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The work investigated the possibility of using such construction waste as asbestos-cement slate,
glass, brick and concrete as aggregates in mixtures for the base layers of road pavement made using
cold recycling technology. For this purpose, 17 mixture compositions were designed and studied - the
control composition and 4 series of compositions, in which the milled fine-grained asphalt concrete was
partially replaced by crushed asbestos-cement slate , glass , brick and concrete in an amount of 5-20
wt.%. All studied compositions contained 3% Portland cement and 3% water. The physical and
mechanical indicators of mixtures and materials made using cold recycling technology with different
construction waste contents were determined. The influence of the type and amount of the studied
construction waste on the average density, water saturation and compressive strength after 7 days and
28 days of hardening at temperatures of 20 °C and 50 °C of road materials made using cold recycling
technology was established.
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Introduction

The problem of landfill overflow with construction and demolition waste is very relevant in many
countries (Shyshkin, 2023, Nasier, 2021, Gyawali, 2022, Arulrajah, 2020). This problem has become
particularly acute in Ukraine, where the number of demolished buildings is increasing. A large share of
construction waste is made up of fragments of asphalt concrete, roofing materials, bricks, concrete and
reinforced concrete. Most of these materials are potentially suitable for reuse. One way to recycle
construction waste is to use it in the layers of the road pavement structure.

The practical implementation of such an approach is aimed both at solving environmental problems
arising from the accumulation of construction waste and at preserving exhaustible natural resources. Thus,
the possibility of using demolition waste as alternative fillers in the construction of the subgrade (Tavakoli
Mehrjardi, 2020, Zhang, 2020, Beja, 2020, Giwangkara, 2019), the arrangement of road base layers made
of crushed concrete(Ding, 2020, Xiao, 2018, Buczynski, 2024, Almusawi, 2024, Kopi¢, 2022, Wang, 2017,
Bidos, 2024, Goémez-Meijide, 2017), and as a partial replacement of stone material in asphalt concrete
mixtures(Zou, 2020, Gedik, 2020, Arulrajah, 2011, Gémez-Meijide, 2016). But it should be noted that due
to the increase in traffic, there is a need not only to build new roads, but also to reconstruct and overhaul
existing ones. One of the technologies used to construct the base layers of road pavement and allows for
the reuse of materials is the cold recycling technology. Therefore, the purpose of this work was to
investigate the possibility of using waste obtained because of the destruction of buildings, such as asbestos-
cement slate, glass, brick and concrete for partial replacement of aggregate when arranging road pavement
layers using the cold recycling technology.
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Materials and Methods

For the production of road materials using cold recycling technology, milled fine-grained asphalt
concrete, Portland cement CEM II/A-S 32.5 and water were used as aggregate. Asbestos slate, window glass,
brick and concrete were used to partially replace the milled material. All starting materials were pre-crushed
to a grain size of 0-5 mm. The granulometric composition of the mixtures meets the requirements of the
standard.

The physical and mechanical properties of the obtained road materials manufactured using cold
recycling technology were determined according to DSTU 8976:2000 and included determination of average
density, water saturation, and ultimate compressive strength at curing temperatures of 20 °C and 50 °C.

Results and discussion

For the study, 17 mixture compositions were designed, which excluded the control composition, as it
did not contain waste, and 4 series of compositions in which the milled fine-grained asphalt concrete was
replaced with crushed asbestos-cement slate (composition AS), glass (composition G), brick (composition B)
and concrete (composition CC) in the amount of 5,10,15,20 wt.% (Table). The cement and water content in
all compositions was the same: 3% cement and 3% water by weight of the mixture.

Properties of road materials using construction waste

Average Compressive strength, MPa |
Designation of composition density, For 7 days at a temperature For 28 days at a temperature
3
t/m 20°C 50°C 20°C 50°C
Control 2,27 2,18 0,80 3,04 1,20
AS5 2,24 2,13 0,75 3,15 1,25
AS10 2,20 2,03 0,68 3,40 1,33
AS15 2,18 2,07 0,67 3,43 1,35
AS20 2,15 2,10 0,73 3,50 1,40
G5 2,26 2,10 0,73 2,75 1,00
G10 2,25 2,10 0,70 2,40 0,95
G15 2,25 2,00 0,65 2,30 0,92
G20 2,24 1,90 0,60 2,22 0,90
B5 2,26 2,14 0,77 278 1,08
B10 2,26 2,08 0,72 2,43 0,99
BI15 2,24 2,02 0,66 2,31 0,94
B20 2,24 1,95 0,63 2,27 0,92
CC5 2,28 2,20 0,82 3,02 1,12
CC10 2,28 2,25 0,85 3,08 1,22
CCl15 2,27 2,23 0,81 3,05 1,17
CC20 2,28 2,17 0,80 2,98 1,10
Requirements of DSTU - - - From 2.00 to Not less than
8976-2020 for grade M20 3.90 1.00

