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OcoGennocrn APMHPOBAHUA AepeBAHHBIX 3JIEMEHTOB,
¥CHJIEHHBIX ¥TJIepoAHBIM BOJIOKHOM, IPH CTAaTHYECKOM usrube

Annoranng

[IpoBeaeHbl TMpeTBAPHTENBHBIE CPABHUTETTBHEIC MCITBITAHHA JEPEBAHHBIX SIEMEHTOB,
VCHJICHHBIX VIJICPOJAHBIM BOJIOKHOM, Ha cTaTHYecKHH H3rwO. [lomydyeH SKoOHOMHUHEBIH criocod
VCHJICHHST JISPEBSIHHBIX KOHCTPYKIHH VIJICPOJTHEIM  BOJIOKHOM, KOTOPBIH 3aKITOYAETCS
NEPEMCHHBIM APMHPOBAHHEM 110 JUTHHE JISPEBIHHOTO 3iicMcHTa. [IpoBejeH cpaBHUTCILHEBIH
aHATH3 JIEPEBSHHBIX OATOK, APMHPOBAHHBIX TIOCTOSHHBIM W TEPEMEHHBIM CHOCOOOM.
IlomydyeHHbIE PE3YILTATHL DKCHCPHMSHTOB  YAOBICTBOPAIOT PE3YILTATAM TCOPESTHUCCKHX
H3BICKaHuH. MccneoBaHus MPoBOTHITHCH B PAMKAX H3VUSHHS COBMECTHOH paboTHI IPEBECHHBI
H YTIEPOTHOTO BOJIOKHA.

KaioueBble ciioBa: yIVIepoJHOS BOJIOKHO, VIVICPOJHBIC KOMIOZHI[HOHHBIC MaTepPHAIILL,
KOMITO3HTHI, TKAHD H3 YTTIEPOAHBIX BOTOKOH, YCHIIEHHE IEPEBSHHBIX KOHCTPYKITHIH.

B pamkax uccneaoBaHHS Bolpoca 3(pEKTHBHOTO HCMOT30BAHHS YITICPOTHOTO BOJIOKHA
IPH YCHJICHHH HM3THOAEMBIX JCPEBSHHBIX 3JICMCHTOB AHAJIM3Y IIOJABEPIIHCH (hopMysIBl juid
OTpe/IENICHHS] HOPMATBHBIX H KACATETBHBIX HAMPSLKEHHH, OasHPYIOIMecs Ha METOHKE pacieTa
aPMHPOBAHHBIX ACPERAHHEIX KOHCTPYKIHH [3].

B ocnoBy nannoro pacucra IOJIOKCHA NEPBas CTajus (YCJIOBHO YIIpYras) HAIPSDKCHHO
AeOPMHPOBAHHOTO cocTosHHA. IIpH »TOM cYHTaeTCs, YTO CBS3b MEXAY JIPEBECHHOH H
SJICMEHTOM YCHICHHS HEIPEPHIBHA 10 JUIMHC KOHCTPYKUHH H 00€CIIeUHBAcT HX IOJIHYIO
COBMECTHYIO pabOTy Ha BECh CPOK SKCIITYaTaIlHH.

Qopmyna I ONPEACICHHA HOPMAJIBHBIX HAIPSDKCHHH B JIPCBECHHE IIPH CTATHUSCKOM
H3THOE BIIEMEHTA, YCHIICHHOTO VITIEBOTIOKHOM, OV/IET HMETh BHT:
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n==FE / (b-h) — ko> puuMCHT APMUPOBAHUSA OLCPSUHOTO CCUCHHS KOHCTPYKLKH;
n=E, /E — OTHOWCHHC MOAYICH YHPYIOCTH DICMCHTA YCHICHHS W ApeBecuHbl, B,

npuHEAT papHbM 230 I'Tla 719 yriepoHoTro BOMOKHA WIOTHOCTHIO 230 T/M™; E,; — JTHTETbHBIH
MOJYIb YIIPYTOCTH APSBSCHHBI IPUHAT paBHEIM 0,9 ['Tla [4].

