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Abstract. The paper investigates the potential use of recycled construction waste products in
dry building mixtures intended for the restoration of buildings and infrastructure. The relevance of
the study is determined by the considerable quantities of construction waste generated as a result of
the demolition of obsolete structures, reconstruction of buildings, and destruction caused by military
operations in Ukraine. The rational use of secondary mineral raw materials represents a promising
approach to resource conservation, reduction of environmental impacts, and improvement of the
efficiency of post-war reconstruction.

The current state of construction waste recycling in the production of building materials is
analysed. The potential application of fillers derived from crushed concrete, brick waste, waste glass,
and crushed limestone by-products as components of dry building mixtures is considered. The
physical and mechanical characteristics of the raw materials are presented, and a series of
experimental compositions with different contents of secondary components is developed.

The effect of the amount of recycled materials on the technological and performance properties
of dry building mixtures is evaluated. It is established that an increase in the proportion of secondary
components contributes to an improvement in the water-retention capacity of the mixtures and a
reduction in their average density. At the same time, excessive amounts of recycled raw materials
result in a decrease in the strength characteristics of the material. Based on the experimental results,
optimal mixture compositions are determined, providing compressive strength of up to 29.5 MPa,
flexural strength of up to 6.4 MPa, and adhesion strength of up to 0.86 MPa.

The possibility of reducing cement consumption by up to 25% in the optimal compositions
without a significant deterioration in the performance properties of the material is investigated.

The obtained results confirm the feasibility of using the developed dry building mixtures for
repair and restoration works, the construction of levelling layers, the repair of concrete and brick
surfaces, as well as the restoration of residential, public, and engineering and transport infrastructure.

Keywords: dry building mixtures, construction waste, recycling, repair and restoration works, post-
war reconstruction, technological and performance properties, resource conservation, building materials.

Introduction. The construction industry is one of the largest consumers of natural resources
and, at the same time, one of the major sources of waste generation. According to international
studies, construction and demolition waste accounts for up to 30-40% of the total volume of solid
waste in developed countries [1, 2]. A significant proportion of such waste consists of concrete,
reinforced concrete, bricks, ceramics, and other mineral materials which, after appropriate processing,
can be reused as secondary raw materials in the production of new building materials [3-10].
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In Ukraine, the issue of efficient construction waste management has become particularly
important due to the large-scale destruction of residential, public, industrial, and infrastructure
facilities caused by military operations (Table 1). The extensive destruction of buildings and
structures has generated millions of tons of construction debris (Fig. 1), the disposal of which requires
considerable financial resources and substantial areas for storage. At the same time, the reconstruction
of the country will require large quantities of building materials, the production of which has
traditionally been associated with the intensive consumption of natural resources and considerable
energy expenditure [10-13].

Table 1 — Prerequisites for the use of recycled construction waste products in the production of dry
building mixtures

Problems associated with waste

Causes of waste generation -
accumulation

Proposed solutions

Demolition of obsolete and
structurally unsafe buildings
and structures

Occupation of substantial areas for
waste storage

Sorting and processing of
construction debris for reuse

Generation of millions of tons of
demolition waste and difficulties in

Destruction of buildings

and structures as a result of Establishment of regional

military operations

restoring affected areas

construction waste recycling centres

Reconstruction and
modernisation of the

Increasing pressure on solid-waste
landfills

Use of secondary raw materials in
the production of building materials

housing stock

Depletion of natural reserves of
sand, crushed stone, and other
mineral resources; increase in the
proportion of defective construction
products

Intensive development of
the construction industry

Partial replacement of natural raw
materials with recycled products

Manufacturing waste and
residues of building
materials

Increased costs of waste
transportation and disposal

Reuse of materials after crushing and
sorting

Growing demand for
building materials for
national reconstruction

Use of locally available secondary
resources for the production of dry
building mixtures

Increasing costs of primary raw
materials and construction products

Accumulation of waste in
areas affected by

Integrated use of waste-processing

Difficulties in restoring residential oroducts during territorial

areas and infrastructure facilities

destruction reconstruction

O Concrete and reinforced
concrete

O Brick and ce ramics

O Asphalt concrete and stone
mate rials

O Scrap metal

EWood

@mGlass

O Polymer materials

O Other waste
Fig. 1. Morphological composition of demolition waste in Ukraine
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As shown in Fig. 1, concrete and reinforced-concrete structures constitute the largest proportion
of demolition waste in Ukraine (52%), followed by brick and ceramic waste (24%). The total
proportion of mineral waste exceeds 80%, indicating considerable potential for its utilisation as a
secondary raw material in the production of building materials, particularly dry building mixtures
(DBMS), repair compositions, and road construction materials [11-13].

