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M3BoA: Y pasy cy NpUKasaHW pesyaTaTi yrnopegHor UCnMTMBaka YBpcTohe crojeBa oBasiHK
yen-xsbed Koa ase rpyne npoda. Cnojesu rpyne A, nspahusaHu cy ca oda pameHa yena, 40K
cy cnojesu rpyne b nspahusaHu des gorber pameHa yena. Mcnutusame Yspctohe, cnposese-
HO je Ha cnojeBrma doYHOr capra U 3aAbe Hore cTomue. PesynTaTi UcTpakmBarba Cy nokasa-
1 pa cnojesu rpyne A nmajy sehy npoceyHy BpeiHOCT MOMEHTa CaBujatba Y OA4HOCY Ha crno-
jese rpyne b, anu cTaTUCTUYKOM aHaNU30M HMje noTepheHa 3HaYajHOCT pas/ivKe y YBpcTohu

nsmehy oBe age rpyne cnojesa.

KmbyuHe peuu: uspctoha, oBanHM Yen-x/bed, pame yena, S0UYHM capr, 3a4+ba HOra, CTOMLA

YBOA

Ha ocHoBy nopaTaka u3 nuTtepaType, Ha 4YBp-
cTohy nensbeHnx cnojesa Kog, ctonuua nspaheHunx
oA apseta ytndy cnegehu daktopu: BpcTa cnoja,
NoBpLUMHA NIeN/betba, TaYHOCT U3paje,BuU Hane-
rakba,BpPCTa ApBeTa, BAAXKHOCT MaTepujana, Kea-
JIUTET NENKa W peXkumu nensbewa (Skakic, DZincic,
2014). OBanHu yen-*/bed je jeaHa og Hajuewhe
NnpYMerUBaHMX BPCTa fIeN/beHMX CNOjeBa Yy KOH-
CTPyKUMju ctonuua. MNopep HaBegeHux dakTopa,
KoA, Ccroja oBasiHM Yen-k/bed Kao dakTop Koju
yTu4Ye Ha yBpcTohy cnoja, nojas/byje ce U goe
pame yena (Cn. 1).

Lun/b oBor paga je aHanusa ytuuaja gomer
pameHa yena Ha uyspctohy cnoja oBanHM 4en-
*bebd. Mpernegom nutepaType, Kao M pasioBa ca
SCI nucte Koju cy odjaBbeHun y nocnearbux 20
rogvHa, npoHaheH je camo jegaH nofaTak Koju
Ce 0fHOCM Ha yTWULAj pameHa 4Yena Ha uyBpcTohy
cnoja oBasnHu Yen-xsbed. Mpema Hinker-y, pame
Yyena yTuye Ha nosehare uBpcTohe cnoja oBasnHMU

yen-xsbed y rpaHnuama 7 go 10% (Ridiger et al.,
1995). OBa TBpAHba CE MOXe cMaTpath Xunore-
30M, jep Hema nogaTtaka 0 TOMe Ha KOju je HauuH
Hinker gowao Ao nomeHyTux BpeaHocTH. Y npe-
rnegaHum pagosuma ca SCl nucrte aytopum cy ce
baBuAM OCTaNMM, paHuje HaBeaeHUM dakTopuma
KOjU yTUYy Ha 4BpcTOhy NensbeHmx CrojeBa Kog,
cronuua uspaheHux oa apseta.

zadnja noga
sarg
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Cnuka 1. [lorbe pame yena Koz, cnoja
OBa/IHUN Yen-}K/bed
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MATEPHUJAA N METOAE PAAA

Y cknagy ca unbem paga, U3BeneHo je ymno-
pefHO ucnuTMBakbe yBpcTohe cnojeBa oBasHU
yen-xwed koa ase rpyne npoda. Cnojesu rpyne
A, n3paheHu cy ca roptbMm U LOHUM pameHoM
yena (Cn. 2a), gok cy cnojesu rpyne b nspahern
6e3 gorber pameHa yena (Cn. 26). UcnuTmBatbe je
CrpoBeseHo Ha crnojeBuma SOYHOT capra 1 3aHbe
Hore ctonunue. Mpode m3paheHe Ha 0Baj HauMH,
onTtepehuBaHe Cy Ha caBWjarbe, Ha yHMBeEpP3an-
HOj MalWHM 3a Knpgamwe. Yspctoha cnojesa je
M3parkeHa NpeKko BPeAHOCTM MOMeEHTa caBWjarba
M (Nm) Koju ce n3payyHaBa Kao Npou3BosA cuie
noma F (N) v Kpaka L (m).

a) b)

Cnuka 2. Caprosu: a) capr ca 4enom m3 rpyne A;
8) capr ca yenom u3 rpyne b

Mporpam uctapaxkusama je odyxsaTao:

e W3pagy npoba,

e Ontepehere npoda u

e CratucTuuky odpaay pesyntaTa.

