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Qoecovka deporcasrna akademis OYOiBHUYMEA Ma apximexmypu

AHoOTAaLA

[Mepumii Tun (B1) gocnimkyBaHuX KOHCTPYKIi# € kieenomara 6anka nepepizom 100x60 mm
i nosxunoro 3400 mm i3 cocuu |l copty. ast Toro, ui06 BeIUYHHU BUMIPIOBAHUX MPOTrUHIB Oy
JIOCUTH BEJMKI (U1 Jermoro BMMIploBaHHs) Oajika 3aBaHTaKyBajacs B IUIOLIMHI 3 HalMEHILMM
MOMEHTOM oropy rnepepisy (B mioumni YOZ). Tomy Ha apyromy erari BUnpoOyBaHb Ha MOBEPXHIO
Oasiku OyB HaHECEHMH 1Lap KJCK Ha MOYEBHMHO-(GOPMaJIbIETiIHIH OCHOBI TOBIIMHOK S MM 1 Dalika
Oyna 3anuiieHa Ha 72 roauHM Ui BOMpaHHs Kiew. B pesynbrati wiel npoueaypu BiaOyBaeTbes
3aMOBHEHHsS aMOp(HOI LEIJI03M CeUYOBHHU-(DOPMAIBAETIAHUX CKIaJ0M 3 TOHAJIBIIOK HOro
KpHCTali3aLli€ro.

Hpyruii Tun (B2). He nigcunena 6anka B2 3kieena 3 8 6Gpyckis cocuu |l copry nepepizom
40x50 mm. ITeperun 6anku 320x50, nopxuna 3000 mm. He miacunena 6anka Oyna BunpoOyBaHa Ha
MOMepeyHUid BUTMH 3a JOMOMOIOK [HEBMATHYHOTO JOMKpaTa, BHMCTABJIEHOTO B CEpeMHI
npoasoty. banka B2 6yna nocunena pizaumu [TKM, a came cki1o i ByrineposokHa. Ha BepxHiil mosc
OyJI0O HaKIEEHO CKJIOBOJOKHO B TpH wmapu. Jlis pobodoro marepiany po3TarHyroi 30HH 0yI10
BMOpaHO BYIJIEBONIOKHO (L€ moJiiMepHHM Marepianl HIHMPOKO BMKOPHCTOBYETHCS B MaUIMHO- i
AiTakoOyayBaHHI y BHIJISAI KapKaCHOTO KOMIIO3MTY - BYIJIEIUIACTHKA). YTIIEBOJOKHO OyI10
HAKJIEEHO 3a JIONOMOT'0I0 MOKCHIHOTO CIIOIYYHOI'0 B OJIMH LIap.

PesynpraT J0CIIKEHb MOKA3aJIM, IO MOJIMEPHI KOMITO3UTHI MaTepiaiud MOXKYThb CIYKHUTH
edeKTUBHUM CrocoOOM MOCHUIICHHS KOHCTPYKIH, sIKi Bike nepeOyBaloTh B €KCIUTyarallii, a TaKox
IIMPOKO BUKOPUCTOBYBATHCS TPH MPOEKTYBAHHI HOBUX 00'€KTIB.

Karouosi caoBa: Kiieenomari 6aiku, noiaiMepHi KOMIIO3UTH, CEHOBUHU-(QOpMaIIbICTiIHI
CyMillli, TEH30METpis, NONepeuYHUid BUTHH.
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AHHOTALUA
[Tepsoiii Tun (B1) uccneayemMbIX KOHCTPYKLMM MpeacTaBiseT co00i Kieeaolaryo 0anky
ceuenrem 100x60 mm u mamnoii 3400 mm u3 cocubl |l copra. [lis Toro, 4toObl BETHYHHBI

M3MepsAeMbIX MPOruOOB ObLIM JOCTATOUHO BEIUKHM (JE€rKo MOAAOIIMMHUCI HM3MEpeHHu1o) Oanka
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3arpy’kaiach B IUIOCKOCTH C HAWMEHBILIUM MOMEHTOM CONPOTUBIICHUs CeueHHsi (B IJIOCKOCTH
YOZ).

[TosTomMy Ha BTOpPOM 3Tane UCTbITAHUN Ha MOBEPXHOCTh Oanku Oblil HAHECEH CJIOM Kiies Ha
MOUEBUHO-(hopMasbAeruHOM OCHOBe TouMHON 5 MM 1 Ganka Obula ocTaBieHa Ha 72 waca s
BINUTbIBAHUs Kjes. B pesyiabrare 5Toil NpoLEAYpbl MPOUCXOJUT 3arojiHeHue amopdHOi
LEUTI0JI03bl MOYEBMHO-(DOPMaIIbICTHAHBIM COCTABOM C TMOCIEAYIOLICH €ro KpucTalau3alen.