Dry building mixtures are of particular interest because they are widely used for masonry,
plastering, repair, levelling, waterproofing, and road construction works. The incorporation of products
obtained from the processing of concrete and brick debris, as well as other technogenic materials, into
dry building mixtures (Table 2) makes it possible to reduce the consumption of natural raw materials,
lower production costs, and improve the environmental efficiency of construction [11, 14-18].

Table 2 — Main types of secondary raw materials for the production of dry building mixtures

Type of secondary raw
material

Waste source Potential application in DBMs

Demolition of buildings and

Crushed concrete waste Fine aggregate, microfiller

structures
. Demolition of brick structures, Filler for plastering and mineral
Crushed brick waste . . .
ceramic manufacturing waste mixtures
Fly ash Thermal power plants Active mineral additive

Mineral additive for cementitious

Granulated blast-furnace slag | Metallurgical industry compositions

Quarries and stone-processing

Stone-processing waste : Microfiller
enterprises
Cement dust Cement plants Active mineral component
L Demolition of buildings and Filler for repair and road-building
Concrete crushing fines .
structures mixtures

Ceramic production and building
demolition

Building demolition, glass
production, window structures,
household waste

Ceramic waste Pozzolanic additive

Crushed glass and glass
waste

Finely ground microfiller, pozzolanic
additive, decorative filler

Analysis of recent research and publications. The reuse of construction waste is one of the
most relevant areas of modern construction materials science. This issue has become particularly
important in Ukraine due to the large-scale destruction, which necessitates the simultaneous
management of construction debris and provision of material resources for reconstruction [11-15].

The possibility of incorporating secondary mineral resources into cementitious compositions,
concrete, mortars, and dry building mixtures is being continuously investigated by both Ukrainian and
international researchers. However, the integrated utilisation of recycled construction waste products in
the manufacture of dry building mixtures specifically intended for the post-war restoration of buildings
and infrastructure remains insufficiently investigated and requires further research [7, 17-20].

The theoretical principles underlying the use of technogenic waste in the production of building
materials have been addressed in the works of L.Y. Dvorkin, A.V. Myronenko, P.V. Kryvenko, K.K.
Pushkarova, V.P. Kovalskyi, O.V. Bereziuk, and other researchers. These studies have demonstrated
that ash-and-slag materials, stone-processing waste, sludge from mining and beneficiation
enterprises, and products obtained from construction waste processing can be effectively utilised as
components of composite building materials, contributing to resource conservation and reduced
production costs [15, 19, 21-23].

Studies by A.V. Bondar, V.P. Kovalskyi, V.V. Zhytkovskyi, and A.V. Myronenko have
demonstrated the feasibility of incorporating fly ash from thermal power plants, stone-processing waste,
and other technogenic products into dry building mixtures. It has been established that the introduction
of active mineral components improves the particle-size distribution of mixtures, densifies the cement
matrix, reduces cement consumption, and enhances material durability [14, 18, 19].
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Other Ukrainian researchers have investigated technologies for processing concrete and brick
waste and identified promising approaches to their utilisation in the manufacture of building
materials. It has been established that, following sorting, crushing, and fractionation, secondary
mineral materials can be used as aggregates in concrete, mortars, and dry mixtures, thereby reducing
waste volumes and the consumption of natural resources [24, 25].

Studies investigating the use of concrete and reinforced-concrete waste as recycled aggregates
have established that residues of hydrated cement paste remain on the surfaces of crushed concrete
particles and can participate in subsequent structure-forming processes. Therefore, recycled products
may be regarded not only as inert fillers but also as active components of composite materials.
Materials produced using such recycled components can achieve strength characteristics sufficient
for use in repair, masonry, and road-building mixtures [26, 27].

