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JTE®OPMATHUBHICTH BY3JIIB JEPEB SIHUX KOHCTPYKIINI
HA 3’€JHAHHSAX TUITY “CTAJIb-IEPEBUHA”
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IIpoexkTyBanHsA OyAMHKIB i cmopya i3 AepeBMHM B TemepiliHiid yac Ha0y/a0 3HAYHUX
MacmTadiB. Ile moB f3aHO i3 NMOIIMPEHHSIM €KO-TEXHOJIOTiH, e)eKTHBHMX eHepro3depe:y-
BAJIBHUX OYAMHKIB, IMIBHAKOCTI Ta MOJAYJbLHOCTI OyAiBHHUITBA, OIOAKETHHUX pillleHb Ta
HAJaHHSl 3HAYHOI YyBaru MNUTAHHAM yTHaBauii OyaiBenb micasi 3akiHYeHHS CTPOKY
ekcruryaranii. 3’ €IHaHHA JAepeB’ SHUX KOHCTPYKUi € He MEHII Ba)KJIMBMM eJIeMEHTOM, 10
BIUIMBA€E HAa TEXHOJIOTIYHICTH 3BelAeHHA TakuX KoHcTpykuiii. Ilpocrora ta HaailimicTb
3'€IHAHb € OJHMM i3 BakJMBHUX (akTopiB. OnHUM i3 HalimomMpeHIIUX BUAIB 3’ €IHAHb Y
BY3JaxX JepeB’SIHUX KOHCTPYKUiii € mnepdopoBaHi ONMHKOBaHi CTajeBi MJIACTHHU AJs
KPpilJIeHHA 32 J0NOMOrow HBAXiB. Ik NMpaBuI0, BUPOOHMKHN BKa3yHOTh XapaKTepUCTHYHI Ta
PO3paxyHKOBi HABaHTAa’KeHHSl Y TEeXHIYHMX KaTajorax, Nmpore NMUTAHHA JeGpopMATHBHOCTI
3 €IHAHb THUNY “cCTalb-AepeBHHA’ BHMAra€ HAeTATbHOI0 BHMBYEHHA. Y CTATTi ONMCAHO
JOCTiIoKeHHsT 1e)OPMATHUBHOCTI 3’ €IHAHHSI THNY “CTajlb-JIepeBHHA” Ta MPOBEIEHO
NOpiBHSJILHUI aHaJi3 BiAmoBiAHO A0 HamioHAJbHMX Ta eBponeiicbkux HopMm. s
JOCTIIGKYBAHUX 3’ €IHAHDb 0YyJIM OTPUMAHI 3aJIeKHOCTI “ HABAHTA’KEHHSA-MHUTTEBA Aedopmaltis”,
110 JaI0Th 3a10BIIbHY 30IKHICTD i3 eKclepUMeHTAJIbLHIMH JaHUMU.

KuarouoBi cioBa: JepeB’siHi KOHCTPYKUil, 3 €qHaHHA “cCTajb-AepeBMHA”, UBAXH,
nomnepeyHe HABAHTAKEHHsI, MUTTEBA JedopMatisi, IJIaCTUHHU-NIABICH
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DEFLECTION OF JOINTSIN STEEL-TO-TIMBER CONNECTIONS
© Bula S, 2017

Nowadays design of timber buildings and constructions growth up. It is connected with
the dissemination of eco-technologies, efficient energy-saving buildings, rapid constructing,
inexpensive solutions and addicting to smart utilization after the expiration of exploitation
period. Timber connections are the very important factor, that influence on technological
aspects while construction. Just simplicity and reliability of timber joints makes this choice
reasonable and justified. One of the most shared timber jointsis“ steel-to-timber” connections
using metal dowe fasteners (e.g nails). As a rule, manufacturers of steel plates indicate design
and characteristic loads in their product catalog, but thelateral stiffness of these connections
at serviceability and ultimate limit states needs to be discussed. The article describes research
of slip in “steel-to-timber” connection and gives compar ative analysis due to domestic and
European standards. The “load-slip” dependences with satisfied correlation for investigated
connections were obtained. It is shown that experimental instantaneous slip in our case is
lower than theoretical values and has sufficient reserve comparing with theoretical data.
Additional investigations ar e going to be provided to develop thisresear ch.

