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AHHOTALUUA

BeegeHue. C yBenuueHvem npous3BoAcTBa MnacTMacc v pocToM o6bEMOB MNAcTMKOBbIX OTXOA4OB npobnema mx nepe-
paboTkn npuobpeTaeT Bce GOMblUy aKTyanbHOCTb. VCnonb3oBaHMe BTOPUYHbLIX MOMMMEPOB B CTPOWUTENIbHON OTpaciu
cnocobcTByeT bonee paunoHanbHOMY NOTpebneHunto NPMPOAHbLIX PECYPCOB, @ TaKKe CHUKEHMIO 3aTpaTt Ha NPOV3BOACTBO
CTpouTenbHbIX MaTepuanos. [MpoBeaeH 0630p C Lenblo UCCNeaoBaHUst U3MEHEHN PU3NKO-MEXAHNYECKNX XapaKTEPUCTUK
KOMMO3WLMOHHOrO 6eToHa ¢ npuMeHeHnem otxogos nonunponunera (M) u nonuaTuneHa Bbicokon nnotHocTu (M3BI)
B Ka4eCcTBe MENKOro v KpyrnHoro 3anonHuTens.

MaTepuanbl 1 meToAbl. BeinonHeHbl aHanus, 0600LLeHVe 1 cucTemMaTM3aums AaHHbIX U3 OTKPbITbIX OTEYECTBEHHbIX U 3a-
PYGEXHBIX UCTOYHMKOB. M3y4eH npakTU4Yeckuin onbIT MCMOMNb30BaHWNSA BTOPUYHBLIX NONMMEPOB B NPOV3BOACTBE KOMMO3ULIN-
OHHOro 6eToHa AN OLEHKM BUSHUS YPOBHS 3aMeHbl TpaAMLMOHHOIO 3anonHutens otxogamu MM v M3BIM Ha npo4HoCT-
Hble cBOWCTBa OeToHa.

Pe3ynbraThl. CYcTemMaTu3npoBaHbl CBEAEHWS O XapaKTepUCTMKax UCMOMNb3yeMblX MIacTUKOBBIX OTXOA0B, TEXHOMOMMSX 13-
rOTOBMEHNS KOMMO3ULIMOHHOTO 6eToHa 1 ero ceoncTeax. OCyLLEeCTBNEH CPaBHUTESbHbIN aHaNM3 N3MeHEeHNs NPOYHOCTHbBIX
XapakTepucTUK 6eToHa B 3aBUCHMOCTU OT MApaMeTPoB 3aMeLLEHUsI MPUPOAHOro 3anonHuTenst BTopuyHeiMu MM v MOBIM.
BbiBoAbl. AHann3 Hay4HON nuTepaTypbl, NOCBSALLEHHOW BONPOCaM NMPUMEHEHWS NNacTUKOBbLIX OTXOAO0B B MPOW3BOACTBE
6eToHa, AeMOHCTPUPYET 3HauYUTerbHbIA MoTeHuMan AaHHoW obnacTu uccnefoBaHuii. Hanbonbluyto LienecoobpasHocTb
“nMeeT uncnonb3oBaHne BTopuyHbIx M3BIT 1 MM BBMAY UX LUMPOKOW PacnpoOCTPaHEHHOCTM U NPOCTOTbl nepepaboTku.
[Mpv BBeAEeHVM faHHBIX OTXOA0B B COCTaB OETOHHOW cmecu HabnogaeTcs obLias TeHAEHUMS K CHUKEHWIO MPOYHOCTU MaTe-
pvana npy yBenuyeHUn nx KonmyecTea, OfHaKo B OTAENbHbIX CIyYasix MOXET NMPOUCXOAUTL YIyyLleHUe 3TOro nokasarens
MO CPaBHEHUIO C KOHTPOMbHBIMM 06pa3uamu. AKTyanbHbIM NpeacTaBnseTcs AanbHenee ndyyeHme hrUanko-MmexaHN4eckmux
XapakTepucTuk 6eToHa ¢ ncnone3oBaHuem cmecu otxofos M1 u MN3BI, a Takke onpepeneHne onTUManbHbIX MPONOPLMIA
KOMMOHEHTOB 1 TEXHOMNOrM NPON3BOACTBA.
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ABSTRACT

Introduction. With the growth of plastic production and the accumulation of plastic waste, recycling is becoming increas-
ingly important. The incorporation of recycled polymers in the construction industry promotes a more rational use of natural
resources and can reduce the cost of building materials. This article reviews studies examining changes in the physical and
mechanical properties of concrete composites containing polypropylene (PP) and high-density polyethylene (HDPE) waste
used as partial replacements for fine and coarse aggregates.
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Materials and methods. A systematic analysis, generalization, and synthesis of data from open-access Russian and inter-
national sources were performed. Practical experience in the use of recycled polymers for producing concrete composites
was examined to assess the effect of replacing conventional aggregates with PP and HDPE waste on the strength proper-
ties of concrete.

Results. Data on the characteristics of plastic waste, technologies for manufacturing concrete composites, and the resulting
material properties were systematized. The authors conducted a comparative analysis of changes in the strength character-
istics of concrete depending on the parameters of natural aggregate replacement with recycled PP and HDPE.
Conclusions. Analysis of the scientific literature on the application of plastic waste in concrete production demonstrates
the significant potential of this research area. The use of recycled HDPE and PP appears particularly feasible because
of their widespread availability and ease of processing. When these wastes are incorporated into concrete mixtures, mate-
rial strength generally decreases with increasing waste content. However, in some cases, strength improvements com-
pared with control specimens have been reported. Further research on the physical and mechanical properties of concrete
containing combined PP and HDPE waste, as well as the determination of optimal component proportions and production
technologies, remains relevant.
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terial, strength characteristics

FOR CITATION: Pavlovskaya A.A., Nosova A.O., Uspenskaya M.V. Concrete composites incorporating recycled polymer
materials: a systematic review. Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2026; 21(6):931-963.

DOI: 10.22227/1997-0935.2026.6.931-963 (rus.).

Corresponding author: Anastasiya A. Pavlovskaya, pavlovskaia.aa@gmail.com.

BBEJAEHUE

IInacTmMacchl UTParOT BaKHYIO POJIb B PA3TUUYHBIX
OTpacIISIX MPOMBIIIIICHHOCTH. 3 HUX TIPOU3BOJIST MHO-
JKECTBO TOBAPOB, YTO OOYCIOBICHO MX HIMPOKUM TIPH-
MeHeHHeM. OTHAKO POCT MPOU3BOJCTBA TTEPBUYHBIX
ITacT™Macc, HaOTIOIACMBIH B TIOCIICIHUE TOJBI, IPUBO-
JIUT K YBEJIIMUYEHUIO 00BEMOB IMIACTUKOBBIX OTXOOB.
Tak Kak TIACTUK MPaKTHYECKH HE pa3iaraercs Ouoio-
THYECKU B COEPKUT TOKCHYHBIE BEIIECTBA, OH CITYKHT
CepbEe3HBIM MCTOYHUKOM 3arps3HCHUs, HAKOIIJICHUE
KOTOPOTO HEU30CKHO MPHUBEAET K IKOJOTHICCKON Ka-
tactpode [1-4]. [TosToMy yTHIU3AIUS IACTHKOBBIX
OTXOJIOB TIPEJICTABISIET COO0H aKTyaIbHYIO TPOOIEMY.

B ormnmume oT 3aXOpOHEHUS W CKUTAHUSA, KOTO-
pBIC HAaHOCAT 3HAYUTEIBHBIA BpE/ MPUPOIE, 3arPs3HSS
MOYBY, TPYHTOBBIC BOJBI U aTMocdepy, nepepadboTka
1 TIOBTOPHOE UCIIOJIb30BaHNE — HauOoJiee MpearnoyTi-
TEJIBHBIC CIIOCOOBI YTUIM3AIUU. PCIUKIUHT HE TOJIBKO
CIOCOOCTBYET COKpAIIEHHIO 00heMa 00pa3yIOIIUXCs OT-
XOIIOB, HO M TIO3BOJISICT M3BJICKATh [ICHHBIC JUIS Pa3JIid-
HBIX OTpaciieil JKOHOMHUKHU BTOPUYHBIE pecypchl [5—8].
Tem He MeHee B Poccuu mpakTuka rnepepabOoTKH Ijia-
CTUKOBBIX OTXOJIOB JIO CHX TIOP HE MOJyYHIIa IITHPOKOTO
pacmipocTpaHeHus. boiee BRICOKUME YPOBHSAMH cOopa
W YTHJIH3AINH 007a1atoT oTXonbl monudTmieHa (I[19)
n nosmnporniena (1) — 20 u 17 % cooTBeTcTBEHHO.
Jst monuatrnentepedraiara (I19T) u monuctupona
JTaHHBIA MOKa3aTeab cocTaBua 12 %, a i MOJIMBUHMII-
xmopuna (ITBX) — 10 % [9, 10].

OTXO0/1BI MOMATHIICHA BBICOKOH TToTHOCTH (ITOBIT)
u I1I1 moMuMo BBICOKHMX ITOKa3areleil coopa M yTHIIH-
3aI[MM TaKXKe SBJIAIOTCS HanboJiee MPOCTBIMU IS Iiepe-
paboTKH, Tak KaK HE TPeOYIOT CIOKHBIX METOJIOB MO/~
TOTOBKH, MTOCKOJBKY HE HCIIBITHIBAIN 3HAYUTEIBHBIX
HATPY30K B TIpoIiecce IKcIuTyaranni. Kpome Toro, oHn
Oosiee yCTOWYMBBI K aTMOC(EPHBIM BO3JCHCTBUSM,
YeM MOJMITUIICH HU3KOH minoTHocTH [11-13].

Taxke cTouT OTMETHTb, uTo 113D 1 ITIT— Haubonee
pacripocTpaHeHHBIE BUABI TutacTrka. Ha m3menms us 11D
npuxonutcs 24 % Bcero ooGbeMa IPOU3BOACTBA TIACT-
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Mmacc, a u3 IIT — 16,6 %. B to Bpems kak [IBX cocTas-
nset 11,4 %, monmuyperan — 5,5 %, momucTupor —
6,1 % u II9T — 5,3 % [14]. OTn KaHHbBIE CBUAETENb-
CTBYIOT O 3HAYUTEIBHOMN JIOJI€ OTXO0B, 00pa3yIOIIUXCs
B pesynbsTrare ucnonb3zosanus 19 u III1, uto, B cBOIO
odepesnb, Co3/1aeT OOMMPHYIO 0a3y sl BTOPUIHOTO UC-
TMIOJIB30BaHUSI JAHHOTO CHIPBSI.

B nacrosiee Bpemsi CTpOUTENbHAS WHIYCTPHUS
XapakTepu3yeTcs aKTUBHBIM Pa3BUTHEM, YTO IPUBO-
JIIT K YBEJIMYECHUIO CIIPOCa Ha CTPOUTEIIbHBIC MaTepua-
761, Mlcnonb30BaHne BTOPHYHOTO MTOJIMMEPHOTO CBIPbS
JUTSL X TIPOM3BOJICTBA CITOCOOCTBYET ONTHMMU3AINH T10-
TpeOIeHNsI IPUPOHBIX PECYPCOB M CHUIKEHHIO 3aTpar
Ha YTWJIN3AIHUIO OTXOZ0B. DTO MO3BOJISIET YMEHBIIUTh
cebecTonMOCTh MaTepHajIoB M PacXobl HA X TPaHC-
nopTupoBKy [15-19].

beron — oauH M3 BOCTPEOOBaHHBIX CTPOUTEIb-
HBIX MarepuaiioB. Mcmonb30BaHue B €ro cocTaBe OT-
XOJIOB TIJIACTMACC MOXKET YIy4IIUTh HEKOTOPbIE CBOM-
CTBa, TAKKE KaK TEIUIONPOBOIHOCTh, M3HOCOCTOUKOCTb,
YCTOWYMBOCTH K 9PO3UH M XUMHIECKIM BO3JICHCTBHSM.
Takxe no0OaBiIeHHE BTOPUYHBIX MTOJIMMEPOB IOMOTAET
YMEHBIIUTh YCAAKy M MPEJOTBPATHTh 00pa3oBaHHE
MHUKpoTpemyH. [IpuMeHenne GETOHOB ¢ MCIIOIB30Ba-
HHUEM TOJIMMEPHBIX OTXOJI0B MOXKET OBITH MEPCIIEKTHB-
HBIM B IIPOM3BOJICTBE HAIOJIBHBIX IOKPBITHH, 3JIeMEH-
TOB MOILIEHHMS, (paca/iHbIX aHelel U CTEHOBBIX OJIOKOB
[20-30]. B cBsi3u ¢ 3TUM B MTOCHIEIHUE TOIBI HaOIIO1a-
eTcs POCT YHCIIa HAyYHBIX ITyOIHKALUH, TOCBAIIEHHbBIX
M3YYEHHIO KOMITO3UIIMOHHOTO OETOHA ¢ JI00aBIeHHEM
BTOPUYHBIX TOJINMEPOB.

Ha puc. 1 noka3zan rpauk M3MEHEHHs KOJMYECTBa
OITyOJIMKOBaHHBIX Hay4HBIX padoT 3a 2014-2024 rr.,
CO3JaHHBIM Ipu momoiu caita Dimensions'. ITo-
UCK cTaredl ObUI OCYIIECTBIEH IO TAaKUM KJIFOYEBBIM
cioBaMm, Kak concrete, plastic waste, recycled plastic,
plastic aggregate, mechanical properties u workability
properties. CormacHo rpaduxy, ¢ 2014 mo 2024 r. uucio

! Dimensions. URL: https://www.dimensions.ai/
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nyonukanuit ysenuuauiock B 13,7 pas ¢ 364 10 4989 co-
OTBETCTBEHHO.

AHanu3 COTpy/IHUYECTBa B 00JacTH MmyOJInKaIy-
OHHOM aKTHBHOCTHU TaKXe JIEMOHCTPUPYET PAaCTyIIHH
HHTEpEC K TeME HCIOJIb30BAHMS IOJIMMEPHBIX OTXOI0B
JUTSL TIOITYIE€HHsI KOMITO3UIIMOHHOTO OETOHA CO CTOPOHBI
pa3INYHBIX CTpaH U pernoHoB. Ha puc. 2, co3nanaoM
B mporpamMme VOSviewer Ha OCHOBE 3arpyKeHHOU
¢ caifra Dimensions 0a3bl JaHHBIX cTaTeH, OMyOIHKO-
BaHHBIX ¢ 2020 mo 2025 r., 0TOOpaskeHO MEXKITyHAPOJ-
HOE COTPYAHUYECTBO B chepe HAYUHBIX ITyOIHKaIHiA,
MOCBSIICHHBIX 3TOMY Borpocy. OH HarIsAHO AEMOH-
crpupyet, yto Kurait, Uaans u CaynoBckas ApaBus
3aHUMAIOT JIMAUPYIOIINE TIO3UINH [0 KOJHUYECTBY ITy-
Omukaruii B 310l obmactu. Hambonee TecHoe coTpya-
HUYECTBO HabmomaeTcst mexay Kuraem u ABcrpanueii,
CaynoBckoit Apasueit 1 Manaiizueii, a Takxe y [Taku-
crana u Erunra ¢ Caynosckoit Apasueii. B Poccun ko-
JIMYECTBO OIyOJIIMKOBAHHBIX HAayYHbIX padoT 3a paccMa-
TPHUBAEMBII TIEPHO]] 3HAUUTEILHO MEHBIIE, a Hanoboee
AKTHBHOE B3aNMOJICHCTBHE OCYIIECTBIAIOCH ¢ CaymnoB-
ckoil ApaBuel 1 Manaiizuei.

