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Abstract:

The object of research is a wood-polymer composite (WPC) containing 75% polylactide and 25%
aspen wood flour (hereinafter referred to as WPC composite). This work aimed to experimentally
determine the numerical values of the physical and mechanical characteristics of the WPC composite to
form a finite element model. Method. The study includes physical experiments to determine the physical
and mechanical properties of the obtained WPC, as well as their comparison with the generally accepted
physical and mechanical properties of pure polylactide and pure aspen wood. The experiments include
determining the compressive strength, tensile strength and bending strength, according to accepted
standards. Results. The compressive strength of the test material was 53.6 MPa, the tensile strength
was 23.4 MPa, and the bending strength was 47.3 MPa. The determined values will allow calculating the
supporting structure in a software package based on the finite element method Compared with pure
polylactide and pure wood, the compressive strength increased by 36% and 18%, respectively. This
comparison indicates the need to introduce a reinforcement element into the calculated section to
increase the strength limits.

1 Introduction

[nga npoekTMpoBaHWsi, CTPOMTENbCTBA U OBCMNYXMBAHUSA 34aHUA U COOPYXEHUNn HeobxoanMbl
WHHOBALMOHHbIE MaTepuarnbl, OTBEYaloLWMNe pacTywmm 3anpocam cTpouTenbHon ungyctpum [1], [2].
OpHako paspaboTka nepefoBbIX CTPOUTESNbHBIX MaTepuanoB AoMmkHa BbiTb conpsiXeHa C pelueHnem
3KONornyeckmx npobnem, B TOM Yncne 3a CHET UCMONb30BaHUA B KA4YEeCTBE CbipbA OTXOO0B CMEXHbIX
oTpacnen [3]. B cBs13u € 3TMM LUMPOKOE pacnpocTpaHeHne Nony4nnmn opeBecHble KOMMO3UTbI, Hanpuvep,
N3BECTHblE BCEM (paHepa, OPEBECHO-CTPYXeYyHasi 1 OPUEHTUPOBAHHO-CTPYXeuHas nnutbl n gp. [4].
HecMoTpsi Ha Hanuune O4YeBUAHLIX NPEUMYLLECTB, OCHOBHbIM HELOCTAaTKOM MNOAOOGHbLIX KOMMO3UTOB
ABNSAETCA NPUMEHEHUE B KayeCTBE OCHOBbl CBA3YHOLMX C BbICOKOM TOKCUYHOCTbLIO [5], 4TO B CBOW
ovyepedb BHOCUT OMNpederieHHble OrpaHUYEeHUsi Ha BO3MOXHOCTb WCMONb30BaHUSA TaKuX W3denuvn.
MNpumeHeHne B KayecTBe CBA3ylLlero 6uonnacTMkoB, MPOM3BOOUMBIX W3 OPraHUYecKoro CbipbS,
rMomMoraeT He TONbKO M36aBUTLCA OT TOKCUYHOCTU, HO U CHU3UTb 3aBMCUMOCTb OT HEBO30OHOBNSIEMOro
cbipbsl, Hanpumep, HedTh [6]. K Buonnactmkam otHocATca aueTtat uennonossl (CA), nonvmonodHas
kmcnota (PLA), nonurmgpokcnbytupatr (PHB) w gp. [7]. K npeumywiectsam MCNonb3oBaHUA
GuonnactukoB B ApeBecHo-nonumepHbix komnoautax (WPC) MoxHO oTHecTu: GuopasnaraemocTb,
cnocobHocTb bopmupoBaHuio um3genui npu nomowm FDM-neyatn (mMogenvpoBaHve MeTOOOM
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HannaeneHusa), NPUrogHOCTb AN BTOPUYHOWM nepepaboTku, npugaHne nobor reomeTpum, NpocToTa B
obpaborTke [8].

OcHoBHbIMK KpuTepusamn Bbibopa HanonHutensa gna WPC cnyxut ero ueHoBasi 4OCTYMHOCTb U
pacnpoCTpaHeHHOCTb. Yauwe Bcero B KayecTBE Cblpbs BbICTYNalT W3MENbYEHHblE OTXO4bl OT
aepesoobpabaTtbiBalowmx npegnpuatun [9], [10], HO Takke BO3MOXHO MPUMEHEHME OTXOO0B
CENbCKOXO3ANCTBEHHbIX KOMMMNEKCOB, Takux Kak wenyxa puca [11]-[13] nnn nogconHeuvHuka [14]-[16].
CornacHo CTaTUCTUYECKUM LaHHbIM OEeHOPONOrMYeckoro aHanuaa, 4ONs OCMHOBBIX 1eCOB B CpeaHen
nonoce Poccun coctasnaet npubnuantensHo 20 % [17]. OgHako 3HauMTenbHasi YacTb 3penbix
aepesbeB (0T 30 % 8o 80 %) nopaxkeHa rHUMbIO N3-3a Npomn3pacTaHUsa Ha nepeyBnaXHEHHbIX NoYBax
[18]. 3TO NpMBOAMT K BLICOKOMY NPOLIEHTY OTXOA0B NPU 3arOTOBKE M KpamHe HU3KOMY BbIXOAY 4eN0BOM
apesecuHbl — Bcero 30-40 % ot obuero o6bema (y XBOMHbIX MOpPOA 3TOT nokasaTtenb gocturaet 60-80
%). B pesynbtaTe, npu nNpoBeLEHUN CNMOLIHbIX PYyOOK, ApeBecuMHa OCWUHbI Hepeako ocTaeTcs
HEBOCTPEOOBaAHHON W pacueHuBaeTCa Kak MOOOYHbLIN MPOAYKT F1eco3aroTOBOK, noAsexalimm
yTUAn3aumm, HeCMOTpPS Ha ee PU3MKO-MeXaHNYeCKne CBOMCTBA, COMOCTaBMMbIE CO CBOMCTBaMM COCHbI
[19]. NepcnekTuBHBIM pewleHnem 0603Ha4YeHHON NPobnembl ABNAeTCa nepepaboTka Takon peBeCUHbI
B APEBECHY MYKY, YTO NO3BONUT ee 3(pPEKTUBHO NPUMEHATL B kadecTBe HanonHutens 8 WPC.