It is advisable to begin the study of the properties of road materials of the specified compositions,
produced using cold recycling technology, by determining the average density, since this indicator is directly
related to their water saturation. It was found that the average density of road materials, which include
construction waste of various types, mostly changed slightly (Table 1). The exception is all compositions
with asbestos-cement slate - from AS5 to AS20, the average density of which decreased by 2-6% compared
to the control composition, which indicates their greater porosity and susceptibility to water saturation. Water
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in road materials due to many cycles of freezing and thawing can lead to an increase and spread of cracks,
which will affect their strength and durability. When determining the water saturation of road materials with
construction waste of various compositions, it was found that their water saturation depends not only on
porosity, an indicator of which is the average density, but also on the structural and textural features of the
waste used (Fig.).
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The influence of construction waste of different composition on the water saturation
of road material samples after 7 days (a) and 28 days (b) of hardening

Thus, the water saturation of road material samples with the replacement of 20% by weight of milled
material with asbestos-cement slate, which had the lowest average density, is twice as high as that of the
control composition. The water saturation of road materials containing glass and brick waste and having
similar average density values was approximately at the same level. Among the studied road materials using
construction waste, the samples containing concrete waste were characterized by the lowest water saturation.
At the same time, their average density was on a par with the control composition and even slightly exceeded
it (Table 1). This is explained by the peculiarities of the concrete composition, which contains cement hydrate
phases capable of compacting its structure, reducing porosity and water saturation. After 28 days of
hardening, the water saturation of road materials of all studied compositions naturally increases, but the
established effect of various types of construction waste on water saturation is preserved. According to the
requirements of the standard, this indicator should not exceed 9.5%. Therefore, among the studied road
material compositions, one’s containing 15% by weight and 20% by weight of asbestos-cement slate waste
cannot be used to produce road materials using cold recycling technology.

The strength of the obtained road materials from dry land of different compositions, which differed in
both the type and content of waste, was determined according to the requirements of the standard at the age
of 28 days at a hardening temperature of 20 °C and 50 °C, as well as at the age of 7 days. This allowed us to
trace the influence of the composition on the kinetics of the increase in the strength of the studied road
materials (Table 1).

When analyzing the strength of road materials in which part of the aggregate was replaced by
construction waste and comparing them with the strength of the control composition and the requirements of
the standard, the influence of the type and amount of waste used should be taken into account. Thus, the
strength of samples with asbestos-cement slate of compositions AS5-AS20 at the age of 28 days is the
highest among all tested wastes and exceeds the strength of the control composition. But given the high water
saturation of compositions AS15 and AS20, they cannot be used to produce road materials using cold
recycling technology. The use of glass and brick waste in mixtures for producing road materials is limited to
compositions G5 and BS, which is due to their low strength at a temperature of 50(]. Only the road material
samples containing crushed concrete in compositions CC5 - CC20 fully meet all the specified strength
requirements.
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Conclusions

Based on a systematic approach to assessing the potential use of construction waste generated from
the demolition of buildings and structures, it has been established that cold recycling technology allows for
the partial replacement of traditional milled road materials with alternative components such as waste
asbestos-cement slate, glass, brick, and crushed concrete. It has been established that mixtures using 5-10%
by weight of asbestos-cement waste, 5% by weight of glass, 5% by weight of brick or 5-20% by weight of
crushed concrete allow obtaining road materials that correspond to M20 in terms of physical and
mechanical properties. Mixtures of the specified compositions can be used in the arrangement of road
surface layers using the cold recycling method. This not only provides a sustainable solution for managing
demolition waste but also contributes to resource conservation and environmental protection in road
construction practices.
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Haunionanbhuii yHiBepcuteT «JIbBiBCbKa MO TEXHIKAY,
Kadenpa aBTOMOOIIEHUX JOPIT Ta MOCTIB