Y jegHoj dpadpuum 3a M3pady HamellTaja, U3-
paheHo je 30 3aatbux Hory 1 30 60YHMX caprosa.
OBM cacTaBHU efeMeHTH, nspaheHu cy oa apBeTa
OyKBe Kao jeaHe o4, HajBa*KHWjUX BPCTa ApBeTa
Yy MHAYCTpUjcKOM cmucny. 3a notpede UcTpaxku-
Batba Y OBOM pajy, CBOjCTBa ApBETa 0f, Kora cy
enemeHTn nspaheHun, HUCy ucnutmeaHa. Y unmwy
npudnunKaBarba eKCNepuMeHTaNHUX pesynaTtata
NpPOu3BOAHUM YCNOBMMA, HUje BoheHO payyHa
0 nosoxXajy rpeauua y Tpynuy, seh cy rpeguue
KpojeHe no Hanaay.

EnemeHTn Bese cy uspaheHu yoduuyajeHom
TexHonornjom. OBanHM Yyenosu cy nspaheHn Ha
jeAHOCTPaHOj POTALMOHOj Yen-MaLlNHU U Hapes3a-
HW Ha caprose NPM3MaTUYHOT NOMNPEYHOr Npeceka
anmensuja 20x48 mm (Cn. 38) n 20x45 mm (Cn.
3u). PasnmKa y wupuHu caprosa nsmehy cnojesa
ABe rpyne, yKkasyje Ha BeAUYMHY AOHer pame-
Ha yena oA 3 mm Koje je 6UNO NPUCYTHO KOZ,
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cnojesa rpyne A. OBanHu s/bedosu cy dylweHun
nomohy jegHoBpeTeHe ocuunatopHe dywunuue,
Ha 3a4HWM HOrama MpPUM3MaTUYHOr MOMpPeYHor
npeceka, Koju je y 30HM Cnoja MMmao gMMeH3unje
31x41 mm (Cn. 3a). Mpe u3page enemeHara Bese,
MCNUTaHe Cy TaYHOCTU paja HaBedeHUX MaLuMHa.
0Obe malumHe cy pagune y Knacu TayHoct TD40
npema ctaHgapay DIN 68101, 2012-02. AnmeH3un-
je enemeHarta Be3e, gate cy Ha Cavum 3.
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Cnuka 3. lumeHsuje cnojesa (mepe cy gate y
mm): a) 3agHba Hora; &) 6o4YHM capr rpy-
ne A; 1) douHu capr rpyne b

KoHTponucarbe TayHOCTU M3paje enemeHaTa
Be3e M NPUMEeHEHOr BMAA Hajnerara, U3BPLIEHO
je K/byHaCTUM MOMWMYHUM MEepPUoM AUrUTANHOT
TMna, ca TayHowhy og 0,01 mm. MepHa mecTa Ha
y30pumma cy npukasaHa Ha Cavum 4. Na ocHoBy
M3MepPeHnX AMMeH3nja enemeHaTa Bese, yTBpheH
je BMA, Hanerakba Kof cnojesa. Mo aedsbuHK cnoja,
OCTBApeHO je Hanerarbe ca npeknonom K/r, Lok je
No BWMCWMHK CMoja OCTBAapEHO HaJserare ca 3a30-
pom K/K. Buoosu Hanerarba Ko crojesa, yTBp-
HeHn cy npema ctaHgapay DIN 68101, 2012-02.

3a nensberbe enemeHata Be3e Yy OKBUpPY
0BOl UCTpaxkmBarba KopuwheH je PVA-c nenak
COLLANTI CONCORDE, tvn PROTOVIL R94. OBaj
Nlenak ce KOPUCTU Yy pefoBHOj nNpoussoarbu da-
OpuKe y Kojoj cy npode uspaheHe. Jlensbere
crnojeBa 00aB/bEHO je IEMKOM U3 UCTE LUapKe.
Mpe nensbera, NPOBEPEHA je BNAXKHOCT cacTas-
HUX efnemeHaTa e/IeKTPOBaroMepom, Koja je us-
Hocuna 8+2%. Jlenak je HaHOLWeEH Ha enemeHTe
Be3e 000CTpaHo, Ha Yen 1 y x/bed pyyHo v npwu
TOME je KOHTPO/IMCaHA OKBALIEHOCT cnajajyhux
nospLwmrHa. KoanumHa HaHoca Nenka Huje KOHTPo-
nvcaHa. Caprosu u Hore cy CnajaHW Ha XOPU30H-
TanHoj pam-npecu. Na onucaH HaumH uspaheHo je
15 npoba no rpynu, ogHocHo 30 npoda yKynHo.
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Cnuka 4. MepHa mecTa Ha eNeMeHTUMa Bese:
I-1 - pedsbuHa yena; -1l - WKpuHa yena;
I’-I'- wupwnHa *kweda; II'-II" - BUcKHa x/beda

