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Abstract:

The object of research is a polymer roadblock made from plastic processing products. The study
is aimed at determining the optimal geometric and structural characteristics of the polymer block, which
will provide the necessary strength when loaded by cars. Methods. Modeling of the main stresses of the
block took place in the Simula Abacus software package. Results. Analysis of the distribution of
compressive stresses in the initial cross-sectional area showed that peaks of compressive stresses are
achieved in the internal corners of the block at the places where the load is applied. Stress concentration
occurs when the cross section of the block changes abruptly. A smoother transition from one section to
another made it possible to significantly reduce the resulting stress concentration. Rounding corners
increases the material consumption of the block, which requires determining the optimal rounding radius.

1 Introduction

MpuMeHeHne npoaykToB nepepaboTkn MracTUKOBLIX OTXOAOB B JOPOXHOM CTPOUTENbCTBE
HabupaeT nonynapHocTb B mupe [1], [2]. Llenbio nccnepgoBaHusa asnsieTca paspaboTka 3KONOrmyecku
yCTOMYMBOro N ahheKTUBHOIO SOPOXHOro 6noka n3 nepepaboTtaHHOro nnacTuka ans obecneyeHus
YCTOMYMBOCTU U MPOYHOCTM [OOPOXHOrO MOKPbITUS, MWHMMU3aLMU HeraTMBHOIO BO3AEWCTBUS Ha
oKkpyxatoLyto cpeagy. O6bekToMm mccnegoBaHusa SBNAETCS NPUMEHEHME MNacTUKOBbLIX MaTepuanos B
AOPOXXHOM CTPOUTENLCTBE, a NPeAMETOM UCCNeaoBaHUA ABNAETCS pa3paboTka U aHanm3 3KONorm4eckm
YCTOMYMBOrO NacTUKOBOro AOPOXHOro 6rioka.

B wuccneposaHusix [3], [4] paccmaTpuBaeTcs MCNONb3oBaHME MNepepaboTaHHOro nnactvka B
acganbTOBOM NOKpbITUK. B pesynbTaTte 6bi1 caenaH BbIBOA, YTO Takas Mogudukaumsa npoaneBaeT Cpok
cnyx6bl goporun n genaet e€ 6onee NpoYHOMN.

Wcnonb3oBaHue nepepaboTaHHOro niactuka B AOPOXHOM MOMOTHE YBENNYMUIIO ero yCTONYMBOCTb
K M3HoCy 1 paspbiBy [5].

Mogundurkaumusa acdanbTa nepepaboTaHHbIM MAACTUKOM MOKa3biBaeT CHUXKEHME BNAroCTOMKOCTH
oT 5 0o 22% B 3aBUCUMMOCTU OT COAEPXaHMS MNNacTuka, OgHaKo AaeT TakMe NpPeuMyLLecTBa, Kak
3HauUTENbHOE MOBbILIEHNE YCTanoCTHOW NPOYHOCTU Ha 150% 1 conpoTuBreHne KonemHocTn Ha 85%
Mo CpaBHEHMIO C 0ObIYHBIM ropsYMM acdanbTom [6].

OpgHako He Bce cnocobbl ABAATCA 3Jkonornyeckn 6esonacHbiMU. OPQEKTMBHBIX METOO0B
OTCNEXMBaHWUS MOTEHLUMANbHON 3KONOMMYECKON OMacHOCTU, KOTOPYK NpeacTaBnsieT UCNOoNb3oBaHWe
OTXOJ0B MMacTuka B BEPXHUX CMOSX JOPOXHOro NosioTHa, Bee ewé Het [7], [8].

Bbin obHapyxeH BbIBPOC TOKCMHOB B OKPY>KatoLLYy0 cpefy npy TepMmmnyeckon obpaboTtke nnactuka
n ero atmocepHom okncrneHmm [9].

Wceneposanusa [10], [11] nokasanu, 4To HeobaymaHHOE MCMONb30BaHNE NPOAYKTOB nepepaboTku
nnacTMacc MOXeT Bbl3BaTb NpobremMbl ¢ akonorven B 6yayuwem. Takoe ncnonb3oBaHWe NNacTUKOBbIX
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0TX040B NpeacTaBnAeT cobon MonbITKy NUWb OTCPOYUTb, @ HE PelnTb pearbHble 3KONormdeckme
npobriemsl.

CmMmellaHHble nnacTuKoBble OTXOAbl € achanbTOO6EeTOHHOM CMEeCbld MMEKT BEpPOSTHOCTb
nonagaHusa TOKCUYHbIX BELLECTB B OKpyatoLlyto cpeny [12], [13].

B pabGote [14] cmogenupoBanu wuctupaHue acdanbTa, MOAUMUUNPOBAHHOIO MNIIACTUKOM.
BkntoueHne nepepaboTaHHOro nnactuka B kadectBe mopudumkaTopa B OUTYMHYIO CMEeCb MpUBENO K
Gonee paHHEMy BbIOENEHUIO MUKpPONIacTMka MO CpaBHEHMIO C ero gobaBneHveM B KayecTBe
3anonHuTens B acdanbTOBYHO CMECh.

MpoGnembl, cBA3aHHbIE CO CTPOUTENLCTBOM MIACTUKOBBLIX [AOPOr, BKMOYAKT  LUMPOKYHO
BapMaTUBHOCTb COCTaBa NiiacTuka U ero CBOMCTB nocre nepepaboTku, YTO BNUAET HA MeXaHU4eckue
CBOWCTBA 1 BO3AENCTBME OOPOT Ha OKpyxKatoLyto cpeny [15], [16].