CornacHo nccnegosanusm [20]-[22] dm3nko-mexaHUYeckue nokasatenun ApeBECHO-NONMMEPHOrO
KOMMO3uTa HanpsiMyto 3aBUCAT OT MacCOBOM A0NW HaNoNHUTENS. YBENUYeHne ero cogepXKaHuns, ¢ ogqHom
CTOPOHbI, CNOCOBCTBYET yAELLEBNEHNIO CTOMMOCTN KOHEYHOro MaTepuana, HO C ApYron, NpUBOAMWT K
YMEHBLLEHNIO MPOYHOCTHLIX XapaKTEPUCTUK MO CPaBHEHUKO C YUCTbIM nnactukom [23]. Kpome Toro,
cyxasi opeBecHasl Myka, NpeacTaensolas cobon NpupoaHbIn rMapodunbHbIA NonMMep, NoaBepXKeHa
noBbILLEeHHOW abcopbuun Bnaru [24], 4To BNNAET Ha HEYCTOMYMBOCTb rabapuTHbLIX pa3aMepoB U3LenNui.
COBOKYNHOCTb YKa3aHHbIX acnekToB obycnaBnvBaeT YCTaAHOBMEHME ONTMManbHOrO KONM4ecTBa
HanonHuTensa B AnanasoHe 20-30 %, npeactaeBnas cbanaHCMpOBaHHOE peLLeHWne, yuuTbIBaloLlee Kak
9KOHOMMYECKYI0 LienecoobpasHOCTb, TaK U IKCNyaTaunoHHbIE Noka3aTeny KoMnosuTa.

Mo coctosiHMio Ha 2025 rog HaydHble UcCCneaoBaHus, NpeacTaBnsomne aHanua U3nKo-
MeXaHNU4YeCKMX CBOMNCTB APEBECHO-MONIMMEPHOrO KOMMNO3nTa, coctosiwero Ha 75 % 13 PLA n Ha 25 % 13
APEBECHON MYKM OCWHbI, OTCYTCTBYIOT. B CBA3M C 3TUM, AaHHas CTaTbs BOCMOSHSAET CyLeCTBYHOLNA
npoben. [lpeameTomM [aHHOMO MCCNegoBaHUMS  SBMSIETCA  M3yYeHne  (PU3MKO-MEXaHUYECKUX
xapaktepuctuk komnosuta WPC. Llenbto nccnenoBaHus siBNsieTCA aKCnepuMeHTanbHoe onpeaeneHme
PU3NKO-MEXaHMYECKUX XapakTepucTuk komnosmta WPC ana dopmMuMpoBaHUS KOHEYHO-35IEMEHTHOM
mMogenu. 3asBneHHas uenb AocTuranach peleHnem psga 3agad:

- co3patb omnameHT na komnosuta WPC;

- BbinonHUTb FDM-neyvats 06pasLoB 4nga UcnbitTaHUin U3 NOfyyYeHHOro mnameHTa;

- NPOBECTM UCMbITAHWS MPU CXXaTUK, PacTSXKEHUN N CTaTUYECKOM n3rnbe ctaHgapTHbIX 06pasLoB;

- BbINOMHUTb aHann3, NoNyYeHHbIX B pe3ynbTaTe UCMbITaHUA, AaHHbIX.

