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CBOJCTBA N MOTI'YRHOCT YIIOTPEGE KOMBMHOBAHOTI LVL-A
TOIIOAE U BYKBE 3A N3PAAY ITPO30OPCKHUX OKBHUPA

Baaaucaas 3ppaskosuh, Ban. npod, Yausepsurer y Beorpaay — Illymapcku pakyarer,

(vladislav.zdravkovic@sfb.bg.ac.rs)

Anexcanpap Aospuh, pouent, Yausepaurer y Beorpaay — IlTymapcku daxyarer
Hrop IInnunh, Ban. npo¢., Yausepaurer y Beorpaay — Ilfymapcku pakyarer
MSc Hemama ITanrosuh, Yausepsurer y Beorpaay — IlTymapcku dpaxyarer

U3Bopa: MpegmeT oBOr paja je UCnUTUBae QUINUKUX U MEXAHUUYKMX CBOjCTaBa TOMOIOBUX
LVL nnoya cnosba A0AATHO OjavaHux SyKoBMM GypHUPOM, Kao U UCNUTUBabe YBpcTohe yrao-
HUX enemeHaTa Be3e 3a nNpo3op uspaheHunx of 0BOr maTtepwmjana. Maoye cy npecoBaHe CyBUM
BPYNMM NOCTYNMKOM Yy MHAYCTPUjCKMM YCI0BMMA, @ Kao BE3UBHO cpeacTBo KopuwheH je FF de-
HOA - popManaexnaHun nenak. Yaopum 3a UcnmMTMBarbe YBpcTtohe yraoHUx crojesa crajaHu cy
OBOCTPYKUM MPU3MaTUYHUM Yernom 1 npopesom nomohy PVA-u nenka knace D4. CTaTUcTUUKa
aHa/M3a NoKasana je Aa NOCTOjM 3HaYajHa Pa3/IMKa Y BAAXKHOCTU U NYCTUHM naoYa no aedsmwu-
HamMa [oK Kog, TBpAohe nioya 3HayajHOCT pasanke He NOCToju. Pesyntatn cmuuajHe uspctohe
y CNojy nenka nokasanu cy aa cy u FF u PVA-1, D4 nenak ucnyHUAM ycaoBe NpPonucaHe CTaH-
Aapgom. Mogaum AodujeHn UCNUTMBabEM e/leMeHTa Bese 3a MPo30p MOKas3anu cy Aa Cnoj
OBOCTPYKM Yen v npopes cnojeH nomohy PVA-u nenka Tmn D4, y NOTNYHOCTM MOXKE NPUMEHUTH
y NPOU3BOAHMN M eKcrnoaTaLmMju Npo3opa nojayaHe HOCMBOCTH.

KsbyuHe peuun: tonona, dykea, LVL, dunsmnyka n mexaHn4YKa cBOjcTBa, rpaheBMHCKa cTonapuja

YBOA

[a 6u ce n3alwno y cycpeT 3axTeBUMa MoaepHe
apXUTEKTYpe, YecTo je notpedHo ypaanTn ogpehe-
He mogudurKaumje, ogHOCHO NodosbliaTk NojeguHa
cBojcTBa M nosehaTn TpajHOCT APBHUM NPOU3BOAW-
Ma. To ce moxe ypaguTi pasHUM BUAOBMMA MOAM-
duKaumje apBeTa UAU NMPUMEHOM HOBUX “UHMKe-
HepcKkux” Nnpounssosa. JefaH TakaB NPoM3BoA, jecTe
n LVL (eHrn. - laminated veneer lumber).

LVL je cTpyKTypHM maTepujan, Npon3BeneH of,
JoylwiTeHOr GypHMpPa npecoBarem He3 yKpLTaka
cycegHux cnojesa (Gungor et al. 2006). MNpecosa-
e MoXe OUTU XN1afHO WM Ha BUCOKUM Temre-
paTypama - Yy 3aBUCHOCTW Of, BPCTE M TUMA NenKa