In addition to domestic research, considerable attention is being paid to construction waste
recycling in the European Union, the United States, Japan, and China. According to international
studies, construction and demolition waste accounts for more than 30% of the total solid waste
generated, while recycling and reuse rates exceed 80% in some EU countries [1, 2]. It has been
established that recycled aggregates derived from concrete and brick waste can effectively replace
natural mineral materials in construction composites, provided that they are appropriately processed
and their physical and mechanical characteristics are adequately controlled [3-9].

Recent international studies also demonstrate the potential of using finely dispersed products
obtained from crushing construction waste as microfillers and pozzolanic components. Finely ground
concrete and brick powders have been found to increase the density of the cement matrix, reduce
capillary porosity, and improve the durability of composite materials [7-9].

Following the beginning of the full-scale war in Ukraine, a distinct research area has emerged
focusing on the utilisation of construction waste for post-war territorial recovery. Studies by L.V.
Kucherenko, 1.M. Babii, O.V. Khrystych, I.N. Dudar, and other researchers emphasise the need to
implement integrated approaches to the reconstruction of cities and transport infrastructure. Such
approaches should include the efficient utilisation of recycled construction debris as one of the
principal locally available resources for restoring destroyed areas [10-13, 26, 27].

Thus, the analysis of existing research demonstrates the considerable potential of recycled
construction waste products in dry building mixture technology. Nevertheless, most existing studies
focus on the utilisation of secondary materials in concrete and mortars, whereas the development of
dry building mixtures intended for the restoration of residential, public, and infrastructure facilities
remains insufficiently investigated [5, 9, 14, 17].

The aim of this study is to investigate the effects of recycled construction waste products on
the properties of dry building mixtures and to determine effective compositions of composite
materials suitable for the restoration of buildings and infrastructure.

The main objectives of the study are as follows: to analyse current approaches to the
utilisation of recycled construction waste products in the production of dry building mixtures; to
develop experimental compositions of dry building mixtures incorporating products derived from
recycled concrete, brick, and glass waste; to determine the effect of the content of secondary
components on the technological and performance properties of the mixtures; to establish optimal
compositions of dry building mixtures for repair and restoration applications; and to assess their
potential use in post-war reconstruction.

Materials and research methods. The materials used in the study included Portland cement,
mineral fillers, and recycled construction waste products in the form of crushed concrete, brick, and
glass waste. Experimental investigations were conducted in accordance with applicable standards for
determining particle-size distribution, water demand, consistency of mortar mixtures, average
density, compressive strength, and other physical and mechanical properties. The experimental data
were processed using mathematical statistics and comparative analysis.

Main results and discussion. The recycled construction waste products used as components
of the dry building mixtures were obtained by crushing and sorting concrete debris, brick waste, and
waste glass originating from building demolition (Table 3). Portland cement PC 1-500N was used as
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the binder, while quartz sand with a fineness modulus of 1.8-2.0 was used as the reference fine
aggregate. Sand produced by crushing limestone, with a fineness modulus of <0.4, was also used as
a filler (Table 4). The utilisation of limestone crushing products contributes to the rational use of
mineral resources and reduces the amount of waste generated during the extraction and processing of
natural stone.

Following mechanical processing, the secondary raw materials were dried to constant mass and
ground to a particle size of <1.25 mm. The resulting materials were used as mineral fillers and active
components of the dry building mixtures.

Table 3 — Properties of recycled construction waste products

Property Crushed concrete Crushed brick Crushed glass
Bulk density, kg/m? 1280 1160 1420
True density, kg/m? 2450 2210 2490
Water absorption, % 6.4 12.1 0.4
SiO: content, % 48.3 61.8 72.4
CaO content, % 24.5 3.8 9.2
AlOs content, % 7.2 18.6 1.8
Specific surface area, m*kg 320 410 450

As shown in Table 3, crushed concrete is characterised by a relatively high content of calcium
compounds and residual hydrated cement paste, which may positively affect the structure formation
of cementitious composites. Crushed brick contains a significant amount of amorphous silica and
aluminium oxides and therefore exhibits pozzolanic activity. Crushed glass has the highest silica
content and can be used as a finely dispersed microfiller.