2 Materials and Methods

2.1 Materials

Ona onpegenenunss usmko-mexaHmnyecknx csormcte WPC  Obinn  BbINOMHEHbl  06pasupl,
onpegeneHHblXx pasmMepoB U (POPMbl COrNAcHO TeXHMYeckUM TpeboBaHUAM U XapaKTepuCTUK
obopynoBaHua ana wmucnbitaHnin. O6pasubl BbinonHsanMce metogom FDM-nevatn Ha 3D npuHTepe
Bambu Lab X1 (usrotosutens "Shenzhen Tuozhu Technology Co., Ltd.", Kutan, 'yanayH) (PvucyHok 1).
CkopocTb nevyaTtn obpasuyoB coctaBuna 40-60 mm/c. TemnepaTypa nedatm coctasuna 170-180°C.
PacxogHbin matepmnan (WPC HuTb) Ona wmsgenum wusrotaBnmBann Ha 3KcTpygepe CoOGCTBEHHON
pa3pabotkn (PucyHok 2). Yepes 3arpy3o4Hyt0 BOPOHKY IKCTpyAepa B KaHan YCTaHOBKM nodaBarnvcb
rpaHynsl WPC, KoMOGHMpOBaHHbIE C APEBECHON MYKOW (Cbipbe). 3aTeM Npu NOMOLLM rmapouunuHgpa ¢
pyYHbIM NPUBOAOM OCYLLECTBNANACL nogada Cbipbs B 30HY HarpeBa. HarpeB kaHana B 30He BbICOKOW
TemnepaTtypbl OCyLLEeCTBNANCSA C UCNONb30BaHNEM XOMYTOBbIX HarpeBaTternen ¢ Npoknagkamm, oocturas
Temnepatypbl 160°C. Cblpbe BO BpeMsi MNPOXOAKM Yepe3 Tropsiyyld  30HY HarpeBanocb,
nnactnmumpoBanocb M NpoTaArMBanocb 4Yepes conno guametpom 1.75 mm. [lonydeHHass HUTb
oxnaxpganacb yepes3 BOAsIHble BaHHOYKM U HamaTbiBanacb Ha B6yxTbl. HATb cOCTOMT M3 nonunaktuaa
mapkm 3052D (Tabnuua 1) npomnssogcTtea "Shenzhen Tuozhu Technology Co., Ltd." (Kutan, N'yaHayH) n
OpPEeBECHON MyKMN U3 ocuHbl Mapku 200 co crnenyowmmmn xapakTepuctTmkamu: BRaXxHOCTb He 6onee 8 %,
MaccoBas fons 3okl He 6onee 1 %, maccoBasi 4ONSA OKpaLleHHbIX Npumecen He 6onee 4 %, maccoBas
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Aonsi MetannomMarHuTHbeix npumecen He 6onee 0.0016 %, maccoBasi gons octaTka Ha ceTke 0.18 He
oonee 5-%, Ha ceTke 025 He 6onee 0.4%, maccoBas gons cmon n macen He 6onee 5 %; no FOCT 16361-
87 NocypapcteeHHbIn ctaHgapT Coto3za CCP MTOCT 16361-87 “Myka gpeBecHad. TexHudeckue ycriosus”
https://docs.cntd.ru/document/1200016983 maccoBbiM cooTHoLleHueM 75 % — nonunaktmaa, 25 % —
OpeBECHON MyKU OCUHBbI.

Ta6nuua 1. MapameTpbl nonunakTuga mapku 3052D
Table 1. Parameters of polylactide grade 3052D

HanmeHoBaHue cBOMCTBA En. nam. 3HaueHue
MnoTHoCTb r/cm3 1.24
TemnepaTtypa nnaBneHus °C 152.4
TemnepaTtypa cTeknoBaHus °C 59.5
MpoyHOCTb Ha n3rnb Mlla 55.3
lMpo4YHOCTb Ha pacTsKkeHne MMa 34.8
[MpoYHOCTb Ha cxaTue MMMa 454

Puc. 1 — 3D npuHTep Bambu Lab X1
Fig. 1 — Bambu Lab X1 3D printer
Image by the author of the article

PelweHne cosgaHua matepmana u3 ykasaHHbIX COCTaBMASIOLMNX CBA3AHO C UX XapaKTepUCTUKaMW.
Monunaktng 3052D 6bin BbiGpaH n3-3a €ro BbICOKMX (PM3MKO-MEXaHMYECKMX CBOWCTB, a Takke M3-3a
OTHOCUTENBLHO HEBLICOKOW TemnepaTypbl nnasneHus [25], Tak Kak Npyn 3Ha4YUTENbHbIX TemnepaTtypax
MOXET MPOU3ONTU TEPMUYECKOE pasfoXeHNe OpraHMYecKoro HarnomnHUTENNs, B Ka4ecTBe KOTOPOro Bbina
BblGpaHa Myka ApeBecuHbl ocuHbl Mapku 200. B kayecTBe 06pa3uyoB Ansa ucnoitaHuin nd komnosmta WPC
ObINN NOAroTOBNEHBI HECKOMNBKO 3K3EMMNMAPOB pasnnyHbix popm (PucyHok 3).
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Puc. 2 — SkcTpyaep co6CTBEHHOW pa3paboTKM.
Fig. 2 — Extruder of our own design.
Image by the author of the article
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Puc. 3 — UarotoBneHHble 06pas3ubl ANA UCNbITaHUN
Fig. 3 — Samples manufactured for testing
Image by the author of the article

2.2 Determination of static bending strength

WccnepoBaHve Ha npoyHOCTb Npu mM3rmbe nposogunu cornacHo MexrocyaapCTBEHHOMY
ctraHgapty [OCT 4648-2014 «[lnactmaccel. MeTtog wcnbiTaHWst Ha  cTaTUYECKUn  U3rMb»
https://docs.cntd.ru/document/1200110853 Ha yHuBepcanbHon mawmnHe P3M-100 (Pa3pbiBHas maluvHa
MeTtpotect P3M-100, cBuaetenbcTBO 00 yTBEepXAaeHUM Tuna cpeactB wmamepeHun Ne 75408,
narotosutens OO0 “MeTtpoTtecT”, Poccus, r. Hedptekamck) co cneunanmM3aMpoBaHHON YCTaHOBKON Onsi
ucnbiTaHnsa Ha narnd (PucyHok 4). TemnepaTypHO-BNaXHOCTHBIN PEXMM NP NPOBEAEHUN UCTbITAHUIA
ObIn HOpManbHbIM (TemnepaTypa 25 ° C, OTHOCUTENbHas BIAXHOCTb OKpyXatowen cpeabl 52 %).
Mcnbityembin obpasel, noasepranca nsrnby A0 paspyleHus ¢ NOCTOSIHHOW CKOPOCTbIO, paBHOM 1
MM/MUWH, B cepeamHe mexay onopamn. O6pasubl umenn anvHy 80 mm, wnpuHy 10 MM 1 TOMNLWKHY 4 MM,
pacyeTHasa gnvHa 64 mm. Bce pesynbTaThl NpeacTaBnsaoT cob0M CcpeaHmne 3Ha4YeHnst NATU U3MEPEHNI
nocne cratmcTtnyeckon obpaboTku.
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2.3 Determination of tensile strength