M3yyeHbl HegocTaTKM MCNONb30BaHWS NNAcTUKOB B kavecTBe AobaBku K acdanbToOeTOHHOM
cmecu. N3 HegocTaTkoB HEKOTOPbIX MIacTMAacCc OTMEYEHO BblAeNeHNe TOKCUYHbIX BELLECTB, U3MEHEHME
uBeta M yxygweHuve U3nYecknx CBOWCTB. [lepCnekTUBHbIMK BblAeneHbl MOMAUITUNEH BbICOKOrO W
HW3KOro AaBneHus, nonuypeTad u nonuatuneHTepedranat [17], [18].

HoBass [popoXHasi KOHCTPYKUMSI C WUCMNONb30BaHMEM KOMMO3MLMW Nnactvka, cranu u
acganbTobeToHHOM cMmecu Bbina npeanoxeHa B pabote [19]. OCHOBHbIMU HECYLLMMUN CIIOSMN SBNSIETCA
cTanbHasi InacTuHa 1 NONMMEpPHbIN MaTepuan. B pesynbTtate aHanuabl 661y BbiBNEHbI NPENMYLLECTBA
nogobHOM KOHCTPYKUMK Nepeq obbivHOM acanbTo6eTOHHOM A0POron.

MnacTrkoBbI AOPOXHBIA MOAYIbHBIA ONOK OblN CNPOEKTUPOBaH, Kak anbTepHaTBa OObIYHOMY
accanbtobetoHy [20]. B kadectBe maTtepmana ucnonb3oBarcs nepepaboTaHHbI MnacTuk. M3
OOCTOMHCTB Oblfia OTMeYeHa NPoCToTa KpensieHms 6r1okoB Mexay cobom, 4ONroBEYHOCTb M MPOYHOCTb,
a Takke Xopoluee cLenfieHne WNH C NOBEPXHOCTLIO.

B pabote [21] npeacraBneHa vaest NPUMEHEHUST apMUPOBAHHbBIX KOMMO3MLUMOHHBIX NiiacTMacec B
CO3[aHuK NAUT NPoe3Xen YacTu 1 TPOTyapoB.

B ctaTbe [22] npeacTtaBneHa KOHCTPYKLMM MOAYMBHOW OOPOXHOM NMACTUKOBbLIA MANTbI, KOTOopast
MOXeT BbITb MCNONb30BaHa B Ka4eCTBe NPoe3Xen YacTu.

[opoxHble 6nokn 13 NpoaykToB nepepaboTkm NNacTUKOBbLIX OTXOAOB MpeacTaBfeHbl B pabote
[23]. Bnoku okasanucb yCTONYMBbLI K HAarpy3ke OT aBToMoOunen n atMocepHOMY BO34ENCTBUIO.

CpaBHeHne [Byx cnocoboB BHeEAPEHUS MPOAYKTOB nepepaboTkum nnactmka B [OOPOXHOE
cTpouTenbCcTBO ObIO npoBefeHo B paboTtax [24], [25] Beinv caenaHbl BbIBOAbLI, YTO CO34aHue
MOOYMbHbLIX MAMT WX CroeB [AOPOXHOW ofexabl saBnsetcda 6onee BbIrOAHbLIM Crnocobom €
3KONOrMYECKON TOYKN 3PEHUS, MO CPaBHEHMIO C MoAnUKaumen acanbTobeTOHHON CMecu.

B pesynbTaTte 0630pa MOXHO caenaTb BbIBOA, YTO UCMOMb30BaHME MNacTMKOBLIX MaTepuanos B
OOPOXHOM CTpPOUTENLCTBE MpeacTaBnser cobon NepcrnekTMBHOE HamnpasrieHne, npu  yCrnoBuu
npaBubHOro nogxoga K Bbibopy mMaTepmanoB U MeTOA0B MX NpuMeHeHus. PaspaboTka n BHeapeHue
NNacTUKOBbLIX JOPOXHbIX 6510KOB NpeacTaBnsATcs 6onee akonornyeckn 060CHOBaHHbIM peLLeHneM no
CPaBHEHMIO C TPAAMLMOHHBIMU MEeTOo4aMM AOPOXHOro CTPOMTENbCTBA, TPeOyoWwmMM NCNOoNb30BaHMs
HE3KOMNOrMyHbIX MaTepuanoB. KccnegoBaHuMs B HanpaBfeHUM LENbHbIX NNACTUKOBLIX LOPOXKHbIX
GNOKOB HEMHOrO4YMCrEHHbl M TpebyloT A0paboToK, KOTOpble KacaklTCA YBENMYEHUSI MPOYHOCTU U
CHWKEHUS MaTepranoeMKoCTH.

Llenbto gaHHOro uccnegoBaHus SABMASETCA NPOeKTUpOBaHWE AOPOXHOro 6noka vM3 npoaykToB
nepepaboTkM nnactuka, koTopbli ByaeT obnagate Hambonee aPAPEKTUBHON KOHCTPYKUMEN C TOUKM
3peHns NpoyHocTu. Takke GyaeT NpoM3BeAeHO MOAENUPOBAHUE HArpyXeHUsi pasfuyHbiX BapuaHTOB
6noka B nporpammHoM komnnekce Simula Abaqus, no pesynbTatam koTtoporo GyaeT npou3BegeHa
ONTUMM3ALMSA KOHCTPYKLMM U BbIOOP ONTMManbHOM hopMbl.

