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Abstract. The issue of the presence in the
structure of recycled aggregate of residues of
organic compounds, unburned carbon particles,
wood and other pollutants, which are
characteristic of the waste of destruction of
reinforced concrete structures formed as a result
of hostilities, definitely needs to be resolved. It
is for this purpose that a study was conducted to
determine the influence of organic compounds,
namely sawdust, on the physical and
mechanical characteristics of alkali-activated
concretes made using recycled aggregates.

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

. The additional introduction of sawdust in
the amount of 3% and 5% leads to a decrease in
the strength of concrete both in flexure and in
compression. However, for systems with 100%
granite aggregate content, the percentage of
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strength reduction is greater compared to
compositions that include recycled aggregate.
And for systems that include exclusively
recycled aggregate, the compressive strength
increases by 1 MPa (26.2 MPa, composition
No. 10) with a content of 3% sawdust and by
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0.6 MPa (25.8 MPa composition No. 15) with a
content of 5%.

The results show that the use of recycled
aggregate, although it causes a decrease in the
physical and mechanical characteristics of
concrete, the correct selection of the percentage
content of the mixture components allows you
to control the specified characteristics of
concrete, in particular, flexure and compression
strength.

Keywords:  concrete,  alkali-activated
cement, recycling, aggregates, organic
admixtures.

INTRODUCTION

In the construction industry, cementitious
materials, and especially concrete, are the most
widely used building materials [1-4]. From a
mechanical point of view, concrete is
characterized by quite high compressive
strength (1065 MPa) compared to other
materials. In addition, concrete is one of the
most versatile materials used in construction,
allowing design engineers to optimize
application requirements with many possible
structural configurations. Despite this, the
growing demand for concrete also puts pressure
on aggregate extraction, water and cement
production. Considering the above, the
secondary use of concrete in the form of
recycled aggregates is a promising direction for
the development of the construction industry,
which will have a positive impact on the
country's economy and solve the issue of large-
scale construction waste [5-8].

On the other hand, the use of hybrid alkaline
cements is effective for general construction
and special-purpose materials, namely in the
manufacture of concrete mixtures and concretes
based on them with an increased risk of
structural loosening due to the increased
content of organic residues and combustion
products [9-12]. Materials based on them are
able to withstand significant effects of swelling-
shrinkage deformations caused by the presence
of combustion products and organic residues.
This allows us to predict the effectiveness of
their introduction for controlling the processes
of structure formation of concretes based on

recycled aggregates [13-17].

The works [18-21] highlight the results of
studies of the chemical interaction between
organic and inorganic substances, which allow
creating materials with desirable properties for
construction. Such properties include chemical
stability, limited shrinkage and high mechanical
strength. Although the number of studies
investigating the use of biomolecules in
concrete is increasing, very little has focused on
the chemical mechanisms of organic-inorganic
interactions. The apparent limited interest in
this area of research may be the reason for its
underexplored  potential for addressing
environmental challenges in civil engineering.

This study aims to generate further interest
in the study of organic-inorganic interactions
and provide practical applications for civil
engineering.

PURPOSE OF THE STUDY

The aim of the work is to develop concrete
mixtures and concretes based on them with a
low-defect macrostructure under the condition
of using recycled aggregates.

One of the ways to achieve this goal is to use
alternative binders, namely alkali-activated ce-
ments, which are able to withstand increased
structural fluctuations that occur due to the
presence of organic impurities.

MATERIALS AND TEST METHODS

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 Me=1.11.
Sodium metasilicate pentahydrate
(Na2Si03-5H20) and soda ash (NaxCO3) were
used as an alkaline component. The alkaline
component was used in a dry, powdery state.

Wood sawdust with a particle size of 3 to 6
mm was used as an organic additive.

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

Two types of coarse aggregate were used in
the study: granite and recycled with a fraction
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of 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 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.

Physical-mechanical tests of alkaline cement
were carried out in accordance with DSTU B
V.2.7-185:2009, DSTU B V.2.7-187:2009,
DSTU B V.2.7-188:2009, which included the
determination of the normal density of cement
paste, hardening time, compressive and flexural
strength limits of cement stone and fineness of
cement grinding.

The study of the features of the processes of
cement structure formation was carried out
using a complex of physical-mechanical and
physical-chemical research methods on
samples of artificial stone.

The specific surface area of the initial
crushed raw material components and finished
cements was determined using the Blaine
device.