IlofcTaBHE TeOMETpPHUECKHE XapaKTEpPHCTHKH cedeHHS B dopMmymy (1), momydum
CIIEAVIONIEE BHIPaKEHHE IS ONPEACTICHUS HOPMaJIbHBIX HATIPSTKEHHH:
M 1+2-n-pn

(b-h%/6) 1+4:n-p

c-B.. (2)
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rue M — QopMyTa I ONPEHCIICHHS HOPMA/IbHBIX HAIlIPSDKCHHH B JPSBCCHHE HE
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l+4.-n-pn
KadecTBe ICMEHTA BHEIIHETC APMHPOBAHHS.
QopMyna AIA oNpec/ICHUS KacaTS/TbHBIX HANIPSDKEHHHA B HEATPAIBHOM CHOS JAPSBESCHHEI
MPH CTATHYECKOM H3THOS HJICMEHTA, YCHICHHOTO YITICBOJIOKHOM, OVAST HMETh BHI:
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A€ S =b-h’/2 — IPHBEACHHBIA CTATHYCCKHA MOMCHT HHCPLIHH.

IlogcTaBHB reoMeTpHYECKHE XApaKTCPHUCTHKH ceucHHA B dopMmydy (3), IomyduMm
CITEIVIONIEE BHIPAKEHHE JUTA ONpEelIeHHST KAcaTEIbHBIX HATIPSOKCHHH B HEHTPATBHOM CIioe
JPEBCCHHEL
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CTATHYECKOM H3THOE SIIEMCHTA, YCHJIICHHOTO YTJICBOITOKHOM, GYI[GT HMCTD BHA!
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HEHTpaJIBHOH OCH;,
h .
h. = ————  — BBICOTA PACTAHYTOH 30HEL CCUCHHA,
' 2-(1+n-u)
b — IHpHHA MOBESPXHOCTH CKANTBIBAHHS KJIEEBOTO IIIBA.

it
IlogcTaBHB reoMeTpHYECKHE XapaKTCPHUCTHKH cecucHHA B dopMmyay (5), momyyum
CIICAYIOILEE BRIPAMKCHUE JUIL ONPCICIICHUS KACATC/IBHBIX HALIPSDKCHUH B YPOBHE KICEBOIO IBA!
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Ka4ecTBE 3IEMEHTa BHEIITHETO APMHPOBAHHS.

Ilo dopmymam (2), (4), (6) ctpouM TpadUKH 3aBHCHMOCTH OTHOIICHHH HOPMAaTBHBIX H
KacaTe/IbHbIX HAIPSDKCHHH JICMCHTA, YCH/ICHHOIO YIVICBOJIOKHOM, K HOPMAaJIBHBIM H
KacaTelbHBIM HANPSCKCHHSM HE VYCHICHHOTO SIIEMEHTa TIPH H3MEHEHHH KosdHimeHTa
ApMHPOBAHHA |l IPH MPOYHX PABHBIX YCIIOBHAX.
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Pue. 1. T'padik 2aBHCcHMOCTH OTHOIEHHH HOPMATEHEIX 1 KACATENbHEIX HATIPSHKEHITH