Key words: timber structures, “sted-to-timber” connections, nails, lateral load,
instantaneous dlip, joist hangers.
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Beryn. 3'eqHaHHS €JIEMEHTIB JiepeB’ SHUX KOHCTPYKIIiN 3a J0MOMOroto cranesux miactun (¢ steel-
to-timber” joints) Ha BsxXax € JyXe MOMyJSIPHUM 1 MIMPOKO PO3MOBCIOUKCHUM Y OY/iBENbHIH MpaKTHIL.
Xoua, TEXHIYHHMH MpOrpec CHpHUs€ PO3BUTKY HOBUX METOMIB 3’ €JIHAHHS, 3aCHOBaHMX Ha aJre3iifHuX
BIIACTUBOCTSIX CYYaCHHX KIICIOUMX MatepiaiiB, crociO 3'€JHaHHS 3a JAOMOMOIO0 3’ €IHYBaIbHHUX IJIACTHH
(KpOHIITEHHIB, KyTHHKIB, 3’ €IHYBadiB, IUIACTUH TOIIO) 3aJHIIAEThCA aKTyaabHUM. lle TOB's3aHO i3
MPOCTOTOK) MOHTaXy, IIHPOKAM BHOOpPOM MarepiajiB, OIO/PKETHICTIO Ta HauiiiHicTIO. BimmosimHo,
MUTaHHS POOOTH TaKWX 3’ €JHAHb Ta iX PO3PAXYHKY 32 TPAHUYHHUMHU CTAaHAMH € Jy)KE aKTYaIbHHUM.

Oruisig HayKoBHMX JiKepes i myOuikaniid. Sk mpaBmio, y xaTtamorax BHPOOHHUKIB 3'€JJHYBaJIbHUX
mwiactud (TM Teco Building Products [1], Simpson Strong-Tie [2], Koelner [3]) BkasywoTbcs
XapaKTepUCTUYHI Ta PO3PaxXyHKOBI 3HAUCHHSI HaBaHTaKeHb Ha 3’ €qHaHHs. [IpoTe, OyBaroTh BUIIAJIKH, KOJIH
BHPOOHUKH HE HAJAIOTh TaKUX JaHUX a00 HEOOXITHO 3alpOEKTyBaTH 3’ €HAHHS 3 IHIIWM THIIOM HaresiB
(mampuKiIam, IIypymH 3aMicTh I[BSAXIB), IOCTa€ HEOOXIAHICTH CAMOCTIHHO 3ampOeKTyBaTH TaKWM BH]I
3’ €IHaHHA.

PosBuBatoun momnepeni (1950-ti poku), po3paxyHKOBI MiIXOMU MIOAO MPOCKTYBAHHS HarelbHUX
3’enHaHb, y 80-X pokax MUHYIIOI'O CTONITTS y IbOMY HANPSAMKY JOCHiKeHHs mpoBomun mutpies I1. A.
[4], Makcumenko JI. A. [5], Cauukoyxos FO. B. [6], Cunapenko B.I' i [lanomuukos B. H. [7] Ta in.
CyuacHi ykpaiHChKI HAayKOBIII TEX HPHCBAYYIOTh 3HAYHY YyBary pO3paxyHKy 3 €IHaHb JepeB’ THUX
koHcTpykiii: demuuna b. I'. [8], T'omon C.C. [9], ®ypcos B.B. [10] Tta inmi. Cepen iHO3eMHHUX
HAYKOBIIIB JI0 PO3BHTKY Teopii po60TH HarenbHuX 3 eqHaHb onyuumucs K. Moxancen (K. Johansen) [11],
T. Makueita (T. McLain) [12], B.Xincon (B. Hilson) [13], I'. Jlapcen (H. Larsen) [14] Tta in. Pe3ynbraTu
JOCIIKCHB, 110 OYJIM MPOBEIEH] IIMMHU Ta IHITMMH HayKOBISIMHM OYJIM TOKJIaJ€HI B OCHOBY HOPMAaTHBHUX
JOKYMEHTIB 3 TIPOCKTYBAaHHS JIEPEB’ SIHUX KOHCTPYKIIiH, 110 OyJIM YNHHUMHU B YKpaiHi y pi3HUH mepion, a
came: CHulI 11-25-80 [15] (1991 p. — 2011 p.), JABH B.2.6-2010 [16] (3 2011 p. — norenep), ACTY-H b
EN 1995-1-1:2010 [17] (mie napanenbho 3 JIBH i3 2013 p. — noternep).