Koju ce Kopuctu u aedmuHe LVL-a. U3dop BpcTe
OPBETA, KAo jeAHOr o4, HajdouTHUjuUX daKkTopa, yTn-
Yye Ha KBa/IUTET, MeXaHW4Ka 1 GU3nYKa CBOjCTBa,
moryhHOCT KacHuje odpaae npom3Boaa, Kao U Ha
Herosy TpajHocT. LVL ce Hajuyewhe npounssoam o
ayrnasuje u jyskHor dopa (Ramazan et al. 2010),
a1 MOTy Ce KOPUCTUTK CBe BPCTE YuMja cy mMexa-
HWMYKa 1 GU3MYKa CBOjCTBA NPUXBAT/bMBA, YK/bYUY-
jyhv n dp3opactyhe BpcTe nonyT Tonone. Yecto
ce y nHaycTpuju HamewrTaja LVL uspahyje n opg
apseta dykse, Kako 36or doje 1 TEKCType, TaKo 1
36or yBpcTohe n moryhHocTu caBujara dyayher
npousBoaa.
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Ynotpeba LVL-a je KpeHyna no4yeTkom Tpuae-
CeTuX rogMHa NpoLor BeKa, 0K je CBOjy eKcnaH-
3ujy f0XKMBeO ToKom [lpyror ceeTckor paTa (Sorn
2006). LVL je nocnearbmx ABageceTak roamHa no-
CTao BeOMa BakaH NPOM3BOJ, KOjU MMa LUMPOKY
npumeHy. MocedHo ce Kopuctu y rpahesuHap-
CTBY, KaO KOHCTPYKTUBHU e/IeMeHT, Kaga je no-
TpedHa BEAMKa HOCMBOCT (KPOBHM HOCaAuM ca Be-
NMKUM pacrnoHom, Kyhe og, fpseTta u gpyre
HOCMBE KOHCTPYKLMje), ann ce KOpUCTU M Kao
HEKOHCTPYKTUBHWU eleMeHT: 3a u3paay cTeneHu-
La, U3pagy HameluTaja, AOBPaTHUKA, AONPO30p-
HuKa 1 ap. (Cauka 1).

JepHa og, moryhux npumeHa LVL-a y rpahe-
BMHCKOj CTO/IapUWju morna du dutu u nspaga npo-
30pCKMX pamoBa. [lo ckopa, CTaHAapAHO Npo3op-
CKO KPW/0 MMano je NonpevHun npecek o 68 x 68
mm u yrpaheHa aBa cTakna. Mehytum, Texkrba 3a
CMakbeHEM TOMIOTHUX FyOUTaKa Ha rpaheBUHCKO]
cToslapuvju posena je po nojase nosehama 6poja
cnojeBa cTakana. Ysohere TPOC/IOjHOr CTaka fo-
[aTHO je ONTepeTUIO KaKo yraoHe pamoBCKe Crno-
jeBe, Tako M wapkKe. Kako ce nposopu npase
Yyr1aBHOM 0f, NyHOT ApBeTa YaMoBWHe (Maun og,
nensbeHux namena), ydaumsare Tpeher crtakna
Hajuyewhe 3Haun 1 nosehare NonpeyHor npeceka
NPO30pPCKOT Kpuna. Y penatmBHO KpaTKOM Bpe-
MeHCKoM nepuoay (NpudaukHo 20-TaK roguHa)
neb/buHa Kpuna nposopa ce ysehana ca 68 Ha
110 mm. Umajyhu y Buay notpedy 3a cmarberem
YTPOLUKA OCHOBHOI MaTepujana NPUINKOM KOH-
CTpyMcarba U M3page Npo30pCKOr KPUia, y OKBU-
py paga aHanuMsmpaHa je moryhHocT yBohera
HoBOr matepujana. OCHOBHM LM/b OBOT paja je

610 aa ce ucnuta ga am ce og LVL-a, umjun cy yHy-
TpalHM CNOjeBN Of TONOJIOBOT, @ CNO/ballikbyU OA,
OyKBOr GypHMpPA, MOXKEe HamnpaBUTU YraoHWU Croj
6e3 noeeharba NoOMNpeyHoOr npeceka NpPo3opcKor
pama, Koju Mma A0BOJbHY YBPCTOhy Aa M3LPXKM
poaaTHa onTepehersa.

MATEPUJAA 1 METOA PAAA

KopuwheHu martepujan

Y eKkcnepumeHTy je KopuwheH sbyluteHn dy-
KoB ¢ypHUp pedsbuHe 2,5 mm dadpuke “Cumno
LLWK” n3 Kypwymnunje u spywiteHn tononos oyp-
HUp aedsbuHa 2,0 1 3,0 mm padpuke “Hosu aps-
HU KOmMOUHAT” 13 Cpemcke Mutposuue. Bykosu
bypHUpK cy u3paheHu y AumeH3njama of
2600x1400 mm n 2600x700 mm, a TOononoBu
dypHUpM dunm cy nyHux popmata 6e3 npucycrea
ncnagajyhmux ysopoBa, gumeHsnja 2600x1400
mm. Mpu n3pagn LVL-a, kopuwheH deHon-dop-
mangexvanu (FF) nenak Kao Hajuewhe npumersum-
BaHO BE3UBHO CPEACTBO Yy MPOU3BOALM MI0Ya 33
cnosvawmy ynotpedy (Rafael et al. 2015). Jlenak
je npunpem/beH Mo NPONUcaHoj peuentypu y da-
Spuum “Cvmno LLIKK”.