MOZKJIMBICTh BUKOPUCTAHHSI MATEPIAJIIB I3 3PYHHOBAHUX BYJIIBEJIb Y TEXHOJIOI'Ti
XO0JIOJJHOTI'O PECAMKJIIHTY JJISI IIAPIB OCHOBU JIOPOKHBOI'O OJISITY
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OCHOBHUM HAaINpsIMKOM CTaJOr0 PO3BHUTKY € pallioHAJIbHE BUKOPUCTAHHS MPHPOIHUX PECYPCIB, ITOMHT
Ha sIKi Ipy OYAIBHUITBI JIOpOTi 3pocTae. BaxkIMBUM NpHU IIbOMY € TaKOXK 3MEHIIEHHs] HEraTUBHOI'O BIUIUBY Ha
JIOBKIJUISI, a/IKe SIK B PE3yNbTaTi aKTUBHOCTI PO30Y/IOBH, TaK 1 BHACIIIOK BifHU B YKpaiHi KUIBKICTh BiIXO/IB
OyniBHMIITBA Ta 3HECEHHs OymiBenb 3pocrae. ToMy BHpIlIEeHHs MpoOJeMU yTuilizamii IUX BIJIXOMIB € JyXKe
BaXJTUBHM.

B poboti Oyna mociimkeHa MOXJIMBICT BUKOPUCTAHHS TaKuX OyiBEJIbHUX BIIXONIB sSK a3decrolie-
MeHTHHH mudep, CKIo, Ieryia Ta OETOH B SIKOCTI 3allOBHIOBAYIB y CYMIlIax JUisl IIApiB OCHOBH JOPOXKHBOTO
OJIIITY BUTOTOBJICHUX 3a TEXHOJIOTIEI0 XOJIOJHOIO PECAHKITIHTY. 3 I[IEF0 METOI0 OYJIO 3aIPOCKTOBAHO Ta JAOCITi-
JokeHO 17 ckiafiB cyMill — KOHTPOJIIBHHUN CKIIaJ Ta 4 cepii CKIIafiB, y IKUX (pe3epoBaHuil qpiOHO3EPHUCTHI
ac(anbTo0eTOH OyJI0 YacTKOBO 3aMiHEHO MO/PIOHEHUMH a30ecTOlleMeHTHHM InmudepoM (ckinan AS), cKIoMm
(ckman G), nermoro (cxman B) ta 6eronom (ckmang CC) y kimbkocTi 5-20 mac.%. Yci qocnmimpkeHi CKItaau
Mmictunu 3% noptinanaueMenTy i 3% Boxu. BusnaueHo (i3nko-MexaHiYHI MOKa3HUKH CYMIlIel Ta MaTepialiB
BUTOTOBJICHMX 33 TEXHOJOTIEI0 XOJOMHOIO PECaWKIIHIY i3 pI3HUM BMICTOM Oy/iBENbHHX BiIXOJIiB.
BcraHoBi€HO BIUIMB BHIY Ta KIJIBKOCTI JOCTIDKYBaHMX OYIIBENBHUX BIIXOJIB Ha CEPEIHI0 TYCTHHY,
BOJIOHACHUYEHHS Ta TPAHUINIO MIITHOCTI Ha CTUCK uepe3 7 ai0 Ta 28 nid TBepaHeHHs 3a Temieparypu 20 °C ta
50 °C nopokHiX MaTepiajiiB BUTOTOBJIEHHUX 32 TEXHOJIOTIEI0 XOJOAHOTO PECalKIIIHTy.

Sk mokasainu MpoBeAeHi T0CHiDKEHHS, BAMOTH 110 TIOPOXKHIX MaTepiaiiB Mapku M20 3 BUKOpPUCTaHHSIM
noptinanaiemMenty 3rigao JACTY 8976:2020 3a10BONBHAIOTH CKiIaaw i3 3amiHo 5 mac.% Ta 10 mac.%
(pe3epoBaHOro Martepiary a30e€CTOIEMEHTHHM IMU(EpOM, CKIaIy i3 3aMiHOI0 5 Mac.% CKJIOM Ta LErJIo, a
TaKOX YCi ckiamy, siki mictiinn 5-20mac.% nozapiOHeHoro OeroHy. TakuMm 4MHOM, I CKIagu MOXYTh OyTH
BUKOPHCTaHI TP BIIAIITYBAaHHI [IIaPiB OCHOBU JIOPOKHBOT'O OJISITY 33 TEXHOJIOTI€I0 XOJIOAHOI'O PECAHKITIHTY.

KuiiouoBi cjioBa: Xo0JI0MHUH pecalkJIiHI, NOPTJIAHALEMEHT, Lerja, ckio, a3decroBuii mmudep,
noapiOHeHuii 6eToH.