ChoroiHi OCHOBHMMH HalliOHaJbHUMH HOPMATHBHUMH JOKyMEHTaMH 3 MPOCKTYBAHHS JIEpPEB’ THUX
KOHCTPYKIIi# Ta ix By3aiB € JJBH B.2.6-161:2010 (mamaxi JIBH) ta ICTY-H B EN 1995-1-1:2010. ITi
JIOKYMEHTH TapMOHi30BaHi i3 BianosigauM Eurocode 5 [18] Ta MicTATh OCHOBHI MONOKEHHSI PO3PAXYHKY.
[Iporte, B X0/i MPaKTUYHHUX IHKEHEPHUX PO3PaXyHKIB BUHUKAIOTh TPYIHOIII, TIOB' si3aH1 13 BU3HAUYCHHSIM
nonyctumoi pedopmarii Takux 3'eaHaHb. Pid y TiM, mo BimnmoBigHO 10 dimocodii po3paxyHKy,
BuKiIazeHol y Eurocode 5, rpanuyno nomyctuma nedopmariisi 3'€aHaHHS HE JiMiTyeThes. [Ipu oMy
PO3YMIETHCS, IO MPOCKTAHT CAMOCTIMHO BH3HAYAE, SKI MEPEMIIEHHS Ul IIbOTO TUIY 3’ €JHaHHS OYyayTh
IPAaHUYHHMHU 3 TOYKM 30py eKCIUTyaTamiitHoi mpumatHocti (Serviceability limit state). Oxpim 1mporo,
obuucieni aedopmamii 3’€IHAHHS NOBHHHI BPaxOBYBATHCS IPH BHU3HAYCHHI MOBHOTO Ta MHUTTEBOIO
nepemintenns (xehopmarii) Beiel koneTpykiiii. Citif 3ayBakuTH, [0 Y TOMEPEAHIX HOPMaX MPOEKTYBAHHS
Cuull I1-25-80 oboMmexeHHs 1moa0 AeGOopMaTHBHOCTI HarelbHUX 3'€JIHaHb OyJH PErjJaMeHTOBAaHUMH 1
CKJIaJlayiu 2 MM.

BpaxoByroun 11¢, Oyli0 BHpIIIEHO BWUKOHATH aHami3 JeQOpPMaTUBHOCTI BY3IIB JepeB’ SHUX
KOHCTPYKIIIH Ha 3’ €IHAHHSX HATEbHOTO TUMY “ CTallb-JIepeBUHA” IIISIXOM MPOBEACHHS EKCIIEPUMEHTY Ta
MOPIBHATH OTPUMAaHi pe3ylbTaTd 3 PO3PAXYHKOBUMH BEJIMYMHAMHU BiAMOBITHO JO HOPMAaTHBHHUX
JOKYMEHTIB.

Mera Ta 3aBaaHHs [JOCJHIKeHHS ToOJsrac y adami3zi JedopMaTHBHOCTI 3'€JIHAHb BY3IiB
JepeB’ THUX KOHCTPYKIIIH TUITYy “cTajib-AepeBHHA” Ta MOPIBHSAHHI  €KCIEPUMEHTAIBHHMX JaHUX 13
PO3paxyHKOBHMH. JIOCIIPKEHHS TIPOBOAMIIMCS HA JJOCUThH TOMIMPEHUX Y JIePEB’ SHUX KOHCTPYKIIISX By3JIax —
3’eHaHHs OAJIOK Mix MPSIMUM KYTOM B OJHOMY piBHi (puc. 1) 3a JOMOMOro0 CTaneBUX IUIACTHUH-TIIBICIB
Ha 1Bsixax (joist hangers).