Ilo rpaduxy BHAHO, uTO WpH L=0 OTHOIICHHE HOPMATBHBIX HAMPSLKCHUH B JPEBECHHE
VCHJICHHOT'O 3JICMECHTA K HOPMAJIBHBIM HAMIPSHKCHHSM HE YCHJICHHOTO JICMEHTBI PaBHBL 1, a 1pH
VBETHUYCHUH KOP(HIHEHTA APMUPOBAHHS |1 OTHOMIICHHS HATIPSDKEHHH YMeHbIaeTed. HeckombKo
OTJIMYHAS CHTYalusl HaOJOMACTICSA C KACATC/IbHBIMH HAIPSDKCHHSIMH B YPOBHC HCHTPAJIBHOTO
crmost apeBecHHbl. [Ipu p=0 OTHOIIEHHE KacaTETHHBIX HATMPSDKEHHH VCHIIGHHOTO SIIEMEHTA K
HAIPSDKCHHSM B HE YCHJICHHOM DOJKRMCHTS PaBHO 1, a NpH YBEIMUYCHHH Kod(uIpeHTa
ApMHPOBAHHS |L OTHOTIICHHE CHAYANA YMEHBINAETCS, 3aTEM TUIABHO HAYMHACT VBETHUHBATHCS, HO
1 tak ® He mocTHraeT. OGpaTHas CHTYAIMsA HaOMIOMACTCA C KACATENBHBIMH HATPSDKCHUSAMH B
ypoBHe KiceBoro 1mBa. [Ipu u=0 KacaTe/bHBIC HAPSHKCHHS B YPOBHE KICCBOTO IIBA YCH/ICHHOTO
AMeMEHTa paBHE (), a IPH YBETHUCHHH KOS(pPHUIMEHTa APMHPOBAHUS OTHOIICHHE KaCATETFHBIX
HaNPSHKCHUH B YPOBHE KIICEBOTO IBA YCHICHHOTO YICMCHTA K KACATCIbHBIM HAIPDKCHHSIM HE
VYCHIICHHOTO HTIEMEHTA TUIABHO VBEIHUHBACTCS, HO | TaK M HE JOCTHTAET.

[Ipoananuzupopas rpadHky HA pHC. 1, MOJKHO CIRJIATH BBIBOJ O TOM, YTCO PANHOHAIBHO
HCTIONMB3YEMBIH KOS PHIMEHT apMHPOBAHMA COCTABISeT WU=5+6 %o, T.K. JambHCHTICS
VBCIIHUCHHE VIVICPOIHOTO BOJIOKHA K 3HAYHTCIIBHOMY MPUPOCTY MPOUHOCTH HE IIPHBOIHT.

Hexonst w3 cooCpaskeHHH SKOHOMHH MATCPHAJA JUIS BHCIIHCTO apMHpPOBAHHSA, HaHaeM
ONITHMATBHBIH COCO0 apMHPOBAHHS JESPSBIHHBIX H3THOACMBIX STSMEHTOB, HATPY:KECHHBIX
PaBHOMEPHO PpacHpIe/icHHOH Harpyskoi. IIpu jAciCTBHH pPaBHOMCPHO pacnpeicicHHOM
HATPY3KH PACUETHOS CEUCHHE OalKW 1O HOPMATBHBIM HATMPSSKECHHAM PACTIONATASTCA B
CCpSIHHE MPOJICTa, B MCCTS JICHCTBHS MAKCHMAJIBHOIO W3rHOAIOIMEro MoMcHTa. Ecim
BBIMIOTHAETCS TPOBEPKa TPOUHOCTH JIEPEBIHHOTO SIICMEHTa, APMHPOBAHHOTO VIIISPOTHBIM
BOJIOKHOM, [0 HOPMAJIbHBIM HANPSHKCHUSM B PACYCTHOM CCUCHHH, TO IIPOBSPKA MPOYHOCTH B
OCTAJBHBIX CCUCHHSX 110 HOPMAJIbHBIM HANPSHKCHUSAM BBIIOJIHACTCSA aBTOMATHYCCKH. H3MCHSIS
k03P PHIMEHT apMUPOBAHHS TO JUTHHE H3THOAEMOTO SIIEMEHTA, VCHICHHOTO YIIICBOTOKHOM,
Jo0peMesl Toro, 4ToOBl HOPMAJIBHEIC HANPSDKCHUS B JHOOOM ceucHHH Oankw OBUIH paBHEL
HOPMAaJTbHBIM HATIPSCKEHHAM B PACUSTHOM CEUCHHH, T.C.:

