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AHoTauis. B cTtaTTi NpUBOAATECS Pe3yNbTaTH TEOPETHKO-EKCIEPUMEHTAIBHUX JTOCIIIKEHb
po6oTHu 60JITOBOTO 3’€THAHHS €JIEMEHTIB 3 KJICEHOI IEPEBUHHM HA METAJIEBUX IUIACTHHAX M €0
PO3TATYIOYOTO  HABAHTAKEHHS TMapajlelbHO BOJIOKHAM. 3  ypaxyBaHHSM YHHHHUX HOPM
MPOEKTYBAaHHS BU3HAYCHO TEOPETHYHY HECYUy 3/aTHICTb 3’€THAHHSA B 3aJICKHOCTI Bl MOXKIIUBOL
¢dopmu pyitHyBaHHs. B pesynbrari BHUmpoOyBaHb OTpUMaHO (haKTHUHE 3HAYCHHS PYHHIBHOTO
HABaHTAXEHHs, a TAaKoX rpadik 3aJeXHOCTI nedopMariiii 3pa3ka BiJ BEJMYMHU HAaBAHTAKCHHS.
ExcniepumeHTanbHe 3HAUCHHS, BIPI3HAETHCS Bl TeopeTnuHux Ha 67.5 % Ta 11.3 %, BigmosigHo.
BcraHoBneHO, 110 OCHOBHHMM MapaMeTpoM, SKUH OOYMOBHB HECy4y 3[aTHICTh 3 €IHAHHS, €
MIIHICTh ICPEBUHU Ha BJIABIIOBAHHSI ITiJ] TOBEPXHEIO O0JITA.

KarouoBi cioBa: 0GontoBe 3’€lHaHHS, KJIEEHA JIEPEBHHA, MeETalieBa IUTACTHHA, HeECyda
3JIaTHICTh, PO3TST.

BBenenns. Ha croroaHimmHiii neHh B 0araThoX KpaiHax 3HAYHOI MOMYJISPHOCTI HaOyIo
3aCTOCYBaHHS OyAiBETbHUX KOHCTPYKIIH 3 BUKOPUCTAHHSAM KJIEE€HOI IEPEBUHH. 3 BUKOPHUCTAHHIM
HOBUX BHCOKOTEXHOJIOTITYHMX BHUPOOIB 3BOJATHCS HE JIMIE TPAAMINKAHI CKIQACHKI Ta
CUTBCHKOTOCIIOZAPCHKI CIOpyAn abo MalonoBepXxoBi OyniBimi, aje i OararomoBepxoBi OyIWHKH,
copyau ckiagHoi ¢opmu Ta koH¢irypamii. Ilopsn 13 cTaHmapTHUMH, 3 SBISETHCS BEITUKA
KUIBKICTh CYYaCHMX 3'€JHYBAIBHUX €JIEMEHTIB Ul CIIOJIYYEHHS JEPEBUHU 3 IHIIUMHU MaTepialaMu
(6eroHoM, mernoro, MeranoMm). [losBa cydyacHUX BHJIB Ta TEXHOJIOTI BHUTOTOBIICHHS 3’€HAHB
JepeB’SHUX KOHCTPYKLIH 00yMOBIIIOE HEOOX1IHICTh MPOBEJCHHS BIAMOBITHUX JOCTIKEHb pOOOTH
Ii] HABAHTAKEHHSM, OILIIHKA HECYy40i 3JaTHOCTI Ta e()OPMaTUBHOCTI.