Mpenen npoyHOCTM Npu pacTskeHun onpegendnu no MexrocygapcteeHHomy ctaHgapty FTOCT
11262-2017 «lMnactmaccel. MeToa ncnbITaHUA Ha pacTsKeHue»
https://docs.cntd.ru/document/1200158280 (PucyHok 5) Ha yHuMBepcanbHOW MCnbITaTenbHOW MaluvHe
PBM-100 (PaspbiBHas mawwnHa MeTtpoTtect POM-100, cBnaeTenbCcTBO 00 yTBEPXKAEHUN TUNA CPEaCcTB
namepermn Ne 75408, marotoButens OO0 “MetpoTtect”, Poccus, r. Hedrekamck). TemnepatypHo-
BNaXHOCTHBLIN PEXMM NPWU NPOBEAEHMU UCMbITaHWA Obin HOpManbHbIM. Harpyska npuknagpiBanacb
BOOMb rnaBHOM ocu obpasua 00 paspyLlleHus, nNpu CKOPOCTU MNepeMeLleHns NOOBMXHOro 3axeaTa
paspbiBHOM MaluMHbl 5 MM/MUH, Paamepbl n gopma obpasuoB cooTsBeTcTByOT Tuny 1A cornacHo
MexrocynapcteseHHoMy ctaHaapTy FOCT 11262-2017 MNnactmacckl. MeTog ucnbiTaHns Ha pacTaxeHne
https://docs.cntd.ru/document/1200158280 Bce pesynbTaThl NpeacTaBnaioT cobon cpegHme 3HadeHus
NATU N3MEPEHUIN NOCHEe CTaTUCTUIECKOn 0bpaboTKu.

F

&2 o7

Puc. 4 — UcnbiTaHUA Ha cTaTU4eCKUA N3rmo
Fig. 4 — Static bending tests
Image by the author of the article
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Puc. 5 — UcnbiTaHue Ha pacTsXXeHue
Fig. 5 — Tensile test
Image by the author of the article

2.4 Determination of compressive strength

WccnepoBaHne Ha MPOYHOCTL MNpW  CKaTuM NpoBOAUNM cornacHo MexrocyaapCTBeHHOMY
cTaHgapTy rocCT 4651-2014 «lMnactmaccel. MeTog, ncnbiTaHns Ha cxkatne»
https://docs.cntd.ru/document/1200110855 (PucyHok 6) Ha yHuBepcanbHoW MmawwnHe P3OM-100
(PaspbiBHas mawmnHa Metpotect POM-100, cBugeTtenbcTBo 06 yTBEPXKAEHWUM TUNa CPEeaCTB N3MEPEHUN
Ne 75408, mnsrotosutens OO0 “MeTtpotect”, Poccus, r. Hedrekamc). TemnepaTypHO-BNaXXHOCTHbIN
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peXunm Npy NPoBeAEHUN UCNbITaHU 6bin HopManbHbIM. AcnbITyembli 06pasew, noaseprancsa okaTuio ¢
MOCTOSIHHOW CKOPOCTbIO [0 paspylleHusl, paBHOM 1 MM/MWH, Harpyska npuknagbiBaeTcsi BOOMb €ro
rmasHon ocu. O6pasubl umenn anuHy 10 mm, wupuny 10 mm 1 TonwuHy 4 mm. Bce pesynbtartbl
npeacTaBnsoT cobon cpeaHne 3Ha4YeHus NATU N3MEPEHNIA NOCIe CTaTUCTUYECKON 0BpaboTKu.

Al

Puc. 6 — UcnbiTaHue Ha cxaTue
Fig. 6 — Compression test
Image by the author of the article

3 Results and Discussion

BHeLwHWiA BUA UCMbITaHHbIX 06pasLoB Nnoka3aH Ha pUcyHke 7. Pe3ynbTaTtbl MccrnenoBaHust (onsmnko-
MeXaHW4YeCKNX CBOWCTB AaHHbIX 06pa3sLoB NpeacTaBneHsl B Tabnuue 2. Mo pesynbTaTam NpoBeaeHHbIX
3KCMEPVMEHTOB YCTAHOBIIEHO, YTO 06pa3Lbl Ha CXKaTue UMeny HauGonbLLYH paspyLLAOLLYH0 Harpysky,
HauMeHbLUylo — obpasubl Ha M3rnb. OGpasubl Ha pPacTHKEHUME UMENN MPOMEXYTOYHblE 3HAYEHUS
paspyLuatoLLen HarpysKu.

I

Puc. 7 — BHewwHUI BUA UcnbiTaHHbIX 00pa3uoB
Fig. 7 — Appearance of the tested samples
Image by the author of the article

Mocne o06paboTkM W aHanusa 9IKCNepUMEHTarnbHbIX AaHHbIX MOXHO 3aMeTUTb, 4TO, Mpu
pobaeneHun 25 macc. % OpeBeCcHOM MyKM OCUHbI B MONWMaKTUA, nokasatenb npeaena NnpoYyHoCTU Ha
cxatue ysenuuunca Ha 18 %, npegen NPOYHOCTM Ha pacTskeHne yMeHbluuncs Ha 33 %, npegen
NPOYHOCTN Ha n3rnb ymeHblumnca Ha 8 % (PucyHok 8). [NonyyeHHble pesynbTaTbl NO3BONAIOT caenatb
3aKno4eHne o ToM, 4YTo aobaBneHne ApeBeCHON MyKn MeHseT (OM3NKO-MeXaHN4YeCcKMe CBOMCTBA, Aenas
matepuan 6onee Xpynkum.
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Ta6bnuua 2. Nony4yeHHbIe 3HaYeHUS NpeaeroB NPOYHOCTHU
Table 2. Obtained values of tensile strength