According to the properties of the aggregates presented in Table 4, crushed limestone sand is
characterised by a high calcium carbonate content, a relatively large specific surface area, and angular
particle morphology. These characteristics improve contact between the filler particles and the cement
matrix, which may positively affect the strength and adhesion properties of dry building mixtures.
This produces a microfilling effect, contributes to densification of the cement matrix, and improves
the interfacial transition zone between the cement matrix and aggregate particles [14, 18, 19].

Furthermore, calcium carbonate may act as a nucleation site for cement hydration products,
thereby positively affecting early-age strength and the technological properties of the mixtures.
Therefore, crushed limestone sand was considered a promising component of dry building mixtures
intended for repair and restoration applications. However, its increased specific surface area results
in greater water demand as the limestone filler content increases.

Table 4 — Properties of materials used in dry building mixtures

Property PC I-500N Quartz sand Limestone filler
Bulk density, kg/m? 1100 1550 1150
True density, kg/m? 3100 2630 2700
Specific surface area, m*/kg 320-350 115 250-450
Fineness modulus - 1.8-2.0 0.1-04
Moisture content, % <0.5 <1.0 <1.0
Water absorption, % - 0.8 0.5-1.0
Si0:2 content, % 20-24 96.5 4.2
CaO content, % 62-67 1.2 52-55*
CaCO:s content, % - 15 90-98
AlOs content, % 4-8 0.8 0.5-1.5
Primary function in the mixture Binder Fine aggregate Mineral filler

*expressed as calcium oxide equivalent
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To evaluate the effect of waste materials on the properties of dry building mixtures, a series of
experimental compositions was prepared. The Portland cement content was maintained constant at
30% in all compositions. Recycled construction waste products were introduced by partially replacing
quartz sand while maintaining a constant cement content (Table 5). Composition O served as the
reference mixture and contained only conventional components, namely Portland cement and quartz
sand. The total content of dry components in each composition was 100%.

This approach made it possible to evaluate the effects of secondary fillers on the technological
properties of the dry mixtures, including water demand, average density, compressive strength, and
other performance characteristics. Compositions 1-8 were designed to evaluate the effects of
individual types of secondary raw materials, whereas compositions 9-11 were used to analyse the
combined effects of crushed concrete, crushed brick, crushed glass, and limestone filler.

Table 5 — Experimental compositions of dry building mixtures containing recycled construction
waste products

Comp | PCI- Quartz Crushed, % Limestone crushing- Water demand,
osition | 500N, 0 crushed crushed | crushed a0 % by mass of dry
No. % sand, % concrete brick lass product filler, % mixture
g
0 30 70 0 0 0 0 16.0
1 30 65 5 0 0 0 16.5
2 30 60 10 0 0 0 17.0
3 30 65 0 10 0 0 17.2
4 30 60 0 10 0 0 18.0
5 30 65 0 0 5 0 15.8
6 30 60 0 0 10 0 15.5
7 30 65 0 0 0 5 16.3
8 30 60 0 0 0 10 16.8
9 30 50 5 5 5 5 17.0
10 30 40 10 10 5 5 17.8
11 30 30 10 10 10 10 18.2

The water demand values were determined to ensure the same consistency of the mortar
mixtures (flow diameter of 150 + 5 mm). Increasing the content of crushed concrete, and particularly
crushed brick, resulted in higher water demand due to their developed porous structure and increased
water absorption. In contrast, the incorporation of crushed glass slightly reduced water demand
because of the smooth particle surfaces and low water absorption. The filler obtained from crushed
limestone caused a moderate increase in water demand owing to the increased specific surface area
of the mixture.

To determine the physical and mechanical properties, the dry components were initially mixed
until homogeneous. The calculated amount of water was subsequently added, and the mortar was
prepared using a laboratory mortar mixer. The resulting mortars were placed in standard metal moulds
to produce 40 x 40 x 160 mm prismatic specimens. The mixtures were compacted on a laboratory
vibrating table.