Excnepumentansni  gocaimkenns. Jlng mocmimxkenHss poOoTH  Takoro 3'e€qHaHHS —Oyno
BUTOTOBJICHO 2 cepii 3pa3kiB (KokHa 10 6 3’ €HaHb-OIM3HIOKIB), IO IMITYBAJIM TIPUETHAHHS JPYTOPSIIHOT
OaJIKi 10 TOJOBHOI IMiJ MPSIMUM KYTOM B OJHOMY piBHi (puc. 2). BunpoOyBaHHs 3pa3KiB MPOBOAWIN MPH
Bonorocti aepesunu cocHu W~20 %. [Ipu mpoBemeHHI €KCIEpUMEHTAIRHUX JIOCHIKEeHb (hikcyBaacs
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BeIMUYMHA Ne()OPMATUBHOCTI 3’ €JHAHHS TPU IOCTYIIOBOMY 30LIbIICHHI HAaBAaHTAXKEHHS 10 PYHHIBHOIO.
ITpreaHaHHs TOMTOBHOT GalKK 10 APYTOPSAHOI OyI0 BUKOHAHE 3a J0MoMororo 4 nssxie (cepis Ne 1) ta 6
BsxiB (cepis Ne 2) nosxunoro 80 MM, miamerpom 3 MM. XapakTepHCTHYHA I'YCTHHA ACPEBHHU CKIIajaa
355 kr/m. Kinac nepesunn C24.

Puc. 2. 3aeanvna cxema sunpobysanv. 1 —2onoena 6anxka, 2 — opyeopsiona baixa,
3 — nracmuna-niogic, 4 — naceni, 5 — micye nPUKIAOEHHS HABAHMAICEHHS

HaBaHTa)keHHsI 3pa3KiB BHUKOHYBAJIOCS 3a JOIMOMOI'OK TiIPaBIIYHOIO JOMKpaTa 3 BHUTPHMKOIO
HaBaHTa)XCHHS Ha KOXXHOMY CTyneHi. Ha KOXKHOMY CTyleHi HaBaHTaXKeHHS BenuuuHowo B 1kH
(dikcyBanocs MepeMillleHHsS ApYropsaHoi OajKd BIATOBITHO O T'OJOBHOI 3a JIOMOMOIOK iHAWKAaTOpa
roguaaukoBoro Ty MY-10 3 minoro mozxinku 0.01 mm (puc. 3). 3aBaHTa)kKeHHsI MPOBOIMIOCH IOTH, JOKH
nedopmaliii 3cyBy 3’ €QHAHHS IOCATAIM KPUTHYHOTO CTaHy 1 3'€aHaHHSA pyiHyBajock. [l ymopy
BHMIPIOBAJbHUX MPWJIAAIB BHKOPHUCTOBYBAJIMCh HAaKIagHI IPHCTOCYBAHHSA — HAKIaJKH, sKi
MPUTBUHYYBAJIUCH JI0 JICPCBUHH.
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/L /L Puc. 3. Cxema posmiwenns npunadie. 1 —2onoena baixa,
2 — dpyeopaoua banxka, 3, 5 — enadka naxkraoka,
o [F==========>) 4 — inouxamop 2oounnuxosozo muny H4-10
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VY pe3yabTaTi MPOBEACHNUX AOCIIKEHL OYI0 OTpuMaHo rpadiky 3ajeXXHOCTI mepemieHs (puc. 4)
JOCTIIKYBAHOTO 3’ €JHAHHS 3aJISKHO BiJl MONEPEYHOr0 HaBaHTAXCHHS. 30BHIIIHINA BUIJISA 3’ €IHAHHS i
9ac eKCIIePUMEHTY TOJIaHO Ha pHC. 5.
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Puc. 4. I'paghix 3anexcrnocmi deghpopmayiti 610 HABAHMANCEHHSL HA OOCALONCYBAHI 3' EOHAHHS