2 Materials and Methods

B JaHHOM nccnegoBaHmn c MOMOLL|bIO nporpaMmmMHoOro Komnnekca Abaqus
(https://www.3ds.com/products/simulia/abaqus) mogenupyeTca BO3HUKHOBEHME OCHOBHbIX HANPsHKEHUN
U ux pacnpegeneHne B obracty NOMNEpPEYHOro CevYeHust HEeMOABWXKHOIO MONIMMEPHOro Grioka npu
NPUIOXKEHUN K HEMY Harpysku. Brok mmeeT MOHOMUTHOE MPSIMOYrofibHOE CedYeHue ASIMHOW 7 M,
wnpuHom 3 m n Bbicoton 0.4 M. Takke MMEITCA NOMoCTH, pasaefieHHble HeNPepPbIBHbIMU MO BCEN ANUHE
neperopogkamn. B KayecTBe Harpy3kM uUCNonb3yeTcs [aBfeHWe oTneyaTka Koreca nerkoBoro
aBTomMobuna nnowaastio 0.04 m?> BenuuuHoit 0.45 MMa. Cxema HarpyxeHuss npeacrasneHa 3
aBTOMOOMNAMM, CTOAWMMKN B pag Ha paccToaHum 0.5 m gpyr oT gpyra mexgy konecamu. Ucxoas ms
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XapakTepa pacnpegeneHusi KOHUEHTpauui 1 BennYMHbl MUKOBBLIX HanpsbKeHun, Obinu onpeneneHbl
onacHole cevyeHus 6noka. [locne aHanu3a MOMyYEHHbIX HanpsPKeHU cedyeHne 6noka 6bino
OoNTMMM3NpoBaHo. NporpamMmmHbIn Komnnekc Abagqus ncnonb3yeT B CBOMX pacyeTax MeTon KOHEYHbIX
anemeHToB. [Ina pac4eToB ObiNy NPUHATBLI Crnegylowmne XapakTepucTukm martepuana: KoaduumeHTt
MyaccoHa 0.4, nnoTtHocTb 900 kr/m3 1 Moaynb ynpyroctu nonunponuneHa E = 90°107 Na.
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Fig. 1 - Calculation diagram of block loading
Puc. 1 - PacueTHasi cxema HarpyxeHus 6rnoka
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3 Results and Discussion

B pesynbTtate 6bin0 cMOOENMPOBaHO pacnpegeneHne OCHOBHbIX HanpPshKeHUN B KOHCTPYKUUK
Onoka nog 4EWCTBMEM Harpy3kun, COOTBETCTBYIOLLLEN HArpy3Ke koreca fnerkoBoro astomobuns (puc. 2,

puc. 3). OnpeneneHbl Hanbonee onacHble yyacTtku (puc. 4, puc. 5) gns ganbHenwen moandukaumm
CeyeHus.
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Fig. 2 - Distribution of main stresses in the block structure
Puc. 2 - PacnpegeneHne oCHOBHbIX Hanps>KeHUM B KOHCTPYKL UK Onoka
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Fig. 3 - Distribution of main stresses in the block structure in the load summation zone

Puc. 3 - PacnpegeneHne 0CHOBHbIX HanMpsHKeHU B KOHCTPYKUUMN 610Ka B 30He CYMMUPOBaHUS
Harpysok
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Fig. 4 - Distribution of main stresses over the dangerous section of the block
Puc. 4 - PacnpegeneHne oCHOBHbIX HanpsiXKeHW NO onacHOMy ce4yeHuto 6rnoka

Ha pucyHke 4 nokasaHo pacnpefeneHme OCHOBHbIX HAMPsKEHWA MO ONacHOMY ceveHuto 6roka.
AHannsnpys nony4vyeHHble aHHbIe, MOXHO CAenaTtbh BbIBOA, YTO B BEPXHEW 30HE BHELUHEN CTeHKM Broka
KOHLEHTpaunss HambomnblUMX CXMMAKOLWMUX HanpsXKeHuh (oTMeveHa CUHMM LBETOM) AOoCTuraeTcs B
MecTax npunoxeHusa Harpy3ku (0.47 MlMa). KoHueHTpaums HambonbLlUMX pacTArMBaloLWLMX HANPSPKEHWUI
pacrnonoXxeHa Hag BHYTPeHHUMU neperopogkamy (2.9 MlMa). B HWKHMX 30HAX BHELUHEN CTEHKM
HanbonbluMe pacTarMBarone Hanps>keHne HaxoasaTCs nog 30HaMu NPUMOXEHUs Harpysku, ocTuras
5.6 MlMa Hanbonblune cxxmmarome HanpsXXeHms HaXOAUTCA B MeCTax NPUMbIKAHUSA BHYTPEHHUX CTEHOK
Gnoka K HapyXHblM cTeHam, gocturas 2.2 MlMNa. B 3oHe cyMMnpoBaHWsSt CU HYUXKHEN 30HbI HanpsXXeHve
pocturaet 1 MlMNa B Touke Mexay nnowagsaMm HarpyXeHus n pacteT No Mepe oTharneHust oT LeHTpa,
pocturas nuka B 5.6 MlMa. B 30He cymMrMpoBaHus cun BepXHeKn 30HbI HanpskeHue gocturaet 0.42 MMNa
B TOYKE MeXy nrowagsamMm n pacteT No Mepe oTaaneHunst oT LeHTpa.
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Fig. 5 - Distribution of concentrations of the main tensile stresses along the dangerous section of
the block