AHai3 ocTaHHiX JocjaigxeHb uM nyoJaikauniii. JlocnipkeHHAM poOOTH  3’€IHAHD
JepeB’IHUX KOHCTPYKIIH MPUCBAYCHA BENMKA KUIBKICTh MyOMiKamiid BITYU3HSHUX 1 3aKOPJOHHUX
aBTopiB. Cepen Hux ciin BimsHauutu pobotu B.B. Crosnoma, B. B. ®ypcosa, B. 3. Knimenka,
C.C.'omona Ta 6araTboX iHIIMX BU€HUX. ABTOPHU [1] IpUBOAATH pe3ylnbTaTH €KCIIEPUMEHTAIBLHO-
TEOPETHUYHHUX JOCIIHKEHb HAreJIbHUX 3’€IHAaHb JEpPeB’SHUX KOHCTPYKLINA B3I0BXK BOJOKOH. Ha
OCHOBI OTPUMAaHMX JIAHUX 3aIPOIIOHOBAHA METOIMKA OLIHKU HECY4Ol 31[aTHOCTI PO3TIISTHYTOTO THITY
3’enHaHb. B po0oTi [2] mochimkyroTbes mapamMeTpu AeGOpMaTUBHOCTI 3 €IHAHHS THUITY “‘CTallb-
JepeBUHA” OaJlOK il MPSMUM KyTOM 3a JIOMOMOTOK CTaJeBUX IUIACTUH-TIIBICIB Ha IBAXaX.
BukoHaHO MOPIBHSUTBHHM aHATI3 OTPUMAHUX JAaHUX BIAMOBIIHO 0 HAIIOHATHHHUX Ta €BPOTICHCHKUX
HOpPM, a TaKOX IPUBEICHI 3aJIKHOCTI “HaBaHTaxeHHA-Aedopmauis”. B poboti [3] ommcano
METOJMKY Ta HaBEJICHO Pe3ylIbTaTH EKCHEPUMEHTAIBHHUX JOCIIKEHb POOOTH JOIIATHX apoK 3i
3’€HAHHAMM Ha MeTano3y0uaTHX IUIacTUHAX. MeToauKa Ta pe3ylbTaTH EKCIepUMEHTATbHUX
JOCTiKEHb POOOTH KIICETBUHTOBHX 3’ €/IHAHB JOMIATOKICEHUX €IIEMEHTIB Ha 3CYB IPHUBEACHI B [4].
ABTOpH [5] MOCHIKYIOTH HECydy 3[aTHICTh Ha 3TMH OOJTOBOTO 3 €IHAHHS YacTHH 30ipHOT
HIapHipHO 00mepToi Oamku Ta MPUBOIATH Ipadiku 3aJIEKHOCTEH MPOTHHY BiJ HaBaHTaXKeHHS. B
cTarTi [6] MPUBOIATHCA PE3YNbTATH EKCIIEPUMEHTAILHOTO BU3HAYCHHS HECY4O0i 37aTHOCTI 3’ €THAHb
3 BUKOPUCTAHHSAM Pi3HOI KUIBKOCTI OONTIB MpU HAaBAaHTAXKEHHI MapayieIbHO Ta MEPIEHAUKYISIPHO
BOJIOKHAM. [IOpIBHSHHS 3 TEOPETMYHUMHU JAHUMH 3T1THO PO3PAXyHKOBUX METOJHMK MOKA3ao, M0
HOPMH JIO3BOJISIIOTH 3 IOCTaTHHOIO TOYHICTIO MPOTHO3YBATH MIIHICTh OOJTOBUX 3’ €/THAHb.

Sk moka3aB aHai3 HOCIIKEHb, MUTAHHS POOOTH OOJITOBHX METANO-/IEPEB’ THUX 3’ €THAHb B
nmyOJTiKaLisgX BITYN3HAHUX BUCHUX BUCBITJIEHI HEMIOBHOIO Mipot0. 3 OTJIsAy Ha 1€, MeTOI0 POOOTH €
BU3HAYECHHS HECYYOi 3[JaTHOCTI Ta OLIHKa Ae(popMaTUBHOCTI OOJNTOBOrO 3’€IHAHHS EJIEMEHTIB 3
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KJICEHOT IEPEBUHU Ha CTAJICBUX IJIACTUHAX MPU POOOTI Ha po3TAr. /s JOCATHEHHS MOCTaBJIEHOT
MeTH OyNu BHpIIIEHI HACTYIHI 3aBJAHHS: BU3HAUUTH TEOPETUYHY HECydy 3[aTHICTh 3’ €IHAHHS;
pPO3pOOUTH METOAMKY Ta oOnajHaHHS s TPOBEICHHS BUIPOOYBaHb, OTPHUMATH Jdiarpamy
«HaBaHTaXEHHS-Ie(hopMaIliss» MPHU MOCTIIOBHOMY 30UTBIIEHH] PO3TATYIOUOT'0 3YCHIUIS; BU3HAYHTH
BEJIMYUHY PYHHIBHOTO HABAaHTAKEHHS Ta OLIHUTHU XapakTep JepopMyBaHHS O0JITOBOTO 3'€THAHHS.