U3papa nnoua

Mocne knacuparba, SykoBMM dypHUPUMA 08-
pafheHe cy c/byOHUUE, @ 3aTUM CYy OHM CMOjeHN Y
dopmaTte gumeHsunja 2600x1400 mm. MoTtom cy
on, SyKoBMX M Tononosux ¢opmata opmupaHe

CnuKa 1. neso: KoHcTpykumja MeTponon Mapacon, noTnyHo nsrpaheHa og, LVL-a
(www.architectureanddesign.com.au); cpeamHa: KOHCTpyKLMja KpOBa ca BEIMKMM pacrnoHom mspaheHa og LVL
rpega (www.hochstrate.de); gecHo: MprumeHa LVL-a Kao HEKOHCTPYKPMBHOT enemeHTa (www.pinterest.com)
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Ta6ena 1. NpuKas KOHCTPyKUMja naoya no gedbmHama GpypHUpa

De6sbuHa nnova 10.5 mm 12 mm 14 mm 19.5 mm
®dypHup 6ykBa 2.5 mm X2 x2 X2 X2
®ypHUp Tonona 2 mm x2 / x4 x4
®dypHup Tonona 3,0 mm x1 x3 x1 x3

KOHCTpYKLUMje nnoya. Cnararbe je BpLEeHO Ha UCTU
HaYMH 33 CBaKy MJIOYy: 32 CMosballkbe c/ojese
KopuwheHu cy dykosu popmaTy, a 3a yHyTpaLlre
cnojese ogrosapajyha kombuHauuvja gedsbuHa
TononoBor ¢ypHupa og 2,0 n 3,0 mm (Tadena 1).

HaHowere fenka ce BPLIMAO Ha MAWMHKU ca
Ba/bLMMA Y KOjy Cy NAawTeBu ydaumBaHU pyvHo.
MpoceyHn HaHoc nenka &uo je oko 210 g/m?2.
Mnoye cy npecoBaHe Ha AeBeTOETaXKHOj npecu
“lMarHoHK”. PexxMmu npecosakba HUCY dUAU UCTH
3a cBe gedsbuHe (Tabena 2). HakoH npecoBama
nioye cy ocTaB/beHe Aa ce KOHAUUMOHUPAjy 24h.
Mocne KOHAMUMOHUPaKba, Niove cy odpaheHe Ha
aumeHsuje og 25001200 mm.

Tabena 2. Pexxnmu npecoBarba

De6sbuHa
Pexxum
10.5; 12; 14 mm 19,5 mm
Bpeme (MuH.) 15 20
Nputucak (MPa) 12 12
Temnepatypa (°C) 130 140

M3papa enemeHara u enpyserta

NcnuTtnesarma GU3NYKNX U MEXaHWUYKUX CBOj-
CTaBa naova u3BpLLeHa cy y nadopatopujama LLy-
mapckor dakynteta YHuBepsuteta y beorpagy.
CBaka njioya je NpPBO OMNKpOjeHa Kako &u ce u3
Aasbe ynotpede usdaumne cnosballikbe 30He Nao-
Ya, 3aTUM Cy NnJioYe NpepesnBaHe Ha nosa, Aa ou
ce MOTOM M3 TUX MOJIOBUHA U3PE3NBANN eneMeH-
™ gumeH3unja 1250x80 mm. MeTtogom cny4yajHor
nsbopa n3adpaHn cy eNeMeHTU 3a U3pesnBaHe
enyseTte AMmeH3uja 50x80 mm (McnuTMBatbe BNa-
JKHOCTU, rycTMHe u TBpaohe naoya) n 25x80 mm
(ncnuTmBare cmuuajHe yBpcTohe y cnojy nenka),
[OK Cy OCTa/In eleMeHTU NMOCAYXKUAU 3a u3pagy
efnemeHaTa Bese 3a Nnpo3ope.

UcnutuBare BNAXKHOCTU U rycTuHe nao4a

Mpu nspaam enpyseta 3a oapehusare Bia-
YKHOCTU W TYCTUHE, BOAM/O Ce payyHa Ja ce u3-
mehy cBake enpyseTe oadaum feo naode (npu-
O/MKHO AMMEH3Mja jegHe enpyBseTe), Kako du ce
Aobunu WTo BEPOAOCTOjHUjM NogaLmM O pacnoje-
NIV BNAXKHOCTM M TycTUHe. YKynHo je m3paheHo
110 enpyseTa. BnaXHOCT KOHAMULMOHMPAHUX
enpyseTa (T=20°C n $=60%) ogpeheHa je rpasu-
METPUjCKOM MeToAOoM, a TycTMHa je ogpeheHa
Meperem mMace Ha AMrMTanHOj Baru (TayHocTu
0,01g) n meperem aMmeHsnja nomohy aurutan-
HOg K/byHacTor mepuna (tayHoctn 0,01mm).

Ucnutuearse TBpaohe enpyeeta

3a ucnutuBarbe TBpAohe Kopuctuie cy ce
MCTe enpysBeTe Kao M 32 UCMUTUBAHbE BIAXKHOCTU
n ryctuHe. Tepgoha je ucnutuBaHa no meToam
BbpuHena, ca Kyranuom npeyHnka 10 mm u cmnom
oA, 1000 N no craHgapay SRPS EN 1534.