Puc. 5 - PacnpegeneHne KOHLEHTPaLMA OCHOBHbIX PacTArMBalowWmMX HanpsiXKeHUn No onacHoMmy
ceyeHuto broka

Ha pucyHke 5 nokasaHo pacnpefeneHne KOHLEHTpaLunii OCHOBHbLIX pacTArMBatoLLmnX Hanpsi»keHnin
Nno ornacHomy ceyeHuto 6noka. CxmmaroLme HanpsXkeHns B 4aHHOM criyvae 6binum ckpbIThl 4515 6onbLuen
HarnggHoctn. OBpatum BHMMaHME Ha pacnpegeneHue HanpsbkeHui. CTouMT nogvepkHyTb, YTO B
HEKOTOPbIX MeCTax KapTMHa pacnpegeneHns MakCMMarbHbIX PacTArMBaOLLNX HAMPSPKEHUA SBMsieTCA
«CKBO3HOW», T.e. pacTarnBaloline Hanps>keHWss MPOXOAAT 4depe3 CTeHKM 6noka, a B HEeKOTOpbIX
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HanpaXeHnd BO3HUKAKOT TOJIbKO Ha 4aCTu CeYeHUA. Kpome TOro, B 00NacTaAX, OTMEYEHHbIX CUHUM
LUBETOM, TaKKe MMeloTCA pacTAarmearoine HarnpaxeHnsa, Xotd nx aHa4eHna HeBeJlnKn.
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Fig. 6 - Distribution of concentrations of the main compressive stresses over the dangerous section
of the block

Puc. 6 - PacnpepeneHne KOHLEHTPALMA OCHOBHbIX CUMAaIOLWMUX HaNPsXKeHU No onacHoOMY
ceyeHMIo b6roka

Ha pucyHke 6 nokasaHo pacnpefeneHne KOHLEeHTPaLMN OCHOBHbIX CKUMAOLLMX HaMNPshKeHW no
ceyeHuto bnoka. PactarvBatowime HanpshkeHuss B AaHHOM crnydvae Obiny CKpbITbl Anst Gonbluen
HarnsgHoctu. O6paTM BHMMaHWE Ha pacnpeaeneHve HanpshkeHWn. MUKKM CxMMaloWmMX HanpshkeHun
(OTMeYeHbl KpacHbIM LIBETOM) JOCTUraloTCsl B BEpPXHEW 30He BHELLHEN CTeHbl 6roka, Kyaa npunoxeHa
Harpyska, a Takke B yrnax npuMbIKaHUSI BHYTPEHHMX CTEHOK K BHeLWHWM. Takke onacHoi 30HOM
ABMSIETCA HWXKHSAS 30HA BHelwHel cTeHke. Kpome Toro, B 06GracTsix, OTMEYEHHbIX KpacHbIM LIBETOM,
TaKKe NUMETCS CKMMaloLLME HanpskeHus!. X 3HauYeHNs HEBENMMKM, HO UX PacronoXeHUe B 3TUX MecTax
rOBOPUT HaM O NOTEHLMANBHOM Pa3BUTUN TPELLUMH Ha 3TUX y4YacTKax.
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Step: Step-1
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Symbol Var: S, Max. Principal
Deformed Var: U Deformation Scale Factor: +1.000e+00

Fig. 7 - Diagram of the directions of tensile stresses acting on the block
Puc. 7 - Cxema HanpaBreHU pacTArMBaroLWmMx Hanps>keHUn, AeNCTBYIOLWUX Ha 61Ok
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B gononHeHue K BbilleckasaHHOMY, Ans 6onee HarnggHoOW LEMOHCTpauun pesynbTaToB Obino
TakKe CMOAENMPOBaHO pacnpefeneHne pacTAaArMBaltoWwmx U CKUMAOLWNX HanpshkeHun B Gnoke npu
NPUIIOXKEHUUN K HEMY BbILLIEYNOMSIHYTOro Harpyskm (puc. 7, puc. 8). Kak BugHo mn3 cxembl (puc. 7),
HanbonbluMe pacTarMBaroLme HanpsPKeHNA JOCTUraoTCA B BEPXHEN 30HE Ha CTblKaX BHELLUHUX CTEHOK,
a TakKe B HWKHEN 30He BEpXHeW CTEHKW, rae pacrnosfioXeHO MECTO NPUMOXEHWUs Harpysku, 4TO
Habnganock NPy MOAENMPOBaHWUM pacnpeaeneHuns rnaBHbIX HAMPSXXEHUA B ceveHnn Grioka.
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Fig. 8 - Diagram of the directions of compressive stresses acting on the block
Puc. 8 - Cxema HanpaBneHun CXMMarLWmnX HanpskeHUn, AeMCTBYHOLWMX Ha GIoK

Haunbonblume cxumarowme HanpskeHns (pyc. 8) [OCTUratoTca B MeCTax NPUMbIKAHUSA BHYTPEHHMX
CTEHOK K HapyXHbIM, a Takke B BEPXHEWN 30He, rae pacrnofiokeHO MECTO NMPUINOXEHUS Harpysku, YTo
Habnoganocb Npy MoAenupoBaHUN pacnpeaeneHus rmaBHbIX HanpskeHun B ceveHun 6noka. bonee
TOro, CKMMaKLWME HanpsXKeHUs, OEeNCTBYIOLWNE Ha CTblK BHYTPEHHEN CTEHKM C BEPXHEN HapY>XHOW
CTEHKOW, bonblue, YeM B OCTarnbHbIX 30HaX.