Mpe ncnuTrBakba, CNojeBu cy KOHAMLMOHMUPA-
HM 30 faHa Ha cobHoj Temnepatypu of 23+2°C
npu penaTMBHOj BaNaXHOCTU Basayxa og, 50+5%.
NaKoH KOHAMUMOHMpAHbA, BAAXKHOCT npoda je
npoBepeHa efieKTPOoBaroMmepom U U3HocKANa je
9+2%.

Mpobde cy ontepehnBaHe Ha caBujarbe, Ha
YHMBEpP3aNHO] MallMHW 33 Kngare mapke SCal,
TMn WT5UT. Mpoda je nocTtaB/beHa y cTesay yc-

Cnuka 5. NaunH ontepehema npoda:
1. MocTo/be MalMHE 33 KNAakE;
. NocToswe cTesaua;
. Bujum 3a cresare npode;
. Mnoumnua 3a cTesame;
. MomuyHm L npodun 3a cresamse;
. MpuTtnckuBay;
. Mpoda; F-cuna; L-kpaK.

NOoO U wN

NnpaBHO, TAaKO Aa HeEMa HuWjedaH cTeneH cnodoge.
Cresauy je npuyspwheH 3a NocTo/be MallMHe no-
mohy Bujaka. (Cn. 5).

PesynTtatn godunjeHn ncnutnusarem npoda Ha
MaLUMHY 33 KnZarbe, CTaTUCTUYKK cy obpaheHu.
CTaTUCTUYKe BeIMYMHE, apUTMETMUYKA CpearHa U
CTaHAapAHa AeBujaumja, payyHaTe cy no yoduua-
jeHum obpacumma.

PE3YATATH

Mpuavkom ontepeherba Npoda, mepHa hennja
K/MNa perncrpyje Ase BpeaHOCTU: CUAY NPU KOjoj
nonyLuTa Ienak u Kpajky cuay noma. MNpernegom
npoda, yTepheHo je Aa je A0 monywTakba cnoje-
Ba AowJsio no macu apseTta. OBa nojaBa mMoxe ce
cMaTpaTtu nocnegmnuom Aodpo nsadpaHor ogHoca
BMA0BA Hajserakba Mo WUPUHU U BUCKMHU CMoja.
Na OoCHOBY OBMX YMHEHULA, Y A3a/bEM NPOPAYYHY
BPeAHOCTM MOMEHATa caBujatba, KopuwheHe cy
BPeAHOCTM Kpajibux cuna oma.

CacTaBHM eNemeHTM ohrosapajy moaeny cro-
NiLe KoZ Kora caprosu odpasyjy ocHoBy ceaumTa
y 00nuKy Tpanesa. M3 TeXHONOWKMX pasnora,
OBa/JIHM Yen je yBeK HapesaH ynpaBHO Ha 4yeno
capra, na gonasu A0 3aKOLWeHa Yena y ogHocy
Ha noaykHy ocy capra (Cn. 6). OyuHa Kpaka L
npeacTaB/ba pacTojakbe o4 3a4He Hore CTonuLe
00 cumeTpane npuTuckmeada (Ca. 5). Na ocHosy
yrna a=9°, Ay)KMHa KpakKa je peaykosaHa ca 0,18 m
Ha 0,1778 m.