Bropoit tun (b2). Heycunennas 6anka b2 nokneena n3 8 6pyckos cocusl || copra ceuenmnem
40x50 mm. Ceuenue Ganku 320x50, nnuny 3000 mm. Heycuniennasi Ganka Oblia MCHbITaHA Ha
NornepeyHbliii M3rud ¢ MOMOUIbIO THEBMAaTUYECKOrO JIOMKpara, BBICTABIEHHOINO B CepeauHe
npoJieTa.

banka b2 Owuna ycuinena pasnuunbiMa [1IKM, a MmeHHO cTekio- W yrieBosokHom. Ha
BEPXHHH 10sC ObLIO HAKIEEHO CTEKIOBOJIOKHO B TPH CJI05.

Jlns  pabouero wmarepuana pacTAHYTOH 30HBI ObLIO BBIOPAHO YriIEBOJOKHO (9TOT
MOJUMEPHBIM MaTepuan ILMPOKO MCHONb3YETCss B MAalIMHO- M CAaMOJETOCTPOEHUWHM B BHJE
KapKacHOTO KOMIO3UTa — YIJIeIIaCTHKa). Y TJICBOJIOKHO OBLIO HAKJICEHO € MOMOLIBIO SMOKCHIHOTO
CBSI3YIOIIET0 B O/IUH CJIOM.

HanpsxeHHo-1e(pOPpMUPOBAHHOE COCTOSIHUE HEYCHJICHHOHW M ycuJIeHHOW Oanok Tuna b2
MCCJIEIOBAIOCH MIPU NMOMOIIM 17-TH TEH30pe3MCTOPOB, HAKJIECHHBIX Ha KPUTHUECKHX YydacTKax
Ganku. [lpn MCnBITAaHUSX MCHONB30BAIUCH TeH30pe3ucTopel ¢ Oasoii 40mM. Harpyska Obina
NpUIOKEeHa B cepeauHe mnposieta Oajlku B BHUAE COCPEJOTOYEHHOW CHJIBI C  [OMOILBIO
MHEBMATHYECKOT0 JIOMKpaTa.

PesynpraThl MccieN0BaHMM MOKa3aau, YTO MOJMMEPHbIE KOMMO3UTHBIE MaTepHalbl MOTYT
CIY)KUTh P (PEKTUBHBIM CIIOCOOOM YCHIICHHS] KOHCTPYKLMH, YK€ HaxOIsIMXCs B IKCIUTyaTalluu, a
TaK)Ke LIMPOKO UCTIONb30BATHLCS MPHU MPOEKTUPOBAHUU HOBBIX 00BEKTOB.

Kiawuessie c10Ba
Kneenomareie 6anku, noMmMepHbie KOMIO3UTHI, MOUYEBHHO-()OPMAIIbAECTHAHBIE CMECH,
TEH30METPUsl, NoNepeuHblil U3rud.
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Abstract

The first type (B1) of the investigated structures is a glued beam with a section 100x60 mm
and a length 3400 mm from pine of |l grade. To ensure that the values of the measured deflections
were sufficiently large (easily measured), the beam was loaded in the plane with the smallest
section resistance (in the YOZ plane).

Therefore, during the second stage of testing, a layer of glue with a urea-formadehyde base
5 mm thick was applied to the surface of the beam and the beam was left for 72 hours to absorb the
adhesive. As a result of this procedure, amorphous cellulose is filled with urea-formaldehyde
composition followed by its crystallization.
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The second type (B2). The unreinforced beam B2 is glued from 8 boards of a pine of || sort
with section 40x50 mm. Section of the beam is 320x50, length is 3000 mm. The unbraced beam
was tested for transverse bending by a pneumatic jack, exposed in the middle of the span.

The beam B2 was reinforced with various PCMs (fiberglass and carbon fiber). On the upper
belt was glued fiberglass in three layers.

Carbon fiber was chosen for the working material of the stretched zone (this polymer
material is widely used in machine and aircraft construction in the form of a carcass composite -
CFRP). Carbon fiber was glued with an epoxy binder in asingle layer.

The stressed-deformed state of the unforced and reinforced B2-type beams was investigated
with the help of 17 strain gauges glued on the critica sections of the beam. During the tests,
tensoresistors with a base of 40 mm were used. The load was gpplied in the middle of the span of
the beam in the form of concentrated force with the help of a pneumatic jack.

The results of the research showed that polymeric composite materials can serve as an
effective method of strengthening structures that are aready in use, and aso widely used in the
design of new facilities.