5, =G, (7)
rﬂeo :6-h{X-1+2-n-MX:6.M2X-
X
b-h® 1+4-n-p.  b-h
AIIEMEHTA, YCHIICHHOTO YITIEBOTIOKHOM, Ha PACCTOSHHH X OT OTTOPHI;
M, =q-x-(1-x) / 2 — H3rudaronmii MOMEHT B CCUCHHH OAJIKH HAa PACCTOSHHH X OT

B — HOpMaJIbHBIC HAIIPLKCHHA B CCHCHHH H3rHGAEMOTO
X

OMOPBI OT PABHOMEPHO paclpe/Ie/ICHHOH HATPY3KH (;
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B — HOpPMAaJIbHBIC HAIPLKCHHA B CepeAHHC
P
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MPOTETa HATHOAEMOTO HIIEMEHTA, YCHIIEHHOTO VITICBOTIOKHOM;
M, =q-1°/8 — H3THCAIOIHMH MOMEHT B CCpPEIMHE MpoieTa Galkd OT PABHOMEPHO

paclpeieneHHON HAPY3KH .
IlogcTaBue 3HAYCHUS HOPMAJIbHBIX HAIIPSGKCHHE B BRIPAKCHHUE (7), IIOIyUHM:
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rae B, =(1+2-n-p, )/(1+4-n-pn, ) — KoohdUUHEHT, YIUTHIBAIOMME BKIOUCHHE B pabory
VIJICBOJIOKHA B KAYCCTBE HJICMCHTA BHCIIHETO aPMHPOBAHHS,

B pesynetate, monctaBue 3HaueHHe [, B dopMymy (8) W BRpPazHB |, TOIYYHM
3aBHCHMOCTb KOo()/(UIHCHTa apMHPOBAHHS H3THOACMOr0 YICMCHTA, YCHJICHHOTO YITICBOIIOKHOM,
O UTHHE, OT 3HaYCHHA Ko3(pHIHEHTa apMHPOBAHHS B CEPETHHE TPOJIETa OAITKH:
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Puc. 2. I'padux zaprcnMocTi KoadhHINeHTa apMHIPOBAHNIA H3IHOAEMOI0 SlIeMeHTd, YCHISHHOIO
YIMEBOIOKHOM, TI0 AMHHE, 0T 3HaUeHI KO3 HINeHTa apMHIPOBAHIL B CePelHHE NIpoleTa GalkH

30Ha OTPHIATEBHBIX 3HAYECHHH KorhPHITHEHTA He TPeOYET BHETITHETO aPMHPOBAHHS JUTTS
obecneyeHHsT TPOUHOCTH Oanmku. JIIs mpeaBapHTETBHOH MPOBEPKH MOMYUESHHOH 3aBHCHMOCTH
ObUT IOCTaBJICH SKCepuMeHT. JIst HenbiTanud OblIo B3STO JiBa 00pasna U3 YHCTOH JPSBSCHHBL
COCHHI UTHHOH 720 MM cedeHHeM 25X25 MM TIPH PacCTOSHUH MKy omopaMu 640 M.

B kauccTBe ycuieHHs oOpasia JcpeBsHHOM Oankn ObUIa MCIONB3IOBAHA VIVICPOIHAS
OTHOHATIpaBIcHHAA JI€HTa TPOH3ROACTRa XOITHHTOROH kKommaHuH 3A0 «Kommosut» (T.
Mocksa) Mapku FibARM ¢ mmormocteio 230 r/m’, mogyiem yopyroctd 230 ITla u
MPOYHOCTHIO TIPH pacTsxeHuH 4 1Tla.

Jlenra Gputa pazjelicHa MO CTPYKTYPHBIM NPSIAM HA OJAHHAKOBBIC YacTH, B KaM(IOMH
YyacTH (cioe) o mecTh npsagei. Tommaa oHoro cnos coctaBrna 0,128 v