nedopmariist
IBSXIB Ta
IUTIACTUHH Ha
KpaiiHiX eramax

HaBaHTa>XCHHA

Puc. 5. [legpopmayii 3’ eonanns 6 npoyeci nasanmadicenHs

OTpHuMaHi eKCIIepUMEHTaNIbHI JaHi OyJu 3iCTaBJIcH] 13 OCHOBHUMH IOJIOKEHHSAMH TEOPil HAareJIbHUX
3'€HaHp TUIy “cCTajb-IepeBUMHA” Ha IBsAxax, 10 HaBemeHa y mpami JI. [Toproyca ta A. Kepmani
(J. Portous, A. Kermani) [19] i € mo cyTi geramizamiero MeToanK, HaBeaeHux y Eurocode 5. BigmosigHo g0
HUX TUIIOBA 3aJICKHICTh “ HaBaHTa)KeHHs-AehopMallii” y 3’ €JHaAHHS Ha IBSXax BHUIJIIIAE, K MOKa3aHO Ha
puc. 6. [{ns BusHaueHHs nedopmariiii U BUKOPUCTOBYIOTh KoediiieHTH Ker Ta Ky mis po3paxyHKiB 3a
napyroto (SLS) Ta meproro (ULS) rpymoro cranie Bimmosiguo. IIporenypa BusHaueHHs KoedimieHTa Key
Bu3HaueHa y n. 12.1 JIBH ta n. 7.1 JICTY-H b EN 1995-1-1:2010. Xo4a >x0mHOI HpOIEAypH 00
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MoJIaJIBbIIOro #oro 3actocyBanHs y Eurocode 5 ta JIBH He HaBeneHo, i3 rpadika Ha puc. 6, a BUIHO, 1110
JUIS BU3HAYCHHS MHTTEBOI Jedopmarii Upng HEOOXITHO 3HAYCHHS HABaHTAXCHHS, IO Ji€ Ha 3 €IHAHHS
monimuTh Ha KoediieHT Ker. OYeBHAHO, 1€ BUXOAWUTH 13 JOMYIICHHS AlpOKCHMAIlii KPUBOJIHIHHOT
3aJIOKHOCTI MPAMOTIHIHHOIO 10 PiBHS 0,4F s, 1€ Frax — MakcHMalbHe 3yCUILIA, 110 BATPUMYE 3’ € THAHHS.
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Puc. 6. 3anescnicms * nasanmaoicennsi-oegpopmayii” (@), mummeea deghpopmayis
v 3'eonanni ' cmanv-oepesuna” (0) ma y 3' eonanni * depesuna-oepesuna” (8) 6ionosiono oo [19]

Bemnunnn Kgy, 1mo mpeacrasieni (tadmn. 12.1 JIBH) mms 3'eanans tumy “mepeBuHa-gepeBuHa’ i
“maHenb-nepeBUHA”, 3a7eXKaTh BN JlaMeTpa IBSxXa Ta T'YCTHHM JepeBUHHU. [[ns 3'eaHaHp THMy “cCTajib-
nepesuHa” BkazaHo, MO0 Ke «....Moke Oytu 30impiienuit y asa pasu” (m. 12.1.3 JIBH), oueBuanO
BHUXOASYM 3 IBOro, 110 aedopmaitii Harens B crajii (puc. 60) BiacyTHi, TOpiBHAHO i3 Aedopmarlii€io B
nepeuHi (puc. 6, B). Takwif maXig € OEIIO CIPOIIEHHM, OCKITBKM HE BPaxOBYE TakKWX (haKTODPIB SIK
TOYHICTH OTBOPY Ta JiaMeTpy Harelqs, MOBOPOT HArejsl y CTaleBill MiIacTWHI Ta MiacTH4HI Jedopmartii
CTaJICBOI TUIACTUHH, 1110 AIHCHO MAOTh MiCIle U poOOTi HaremiB y 3’ enHanHi (quB. puc. 5). He3paxarouu
Ha IIe, BiH JJO3BOJISIE OTPUMYBATH PE3YJBTATH 3 AOCTATHBOIO JIISI iH)KEHEPHUX PO3PaXyHKIB TOUHICTIO, X04a
i TPHU3BOAMTH O TMEBHOI IEPEOIiHKM >KOPCTKOCTI 3'emuanus. Ilomiona wmeromuka (3amicTh K
BHUKOPHCTOBYBABCS JOTHYHHMI MOIyYJb MOAATAMBOCTI 3’ eqHanus E) Oyiia 3amporroHoBaHa Ta anpoboBaHa i3
3aJIOBUTLHOI0 30DKHICTIO y JOCHIDKCHHSX CTaJICBUX HAareJbHUX 3 €IHaHb JCPEB SHUX KOHCTPYKIH 3a
noBTopHUX HaBaHTaxeHb (C. 'omoH i B. Anekciesens [9]).