After casting, the specimens were kept in the moulds for 24 h at a temperature of (20 + 2) °C
and a relative humidity of at least 95%, after which they were demoulded. The specimens were
subsequently cured under standard conditions at a temperature of (20 & 2) °C and a relative humidity
of at least 95% for 28 days. At the end of the curing period, water-retention capacity, average density,
flexural strength, compressive strength, and adhesion strength were determined in accordance with
the applicable standard test methods [28].

The results presented in Table 6 are mean values obtained from tests conducted on a series of
specimens for each composition [20, 29].
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Table 6 — Physical and mechanical properties of dry building mixtures containing recycled
construction waste products

Composition Water—rgtention Avergge mortar corii-r((jezzive 28-day flexural Adhesion

No. capacity, % density, kg/m? strength, MPa strength, MPa strength, MPa
0 95.0 1980 28.5 6.2 0.82

1 95.8 1965 28.0 6.1 0.80

2 96.5 1945 27.2 5.9 0.78

3 96.8 1935 26.8 5.8 0.77

4 97.5 1910 25.5 5.5 0.74

5 94.8 1975 29.0 6.3 0.84

6 94.5 1970 29.5 6.4 0.86

7 95.5 1960 28.3 6.2 0.83

8 96.0 1948 27.8 6.0 0.81

9 96.5 1930 27.0 5.9 0.79
10 97.2 1905 25.8 5.6 0.75
11 98.0 1880 24.5 5.3 0.72

The experimental results demonstrate that the incorporation of recycled concrete and crushed
brick fillers is accompanied by a gradual decrease in mortar density and strength, which is associated
with the higher porosity of the secondary materials (Figs. 2-4). At the same time, the water-retention
capacity of the mixtures increases due to the greater absorption capacity of the porous recycled
aggregates. The use of crushed glass results in a slight increase in strength due to its dense structure
and the possible pozzolanic activity of the finely dispersed glass fraction. The filler derived from
crushed limestone products has practically no adverse effect on the strength characteristics of the
mixtures and contributes to densification of the cement matrix.

Based on the experimental results, a significant effect of the content of secondary components on
the technological and performance properties of dry building mixtures was established. In particular, as
the proportion of secondary raw materials increased, the water-retention capacity of the mixtures rose
from 95.0% for the control composition to 98.0% for Composition No. 11. This can be attributed to the
increased specific surface area and porosity of crushed brick, recycled concrete, and limestone filler
particles, which are capable of retaining larger amounts of water within the mortar structure.

At the same time, an increase in the secondary component content was accompanied by a
gradual decrease in the average density of the hardened material (Fig. 2). The density of the control
composition was 1980 kg/m?, whereas that of Composition No. 11 decreased to 1880 kg/m?,
corresponding to a reduction of 5.1%. The decrease in density is attributed to the lower density of the
recycled aggregates compared with quartz sand and to the increased volume of pore space.

Compaosition No.

E;;ﬂt;.rerage-m ﬂltﬂld-e;‘;sitf,k-gfﬂ'.la
Fig. 2. Variation in the average mortar density depending on mixture composition
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The incorporation of moderate amounts of recycled materials has a positive effect on the
structure formation of the composite material. The highest compressive strength values were obtained
for Compositions Nos. 5 and 6, reaching 29.0 and 29.5 MPa, respectively. Compared with the control
composition, the increases in compressive strength were 1.8 and 3.5%, respectively. A similar trend
was observed for flexural strength, with maximum values of 6.3-6.4 MPa (Fig. 3).

The increase in strength resulting from the incorporation of an optimal amount of secondary
raw materials can be attributed to the microfilling effect and improved particle-size distribution of
the mixture [18, 19]. Fine particles obtained from the crushing of construction waste fill the
interparticle voids between the cement and quartz sand, thereby promoting the formation of a denser
cement matrix.

A further increase in the proportion of secondary components beyond the optimum level results
in a gradual decrease in strength. For Composition No. 11, the compressive strength decreases to 24.5
MPa, this is 14.0% lower than that of the control composition. This reduction is attributed to an
increase in the water demand of the system and disruption of the optimum binder-to-aggregate ratio.