Bua Harpy3ku
lMokasaTenu
PacTsxxeHune Cxartue U3rno

CpenoHee 3Ha4yeHune 935 5360 78.8
Harpyska, H

min + max 869 + 971 4780 + 5470 74 +81.3

CpenoHee 3Ha4yeHune 84 24 6.9
HDedopmauus, mm

min + max 6.7 +9.6 22+25 6.7+7.3
Mpenen CpegHee 3HayeHne 234 53.6 47.3
npodHocTy, MMa | iy - max 21.8+24.3 478+ 547 412 +49.8

B pamkax HacToswero nccnefoBaHns NpoBedeH CPaBHUTENbHbI aHanuM3 3aKCnepuMeHTanbHO
MOMNyYeHHbIX  PU3MKO-MEXaHUYecknx  xapaktepuctuk  komnosuta WPC ¢ BpeMeHHbIMK
CONPOTUBEHUAMU LLESTbHOW APEBECUHbI OCUHbI. [N yCTaHOBMNEHMS 3TaNOHHbIX 3HAYEHUIN NO LEeNbHON
ApeBecuvHe OCUHbl Oblfl  OCYLECTBReH aHanu3 [daHHbIX, MPeACTaBeHHbIX B page  Hay4dHbIX
nccnegosanun [26—-30]. Ha ocHoBaHuu npoBefeHHoro o63opa BbINOMHEHA cTaTUCTMYeckas obpaboTka
AaHHBIX C nocregylowumM npeacTaBneHMeM rapaHTMpPOBaHHbLIX MNpedenoB npodyHocTn Tabnuue 3.
Mony4yeHHble nokasaTenu ObiNM MCMNOMb30BaHbl B KayecTBe 6asbl ANA CPaBHUTENbHOW OLIEHKM
MexaHun4deckmx ceoncte komnoauta WPC ¢, paspaboTaHHbIM HamMKn, Matepuranom.

60 53.6 553
50 45.4 47.3
40 34.8
30 23.4
20
10

0

Cxatue PactaxkeHne N3rn6

Mpepgen npoyHoctn, Mla

EIA AMNK Ha MN1A

Puc. 8 — UameHeHMne huU3nKo-mexaHM4YeCcKMX CBOMCTB Nonunakruaa nocne godasneHus 25 macc. %
OpeBeCHON MYKU OCUHbI

Fig. 8 — Changes in the physical and mechanical properties of polylactide after adding 25 wt.%
aspen wood flour

Image by the author of the article

O6pasupbl, nony4vyeHHble M3 WPC Ha ocHoBe PLA, obGnagaiwT cnegywowmmm usmko-
MEXaHW4YEeCKMMN CBOWCTBaAMMU: Mpeden npo4vyHocTM npu oxatum 53.6 Mlla; npegen npo4vyHOCTU npu
pactaxenmn 23.4 Mrlla; npegen npoyHoctTn npu m3rmbe 47.3 MMa. lNpn cpaBHEHMM C UENbHON
APEeBECHHbI OCMHbI 2 copTa uccnegyemMblil ApeBeCHO-MOMMMEPHBLIN KOMMNO3WUT Mnokasan yBenuyeHue
NPOYHOCTN MpK cxatun Ha 60 %, yMeHbLUeHMe NPOYHOCTU MpU pacTskeHun n nsrnbe Ha 66% un 21%
COOTBETCTBEHHO (PucyHok 9).
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Table 3. Tensile strength values of aspen wood from different sources

LenbHas
H LenbHas LenbHas LenbHas LenbHas LenbHas
asBaHue ApeBeCcrHa OCUHbI
napameTpa ApeBecuHa | ApeBecuHa | ApeBecuHa | ApeBeCcUHa | ApeBecUuHa (rapaHTMpOBaHHblE
OCUHbI [26] | ocuHbI [27] | ocuHbI [28] | ocuHbl [29] | ocuHbl [30]
3Ha4YeHus )
Mpepen
ﬂg‘;”c';f:mm 43 38.9 35.2 36.7 425 33.6
MMa
Mpepen
NMPOYHOCTU
npu 121 - 80 142.2 102.2 69.1
pacTshHKeHWMH,
MMa
Mpepen
EECM’”:;%"; 77 68.6 64 65.9 79.9 59.6
MMa
80
69.1
70
59.6
60 53.6
50 47.3
40 33.6
30 23.4
20
10
0
Cxatue PacTaskeHue MN3rnb

Mpeaen npoyHoctn, MlMa

B [lpeBecrHa OCUHbI WRC Ha PLA

Puc. 9 — CpaBHeHue hn3nko-mexaHM4eckme CBOMCTBa UenbHou apeBecuHbl n AMNK Ha MJA
Fig. 9 — Comparison of physical and mechanical properties of solid wood and WPC on PLA
Image by the author of the article