Taxum 006pa3om, Bce BBIIIECKa3aHHOE MOJITBEPXK-
JIaeT aKTyaJIbHOCTh M3YUYEHHUS BOMpPOCAa MPUMEHEHHUS
Bropuynoro I1IT u I[19BIT qis usrorosnenns OeToHa.
B nacrosieii crarbe aHanM3upyeTcst I3MEHEHNE (PH3HKO-
MEXaHMYECKUX CBOHCTB KOMITIO3MIIMOHHOTO OETOHA
npu uctonb3oBarnu otxonos I111 u TIDBIT.

Henp nccnenoBanmns — cOop u 0600IIeHNE TIpaK-
THUYECKOTO OTIbITA U3TOTOBJICHUS JAHHOTO MaTrepuara,
a TaKXKe Pe3yNbTaTOB €T0 NCIBITAHNH JUIS OIICHKU BITHSI-
HUS CTETIEHH 3aMeIleHHs] TPAAULIMOHHOTO 3aOIHUTEIS
BropuuHbeiMu 11T u [I9BII Ha npoYHOCTHBIE XapaKTe-
PHCTHKH OETOHA.

MATEPHWAJIBI U METO/JbI

B pamkax uccnenoBaHus MPOBEACH aHATIHN3 Hayd-
HBIX IyOJIMKAINi, TOCBSIICHHBIX IPUMECHCHHIO BTOPHY-
HOT'O MTOJIMMEPHOTO CBIPbS JIJIsI MPOU3BOCTBA OCTOHHBIX
u3genni. B kauecTBe OCHOBHBIX MCTOYHHKOB HH(OP-
MaIuy OBUTH UCIIONB30BaHBI: POCCHICKAS 3JICKTPOHHAS
oubmmorexa eLIBRARY u 3apyOexHas HaydHas 0aza
maHHBIX Scopus. OTOOp MyONMMKAHUKA OCYIIEeCTBISICS
C Y4EeTOM BPEMEHHOTO KPUTEPHSL: pacCMaTpUBAIINCH pa-
00TBI, OITYOITMKOBaHHKIE 3a TIoceaHue 10 neT.

B pesynbrare 00630pa nutepaTyphl CUCTEMATHU3H-
pPOBaHBI BCE JaHHBIC O XapaKTCPUCTHKAX UCIOJb3ye-
MBIX TUTACTHKOBBIX OTXOOB, a TAK)KE O TEXHOJOTHH H3-
TOTOBJICHUSI KOMIIO3HIIMOHHOTO OCTOHA M ITOTyYCHHBIX
3HAYCHUN ero (PU3NKO-MEXaHHUECKHUX CBOHCTB. DTO
TTO3BOJIMJIO BBIMTOJHUTH CPABHUTEIEHBIA aHATH3 U BBI-
SIBUTH OOIITME TSHACHIINA U3MEHEHMsI OCHOBHBIX TTapa-
METPOB MaTepuana.

PE3YJIIBTATBI HCCJIEJOBAHMUSA

Ilo pe3yiabTaTaM aHaJIn3a HAYYHBIX pa60T MOXK-
HO CYAUTH O BBICOKOM HMHTEPCECE K HpO6J’I€MaTI/IKC uc-
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MOJIb30BAHKSI BTOPUYHBIX ITOJIMMEPOB B MPOU3BOACTBE
KOMITO3UIIMOHHOTO OeToHa. CTOUT OTMETHTB, YTO KO-
JUYECTBO MHOCTPAHHBIX MyOMUKAIUN 3HAYUTEIHHO
MIPEBOCXOIUT OTeUeCTBEHHBIC. [Ipn 3TOM 3apyOeKHBIC
WCCIICIOBAHUS B 3TOH 00JIaCTH B OCHOBHOM HOCST JKC-
MEPUMEHTATBHBIN XapaKTep B OTIMYHE OT POCCUHUCKHUX,
KOTOpBIE, B CBOIO OYepe/lb, MPEUMYIIECTBEHHO COCpe-
JIOTOYCHBI HA TEOPETHYECKHUX acleKTax, a Takke 0000-
MIEHUH ¥ aHAJIH3E CYIICCTBYIOMMX MyomuKkarwii [ 15, 20,
31-33].

OCHOBHBIMH (DPU3HKO-MEXaHHUYCCKUMHU CBOWCTBA-
MU, XapaKTePU3YIONIMH OCTOH, SBISIOTCS TUIOTHOCTB,
yA000yKIIaIbIBAEMOCTh, IPOYHOCTH Ha C)KaTHe, IMPOY-
HOCTh Ha PACTsSHKCHUC MPU PaCcKaJIbIBAHUH, TIPOYHOCTh
Ha U3ru0, a TaKKe TEIUIOIPOBOAHOCTH, BOAOIOITIONIC-
HHE, MOPO30CTOHKOCTh, U UCTHPAEMOCTh. 3HAYCHUS
3TUX MapaMETPOB OMPEICIISIIOT KaueCTBO MaTepualia
U JOMyCTUMBIC BHIBI €0 MpUMEHECHHS. FIMEHHO TI0-
ATOMY aHAJIM3 BBIIIETICPEUHCICHHBIX XapaKTePUCTHK
CTAHOBUTCS HEOTHEMJIEMOM YaCThIO UCCIIEJOBAHUM, 10-
CBSIIICHHBIX BIUSHUIO TIACTHKOBBIX OTXO/IOB Ha CBO¥-
CTBa KOMITO3UIIMOHHOTO OeToHa. B Tabim. 1-3 oTpaxeHsI
HW3MCHEHHUS CBOMCTB OCTOHA MpH J00aBICHUU B HErO
BTOPHYHBIX TOJMMEPOB B PAa3HBIX KOIUYECCTBAX U Pa3-
Mepax.

AHanu3 JaHHBIX, IPEICTABICHHBIX B Tabm. 1-3,
MO3BOJISIET KOHCTATHPOBATh, YTO Hamboyee TIIyOoKo
HCCIeIOBaHBI CBOICTBA OETOHA, COMEPIKAIIETO OTXO-
JIbI OZTHOTO BHJIa onuMepoB, Takux kak [111 u TI9BII.
JIumre B HEOOIBIIOM MPOIICHTE MCCIIEOBAHUI paccMa-
TpuBaeTca OCTOH ¢ AOOABICHHUEM CMECH Pa3THYHBIX
MOJIMMEPOB.

[TracTuKOBBIE OTXOIBI MOT'YT OBITH BKITFOUCHBI B Oc-
TOHHYTO CMECh B KQ9E€CTBE MEJIKOTO M KPYITHOTO 3aTIOJTHHU-
TeJs, a TAK)KE MCIIOIh30BaThCsl B BUJIE BOJIOKOH [57-59].
B pabotax, MoCBSIICHHBIX U3YYCHUIO OCTOHA C JT00aBIIe-
HHEM MOIMMEPHBIX BOJIOKOH, UX COZIEpyKaHHUE COCTABIISET
0,25-1,5 % [34, 42, 44, 46]. KonmnuecTBO OIMMEPHBIX
OTXOJIOB, TOOABIIIEMOC B KAUYECTBE MEJIKOTO 3aITOJTHHUTC-
a1, cocramisieT 0,5-75 % [35, 36, 40-42, 45, 48-50, 54].
A cozepykaHne BTOPUYHBIX TOJMMEPOB B KPYITHOM 3aI10J1-
HHUTeNe paccMarpuBaercs B quanasone 1-60 % [37-39,
43, 49, 51-53]. Taxum 06pa3oM, 1eriecooOpasHBIM OymeT
SIBJIATHCS] U3yUCHUE OCTOHA, COMCPIKAIICTO CMECh BTOPHY-
Horo I1IT u Bropuunoro [I9BI1 B kauecTBe 3anonHUTEN.

Bo Bcex myOnmuKanmsx, OCBEIIAIONINX MpaKTHIe-
CKHUi OIBIT PUMCHECHUS TUIACTHKOBBIX OTXOZOB B Kaue-
CTBE 3aITOJTHUTEIS Il OSTOHHOM CMECH U CBOWCTBA ITOJTY-
YEHHOTO MaTepuaa, aBTOPBI OIPEICISIIN IPOYHOCTHEIC
XapaKTEePUCTHKN 00pa3IioB, TAKME KaK MPOYHOCTH Ha CiKa-
THC W B HEKOTOPBIX CIIydYasiX MPOYHOCTh HA PACTSIKCHUEC
TIPU PacKaIbIBAaHUH U Ha U3THO.

Ha puc. 3 npencrasiiensl Tpaduku, OTpaXkaromiye
W3MCHCHHUE MIPOYHOCTH Ha CKaThe OCTOHA, CONCPIKAIIETO
orxozpl u3 I1I1 B KauecTBE MEIKOTO U KPYITHOTO 3aIloJI-
HUTEJS COOTBETCTBEHHO.

Ha ocHoBaHuM npesicTaBacHHON Ha puc. 3 UH)Op-
MAaIlUU MPEICTABISACTCS BOSMOXKHBIM CIEIATh BBIBOJ



Komno3uLmMoHHbIN 6ETOH C npuMeHeHnemM BTOPHUYHOIro

) . C. 931-963
MOAMMEPHOTO CbIpbsi: CUCTEMATUYECKMI 0630p
Tabu. 1. CoiictBa GeToHa, coaepikaiiero orxoas [T
Table 1. Properties of concrete containing polypropylene waste
Pasmep | Conmepxanue Ilonyuennsie cBolcTBa JIuTeparypHblit
YacTHII, OTXOJIOB, Resulting properties HCTOYHHK
MM % Source
Particle Waste
size, content,
mm %
4 x50 0,25-0,75 | « mpounocts Ha cxatue yemmammach Ha 20,75 u 10,91 % npu nobasnennn | 3-A. Ammes [34]
0,25 1 0,5 % orxonos I1IT coorsercTenno. Conepsxanue 0,75 % Z.A. Aliev [34]
BropuyHoro I1I1 mpuBeno k yMeHbIIEHHIO JaHHOTO nokasaTens Ha 10,91 %;
* IPOYHOCTH Ha M3ru0 yMeHbIIMIack Ha 5,25-46,35 %
* 0.25 and 0.5 % of PP waste added to the concrete mix rose compressive
strength by 20.75 and 10.91 %, respectively. 0.75 % of secondary PP
reduced compressive strength by 10.91 %;
» flexural strength reduced by 5.25-46.35 %
3 10-40 * IPOYHOCTH Ha CKaTHEe yMEHbIIMIach Ha 25,86—58,06 %; M. Sofyan
* IPOYHOCTH HA PACTSHKEHHUE IIPU pacKalIbIBaHUK YMEHbBIINIIACH H COaBT. [35]
Ha 0,78-45,88 %; M. Sofyan
* ocajika KOHyca yMeHbIaach Ha 1,22 % mpu gobasnenuu 10 % etal. [35]
Bropuytoro I1I1. [Jo6asnenue 20-30 % orxonos u3 I1I1 npuseno
K YBEIMYECHHUIO 0Ca/IKU KoHyca Ha 2,44—7,32 %;
* [NIOTHOCTB 00Pa3LOB yMeHblImIack Ha 2,20-10,59 %
* compressive strength reduced by 25.86-58.06 %;
« splitting tensile strength reduced by 0.78-45.88 %;
* 10 % of recycled PP reduced slump by 1.22 %. 20-30 % of PP waste rose
slump by 2.44-7.32 %;
* the specimen density decreased by 2.20-10.59 %
- 8-40 * IPOYHOCTH HA C)KaTUe yMEHbIIMIach Ha 5,88—41,18 %; S.N. Ahmed
* ocaJiKka KoHyca yMeHbImnachk Ha 53,8-80,7 %; U COaBT. [36]
* [UIOTHOCTh OSTOHHOM cMecH yMeHbLImIach Ha 3,6—-12,3 %; S.N. Ahmed
* TEMJIONPOBOAHOCTh YMEHbIIMIAch Ha 6,6-49,1 % etal. [36]
» compressive strength decreased by 5.88—41.18 %;
* slump decreased by 53.8-80.7 %;
* density of the concrete mix decreased by 3.6—12.3 %;
* thermal conductivity of the concrete mix decreased by 6.6-49.1 %
<475 20-60 * IPOYHOCTH HA CXKaTue yMeHbImiach Ha 3,34—-11,19 %; D.C. Naveen
* IPOYHOCTH HA PACTSHKEHHUE IIPU PacKaIbIBAHUH YMEHbBLINIIACH ¥ C0aBT. [37]
Ha 4,96-22,74 % D.C. Naveen
» compressive strength decreased by 3.34-11.19 %j; etal. [37]
« split tensile strength decreased by 4.96-22.74 %
<20 10-30 M. Abu-Saleem

* IPOYHOCTH Ha CKaTHe yMeHbImnach Ha 17,81-42,5 %;

* IPOYHOCTH Ha M3rub ymenblmiach Ha 18,41-35,2 %;

* conepxanue orxonos I B konuuectse 10 % npuBeno K yBeIUIEHUIO
ocazku Konyca Ha 7,14 %. IIpu no6asnenun 20 % ocajka KoHyca He
OTIIMYAJIACh OT 3HAYCHUSI CMECH, HE COJePIKALICH MMOITNMEPHBIE OTXO/IBI.
IIpu no6asnenuu 30 % naHHBIA MOKa3aTenb yMeHbImucs Ha 18,75 %;

* BOJIOTIOIVIOIIEHUE yBennuuuiIoch Ha 7,33—13,14 %;

* npu o6aBinenun 10-20 % 0TX0L0B H3HOCOCTOHKOCT YMEHBIIHIACH

Ha 22,93-6,69 %. Jlo6asnenue 30 % Bropuunoro IIT yBesmuunio raHHbIi
nokasarenb Ha 10,51 %

» compressive strength decreased by 17.81-42.5 %;

* flexural strength decreased by 18.41-35.2 %;

*a 10 % PP waste content led to a 7.14 % increase in slump. At 20 % PP
waste content, the slump was comparable to that of the reference concrete
mix without polymer waste. However, with 30 % PP waste addition,

the slump decreased by 18.75 %;

* water absorption increased by 7.33—13.14 %;

* the incorporation of 10-20 % polymer waste reduced wear resistance

by 6.69-22.93 %, whereas the addition of 30 % recycled PP increased this
property by 10.51 %

U coaBT. [38]
M. Abu-Saleem
etal. [38]
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Ipooonacernue maébn. 1/ Continuation of the Table 1