30 285 28 4, 55 29 295 283 278 o,

255 25,8 245
25
20
oy
= 15
o
10
6,2 6,1 5,9 5,8 55 6,3 6,4 6,2 6 5,9 5,6 53
5 h -
0
0 1 2 3 4 5 6 7 8 9 10 1"

Composition No.
m 28-day compressive strength, MPa m 28-day flexural strength, MPa
Fig. 3. Variation in mortar strength depending on mixture composition

The adhesion strength of the mortars follows a trend similar to that observed for compressive
strength. The maximum value of 0.86 MPa was obtained for Composition No. 6, whereas for
Composition No. 11 this parameter decreased to 0.72 MPa (Fig. 4). The results indicate an
improvement in the interfacial zone between the cement matrix and the surface of secondary particles
when they are incorporated at an optimal content.

0,86
ps 0,83
0,82
o d 0,81
- 07 0,79
0,77
0,74 9.5
l 10’72
0 1 2 3 4 5 6 7 8 9 10 11
Composition No.
Fig. 4. Variation in mortar adhesion strength depending on mixture composition
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Thus, the conducted investigations showed that the incorporation of recycled construction
waste products in quantities of up to 20-30% by mass of the mineral fraction of the mixture improves
the physical and mechanical properties of the material. Compositions Nos. 5 and 6 proved to be the
most effective, achieving the highest compressive strength, flexural strength, and adhesion strength
while simultaneously reducing the consumption of conventional aggregate.

To assess the possibility of reducing binder consumption, an additional evaluation of the
properties of the optimal Compositions Nos. 5 and 6 was performed by reducing the Portland cement
content from 30 to 15%. The content of secondary components remained constant: 25% for
Composition No. 5 and 30% for Composition No. 6 (Table 7). The reduction in cement content was
compensated for by increasing the proportion of quartz sand.

Table 7 — Physical and mechanical properties of Compositions Nos. 5 and 6 at reduced cement

content
Secondar Average 28-day 28-day
Cement Quartz com oneni/s Water-retention mortar compressive | flexural
content, % sand, % po/ ' capacity, % density, strength, strength,
° kg/m? MPa MPa
Composition No. 5
30.0 45 25 94.8 1975 29.0 6.3
25.0 50 25 94.2 1958 25.8 5.7
20.0 55 25 93.6 1938 214 4.8
15.0 60 25 92.8 1915 16.7 3.9
Composition No. 6
30.0 40 30 94.45 1970 29.5 6.4
25.0 45 30 94.0 1952 26.1 5.8
20.0 50 30 93.4 1932 21.9 4.9
15.0 55 30 92.5 1908 17.3 4.0

The obtained results show that reducing the cement content from 30 to 15% predictably results
in a decrease in the physical and mechanical properties of the experimental compositions. For
Composition No. 5, the compressive strength decreases from 29.0 to 16.7 MPa, whereas for
Composition No. 6 it decreases from 29.5 to 17.3 MPa (Fig. 5). This can be explained by the reduced
amount of cement matrix available to bind the quartz sand particles and secondary mineral
components into a dense structure.

When the cement content is reduced to 25%, the mixtures retain sufficiently high performance
characteristics. The compressive strength is 25.8 MPa for Composition No. 5 and 26.1 MPa for
Composition No. 6. At the same time, the adhesion strength decreases to 0.76-0.78 MPa, which
remains acceptable for repair, restoration, and plastering mixtures.

30 29 295

25

20

£
= 15
o
10
63 57 64 58
48 3.9 4,9 4
5 — - s
1
0
5.1 52 53 54 6.1 6.2 6.3 6.4
Composition No.
e ?8-day compressive strength, MPa 28-day flexural strength, MPa

Fig. 5. Variation in the strength of mixture compositions with changes in cement content
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A further reduction in cement content to 20% results in a noticeable decrease in strength and
adhesion. Such compositions may be recommended primarily for plastering, levelling, or masonry
mortars used in structures with relatively low performance requirements [28]. Compositions
containing 15% cement exhibit the lowest strength and adhesion values and should therefore be used
only for non-load-bearing plastering or auxiliary applications.