Marepiann Ta MeToAMKA AOCJTiAKeHHs. 3pa30oK A JOCHIDKCHHS BUKOHAHMM y BUTJISAAL
(bparMeHTy peasbHOi KOHCTPYKIIIi 1 SIBJISIE COO0I0 IEPEBO-METANEBY KOHCTPYKITitO, SIKa CKIaIA€ThCS
3 KJIGEHOTO JiepeB'stHOro Opyca noBxkuHO0 750 mm, mepepizom 120x120 MM Ta Bpi3aHOi B MacuB
JIepeBUHH MeTaleBoi miuacTuHu. Kieenuit Opyc BUTOTOBJICHUH 3 MHJIOMATEpialliB IEPEBUHH COCHHU.
ToBIIMHA TJIACTMHU CTaHOBUTH 6 MM, mmpuHa - 80 mMMm. CninbHa pobOoTa Opyca Ta MJIACTHHU
3a0e3meuyeThes 3a paxyHok 3 OonriB miamerpom 12 mm. Bincranp Mixk 6oJiTaMu B MO3J0BKHBOMY
HanpsMKy cTaHoBUTH 140 MM, a Bij KpaiftHboro OonTa 1o rpani Opyca — 90 Mm. 3aranbHuii BUTIISA
3pa3ka npuBeIeHU Ha puc. 1.

a) 3 -

Puc. 1. 3aranpHuii BUTIISII 3paska i1 BUIPOOyBaHb () Ta BUTIIA B MONIEpeyHOMY mepepisi (0)

TeopernyHa Hecyda 3IaTHICTh HArelibHOTO 3’€IHAHHS BU3HadaeThbes 3rimHo JIBH B.2.6-
161:2017. MosxnuBi ¢dopMu pylHYBaHHS HArelbHOTO 3 €IHAHHS 3 JABOMA IUIOMIMHAMHU 3pi3y Ta

CTaJICBOIO IJIACTUHOIO NTPUBEJICHI Ha pHC. 2.
t
I

[
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Puc. 2. ®opmu pyitHyBaHHS HareJIbHOTO 3’ €THAHHA 3 IBOMA IUIOIIMHAMH 3pi3y Ta CTAJIEBOIO
wiactuHoto: f, g Ta h — naiimenyBanus ¢opm pyitnyBanns 3rinHo /IbH B.2.6-161:2017

Jist 3’emHaHHS 3 IBOMA IJIONMIMHAMH 3pi3y Ta CTAJEBOIO IIACTHHOK OYy/b-SKOi TOBIIMHU
Hecyda 37]aTHICTh 10 KOXKHIM TUIONIMHI 3pi3y Ha OAMH 3’€JHYBaJIbHUU eleMeHT (00JIT) BiIOBITHO
10 hopM pylHYBaHHS MO>KE JIOPIBHIOBATH OJJHOMY 3 HACTYITHUX 3HAYCHb:

E{kk = ﬁz,ktld > (1)

Fka = fh,ktld > (2)

Flo = 1.151/2My,Rk Soid s (3)

Jie ¢; — TOBIIMHA EJIIEMEHTYy 3 JIEPEeBHHH; d - AiaMeTp OOJTa; f; — XapaKTepUCTUYHA MIIHICTh
BJIABJICHHS 3’€JHYBAJIbHOIO €JIEMEHTa B MAacUB HEPEBUHU; M, pr - XapaKTEPUCTUUYHUH MOMEHT
TEKy4OCTI.

XapakTepuCTUYHUI MOMEHT TeKY4O0CTi O0JTa BU3HAYAETHCS 32 (DOPMYIIOIO:

M, o =03f,,d>°, “4)
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1€ fuk — XapaKTepUCTUYHA MIIIHICTh IIPU PO3TATY 00JITA.

3HaYeHHsS XapaKTePUCTUYHOI MIIHOCTI BAABICHHS 3 €IHYBAJBLHOTO e€JEMEHTa B MAacHB
NEepeBUHU TNpUMHATO [, =50MIla Ha ocHOBI BuUIpoOyBaHb, MpPOBEIACHUX B poboTi [7].
XapakTepuCTUYHA MILHICTh MPHU po3TAry 60ta f, r = SO0MIIa.