Pasmep
YACTHIIL,
MM
Particle
size,
mm

Conepxanue
OTXO/IOB,
%
Waste
content,

%

ITonyuennsie cBOHCTBA
Resulting properties

JIuTeparypHblit
HCTOYHHK
Source

10-30

* IPOYHOCTH Ha CXKaTHe yBeIM4ImiIach Ha 5,39 % npu nodasnenun 10 %
propuunoro [1I1. JTo6aBnerne 20—30 % OTX0I0B NPUBEIO K YMCHBIICHHEO
JTaHHOTO ToKa3arens Ha 16,22—-15,43 %;

* IPOYHOCTH Ha PACTSHKEHUE NPH PACKaJIbIBAHUN yMEHbIIMIACh Ha 9,45

n 0,5 % npu nodasnennu 10 u 30 % Bropuunoro I1I1 cooTBeTCTBEHHO;

* coJiepaKaHue OTXO0B B konudecTse 20 % MpUBENO K yBEIHUCHUIO
JTaHHOTO ToKa3areis Ha 16,92 %;

* MPOYHOCTH Ha M3rud ymenbpmmiaack Ha 11,43-5,71 %;

* yBEJIMYEHHE KOJINYECTBA OTXO/I0B YMEHBIIAET 0CaKy KOHyca OeToHa

* compressive strength increased by 5.39 % with the addition of 10 %
recycled PP. However, the addition of 20-30 % recycled PP reduced
compressive strength by 16.22-15.43 %, respectively;

» splitting tensile strength decreased by 9.45 and 0.50 % with the addition of
10 and 30 % recycled PP, respectively, whereas the incorporation of 20 %
recycled PP increased this property by 16.92 %;

» flexural strength decreased by 5.71-11.43 %;

« increasing the recycled PP content reduced the slump

M. Karthik

u coast. [39]
M. Karthik
et al. [39]

2-4

5-25

* IPOYHOCTH Ha cKatue yMeHblmiaach Ha 10,05-57,94 %;

* IPOYHOCTB Ha PACTsHKEHHE NPU pacKasbIBAHUN yMeHbIMIach Ha 4,45-37 %;
* IPOYHOCTH Ha U3rU0 ymeHbmnach Ha 9,33-53,33 %;

* oca/IKa KOHyca yMeHbInmiack Ha 16,67 u 8,33 % npu nodasienuu 5 u 15 %
BropuuHoro 11 coorBercTBeHHO. CozepkaHue 0Txo10B B konuuecTse 10,
20 1 25 % npuBeno K yBEIHYEHHIO JaHHOTO MoKa3arens Ha 25, 8,33 u 25 %
COOTBETCTBEHHO

» compressive strength decreased by 10.05-57.94 %j;

« splitting tensile strength decreased by 4.45-37.00 %;

* flexural strength decreased by 9.33-53.33 %;

* slump decreased by 16.67 and 8.33 % with the addition of 5 and 15 %
secondary PP, respectively;

* secondary PP contents of 10, 20, and 25 % increased this property by
25.00, 8.33 and 25.00 %, respectively

M. Harihanandh
u coast. [40]
M. Harihanandh
etal. [40]

0-3;3-8

25-75

* IPOYHOCTh Ha CKaTHE yMeHbIIMnach Ha 27,43-85,14 %;

* MOZY/b YIPYTOCTH yMeHbIIMICSA Ha 29,23-85,08 %;

* YBEJIMYCHHUE KOJIMYECTBA OTXOJI0B YMEHbLIACT 0CaIKy KOHyca OeToHa;
Conepxanne 75 % sropuunoro I1I1 ymMeHbIINIIO faHHBIH MOKa3aTenb Ha 46 %o;
* TEMJIONPOBOJHOCTL YMeHbIIMIach Ha 28,49-66,13 %

» compressive strength decreased by 27.43-85.14 %j;

* elastic modulus decreased by 29.23-85.08 %;

* increasing the amount of waste reduces the slump; the incorporation

of 75 % recycled PP reduced this property by 46 %;

* thermal conductivity decreased by 28.49-66.13 %

M. Belmo-
kaddem
1 coaBT. [41]
M. Belmo-
kaddem et al.
[41]

1,1 x 0,6

1,4 x0,1

0,5-1

* IPOYHOCTh Ha CKaTHe yMeHbIIMnach Ha 14,6 %;

* IPOYHOCTb HA PACTSHKEHUE IIPU PACKAIBIBAHNM yBEIMYUIACH
Ha 75,16-9,8 %;

* 0caJika KOHyca yMeHblInnach Ha 24-22.8 %

* compressive strength decreased by 14.6 %

« the split tensile strength increased by 75.16-9.8 %;

e the slump decreased by 24-22.8 %

* MPOYHOCTH Ha CKaTue yMeHbImnach Ha 11,40-22,53 %;

* IPOYHOCTH HA PACTSKEHHUE NPH pacKabIBAHUM YBEIHYHMIIACH
Ha 52,28-36,6 %;

* 0cajKa KOHyca yMeHbImuack Ha 16—15,2 %

* compressive strength decreased by 11.40-22.53 %;

* splitting tensile strength increased by 52.28-36.6 %;

* slump decreased by 16-15.2 %

J.K. Park
1 cOaBT. [42]
J.K. Park
etal. [42]
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Ipooonacernue maébn. 1/ Continuation of the Table 1

Pasmep
YACTHIIL,
MM
Particle
size,
mm

Conepxanue
OTXO/IOB,
%
Waste
content,

%

ITonyuennsie cBOHCTBA
Resulting properties

JIuTeparypHblit
HCTOYHHK
Source

<19

10-30

* IPOYHOCTH Ha CykaTHe OETOHA C BOAOLIEMEHTHBIM COOTHOILIIEHHEM

0,42 ysenmmumniace Ha 10,71 % npu nodasnenuu 10 % propuanoro II1.
Conepxanne oTxonoB B konudectse 20—30 % yMEHBIINIO JaHHBIH
nokasarenb Ha 14,29-21,43 %;

* IPOYHOCTH Ha CyKaTHe OETOHA C BOTOIEMEHTHBIM COOTHOIIICHHEM

0,48 yBenuumnace Ha 38,46—7,69 %, nis O6etona ¢ cootHomenueM 0,57
yBenuumiiack Ha 34,48-30,34 %;

* IPOYHOCTh HA PACTSHKEHUE MPH PACKATbIBAHUU OETOHA C BOAOLEMEHTHBIM
cootHomienuem 0,42 yBenmmuunach Ha 1,49 % npu gobasnennu 10 %
sropuunoro [1I1. Coxep:xanne orxonoB B kommaectse 20-30 % yMeHBIINIIO
JTaHHBIN TToKa3arens Ha 1,49-13,43 %;

* IPOYHOCTH Ha PACTSHKEHUE IIPH PACKAIBIBAHUN OETOHA C BOIOLEMEHTHBIM
coornomienunem 0,48 ymensinmnace Ha 11,43-28,57 %, mis Oetona

¢ coorHoienuem 0,57 ymensimiacs Ha 21,88-34,38 %

* the compressive strength of concrete with a water—cement ratio of 0.42
increased by 10.71% with the addition of 10 % recycled PP. Recycled PP
contents of 20-30 % reduced this property by 14.29-21.43 %j;

* the compressive strength of concrete with a water—cement ratio of 0.48
increased by 7.69-38.46 %, while that of concrete with a water—cement ratio
0f 0.57 increased by 30.34-34.48 %;

« the splitting tensile strength of concrete with a water—cement ratio of 0.42
increased by 1.49 % with the addition of 10 % recycled PP. Recycled PP
contents of 20-30 % reduced this property by 1.49-13.43 %;

* the splitting tensile strength of concrete with a water—cement ratio of 0.48
decreased by 11.43-28.57 %, while that of concrete with a water—cement
ratio of 0.57 decreased by 21.88-34.38 %

M.J. Islam [43]
M.J. Islam [43]

0,038 x 13

0,25-0,75

* IPOYHOCTH Ha C)KaTHe yMeHbIMnach Ha 18,5 % npu nobasnennn 0,25 %
sropuuHoro [1I1. Conepxxanue 0,5-0,75 % OTX0A0B YBEITUUMIIO JaHHBIN
nokazareinp Ha 28,4-83,4 %;

* IPOYHOCTH Ha M3rub ymenblmiachk Ha 19,2 % npu nodasnenun 0,25 %
sropuunoro [1I1. Cogepxanue 0,5-0,75 % 0TX00B yBEINYHUIO JAHHBIH
nokazarenb Ha 47,5-72,4 %;

* ocajiKa KOHyca yMeHblmach Ha 4,4 % npu nobasienuu 0,25 %
sropuunoro [1I1. Coxepxanne 0,5-0,75 % 0TX010B yBETHINIIO JAHHBIH
rnokasareib Ha 5,5-10 %

* compressive strength decreased by 18.5 % with the addition of 0.25 %
recycled PP. Recycled PP contents of 0.5-0.75 % increased this property by
28.4-83.4 %;

» flexural strength decreased by 19.2 % with the addition of 0.25 % recycled
PP. Recycled PP contents of 0.5-0.75 % increased this property

by 47.5-72.4 %;

* slump decreased by 4.4 % with the addition of 0.25 % recycled PP.
Recycled PP contents of 0.5-0.75 % increased this property by 5.5-10 %

S.Z. Abeer
U COaBT. [44]
S.Z. Abeer
et al. [44]

<27,5

2,5-10

* IPOYHOCTH Ha CKaTre OETOHA ¢ BOXOLIEMEHTHBIM COOTHOIeHueM 0,45
YMeHbIIIIAch Ha 3,67 % npu nobaeieHuu 2,5 % sropuunoro [1I1.
Coneprxarne 5-10 % 0TX010B yBEIMUIIO JaHHBIN MOKa3aresb Ha 2,37-9,28 %;
* IIPOYHOCTH Ha C)KaThe OETOHA C BOIOIIEMEHTHBIM COOTHOIIEeHUeM 0,4
ymenbInmiach Ha 9,81, 0,47 u 0,7 % nipu nodasnenuu 2,5, 7,5 u 10 %
BropuyHoro I1I1 coorBercTBenHo. Conepxanue 5 % OTXOI0B yBETUUMIIO
JTaHHBIN TIOKa3arenb Ha 7,24 %;

* IPOYHOCTH Ha M3THO OETOHA ¢ BOAOLEMEHTHBIM COOTHOIeHHeM 0,45
yMeHbImiack Ha 8,12 % npu nobasnennu 2,5 u 10 % sropuusoro I1I1.
Coneprxanue 5-7,5 % 0TXOMOB yBENMYMIIO IaHHBIH Mokas3ares Ha 2,71-10 %;
* IPOYHOCTH HA U3TUO OETOHA C BOAOLIEMEHTHBIM cooTHOIIeHHeM 0,4
ymenbImiack Ha 1,92 u 5,77 % npu nobasnenun 2,5 n 10 % BropudaHOro
III1. Conepxanne 5—7,5 % OTXOI0OB yBENNYMIIO JAHHBIN MTOKA3aTEIh

Ha 5,19-12,69 %

Y. Suvidha
u coasrt. [45]
Y. Suvidha
et al. [45]
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Oxonuanue mabn. 1/ End of the Table |

Pasmep
YacTHIL,
MM
Particle
size,
mm

Conep:xanue
OTXOJIOB,
%
Waste
content,

%

Ilonyuennsie cBoOMCTBa
Resulting properties

JIuTeparypHblit
HCTOYHHK
Source

<27,5

2,5-10

* the compressive strength of concrete with a water—cement ratio of 0.45
decreased by 3.67 % with the addition of 2.5 % recycled PP. Recycled PP
contents of 5-10 % increased this property by 2.37-9.28 %;

* the compressive strength of concrete with a water—cement ratio of 0.40
decreased by 9.81 %, 0.47 %, and 0.70 % with the addition of 2.5 %, 7.5 %,
and 10 % recycled PP, respectively. The incorporation of 5 % recycled PP
increased this property by 7.24 %;

« the flexural strength of concrete with a water—cement ratio of 0.45
decreased by 8.12 % with the addition of 2.5 and 10 % recycled PP.
Recycled PP contents of 5-7.5 % increased this property by 2.71-10.00 %;
» the flexural strength of concrete with a water—cement ratio of 0.40
decreased by 1.92 and 5.77 % with the addition of 2.5 and 10 % recycled PP,
respectively. Recycled PP contents of 5-7.5 % increased this property

by 5.19-12.69 %

Y. Suvidha
U COaBT. [45]
Y. Suvidha
et al. [45]

31x1

0,5-1,5

* IPOYHOCTH Ha CkaTHe OeToHa ¢ JOOaBICHUEM H3MEIBUYCHHOTO
TIOJIUIIPONMIICHOBOTO BOJIOKHA yBeMHUmiIach Ha 43,4—-69,7 %;

* IPOYHOCTH Ha CKaThe OeTOoHa ¢ JOOaBICHUEM ITOJIHIIPOITMIICHOBOTO
BOJIOKHA, MOIH(HIIPOBAHHOIO C IIOMOLIBIO IKCTPYAEPa, YBEIHUHIACH
Ha 43,4-62,6 %;

* IPOYHOCTh Ha PACTSDKEHHE MIPH PacKalbIBAHUK OSTOHA C M3MEJIBYCHHBIM
BOJIOKHOM yBennumiach B 2,2-4,8 pas;

* IPOYHOCTh Ha PACTSHKCHHUE NIPH pacKaJbIBAHUK OCTOHA C BOJIOKHOM,
MOZIU(HUIMPOBAHHBIM C IIOMOILIBIO SKCTPYyAEpa, yBenuumiack B 2,1-4,1 pas;
* IPOYHOCTH Ha M3rub GETOHA C U3MEIBYCHHBIM HOIUIPOIMICHOBBIM
BOJIOKHOM yBeJHumiIach B 2,2-2,8 pas;

* MPOYHOCTH HA M3TUO OETOHA C BOIIOKHOM, MOTU(HIIUPOBAHHBIM

C IOMOLLBIO IKCTpYyepa, yBeauuuiacs B 1,4—1,6 pas;

* 0caJika KOHyca OETOHA ¢ M3MEJIBYCHHBIM BOJIOKHOM YMCHBILIHIIACH

Ha 22,9-85,7 %;

* 0caJika KoHyca OeTOHa ¢ BOJIOKHOM, MOAM(UIIUPOBAHHBIM C TIOMOIIBIO
JKCTpyaepa, ymeHbimiack Ha 14,3-62,9 %

* the compressive strength of concrete containing crushed polypropylene
fiber increased by 43.4-69.7 %;

* the compressive strength of concrete containing extruder-modified
polypropylene fiber increased by 43.4-62.6 %;

« the splitting tensile strength of concrete containing crushed polypropylene
fiber increased by 2.2—4.8 times;

« the splitting tensile strength of concrete containing extruder-modified
polypropylene fiber increased by 2.1-4.1 times;

« the flexural strength of concrete containing crushed polypropylene fiber
increased by 2.2-2.8 times;

« the flexural strength of concrete containing extruder-modified
polypropylene fiber increased by 1.4—1.6 times;

* the slump of concrete containing crushed polypropylene fiber decreased
by 22.9-85.7 %;

* the slump of concrete containing extruder-modified polypropylene fiber
decreased by 14.3-62.9 %