CnuKa 6. Yrao 3aKollerba Yena y ogHocy Ha
noay»KHy ocy capra

Pe3ynTtati ncnutmnsarba NpuKasaHu cy rpaduy-
KM no rpynama cnojesa (Cn. 7). M3 ctaTucTUUKe
odpage nopaTaka, M30CTAaB/bEHM CY CMOjeBM KOZ,
KOjuUX HMje ocTBapeHo oagrosapajyhe Hanerambe.
M3 rpyne A cy, 36or 3a3opa no gedsbmHM cnoja,
M3o0cTaB/beHe npode nog pegHuUm dpojesuma 3,
10, 11 n 15, oK je u3 rpyne b nsoctas/beHa npo-
6a nog, peagHum dpojem 16.
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CnukKa 7. BpegHocTM MOoMeHaTa caBujarba Koz crnojesa rpyna A u b

AVICKYCHJA

Ynopehusarem podujeHnx pesyntata ca
BPEAHOCTUMA A0 KOjWX Cy AOLWAW APYIU UCTPANKM-
Baun (Skakic, DZinc¢i¢, 2003, 2006), 3aK/by4eHo je
[a cy cnojesu rpyne A MoKasann HUXKY BPeAHOCT
yBpcTohe. Pasnor 3a HWXKY BpeaHOCT yBpcTohe
cnojesa rpyne A Tpedano du, npe cBera TPaXKUTU
Yy Masioj NOBPLUMHU Nien/berba Kao nocieanum pe-
NaTUBHO Manmx AMMeEH3Mja enemeHara sese. [y-
»KMHa oBanHor Yyena og 17,5 mm, Kao v WKUpuHa
og, 35 mm, He mory gatu uspcTtohy cnoja nonyT
yena ayxuHe 20 mm v wupuHe 50 mm. Mose-
harbem amMmeHsuja yena, nosehasa ce NoBpLUIMHA
Nensberba, a camum TUM M uBpcToha cnoja. Mopep,
*/beda 3a cnoj 3agHbe Hore cTonnue ca 604HUM
caprom, nspaheH je v x/med 3a Be3y Hore ca 3a4-
UM caprom. sbedosu ce mefycodHo aoanpyjy,
a npode cy cacTaB/beHe 04 ABa enemeHTa (3agHa
Hora 1 60YHM capr), TaKo Aa je X/bed 3a cnajarbe
Hore ca 3aZlkbMM Caprom OCTao OTBOPEH.

Y jeaHom opg, npernegaHux pagosa, aHaAu-
3MpaH je yTMuaj pameHa Yyena Ha BpPeaHOCT MO-
MeHTa CaBujatba KOZ, Croja OKPYIM Yen-x/bed
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(Eckelman at al., 2007). Y pagy cy npuKasaHe
BPeAHOCTM MOMeEHATa CaBMjakba Kog crnojesa ca
pameHMMa 1 cnojesa 6e3 pameHa. MpuaMkom ms-
page npoda, BapupaHe cy AMMeH3Knje NonpeyHor
npeceKka capra, Kao 1 BEIMYMHA NPEeYHUKa Yena.
Mpernepom paga je npumeheHo, aa y pasy Hucy
AaTe NpoueHTyasHe pasnnke y yspctohu nsme-
Hy cnojeBa ca pameHuma u cnojesa de3 pameHa.
HakHagHOM aHanuM3om MNOMeHyTWUX pe3ynTaTa,
yTBphHEHO je Aa NPUCYCTBO paMeHa Yena yTuye Ha
noseharbe uBpctohe cnoja oKpyrIn Yen-Kwed y
pacnoHy o Yak 8,17% po 84,79%. KomnapatueHa
aHanun3a BpPeAHOCTU Koje cy aodujeHe y Tom paay,
ca pesyntatMma Koju cy podujeHn Kog crnojesa
OBa/IHW Yen-}K/bed y oBom paay, Huje duna mo-
ryha 360r Tora WTO cy y NuTary ABe pasivuute
BpCTe cnojesa.

YnopehuBarem MMHUMANHUX, MPOCEYHUX U
MaKCUMaIHUX BPeAHOCTM MOMeHaTa CaBujama
Kof, cnojesa Age rpyne, npumeheHo je aa cy sehy
BpeAHOCT YBpcTohe nokasanu crnojesu rpyne A, y
oaHocy Ha crojese rpyne b. MpoceyHa BpegHOCT
MOMEHTa CaBMjakba KoZ cnojesa rpyne A U3Hocu-
na je M_=89,68 Nm. MNpu Tome je, roptba rpaHuy-
Ha BPeAHOCT M3HOCKIA Mmax=127,13 Nm, a porba
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Cnuka 8. yl'lOpe,Cl,HM NPUKa3s 04HOCa MUHUMANTHUX, CpeabnUX U MaKCUMaZIHUX BPeAHOCTU MOMeEHaTa

caBMjarba Kog, crojeBa rpyna Amn b

M, ,,=50,50 Nm (Cn. 8). Matby 4spcTohy cy noka-
3a/1u cnojesu rpyne b n To je 6uno oyeknsaHo,
c 083MpoM Ha TO, Aa Kog, OBMX CMojeBa OBasHU
yen Huje UMao aore pame. MpoceyHa BpeaHOCT
MOMEHTa CaBMjatba Kog, OBUX CMojeBa M3HOCWUAA
je M_=82,09 Nm. MNpu Tome je roptba rpaHnyHa
BpeaHOCT U3Hocuna Mmax=106, 68 Nm, a powa
M . =49,78 Nm (Cn. 8).