Tabnuus 1 — TeopeTnyHi 3HaYSHHS XapaKTEPUCTHUK 3’ €THAHHS

XapakrepuctuuHa | XapaKTepUCTUYHUN . ,
. . Teopernuna Hecyda 31aTHICTD 3’ €IHAHHS HA OJUH
MILHICTb MOMEHT TE€KYy4OCT1 , .
3’€JHYyBaJIbHUN €JIEMEHT
BJIaBJICHHS 6onra
S g h
ik, MIla M, r, KH-MM F)pe» kH Fu» xH F > xH
50 95.9 33.6 16.3 12.3

BpaxoByroun Te, mo B 3’€JHaHHI 3aCTOCOBYEThCS TpH O0NTa OYIKyBaHE pYyHHIBHE
HaBaHTaKEHHS CTAHOBUTHUME B MeKaX Bill Fyin = 36.9 kH 1o F.ex = 100.8 xH.

Jlis BUKOHAHHS 3aBJaHb CKCIEPUMEHTy Oyna po3pobiieHa ycTaHOBKA, IO 3abe3nedye
HaBaHTAXEHHS 3pa3Ka po3TaryrouuM 3ycriisam a0 150 kH. Ha puc. 3 mokasanwuii ecki3 yCTaHOBKHU B
300pi 31 3pa3KoM.

()" 7

\ B /7

\‘= B3 B2 i

T v i, : |
OMOPHA TITHTA o

Puc. 3. Ecki3 ycTaHOBKH JUIS JOCHI/PKEHHS 3pa3Ka Ha po3TAT (MOsSCHEHHS JI0 TI03HAaYeHb IPUBEICHI
y TEKCT1)

OCKUTbKM B €KCIIEPUMEHTI IUIAHYBAJIOCS BUKOPUCTaHHSA BUCOKOTOYHMX JAaTYMKIB
MEepeMIIIeHHs, TO YCTaHOBKA pO3po0IIsiiacs sl MOHTaXY Ha JKOPCTKIM OMOPHIN MJINTI. Y CTaHOBKa
MICTUTh TIOPOLWIIHAP 3aKpimieHud Ha muacTuHi (mo3. 1), mo 3abe3nedye Horo dikcailito Ha
omnopHiii mmactuHi (mo3. 2) msenepa (mo3. 3). LTox rigpoiuiiHapa MPOXOAUTh Yepe3 OTBIp B
mBenepi (mo3. 3) 1 3a AOMOMOror rojoBku (T03. 4) 3'eqHyeThcs 3 Hakimagkamu (mo3. 9) 3a
nonomoroto mtudra (mo3. 8). Hakmamkm posramoBani mo obujasa OOKH JAepeB'sHOTO Opyca,
BHUKOHAHI 31 CTaJI€BOTO JINCTAa TOBIIKUHOIO 12 MM 1 cTsaruyti 6 6onramu M10. IIpoTunexHuii KiHeb
Opyca GiKCyeThbCsl 3a JOMOMOTOIO CTaleBOi 3 ’€IHYBAIBHOI TUIACTUHU 10 MiBenepa (mo3. 6) i
KpINUTHCS 4yepe3 Hakimaiku (mo3. 5) 3a gomomororo 6-tu 6ontie M12. IllBenepu (mo3. 3 ta 6) B
HIDKHIA YacTUHI KpIIUIATBCA JO OMNOPHOI IUIMTI 3@ JOMNOMOTOI BHCOKOMILHOTO HAapi3HOTO
KpimieHHs. 3BepXy mBenepd mo3. 3 1 6 3'eqHani po3mipHUMH KyTHUKamu (mo3. 7). Ha puc. 4
MoKa3aHa ycTaHOBKa B 300pi, MICJIs MOHTaXKy Ha OMOPHIHN TUJIUTI.