Keywords

Glued beams, polymer composites, urea-formaldehyde mixtures, tensometry, transverse
bending.

O0beKTbI MCC/IE0BAHMS - KJICE/I0ILIATHIC JIEPEBSHHbIC OalIKU C YCHJICHUEM NOJTMMEPHBIMH
KOMITO3UTHBIMH MaTepUalaMH.

Ilepsoviit mun (51) npeacrasiser coboii kieepomaryio Oanky ceuenrem 100x60 MM u
amuroi 3400 MM u3 cochbl |l copra (puc. 1). st Toro, 4toObl BEIMYUHBI U3MEPSEMBIX MPOrHO0B
ObUIM 10CTATOYHO BeJMKH (JIErKO MOJAIOIMMUCS M3MEpeHHI0) Oasika 3arpyaiach B IJIOCKOCTH €
HaUMEHBIIIMM MOMEHTOM CONpOTHBJIeHUs ceuenus (B rtwiockoctd YOZ)., Hcnbitanus Ha
nonepeyHbIit u3rud MpPOBOAMIKCH 10 cxeMe (puc.2).

WM3BecTHO, YTO JpeBeCHMHa Kak MMPUPOIHBIA MOJMMEP COCTOUT M3 IEJUIIOJI03bl B BHIE
cucTeMbl TpyOUaThIX BOJIOKOH. Llemiono3Hbie HEnoYKy B CTEHKaX TPyO4aThiX BOJIOKOH HACTUUHO
(oxono 40%) rpynnupyroTcs B BHAE KPUCTAIMYECKMX 00acTeil - MULENI, TIJie Lenu
OPUEHTUPOBAHBI MAPAIIENIbHO U MPOYHO YAEPKUBAIOTCA MEKMONEKYISIPHBIMU cuiamu. OcTtalibHas
yacTh (okosno 60%) Tak Ha3biBaeMOW aMOp(HOM LETI0I03bl COCTOUT W3 HEOPHUEHTHPOBAHHBIX
obnacreil, rje Her IMOJHONH B3aMMOHACBIIAEMOCTH LEned HW rje JAO0BOJBHO JIEFKO MOMKET
MPOUCXOIUTH B3AUMOJICHCTBUE LISJUTIONO03bl C OPraHUYECKUMHU COCTaBAMMU.

[TosTOMy Ha BTOpPOM 3Tarne UCMbITAHUW HA MOBEPXHOCTh OaaKu Oblll HAHECEH CJIOW Kiesl Ha
MOueBHHO-hopMabaeruaAHOM OCHOBE TOoNMHON 5 MM 1 Ganka Obula ocTaBieHa Ha 72 4aca s
BNUTBIBaHUs Kies. B pesynbrate 5TOH npoueaypbl NPOUCXOAUT 3arojHeHue amopgHOi
LEJUTI0JI03bI MOYEBUHO-(DOPMAaIbJIErHIHBIM COCTABOM C MOCIEAYIOUIEH €ro KpUucTa3auei.

Banka Oblia BbicTaBieHa Ha onopbl. OnopHas 4acth cocraBuiaa 120 MM ¢ Kaxaod M3
CTOPOH, TeM CaMbIM COKpaTHB pacueTHyw uinHy a0 3280 mm. B cepeamHe nposera Obui
yCTaHOBJIEH rporudomep st usmepeHus aedopmaliuii 0anku.

PesynbTarhl MCMBITAaHWIT MIOKa3au, 4TO porud Oanku, yeunenuon [TKM cocrasun 9,95 MM,
uto Ha 12,3% MeHnbiie npornbda Ganku He ycuneHHo# [TKM.

Bmopoii mun (b2). Heycunennass Ganka b2 nokneena u3 8 Opycko cocubl |l copra
ceuenuem 40x50 mm. Ceuenne Ganku 320x50, puny 3000 mm (puc. 3). Heycunennas 6anka Obiia
MCIIBITAaHA HA TOMEPEYHbIH M3rud C MOMOLIbIO MHEBMATHYECKOTO JIOMKparTa, BBICTABIEHHOTO B
cepe/lMHe npojera 1o cxeme (puc. 4).
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Puc. 1 Cxema 6anku b1, a) neycunennas 6anka, 0) ycunennas 6aika
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Puc. 2 Pacuemnas cxema, niopbl MomeHma u nonepeurot cuivt b1.

Banka b2 (puc. 3) Obuta ycunena pasnudnabiMi [IKM, a HMEHHO CTEKJIO- ¥ yTIIEBOJOKHOM.