Ha ocHoBy cTaTUCTMUKe aHanu3e, Koja je cnpo-
BeAEHa Ha HMBOY 3HayajHoCcTN o 95%, yTBpheHo
je ga ysopum oda ckyna Mmajy HopmanHy pacno-
aeny. Takohe, yTBpheHo je fa je BapujaHca nsme-
Ny y3opakKa jegHaka (Levene test), foK je nytem
F Tecta yTBpheHo aa ce oBa ABa CKyna y3opaka
CTaTUCTMYKM 3HAYajHO He pa3aukyjy. NMpema Tome,
pasnuKy usmehy npoceyHnx BpegHocTn yspctoha
cnojesa rpyna A n b og 8,46% y oBom paay, Tpe-
bano &u y3etn ca pesepsom.

MNocmaTparbem BpegHOCTM MOMeEHaTa caBuja-
Ha KOZ, CrojeBa y OKBUPY jefiHe rpyne, mory ce
NPUMeTUTU OACTyNaka Of, BPeAHOCTU apuUTMe-
TUUKe cpeauHe. Ha oacTynama je yTuuana aHu3o-
Tponuja ApBeTa Koja je Aowna Ao u3paxaja 3dor
TOra LITO cy NPWIMKOM M3paje y30paka, rpeguue
KpojeHe no Hanaay.

3AKAYYIH

MpoceyHa BpegHOCT MOMEHTa caBMjarba Koja
je podbujeHa Kop cnojesa rpyne Ay oBOM UCTpa-
KUBAKY, MOXeE Ce OLEHUTU Kao NPUANYHO HUCKA.
Ynopehusarem oBe BpefHOCTU ca BpeAHOCTMMA
nodujeHuM y UCTparkMBatbMMa ABojuLe ayTopa
Ha cAnMYHMM npodama, MO0 ce 3aK/byuyuTn aa
je Ha cmarbeHy BpeaHocT yBpcTohe cnoja oBan-
HU Yen-x/bed yTuuana cmarbeHa noBpLlIMHA fe-
n/berba. AKTUBHA NOBPLUNHA Nen/berba AUPEKTHO
3aBUCK Of, AMMEH3Mja eflemeHaTa Bese, y 0BOM
CNy4ajy KOHKPETHO LWWMPUHE U AYXKUHEe Yena.

NaBeneHuM pe3yntat y 0BOM pajy, YKasyjy Aa
cy y3opum rpyne A (oBasiHM Yen ca ropktum 1 ao-
UM pameHoM) nmanu sehy npoceyHy BpeaHoOCT
yspcTohe y ofHOCY Ha y30pKe rpyne b (oBanHu
yen 8e3 gorber pameHa). Pasnuka y npoceyHoj
BpeaHocTh yspctohe nsmehy age rpyne ysopaka
on, 8,46% pnodujeHa y oBom pajy, Hanasu ce y
XMNOTETUYKN MOCTaB/bEHUM FpaHMLAMa BpeaHO-
ctm 7 po 10% (Rudiger et al., 1995). Mehytum,
Ha OCHOBY CTaTUCTWUYKE aHanuM3e Koja je cnpo-
BeZleHa Ha HMBOY 3Ha4vajHocTn of 95%, nytem F
TecTa je yTBpheHo Aa ce oBa ABa CKyna y3opaka
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CTaTUCTUYKM 3HAYajHO He pasnuKyjy. Mpema Tome,
[o6ujeHy BpeAHOCT pasnvKke namehy npoceyHmx
BpeAHoCTM yBpcToha cnojesa rpyna A u b, Tpe-
b6ano &du yzetn ca pesepsom. MNoseharwem dpo-
ja y3opaka, morno 61 ce o4eKkMBaTU Aa pasnMKa
nsmehy cpearbux BpegHOCTM MOMEHaTa caBuja-
Ha Koz cnojesa rpyna A n b, dyae ctatucTuukm
3HayajHa.