Jlnst peectparllii mepemilieHb B IMPOLECi BIUIMBY PO3TATYIOUOTO 3YCHIUIS 3aCTOCOBYBABCS
natunk Honeywell Sensing and Control LTWO5SNOSKFSC. [Ins uporo Oymna o6paHa Touka B paifloHi
rojoBku Oonta B3 (puc. 3). Ilpm upomy 4YyTIAMBHI eleMEHT JaTyhMKa HE KOHTAaKTyBaB 3
KPIMUJIBHUMH €J€MEHTaMH, a YIHMpaBcs B CTIHKY (ppe3epoBaHOro OTBOPY Ha BiAcTaHi 9 MM Bin
30BHIITHBKOT MOBEpXHi Opyca. Ha puc. 5 mokazaHo po3MillleHHs TaT4YHKa.

B mporeci BUKOHAaHHS €KCIEPUMEHTY B TLIPOLMIIHAP MOJaBanacs TiIpopiIuHa 3 TEeMIIOM
HapoctanHns Tucky 0.1 MITa/xs. [Ipu nupomy iiuia 6e3nepepBHa peecTpallis JaHUX, 10 HAJIXOAATH 3
JAaTYMKIB THUCKY 1 mepeMilieHHs. Peectpariis 3ycwiuis, IO Jli€ Ha 3pa30K, BUKOHyBaJacs 3a
JIOTIOMOTOI0 KOHTPOJIIO TUCKY B T1IpOCHCTEMI. 3 III€}0 METOI0 BUKOPHUCTOBYBABCS JaTYUK THCKY
M/I-150TC. Bennunna 3ycuiisi BU3Havagacs HUIIXOM MHOXKEHHS 3HAUE€HHS TUCKY B TIPOLMITIHAPI

Ha e(EeKTUBHY IUIONly HOro MOPIIHS, SKa y PEeXKUMI PO3TATYIOUOTO HABAHTAKEHHS CKIaJae
2
0.0103 m".
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Puc. 4. BunpoGyBasibHe OCHAIIIEHHS B Puc. 5. JlaTuuk 0chOBOTO MEpEMIlICHHS:
3MOHTOBAHOMY BHUTJIsiAL: | —Tiapomwmisap; 2 - 1 — omopHa mnTa, 2 - KpiJjIeHHs AaT4YuKa; 3 -
[IUTAHT TIAPOCUCTEMH; 3 — BUIIPOOyBalIbHE JaTYUK OCHOBOTO MEepPeMillieHHs, 4 - TOUKa
OCHAIIeHHS; 4 - 3pa30K; S5 - OMopHa IUINTa BHUMIPIOBAHHS MEPEMIILIEHHS, 5 - 3pa30K

JIMCKpETHICTh OMUTYBAaHHS JaTyukiB craHoBwia 1 c. CurHamm JaTyukiB THCKY 1
NepeMillleHHs] HaIXOAWIM Ha OJIOK y3rOo/DKeHHs, 3'€lHaHUM 3  aHaJIoroBO-IHU(POBUM
MEPEeTBOPIOBAYEM, 3BIAKH MICHIS MEPETBOPEHHS B IU(POBY (GopMy MepeaaBaiucs B KOMITIOTED 1
3anmucyBaiMcs Ha Horo kopcTkuit nuck. Ilomampma oOpoOka iHdopmarnii mpoBoammacs
IporpaMHUMHU 3aco0amMu, 10 3a0e3medyioTh MoOyAoBY TaOnuupb 1 rpadikiB 3a 3HAYCHHAMU
peecTpoBaHUX MapaMeTpiB.

PesyabtaTn pociaigmxennb. Jlo gocsraenHs tucky 7.5-8.0 MIla mponec nedopmyBanHs
MPOXOJMB JOCUTH DPIBHOMIpHO, Oe3 Oynp-skux ocobmuBocteil. Ilpoiec HaBaHTa)keHHS 3pa3ka
CYINPOBO/IXKYBABCSl BUIMAIKOBUM MOTPICKYBAaHHSM, aJjie Bi3yalbHO MOsBa OyAb-IKUX YIIKOKEHb HE
cnoctepiranaca. [Ipu moganeimiomMy 30UThIIEHHI HABAHTAXEHHS MOJATIUBICTH CHCTEMH ICTOTHO
3pocia. 3poCTaHHS THUCKY CYIPOBOKYBAIOCS Oe3lepepBHUM TPICKOM BOJIOKOH JAEPEBHHH, IO
Oyno oO0ymoBIeHO X po3puBOM. PyiiHyBaHHs 3pa3ka BinOynocs npu HaBanTaxkeHHi 113.7 xH.
Otpumane B pe3y/bTaTi BUPOOYBaHb 3HAUEHHS PYHHIBHOTO HaBaHTAXKEHHs Ta MOTO MOPIBHIHHA 3
TEOPETUYHUMHU 3HAYECHHSMH MPHBEIECHO B TaOII. 2.