MoaBoas NpoOMEXYyTOYHble WUTOrM, MOXHO caenaTtb crnegyllme npaktudeckve BbliBoAbl. Bo-
nepBbiX, MUKN CKMMAKOLNX HaMNPSPKEHUM [OCTUralTCs BO BHYTPEHHWX yrnax ©Onoka B MecTax
NpunoXeHns Harpyskn. B ykasaHHbIX MeCTax HanpsikeHusi pacnpefensiTca Mo onpeaeneHHon
nnowiaan, Kotopasi He3HauuTernbHO BbIXOAMT 3a FpaHuubl YKasaHHbIX y4acTKoB. Bo-BTOpbIX, MuKu
pacTArMBaoLLMX HanpshkKeHW pacnonoXeHbl Hag BHYTPEHHUMMM MNEeperopokamm U B HWKHEWN 30HEe
BHELUHEN CTEHKM B MECTEe MPUIOXEHUSA Harpy3kn. B-TpeTbunx, KOHUEHTpaUUs HanpsKeHUn NponcxoauT
npy pes3koM WU3MEHEHUN ceyeHnss 6noka, COOTBETCTBEHHO, YCMOBHOE OKPYrfieHNe Y4yacTKOB
KOHLIEHTPaLMN HaNPSPKEHUA YMEHBLUUT BO3HUKAOLME B HUX HaNpshkeHust. AToMy 1 BygeT noceseHa
BTOpas 4acTb CTaTbMu.

[na yMeHbLUeHNs KOHLUEHTpauun HanpsikeHMn B MecCTax Pe3Koro U3MeHeHusi cedeHust 6bino
peleHo moaudumumpoBaTtb 6510k Takum o6pasom, 4TOObl Nepexod OT OOHOrO CeYeHust K Apyromy 6bin
6onee nnaBHbIM. [1Ns1 3TOro BCe BHYTPEHHME Yyribl 6rioka CKpyrnsawTcs ¢ pagnycom 50 mm.
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Fig. 9 - Distribution of main stresses in the structure of the modified block
Puc. 9 - PacnpepgeneHne 0CHOBHbIX HanNpsiXKeHUM B KOHCTPYKLMKU MoauduunpoBaHHoOro 6roka

PackpbiBasi cneuumduyeckme ocobeHHOCTU pacnpefeneHnst OCHOBHbIX HanpsbKeHUI MO HOBOMY
CEYEHMI0, MOXXHO OTMETUTb, YTO ONTUMM3ALIUA reoMeTPUN Nno3sonuna Gonee NnaBHO pacnpeaenuTb kak
CKUMAOLLMX, TaK U pacTarMBatoLLMX HanpshkeHUn. YMecTHo ByaeT o6paTutb BHMUMaHMe Ha oba cryyas
no oTaenbHOCTU. B criydae cxumarolmx HanpsKeHuid 30Ha MUKOBbLIX HaMpPshKeHW paclumpunach BO
BHYTPEHHUX yrnax 6roka, Ho UX BENMYMHA 3HAYUTENbHO YMEHbLUanach.

S, Max. Principal
(Avg: 75%)
+3.729e+00

Fig. 10 - Distribution of main stresses in the structure of the modified block in the load summation

zone
Puc. 10 - PacnpegeneHne oCHOBHbIX HaNpsAXXeHUN B KOHCTPYKLUM MoauculmpoBaHHOro 6rnoka B

30He CYMMUPOBaHUA Harpy3okK

Ha pucyHke 11 nokasaHO pacnpefeneHne OCHOBHbIX HamnpshkeHUMW Mno OMacHOMY CeYeHuto
moaunduumnposaHHoro ©6noka. B mogudpumumpoBaHHOM OnNoke B BEpXHEW 30HE BHELUHEW CTEHKM
KOHLEHTpaumMs HambomnblUMX CXMMAKOWMX HanpsXKeHuh (oTMedeHa CUHMM LBETOM) AOCTUraeTcs B
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MecTax npunoxeHusa Harpy3ku (0.47 MlMa). KoHueHTpaums HambornbLlUMX pacTArMBaloLWLMX HANPSPKEHUI
pacrnonoXxeHa Hag BHyTpeHHUMM neperopogkamu (1.6 Mla).

B HWKHMX 30HaxX BepxHen CTeHKN HambonbluMe pacTarvBalolimMe HanpsbkeHue HaxogaTcs nof
30HaMK NPUNOXeHns Harpyskn, gocturaa 3.6 MlMNa Hanbonblune cxmmatowme Hanps»KeHns HaxoasaTcs
B MecTax NpuMbIKaHNS BHYTPEHHUX CTEHOK Brioka K Hapy>HbIM cTeHam, gocturasa 0.7 Mla.