BpegHocTn momeHaTa caBujarba Kop, cnojesa
Y CBAKOj o4, rpyna, OACTynajy oA BpeAHOCTU apuT-
MEeTUYKMX cpepmHa. Ha oacTtynama je ytvuana
QHM30TPONMja ApPBETa KOja je Ao A A0 U3parKka-

OVAL TENON-MORTISE JOINT

drIgor Dzin¢i¢, doc, University of Belgrade-Faculty of Forestry

ja 360r Tora WTO Cy NPUAMKOM U3paje y30pakKa,
rpegumue KpojeHe no Hanagay.

KoHKpeTHMX nogaTaka o yTuLajy pameHa yena
Ha yBpcTohy Crnoja oBa/siHU Yen-K/bed uma Beo-
Ma Maso, na pesyntatm fodujeHn y oBom paay,
npeacTas/bajy f0dpy OCHOBY 3a Aasba UCTPAXKK-
Bakba.

HanomeHa: OBaj pajg je duHaHCMpaH cpea-
cTBMMa 3aBOAa 3a KOHTPO/y KBa/MTeTa Hame-
wTaja, YHuBep3uTeT y beorpagy, Wymapcku ¢a-
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THE EFFECT OF SHOULDER ON THE STRENGTH OF THE

dr Biserka Nestorovi¢, doc, University of Belgrade-Faculty of Forestry
Vojislav Daci¢, graduate engineer, teaching assistant, University of Belgrade-Faculty of Forestry (vojislavdacic@sfbbgac.rs)

Abstract: This paper presents the results of a parallel examination on the strength of oval tenon-

mortise joints in two groups of test joints. Joints from group A were made with both shoulders
of tenon, while joints from group B were made without the lower shoulder. Examination of
strength was conducted on a chair joints rear leg—rail. The results of the examination indicated
that joints in group A had a higher average bending moment capacity in comparison with the
joints in group B. However, the significance of difference in strength between the two groups
of joints was not confirmed by the statistical analysis.

Key words: strength, oval tenon- mortise joint, shoulder of tenon, rear leg—rail, chair

INTRODUCTION

Based on the results from literature, the
strength of glued joints in chairs made of solid
wood is influenced by the gluing surface, machin-
ing quality, type of fit, wood species and material
moisture, glue quality and the parameters of glu-
ing (Skakic, DZinci¢, 2014). The oval tenon-mortise
joint is one of the most frequently used types of
glued joints in chair construction. In addition to
the above mentioned factors, the lower shoulder
of oval tenon has also appeared as a factor of
influence on joint strength (Figure 1).

The aim of this paper is to investigate the in-
fluence of lower shoulder on the strength of the
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oval tenon-mortise joint. The review of literature
from the SCI list and publications published in last
20 years, revealed only one data related to the
influence of shoulder on joint strength. According
to Hinker, shoulder of tenon increases bending
strength in range from 7 to 10% (Ridiger et al.,
1995). This claim can be considered as hypoth-
esis, considering that in the literature where it
is stated, there is no data on how the author
reached the reported values. In other reviewed
publications from the SCI list, authors examined
other, aforementioned factors influencing the
glued joints strength of wooden chairs.



THE EFFECT OF SHOULDER ON THE STRENGTH OF THE OVAL TENON-MORTISE JOINT

rear leg
rail

i

Figure 1: Lower shoulder of the oval tenon-mortise
joint

MATERIAL AND METHODS

In accordance with the aim of this work, a
comparative examination of the strength of oval
tenon-mortise joints was conducted. Two groups
of test joints were formed. Joints from group A
were made with the upper and lower shoulders
of tenon, while joints from group B were made
without the lower shoulder of tenon (Figure 2b).
The examination was conducted on the chair
joints rear leg—rail. The samples were bend-
ing-loaded by a universal testing machine. The
strength of joints was expressed by the bending
moment capacity M (Nm) that can be calculated
by multiplying the breaking force F (N) with the
moment arm L (m).

a)

b)

Figure 2. a) a rails with the oval tenon from group A;
b) a rails with the oval tenon from group B.

Research program included:

e the production of test joints,

e test joints loading and,

e the statistical processing of research re-

sults.

Thirty (30) rear legs and 30 rails were pro-
duced in a furniture production factory. These as-
sembling members were made from solid beech
wood as one of the most important industrial

wood species. For research purposes in this pa-
per, the properties of wood were not examined.
In order to create experimental conditions as sim-
ilar as possible to the manufacturing ones, the
samples were cut by chance, regardless of their
position in the log.