Ucnutusamwe cmuuajHe uspcrohe
y cnojy nenka

Mcnutusarbe cMmuuajHe yspcTohe y cnojy nen-
Ka ypaheHo je npema 3axTeBMma ctaHaapza EN
314. icnnTmBaH je KBanuUTET fien/beHe Be3e 3a Tpu
pasnuynTe BpCTe Bese: TONONA-TONOMA, Tomona-
-dykBa u OykBa-dykBa. CrnojeBu Tonona-Tonona u
Tonona-dykea HacTanu cy npu nspagu LVL nnoua,
[OOK je cnoj dykBa-OykBa AoOujeH HaKHagHUM 13-
pe3unBatbem efiemeHaTta 13 naoya U HhUXOoBUM ne-
n/berbem y ogroeapajyhe dnokose. Ucnutusarse
npBe ABe BPCTe Be3e BPLUEHO je Ha Mo Tpuaecet
enpyseTa. Mcnutusarbe Bese dyksa-dykea ypahe-
HO TaKoO LUTO cy Mpe c/en/buBakba enpyseTte dpy-
LweHe HpyCHOM TpPaKOM ca TpU pas3MymTa cTeneHa
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CnuKa 2. Mpouec ncnutuearba cMuuajHe uBpctohe y caojy nenka Ha ypehajy “Wood tester WT4”

rpaHynaumje (P 60, P 80 i P 100). Mo ouspwhasa-
HY Nenka, yspctoha cnoja je ucnutaHa Ha no 20
enpyBeTa 3a CBaKW CTeneH rpaHynauuje. Jlenak
Koju je KopuwheH NpUANKOM UCMUTUBakbA Croje-
Ba dykBa-OykBa 6umo je PVA-L, D4, foK je 3a apyra
ABa TMna cnojesa KopuwheH FF nenak. JumeH3u-
je cBux enpyseTa 6une cy 25x80 mm. Ucnutuea-
e ce Bpwnao Ha “Wood tester WT4” ypehajy
(Cnhuka 2). Ceaka enpyseta Ha cedu je Mmana 3a-

CeKe KOju Cy 3aceuaHu Ha UCTOj pasfaasbUHU, AOK
je ayduHa 3aceka duna pasnuuuta (Cimka 3).

McnuTuBarbe KBanuTeTa Jfien/beHe Be3e Kop
Crnoja Tornosa-Tonosa 1 cnoja dykBa-Tonona BpLue-
HO Yy CKnajy 3a 3axTeBuma ctaHaapaa EN 314 3a
ncnuTMBake Npoussoaa Koju he ce KOpUCTUTU Y
CMNo/ballkbMM YCI0BUMA, @ 3a cnoj SykBa-OyKkBa
kopuwheH je ctaHaapg EN 314 3a npoussoge y
eHTepujepy.

7 /]
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CnuKa 3. lope neBo: U3rnepn enpyBeTte ca 3aCEKOM Ha KOjoj je UCnMTMBaH c/ioj bykBa — bykBa; fope gecHo:
M3rnen enpyseTe ca 3aCEKOM Ha KOjoj je UCnMTMBaH coj bykea-Tonona; [lone cpeamHa: Msrneg enpysete

Ca 3aCeKOM KO, Koje je UCnUTMBaH CN0j TOMOo/1a-Tonona.



Csojctea 1 moryhHocT ynotpede kKomduHosaHor LVL-a Tonone n dykse 3a M3pady NPO30PCKUX OKBUPA

Mspa,qa e/iemeHaTa Be3e 3a npo3op

MNpouec n3page enemeHata Bese 3a nposope
3ano4erT je cnen/buBarbemM NPeTXo4HO U3pesaHnx
efiemeHata y 6/10KkoBe nonpeyHog npeceka 68x68
mm. CBaku 610K ce cacTojao M3 LWecT eflemeHaTa
(nBa enemeHTa oA 10,5 mm U YeTUpU enemeHTa
og, 12 mm). EnemeHTn (namene) cy cnajaHe y pa-
MOBCKOj Mpecu Ha Co8HOj TemnepaTypu, npume-
Hom PVA-u, nenka, tmn D4. KonanuuHa HaHoca
Sduna je 250+10g/m?2. NakoH KOHAMUMOHMPatba,
cnen/beHn 5/I0KOBU Cy AUMEINOHMUCAHWN U U3pa-
HeHun cy enemeHTV Bese. 3a crajakbe YraoHUX
npoda KOpULLTEH je Cnoj ABOCTPYKM Yen u npopes
(Cnuka 4). TeomeTpuja cnoja je SupaHa Tako aa je
Nen/berbe YyraoHUX Cnojesa M3BPLUEHO MO CAOojy
dykoBog dypHupa. Mocne KOHauyHOr AMMEH3MO-
HUCarba AuMeH3nje npoda cy u3HOcUAe
200x60x68mm.