Ha BepxHuii nosic Ob10 HaKJIEEHO CTEKJIOBOJIOKHO B TpH ci10sl. PacueTHas cxema npejcTaBieHa Ha
Puc. 5.
Jins pabouero marepuana pacTsHYTOW 30HBI ObLIO BBIOPAHO YIVICBOJIOKHO (3TOT MOJMMEPHBIH
MaTepuall LIMPOKO MCIOJb3YETC B MALIMHO- U CAMOJICTOCTPOCHUH B BHJIE KAPKACHOIO KOMITO3MTa
— yrieniactuka). YrieBoJoKHO ObLJIO HAKJIEEHO ¢ MOMOIIBIO SMOKCUAHOTO CBS3YIOLIEr0 B OJHH
CJIOM.

Mexny kneeHbiMM dneMeHTamu Oanku 1-2 m 7-8 Obula mponokeHa OLMHKOBAaHHAs
apMupoBaHHas cetka ¢ wmaroM sideek 1 mMm. Kpome TOro, Ha NMpHOMOPHBIX y4acTKaX MEXKIy
anementamu 2-3, 4-5 u 6-7 Gbua nposioxkkeHa apmupyomas cerka auuHoi 500 MM ¢ TakuMu ke
XapaKTePUCTHKAMH.
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Puc. 3 Cxema b6anku b, a) neycunennas 6anka, 6) ycunennas 6anka,
8) cXema pacnonodiceHuus Oamuukos

P=2752«kH
& &
1350
2700
/|
18.58kHM
13.76kHM
13.76kHM

Puc. 4 Pacuemnas cxema, sniopbl MOMEHmMa u nonepeuHol HeycunewHou 6anku b2

Takke kak B HeyCHIICHHON Oasike OpyckH ObLIM MPOKIIEEHB MEXKLY COOO0H ¢ MOMOILBIO Kiles
[IBA ¢ yckopurenem tBepacHus. CkienBaeMble OPYCKH CTATHBAIMCh MEXKIY COOOH MpHU MOMOLLH
CTpyOLMH, KOTOpble OOECreurBaIM [OCTATOUYHOE YCHIME CXkKaThd. Apmupylomas cerka Oblia
NpeBApUTEIBHO MPUKPEIJIeHa K OPYCKaM CTPOUTENBHBIMU CKOOAMHU.
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Puc. 5 Pacuemnas cxema, sniopbl MOMeHMA u NONEPEUHOU Cuibl ycunenHou oaixku b2

Puc. 6,7,8 banku b2 neped ucnvimanusimu

HanpspkeHHo-n1epopMUpOBaHHOE COCTOSIHME HEYCHJICHHOW M ycuiieHHOW Oanok tuma b2
MCCJIEIOBAIOCH MPU MOMOIIM 17-TH TEH30pE3UCTOPOB, HAKJIECHHBIX Ha KPUTHUECKHMX YdacTKax
Oanxu. [Ipu MCMBITAHUAX MCIOJIB30BAINCH TeH30pe3ucTophl ¢ Oazoii 40mm. [Tocae TapupoBaHus, ¢
MOMOLIBI0 YCTpoicTBa «MOCT» U nporpaMMHOro odecriedyeHus: K Hemy ObUIM [0J1y4eHbl 3HaYeHUs
COMpOTHBJICHUH naTyukoB. ConpoTuBieHus ObLIM MpeoOpa3oBanbl B Aedopmaunu. Harpyska, kak
M TIPH MCIBITAHWW HEYCHJICHHOW Oanku, Oblia MpUiIoKeHa B cepeluHe Tpojera Oanku B BHJIE
COCPEZI0TOYEHHOM CHIIBI C TTIOMOILBIO ITHEBMATHYECKOT0 IOMKpaTa.
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Puc. 9,10,11 Vcunennas 6anka b2 nocne paspyuernus

[Mony4eHHble pe3yibTaThl NPE/ICTABICHbI B BU/Ie IPadMKOB 3aBUCMMOCTH Jie(hopmalinii ot
NpUKIaabiBaeMoit Harpy3ku Puc 12
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Mporub (mam)

Puc. 12 Cpasnumenvhule epaghuku 3agucumocmu deghopmayuti om npurkiaobieaemot
HA2py3KU YCUNEHHOU U HeYCUTeHHOU banKu

BriBoabr:
[TonvmepHBIE KOMIIO3UTHBIE MaTepUalibl MOTYT CIYKHTh 3()QeKTHBHBIM Ccrocobom

YCUJICHHs KOHCTPYKLMH, y/K€ HaxXOISIIMXCsS B KCIIyaTalluH, a TAKKe IHPOKO HMCIHOJIb30BAThCs
MPH MPOEKTUPOBAHUN HOBBIX OOBEKTOB.
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