mix recipe has to be verified
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by practical application of the mix.

To determine principal possibility to use
recycled aggregates for concrete mix design a
raw of the experiments had been done using
different proportion of components and
different cements (represented by traditional
OPC, slag OPC and alkali activated cement
Type LCEM-I according to the DSTU B V.2.7-
181.

Mix design and composition of preliminary
concrete mixes on alkali activated cement
basis are given in Table 2. All the concrete
mixes are present with P2...P3 grade
according to the flowability.

As it seems from the given results, the best
properties for the compositions with equal
cement content (330 kg/m?) are shown by the
mixes with lower coarse aggregate content and
a little bit increased fine aggregate content. It
could be explained by the shorten of powder-
like particles because of reducing recycled
aggregate content, resulting in higher slump
because of lower water consumptions of the
powders.

Increasing of the cement content together
with reducing of coarse aggregates content
leads to the rising of slump because of the
already discussed reasons, and also to the
rising of compressive strength — up to 32 MPa
at 28 days of normal hardening for the system
with 370 kg of the cement comparing to 27
MPa for the system with 330 kg/m® of cement
content. By the way, the compressive strength
of traditional concrete on OPC and granite
aggregate basis is 34 MPa, closed to the
obtained results, but with increased alkali
activated cement content.

Also, it has to be mentioned that flexural
strength of all the compositions under study is
low. The shown regularity witnesses that
flexural strength is about equal for the
compositions with 330 and 370 kg of cement
(compressive strength, as it was mentioned) is
significantly higher. As for the equal cement
content, flexural strength is higher for the
compositions with higher content of coarse
aggregate. This could be explained by the
increased content of needle-like particles.
However, flexural strength of the OPC based
concrete using granite aggregates is much

28



Construction, Architecture

higher — over 7 MPa. Thus, further studies had
to be done to increase flexural strength of
concretes under investigations.

Mix design and composition of preliminary

concrete mixes on different cements basis are
given in Table 3. All the concrete mixes are
characterized with the slump 9-11 cm. Cement
content was also equal — 330 kg/m”>.

Table 2. Composition of concretes on alkali activated cement and recycled aggregates basis

Composition Compressive Flexural strength,
strength, MPa MPa

No Coarse Slump

Cement | aggregate Sand dally da7ys difls 1 day da7ys dif/s
Fr.5-10

1 330 1180 780 10 7 13 27 0.3 1.2 2.7
2 330 1230 750 8 5 11 24 0.2 1.1 2.7
3 330 1130 830 12 12 28 0.4 1.0 24
4 350 1180 760 12 15 28 0.6 0.9 2.6
5 370 1180 780 13 16 32 0.9 1.2 2.7

Table 3. Composition of concretes on different cements and recycled aggregates basis

Composition

No Cfmznt Coarse
YP€ | Cement aggregate | Sand

Fr.5-10

Slump

Compressive Flexural strength,
strength, MPa MPa
1 7 28 1 7 28

day | days | days | day | days | days

1 | OPC 330 1180 780 10

7 13 27 0.3 1.2 2.7

Slag

2 OopPC

330 1180 780 9

3 12 24 - 0.6 2.2

3 |[LCEM | 330 1180 780 11

8 22 32 0.4 1.5 3.2

Use of different cements results in different
hardening speed and thus different initial and
normal strength. After 1 days of hardening slag
OPC based concretes were shown were low
compressive strength and showing no flexural
one at all. Concretes on alkali activated cement
and OPC basis were very closed in service
properties at this age with a little advantage of
alkali activated cement.

At the age of 7 days slag OPC is showing
high strength gain and almost reaches the
strength of OPC based concrete (12 MPa
against 13 MPa). Alkali activated cement-
based concrete at that stage of hardening rises
its compressive strength up to 22 MPa and
flexural strength 1.5 MPa, becoming the best
choice.

At the age of 28 days OPC-based concrete
rises the compressive strength and shortening
the difference with the alkali activated cement-
based concrete (27 MPa Vs 32 MPa), but still
far from it in flexural strength (2.7 MPa versus
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3.2 MPa). The worst result for the compressive
and flexural strength both had concrete on slag
OPC bases.