Tabnuusg 2 — Pe3ynbraTl BUpoOyBaHHs OOJITOBOTO 3’€IHAHHS €JIEMEHTIB 3 KJIEE€HOI JIepEeBUHH Ha
CTAJIEBUX IJIACTHHAX

Excnepumenranbie | MiHiMalIbHE TEOPETUUHE % MakcumManbHe TEOpeTUYHE %
3HaueHHs, KH 3HaueHHs, KH pi3HUII 3HaueHHs, KH pi3HUII
113.7 36.9 67.5 100.8 11.3

Sk BupHO 3 Tabin. 2 MiHIMalbHE TEOPETUYHE 3HAYEHHS HECydoi 3/JaTHOCTI OO0JITOBOTO
3’€THAHHS €JIEMEHTIB 3 KJICEHOI JAePeBUHM HA CTAJEBUX IUIacTUHAX Ha 67.5 % Biapi3HIETHCS BiJ
eKCTIIEPUMEHTAIBHOTO, TOJI SIK MakcHUMajbHe 3HaueHHsS — Ha 11.3 %. Takum 4MHOM, OCHOBHUM
napamMeTpoM, 1o 0OyMOBIIIOE HECYYy 3JaTHICTh 3’€HAaHHS € MILHICTh JEPEBUHU HA BJIABIIOBaHHS
M1 TOBEpXHEI0 00JTa.

B pesynbrari BunpoOyBaHb Oyno OTpuUMaHO Trpadik 3aJeKHOCTI «HABAHTAKEHHS-
MepeMilleHHs», SIKUH MpUBEACHO Ha puc. 6. Sk BumHO 3 rpadika, mporec aeGopMyBaHHS 3pa3ka
MOYMHAETHCS 3 JIOKAJbHOrO OOMWHAHHA TNpH 3HaueHHI HaBaHTaxeHHs 1o 20 kH, micna yoro
criocTepiraetbcsi Onm3pka 10 JiHIMHOI ainsHka. [losBa HemiHiHHUX aedopmalliii BigmoBinae
HaBaHTakeHHIO Onn3bko 80 KH 1 3ymMOBIeHa 3rUHAHHAM OOJITIB.

[Ticnst 3aBeplIeHHs EKCIIEPUMEHTY Oylio MpoBeAeHO po30MpaHHS 3paska 1 jaedekraris
CKJIaJIOBHX eJeMeHTIB (puc. 7). 3a pe3yabTaTaMu aHaNli3y 3TMHY OOJTIB MOXKHA MPUITYCTHTH, 110 B
KOHCTPYKIi JOCTAaTHHO PIBHOMIPHO BiI0YBA€THCSI MEPEPO3MOILT 3yCHIIb.
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Puc. 6. I'padix 3anexnocTti nedopmartii
3pa3Kka Bijl BEITMUYMHHU PO3TATYIHOYOTO
HaBaHTAXCHHS