The determination of the flexural strength of
concrete was carried out on prism samples
measuring  100x100x400 mm, and the
determination of the compressive strength was
carried out on cube samples with an edge size
of 100 mm according to DSTU B V.2.7-
223:2009. The samples hardened under normal
conditions (204+2°C and relative humidity
95+5%). The control periods for determining
the strength were 7 and 28 days, since previous
studies had established the classification of
slag-alkali cement used in the manufacture of
control compositions of the concrete mixture as
M400 (45.3 MPa at 28 days of hardening). In
addition, the determination of the flexural and
compressive strength of the samples after heat-

moisture treatment was carried out according to
the following regime: temperature increase for
2 hours, holding at a temperature of 75 °C for 5
hours and slow cooling for 3 hours.

RESULTS AND EXPLANATIONS

At this stage of the research, tests were
conducted with partial and complete
replacement of granite aggregate with recycled
aggregate, and additional introduction of
sawdust as an organic additive in the amount of
3% (Table 1, systems 6-10) and 5% (Table 1,
systems 11-15) of the cement mass

The results of the conducted research are
given in Table 2.

According to the results obtained, the use of
recycled aggregate in the composition of
concrete mixtures significantly reduces the
physical and mechanical performance of
concretes based on them. Thus, with a 100%
content of traditional granite aggregate, the
system is characterized by a compressive
strength index at 28 days of hardening, which is
38.5 MPa, which, taking into account the
coefficient of variation of 8%, corresponds to
the concrete class C30/35. While 100% use of
recycled aggregate results in a decrease in
compressive strength to 25.2 MPa and concrete
class C16/20, respectively.

The use of mixed aggregate, represented by
both traditional granite (50%) and recycled
(50%) aggregate, results in concrete with a
compressive strength of 31.1 MPa (concrete
class C20/25), and with an increase in the
content of granite aggregate to 70%, this
indicator increases to 34.3 MPa, which
corresponds to the concrete class C25/30. As
for the flexural strength of concrete samples,
with an increase in the percentage of recycled
aggregate in the composition of the concrete
mixture, this indicator also decreases. Thus,
with a 100% granite crushed stone content, the
flexural strength at 28 days of hardening is 7.1
MPa, with a replacement of half of the
composition with recycled crushed stone, this
indicator decreases to 6.3 MPa, and with a
complete replacement it is 3.6 MPa.
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Table 2. Composition of concretes on alkali activated cement and recycled aggregates basis

Binder, kg Aggregate 5-20 mm, kg Sand Sawdust,

. Slag  [Na;SiO;-2H>0 | NaxSiO4 granite recycled , kg wie kg
1 304.5 28 17.5 1100 - 750 | 0.5 -
2 304.5 28 17.5 770 330 750 | 0.5 -

3 304.5 28 17.5 550 550 750 | 0.5 -
4 304.5 28 17.5 330 770 750 | 0.5 -
5 304.5 28 17.5 - 1100 750 | 0.5 -
6 304.5 28 17.5 1100 - 750 | 0.5 10.5
7 304.5 28 17.5 770 330 750 | 0.5 10.5
8 304.5 28 17.5 550 550 750 | 0.5 10.5
9 304.5 28 17.5 330 770 750 | 0.5 10.5
10 | 3045 28 17.5 - 1100 750 | 0.5 10.5
11 304.5 28 17.5 1100 - 750 | 0.5 17.5
12 | 3045 28 17.5 770 330 750 | 0.5 17.5
13 | 3045 28 17.5 550 550 750 | 0.5 17.5
14 | 3045 28 17.5 330 770 750 | 0.5 17.5
15 | 3045 28 17.5 - 1100 750 | 0.5 17.5

Table 2. Service properties of concretes under study

Flexural strength, MPa Compressive strength, MPa
No 7 days 28 days 7 days 28 days Mean density, kg/m’
1 6.0 7.1 21.9 38.5 2305
2 53 6.6 17.8 343 2295
3 5.0 6.3 15.9 31.1 2265
4 4.5 5.1 13.5 28.9 2260
5 2.5 3.6 13.1 25.2 2250
6 5.8 6.9 21.3 33.9 2240
7 5.2 6.6 16.9 32.1 2290
8 4.9 6.1 14.2 30.7 2250
9 4.0 4.7 12.8 28.2 2240
10 2.5 3.6 12.3 26.2 2240
11 5.5 6.7 19.2 32.6 2250
12 5.3 6.1 16.9 317 2230
13 4.9 5.5 14.8 30.4 2225
14 3.6 43 13.2 279 2220
15 2.4 34 12.1 25.8 2210
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The results show that the use of recycled
aggregate, although it causes a decrease in the
physical and mechanical properties of
concrete, but the correct selection of the
percentage of the mixture components allows
you to control the specified characteristics of
concrete, in particular, the flexural and
compressive strength.