CONCLUSIONS

As a general result of the study, it could be
noted that artificial aggregates from demolition
wastes, especially from military origin, are very
various and complicated in their composition.
All demolition wastes are characterized by
weak and damage structure. There are a lot of
damages and cracks are present in the aggre-
gates, lowering their service properties and
properties of concretes on their basis. Moreo-
ver, such aggregates appeared from the war rea-
sons also are containing a lot of additional prob-
lems such as rests of organic compounds, un-
burned particles form the fire and explosion,
etc.
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It was shown that such kind of demolition
wastes contain a lot of fine particles, influenc-
ing in a negative way on water consumption of
the concrete mix. Also powder-like particles in-
fluence bad on service properties of concrete as
well as on water to cement ratio in the concrete
mix.

However, it was proved that beside of negative
influence of aggregates from demolition wastes
on concrete properties, it is still possible to ob-
tain concrete mixes and concretes on their bases
able to be used as a common concrete.

The best results are obtained using slag alkali
activated cement. Compressive strength up to
32 MPa at 28 days is comparable to compres-
sive strength of the control composition using
OPC and traditional granite aggregate — 34 MPa
at the age of 28 days of normal hardening. Use
of slag OPC and recycled aggregates leads to
the low compressive strength — up to 24 MPa at
the age of 28 days.

Flexural strength of all the compositions under
study is very low (up to 3.2 MPa comparing to
the 7 MPa for the control concrete composi-
tion).

That is proving necessarity to provide further
mix design to increase strength properties of
concrete on recycled aggregates basis.

In the following studies the main attention has
to be paid to the increasing a service property
of concretes as in compressive, so as in flexural
strength. Probably, it could be done by modify-
ing of the concrete mixes by admixtures with
various origin.
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BuBueHHSsI XapaKTEePUCTHK PelMPKYJIbOBA-
HOTO0 3aIOBHIOBAaYa JIJIs1 BUTOTOBJICHHS 0E€TOHIB
3arajJibHOOyIiBeJIbHOI0 NPU3HAYEHHSA

Onexcanop KOBAJIPY VK,
Bixmopia 303YVJIINHELD,
Ilempo IIOIIPYTA,
Braoucnas BUXOP

AHotanis. CTarTs MpUCBSAYEHA TOCIIHKEHHIO
MOJKJIMBOCTI BHUKOPUCTAHHS BiJIXOJ[iB pyHHYBaHb
OymiBeNTbHUX KOHCTPYKIIH SIK 3allOBHIOBAaYa JUIS
CTBOpEHHS  HOBHX  e(eKTHMBHHX  OETOHHHX
KOHCTPYKITiHA.

[TokasaHo, 1110 IITY4HI 3aII0BHIOBAYi 3 BiJIXO/IIB
pyHHYBaHHS, OCOOJIMBO BiiCbKOBOTO TIOXO/XKCHHS,
Jy’Ke pi3HOMaHITHI Ta CKJIaJHi 32 CBOIM CKJIaJIOM.

Bci  Bigxomm pyiiHyBaHb  3alli300€TOHHMX
KOHCTPYKITIA ~ XapaKTepH3yIOThCS  CIIA0KOW i
MOIIKO/DKEHOI0 CTPYKTYPOIO. Y 3alOBHIOBaYax Ha
iX OCHOBI 0araTo TONIKO/UKEHb 1 TPIIIWH, IO
3HMKYE 1X eKCIUTyaTalliiiHi BJACTUBOCTI Ta
BJIacTUBOCTI OeTOHIB Ha ix ocHOBi. KpiM Toro, Taki
3allOBHIOBAYi, 10 YTBOPWJIMCH SK HACITiJIOK
BeJeHHsS OOWOBMX [iii, TaKOX MICTATH Oararo
JNOJATKOBUX TpoOIeM, TaKHX SK  3aJHIIKH
OpraHiYHUX CHONYK, HE3rOpili YacTHHKU Bix
MOXKexXi Ta BHOYXy, 3aIUIIKA IUIACTUKY Ta
JIepeB’sITHUX KOHCTPYKIiM, MOTEHIIHHO 3aJIHIIKH
BUOYXOBUX pEYOBHH, Tomo. HasBHICTH ycbOro
BUIIICHABEICHOTO 3HAYHO YCKIAJHIOE MUTaHHI
BUKOPHUCTAHHS BiJIXOMIB 3pyHHOBaHUX OymiBeIh
JUISE BUTOTOBJICHHSI OCTOHIB, a TaKOX HIKOJIH HE
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JOCHIKYBaJIOCh 3aKOPJOHHUMHU JOCTITHUKAMHU 3
OTJISITy Ha BIACYTHICTH B HHUX JIOCBiAYy poOoTH i3
MaTepiajamH, M0 YTBOPWJIMCH BHACIHIIOK BEICHHS
0olioBHX miil.