M. Malek
W COaBT. [46]
M. Malek
et al. [40]

3x3x3

938

10-30

* 0CcaJIKa KOHyca y CMECH C BOIOLEMEHTHBIM cooTHOIeHueM 0,45
cHuzmiack Ha 18,57-27,14 %, y cMecu ¢ BOJIOLIEMEHTHBIM COOTHOLLIEHUEM
0,55 — na 16-25,33 %j;

* IUIOTHOCTB Y 00pa3IoB ¢ BOJOLIEMEHTHBIM cooTHOIeHneM 0,45 CHU3HIACh
Ha 6,39-11,44 %, y 00pa3noB ¢ BOAOIEMEHTHBIM cooTHOmEeHneM 0,55 —
Ha 3,22-10,88 %;

* POYHOCTH Ha CKaTHE Yy 00pasIoB ¢ BOIOIIEMEHTHBIM COOTHOIICHHEM 0,45
camsniach Ha 20-48 %, y 00pa3noB ¢ BOJOLEMEHTHBIM cooTHoIIeHHeM 0,55 —
Ha 29-44 %

* the slump of the concrete mix with a water—cement ratio of 0.45 decreased
by 18.57-27.14 %, while that of the mix with a water—cement ratio of 0.55
decreased by 16.00-25.33 %j;

* the density of specimens with a water—cement ratio of 0.45 decreased

by 6.39-11.44 %, while that of specimens with a water—cement ratio of 0.55
decreased by 3.22-10.88 %j;

* the compressive strength of specimens with a water—cement ratio of 0.45
decreased by 20-48 %, while that of specimens with a water—cement ratio
of 0.55 decreased by 29—44 %

A.O. Irlan
M COaBT. [47]
A.O. Irlan
etal. [47]
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Tabu. 2. CoiictBa GeToHa, coaepikariero orxoast [I1DBIT

Table 2. Properties of concrete containing high-density polyethylene waste

Pazmep
YaCTHIL,
MM
Particle
size,
mm

Conepxanue
OTXOJIOB,
%
Waste
content,

%

[TosryueHHsle cBOMCTBA
Resulting properties

JlureparypHblil
HCTOYHHK
Source

5-30

* IPOYHOCTH Ha CKaTHe yBEeIMIMIach Ha 6,13 % npu nobdasnenun 15 %
Bropuunoro [I9BII. Jlanuslii nokaszarens ymensmmics Ha 10,67-23,96 %
mipu pobasiennu 5—10 % orxomos u Ha 20,15-32,3 % npu nobGaBneHUU
20-30 % oTx010B;

* IPOYHOCTH Ha PACTSDKEHHUE IPH PACKAIBIBAHUN YMEHBIINIIACh

Ha 14,58-36,44 %;

* POYHOCTH HA M3TU0 yMeHbImIach Ha 18,54-44,13 %;

* BOJIOIIOIVIONICHNE YMEHBIIHIIOCH Ha 22,67-80,64 %;

* 0cajKa KOHyca yMeHbImIach Ha 15,63-62,5 %

« compressive strength increased by 6.13 % with the addition of 15 %
recycled HDPE. However, it decreased by 10.67-23.96 % with the addition
of 5-10 % recycled HDPE and by 20.15-32.30 % with the addition

of 20-30 % recycled HDPE;

« splitting tensile strength decreased by 14.58-36.44 %;

« flexural strength decreased by 18.54-44.13 %;

* water absorption decreased by 22.67-80.64 %;

« the slump decreased by 15.63-62.50 %

V. Punitha
U coasT. [48]
Punitha V.
et al. [48]

2-10

0,52

0,5-2;

2-10

10-50

* IPOYHOCTH Ha CKaTHe YMEHbIIMIAch Ha 2282 %;
* MOZyNb YIPYTOCTH yMeHbIImIcs Ha 19-47 %;

* TETUIONIPOBOJHOCTH yMeHbImnach Ha 10-33 %

* compressive strength decreased by 22-82 %;

« elastic modulus decreased by 19-47 %;

« thermal conductivity decreased by 10-33 %

* IPOYHOCTH Ha CKaTHe yMEHbIMIach Ha 11-72 %;
* MOAyNb YIPYTOCTH yMeHbImiIcs Ha 17-39 %;

* TETIONPOBOJHOCTS yMeHbIMnach Ha 10-26 %

« compressive strength decreased by 11-72 %;

« elastic modulus decreased by 17-39 %;

« thermal conductivity decreased by 10-26 %

* IPOYHOCTH Ha CKaTHe yMeHbIIMIach Ha 18—77 %;
* MOZyNb YIPYTOCTH yMeHbIHcs Ha 2048 %;

* TETTONPOBOJHOCT yMEHbIMIach Ha 821 %

* compressive strength decreased by 1877 %;

» elastic modulus decreased by 2048 %;

« thermal conductivity decreased by 8-21 %

M.A. Al-Osta

U coaBT. [49]

M.A. Al-Osta
etal. [49]

<20

10-30

* IPOYHOCTH Ha CkaTHe yMeHbmnach Ha 19,69—40 %;

* IPOYHOCTH Ha M3rKb ymeHbimnach Ha 17,49-30,3 %;

* BOJIOTIOMIONIEHHE yBennuuiaocsk 7,33-11,34 %;

* UI3HOCOCTOMKOCTD yBennumiack Ha 14,01-51,91 %;

* 0caJika KoHyca yBennuuiach Ha 9,84 % npu nodasiennu 10 %
BropuuHoro [I9BII. JlanHbli noka3atens ymeHbmncs Ha 5,36-15,18 %
npu go6asnenun 20-30 % oTX0/10B;

* IJIOTHOCTH OETOHHOM cMecH yMeHbImiIack Ha 5,2—-10,6 %

» compressive strength decreased by 19.69-40 %;

« flexural strength decreased by 17.49-30.3 %;

 water absorption increased by 7.33—11.34 %j;

* wear resistance increased by 14.01-51.91 %;

« the slump increased by 9.84 % with the addition of 10 % recycled HDPE.
However, it decreased by 5.36—15.18 % with the addition of 20-30 %
recycled HDPE;

« density of the concrete mixture decreased by 5.2—10.6 %

M. Abu-Saleem
1 coasT. [38]
M. Abu-Saleem
et al. [38]
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Pasmep
YaCcTHII,
MM
Particle
size,
mm

ConeprxaHue
OTXOJIOB,
%
Waste
content,

%

[TonyuenHsle cBOCTBA
Resulting properties

JluteparypHblii
HCTOYHHK
Source

10-30

* IPOYHOCTH Ha CkaTHe yBeandamiach Ha 4,93 % npu nodasnenun 10 %
propuunoro [19BII. [lannsiii nokazarens ymenbmwics Ha 15,13-32,57 %
npu podasiennn 20-30 % 0TX0/10B;

* IPOYHOCTH HA PACTSDKEHME P pacKalbIBaHUM yBeauuuiaach Ha 2,49 %
nipu nob6asnennn 30 % Bropuunoro [19BII. JlanHbIi oKa3aTens
ymenbImics Ha 1,49-27,36 % npu nodasnennu 10-20 % oTxomnoB;

* IPOYHOCTH Ha U3rM0 yMeHbImIach Ha 7,43-25,71 %

« compressive strength increased by 4.93 % with the addition of 10 %
recycled HDPE. However, it decreased by 15.13-32.57 % with the addition
of 20-30 % recycled HDPE;

« splitting tensile strength increased by 2.49 % with the addition of 30 %
recycled HDPE. However, it decreased by 1.49-27.36% with the addition
of 10-20 % recycled HDPE;

« flexural strength decreased by 7.43-25.71 %

M. Karthik
u coasT. [39]
M. Karthik
etal. [39]

24

* MPOYHOCTH HA CXKATHE yMEHbIIMIAach Ha 2,73-9,98 %;

* IPOYHOCTH Ha PACTSHKEHHE TIPU PACKaIbIBAHUH yBeIImiIach Ha 1,17-2,92 %
npu gob6asnenun 1-3 % sropuanoro [19BII. Jlannblil mokas3arensb
ymenbimics Ha 0,29-3,8 % npu nobasinenun 5—7 % OTXOI0B;

* 0cajKa KOHyca OETOHHOU cMecH yMeHbImmnach Ha 5,6—-12,39 %

* compressive strength decreased by 2.73-9.98 %;

« splitting tensile strength increased by 1.17-2.92 % with the addition

of 1-3 % recycled HDPE. However, it decreased by 0.29-3.80 % with

the addition of 5-7 % recycled HDPE;

« the slump of the concrete mix decreased by 5.60—-12.39 %

2-4

* IPOYHOCTb Ha Cxxarue yBesndmnack Ha 0,29-4,33 % npu nobasieHnn
1-5 % Bropuunoro I1OBII. [lanHbIil Moka3aTenb yMEHBIIHICS

Ha 7,21-18,26 % nipu nobasnenun 715 % oTx0/108B;

* [IPOYHOCTH Ha PACTSDKCHHUE TIPH PACKaIbIBAHUH yBEIUYUIIACH

Ha 2,63-7,02 % npu nobasnennn 1-5 % Bropuunoro [19BII. Jlanuslit
rnokasareib ymenbiuuics Ha 8,48-14,33 % npu nodasnennun 7-15 %
OTXOJIOB;

* ocajiKa KoHyca OeTOHHOW cMecH yMeHbLInach Ha 6,58-12,36 %

« compressive strength increased by 0.29-4.33 % with the addition of 1-5 %
recycled HDPE. However, it decreased by 7.21-18.26 % with the addition
of 7-15 % recycled HDPE;

« splitting tensile strength increased by 2.63—7.02 % with the addition

of 1-5 % recycled HDPE. However, it decreased by 8.48-14.33 % with
the addition of 7-15 % recycled HDPE;

« the slump of the concrete mix decreased by 6.58—12.36 %

T. Liu
u coasnT. [50]
T. Liu et al. [50]

<10

10-30

* IPOYHOCTH Ha CKaTHe yMeHbIIMIach Ha 14-33 %;

* IPOYHOCTH Ha PAaCTSDKEHHUE TIPH PacKalbIBaHUH yBennamiIack Ha 4-11 %;
* IPOYHOCTH Ha M3ru0 yBennumnach Ha 3649 %

* compressive strength decreased by 14-33 %;

« splitting tensile strength increased by 4-11 %;

« flexural strength increased by 36-49 %

M.M. Radhi

U coaBrT. [51]

M.M. Radhi
etal. [51]
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Pasmep
YacTHII,
MM
Particle
size,
mm

ConeprxaHue
OTXOJIOB,
%
Waste
content,

%

[TonyuenHsle cBOCTBA
Resulting properties

JluteparypHblii

HUCTOYHUK
Source

1-5

* IPOYHOCTH Ha CKaTHe yBeandmnach Ha 3,19-22,9 % npu nobasnennn
1-3 % Bropuunoro I19BII. [lanHbIif moka3aTenb yMEHBIIHICS

Ha 12,25-13,8 % npu nodasnenuu 4-5 % 0TXONOB;

* IPOYHOCTH Ha PACTSDKEHHUE TIPH PACKaIbIBAHUH yBEIUIMIACh

Ha 17,34-84,6 % nipu nobasnenun 1-3 % sropuanoro [I9BII. [lannsrit
roKasareib yMeHbIwmics Ha 18,3-26,1 % npu nodasnennn 4—5 % 0TX0I0B;
* IPOYHOCTH Ha M3rub yBenmumnack Ha 1,13-7,95 % npu nobasnennn
1-3 % Bropuunoro I19BII. [lanHbIif Moka3aTenb yMEHBIIHICS

Ha 4,31-8,63 % npu nobasnennn 4—5 % 0TX0I0B

« compressive strength increased by 3.19-22.90 % with the addition

of 1-3 % recycled HDPE. However, it decreased by 12.25-13.80 % with
the addition of 4-5 % recycled HDPE;

« splitting tensile strength increased by 17.34—84.60 % with the addition
of 1-3 % recycled HDPE. However, it decreased by 18.30-26.10 % with
the addition of 4-5 % recycled HDPE;

« flexural strength increased by 1.13—7.95 % with the addition of 1-3 %
recycled HDPE. However, it decreased by 4.31-8.63 % with the addition
of 4-5 % recycled HDPE

T.M. Selvi
1 coasT. [52]
T.M. Selvi
etal. [52]

0,45 x 40

1,5 x40

0,5-1

* IPOYHOCTb Ha CKaTHe yMeHblmIach Ha 13,35-18,78 % npu nobasiennn
0,5-1 % Bropuunoro [19BII;

* IPOYHOCTb HA PACTSKEHUE IIPH PACKaJbIBAHUU YBEIHYMIIACH

Ha 9,15-14,38 % npu nobasnenun 0,5-1 % Bropuunoro [19BIT;

* 0cajika KoHyca OeTOHHO# cMecu ymeHblmiach Ha 12—14 % npu
nob6asnennn 0,5-1 % Bropuunoro ITOBIT

» compressive strength decreased by 13.35-18.78 % with the addition
of 0.5-1 % recycled HDPE;

« splitting tensile strength increased by 9.15-14.38 % with the addition
of 0.5-1 % recycled HDPE;

« the slump of the concrete mix decreased by 12—14 % with the addition
of 0.5-1 % recycled HDPE

* IPOYHOCTH Ha C)KaTHe yMeHbImIach Ha 5,7-15,30 % npu nobasneHnn
0,5-1 % Bropuunoro [19BII;

* IPOYHOCTH Ha PACTSDKEHHUE TPH PAaCcKaIbIBAHUH yBEINIMIACh

Ha 20,26-32,03 % npu nodasnennu 0,5—1 % Bropuunoro [19BII;

* 0caJika KoHyca OeTOHHOI cMecH yMmeHbIiack Ha 20,4-23,2 %

nipu nob6asnenun 0,5-1 % Bropuanoro [19BIT

« compressive strength decreased by 5.70-15.30 % with the addition

of 0.5-1 % recycled HDPE;

« split tensile strength increased by 20.26-32.03 % with the addition

of 0.5-1 % recycled HDPE;

* slump of the concrete mix decreased by 20.4-23.2 % with the addition
of 0.5-1 % recycled HDPE

J.K. Park
1 COaBT. [42]
J.K. Park
etal. [42]

0-3,3-8

25-75

* yBenuueHne konuuectsa [19BI] B cMecn mpuBeo K CHUKEHHIO
TUIOTHOCTH OeToHa. MakcHManbHOE CHIKEHHUE TIIOTHOCTH — 46 %
npu go6asnenun 75 % OTXO/0B;

* POYHOCTH HA C)KAaTHE yMeHbIIIach Ha 44,29—-88,57 %;

* MOZIyNb YIPYTOCTH YMeHbIIHiIcs Ha 32,3—-84,92 %;

* TETIONIPOBOAHOCTh yMeHbImIack Ha 20,97-57,53 %

« increasing the HDPE content in the mixture led to a decrease in concrete
density. The maximum density reduction was 46 at 75 % waste content;
» compressive strength decreased by 44.29-88.57 %

* the elastic modulus decreased by 32.30-84.92 %;

« thermal conductivity decreased by 20.97-57.53 %

M. Belmo-
kaddem

U coaBT. [41]