SRR ey,

Cnuka 4. V3rnep 6n10KoBa Ha Kojuma je uspaheH
enemeHT Be3se “ABOCTPyKM Yen u npopes” y cnoje-
BMMa dykoBor ¢ypHMpa

UcnutuBame KBanuTeTa yraoHe Bese 3a
pam nposopa

Ucnutneare uBpctohe yraoHux crnojeBa Koju
ce NpuMetbyjy y Npon3BoArbM rpaheBuHCKe cTo-
Nlapuje NocTano je BeOMa aKTyesIHO Yy NoCnenHo0j
deueHunjn. MehyTum u nopes, penatMeHO BesIMKOT
Opoja pagoBa U cTyauja Koju cy ypaheHu Ha oBy
Temy (Altinok, M., et al (2009); Can, O., Onal,
M.M., (2007); Gokdemir, A., Yildiz, K., (2001);
Turkulin, H., (1993)), nodujeHe pesynTaTe je Te-
LWKO nopeanTu. Pasnor 3a oBaj HegocTaTak Tpeda
TpaXuTu, Npe cBera, y HemnocTojaky CTaHAapAM-
30BaHe MeToAe 3a UCMUTMBake YBpcTohe yrao-
HUX cnojeBa Kog pamosa. OBaKBO CTarbe A0BOAU
40 cuTyaumje Aa Hajsehu dpoj uctparkmsaya ao-
dujeHe pesynTate MOXe fa Nopeam camo ca CBO-

j¥M npeTxofHMM McnuTMBakMMa. Takohe, Bapu-
jaumnja gMmeHs3nja NonpeyvyHux npeceka rpeguua
y30paka [0BOAM A0 MPOMeEHe Y MOBPLINHU ne-
n/berba Koja je jeaaH oA rnaBHMX pakTopa Koju
yTU4y Ha uBpctohy yraoHe Bese Kof, rpaheBuHcKe
cTonapwje.

McnuTuBarbe KBasMTeTa yraoHe Bese BpLUEHO
je Ha ypehajy WT5UT (Cnuka 5). MoBpLlunHa cBake
c/byOHMLUE yraoHor crnoja u3Hocuna je 60x60 mm
(yRynHO yeTupu c/bySHMLE). MPUAMKOM UCMIUTK-
Batba PayyHaT je MOMEHT cuie IoMa TeCTUPAHMX
y30pakKa.

Cnuka 5. WT5UT, ypehaj Ha Kome ce BpLIMIO
NCMUTMBaHbe MEeXaHUYKUX CBOjCTaBa enemeHTa
Bese

PE3YATATH NCTPAJKMBAIbA

Bna)XHOCT M r'yCTUHA NaoYa

Bia’KHOCT NI0Ya KOHAMLMOHUPAHUX Ha T =
20°C n ¢ = 60%, KpeTana ce y oncery og, 6,22 oo
7,2% (Tabena 3). OBe BpeaHOCTM Cy HUXKe 0Of
10,9% KoNMKo &M npema NCMXPOMETAPCKUM Ta-
danuama duna oyeknBaHa PaBHOTEXKHA BIAXKHOCT
3a MacuBHO ApBO. KaKo cy y nuTaky ApBHE No-
Yye, Matba PaBHOTEXKHA BNara ce Moxe 0djacHUTH
ynpecoBarwemM U yTuuajem nenka y KOHCTPYKLMjU
naoye (Lee i Biblic 2007). BpeaHocTu Bnage pas-
HOTEeXe OBWX Mao4a, NPUSANKHEHE Ccy BpeaHOCTH
og 7,9% Konuko je pobuo Nospuh (2015) 3a TO-
nonosy GypHUPCKY nao4dy. HewTo HUxKe BpesHo-
CTU y OBOM WCTpaxuBarby mory dutm nocneamua
PasIMYUTUX PEXKMMa NpecoBakba, KOANUYMHE nen-
Ka U KOHCTpYKLUWMja naoya.
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Tabena 3. Pe3yntatv meperba BAaXKHocTH (%)

De6/bMHa nao4a nocne npecosara 10 mm 12 mm 13 mm 18 mm
Bp. y3opaka 20 Kom. 60 Kom. 10 Kom. 19 kom.

Cpea. BpeaHocCT 7,20 6,80 6,22 6,97

MWH. 6,66 6,26 5,83 6,35

Max. 7,85 7,52 6,88 7,69

CraHpapgHa ges. 0,39 0,35 0,38 0,31

Koed. Bapujaymje 5,52 5,24 6,11 4,42

Pe3ynTaTu gOCTUIHYTUX BAAXKHOCTU MJloYa CTa-
TUCTUMYKM cy odpaheHn nomohy jegHocMepHe
ANOVE Ha HMBOY 3HayajHOCTK 0og, 99%. Pe3yntaTtn
Cy MOKAa3anu Aa NnocToju PassvKa y PaBHOTEKHUM
BNa*XHOCTMMa nsiova F(3,109)=17,735, p<.01, a
“Tukey” post hoc TecT je nokasao aa ce cUrHmodu-
KaHTHe pasnuke nojassbyjy uamehy sehuHe yno-
pehuBaHux naposa. [lo oBaKBWX pe3ynTaTta Hajse-
poBaTHMWje je Aowno ycaen pPasaUyUTUX
KOHCTpYKUMja naoda. Kog ceux naova gedsbuHa
OykoBux dypHUpa je duna mucta (2,5 mm), goK ce
fedbuHa n dpoj Tononosux GpypHUpa pasnunko-
Bao (2,0 uamn 3,0 mm y 3aBMCHOCTU Of Ke/beHe
aeb/buHe nnoye).