Puc. 7. 3mina ¢popmu O0NTIB B pe3yabTari
3TUHY M 1I€10 HABAHTAKCHHS

BucHoBkH. 3 METOI0 BU3HAYEHHS HECY4Oi 3aTHOCTI Ta OI[IHKU J1e()OpMATUBHOCTI MPOBECH1
BUIIPOOYBaHHS Ha PO3TAr MapajielbHO BOJOKHAM OOJTOBOrO 3’€JHAHHS EJEMEHTIB 3 KIICEHOI
JICPEeBUHM HAa METAJIEBUX IJIaCTUHAX. B pe3ynbTaTi eKCIepUMEeHTY OTPUMAaHO 3HAYEHHsI pyHHIBHOTO
HaBaHTaXeHHs, ske ckiaano 113.7 kH, a Takox rpadik 3anexxHocti nedopmariii 3paska Bin
BEJIMYUHH PO3TATYIOUOTO HaBaHTaXeHHsA. PoOoTa 3pas3ka mpu 3HaueHHI HaBaHTaxeHHs 1o 80 kH
XapaKTepU3yeTbcs ONU3BKOIO JIO JIHIHHOT 3aJeKHICTIO, MICNIS YOro BHHHKAIOTh HENMIHINHI
nedopmartii, 3yMOBJIeHI 3TUHAHHAM OOJTIB. AHasi3 (GOpMHU 3TUHY OOJNTIB JO3BOJISE MPUITYCTHTH,
10 B KOHCTPYKIIIT Iepepo3nOIiI 3yCchilb BIIOYBAETbCA PIBHOMIPHO.

3 ypaxyBaHHSIM YMHHUX HOPM BHU3HAU€HI TEOPETUUHI 3HAYCHHS HECY4Oi 3JaTHOCTI 3’ €JTHAHHS
BIJIMOBITHO 70 MOXJIMBUX (OpM pyHHYBaHHS, SIKI CKIAMU F; = 36.9 kH ta Fu = 100.8 xH.
ExcniepumeHTanbHe 3HAUCHHS, BIIPI3HAETHCA BI TEOPETUUHUX, HA 67.5 % Ta 11.3 %, BignoBigHO.
3rilHO OTPUMAHUX JAHUX, OCHOBHUM IapaMeTpoM, 10 0OYMOBIIIOE HECYUY 3/IaTHICTh 3’ €IHAHHS, €
MIIHICTh AEPEBUHM Ha BJIABIIOBAHHS ITijl TOBEPXHEIO 0OTA.
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IKCIHEPUMEHTAJIBHOE UCCJIIEJOBAHHUE BOJTOBOI'O COEIMUHEHUA
3JEMEHTOB M3 KJIEEHOM JJPEBECUHBI HA CTAJIBHBIX IIJTACTUHAX

lexopkuna C.E., K.T.H., JOLIEHT,
«IIpuonenposckas 2ocyoapcmeeHHas akademus CmpoumeibCmed U apXumeKmypoly
S VT@ukr.net, ORCID: 0000-0002-4377-3746

AnHoTanusi. B Hacrosiee BpemMs B Mupe OOJBIIYIO MOMYASIPHOCTh IPUOOPENIO MPUMEHEHUE
JEPEBSAHHBIX KOHCTpyKUUH. IlosiBIIeHME COBPEMEHHBIX BHJOB U TEXHOJIOTUH H3TOTOBJICHHUS
COEJIMHEHUH 3JIEMEHTOB JIEPEBSIHHBIX KOHCTPYKIMH OOYyCIOBIMBAET HEOOXOIUMOCTh MPOBEICHUS
COOTBETCTBYIOLIUX HCCIETOBaHUN PabOThl O] Harpy3KOi, TEOPETUUECKON U 3KCIIEPUMEHTAIbHON
OLIEHKU HecylIei crmocoOHOCTH U 1e()OPMAaTHUBHOCTH.

B cratbe mpHBOIATCS pe3ynbTaThl TEOPETHKO-IKCIEPUMEHTANBHBIX HCCIEI0BAaHUNA pabOThI
00JITOBOTO COEMHEHMS 3JEMEHTOB M3 KJICEHOW JIPeBECMHBbl Ha METAIMUECKUX IIACTUHAX MOJ
JEVCTBUEM paCTATMBAIOIIEH HAIPy3KU NAapajuIEIbHO BOJOKHAM.
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Jlns uccnenoBanus ObUT MPUHSAT OOpasel], COCTOSIIMKA W3 KJIESHOTO JIepeBSHHOro Opyca
mmHo 750 MM cewenmem 120x120 MM M Bpe3aHHOM B MAacCHUB JAPEBECHHBI CTAJIbHOM
COeMHUTENBbHOM TutacTuHbl. CoBMecTHas paboTa Opyca u TIIACTUHBI 00ECTICUNBACTCS 32 CUET TPEX
6onToB quametrpom 12 mm. Kneensliit Opyc M3roTOBIEH U3 MIJIOMATEPUATIOB APEBECHHBI COCHBI.