M. Belmo-
kaddem
etal. [41]
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Pasmep | Coneprxanue [TonyuenHsle cBOCTBA JluteparypHblii
YacTHIl, OTXOJIOB, Resulting properties HCTOYHUK
MM % Source
Particle Waste
size, content,
mm %
5%x20 2,520 * POYHOCTH Ha C)KATHE OETOHA C BOIOIIEMEHTHBIM cooTHomeHueM (0,95 J.N. Tamrin [53]

yBennamnach Ha 9,52-15,87 % npu nodasnenun 2,5-10 % BropHIHOTO
[I9BIT n ymenpmmnack Ha 1,59 % npu nobasnernu 20 % 0TX0I0B;

* POYHOCTH Ha C)KATHE OETOHA C BOIOIIEMEHTHBIM cooTHomeHueM 0,65
yBenuamnach Ha 8-35 %;

* IPOYHOCTH Ha CKaTHe OeTOHa C BOAOIEMEHTHBIM cooTHomeHneM 0,52
yBenuaminach Ha 2—7,6 % npu nodasnenuu 2,5-10 % sropuunoro I19BII

n yMmeHbImach Ha 4 % npu gobasiaennn 20 % 0TX00B;

* IPOYHOCTH Ha PACTSDKEHHUE TPH PACcKaIbIBAHUU OETOHA C BOIOL[EMEHTHBIM
cootHomenuem 0,95 yBenmmumiack Ha 3,17-26,98 %;

* IPOYHOCTH Ha PACTSDKEHUE IIPH PACKATIBIBAHUU OETOHA C COOTHOIIEHHEM
0,65 yBenmmumnace Ha 3,33—-13,33 % npu nodasnernu 2,5-10 % BTOpUIHOTO
[I2BII n ymenbpmmnacek Ha 6,67 % npu nodasnernu 20 % OTX0I0B;

* IPOYHOCTH Ha PACTSDKEHHUE TPH PAacKaIbIBAaHUU OETOHA C BOIOL[EMEHTHBIM
cootHommenueM 0,52 yBenmmumiach Ha 1,25-3,75 % npu nobasnennu 2,5-5 %
BropruHoro [I9BII n ymensmunacs Ha 1,25-5 % npu nobasneHun

10-20 % otxom0B;

* 0cajKa KOHyca OETOHHOU CMeCH ¢ BOJIOIIEMEHTHBIM cooTHommeHneM 0,95
u 0,65 ymenspmnace Ha 4,17-11,67 % ¢ cootHomenuem 0,52 —

Ha 3,33-13,33 %

* the compressive strength of concrete with a water—cement ratio of 0.95
increased by 9.52-15.87 % with the addition of 2.5-10 % recycled HDPE
and decreased by 1.59 % with the addition of 20 % recycled HDPE;

* the compressive strength of concrete with a water—cement ratio of 0.65
increased by 8.00-35.00 %;

* the compressive strength of concrete with a water—cement ratio of 0.52
increased by 2.00-7.60 % with the addition of 2.5-10 % recycled HDPE
and decreased by 4.00 % with the addition of 20 % recycled HDPE;

« the splitting tensile strength of concrete with a water—cement ratio of 0.95
increased by 3.17-26.98 %;

« the splitting tensile strength of concrete with a water—cement ratio of 0.65
increased by 3.33—13.33 % with the addition of 2.5-10 % recycled HDPE
and decreased by 6.67 % with the addition of 20 % recycled HDPE;

« the splitting tensile strength of concrete with a water—cement ratio of 0.52
increased by 1.25-3.75 % with the addition of 2.5-5 % recycled HDPE and
decreased by 1.25-5.00 % with the addition of 10-20 % recycled HDPE;

* the slump of concrete mixes with water—cement ratios of 0.95 and 0.65
decreased by 4.17-11.67 %, while that of the mix with a water—cement ratio
of 0.52 decreased by 3.33-13.33 %

J.N. Tamrin [53]
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Pasmep
YacTHII,
MM
Particle
size,
mm

ConeprxaHue
OTXOJIOB,
%
Waste
content,

%

[TonyuenHsle cBOCTBA
Resulting properties

JluteparypHblii
HCTOYHHK
Source

10 x 10

2,5 x40

2,5-20

* IPOYHOCTH Ha CKaTHe OeTOHa C BOZOIEMEHTHBIM cooTHomenueM 0,95
yBenmannack Ha 3,17 % npu nobasnenun 2,5-5 % Bropudanoro [19BII,
yMeHbIIMIachk Ha 6,35-17,46 % npu nodasnernu 10-20 % oTx0m0B;

* IPOYHOCTH Ha CKaTHe OeTOHa C BOAOIEMEHTHBIM cooTHomenueM 0,65
yBenuuminachk Ha 2—14 %, ¢ coorHomenuem 0,52 yBenmnuuiach

Ha 0,4 % npu nodasnenun 2,5-5 % sropmanoro [19BII, ymensmmacs

Ha 3,6-11,2 % npu nobaenenun 10-20 % oTx010B;

* IPOYHOCTH Ha PACTSHKEHHUE TIPH PACKaIbIBAHUU OETOHA C BOIOI[EMEHTHBIM
cootHomenuem 0,95 yBenmnuminace Ha 7,94—19,05 %, ¢ cooTHOIIEHHEM
0,65 — Ha 6,67-30 %, ¢ cootHOmEeHneM 0,52 — yBenmymnack Ha 2,5 %
nipu nobasnennn 5 % Bropuunoro [19BII n ymensminacs Ha 1,25-10 %
nipu pobasiennn 2,5 % u 10-20 % oTx010B;

* 0cajKa KOHyca OETOHHOU cMecH ¢ BOJIOI[EMEHTHBIM cooTHommeHneM 0,95
ymenbimtack Ha 0,83-8,33 %, ¢ coorHomrennem 0,65 — na 0,83-9,17 %,
¢ cootHotrenuem 0,52 — na 2,5-10 %

* the compressive strength of concrete with a water—cement ratio of 0.95
increased by 3.17 % with the addition of 2.5-5 % recycled HDPE and
decreased by 6.35-17.46 % with the addition of 10-20 % recycled HDPE;

* the compressive strength of concrete with a water—cement ratio of 0.65
increased by 2.00-14.00 %. In concrete with a water—cement ratio of 0.52,
compressive strength increased by 0.40 % with the addition of 2.5-5 %
recycled HDPE and decreased by 3.60-11.20 % with the addition of 10-20 %
recycled HDPE;

« the splitting tensile strength of concrete with a water—cement ratio of 0.95
increased by 7.94-19.05 %, while that of concrete with a water—cement
ratio of 0.65 increased by 6.67-30.00 %. In concrete with a water—cement
ratio of 0.52, splitting tensile strength increased by 2.50 % with the addition
of 5 % recycled HDPE and decreased by 1.25-10.00 % with the addition of
2.5 % and 10-20 % recycled HDPE;

* the slump of concrete mixes with water—cement ratios of 0.95, 0.65,

and 0.52 decreased by 0.83-8.33 %, 0.83-9.17 %, and 2.50-10.00 %,
respectively

* [IPOYHOCTH Ha C)KaTHe OETOHA C BOAOLEMEHTHBIM cooTHomenueM 0,95
yBesmumiack Ha 1,59-14,29 % npu no6asnenun 2,5-10 % BropudHOro
II5BII u ymensmminack Ha 12,7 % npu nodasnenun 20 % 0TX010B;

* [IPOYHOCTH Ha C)KaTHe OETOHA C BOJAOIIEMEHTHBIM cooTHomenueM 0,65
yBenuumiach Ha 3—-20 %, ¢ cootHomenueM 0,52 yBenuuuinach Ha 2-3,2 %
npu po6asnenun 2,5-5 % II9BII u ymensmunace Ha 1,2-8 % npu
nob6asiaennu 10-20 % 0TX0/0B;

* IPOYHOCTb HA PACTSKEHUE NPH pacKajbIBaHUU OETOHA C BOJOLIEMEHTHBIM
cootHomenueM 0,95 yBenuumnacs Ha 6,35—-11,11% npu nobaBnennu

2,5-5 % II9BII n ymensimunacs Ha 1,59—4,76 % npu no6asienun 10-20 %
OTXOJIOB

« the compressive strength of concrete with a water—cement ratio of 0.95
increased by 1.59—-14.29 % with the addition of 2.5-10 % recycled HDPE
and decreased by 12.70 % with the addition of 20 % recycled HDPE;

« the compressive strength of concrete with a water—cement ratio of 0.65
increased by 3.00-20.00 %. In concrete with a water—cement ratio of 0.52,
compressive strength increased by 2.00-3.20 % with the addition of 2.5-5
% recycled HDPE and decreased by 1.20-8.00 % with the addition of 10-20
% recycled HDPE;

« the splitting tensile strength of concrete with a water—cement ratio of 0.95
increased by 6.35-11.11 % with the addition of 2.5-5 % recycled HDPE
and decreased by 1.59—4.76 % with the addition of 10-20 % recycled HDPE

J.N. Tamrin [53]
J.N. Tamrin [53]
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Pasmep
YacTHII,
MM
Particle
size,
mm

ConeprxaHue
OTXOJIOB,
%
Waste
content,

%

[TonyuenHsle cBOCTBA
Resulting properties

JluteparypHblii
HCTOYHHK
Source

2,5 x40

2,5-20

* IPOYHOCTb Ha PACTSKEHHE NPH pacKablBaHUKM OETOHA C BOAOLEMEHTHBIM
cootHowenuem 0,65 yBenmunnack Ha 3,33 % npu nobasnennu 5 %

W yMmeHblmnach Ha 6,67-10 % npu no6asnennu 2,5 u 10-20 % otxomos;

* IPOYHOCTH HA PACTSKEHHUE NPH pacKalbIBaHUKM OETOHA C BOAOLEMEHTHBIM
cootHowenuem 0,52 yBenuunnack Ha 1,25 % npu no6asnenunn 5-10 %
BropuuHoro [19BII u ymenbmmnach Ha 2,5-5 % nipu gobasnenun 2,5

u 20 % 0TX0/0B;

* 0caJika KOHyca OSTOHHOI CMecH ¢ BOJOLEMEHTHBIM cooTHolIeHneM 0,95
yMeHbImiach Ha 6,67-1,25 %, ¢ cootHomenuem 0,65 — Ha 3,33-15,83 %,
¢ cootHommenueM 0,52 yBenuuunach Ha 5 % npu gobasnennn 2,5 %
BropuuHoro II9BII u ymensmunack Ha 8,33-16,67 % npu 106aBneHnn
5-20 % oTx010B

« the splitting tensile strength of concrete with a water—cement ratio of

0.65 increased by 3.33 % with the addition of 5 % recycled HDPE and
decreased by 6.67-10.00 % with the addition of 2.5 and 10-20 % recycled
HDPE;

« the splitting tensile strength of concrete with a water—cement ratio of

0.52 increased by 1.25 % with the addition of 5-10 % recycled HDPE

and decreased by 2.50-5.00 % with the addition of 2.5 and 20 % recycled
HDPE;

« the slump of concrete mixes with water—cement ratios of 0.95 and 0.65
decreased by 1.25-6.67 % and 3.33—15.83 %, respectively. In the concrete
mix with a water—cement ratio of 0.52, slump increased by 5.00 %

with the addition of 2.5 % recycled HDPE and decreased by 8.33-16.67 % with
the addition of 5-20 % recycled HDPE

J.N. Tamrin [53]
J.N. Tamrin [53]

<27,5

2,5-10

* [IPOYHOCTH Ha C)KaTHe OETOHA C BOJAOIIEMEHTHBIM cooTHomenueM 0,45
yBenuumiach Ha 2,47-19,14 %, ¢ coorHomenuem 0,4 yBennuniach

Ha 2,57-4,67 npu nobasnennu 57,5 % sropuunoro [I9BII n ymenbmmnach
Ha 2,34 u 4,44 % nipu nobasnenuu 2,5 u 10 % 0TX00B COOTBETCTBEHHO;

* IPOYHOCTH Ha U3rH0 OETOHA C BOAOLEMEHTHBIM cooTHOLIeHHeM 0,45
yMeHbImIack Ha 7,5 % npu no6asnennu 2,5 % ropuunoro [19BIT

U yBesnuumiack Ha 2,92-49,79 % npu nobasnennu 5-10 % oTxom0B;

* [IPOYHOCTH Ha U3TUO OETOHA C BOAOLEMEHTHBIM cooTHoLIeHHeM 0,4
yMeHblmiack Ha 5,77 % nipu pobasnenun 2,5 % sropudnoro [19BIT

n yBenuunnach Ha 9,42-27,31 % npu nobasnennu 5-10 % orxonos

« the compressive strength of concrete with a water—cement ratio of 0.45
increased by 2.47-19.14 %. In concrete with a water—cement ratio of 0.40,
compressive strength increased by 2.57-4.67 % with the addition of 5-7.5 %
recycled HDPE but decreased by 2.34 and 4.44 % with the addition

of 2.5 and 10 % recycled HDPE, respectively;

« the flexural strength of concrete with a water—cement ratio of 0.45
decreased by 7.50 % with the addition of 2.5 % recycled HDPE and
increased by 2.92-49.79 % with the addition of 5-10 % recycled HDPE;

« the flexural strength of concrete with a water—cement ratio of 0.40
decreased by 5.77 % with the addition of 2.5 % recycled HDPE and
increased by 9.42-27.31 % with the addition of 5-10 % recycled HDPE

Y. Suvidha
U COaBT. [45]
Y. Suvidha

etal. [45]

3,75

10-34

* IPOYHOCTH Ha CKaTHe yMeHbImach Ha 4,96-35,38 %
* compressive strength decreased by 4.96-35.38 %

Y. Aocharoen

U cO0aBT. [54]

Y. Aocharoen
etal. [54]
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* IPOYHOCTH Ha CKaTHe yBeIMIMIach Ha 6,13 % npu nobasnenun 15 %
Bropuunoro [I9BII. Jlanuslii noka3arens ymensmmcs Ha 10,67-23,96 %
nipu pobasnennn 5—10 % orxomos u Ha 20,15-32,3 % npu nodGaBneHUU
20-30 % oTx0/10B;

* IPOYHOCTH Ha PACTSHKEHUE TIPH PACKATBIBAHUN YMEHBIINIIACh

Ha 14,58-36,44 %;

* IPOYHOCTH Ha M3rH0 yMeHbmnach Ha 18,54-44,13 %;

* BOJIOITOIVIOMICHNE YMEHBIIHIIOCH Ha 22,67-80,64 %;

* 0caJKa KOHyca yMeHbImIach Ha 15,63-62,5 %

« the compressive strength increased by 6.13 % with the addition of 15 %
recycled HDPE. This value decreased by 10.67-23.96 % with the addition
of 5-10 % waste, and by 20.15-32.3 % with the addition of 20-30 % waste;
« the split tensile strength decreased by 14.58-36.44 %;

« the flexural strength decreased by 18.54-44.13 %;

« the water absorption decreased by 22.67-80.64 %;

« the slump decreased by 15.63-62.5 %

V. Punitha
U coaBT. [48]
Punitha V.
etal. [48]

2-10

0,52

0,5-2;