lycTMHa niova Kpetana ce og 0,573 g/cmd 3a
niovy aedmbuHe 12 mm, o 0,611 g/cm? 3a niouy
aebmsuHe 10 mm (Tabena 4). OBe BpegHOCTH cy
3HavajHo Behe og BpeaHoctv oa 0,440 g/cm3, Ko-
Ko cy godunun ban n bekTaw (2014), 3a Tonono-
By FF dypHMPCKY naouvy Hanpas/beHy Of K/IOHA
Tonone Populus x euramericana ‘1-214° (BpcTe
Koja ce Kopuctu y dadpuum “NoBu ApBHU KOMOU-
HaT”) n daunke cy BpegHOCTUMA rycTuHe Sykose
(Fagus orientalis) FF dypHupcke naode og 0,656g/
cm? (Bal i Bektas 2014). Y nomeHyTOM WUCTpau-
Bakby TOnosioBe GypHUPCKE Noye npecoBaHe cy

Tabena 4. Peayntatn meperba rycTuHe naoua (g/cm?)

nog, nputnckom oz 0,8 MPa, a 3a dykose je npu-
Tncak nsHocmo 1,2 MPa. Kako je y oBom uCTpa-
UBakby 3a M3pagy KOMOMHOBAHOT TOMO/IOBOT U
OykoBor LVL-a kopuwheH nputucak og 1,2 MPa,
Huje nsHeHahyjyhe aa cy BpegHocTu ryctuHe dam-
e OYKoBOj GYypHMPCKOj Mao4yM, MaKko je OyKos
bypHUP KopuwheH camo 3a nLe U Haaudje nao-
ya. Takohe, Tpeda y3eTn y 063up Aa je 0BO UCTpa-
XuBarbe ypaheHo Ha o¢ypHupy Oykee Fagus
sylvatica, BpcTe Ynja npoceyHa rycTuHa y anconyT-
HO CyBOM CTaky u3Hocu 0,690 g/cm? (Soskié,
Popovi¢ 2002), pok ryctuHa BpcTe Fagus orientalis
Bapupa (y 3aBMCHOCTM 0f, cTaHuwTa) og, 0,589 g/
cm?® po 0,645 g/cm?® (Sadegh i Rakhshani 2011).
Pesyntatu CTAaTUCTUYKE aHanuse
F(3,109)=32,461, p<.01 pokas3anu cy Aa pocToju
curHMdUKaHTHa pasanka y ryctmHama ynopehusa-
Hux enpyseTa. Na ocHosy Tukey post hoc Tecta
yTBpheHo je aa je nnoya gedsbmHe 10 mm umana
3HayajHO Behy rycTuHy of, oCTanux naova. Y3pok
OBaKBe NojaBe je NPBEHCTBEHO Taj LWTO je yyewhe
OyKoBOT PypHUPaA Y KOHCTPYKLMjU OBE NioYye Haj-
Behe (50% &ykse, 50% Tonosne), [OK je Kog, CBUX
OCTaZINX MA0Ya 3HAYAjHO Makbe (HMp. naoya of,
12mm - dykse 35%). Takohe, naoya og 10 mm
O6una je HajTarba, a Kako ca pactom gedsbuHe no-

De6/buHa naova nocne npecosara 10 mm 12 mm 13 mm 18 mm
bp. y3opaka 20 Kom. 60 Kom. 10 Kom. 19 kom.

Cpea. BpeaHoCT 0,611 0,573 0,582 0,587

min. 0,583 0,548 0,569 0,561

max. 0,641 0,605 0,590 0,624

CraHgapaHa aes. 0,01 0,01 0,005 0,018

Koed. Bapujauunje 2,59 2,47 1,01 3,15
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Tabena 5. Pe3yntatv meperba TBpaohe (MPa)

[eb/brHa naoya pocne npecosatba 10 mm 12 mm 13 mm 18 mm
bp. y3opaka 20 KOm. 60 Kom. 10 kom. 19 Kom.

Cpeg. BpeaHoCT 35,19 36,29 37,88 35,88

min. 33,07 26,06 28 27,5

max. 37,88 44,6 43,68 41,05

CraHpapaHa ges. 1,28 3,93 4,66 3,27

Koed. Bapujauuje 3,64 10,83 12,30 9,14

Ye onaga ynpecosame (Nikoli¢ 1988), Buwe ynpe-
coBaHa nsoya umahe u Behy ryctuHy.