B 30He CymMMMpOBaHUSA CUN HWKHEN 30HbI BEPXHEW CTEHKU HanpsbkeHune gocTturaeT 0.8 Mlla B
TOYKE Mexay NrowagsaMu Harpy>XeHust 1 pacteT no Mepe oTAaneHus oT UeHTpa, JOoCcTurasd nuka B
3.6 Mla. B 30He cymMmnpoBaHus cun BepxHern 30Hbl BepxHern HanpsaxeHne gocturaeT 0.35 Mla B Touke
MeXy nnoLwagsamMm n pacteT No Mepe oTAaneHus oT LieHTpa.

S, Max. Principal
(Avg: 75%
+3.729e+00

+2.369e+00
+2.175e+00
+1,981e+00

+2.322e-01
+3,793e-02
-1.564e-01
-3.506e-01
-5.449e-01
=7,392e-01

Fig. 11 - Distribution of main stresses over the dangerous section of the modified block
Puc. 11 - PacnpeneneHne oCHOBHbIX HanpsiXeHUN No onacHoOMy ce4yeHuto MoandULIMPOBaHHOIO
6noka

S, Max. Principal

(Avg: 75%)
+3.729e+00
+3.567e+00
+3.405e+00
+3.243e+00
+3.081e+00
+2.919e+00
+2.757e+00
+2.594e+00
+2.432e+00
+2.270e+00
+2.108e+00
+1.946e+00
+1.784e+00
+1.621e+00
+1.459e+00
+1.297e+00
+1.135e+00
+9.729¢-01
+8.107e-01
+6.486e-01
+4.864e-01

Hig21e-01
+0.000e+00
7.392¢-01

Fig. 12 - Distribution of concentrations of the main tensile stresses along the dangerous section of
the modified block

Puc. 12 - PacnpeneneHne KOHLEHTPaLMi OCHOBHbIX PacTArMBaloLWMX HanpsiXKeHUMN No onacHomy
cevyeHuto moandLMpoBaHHOro 6noka

Ha pucyHke 12 nokasaHo pacnpeneneHume KOHLEHTpaLuiA OCHOBHBIX pacTArMBaloLLnX HanpsiKeHUn
Mo ONacHoOMy ceveHuto MoanduLMpoBaHHoro 6rioka. CxxumaroLime HanpskeHusl B JaHHOM cryyae 6binm
CKPbITbl AN Gonbluelr HarnsaHOCTU. B HEKOTopbIX MecTax KapTuHa pacnpefeneHns MakCUMarbHbIX
pacTArMBaloLWMX HanpshKEHUA SIBNSIETCA «CKBO3HOW», Kak U A0 moaudukauum cedexusi. OgHako
3Ha4YeHne HanpsKeHUn 3aMeTHO YMEHbLUMUMOCh.
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Fig. 13 - Distribution of concentrations of the main compressive stresses along the dangerous
section of the modified block

Puc. 13 - PacnpegeneHue KOHLUEHTPaLMi OCHOBHbIX CXXUMAaKLWMX Hanps>KeHUN No onacHoOMy
ceyeHu0o moancULMpoBaHHOro 6roka

Ha pucyHke 13 nokasaHo pacnpefeneHune KOHUEHTpaLMi OCHOBHBIX CXUMAKLLMUX HANPSXKEeHW No
ceyeHnto Gnoka. PactarvBatowye HanpspkeHnst B AaHHOM cryyae Obinu CKpbiTbl Ans 6onblien
HarnagHocTu. [locne Moaudumkaumm 6noka 30Hbl CKUMAKOLLMX HaNPSHKEHUA YBENUYUNUCHL BO
BHYTPEHHMX yrnax 6rnoka. OgHako Ux 3HaYeHne yMEHbLUMIOCh, YTO NoATBEPXAAeT 6onee paBHOMeEpHOE
pacnpefeneHne Harpy3ku B HOBOM CEYEHUN.
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Fig. 14 - Diagram of the directions of tensile stresses acting on the modified block
Puc. 14 - Cxema HanpaBneHU pacTArMBalLWmMxX Hanps>XKeHUn, AeNCTBYIOLMNX Ha
MoAauchULMpPOBaHHbIN GJOK

Kak BngHo mn3 cxembl (puc. 14), HambomnbluMe pacTArnBalolMe HanpsPkeHUst NPakTUYeckn He
N3MEHWUNN XxapakTepa CBOEro pacrnpenerneHus nocre mogudukauun. BepxHasa 3oHa Ha CTblKax BHELLHEWN
CTEHKM C BHYTPEHHEN N HWXKHAS 30Ha BEPXHEW BHELLUHEWN CTEHKN COXPaHWUN CBOW pasmep.
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Fig. 15 - Diagram of the directions of compressive stresses acting on the modified block
Puc. 15 - Cxema HanpaBneHun CxXumarowmx HanpsixkeHUn, AeUCTBYHOLWMX Ha MOAUDULUPOBaHHbIN
6nok

Hanbonblume cxumatowme HanpsikeHus (puc. 2, 15) 1sMeHnnun xapakrep CBoero pacnpegeneHuns
nocrne moaundukaumm 6noka. Tak, 30Ha UX pacnpeneneHus yBenuuunacb B MecTax MNpuMbIKaHNUS
BHYTPEHHUX CTEHOK K Hapy>XHbIM, YTO Habnoganocb NpyM MOLENMPOBaHUN pacnpedeneHns rnaBHbIX
HanpshkeHUn B cedeHnn 6roka.