Ha meprorii o6paser; OBUI0 HAHECEHO 5 CITOSB VINIEPOTHOTO BOTOKHA TAKHM 0OpaszoM, uTo
KOO(PHITHEHT apMHPOBaHHS OCTaBaJICA MMOCTOSHHBIM 110 BeeH jymHe Gankd. Ha Bropoit oGpazen
OBITI0 HAHECEHO 5 CJIOEB YIICPOTHOTO BOJOKHA TAKHM 00pa3oM, uTo (DYHKIHS H3MEHEHHS
KoopHITHEHTa APMHPOBAHHS TI0 JUTHHE W3THOACMOT0 3IIEMEHTA COOTBETCTBOBAIA (hopmyiie (9).
OOmiast TonmMHA HIEMEHTa VCHICHHS W3 YTTEPOTHOTO BoMokHa cocTapuma 0,64 MM, Pacxon
yroeBosiokHa 71 oOpasma Ne 1 coctaswi 15,46 rpaMmoB, it oGpasma Ne 2 — 6,76 rpaMmos.
CxeMa apMHpPOBAHHS TICPBOTC H BTOpoOro o0OpasioB NpeicTaB/icHa Ha pHcyHke 3. B kauectee

135



Heeeomua KTACY, 20153, N 2 (24 Cmpoumensttie xosempykqau, s5310d U coopyketud

CBS3VIOMETO OBUT MCTIONB30BAH KJIEH Ha OCHOBE SMOKCHAHOH cMombl DJ[-20 ¢ nobamneHueMm
orepauTens nompTHICHIwMaMaHa ([I5ITA) B nponopoun 1/8 B BecoBbix yacTsx. [lepen
HaKJIEHBAHHEM HHGKHSS TPaHb JIEPEBSHHBIX 00pasmnop sadumanace. Kakmapri HOBBIH clod
VIJIEpPOAHOTC BOJIOKHA YKJIABIBAJICA HA KISCBOH cocTaB. B TeucHHE CyTOK KICH 0TBEpACBAL

CxeMma apMHUpOBaHUA 1-r0 3JIEMEHTA

{ 720 L

Cxemu APMHPOBAHHA 2-10 HeMeHTH

720

Puc. 3. Cxema apmMupoBaHus 00pasion

Cpa3zy I0CIE HCIIBITAHHH 3aMEPSUIACH BIKHOCT 0OpasLiOB ¢ HOMOLLBIO BIIATOMEPA HIOJIBYATOIO
tina Mapku HB-1. BmakHocTs 000mX oOpasiop cocTaBmia 9 %. Ha oOpasmel ObIT YCTAHORIEH
HporuOoMep 4acoBOrO THIA ¢ LeHOH jacieHud 0,01 MM JUI8 H3MEpEHHS NPOTHOOB HOCEPSIHHE
HenBITYeMOH Oankr. Ha puc. 4 okazaHa pacueTHas! CXeMa, HCTIO/TB30BaHHAS TIPH HCTIBITAHHH 00pasIioB.

Cornacro 'OCT 16483.3-84 [1] obpasert JOBOAWICS 0 paspyIicHHS B TEUeHHE 1-2 MHHYT ¢
3aMEpoM IPOrHOOB IIOC/IC [PHIOMNKEHHS KUKIOH CTYIEHH HAarpysku Jjo paspyiucHus. Ilar
3arpy>KeHHs OBUT IPHHSAT 5 KT. PazpyIeHito o6pasia ¢ MOCTOSHHBIM apMHPOBaHHEM TI0 BeeH JUTHHE
IPE/IILCCTBOBAIO PA3BHTHE 3HAYHTE/IBHBIX IIPOTHOOB ¢ Pa3BHTHEM IUIACTHUCCKHX JchOpMAlHH B
CKaTOH 30HE JIPeBeCHHBL Pa3pyllicHue MPoH30IIIO OT pasphiBa VITIEBOIOKHA. XapaKTep paspyIlicHHUs
BTOporo oOpasia, OakH ¢ ICPEMCHHBIM APMHPOBAHHEM, OBUI TAIGKS XPYIIKHM, HO HIPOM30IIUIO OHO
BCJIE/ICTBHE MOTEPH MTPOUHOCTH IO CKAJTBIBAIOIIMM HAaNPSDKEHHSM B YPOBHE KJIECBOTO ITBA.