The introduction of sawdust to determine
the influence of organic compounds in the
structure of concrete on its operational
properties gave the following results. The
content of sawdust in the amount of 3% and
5% leads to a decrease in the strength of
concrete both in flexural and compressive
strength. However, for systems with 100%
granite aggregate, the percentage of strength
reduction is greater compared to compositions
that include recycled aggregate. And for
systems that include only recycled aggregate,
the compressive strength increases by 1 MPa
(26.2 MPa, composition No. 10) with a 3%
sawdust content and by 0.6 MPa (25.8 MPa
composition No. 15) with a 5% content. This is
probably due to the fact that at the stage of
preparing the concrete mix, the sawdust
absorbed some of the water, which ensured the
structure of the artificial stone, along with the
increased water demand of the recycled
aggregate. The average density of samples
based on granite aggregate is 2300 kg/m3.
With an increase in the content of recycled
aggregate in the material, its average density
decreases. For samples made using recycled
aggregate, the average density is 2200 kg/m3.
This indicates the presence of additional pores
and voids and the general defectiveness of the
structure of the recycled aggregate, which not
only affects the reduction of strength
indicators, but also, most likely, will lead to a
decrease in frost resistance and durability of
concrete in general.

Figure 1 shows the strength indicators of the
component compositions of concrete based on
alkali-activated binder and recycled aggregate
after heat treatment.
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Figure 1. Flexural and compressive strength of
the concretes after thermal curing

According to the obtained thermo-humidity
data, processing according to the 2+5+3
regime allows obtaining concrete with a
strength that is 55-65% of the design strength
and is close to the strength indicators on the 7th
day of hardening of the samples under normal
conditions.

CONCLUSIONS

Hybrid alkaline cements are effective for
general and special-purpose construction
materials, particularly in the production of
concrete mixtures and concretes with an
increased risk of structural loosening due to
high levels of organic residues and combustion
products. These materials can withstand
significant swelling and shrinking
deformations caused by the presence of
combustion products and organic residues.
This makes it possible to predict the
effectiveness of introducing them to control
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concrete structure formation processes based
on recycled aggregates.

This study analyzed the effects of replacing
granite aggregate with recycled aggregate and
adding sawdust as an organic additive to
concrete mixtures. The results showed that the
use of recycled waste aggregate worsens the
physical and mechanical properties of
concrete, in particular its compressive and
flexural strength. For example, replacing all
granite aggregate with recycled aggregate
reduces the compressive strength of concrete
from 385 MPa to 252 MPa, which
corresponds to a decrease in the concrete class
from C30/35 to C16/20.

The addition of sawdust (at 3% and 5%) to
the concrete composition also reduces its
strength, but this effect is less pronounced for
concrete based on recycled aggregate. It is
noteworthy that sawdust can slightly positively
affect the strength indicators, especially in
compositions with 100% recycled aggregate
content.

The average density of the resulting
material decreases with increasing recycled
aggregate content, indicating porosity and
structural defects in the aggregate. This can
negatively affect the durability of the concrete,
especially its frost resistance. Overall, the
study shows that choosing the right
components and proportions in the concrete
mix optimizes its performance, even when
using recycled aggregate and organic
additives.
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JocaitskeHHs BILTUBY OPraHiYHUX CHOJIYK
HA JIy’kHi 0eTOHM Ha OCHOBI peNMPKYJIbOBAHUX
3aMoBHIOBAYiB