Tepaoha naoua

Tepaoha je ucputMBaHa Ha enpyeeTama Koje
cy dune KOHAMLMOHMpPaAHE Ha COOHUM ycnoBMMa
Knvume Basgyxa (T = 20 °C u ¢ = 60%). Tectuparse
fodujeHux pesyntata nomohy jegHocmepHe
ANOVE F(3,109)=1,343, p>.01 nokasano je aa
HemMa 3Ha4ajHuxX pasnuka y Tepgohu ynopehusa-
HWX nioya. OBaKBK pesynTatn morim ou ce odja-
CHWUTW TMMe WTo je TBpAoha ucnuTMBaHKX enpy-
BeTa paheHa po metoau bBpuHena, Koja ucnutyje
camo noBpLKHCKy TBpaohy. C 0d63mMpom ga cmo
Ha CBMM WCNUTMBAHMM MOBPLUMHAMa enpyBeTa
MManun UcTy BpcTy dpypHMpa (dykos dypHUp), ncte
B/I’KHOCTM, IOTUYHO je U Aa Hema 3HavajHe pa-
3nuKe y TBpAohu naoya. OBOMe y Npuaor rosopu
W TO LUTO Cy cpeatbe BpeaHoCTH TBpaoha y oBom
nctpaxkusamy (Tadena 5), npudankHe cpenoj
BpeaHocTu TBpAohe 3a SyKBy ynpaBo Ha B/aKaH-
ua Koja po Wowkuhy n NMonosuhy (2002) nsHocu
34MPa.

CmuuajHa uBpcroha y cnojy nenka

Pesyntatu ucnutusarba (Tadena 6), nokasanu
Cy [a Cy Koa npBOr TUMa nernsbeHe Bese (Tonona-
-TOMos1a) enpyBeTe CKOPO MCK/bYYMBO MyLane y
30HM ApBeTa. Ha ocHoBy OBOra MOMKe ce 3aK/by-
UMTM A3 HUje JOWNO A0 HapyliaBarba KBasiuTeTa
nen/beHe Bese nocae ogrosapajyher npearpetma-
Ha. Kog apyror Tuna nensbeHe Bese (Tornona-oy-
KBa), AOWNO je Ao Naga yyewha oma y 30HM Ap-
BeTa (Ha oko 65%), mehyTm Kako je n Koa npsor
M KOog, Apyror Tuna cnoja cpeama BpeaHoCT CMU-
LajHe uspcTohe duna paneko seha og MUHUMAHO
npeasuhermx 1IMPa (EN 314), moe ce 3aK/byuntu
[Ja cy CBe MCMWTMBaHe enpyBeTe npolwe TecT,
ynme ce [OHOCK 3aK/byyak aa je kopuwheHn FF
nenak UCMyHUO YCN0Be NPOonmUcaHe CTaHAapAoM.

Ncnutmeame Tpehe BpcTe nensbeHe Bese (Oy-
kBa — OyKBa), NOKasano je gpyraunje pesyntaTe.
Kon cBe Tpu ucnutuBaHe rpaHynauuje yydewhe
JIoMa y 30HM ApBeTa je dnio He3HATHO, LWITO YKa-
3yje Ha HapyllaBakbe Nen/beHe Be3e nocsie oaro-
Bapajyher npeatpetmana (24h y Boau Ha t=20°C),
aNn Kako Cy BPeAHOCTM CMMLAjHe yBpcTohe y
cnojy nenka éune npeko 1MPa u oBu y3opum cy
33[10BO/bUN KpUTEPUjyMe CTaHAapaa.

Tabena 6. Pe3ayntaTv ncputnBarba KBaAUTETA ien/beHe Bese nocae ogrosapajyhux npeagrpetmana (EN 314)

UcnnuTmearse Cnosballtbu Cysu
Cnoj o (MPa) W (%) Mpowna Tect o (MPa) W (%) Mpowna Tect
TOonona - Tonona 2,872 97,33 + - - -
Tonona - dykea 2,926 65,67 + - - -
OyKBa - 6yksa P60 - - - 1,437 0 +
bykBa - bykea P80 - - - 1,362 0 +
OykBa - dykea P100 - - - 1,621 3,33 +

* 0 - cMuuajHa uBpcToha y cnojy nenka; W - yyewhe noma y 30HM gpBeTa.
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CTaTUCTMYKOM aHanu3om nogataka F(2,31)=
1,006, p>.01, powno ce Ao pe3yntata Aa Hema
3HayajHe pasnuKe y CMULAjHOj uBpcTohu namehy
enpyBeTa OpyLIEHUX Ca TPU pasnuuuTe rpaHyna-
umnje dpycHor nanupa. Mako je Kog HajouHujer
OpycHor nanupa (P100) eBuaeHTMpaHa HewTo
Beha cmuuajHa uBpcToha y ogHoOCy Ha apyre Age,
penaTMBHO BeAMKa Bapujalmja nogataka morna je
YyTULATK Ha pe3ynTaTe CTaTUCTUYKE aHanu3e.

