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The study provides a comprehensive analysis of theroperties of materials
derived from recycled construction waste. Based otine results, their potential
for use in road construction has been assessed, tlighting a more
sustainable solution for supporting Ukraine’s recomstruction efforts.

Y crarTi fgocaigikeHo BJIACTHBOCTI MaTepiadiB peHUKIIHry OyaiBeJbHHX
Bigxoxie (RCA-Recycled concrete aggregatena ix moreniiiine 3acTocyBaHHsI
B JIOPOXKHLOMY OymiBHUOTBI. B ymMoBax cydacHoi KoHuenuii cTaJjJoro
PO3BHUTKY, ONTHMi3alisi BUKOPUCTAHHSI pecypciB i 3MeHIIeHHs BIUIMBY Ha
JMOBKILUISA € KJIIYOBUMH TIJIo0aJbHUMHU mpioputetamu. Jas YkpaiHu i
3aBJaHHSl CTAIU 1€ AaKTyaJdbHilIMMHM 4epe3 NOBHOMACIITAOHY BiiiHy.
MacmTadHi pyiiHyBaHHsl OyaiBesab, A0pir Ta iHPppacTPyKTypH NPHU3BEJTH 10
3HAYHOI0 HAKONMH4YeHHs OyNiBeJILHHX BilIXOAiB, [0 CTBOPIOE fIK €KOJIOTiYHI
3arpo3u, TaK i JOriCTHYHi TPyAHOILI A1 NpoLecy Bi/THOBJICHHS.
Buxopncranns OyAiBeJIbHOrO0 CMIiTTi IK BTOPMHHOI CHPOBHHM BiIKpHBa€
HOBi MOXKJIMBOCTI /51 e(eKTHBHOro ymnpapiaiHHA Bigxogamu. PeumkiiHr
TAKAX MaTepiajiB ga€ 3Mory He JHIle 3MEHIIHTH HABAHTA)KEHHA Ha
HABKOJIMIIHE cepeloBHINE, a i MOCHJIMTH MNOTEeHUiad JJs CTajaoro
BigHOBJeHHs1. JlopoxHsi iHdpacTpykTypa Bimirpae BupimajbHy poab Yy
3a0e3neyeHHi MOOIJILHOCTI, PO3BUTKY TOPriBJIi Ta 3B’ 3Ky rpoMaa — 1€ OJuH
i3 pyHAaMeHTAJIbLHUX eJIeMEeHTIB eKOHOMIYHOT0 Bi/THOBJIEHHs1 YKpaiHu.

Y pobori mnpoaHasi3oBaHO XapaKTepUCTHKH MaTepiajiB, OTpUMaHHUX i3
nepepodeHnX OyAiBeJIbHHX BiAX0TiB, Ta OI[iHEHO IXHIO JOUIIBHICTHL SIK
aNbTepPHATHBHU TPaAULIilHUM 3aII0BHIOBAYAM Yy NOPOKHbBOMY OyAiBHUITBI. 3a
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pe3yJbTaTaMHU JOCJIiIKeHHs] BCTAHOBJICHO, 1[0 OJeP KAHMI MicJIsl PelUKJIIHTY
3aM0BHIOBAY MAa€ NMOi0HI 10 MPUPOIHOr0 XapaKTEePUCTUKH, 30KpeMa HACUIIHY
TYCTHHY, BMIiCT MNHJIyBaTHX i TJIHHHCTHX YaCTHHOK, a TaKOX 3epeH
IUIACTHHYACTO]I i roryacroi popmu. BoaHouac BiH xapakTepu3y€eThesl CyTTEBO
pumuM (y 5—7 pasiB) BOJONOrIMHAHHSAM, II0 3YMOBJIEHO HASIBHICTIO Ha
NMOBePXHi 3epeH HATUIIOro po3unHy. [loka3aHo, 10 TOBIIMHA LOT0 PO3YHHY
301IbIIYETHCA 31 3MEeHIIeHHAM po3Mipy ¢pakuii, 110 HeraTUBHO BIJIMBA€ HA
MinHicTh 3anmoBHIOBavya. lIleii ¢axkTop € KpuTHYHHM 1npH  oniHmi
nosropiunocti Ta edexruBHOCTi BuUKOpHcTanHs RCA B [10poKHBOMY
OyaiBHMUTBI.
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Introduction. In modern conditions of sustainable developmerd, fficient
use of resources and the minimization of negatimeirenmental impact have
become critical priorities for societies worldwideor Ukraine, these challenges
have taken on a heightened significance in liglthefongoing war. The widespread
destruction of buildings, roads, and infrastructimes led to an unprecedented
accumulation of construction waste, creating betleavironmental dilemma and a
logistical challenge for the country's recovery. Wkraine moves forward with
rebuilding efforts, recycling construction debrimarges as a vital opportunity to
address these issues.

By turning construction waste into usable materialkraine can take a step
toward environmental stewardship while bolstering lieconstruction projects.
Recycling not only reduces the burden on landéiltsl conserves natural resources
but also aligns with principles of circular econgroffering an innovative approach
to sustainability. In this context, the potentigbhcation of recycled materials in
road construction is particularly noteworthy. Roade essential for connecting
communities, enabling commerce, and supporting libiall of which are critical
for Ukraine’s recovery and growth.