B BbinonHeHHOM wuccnegoBaHun; komno3nt WPC nokasan He OfHO3HauyHble pesynbTaTbl.
YBenunumncs npegen NnpoYHOCTU Ha CKaTue, HO nNpeaeribl MPOYHOCTM Ha U3rnb 1 pacTskeHUe 3aMeTHO
yMeHbwunucb. [lonyynB [OaHHble 3HA4YeHUs npedenoB MNPOYHOCTM  MaTtepuana, MnosiBNAeTcs
BO3MOXHOCTb MPOBECTM [JarnbHEnWmne uccnegoBaHuUs nMpyu  MOMOLLUM  pacyeTHOro  KOMIMMeKca,
ocHoBaHHOro Ha MKD, cosgaB Tam HOBbLIM  MaTepman. Takoe MOAenupoBaHWe MNO3BONUT
CMpOrHO3MpoBaTb NOBEAEHUE U ONpPeAenvTb HECYLLyH CNoCOBHOCTb NOObIX BMAOB KOHCTPYKUMA M3
WPC Ha PLA, nepen npoBegeHueM nabopaTtopHbIX WCMbITaHWA Ha MOAENAX WM HaTYPHbIX
KOHCTPYKUMAX. Henb3sa 3abbiBaTb, 4TO (PM3MKO-MEXAHMYECKME CBOWCTBA WMCCNegyemoro maTtepuana
CUNbHO 3aBMCAT OT cBoUCTB PLA, B ganbHenwem 6yaet nposBeaeHa paboTta no cpaBHeHuto WPC Ha
ocHoBe PLA pasHbix OpeHOOB M TUMOB. Takke ANA MOBbLIWEHWUS MPOYHOCTHBIX XapakTepUCTUK
KOHCTPYKLMI, paboTalolmnx Ha pacTsbkeHue unu us3rmb, npegnonaraeTcs BBe4EeHME B pacyeTHoe
ceyeHne apMUPOBAHUA U3 CTEKNOMNNACTUKOBOW apmaTypbl, YTO MO3BOSUT HUBENMPOBATb CHWKEHUE
COOTBETCTBYHOLUNX PACHYETHbIX CONPOTUBIIEHWUN.
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4 Conclusions

B pamkax HacToswero muccnegoBaHuWs yaanocb MNOMyYuMTb APEBECHO-MONIMMEPHBIN KOMMO3WUT
(WPC), coctosawmin Ha 75 % w3 nonunaktuga 3052D (PLA) n Ha 25 % n3 apeBeCHOW MyKU OCUHbI MapKu
200. N3 nony4veHHoro komnoauta WPC Obin BbinonHeH dunameHt ana 3D neyatn. 3atem 6Gbina
BbinoniHeHa FDM-nevatb o6pasuoB Ha 3D npuHTepe. B xoae neyaty co3gaHHbIi ounaMeHT nokasan
ceba C MONOXWUTENbHOM CTOPOHbI: He 3acopsn COonno MpuHTepa, UMen OOHOPOAOHYK TEKCTYpY,
paBHOMEPHO MNOKpbIBan dopMy, BbICTpo Bbicbixan. [lonyyeHHble obpasubl Obinn nccnegoBaHbl Ha
cxartume, pacTsKeHue n cTaTu4eckuin n3rnb Ha yHuBepcanbHON UCNbITaTENbHOM MaLUMHE.

B pesynbTaTte npoBeaeHHbIX nccnenoBaHuii coopmMynmpoBaHbl CrieayoLme BbiIBOAbI:

Mpenen npoYHOCTM Ha cxaTue uchbiTbiBaemMoro matepuana (53.6 Mlla) Bbiwe, yem y
LenbHON ApeBEeCUHbI OCKMHbI 2 copTa u YncTtoro PLA Ha 20 MIMa n 8.2 MlNa (+66 % n +18
%) COOTBETCTBEHHO.

2. Tlpu onpegeneHun npegena NPOYHOCTU Ha pacTsxeHue obpasubl n3 WPC Ha ocHoBe
matpuubl 3 PLA nokasanu cnegytowee 3HadeHue: 23.4 Mla, 4To Huxe, YeM Y LenbHON
ApesecuHbl Ha 45.7 MMMa (- 66 %),  MeHbLue, YeM y unctoro PLA Ha 11.4 MIMa (-33 %).

3. [lpegen npo4HoCcTM Ha mM3rMb gaHHoro martepuana (47.3 Mla) Hwke, Yyem y LenbHOWM
apesecuHbl Ha 12.3 Mla (-21 %), n Hwxe, Yyem y PLA Ha 8 MMMa (-14 %).

lMonyyeHHble B X04€ WCNbITAHMN [AaHHble, MNO3BOMSAIOT OUEHUTb MexXaHU4Yeckne CBOWCTBa
KomnosuTa, coctosero Ha 75 % mn3 PLA v Ha 25 % 13 ApeBecHON MyKM OCUHbI, U chopMmpoBaTh
obnacTb ero KOHCTPYKLUMOHHOIO NPUMEHEHUS.

5 Fundings

PabGoTa BbINOfIHEHA B paMKax rocygapCTBEHHOrO 3agaHus B cdepe Hay4yHoOW AesTernbHOCTU
MwuHucTepcTBa Hayku M Bbiclero obpasoBaHust Poccunckon ®Pepepauum (tema FZUN-2024- 0004,
rocsagaHve Bnly).