YunTbiBasi HanpasreHne CXUMaOLLMX HaNPsKeHUN, 4eNCTBYIOWMX HAa MOANULMPOBaHHbIN BIOK,
MOXXHO HabngaTb CHMKEHME UX KOHLIEHTPALMN BO BCEX 30HAX.

B pesynbTate u3yyeHus pacnpefeneHns OCHOBHbIX HarnpsbkeHui B nnowagum nonepeyHoro
ceyeHnsa mogmdmumnpoBaHHoOro 61o0ka MOXHO caenaTbh HECKOSbKO BaXKHbIX BbIBOAOB. Bo-nepBLix, bonee
NNaBHbIN Nepexoq OT OOHOro yvactka K ApYroMy MO3BOMUIT 3HAYMTENbHO CHU3UTb BO3HMKAOLLYIO
KOHLIEHTpaLMo HanpskeHn. Bo-BTOpPbIX, CKpyrieHne BHyTPEHHWX YrI0B He peLuaeT Nnpobrnemy onacHbIX
CeYeHurn, KoTopble 00pa3yloTca B MecTax CyMMMPOBaAHUS Harpy3oK, Tak Kak MX 3HavyeHusi Bce eLué
BEIUKN.

4 Conclusions

1.  AHanuM3 pacnpefeneHus CKUMaKLMX HanpskeHU B HadanbHOW Mnowagn CcevYeHus
nokasasn, YTo NMUKM CKUMAIOLLMX HanpsKeHUn OOCTMraloTCa BO BHYTPEHHMX yrrnax 6roka B
MecTax MpUNOoXeHUsa Harpysku. B ykasaHHbIX MecTax HanpsbkeHus pacnpegenstoTcs Nuku
pacTArMBatoLLMX HANPSHKEHNIN PacnonoXeHbl Hag BHYTPEHHUMUN NEPEropoaKkaMm 1 B HXKHEN
30HE BHELUHEN CTEHKN B MECTE NPUINOXEHNST HAarpy3Ku.

2. KoHueHTpaumsa HanpsbkeHuin NpoucXoauT npu pe3koM M3MEHeHUn cedveHust bnoka. bonee
MNaBHbIA MNEepexod OT OAHOro yyactka K Apyromy Mo3BONWA 3HAYUTENbHO CHU3UTb
BO3HMKAIOLLYO KOHLEHTPALMIO HANPSKEHWUNA.

3. CKpyrneHve BHYTPEHHWUX YINOB He pewaeTt npobnemy OnacHbIX CEYEeHWUn, KOoTopble
0o0pasyloTcs B MeCTax CYMMUPOBAHUSA Harpy3ok, Tak Kak X 3Ha4yeHUs BCe eLLé BENMKMN.

4.  CkpyrneHue yrnoB noBbilIAeT MaTepuanoeMKocTb 6rioka, 4to TpebyeT onpegeneHuns
ONTMMAarbHOrO paguyca CKpyrieHusl.

References
1 Ogundana, A.K. (2023) Waste Plastic in Road Construction, Pathway to a Sustainable
Circular Economy: A Review. E3S Web of Conferences.

https://doi.org/10.1051/e3sconf/202339101116.

2 Bansal, S., Singh Kushwah, S., Garg, A. and Sharma, K. (2023) Utilization of Plastic Waste
in Construction Industry in India — A Review. Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2023.03.693.

3 Shah, A.M., Lodhi, R.H., Javed, M.F., Jasinski, M., Jasinska, E. and Gono, M. (2023)
Structural Performance of Waste Plastic Bottles Modified Asphalt: A Review. Resources.
https://doi.org/10.3390/resources12010010.

Nazinyan, L.; Shevchenko S.

Roadblock made from plastic processing products;
2024; AlfaBuild; 30 Article No 3004. doi: 10.57728/ALF.30.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

10

11

12

13

14

15

16

17

18

19

20

This publication is licensed under a CC BY-NC 4.0

Meghana, M.L., Rajya Lakshmi, G. V., Harika, G. and Harshit, N.C. (2023) Effective
Utilization of Plastic Garbage for Road Construction. 2023 9th International Conference on
Advanced Computing and Communication Systems, ICACCS 2023.
https://doi.org/10.1109/ICACCS57279.2023.10112972.

Shah, A., Sawakhande, H., Prajapati, D., Shah, D. and Vyas, A.Prof.A. (2023) Utilization of
Waste Fibers in Road Construction. International Journal for Research in Applied Science
and Engineering Technology, 11. https://doi.org/10.22214/ijraset.2023.51385.

Boom, Y.J., Xuan, D.L., Enfrin, M., Swaney, M., Masood, H., Pramanik, B.K., Robert, D. and
Giustozzi, F. (2023) Engineering Properties, Microplastics and Emissions Assessment of
Recycled Plastic Modified Asphalt Mixtures. Science of the Total Environment, 893.
https://doi.org/10.1016/j.scitotenv.2023.164869.

Veropalumbo, R., Oreto, C., Viscione, N., Pirozzi, F., Pontoni, L., Trancone, G., Race, M.
and Russo, F. (2023) Exploring the Effect on the Environment of Encapsulated Micro- and
Nano-Plastics into Asphalt Mastics for Road Pavement. Environmental Research, 216.
https://doi.org/10.1016/j.envres.2022.114466.