2-10

10-50

* [IPOYHOCTH Ha CXKaTHe yMeHblIMIach Ha 22—82 %;
* MOJYJIb YIPYIOCTH yMeHbLIMIcA Ha 1947 %;

* TEILIONIPOBOAHOCTh YMeHbImnach Ha 10-33 %

« the compressive strength decreased by 22-82 %;

* the elastic modulus decreased by 19—47 %;

« the thermal conductivity decreased by 10-33 %

* IPOYHOCTH Ha CKaTHe yMeHbImnach Ha 11-72 %;
* MOZIyNb YIPYTOCTH yYMeHbIIMIcs Ha 17-39 %;

* TETIIONPOBOJHOCT yMeHbIMnach Ha 10-26 %

« the compressive strength decreased by 11-72 %;

« the elastic modulus decreased by 17-39 %;

« the thermal conductivity decreased by 10-26 %

* IPOYHOCTH Ha CKaTHe yMEHbIIMIach Ha 18—77 %;
* MOZTyNb YIPYTOCTH yMeHbImIcst Ha 2048 %;

* TETIONIPOBOJHOCT YMEHbIIMIAch Ha 8-21 %

« the compressive strength decreased by 18-77 %;

* the elastic modulus decreased by 2048 %;

« the thermal conductivity decreased by 8-21 %

M.A. Al-Osta

U coasT. [49]

M.A. Al-Osta
et al. [49]

<20

10-30

* IPOYHOCTH Ha cxKaTue yMeHblImiIach Ha 19,69—40 %:;

° MPOYHOCTH HA M3rU0 ymeHblmiack Ha 17,49-30,3 %;

* BoZionorioeHue ypenuuusiaocs 7,33-11,34 %;

* U3HOCOCTOMKOCTD yBenuuuiach Ha 14,01-51,91 %;

* ocajiKa KoHyca yBennumiack Ha 9,84 % npu nobasienun 10 %
propuunoro [19BII. Jlannslii nokaszaresnsb ymenbiumics Ha 5,36—15,18 %
nipu no6asnennu 20-30 % 0TX010B;

* IJIOTHOCTh OCTOHHOM cMecH yMeHbIIach Ha 5,2—10,6 %

« the compressive strength decreased by 19.69-40 %;

« the flexural strength decreased by 17.49-30.3 %;

« the water absorption increased by 7.33-11.34 %;

« the wear resistance increased by 14.01-51.91 %j;

« the slump increased by 9.84 % with the addition of 10 % recycled HDPE.
This feature decreased by 5.36-15.18 % when adding 20-30 % waste;

« the density of the concrete mixture decreased by 5.2-10.6 %

M. Abu-Saleem
U coasT. [38]
M. Abu-Saleem
et al. [38]
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10-30

* IPOYHOCTH Ha CkaTHe yBeandamiach Ha 4,93 % npu nodasnenun 10 %
propuunoro [19BII. [lannsiii nokazarens ymenbmwics Ha 15,13-32,57 %
npu podasiennn 20-30 % 0TX0/10B;

* IPOYHOCTH HA PACTSDKEHME P pacKalbIBaHUM yBeauuuiaach Ha 2,49 %
nipu nob6asnennn 30 % Bropuunoro [19BII. JlanHbIi oKa3aTens
ymenbImics Ha 1,49-27,36 % npu nodasnennu 10-20 % oTxomnoB;

* IPOYHOCTH Ha U3rM0 yMeHbImIach Ha 7,43-25,71 %

« the compressive strength increased by 4.93 % with the addition of 10 %
recycled HDPE. This value decreased by 15.13-32.57 % when

adding 20-30 % waste;

« the split tensile strength increased by 2.49 % with the addition of 30 %
recycled HDPE. This feature decreased by 1.49-27.36 % when

adding 10-20 % waste;

« the flexural strength decreased by 7.43-25.71 %

M. Karthik
u coasT. [39]
M. Karthik
etal. [39]

24

* MPOYHOCTH HA CXKATHE yMEHbIIMIAach Ha 2,73-9,98 %;

* IPOYHOCTh HA PACTSKEHUE NIPH PACKaJIbIBAHUN YBEIHYMIIACH

Ha 1,17-2,92 % npu nobasnenun 1-3 % Bropmunoro [19BII. Jlanusri
mokasarenb ymMeHbimics Ha 0,29-3,8 % mpu nobasnennu 5—7 % 0TX0H0B;
* 0cajKa KOHyca OETOHHOU cMecH yMeHbImmnach Ha 5,6—-12,39 %

« the compressive strength decreased by 2.73-9.98 %;

« the split tensile strength increased by 1.17-2.92 % with the addition

of 1-3 % recycled HDPE. This value decreased by 0.29-3.8 % with

the addition of 5-7 % waste;

« the slump of the concrete mix decreased by 5.6-12.39 %

2-4

* IPOYHOCTb Ha Cxxarue yBesndmnack Ha 0,29-4,33 % npu nobasieHnn
1-5 % Bropuunoro I1OBII. [lanHbIil Moka3aTenb yMEHBIIHICS

Ha 7,21-18,26 % nipu nobasnenun 715 % oTx0/108B;

* IPOYHOCTH HA PACTSKEHUE IIPH PACKAJIBbIBAHUU YBEJINYMIIACH

Ha 2,63-7,02 % npu nobasnennn 1-5 % Bropuunoro [19BII. Jlanuslit
rnokasareib ymenbiuuics Ha 8,48-14,33 % npu nodasnennun 7-15 %
OTXOJIOB;

* ocajiKa KoHyca OeTOHHOW cMecH yMeHbLInach Ha 6,58-12,36 %

« the compressive strength increased by 0.29-4.33 % with the addition
of 1-5 % recycled HDPE. This value decreased by 7.21-18.26 % when
adding 7-15 % waste;

« the split tensile strength increased by 2.63-7.02 % with the addition
of 1-5 % recycled HDPE. This feature decreased by 8.48-14.33 % when
adding 7-15 % waste;

« the slump of the concrete mix decreased by 6.58-12.36 %

T. Liu
u coasnT. [50]
T. Liu et al. [50]

<10

10-30

* IPOYHOCTH Ha CKaTHe yMeHbIIMIach Ha 14-33 %;

* IPOYHOCTH Ha PAaCTSDKEHHUE TIPH PacKalbIBaHUH yBennamiIack Ha 4-11 %;
* IPOYHOCTH Ha M3ru0 yBennumnach Ha 3649 %

« the compressive strength decreased by 14-33 %;

« the split tensile strength increased by 411 %;

« the flexural strength increased by 36-49 %

M.M. Radhi

U coaBrT. [51]

M.M. Radhi
etal. [51]
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1-5

* IPOYHOCTH Ha CKaTHe yBeandmnach Ha 3,19-22,9 % npu nobasnennn
1-3 % Bropuunoro I19BII. [lanHbIif moka3aTenb yMEHBIIHICS

Ha 12,25-13,8 % npu nodasnenuu 4-5 % 0TXONOB;

* IPOYHOCTH Ha PACTSDKEHHUE TIPH PACKaIbIBAHUH yBEIUIMIACh

Ha 17,34-84,6 % nipu nobasnenun 1-3 % sropuanoro [I9BII. [lannsrit
roKasareib yMeHbIwmics Ha 18,3-26,1 % npu nodasnennn 4—5 % 0TX0I0B;
* IPOYHOCTH Ha M3rub yBenmumnack Ha 1,13-7,95 % npu nobasnennn

1-3 % Bropuunoro I19BII. [lanHbIif Moka3aTenb yMEHBIIHICS

Ha 4,31-8,63 % npu nobasnennn 4—5 % 0TX0I0B

« the compressive strength increased by 3.19-22.9 % with the addition

of 1-3 % recycled HDPE. This feature decreased by 12.25-13.8 % with
the addition of 4-5 % waste;

« the split tensile strength increased by 17.34-84.6 % with the addition

of 1-3 % recycled HDPE. This feature decreased by 18.3-26.1 % with

the addition of 4-5 % waste;

« the flexural strength increased by 1.13-7.95 % with the addition of 1-3 %
recycled HDPE. This value decreased by 4.31-8.63 % with the addition

of 4-5 % waste

T.M. Selvi
1 coasT. [52]
T.M. Selvi
etal. [52]

0,45 x 40

1,5 x40

0,5-1

* IPOYHOCTb Ha CKaTHe yMeHblmIach Ha 13,35-18,78 % npu nobasiennn
0,5-1 % Bropuunoro [19BII;

* IPOYHOCTb HA PACTSKEHUE IIPH PACKaJbIBAHUU YBEIHYMIIACH

Ha 9,15-14,38 % npu nobasnenun 0,5-1 % Bropuunoro [19BIT;

* 0cajika KoHyca OETOHHOH cMecH yMeHblmIach Ha 12—14 %

nipu nobasnenun 0,5-1 % Bropuynoro [I9BII

« the compressive strength decreased by 13.35-18.78 % with the addition
of 0.5-1 % recycled HDPE;

« the split tensile strength increased by 9.15-14.38 % with the addition
of 0.5-1 % recycled HDPE;

« the slump of the concrete mix decreased by 12—14 % with the addition
of 0.5-1 % recycled HDPE

* IPOYHOCTH Ha C)KaTHe yMeHbImIach Ha 5,7-15,30 % npu nobasneHnn
0,5-1 % Bropuunoro [19BII;

* IPOYHOCTH Ha PACTSDKEHHUE TPH PAaCcKaIbIBAHUH yBEINIMIACh

Ha 20,26-32,03 % npu nodasnennu 0,5—1 % Bropuunoro [19BII;

* 0caJika KoHyca OeTOHHOI cMecH yMmeHbIiack Ha 20,4-23,2 %

nipu nob6asnenun 0,5-1 % Bropuanoro [19BIT

« the compressive strength decreased by 5.70-15.30 % with the addition
of 0.5-1 % recycled HDPE;

« the split tensile strength increased by 20.26-32.03 % with the addition
of 0.5-1 % recycled HDPE;

« the slump of the concrete mix decreased by 20.4-23.2 % with the addition
of 0.5-1 % recycled HDPE

J.K. Park
1 COaBT. [42]
J.K. Park
etal. [42]

0-3,3-8

25-75

* yBenuueHne konuuectsa [19BI] B cMecn mpuBeo K CHUKEHHIO
TUIOTHOCTH OeToHa. MakcHManbHOE CHIKEHHUE TIIOTHOCTH — 46 %
npu go6asnenun 75 % OTXO/0B;

* IPOYHOCTH Ha CKaTHe yMeHbImnach Ha 44,29-88,57 %;

* MOZIyNb YIPYTOCTH YMeHbIIHiIcs Ha 32,3—-84,92 %;

* TETIONIPOBOAHOCTh yMeHbImIack Ha 20,97-57,53 %

« increasing the amount of HDPE in the mixture led to a decrease in concrete density.
The maximum density reduction was 46 with 75 % waste addition;

* the compressive strength decreased by 44.29-88.57 %;

« the elastic modulus decreased by 32.3-84.92 %;

« the thermal conductivity decreased by 20.97-57.53 %

M. Belmo-
kaddem

U coaBT. [41]

M. Belmo-
kaddem
etal. [41]
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5%20 2,5-20 * IPOYHOCTH Ha C)KaTHe OSTOHA C BOJAOIIEMEHTHBIM cooTHomenueM 0,95 J.N. Tamrin [53]
yBesumiack Ha 9,52—15,87 % npu nobasnenuu 2,5-10 % BropudHOro J.N. Tamrin [53]

II5BII u ymensmmnack Ha 1,59 % npu nodasnenun 20 % 0TX010B;

* IPOYHOCTb Ha C)KaTHe OETOHA C BOJIOLIEMEHTHBIM coOTHOIEeHHeM 0,65
yBenuumiach Ha 8-35 %;

* IPOYHOCTb Ha C)KaTHe OETOHA C BOJOLIEMEHTHBIM COOTHOIEeHHeM 0,52
yBes4miack Ha 2—7,6 % npu nobasnenun 2,5-10 % sropuunoro [19BIT

u ymeHblmIach Ha 4 % npu nobasnennn 20 % 0TX010B;

* IPOYHOCTb Ha PACTSKEHUE NPH pacKajblBaHUU OETOHA C BOJOLIEMEHTHBIM
cootHomenueMm 0,95 yBenuuunnace Ha 3,17-26,98 %;

* IPOYHOCTH HA PACTSKEHUE IIPH pacKajblBaHUK OETOHA C COOTHOILEHHEM
0,65 yBennumnack Ha 3,33-13,33 % npu no6asnenunu 2,5-10 % BropudHOro
II5BII u ymensmmiach Ha 6,67 % npu godasnenun 20 % 0TX010B;

* IPOYHOCTb Ha PACTSKEHHUE NIPH pacKajbIBaHUU OETOHA C BOJOLIEMEHTHBIM
coorHomenueM 0,52 yBennunnach Ha 1,25-3,75 % npu nobasnennn

2,5-5 % Bropuunoro [I9BII u ymenbimiack Ha 1,25-5 % npu 1o6aBieHun
10-20 % oTx0/10B;

* 0cajika KOHyca OETOHHOI CMecH ¢ BOZOLEMEHTHBIM cooTHolIeHneM 0,95
u 0,65 ymensunach Ha 4,17-11,67 % ¢ cootHomenuem 0,52 —

Ha 3,33-13.33 %

« the compressive strength of the concrete with a water-cement ratio of 0.95
increased by 9.52—15.87 % with the addition of 2.5-10 % recycled HDPE
and decreased by 1.59 % with the addition of 20 % waste;

« the compressive strength of the concrete with a water-cement ratio of 0.65
increased by 8-35 %;

« the compressive strength of the concrete with a water-cement ratio of 0.52
increased by 2—7.6 % with the addition of 2.5-10 % recycled HDPE and
decreased by 4 % with the addition of 20 % waste;

« the split tensile strength of the concrete with a water-cement ratio of 0.95
increased by 3.17-26.98 %;

« the split tensile strength of the concrete with a water-cement ratio of 0.65
increased by 3.33-13.33 % with the addition of 2.5-10 % recycled HDPE
and decreased by 6.67 % with the addition of 20 % waste;

« the split tensile strength of the concrete with a water-cement ratio of 0.52
increased by 1.25-3.75 % with the addition of 2.5-5 % recycled HDPE and
decreased by 1.25-5 % with the addition of 10-20 % waste;

« the slump of the concrete mix with water-cement ratios of 0.95 and 0.65
decreased by 4.17-11.67 %, and with a ratio of 0.52 by 3.33-13.33 %
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10 x 10

2,5 x40

2,520

* MPOYHOCTH Ha C)KATHE OETOHA C BOIOIIEMEHTHBIM cooTHomeHueM (0,95
yBenuumiach Ha 3,17 % npu no6asnenun 2,5-5 % propuynoro [19BII,
yMeHbIImIach Ha 6,35-17,46 % npu nodasneruu 10-20 % oTxX0mM0B;

* MPOYHOCTH Ha C)KATHE OETOHA C BOIOIIEMEHTHBIM cooTHOomIeHueM (0,65
yBenuumiack Ha 2—14 %, ¢ coorHomenueM 0,52 ysenuuunnack Ha 0,4 %
nipu nob6asnennu 2,5-5 % sropuunoro [19BI1, ymensummiach