B pesymbrari  mpoBegeHHS ~— AeTambHOL
XapakTepu3artii 3aMOBHIOBaYa TEOPETUYHOT
¢pakuiiiHocTi 5-20 MM Ha OCHOBI 3pyHHOBAaHUX
OCTOHHMX KOHCTPYKIIif IOKa3aHO, 1110 TaKi BiIX0I1
pyWHYBaHHS MICTATh 0araTto APIOHWX YaCTOK, SKi
HEeTaTUBHO BIUIMBAIOTh Ha  BOJOCIIOXHMBAHHS
O6eronHoi cymimi. Takoxx  mopomKomoaioHi
YaCTHHKH, SIKI MPUCYTHI Y CHCTEMI y JOCTaTHHO
BEITMKOMY OOCs31 1 SBISIOTH COOOI0 HE TIIBKH
3aJMIIKKA OCTOHHUX KOHCTPYKIIH, ane ¥ TIIMHUCTI
KOMIIOHEHTH 31 CKJIaJy TIpYHTIB, HETaTHBHO
BIUTMBAIOTh HA EKCIUTyaTallifHi BIIACTHBOCTI SIK
OeroHHOI cymimn, Tak i OeToHy Ha il OCHOBI, a
TaKO)X Ha CIIBBIJHOIICHHS BOIU 1 IIEMEHTY B
OeTOHHIH cymiri.

[lpore noBemeHO, IO HE3BAKAIOYM  HA
HETaTUBHUN BIUIMB 3aIllOBHIOBA4YiB 3 BiAXOIB
pyWHYBaHHS Ha BIACTHUBOCTI OETOHY, BCE K MOXKHA
OTpUMaTH OETOHHI CyMiIlli Ta OETOHU Ha iX OCHOBI,
AKi MOXXHa BUKOPUCTOBYBaTH SIK  OETOHH
3araJbHOOYAIBEILHOTO MIPU3HAUCHHS.
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Haiikpami pesynbraTu Jga€ BHKOPUCTAaHHS
JTYy’)KHOTO TEeMEHTy. MIIHICTh MpH CTUCKY A0 32
Mlla y Bimi 28 ni6 cmiBcTaBHA i3 MIIHICTIO TpH
CTHCKY KOHTPOJIBHOTO CKJaxy 3 BUKOPUCTaHHIM
MOPTIAHAIEMEHTY 1 TPAAWIIHHOTO TPaHITHOTO
3amoBHIOBa4ya — 34 Mlla Ha 28 100y HOpMaIBHOTO
TBEpJHEHHS. BUKOpHCTaHHS SK IIEMEHTY IIJIaKo-
MOPTIAHIUEMEHTY 1 pelupKyJIbOBaHMX 3arloB-
HIOBAadiB TPHU3BOJUTH 10 HU3BKUX IIOKAa3HUKIB
MIIHOCTI TIpH CTUCKY — 110 24 MIla y Bimi 28 nqHiB.

Takox ciiji 3a3HAYUTH, MO BCi JOCIIIPKyBaHI
0EeTOHN XapaKTePU3YIOTHCS HU3BKOIO MIITHICTIO Ha
3THH, IO CBITYUTH MPO HEOOXITHICTH IMOTATBITHX
JOCHIDKEHb Ta MiA00py CKIAAy CyMinm s
MIJBUIICHHS MIIHICHUX BJIACTHMBOCTEH OCTOHY Ha
OCHOBI PEIMPKYJFOBAHNUX 3aIIOBHIOBAUIB.
KurouoBi cioBa: 6eToH, pelupKyJsLis, Bigxoau
pyHHYBaHb, 3alIOBHIOBaYi.
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