Das, M. and Das, P. (2023) Road Construction by Waste Polymer: A Solution to
Environmental Pollution. Novel Polymeric Materials For Environmental Applications, World
Scientific Publishing Co. Pte. Ltd., 341-382. https://doi.org/10.1142/9789811265938 0009.
Raja, C.J.S., Sampath, N.S., Suresh, C. and Bhaskar, A.P. (2020) A Review on Use of
Plastic in Construction of Roads. Journal of Advancement in Engineering and Technology,
7. http://dx.doi.org/10.5281/zenodo.3780333.

Cirino, E., Curtis, S., Wallis, J., Thys, T., Brown, J., Rolsky, C. and Erdle, L.M. (2023)
Assessing Benefits and Risks of Incorporating Plastic Waste in Construction Materials.
Frontiers in Built Environment, Frontiers Media SA.
https://doi.org/10.3389/fbuil.2023.1206474.

Myszka, R., Enfrin, M. and Giustozzi, F. (2023) Microplastics in Road Dust: A Practical Guide
for Identification and Characterisation. Chemosphere, 315.
https://doi.org/10.1016/j.chemosphere.2023.137757.

Ki, D., Kang, S.Y., Ma, G. and Oh, H.J. (2021) Application of Waste Plastic Films in Road
Infrastructure and Construction. Frontiers in Sustainability, Frontiers Media SA, 2.
https://doi.org/10.3389/frsus.2021.756723.

Boom, Y.J., Enfrin, M., Grist, S. and Giustozzi, F. (2023) Analysis of Possible Carcinogenic
Compounds in Recycled Plastic Modified Asphalt. Science of the Total Environment, 858.
https://doi.org/10.1016/j.scitotenv.2022.159910.

Enfrin, M., Myszka, R. and Giustozzi, F. (2022) Paving Roads with Recycled Plastics:
Microplastic Pollution or Eco-Friendly Solution? Journal of Hazardous Materials, 437.
https://doi.org/10.1016/j.jhazmat.2022.129334.

Enfrin, M. and Giustozzi, F. (2022) Recent Advances in the Construction of Sustainable
Asphalt Roads with Recycled Plastic. Polymer International. https://doi.org/10.1002/pi.6405.
Kraynyuk, O. V., Buts, Y. V., Ponomarenko, R. V., Lotsman, P.l., Asotskyi, V. V. and
Darmofal, E.A. (2022) Geoecological Analysis of Impacts of the Use of Plastic Waste in Road
Construction on the Geological Environment. Journal of Geology, Geography and
Geoecology, 31. https://doi.org/10.15421/112245.

Rosita, Y.D. and Sugianto, S. (2019) Potholes Road Classification by Shape and Area
Features. Record and  Library  Journal, Universitas  Airlangga, 5, 72.
https://doi.org/10.20473/rlj.v5-i1.2019.72-79.

Liu, S.S., Budiwirawan, A., Arifin, M.F.A., Chen, W.T. and Huang, Y.H. (2021) Optimization
Model for the Pavement Pothole Repair Problem Considering Consumable Resources.
Symmetry, 13. https://doi.org/10.3390/sym13030364.

Jiang, W., Yuan, D., Sha, A., Huang, Y., Shan, J. and Li, P. (2021) Design of a Novel Road
Pavement Using Steel and Plastics to Enhance Performance, Durability and Construction
Efficiency. Materials, 14. https://doi.org/10.3390/ma14030482.

Lysyannikov, A. v., Egorov, A. v., Lysyannikova, N.N., Shram, V.G., Kovaleva, M.A., Lynev,
A.S. and Kaizer, Y.F. (2019) Polymer Materials from Recycled Plastic in Road Construction.
Journal of Physics: Conference Series, Institute of Physics Publishing.
https://doi.org/10.1088/1742-6596/1399/4/044064.

Nazinyan, L.; Shevchenko S.
Roadblock made from plastic processing products;
2024; AlfaBuild; 30 Article No 3004. doi: 10.57728/ALF.30.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

21

22

23

24

25

This publication is licensed under a CC BY-NC 4.0

Strugac, A. and Trifonov, A. (2019) Architecture of Contemporary Pedestrian Bridges Made
of Fiber-Reinforced Composite Materials. Russian journal of transport engineering,
Publishing Company World of Science LLC, 6. https://doi.org/10.15862/17sats119.
Shevchenko, S., Ukolov, S., Simonov, D., Trepalin, V. and Yustikova, L. (2020) Design of
Modular Removable Road Pavement Slabs for the Agro-Industrial Complex. E3S Web of
Conferences, 175. https://doi.org/10.1051/e3sconf/202017511025.

Ali, 1., Kumar, R., Mev, U.K., Jakhar, M. and Ali, I. (2018) Application of Plastic Waste
Management in Road Construction. International Journal of Civil, Mechanical and Energy
Science, 4. https://doi.org/10.22161/ijcmes.4.2.2.

Wang, B., Wang, T. and Hao, G. (2022) Review on the Development of Plastic Road.
Advances in Transdisciplinary Engineering. https://doi.org/10.3233/ATDE220324.
Nazinyan, L. and Shevchenko, S. (2022) Use of Processed Plastic Products in Road
Construction. A Review. AlfaBuild, 2. https://doi.org/10.57728/ALF.22.5.

Nazinyan, L.; Shevchenko S.
Roadblock made from plastic processing products;
2024; AlfaBuild; 30 Article No 3004. doi: 10.57728/ALF.30.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