BiamoBiaHo 10 HaBeIEHUX BHIIE METOANK, BuKIaaeHux y [18] ta [19], Oymo BU3HAYEHO TEOPETHIHI
3HAUCHHS XapaKTEePUCTHUYHOrO 3HAYCHHS HECydol 3JaTHOCTI 3'€IHAHHA Ta MHUTTEBOI aedopmariii y
3’ €IHaHHI Ta MPOBECHE MOPIBHIHHS 3 EKCIIEPUMEHTAILHUMH JTaHUMH.

Sk BuaHO 3 TabmwIi, 1eOpPMAaTHBHICTE 3 €HAHD Ujng, 110 OyiH obumciieHi 3a Meroaukoo [19], 3a
NIl HaBaHTa)XEHb, BEIMYMHA SKHX BIAMOBINAa€ NPYrid Tpyri TpaHUYHUX CTaHIB, JalOTh 3HAYHUH 3amac
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MOPIBHSIHO i3 eKCIepUMEHTAILHUMH BeTnurHaMu. Lle moB’ s13aHo i3 jgerno crpoinenuM (0aHaK, K BHIHO 3
pe3ynbTaTiB, A0CTATHRO HATIMHUM) MiAX0ma0M 10 Bu3HaueHHS Ko TS HarenbHUX 3'€HAHB THITY " CTallb-
JepeBrHa”, 1[0 OYEBUIHO MAa€E OYTH 00’ €KTOM MalOyTHIX JOCIIIKEHb.

HOpiBHﬂHHﬂ CKCIICPUMECHTAJTBHUX TA TCOPETUYHUX 3HAYCHD

I:v Rk 0 teor €X| teor
Ne ’ FV,Rk , kH 0 u P inst, MM u inst, MM 0
cepii (eKCHeII:EMeHT)’ (IBH-Eurocodeb) A% (excmiepument), kH | (J. Portous, A. Kermani) A%
1 4,0 3,87 3,3 1,92 2,52 +31,2
2 6,0 5,8 34 2,68 3,78 +41,0

BucnoBku. [IpoBeneHi nociiKeHHs MiATBEPIMIN TPUHHATHICTD METOAUKH PO3PaXyHKY, OITUCAHOT
y [18], [19] ta migxomiB a0 BU3HaueHHs aedopmarllii AOCTIIKYBaHHUX 3’ €IHAHb 3 BHUKOPHUCTAHHIM
koedinienTa Kg. Meronuka Bu3HaueHHS KoedimieHTa Ko 11 3'€qHaHb THIY “IepeBHHA-CTANL
3Ba)KAIOUW Ha 3HAYHUH 3amac, morpedye oOrpyHTOBaHMX JA0AaTKOBUMH JOCIIHKSHHIMU yTouHeHb. Y JIBH
HEIOCTaTHHO JCTaJbHO 1 MOBHO OMHMCAHO MPOIEAYPY BH3HAUeHHS aedopMalliii Takux 3'€IHaHb, 110 Ma€
OyTH BpaxOBaHO Y HACTYITHHX PEIAKIIisIX.
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