References

1 Chibrikin, D.A., Lukin, M.V., Lukina, A.V., Tyurikova, T.V. and Roshchina, S.I. (2022) Numerical
Study of the Stress-Strain State of a Modified Wooden Beam. Lesnoy Zhurnal . Russian Forestry
Journal, 167-178. https://doi.org/https://doi.org/10.37482/0536-1036-2022-3-167-178

2 Cheng, W.N., Yi, H., Yu, C.F.,, Wong, H.F., Wang, G., Kwon, E.E. and Tsang, Y.F. (2019)
Biorefining Waste Sludge from Water and Sewage Treatment Plants into Eco-Construction
Material. Frontiers in Energy Research, 7, 1-9. https://doi.org/10.3389/fenrg.2019.00022

3 Roshchina, S.1., Lukin, M. V., Lukina, A.V. and Lisyatnikov, M.S. (2015) Recovery Wooden Beams
Impregnating Polymer Composition Based on Epoxy Resins. Forestry Engineering Journal, 5,
183-190. https://doi.org/https://doi.org/10.12737/14167

4 Koshcheyev, A.A. (2021) Razrabotka Konstruktivnykh i Tekhnologicheskikh Resheniy
Derevyannykh Balok s Krivolineynym Trosovym Armirovaniyem. Avtoref. dis. na soisk. uch. st
kand. tekhn. nauk.—Arkhangelsk: SAFU

5 Kumar, S., Vedrtnam, A. and Pawar, S.J. (2019) Effect of Wood Dust Type on Mechanical
Properties, Wear Behavior, Biodegradability, and Resistance to Natural Weathering of Wood-
Plastic Composites. Frontiers of Structural and Civil Engineering, 13, 1446-1462.
https://doi.org/10.1007/s11709-019-0568-9

6 Borovkov, A.l, Vafaeva, K.M. and Vatin, N.l. (2024) Microstructure and Physicomechanical
Properties of Glass-Basalt Fiber Reinforced Polymer Pipes: 3D Fractal Modeling. AlfaBuild, 32,
3203. https://doi.org/http://doi.org/ 10.57728/ALF.32.3

7 Repin, V.A., Lukina, A.V. and Usov, A.S. (2023) Rational Structural Solutions for Triangular
Trusses. Structural Mechanics of Engineering Constructions and Buildings, 19, 199-209.
https://doi.org/http://doi.org/10.22363/1815-5235- 2023-19-2-199-209

8 Xie, H., Hou, X., Fang, H., Zhang, S., Wang, Z., He, P., Yang, Z.,, Fang, Y. and Yu, F. (2024)
Flexural Behavior Evaluation of PET Foam Core Curved Sandwich Beam: Experimental Study and
Numerical Simulation. Construction and Building Materials, 414.
https://doi.org/10.1016/j.conbuildmat.2024.135000

9 Lisyatnikov, M.S., Chibrikin, D.A., Prusov, E.S. and Roshchina, S.l. (2024) Mechanical

Usov, A.; Lisyatnikov, M.; Roschina, S.
Physical and mechanical properties of wood-polymer composite based on polylactide and aspen wood flour;
2026; AlfaBuild; 37 Article No 3701. doi: 10.57728/ALF.37.1


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

21

22

23

24

25

This publication is licensed under a CC BY-NC 4.0

Characteristics of Polymer Composites Based on Epoxy Resins with Silicon Carbide. Construction
materials and products, 7, 3. https://doi.org/10.58224/2618-7183-2024-7-5-3

Urkhanova, L.A., Lkhasaranov, S.A. and Ochirov, B.O. (2021) Sawdust Concrete Obtained with
the Use of Wood Waste from the Republic of Buryatia and Ultrafine Additives. Vestnik VSGUTU.,
69-74. https://cyberleninka.ru/article/n/opilkobeton-poluchennyy-s-primeneniem-drevesnyh-
othodov-respubliki-buryatiya-i-ultradispersnyh-dobavok

Borovkov, A.l.,, Vafaeva, Kh.M. and Vatin, N.I. (2024) Compressive Strength of Hybrid Glass-
Basalt Fiber Reinforced Polymer Composite Tube: Multifractal Microstructure Characteristics.
AlfaBuild, 32, 3204. https://doi.org/http://doi.org/ 10.57728/ALF.32.4

Kotlyarskaya, I.L., Sinelnikov, A.S., lakovlev, N.A., Vatin, N.I. and Gravit, M.V. (2022) Structural
and Technological Features of Modular Multi-Storey Buildings. A Review. AlfaBuild, 2304.
https://doi.org/https://doi.org/ 10.57728/ALF.23.4

Gutnikov, V.A., Kaykazsky, V.I. and Usanova, K.I. (2024) High Performance Polymer Zedex-100K
Based on Polyethylene Terephthalate: Physical, Mechanical and Operational Properties.
AlfaBuild, 30, 3005. https://doi.org/https://doi.org/ 10.57728/ALF.30.5

Yang, A., Liao, Z., Xu, Z,, Liu, T., Fang, Y., Wang, W., Xu, M., Song, Y., Wang, Q. and Li, Y. (2025)
Scalable Production of Robust and Creep Resistant Ultra-High Filled Wood-Plastic Composites.
Composites Part B: Engineering, Elsevier, 289, 111937.
https://doi.org/10.1016/j.compositesb.2024.111937

Chen, L., Tang, W., Zhou, H., Li, Y., He, W., Hao, X., Chen, D, Li, D., Ou, R. and Wang, Q. (2023)
Constructing a Rigid-Flexible Grid Structure for Simultaneously Strengthening and Toughening
Bamboo Flour/Plastic Composites through the Introduction of Continuous Carbon Fabric Meshes
via Multi-Layer Co-Extrusion. Composites Science and Technology, Elsevier, 242, 110204.
https://doi.org/https://doi.org/10.1016/j.compscitech.2023.110204