The elements of joints were made by apply-
ing a commonly used technology. Oval tenons
were machined by one spindle tenoner. Tenons
were cut on rails with 20x48mm (Figure 3b) and
20x45 mm (Figure 3c) rectangular cross-sections.
The difference in the rail width between the two
groups of joints, points to a 3mm size of the
lower shoulder of tenon, found in the joints of
group A. Oval mortises were machined by one
spindle mortiser, on rear legs with a rectangular
cross-section which had 31x41mm (Figure 3a)
dimensions in the connection zone. Before the
production of elements, machining accuracy was
tested. Both machines operated in the machining
quality class TD40, in accordance with the stand-
ard DIN 68101, 2012-02. The dimensions of joint
elements are shown in Figure 3.

b)

i
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Figure 3. Dimensions of joints (measurements

in mm): a) rear leg ; b) rail in group A;
c) rail in group B
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The controlling of machining accuracy and
type of fit was performed with a digital caliper
with an accuracy of 0.01 mm. The measuring
points on specimens are shown in Figure 4. The
type of fit was determined on the basis of the
measured dimensions of joint elements. Fit with
splice was found by the joint thickness K/r, while
gap fit was found by its height K/k. The types of
fit are determined in accordance with the stand-
ard DIN 68101, 2012-02.
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Figure 4. Measurement points on joint elements:
I-I - thickness of tenon; II-II - width
of tenon ; I’-I' - width of mortise;
I’-II" - height of mortise

The glue used in this research was PVA-c glue
COLLANTI CONCORDE, type PROTOVIL R94. This
glue was used in regular production. Gluing was
done with the glue from the same batch. Before
gluing, the moisture content of assembling mem-
bers was checked with an electric wood moisture
meter, and it resulted in 8+2% reading. Glue was

Figure 5. Method of test joint loading:
1. Bed of testing machine;
. Grip’s stand;
. Bolts for test joint tightening;
. Gripping plate;
. Mobil ,,l” profile for tightening;
. Load head;
. Test joint; F—force; L-Moment arm.

NOoO s WwWwN
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applied on joint elements on both sides, by hand.
During the glue application, the spread of glue
was controlled, while the amount of glue was
not controlled. The samples were gathered by a
horizontal frame press machine. In the described
way, 15 test joints were made in one group, or 30
test joints in total.

Before examination, the joints were condi-
tioned for 30 days at a room temperature of 2312
°C with a relative air humidity of 50+5%. After
conditioning, the moisture content of the sam-
ples was checked with an electric wood moisture
meter, which resulted in a 9+2% reading.

The test joints were bending-loaded on a uni-
versal testing machine SCal, type WT5UT. They
were placed vertically between the grips for testing,
so there was no degree of freedom. The grip was
fastened to the machine bed by bolts (Figure 5).

The results obtained during the examination
of test samples on a universal testing machine,
were statistically processed. Statistical quantities,
arithmetical mean and standard deviation were
calculated with standard expressions.

RESULTS

During the loading of test joints, the meas-
uring cell of the load head detects two values:
the force at which glue loses strength and the
ultimate breaking force. After the examination of
test joints, it was found that all joints had been
loosened across grain. This phenomenon can be
regarded as a consequence of well-chosen types
of fit by the width and height of the joint. Based
on these facts, in the further calculation of bend-
ing moments’ capacities, the values of ultimate
breaking force were used.

The assembling elements are from the model
of a chair in which rails form a seating base of a
trapezoidal shape. Due to technological reasons, a
tenon is always cut at a straight angle against the
forehead of a rail, so tenon is made with a certain
angle relative to the longitudinal axis of the rail
(Figure 6). The length of moment arm represents
the distance between the back leg of a chair and
centerline of the load head (Figure 5). On the ba-
sis of the angle a=9°, the length of the moment
arm was reduced from 0.18m to 0.1778 m.
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Figure 6. Deflection angle of tenon relative to lon-
gitudinal axis of rail

Testing results are shown by groups of joints,
in a graph (Figure 7). The samples which did not
have proper fit were left out of the statistical cal-
culation. Because of the gap by the thickness of
joint, test joints under ordinal numbers 3, 10, 11
and 15 were left out of group A, while test joint
under ordinal number 16 was left out of group B.

DISCUSSION

Comparing the results with the values ob-
tained by other researchers (Skaki¢, Dzincic,
2003), it was concluded that the joints in group

A showed a lower value of strength. The reason
for the lower value of strength of joints in group
A should be primarily sought in the small gluing
area as a consequence of relatively small dimen-
sions of the joint elements. The length of an oval
tenon of 17.5 mm and width of 35 mm cannot
give the same strength capacity of joint as a tenon
that has a length of 20 mm and width of 50 mm.
An increase in tenon dimensions leads to an in-
crease in gluing area, and thus an increase in the
strength of joint. Beside the mortise that is used
for joining rear leg and rail, a mortise for connect-
ing rear leg and back rail was also made. Both of
mortises touch mutually, so the mortise for con-
necting rear leg and back rail was left open.