Pn Pn Pn Pn Pn Pn Pn Pn Pn P

AR R RN
1

[Toumrosaz ocHacrxa

e e

# #

P - npuioxentoe voume nQ
1 — KO/M4e CTBO TOYe K MPIUTOKe ! {

Puc. 4. PacueTHas cxeMa OTEBITHOTO 00pasila ¢ 8-F0 TOUKaMH MPHIOEKESHIA HATPY3IKHI
{(yCHIHSA, KTC, pazMEPEL, MM)
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[Ipeaen mpouHOCTH MPH H3THOE TS IEPBOTO HCITBITAHHOTO 00pa3sia ObUT JOCTHTHYT TIPH
Harpyske B 3306 Krc, a Juig BToporo — IpH Harpy3ke B 326 krc. Ha ocHoBe skcnepuMeHTOR ObLIA
TaKCKe TIOCTPOCHA JHATPAMMA 3aBHCHMOCTH MEXTY BHEIIHEH HAarPy3KOH W TPOTHOAMH TpH
cratiuyeckoMm u3ruOe (puc. 5). Ilo muarpamme BHIHO, YTo AchopMaTHBHOCTH 2-T0 o0Opasiia,
OaJIK¥ ¢ IEpeMSHHBIM apMHPOBAHHEM, HECKOJIBKO BHIIIE, YeM AchopMaTHBHOCTD 1-To oOpasna,
OaJyKH ¢ MOCTOSHHBIM APMHPOBAHHEM MO BCEH THHE.

2,5
2 7
A //
£ 15 A
L=}
o
S 1 = 1-m1if 06pazern
= = 2-0li 0Opazern
0.5

0 36 76 116 156 196 236 276 316
Harpy3xa, xrc

Puc. 5. I'padik 3aRMCUMOCTH MRy NPHIOKEHHOW HATPY3KOi M Tiporubamu
MPH CTATHYECKOM M3TH6Ge [t 1-10 1 2-ro 06pasios

Taxum 06pazoM, MOJKHO C/IETIATh BHIBOJ O TOM, YTO MPHMEHEHHE 0alok ¢ TMEPEMEHHBIM
APMUPOBAHHEM [0 JUIMHE IPHBEAST K HE3HAYHTCIBHOH IIOTEPE MPOUYHOCTH M IIOBBILCHHIO
AehOpPMATHBHOCTH, TIO CPABHEHHIO C OaTKAMH C TTOCTOSHHBIM apMHPOBAHHEM, HO TIPH STOM
HOMOTAET SKOHOMHTS Ooee 50 % apMHPYIOIIETO MaTepHaia.
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Features of reinforcing of the wooden elements strengthened by carbon fiber, at the static bend

Resume

The paper describes a comparative study of two beams reinforced with carbon fiber

One with a variable reinforcement and the other with a constant reinforcement throughout
the whole section. Test both samples are in static bending. With the optional accessories, the
loads are transmitted to the beam to simulate a uniformly distributed load. Thus, in the middle
of the beam we can see pure bending.

From a number of formulas determine geometric characteristics were derived dependences
of the strength characteristics from the quantity reinforced material. According to the obtained
dependencies were built graphics, clearly reflecting the effect of reinforcing element.

During the tests for the study of collaboration wood with carbon fiber was marked by a
rather large expense of reinforcing material, which now has a commensurate value. One of the
options saving carbon fiber, similar to other types of reinforcing materials, like metal, for
example, is a variable reinforcement. The main objective of this article describes the experiment
was to prove that the significant savings of carbon fiber carrying capacity of beam with variable
reinforcement is commensurate with the carrying capacity of beams reinforced throughout the
whole section. This hypothesis was confirmed. However is observed difference in the
deflections, visually as well as measuring instruments. The use of less carbon-fiber will be more
likely to use it as an element of reinforcement for timber.

Keywords: carbon fiber, carbon composite materials, variable reinforcement, tissue of
carbon fibers, increased timber.
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