Chen, L., Gao, F., Liu, J., Li, D., Chen, D, Li, Y., Hao, X., Ou, R. and Wang, Q. (2025) Enhancing
Wood-Plastic Composites for High-Performance Structural Applications. Composites Part B:
Engineering, Elsevier, 299, 112410. https://doi.org/10.1016/j.compositesb.2025.112410
Khantimirov, A.G., Abdrakhmanova, L.A., Nizamov, R.K. and Khozin, V.G. (2022) Wood-Polymer
Composites Based on Polyvinyl Chloride Reinforced with Basalt Fiber. News KSUAE, 3, 75-81.
https://doi.org/10.52409/20731523_2022_3 75

Williams, K., Ebdon, J.R. and Kandola, B.K. (2020) Intumescent Fire-retardant Coatings for
Plastics Based on Poly (Vinylphosphonic Acid): Improving Water Resistance with Comonomers.
Journal  of Applied Polymer Science, Wiley Online Library, 137, 47601.
https://doi.org/https://doi.org/10.1002/app.47601

Martynov, V., Lisyatnikov, M., Lukina, A. and Roshchina, S. (2024) Manufacturing Technology of
Glued Wooden Structures with the Use of Wood Damaged by the Fire Impact of a Forest Fire.
Forestry Engineering Journal, 13, 158—-177. https://doi.org/10.34220/issn.2222-7962/2023.4/10
Hao, X., Xu, J., Zhou, H., Tang, W., Li, W., Wang, Q. and Ou, R. (2021) Interfacial Adhesion
Mechanisms of Ultra-Highly Filled Wood Fiber/Polyethylene Composites Using Maleic Anhydride
Grafted Polyethylene as a Compatibilizer. Materials & Design, The Authors, 212, 110182.
https://doi.org/10.1016/j.matdes.2021.110182

Zhang, J., Delichatsios, M.A., Fateh, T., Suzanne, M. and Ukleja, S. (2017) Characterization of
Flammability and Fire Resistance of Carbon Fibre Reinforced Thermoset and Thermoplastic
Composite Materials. Journal of Loss Prevention in the Process Industries, Elsevier, 50, 275-282.
https://doi.org/https://doi.org/10.1016/j.jlp.2017.10.004

Zhang, N., Zhang, M., Zhang, J., Guo, X., Wang, H., Niu, B. and Yan, H. (2019) Flexible Water-
Resistant Intumescent Coatings: Fabrication, Characterization, and Fire Protective Performance.
Progress in Organic Coatings, Elsevier, 137, 105322.
https://doi.org/https://doi.org/10.1016/j.porgcoat.2019.105322

Zhao, L. and Fei Xi, D. (2022) Flexural Performance of Reinforced Aluminum-Wood—Plastic
Composite Beam: An Experimental and Numerical Investigation. Thin-Walled Structures, Elsevier,
180, 109910. https://doi.org/https://doi.org/10.1016/j.tws.2022.109910

Ratanawilai, T. and Taneerat, K. (2018) Alternative Polymeric Matrices for Wood-Plastic
Composites: Effects on Mechanical Properties and Resistance to Natural Weathering.
Construction and Building Materials, 172, 349-357.
https://doi.org/10.1016/j.conbuildmat.2018.03.266

Gao, L. and Tong, Y. (2024) Effect of Viscosity and Thermal Properties on Mechanical Properties

Usov, A.; Lisyatnikov, M.; Roschina, S.
Physical and mechanical properties of wood-polymer composite based on polylactide and aspen wood flour;
2026; AlfaBuild; 37 Article No 3701. doi: 10.57728/ALF.37.1


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

26

27

28

29

30

This publication is licensed under a CC BY-NC 4.0

of PLA Materials. Journal of Physics: Conference Series, IOP Publishing, 12024.
https://doi.org/https://doi.org/10.1088/1742-6596/2680/1/012024

Ugolev, B.N. (2011) Drevesinovedeniye i Lesnoye Tovarovedeniye. Akademiya.
https://www.booksite.ru/fulltext/ugolev/text.pdf

Eliseyev, S.G. and Ermolin, V.N. (2008) Fiziko-Mekhanicheskiye Svoystva Drevesiny Raznykh
Form Osiny. Aktualnyye problemy lesnogo kompleksa, 2, 92-95.
https://cyberleninka.ru/article/n/fiziko-mehanicheskie-svoystva-drevesiny-raznyh-form-osiny-
populus-tremulae

Johnson, R.P.A. (1947) Mechanical Properties of Aspen. Lake States Aspen Report No. 7, US
Dept. of Agriculture, Forest Service, Lake States Forest Experiment Station, 1.
https://research.fs.usda.gov/treesearch/45481

Roshchina, S.1., Lisyatnikov, M.S., Gribanov, A.S. and Glebova, T.O. (2015) Calculation and
Strengthening of Maximum Stressed near Support Zones of High Glue-Wood Beam
Constructions. Forestry Engineering Journal., 5, 187-197.
https://doi.org/https://doi.org/10.12737/11276

Herajarvi, H. (2009) Effect of Drying Technology on Aspen Wood Properties. Finnish Society of
Forest Science. https://doi.org/https://doi.org/10.14214/sf.198

Usov, A.; Lisyatnikov, M.; Roschina, S.
Physical and mechanical properties of wood-polymer composite based on polylactide and aspen wood flour;
2026; AlfaBuild; 37 Article No 3701. doi: 10.57728/ALF.37.1


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

	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Determination of static bending strength
	2.3 Determination of tensile strength
	2.4 Determination of compressive strength

	3 Results and Discussion
	4 Conclusions
	5 Fundings
	References