Ha 3,6-11,2 % npu nodaenenun 10-20 % 0TX0/10B;

* IPOYHOCTH Ha PACTSDKEHUE TPH PACKaIbIBAHUU OETOHA C BOIOLIEMEHTHBIM
cootHomenueM 0,95 ysenuunnack Ha 7,94-19,05 %, ¢ cooTHOIIEHHEM
0,65 — na 6,67-30 %, ¢ coorHomenuem 0,52 — yBenuuuiach Ha 2,5 %
nipu nob6asnennn 5 % Bropuynoro [19BII u ymensmmnacs Ha 1,25-10 %
npu podasnenun 2,5 % u 10-20 % 0TX010B;

* 0cajKa KOHyca OETOHHOW CMeCH ¢ BOJIOL[EMEHTHBIM cooTHomeHneM 0,95
ymenbinmiack Ha 0,83-8,33 %, ¢ coorHoumenuem 0,65 — na 0,83-9,17 %,
¢ cootnomenuem 0,52 — na 2,5-10 %

« the compressive strength of the concrete with a water-cement ratio of 0.95
increased by 3.17 % with the addition of 2.5-5 % recycled HDPE,

and decreased by 6.35—-17.46 % with the addition of 10-20 % waste;

« the compressive strength of the concrete with a water-cement ratio of 0.65
increased by 2—14 %, and with a ratio of 0.52 increased by 0.4 %

with the addition of 2.5-5 % recycled HDPE, decreased by 3.6-11.2 % with
the addition of 10-20 % waste;

« the split tensile strength of the concrete with a water-cement ratio of 0.95
increased by 7.94-19.05 %, with a ratio of 0.65 by 6.67-30 %, and with

a ratio of 0.52 increased by 2.5 with 5 % recycled HDPE and decreased

by 1.25-10 % with the addition of 2.5 and 10-20 % waste;

« the slump of the concrete mix with a water-cement ratio of 0.95 decreased
by 0.83-8.33 %, with a ratio of 0.65 by 0.83-9.17 %, and with a ratio

of 0.52 by 2.5-10 %

* [IPOYHOCTH Ha C)KaTHe OETOHA C BOJAOIIEMEHTHBIM cooTHomenueM 0,95
yBesmumnack Ha 1,59-14,29 % npu nobasnenun 2,5-10 % BropudHOro
II3BII u ymensmmnack Ha 12,7 % npu nodasnenun 20 % 0TX0108B;

* [IPOYHOCTH Ha CKaTHe OETOHA C BOJAOIIEMEHTHBIM cooTHomeHnueM 0,65
yBenuumiach Ha 3-20 %, ¢ cootHomenueM 0,52 yBenuuuinach Ha 2-3,2 %
npu nobasnenuu 2,5-5 % IIOBII u ymenbimnace Ha 1,2-8 % npu
nobasiennu 10-20 % oTX010B;

* IPOYHOCTH Ha PACTSKEHHUE MPH PacKaJbIBaHHK OETOHA C BOAOLIEMEHTHBIM
coorHomenueM 0,95 yBennunnack Ha 6,35-11,11% npu nodaBneHun

2,5-5 % IIDBII n ymensmmnace Ha 1,59—4,76 % npu nodasnennn 10-20 %
OTXOJIOB

« the compressive strength of the concrete with a water-cement ratio of 0.95
increased by 1.59—-14.29 % with the addition of 2.5-10 % recycled HDPE
and decreased by 12.7 % with the addition of 20 % waste;

« the compressive strength of the concrete with a water-cement ratio of 0.65
increased by 3-20 %, and with a ratio of 0.52 increased by 2-3.2 % when
adding 2.5-5 % HDPE and decreased by 1.2-8 % when adding 10-20 %
waste;

« the split tensile strength of the concrete with a water-cement ratio of 0.95
increased by 6.35-11.11 with 2.5-5 % HDPE added and decreased

by 1.59-4.76 with 10-20 % waste added

J.N. Tamrin [53]
J.N. Tamrin [53]
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Oxonuanue maon. 2 / End of the Table 2

Pasmep
YacTHII,
MM
Particle
size,
mm

ConeprxaHue
OTXOJIOB,
%
Waste
content,

%

[TonyuenHsle cBOCTBA
Resulting properties

JluteparypHblii
HCTOYHHK
Source

2,5 x40

2,520

* IPOYHOCTH HA PACTSKEHHE NPH pacKajbIBaHUK OETOHA C BOJOLEMEHTHBIM
coorHomenueM 0,65 yBennunnacek Ha 3,33 % npu nobasiaeHnn 5 %

1 ymeHpmiack Ha 6,67-10 % npu qobasnenun 2,5 u 10-20 % oTxonos;

* IPOYHOCTh HA PACTSKEHHUE NPH pacKajblBaHUK OETOHA C BOJOLEMEHTHBIM
coorHomenueM 0,52 yBennunnacek Ha 1,25 % npu nobasnennn 5-10 %
BropuuHoro [I9BII n ymensmunace Ha 2,5-5 % npu nobasnenuu 2,5

u 20 % 0TX0/0B;

* 0Cca/ika KOHyca OETOHHOI cMecH ¢ BOIOLIEMEHTHBIM cooTHomenueM 0,95
yMeHbImnack Ha 6,67-1,25 %, ¢ coornomenuem 0,65 — na 3,33-15,83 %,
¢ cootHomenueM 0,52 yBenmunnach Ha 5 % npu gobasnennu 2,5 %
BropuuHoro [I9BII n ymensmunace Ha 8,33-16,67 % npu 106aBneHnn
5-20 % oTx0m0B

« the split tensile strength of the concrete with a water-cement ratio of 0.65
increased by 3.33 at 5 % addition and decreased by 6.67-10 at 2.5 %

and 10-20 % waste additions;

« the split tensile strength of the concrete with a water-cement ratio of 0.52
increased by 1.25 at 5-10 % recycled HDPE and decreased by 2.5-5 %

at 2.5 and 20 % waste additions;

« the slump of the concrete mix with a water-cement ratio of 0.95 decreased
by 6.67-1.25 %, with 0.65 decreased by 3.33—15.83 %, and with 0.52
increased by 5 with 2.5 % recycled HDPE addition and decreased

by 8.33—16.67 with 5-20 % waste additions

J.N. Tamrin [53]
J.N. Tamrin [53]

<27,5

2,5-10

* MPOYHOCTH Ha C)KATHE OETOHA C BOIOIIEMEHTHBIM cooTHomIeHHeM (0,45
yBenuumiach Ha 2,47-19,14 %, ¢ coorHomenueM 0,4 yBennuuiach

Ha 2,57-4,67 npu nobasnennu 57,5 % sropuunoro [19BII n ymensimiack
Ha 2,34 u 4,44 % npu nobasnenun 2,5 u 10 % 0TX00B COOTBETCTBCHHO;
* MPOYHOCTH HA M3THO OETOHA C BOJOIIEMEHTHBIM COOTHOIIeHHEeM 0,45
yMeHbIImIack Ha 7,5 % npu nobasnennu 2,5 % Bropuynoro [19BIT

U yBenuumiack Ha 2,92-49,79 % npu nobasneruu 5—10 % 0TX070B;

* MPOYHOCTH HA M3TUO OETOHA C BOIOLIEMEHTHBIM cooTHOIIeHHeM 0,4
yMeHbImiack Ha 5,77 % npu nodasnenun 2,5 % sropuunoro [19BIT

u yBenuumiack Ha 9,42-27,31 % npu nobasnernu 5—10 % oTx010B

« the compressive strength of the concrete with a water-cement ratio

of 0.45 increased by 2.47—19.14 %, and with a ratio of 0.4 increased by
2.57-4.67 % when adding 5-7.5 % recycled HDPE, but decreased

by 2.34 and 4.44 % when adding 2.5 and 10 % waste, respectively;

« the flexural strength of the concrete with a water-cement ratio

of 0.45 decreased by 7.5 % with the addition of 2.5 % recycled HDPE and
increased by 2.92-49.79 % when adding 5-10 % waste;

« the flexural strength of the concrete with a water-cement ratio

of 0.4 decreased by 5.77 with 2.5 % recycled HDPE and increased

by 9.42-27.31 % when adding 5-10 % waste

Y. Suvidha
U coasT. [45]
Y. Suvidha

et al. [45]

3,75

950

10-34

* IPOYHOCTH Ha CKaTHe yMeHbImnach Ha 4,96-35,38 %
« the compressive strength decreased by 4.96-35.38 %

Y. Aocharoen

U c0aBT. [54]

Y. Aocharoen
etal. [54]
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Ta6u. 3. CoiicTBa GeTOHA, COAEPIKALIETO CMECh PA3INYHBIX TOJMMEPHBIX OTXOI0B
Table 3. Properties of concrete containing a mixture of various polymer wastes
CozepxaHue 0TX0H0B, % Ilonydennsle cBolcTBa JlurepatypHblit
Waste content, % Resulting properties HCTOYHHK
Source

[Tonumepsr
Polymers

Pa3mep wactui, Mmm
Particle size, mm

[T 3,75; 30-34 II9BIT + 5 [I9T | * mpoYHOCTH Ha CKATHE YMECHBIINIACH Y. Aocharoen
uIIOBIT | 27,50 30-34 HDPE + 5 PET Ha 26,32-45,13 % U COaBT. [54]
PET and » compressive strength decreased by 26.32-45.13 % | Y. Aocharoen

HDPE et al. [54]
9T 1x10 0,25-1 II9T + 0,25-1 [ID | * mpOYHOCTH HA CXKATHE YMEHBIINIACH S. Duraiswamy

u D 0.25-1 PET +0.25-1 PE | Ha 6,52-45,65 %; U COaBT. [55]
PET and * MPOYHOCTH HA PACTSHKEHHUE TP PACKATBIBAHUH S. Duraiswamy

PE yBemnannack Ha 12,05 % npu nobasnennu 0,25 % et al. [55]
9T u 0,5 % I1D u ymenpmmIacs
Ha 13,32-38,69 % mpu ocTalbHBIX COOTHOMICHHSIX
CMeCH BTOPHYHBIX MOIUMEPOB;
* IPOYHOCTH Ha M3THO yBenmmumiack Ha 10 %
npu pobasnennu 0,25 % 19T u 0,5 % 1D
1 yMeHbImIack Ha 8—36 % mpu oCcTanbHBIX
COOTHOIIEHHUAX CMECH BTOPHYHBIX MOIMMEPOB
* compressive strength decreased by 6.52-45.65 %;
» splitting tensile strength increased by 12.05 % with
the addition of 0.25 % PET and 0.5 % PE,
but decreased by 13.32-38.69 % with other
secondary polymer mixture ratios;
» flexural strength increased by 10.00 % with
the addition of 0.25 % PET and 0.5 % PE, but
decreased by 8.00-36.00 % with other secondary
polymer mixture ratios
19T, <13,2 5-10 13T + 5-10 [I9BII; | BomonorioneHne yMeHbIuiaocs Ha 1,23 M. Abu-Saleem
TI9BIT 5-10 II9T +5-10 IIIT; u 0,37 % npu no6asnenun 5 % 19T ¢ 5 % IIOBIT U COaBT. [56]
u [T S5—-10IIBBIT + 5-10 IIT; |[u 5 % 19T ¢ 5 % III1, B ocTanbHbIX ciydasx M. Abu-Saleem
PET, 5-10 [I19T + 5-10 [12BII + | yBenuuunocs Ha 0,98-9,69 %; et al. [56]
HDPE +5-10 IIT * yIapHas BSI3KOCTb yBesnnuuiack Ha 180-450 %;
and PP 5-10 PET + 5-10 HDPE; | npo4HOCTb Ha C)KaTUe yMEHbIIWIACh

5-10 PET +5-10 PP;
5-10 HDPE + 5-10 PP;
5-10 PET + 5-10 HDPE +
+5-10 PP

Ha 17,95-40,29 % npu nodasnexuu 5—10 % cpazy
BCEX BHIOB BTOPHYHBIX MOJIMMEPOB;

* IPOYHOCTH HA PACTSHKCHHE MPH PacKaIbIBAHUH
YMEHbIIWIACh Ha 16,79-37,96 % nipu nobdaBieHUN
5-10 % cpasy Bcex BUIOB BTOPUYHBIX [1OJUMEPOB

« water absorption decreased by 1.23 % and 0.37 %
with the addition of 5 % PET + 5 % HDPE and 5 %
PET + 5 % PP, respectively, but increased

by 0.98-9.69 % in the other cases;

* impact strength increased by 180-450 %;
 compressive strength decreased by 17.95-40.29 %
when 5-10 % of all types of recycled polymers were
added simultaneously;

« splitting tensile strength decreased by

16.79-37.96 % when 5-10 % of all types of
recycled polymers were added simultaneously
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Conepxanue otxonoB / Waste content
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Conepxanue otxonoB / Waste content

s e ¥ ¥ 2 2 =
SN
00 S 2 2 g & 7
0
. 40%
B
S5 30%
%:
S & 0
géﬁ 20 %
EZ 10%
o
ES 0%
R
&0
E'S _10%
Q=
58 —20%
o =
O o
55—30/0
—40 %
-50 %

+- D.C. Naveen u zq?. [37]
D.C. Naveen et al. [37]

M. Karthik u z[]i). [39]
M. Karthik et al. [39]

—o B/11=0,48; M.J. Islam u np. [43]
W/C =0.48; M.J. Islam et al. [43]

b

XL XX L

'l % v [ v fe=3 v

o <t v v O O
—

+— M. Abu-Saleem u ap. [38]
M. Abu-Saleem et al. [38]
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W/C=0.57; M.J. Islam et al. [43

Puc. 3. l3MeHeHue MPOYHOCTH Ha CKaThe ¢ yBedandeHueM copepxanus [1I1: ¢ — B MenkoM 3anonHuTene; b — B KPYITHOM

3aIIOJITHUTEIIC

Fig. 3. Changes in compressive strength with increasing PP content: ¢ — in fine aggregate; b — in coarse aggregate

0 TOM, YTO TIPH YBEITHYCHHUU KOJIMYCCTBA BTOPHIHOTO
[1IT B GeToHe MPOYHOCTH HA CKATHE B OCHOBHOM YMEHb-
mraetcs. VI3aMeHeHue MPOYHOCTH TIPH 3aMCHE YacTH MeJl-
Koro 3anonHuTeNs BropuaHeiM [1I1 mpowncxonut B mua-
nazone ot +9,28 % mpu 5%-Hol 3amene u 10 —85,14 %
npu 75%-HOM 3aMeHe, a MpU 3aMEeHEe YacTU KPYIHO-
ro ot +38,46 % npu 10%-noi 3amene no —42,5 %
npu 30%-Hoit 3amene (puc. 3).

ITo rpadukam M3MCHECHHS MPOYHOCTHBIX Xapak-
TEPUCTUK OBIITN OTPENCICHBI NX CPEIHUEC 3HAYCHUS

952

TIPH pa3IHIHBIX YPOBHAX cofepikanus Bropuanoro [111
B KaueCTBE KPYITHOTO M MEJIKOTO 3aroiaHuTes (Tad. 4).
B cityuasix CHUKEHUS TPOYHOCTH 3HAUCHHSI U3MCHCHUI
COOTBETCTBYIOIINX TTOKA3aTeJICH MPEICTaBICHEI CO 3HA-
KOM «—».