Properties of materials derived from recycled ceteewaste and evaluation of
their suitability as substitutes for traditionalgaggates in road-building projects are
studied in this article. Through scientific anatyand forecasting, the study aims to
highlight how recycled materials can contributdotth immediate rebuilding needs
and long-term environmental goals. By embracingsehpractices, Ukraine can
leverage innovation to overcome adversity and pheeway toward sustainable
reconstruction and development.

232



Analysis of recent research sourcesAccording to UN calculations, the
world's population will exceed the 10 billion mdsl 2050. This factor also will
push the consumption of building materials. Basedtat we can conclude that
demand on such materials as concrete will stimydates on materials. Therefore,
using materials made of building waste recyclingldde the one-way solution to
reduce prices and also provide a sustainable ealufirst of all, understanding the
life cycle of materials could determine the waystanaterials could be reused in
future [1]. In the next two- or three-decades wartthsumption of materials for
construction will overtake 106 billion tons. Re@alconstruction waste materials
are increasingly recognized for their potentialricad construction due to their
environmental and economic benefits [2]. In Euroggproximately 200 million
tons of construction and demolition waste are pcedu annually [3-5].A
comprehensive study highlights the use of recydedregates, industrial by-
products, and natural fibres in sustainable pavémpgplications. These materials,
such as geopolymer-stabilized recycled aggregatescament-stabilized waste
materials, demonstrate superior mechanical praserti durability, and
environmental suitability compared to traditionajgeegates [2]. The use of
recycled construction and demolition (C&D) wasteuinbound pavement layers
was discussed and the engineering properties gtlest aggregates with natural
ones were compared highlighting their long-termfgranance in road applications
[6]. The importance of the interfacial transitionne in the recycled aggregate
concrete is undeniable. It was shown that the mategn of pozzolanic additions at
the micro- and ultra-dispersed level, using "flj-adica fume" system combined
with polycarboxylate superplasticizers, enhances strength and reduces the
porosity of the interfacial transition zone in sumncrete [3]. This plays a crucial
role in ensuring the durability of concrete struetu

Setting the goal and objectives of researchStudy on the properties of
recycled construction waste materials and the piisgiof their application in
road construction.

Research methodology Concrete waste from the demolition of a building's
floor slab was used in the study (Fig. 1).

Cube specimens were cut, and the compressive #ireras determined to be
32.6 MPa, which corresponds to the compressivengthne class of concrete
C20/25. The microstructural analysis was carrietl wging an MBS-9 optical
microscope combined with an LCMOS14000KPA digitamera and processed
with ToupView imaging software.

The properties of the fine and coarse aggregatesngi after crushing were
determined in accordance with DSTU B V.2.7-232 d»8TU B V.2.7-71,
respectively.
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Fig. 1. Crushed concrete waste from the demolitioa precast slab

Research results.Properties of recycled concrete aggregates ofatadrfter
crushing in jaw crusher were determined. The huwidf RCA was 2,1%. The
content of dust and clay particles is 3%. The hidksity of 5-10 mm fraction is
1110 kg/m. Flakiness of 5-10 and 10-20 mm fraction of RCAR#1 and 32,4%,
respectively.

Granite shows significantly lower water absorptcampared to RCA (Fig. 2).
The lower water absorption of granite is expected tb its dense, non-porous
nature. Both size fractions of RCA exhibit substdht higher water absorption
percentages than the corresponding size fractibgsanite. The water absorption
of granite for the 5-10 mm fraction is slightly higr than that for the 10-20 mm
fraction. The similar tendency is observed for R®At the values are significantly
higher.
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[

Fig. 2. Water absorption of coarse aggregate
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The higher water absorption of RCA (the 5-10 mntticm) is due to a more
porous structure and potentially the presence tbfcker layer of adhered cement
mortar. The trend of smaller particle sizes (5-18)nexhibiting slightly higher
water absorption could be attributed to a more p®roement mortar around
smaller particles of the coarse aggregates (FigAl3)anabi et al. [5] observed the
same tendency. This higher absorption could havelidations for the
performance of RCA in construction applicationstemtially affecting properties
like workability, strength, and durability of comte.

Fig. 3. Particles of RCA
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As can be seen from Fig. 4, thicker layer of theemdd cement mortar results
in the increase of the crushability of the 10-20 rfraction (38,5%) of RCA
compared to 20-40 mm fraction (18,7%). At the sdime, the abrasion of the
construction and demolition waste does not difignificantly, and is 17,7 and
21,5% for 5-10 and 10-20 mm fraction, respectively.
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Fig. 4. Crushability of coarse aggregate

The grading curve of the RCA is shown in Fig. 5eTsults show that
RCA is the most suitable for fine-grained concréiecause its grading curve lays
between A and B ones and such recycled concreteegafg has to be enriched

with the coarser fraction to produce ordinary ceter(fraction higher than 15
mm).
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Fig. 5. RCA grading curve in comparison with standdeurves
from DSTU B V.2.7-299:2013
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According to Ukrainian standard DSTU B V.2.7-29%30if the grading curve
of aggregates is located between A and B curves, aggregate mix is considered
optimal and can be used to produce high qualitgia for the road construction.

Conclusions. The established patterns and the rational, efficezlection of
concrete constituents allow for the design of accete mix that includes both
natural aggregates and recycled concrete aggregatéds taking into account the
peculiarities of their properties. This ensures pheduction of concrete for road
construction with durability that is not inferioo that of concrete containing only
natural aggregates.

Recommendations.RCA can be used in concrete production technolbgy,
their properties must be considered during the aanix design process.
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