Pa3pabotana meTonuka TpOBENCHHS JKCIIEpUMEHTa. B pesynbrare MCHBITAHUN TOTYyYeHO
(dakTHYecKkoe 3HAUYCHUE pa3pylIaroliei Harpy3ku, kotopoe coctaBuio 113.7 kH, a Taxxke rpaduk
3aBUCHUMOCTH JedopMaruii oOpasiia OT BEIMYUHBI pacTIruBaroieid Harpy3ku. PaboTa oOpasma npu
3HayeHun Harpy3ku 1o 80 kH xapakrepusyercs Onau3koil K JMHEWHOW 3aBUCHUMOCTHIO. [Ipu
OOJBIINX 3HAYCHHSIX HATPY3KU MPOSBISIOTCS HEIMHEWHbIE Aeopmanyu, 00yCIOBIECHHBIC U3THOOM
O0onToB. AHanmu3 QopMbl u3ruOa OONTOB TO3BOJSET MPEANOJOXKHTh, YTO B COCIUHEHHUU
nepepacnpeeieHue yCUIni MPOUCX0JUT paBHOMEPHO.

C yderoM AECUCTBYIOIIMX HOPM MPOECKTUPOBAHUS OMPENEICHBbl TEOPETUUYECKYIO HECYIIYIO
CIIOCOOHOCTh COEAMHEHUSI COTJIACHO BO3MOXHBIX (OPM pa3pylieHus. DKCIEPUMEHTaIbHOE
3HauYEHHE, OTIIMYAETCA OT TeopeTudeckux Ha 67.5% u 11.3%, cOOTBETCTBEHHO. Y CTaHOBIIEHO, YTO
OCHOBHBIM TMapaMeTpOM, KOTOPHIH OOYCIOBHJI HECYHIYyH) CIIOCOOHOCTh COCIMHCHHS, SIBIISICTCS
MIPOYHOCTH JPEBECHUHBI HAa BIaBJIMBAHUS 10T IOBEPXHOCTHIO O0TA.

KiroueBble c1oBa: 00JITOBOE COCTUHEHHUE, KIeeHAs APEBECHHA, METa/lIndecKkas IMIacTHHA,
HecyImiasi CiocOOHOCTh, PaCTsKEHHUE.

EXPERIMENTAL INVESTIGATION OF BOLTED TIMBER CONNECTIONS WITH
STEEL PLATES

Shekhorkina S.Yev., Ph.D., Associate Professor,
«Prydniprovska State Academy of Civil Engineering and Architecturey
S VT@ukr.net, ORCID: 0000-0002-4377-3746

Abstract. Currently, the use of timber building structures has gained great popularity in the
world. The appearance of modern types and technologies for the manufacturing of joints of timber
structures elements makes it necessary to conduct corresponding studies of its behaviour under load,
as well as theoretical and experimental assessment of load-bearing capacity and deformability.

The article presents the results of theoretical and experimental studies of the performance of
the bolted connection of glued timber elements with metal plates under the action of a tensile load
parallel to the fibers.

A sample consisting of a glued timber beam 750 mm long with cross-section section
dimensions of 120x120 mm and a connecting steel plate embedded in a solid wood was adopted for
the study. The joint work of the beam and the plate is ensured by three bolts with a diameter of
12 mm. Glued laminated timber is made of pine wood lumber.

The technique for the experiment was developed. As a result of the tests, the actual value of
the failure load equal to 113.7 kN was obtained, as well as a diagram of the dependence of the
deformation of the sample on the magnitude of the tensile load. The behaviour of the sample under
a load up to 80 kN is characterized by a close to linear dependence. At larger values of the load,
nonlinear deformations occur due to the bending of the bolts. An analysis of the shape of the
bending of the bolts allows suggesting the uniform redistribution of the inner forces of the
connection.

Taking into account the current design standards, the theoretical bearing capacity of the joint
was determined according to the possible forms of failure. The experimental value differs from
theoretical by 67.5% and 11.3%, respectively. It is established that the main parameter that has
determined the bearing capacity of the connection is the embedment strength of the wood under the
surface of the bolt.

Keywords: bolted connection, glued laminated timber, metal plate, load-bearing capasity,
tension.
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