CoracHo Ta0i1. 4, MPaKTHYECKH BCE CPEIHHE 3HA-
YCHHS U3MEHCHHS MTPOYHOCTH MIPU 3aMEHE BTOPUIHBIM
[T xpynHOTO 3amoJIHUTENS OKA3aJIMCh BbILIE aHAJIO-
TUYHBIX 3HAYCHUHN MIPU 3aMCHE MEJIKOTO 3allOJTHHUTEIIS.
[Ipu »TOM ONTUMANTBHBIM MPOICHTHEIM COZICPKAHUEM
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Table 4. Mean changes in the strength properties of concrete incorporating recycled PP

Coneprxanue CpenHee H3MEHEHNE TPOYHOCTH, %o Cpennee u3-
11, % Average changes in strength, % MEHEHHUE BCeX
PP XapaxkTepu-
content, % Ha CXKaTHe Ha pacTsHKEHHE Ha U3rud CTHKj %
compressive strength MIPU pacKaJbIBAaHUU flexural strength Average
tensile strength . changes
of all character-
istics, %
Menxkuii Kpymusrit Menkuit Kpynasrii Menxkuit Kpynasrii
3aMOIHUTENb | 3alOJHUTENb | 3allOJIHUTEND | 3aIIOTHUTEINb | 3alIOJHUTENb | 3alIOJTHUTEIb
Fine Coarse Fine Coarse Fine Coarse
aggregate aggregate aggregate aggregate aggregate aggregate
5 2,2 - —4.5 - 4,5 - 0,7
10 -20,3 14,3 -5,4 -10,3 -21,9 -14,9 -9.8
15 -30,3 4,1 -13,0 -7,1 —40,3 -20,3 -17,8
20 -36,0 -5,6 -18,6 -39 -50,7 -25,6 -234
25 -39,9 -2,6 -23.5 -10,7 =533 -233 -25,5
30 —43.1 —-6,7 -16,9 -17,3 - -20,5 -20,8
35 —42.0 —-6,5 -31,5 -12,0 - - -23,0
40 —46,8 -7,1 —45.9 —14,2 - - -28.,5
45 —46,0 -7,5 - -16,5 - - -21,6
50 -50,9 -9.,5 - -18,5 - - -243
55 -57.,5 -10,0 - -20,5 - - -27,1
60 —64,5 -11,2 - =227 - - -30,3
65 -71,5 - - - - - -71,5
70 -78,0 - - - - - -78,0
75 —85,1 - - - - - —85,1

C Y4ETOM CPEIHETO M3MEHEHHS 110 BCEM ITPOYHOCTHBIM
XapaKTePUCTHKAM, YKa3aHHBIM B Ta0I. 4, IBISETCS ANa-
nma3oH oT 5 1o 15 %. JlanpHeiiniee yBennueHue Koau-
4YecTBa MOJIMMEPHBIX OTXOJ0B JJAHHOTO BU/a B OETOHE
MPUBOJUT K 3HAYUTEIHLHOMY CHHIKEHHUIO €r0 IPOYHO-
CTH.

Ha puc. 4 npencraBneHsl rpaduKy, OTpaxaromiye
M3MEHEeHHE POYHOCTH Ha cykaTre OeToHa, coleprKalile-
ro orxoasl u3 [I9BII B kauecTBe MENKOro U KPyMHOTO
3aIIOJIHUTEIIST COOTBETCTBEHHO.

[IpoyHOCTH Ha CXKATHE MPHU YBEIUYCHUHU COACP-
skaHuA 0TX010B u3 [19BII mMmeet 00mIyI0 TEHACHIIUIO
K YMEHBIIIEHUIO TPH MCIIOJIb30BaHUH UX KaK B KAY€CTBE
KPYITHOTO, TaK U MEJIKOrO 3amoyiHuTeNs. M3MeHeHnue
9TOTO TOKAa3aTelsl MPU 3aMEHE YaCTH MEIKOTO 3amoJ-
HuTens BropudHbiM [1OBII npoucxoaut B quama3one
ot +19,14 % npu 7,5%-H0# 3amene u 10 —88,57 %
npu 75%-Hoit 3amene (puc. 4, a), a Ipu 3aMeHe YacTH
KpynHoro — ot +35 % nipu 5%-Hoii 3amene (puc. 4, ¢)
10 —82 % nipu 50%-noii 3amene (puc. 4, b).
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Cpennue 3Ha4CHUS U3MEHEHHS IPOYHOCTHBIX Xa-
PAKTEPUCTUK MPU Pa3IUYHBIX YPOBHAX COAEPKAHUS
BropuuHoro [IDBII B kauecTBe KpymHOIO U MEIKOTO
3aI0JHUTENS, ONPECIICHHBIC C TOMOIIBI0 IPa(UKOB,
Mpe/ICTaBICHBI B TA0M. 5. AHAJIOTHYHO Tal. 4 yMeHb-
IIEHHE TI0Ka3areeil 0003HaYeHO 3HAKOM «—».

[Ipn 3amMeHe KPYITHOTO 3aIOJIHUTENSI BTOPUYHBIM
[I9BII 60ABMIMHCTBO CPETHUX M3MEHEHWH IMOKa3a-
TeJel MPOYHOCTH OKA3aJIUCh BBIIIE, YeM IPH 3aMeHe
MEJKOro 3amoiaHuTeNs. ONTUMalbHbIM TPOLEHTHBIM
COZIEPXKAHUEM, YUNTHIBASI CPEIHEE N3MEHEHNE 110 BCEM

MPOYHOCTHBIM XapaKTEPUCTUKAM, YKa3aHHBIM B Ta0II. 5,
siBisieTcst Auana3on ot 5 10 20 %. Ilpu nanpHeiem
YBEITUYCHUH KOJIMIECTBA MOJUMEPHBIX OTXOIOB JTaHHO-
TO BHJIa B OETOHE MPOMCXOANT 3HAYUTEIHHOE CHIDKCHUE
€ro IPOYHOCTH.

Taxum o0pazom, nodasnenue orxonos [T u [TOBIT
KaK B BHJIE MEIIKOTO, TaK U KPYITHOTO 3aIlOJTHUTEIS
B OOJBIITIHCTBE CIy4YaeB MPUBOIUT K YCTOHYNBON TEH-
JICHIIMU CHMYKEHUSI IPOYHOCTHU Ha CXKATHe, Ha pacTshKe-
HHE TP pacKajbIBaHWU U Ha u3ru0. [IpnunHoit aTOTO
SIBJICHUSI MOYKET CITY)KUTH HEOCTATOYHAS a/ire3nsl MEK-

Co,uep)KaHne orxonos / Waste content

e e X X X XXX ER
= = (=} v (==} v (=3 vy (=} wv (=3 vy [} Nal (==} v (=)
(=) v — -— N N on on <t <t v v O N} [ o~ 7o)
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2. 0% |
= ~+ T. Liuu ap. [50]
55 -10% T. Liu et al. [50]
s 7
= 200
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25 00
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- B/l =0,45; Y. Suvidha u np. [45]
—80% W/C =0.45;Y. Suvidha et al. [45]
—90 % .
° —— B/I1=0,4; Y. Suvidha u ap. [45]
100 % W/C =0.4;Y. Suvidha et al. [45]
a
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Puc. 4. lI3MeHeHne TPOYHOCTHU HA C)KaThe NpH yBeaudeHun conepxkanus [I19BI1: a — B Menkom 3amonHuTene; b — B KPYITHOM

3aIOJIHUTENIE; ¢ — B KPYITHOM 3aIlOJHUTENE, TI0 JaHHBIM U3 uccnenoBanus J.N. Tamrin [53]

Fig. 4. Changes in compressive strength with increasing HDPE content: ¢ — in fine aggregate; b — in coarse aggregate;

¢ — in coarse aggregate, based on data from J.N. Tamrin [53]

Tabu. 5. Cpegane 3Ha4eHHsT N3MEHEHHUS TPOYHOCTHBIX XapaKTePUCTUK OETOHA C MCIoNb30BaHneM BropuaHoro [19BIT

Table 5. Mean changes in the strength properties of concrete incorporating recycled HDPE

ConepxaHue CpenHee U3MEHEHUE NIPOYHOCTH, %o Cpennee usme-
[I9BI1, % Average changes in strength, % HEHHE BCEX Xa-
HDPE o Ha C)KaTHe Ha PacTsHKEHNE Ha n3rud &akrepnm; K, %
content, %o compressive strength MIPU pacKaJbIBAaHUU flexural strength verage changes
1o o of all character-
tensile strength o
istics, %
Menkuit Kpynnsiit Menxkuii Kpynnsbrit Menkuit Kpynnbrii
3aII0JHUTENb | 3all0JIHUTENb | 3alIOJHUTEIIb | 3al0JHUTENb | 3aII0JIHUTENb | 3al10JHUTEIIb
Fine Coarse Fine Coarse Fine Coarse
aggregate aggregate aggregate aggregate aggregate aggregate
5 -4,0 12,5 —4,2 6,1 -2,1 -8,6 -0,1
10 -84 -0,7 -15,9 1,6 -2,0 3,69 -3,6
15 —-14,7 —-6,5 -18,8 1,6 -31,6 1,33 -11,4
20 -27,5 -12,2 -30,3 0,5 -35,0 0,7 -17,5
25 -36,4 -35,0 -33,5 53 -38,4 -1,2 -232
30 —42,5 —40,9 -36.,4 6,7 —44,1 23 -26,6
35 —55,2 —64.,5 - - - - -59,9
40 -61,7 -72,0 - - - - —66,9
45 —67,5 =770 - - - - -72,3
50 73,0 —82 - - - - -77,5
55 -74,0 — - - - - -74,0
60 =775 - - - - - -717,5
65 81,5 - - - - - —81,5
70 -85,0 - - - - - -85,0
75 —88.,6 - - - - - —88,6

955

9202 ‘9 DNSS| "LZ 2WnjoA . 3.N)038)IYJJY puke uoljonJisuo) uo jeusnor A|q1u0|/\| s NSOIN MIU}Ssaa
920z ‘9 »oAuiag "Lz woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 6, 2026

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 6, 2026

A.A. lNaenoeckasi, A.O. Hocoea, M.B. YcneHckasi

Ay IUTACTUKOBBIMU 3AIIOJTHUTEIIAMHA U BSXKYIIIUMH KOMITO-
HEHTaMH, a TaKKe HU3Kas [IPOYHOCTh, MOAYJb yIIPYTO-
CTH ¥ )KECTKOCTh BTOPHYHBIX MaTEPUAIIOB IO CPABHEHHIO
¢ npupoaabiMu [20, 60, 61].

3AKJTIOYEHHUE U OBCYXJIEHHUE

IIpoBeneHHBIN aHATN3 HAYYHBIX ITyOIUKAIHA, TO0-
CBAILEHHBIX MCIIOIb30BAHUIO TNUIACTHKOBBIX OTXOI0B
B MIPOMU3BOJICTBE OETOHHBIX M3JEIHUH, CBUICTEIbCTBYET
0 3HAYUTEJBbHOM IIOTEHLMaNe JaHHON TeMaTuku. [lepe-
paboTKa 1 CIOIBb30BAHUE OTXO0B ITOJIMMEPOB /IS M3~
TOTOBIIEHHSI CTPOUTEIBHBIX MaTe€pUaoB MOMOTAOT
YMEHBIINUTH NOTPEOICHNE TPUPOAHBIX PECYPCOB, & TaK-
JK€ MOTYT CHU3UTb 3aTPAThl HA TPAHCHOPTUPOBKY H Ce-
G6ecTonmocTh roToBOl Mpoxykiuu. Hanbomnee nee-
CO00pa3HBIM SBISETCS PEUUKIUHT BTOpuaHBIX [1I1
u [I9BII, Tak kak OHU MIUPOKO PACIPOCTPAHEHBI U JIET-
KO mojaioTcsi nepepaborke. J[obaBieHne 0TX0m0B
3TOTO BHJIAa B KAYECTBE 3aIlOJHUTENS B COCTaB OCTOH-
HOH cMecH B OOJIBIIMHCTBE CIIy4aeB IPUBOIUT K yXY/-
HIEHUI0 MTPOYHOCTHBIX XapaKTEPUCTHK MOJIy4aeMOro
MaTepuasa Npu yBEIMUYEHUU KOIMYECTBA BTOPUUHBIX
noauMepoB. OTHAKO B OTAEIBHBIX CIIydasiX IPOYHOCTh
0eToHa C MJIACTHKOBBIMU OTXOJIaMH MOXKET MPEBBIIIATH

MMOKAa3aTeu KOHTPOJIbHBIX 00pa3iioB, B KOTOPHIX HC-
MOJIB3YIOTCSl MPUPOJIHBIE 3anoaHuTenu. [Ipu sTom 3a-
MeEIlleHUEe KPYIHOTro 3anojHuTens Ha BropuuHslie [1I1
u I19BII oka3piBaeT Oojiee 3HAUMTEILHOE BIIMSHUE
Ha MOBBIIICHUE IPOYHOCTH OCTOHA 110 CPABHCHHUIO C 3a-
MEHOW MeJKUX 3anonHuTeneil. CpaBHUTEIbHBIN aHa-
JIU3 CpeIHUX U3MEHEHMH MoKa3aTesield MPOYHOCTH TakK-
K€ MPOJEMOHCTPUPOBAIL, YTO BBEJACHUE MOIUMEPHBIX
OTXOJIOB B COCTaB KPYIHOI'O 3alOJHUTENSI TPUBOJAUT
K MCHbBIIIEMY CHIDKCHHUIO MMPOYHOCTH OCTOHA IO CPaB-
HEHUIO C MX JOOABJICHHEM B MEJIKHI 3alOJIHUTENb.
Crnenyer OTMETUTD, YTO MPHU COAEPKaHUU BTOPUYHOTO
ITIT u I1DBII B xonunuectBe Gonee 20 % HabmIogaeTcs
CYILIECTBEHHOE yXYALIEHNE MPOYHOCTHBIX XapaKTepH-
CTUK KOMIIO3ULIMOHHOI'O MaTepualla.

Hcxons u3 Bcero BBINMIECKAa3aHHOTO, MOYKHO CHe-
JIaTh BBIBOJ 00 aKTyaJIbHOCTH JANbHEHIIEr0 U3yUCHHS
CBOMCTB O€TOHA C 3aMEIIEHUEM KPYITHOTO 3arOTHUTE-
st emecwio otxonoB IIIT u ITDBII B nuama3one ot 5
10 20. KitroueBbIM aclIeKTOM SIBIISIETCS YCTaHOBIICHHE
ONTUMAJBHBIX MPOMOPINH BTOPUYHBIX MOJIUMEPOB,
a TaKk)Ke OMpe/eICHNEe MapaMeTPOB TEXHOIOTUYECKOTO
mpoiiecca MPOU3BOCTBA JAHHOTO KOMITO3UITMOHHOTO
Marepuara.
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