Therefore, reducing the cement content from 30 to 25% appears to be the most rational
approach, as it provides binder savings while maintaining adequate strength characteristics (Table 8).
Composition No. 6 containing 25% cement, 45% quartz sand, and 30% secondary components can
be considered optimal in terms of the balance between strength, adhesion, and resource efficiency.
Further reduction in binder consumption may be possible through the incorporation of functional
additives and mechanical-chemical activation of the mixtures or their individual components.

Table 8 — Comparison of the properties of optimal compositions with regulatory requirements

Requirement of Control Optimal Composition No. 6.2
Property DSTUB V.2.7- | Composition | Composition with re%uced PC c;)nient
126:2011 No. 0 No. 6

Cement content, % Not specified 30 30 25

Waste content, % Not specified 0 30 30
Water-retention capacity, % >95.0 95.0 945 94.0
Average density, kg/m? Not specified 1980 1970 1952

28-day compressive i -

strength, MPa >7.5-15.00 28.5 29.5 26.1

iAE!F—)gay flexural strength, 52.0-4.0% 6.2 6.4 58
Adhesion strength, MPa >0.5 0.82 0.86 0.78

Frost resistance F35** F50-75 F75 F50

*Depending on the class and functional purpose of the dry building mixture.
**Specified only for mixtures intended for exterior applications.

Conclusions:

1. The main approaches to the utilisation of recycled construction waste products in dry
building mixture technology for the restoration of buildings and infrastructure have been identified.
Recycled concrete, crushed brick, crushed glass, and products derived from limestone crushing were
found to be the most promising secondary components, as they can effectively replace part of the
natural mineral raw materials.

2. The effect of the secondary component content on the physical and mechanical properties
of dry building mixtures was determined experimentally. It was established that increasing the content
of recycled materials increases the water-retention capacity of the mixtures from 95.0 to 98.0%, while
the average density decreases from 1980 to 1880 kg/m>. At the same time, an excessive increase in
the proportion of secondary raw materials leads to a gradual reduction in the strength characteristics
of the material.

3. Based on the experimental results, optimal compositions of dry building mixtures were
identified. The best performance was achieved by Compositions Nos. 5 and 6, which provided
compressive strengths of 29.0 and 29.5 MPa, respectively, flexural strengths of 6.3-6.4 MPa, and
adhesion strengths of 0.84-0.86 MPa. Compared with the control composition, compressive strength
increased by up to 3.5%, while adhesion strength increased by up to 4.9%.

4. The possibility of reducing cement consumption from 30 to 25% without a significant
deterioration in the performance properties of the material was established. For the optimised
Composition No. 6, the compressive strength was 26.1 MPa, the flexural strength was 5.8 MPa, and
the adhesion strength was 0.78 MPa, which meets the requirements applicable to dry modified
building mixtures intended for repair applications.

5. The developed compositions were confirmed to comply with the requirements of DSTU B
V.2.7-126:2011 for dry modified building mixtures. The obtained strength and adhesion
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characteristics allow these compositions to be recommended for repair and restoration works, the
application of levelling layers, the repair of concrete and brick surfaces, and the restoration of
elements of residential, public, and infrastructure facilities.
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AHoTamisi. Y cTaTTi JOCTIDKEHO MOKJIMBOCTI BUKOPHUCTAHHS MPOIYKTIB PECANKITIHTY
OyiBeIbHUX BIAXOIIB y TEXHOJOTI CyXHUX OyAiBENIbHUX CyMIIIei sl moTped BiAHOBIEHHS 00'€KTIB
OyIiBHUIITBA Ta 1HPPACTPYKTYpH. AKTYalbHICTh JOCHIHKCHHS OOYMOBJICHA 3HAYHUMH OOCSATaMH
OyaiBENIbHUX BIIXOJIIB, 110 YTBOPIOIOTHCS BHACIIIOK JEMOHTAXKY 3aCTapuIMX CHOPY., PEKOHCTPYKIIi
OyniBenb Ta pyHHYBaHb, CHPUYMHEHUX BOEHHHMMH [isIMH Ha TepuTopii YKpainu. ParionanpHe
BUKOPHCTAHHS BTOPUHHOI MiHEPAJIbHOT CHPOBUHHM € OJTHUM 13 NIEPCIIEKTUBHUX HAIIPSAMIB 3a0€3M1eUEeHHS
pecypco30epexeHHs, 3HIKEHHS €KOJIOTIYHOTO HABaHTAXXEHHS Ha JOBKUUIS Ta  IiJBUIIECHHS
e(EKTHBHOCTI MiCISIBOEHHOT BiIOYI0BH.