Bixmopia 303YJIMHEL]B,
Banenmuna 'PABOBYAK,
Bacune IBAHUYKO,
leop 1HAIIYYH

AHotauis. [lutaHHsS HasSBHOCTI y CTPYKTypi
PELMPKYIEBOHOTO 3all0BHIOBaYa 3aJTUILKIB
OpTaHIYHUX CIOJNYK, HEBUMAJICHHUX BYIJICIEBUX
YaCTHHOK, ICPCBUHM Ta IHIIUX 3a0pyIHIOBAYIB, 110
XapakTepHi camMe U1 BiAXOmiB pyHHYBaHHS
3aTi300€TOHHUX KOHCTPYKIH, IO yTBOPHIIUCH
BHACNIJIOK BeJCHHA OO0HOBUX fiii 0e3yMOBHO
norpebye BupimeHHs. CaMe 3 Mi€0 MeTor Oyio
MPOBENCHO AOCHIKEHHS 3 BHU3HAYCHHS BIUIMBY
OpraHiYHUX CIIONyK, a caMe TUPCH Ha (Qi3uKo-
MEXaHIuHI XapaKTEPUCTHKH JIy>KHOAKTHBOBAHUX
OCTOHIB ~ BHUIOTOBJICHMX 3  BHKOPHCTAaHHIM
PEIMPKYJILOBaHUX 3AIIOBHIOBAYIB.

BukopucTanHs TiIOpUAHUX JTYKHHUX [IEMEHTIB €
e()eKTUBHUM JUTS MaTepianiB 3arajxpHO
OyIiBENBHOTO Ta CHEMialbHOTO TpPH3HAYEHHS, a
camMe TIpH BUTOTOBJIICHHI OETOHHUX CyMillleid Ta
OeToHIB Ha X OCHOBI 3 MIiJBHINEHHUM PHU3UKOM
PO3XUTYBaHHS CTPYKTYPHY BHACIIJIOK IiJBUILECHOTO
BMICTYy OpraHiYHMX 3aJIMIIKIB Ta MPOIYKTiB
ropinHs. Marepiaim Ha X OCHOBI 3/aTHi
BUTPUMYBaTH 3HA4HUU BIUIMB  Jedopmartiii
HaOyXaHHS-yCaJIKH, 110 00YMOBITIOIOTHCS
HasBHICTIO TPOJAYKTIB TOPIiHHA Ta 3aJIUIIKIB
OpraHiku. Le JI03BOJISIE MPOTHO3YBaTH
e(eKTHBHICTh 1X 3allPOBAKCHHS IJIS1 yIIPaBIiHHS
mporiecaMi  CTPYKTYpOYTBOPEHHSI OCTOHIB  Ha
OCHOBI PELIMPKYJIbOBAHMX 3allOBHIOBAYIB.

HonarkoBe BBeACHHS TUPCH Y KinbkocTi 3% Ta
5% TPUBOIUTH 10 3HUKEHHS MMOKA3HUKIB MIIIHOCTI
OcToHy SIK Ha 3TMH TakK 1 Ha cTuck. [Ipore mis
cucreM 31 100% BMICTOM IpaHiTHOTO 3aIlIOBHIOBAaYa
BIICOTOK 3HMKCHHS MIIIHOCTI € OUIbIIMNM Yy
MOPIBHSIHHI 31 CKJIaZlaMH JI0 CKJIaay SIKAX BXOAUTH
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PEIUPKYILOBAHNIN 3allOBHIOBAY. A IS CHCTEM J0
SKUX BXOJAWTh BUKIIOYHO PEHUPKYITbOBAHUN
3alOBHIOBAaY MOKAa3HMK MIIMHOCTI Ha CTHCK
nigsumyetbes Ha 1 MlIla (26,2 MIla, ckmag Nel0)
mpu BMicTi 3% Ttupcu Ta Ha 0,6 MIla (25,8 Mlla
ckianx NelS) mpu BmicTi 5%.

HaBemeni  pesynpraT  3acBimgdylOTh, IO
BUKOPUCTAHHS PEIUPKYJIbOBAHOIO 3allOBHIOBAaYa
X04 1 00yMOBIIOE 3HIDKEHHS (Di3MKO-MEXaHITHIX
MOKa3HUKIB O€TOHy, ajie NpaBWIbHUHA miAlip
BI/ICOTKOBOTO  BMICTYy KOMIIOHEHTIB  CyMIili,
J03BOJIIE KEPYBAaTH 3alaHUMHU XapaKTePUCTUKAMH
0eTOHY, 30KpeMa MIIHICTIO Ha 3TMH Ta CTHCK.

Kuarouosi caoBa: OeToH, JTyKHO-aKTHBOBaHUHN
[IEMEHT, PEUMpPKYIALis, 3alOBHIOBadi, OpraHivHI
JIOMIIIKH.
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