In one of the examined published papers,
the influence of shoulder on the bending mo-
ment capacity at the round tenon-mortise (Eck-
elman et al., 2007) was analyzed. The bending
moment capacities at joints with shoulders and
at joints without shoulders were presented by
this paper. During the production of test joints,
cross-sectional dimensions of rail were varied
as well as the diameter of the tenon. After the
review of the paper, it was noticed that the pa-

140

120

100

80

(Nm)

60

40

20

Test joints

=== Bending moment capacities at the joints in group A
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Figure 7: Bending moment capacities of joints in groups A and B
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Figure 8: Comparative view of the minimum, average and maximum relations of bending moment capacities

of joints in groups A and B

per did not give the percentage differences in
strength between the joints with shoulders and
joints without shoulders. A subsequent analysis
of the above mentioned results revealed that the
strength of round tenon-mortise joint increased,
ranging from 8.17% to 84.79%, with the presence
of shoulders. Comparative analyses of the men-
tioned results with the ones obtained in this pa-
per, was not possible due to the fact that these
are two different types of joints.

By comparison of the minimum, average
and maximum bending moment capacity of
joints in two groups, it was noticed that a higher
strength is achieved by the joints in group A, in
comparison with the joints in group B. The av-
erage bending moment capacity at the joints in
group A was M_=89.68 Nm, while the upper lim-
it was M__=127.13 Nm, and the lower limit was
M . =50.50 Nm (Figure 8). A lower strength was
shown by the joints of group B, which was expect-
ed considering that in these joints the oval ten-
on had no lower shoulder. The average bending
moment capacity of these joints was M_=82.09
Nm, while the upper limit was M__=106. 68 Nm,
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and the lower limit amounted to M_ =49.78 Nm
(Figure 8).

Based on statistical analysis which was con-
ducted with a significance level of 95%, it was
determined that samples from both groups had
a normal distribution of bending moment ca-
pacities. In addition, it was determined that the
bending moment capacity variances between
samples were equal (Levene test), while the F
test revealed that the difference between the two
groups of samples was not statistically significant.
The obtained difference in the average values of
strength between test joints in groups A and B of
8.46% in this study, should be considered with
care.

Upon observation of the bending moment
capacities at the joints in one of the groups, it
is noticeable that there are deviations in arith-
metic mean values. Deviations were influenced
by the anisotropy of wood which came to the
fore, since during the production of specimens,
samples were cut randomly, regardless of their
position in the log.
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CONCLUSIONS

The average bending moment capacities that
were obtained for the joints of group A in this
study can be assessed as rather low. By com-
paring these values with the values obtained in
studies by two authors in similar test joints, it
could be concluded that the reduced value of the
strength of the oval tenon-mortise was affected
by reduced gluing surface. Active gluing surface
directly depends on the dimensions of joint el-
ements, in this particular case, the width and
length of the tenon. The functional relationship
between the value of the bending moment ca-
pacities and the size of the splices or gapes was
not found.

The results which are given in this paper, were
pointing that samples in group A (oval tenon with
the upper and lower shoulder) had a higher av-
erage value of strength in comparison with the
samples in group B (oval tenon without the low-
er shoulder). The 8.46% difference in average
strength values between the two groups of sam-
ples obtained in this paper, is located in a hypo-
thetical set with limits from 7 to 10%, (Rudiger et
al., 1995). Based on a statistical analysis, which
was conducted with a significance level of 95%,
and by using the F test, it was found that the dif-
ference between the two groups of samples was
not statistically significant. The obtained difference
in average strength values between test joints in
groups A and B should be considered with care.
With an increased number of samples, it could be
expected that the difference between the value of
the bending moment capacities of test joints in
groups A and B could show statistical significance.

The bending moment capacities of joints in
each of the groups deviate from the values of

their respective arithmetic means. The deviations
were influenced by the anisotropy of wood which
came to the fore, since during the production of
specimens the samples were cut randomly, re-
gardless of their position in the log.

In previous publications, there is not much
exact data reported on the influence of the
shoulder of tenon on the strength of the oval
tenon-mortise joint, and therefore the results
obtained by this research represent a good basis
for further research.

Note: This work has been financed by the
Institute for Furniture Quality Control, Universi-
ty of Belgrade, Faculty of Forestry; project no.:
24/540/7124137
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