[TpoanHasizoBaHO Cy4acHUI CTaH BUKOPHCTaHHS MPOIYKTIB PECAUKIIIHTY OyIiBEIbHUX BIIXOJIB Y
BUPOOHUIITBI OyIiBEJIbHUX MarepianiB. PO3MTSIHYTO MOXMIIMBICT 3aCTOCYBaHHS 3allOBHIOBAdiB 13
OETOHHOTO JIOMY, LIETTITHOTO 06010, CKIIO0O0F0 Ta IMPOAYKTIB APOOJICHHSI BAITHSAKOBUX MOP1JT IK KOMITOHEHTIB
cyxux OyniBenbHHX cymimieil. HaBeneHo ¢i3uko-MexaHiuHI XapaKTepPUCTUKH BUXITHUX MaTepialiB Ta
PO3pOOIIEHO CEPito eKCTIEPUMEHTATFHUX CKJIA/IIB 13 PI3HUM BMICTOM BTOPHHHUX KOMITOHEHTIB.

BukoHaHO OLIHIOBaHHS BIUIMBY KUIBKOCTI MHPOIYKTIB pPECAWKIIHIY Ha TEXHOJOTIYHI Ta
eKCIUTyaTaIllifHI BJIACTHBOCTI CYXMX Oy/iBeIbHMX cyMilieil. BcraHoBmeHO, 110 301IbIIEHHST YaCTKH
BTOPUHHHUX KOMITOHEHTIB CIIPUSIE MiBUILEHHIO BOJIOYTPUMYBAJIBbHOI 37JaTHOCTI CyMillIel Ta 3HUKEHHIO
ix cepenHpoi rycTrHu. BomHOYac HaaMipHUIT BMIiCT BTOPHHHOI CHPOBHUHH MTPU3BOIUTH JI0 3MEHIIICHHS
MIIHICHUX XapaKTepPUCTHUK MaTepiaiy. 3a pe3yibTaTaMH eKCIIepUMEHTAIBHUX JOCIIKEHb BU3HAYEHO
ONTUMAJThHI CKJIaJIA CYMIIIIEH, sIKl 3a0€31MeUyI0Th MIITHICTh Ha CTUCK 110 29,5 MIla, MiIHICTh Ha 3THH 10
6,4 MIla Ta agresiitHy mimHicTh 10 0,86 MI1a.

JlocmipkeHO MOXKIIMBICTh 3HIDKEHHS BUTPATH TIEMEHTY 10 25 % B ONTHMaJbHUX CKIIamax 0e3
CYTT€BOTO IOTIPIIEHHS eKCIUTyaTalliiHIX BJIACTUBOCTEH MaTepiaiy.

OTpumMaHi pe3ysibTaTH MIATBEPDKYIOTh JIOMUIBHICTH 3aCTOCYBaHHS PO3POOJICHUX CYXHX
OyniBeNIbHUX CyMillled sl BUKOHAHHS PEMOHTHO-BIIHOBIIOBAJIBHUX pOOIT,  yJIAIITyBaHHS
BHPIBHIOBAJIbHUX I1IapiB, PEMOHTY OETOHHHUX 1 LETJISTHUX MTOBEPXOHb, & TAKOXK B1THOBJICHHS €JIEMEHTIB
KUTIIOBOT, TPOMAJICHKOT Ta 1IH)KEHEPHO-TPAHCIIOPTHOI 1HYPACTPYKTYPH.

KirouoBi cioBa: cyxi Oy/iBenbHI CyMilln, BIIXOAH, PECAUKIIIHT, PEMOHTHO-BITHOBIIIOBAILHI
pob6oTH, MiCIIBOEHHA BiZI0OY/10BA, TEXHOJIOTIYHI Ta €KCIUTyaTalliiiHi BIAaCTHBOCTI, pecypco30epeKeHHs,
OyiBeNbHI MaTepiaH.
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