Ksanuter yraoHe Be3e 3a pam npo3opa

Pesyntatu TecTupatba yraoHe Bese pama npo-
30pa uspaheHor og KomOuHOBaHOr dyKoBOT M
Tononosor LVL-a, nokasanu cy Aa je yraoHa Besa
nonyLTanaa npu NpocevyHoj cuam noma og, 7093 N,
OZLHOCHO Npoce4yHOM mMomeHTy cune og 900 Nm
(Tabena 7). OBa BpegHOCT MOMEHTA cune je 2 Ao
3 nyta Beha y ogHoOcy Ha BPeAHOCTU Koje cy Jo-
ounu Hrovatin et al. (2013) 3a yraoHy Be3y pama
nposopa Nen/beHy pPasINunuTUM nenkosuma. Y
TOM WUCTPAXKMBakby ayTOPU CYy KOPUCTUAU Npodu-
Nle cmpye nonpeyHor npeceka 68 x 98 mm, a yra-
OHM cnoj ypaheH je nomohy aApBeHOr nmpcreHa
(cnoj Koju je nodmo 3naTHy megasby Ha MehyHa-
pofHOM cajmy MHoBauuja y HeHesu 1 Ha Mehy-
HapoAHOM cajMmy MHoBauuja y Niirnbergu - nateHT
6p. PTC/SI2005/000030). Mako cy KopuwheHe
pasnuuuTe MeTode UCNUTUBaHA, pe3ynTaTu godu-
jeHn y 0BOM MCTpaKmBatby HaroBewTasajy Aa ou
ce kKom&nHoBaHu Tonona-dykea LVL, morao ycne-
LLIHO KOPWUCTUTU 3a MU3pady pama nposopa.

AHanv3om usrnega IoMa enemeHTa Bese npu-
meheHo je Aa cy ce jaB/bane ABe BpPCTe /IOMOBaA
(Cnuka 6). /lom Tmna ,, A Koju je nyuao BaH ene-

Tabena 7. Pe3yntatm mepera KBanuTeTa yraoHe
Be3e 3a pam nposopa

Cuna noma  MomeHT cune
(N) (Nm)
bp. y3opaka 20 Kom. 20 Kom.
Cpea. BpeaHocT 7093,00 900,82
min. 4330,00 550,86
max. 9362,00 1204,79
CraHpapgHa aes. 1187,38 158,01
Koed. Bapujauuje 16,74 17,54

MeHTa Jien/beHe Be3e PO CMoJbHOj 30HM Y30pKa U
nom tMna ,,b6“ Koju je nyuao po enemeHTy Bese.
M3mehy oBe aBe BpcTe I0MOBa HUje npumeheHa
CTAaTUCTUYKM 3HAYajHa pas/IvKa y cuiama Koje cy
n3as3Bane /iom.

3AKMAYIAK

Mocne KOHAULMOHMPaHba Y COGHUM yCnoBUma
Knume Basayxa (T = 20° C u ¢ = 60%), BraxHOCT
MHAYCTPUjcKM nspahenunx LVL nnoya og dypHupa
Tonone v dyKBe, y Npoceky je usHocuna 6,80%,
rycTMHa naoYa y 3aBUCHOCTU of Aed/bUuHe je us-
Hocuna og 0,582 g/cm3 go 0,611 g/cm3, a TBp-
noha nnoya je npoceyHo usHocuna 36 MPa.

UcnutuBare cmuuajHe uspctohe nensbeHe
Be3e TOMO/A-TOMO/a NOKasasno je ga cy enpyserte
CKOPO MCK/bYUYMBO Nyuane y 30HM ApBeTa, 0K je
Ko4, Apyror TMna nensbeHe Bese (Tonosa -Syksa)
aowno fo naga yyewha noma y 30HM ApBeTa Ha
OKO 65%. KakKo je u Kog npBor 1 Koa gpyror Tuna

Cnuka 6. neso: nom TMNa A, gecHo: nom tmn b
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NensbeHe Bese cpefikba BPEAHOCT CMULLAjHE YBp-
ctohe duna ganeko seha o4 MMHUMMANHO Npea-
BuheHnx 1MPa, moxe ce 3ak/byunTn aa dypHUp
Tonone y KomduHaumju ca ¢pypHupom Oykse y
CNo/ballkbMM CN0jEBUMA, MOXKE YCPELLHO NennuTn
pomohy FF nenka.

NcnutnBare cmuuajHe uspctohe y cnojy fen-
Ka npu ypotpedn KomepumjanHor MBA D4 nenka
(ncnutnBarbe cnoja dykea-OyKBa), NoKasano je aa
je powno fo nonywTaka en/beHe Bese nocne
oarosapajyher npearpetmana (24h y Boau Ha
t=20°C). KaKko cy BpegHOCTM cMuLajHe yBpcTohe
y cnojy nenka unak dune npeko 1MPa u osu
y30pUM CY 33a,0BO/BUAN KPUTEPUjyME OAroBapa-
jyher ctaHaapaa.

WINDOW FRAMES

(vladislav.zdravkovic@stb.bg.ac.rs)

PesyntaTu Tectuparba yraoHe Bese pama npo-
30pa uspaheHor og KOMOMHOBAHOr SyKOBOT M
Tononosor LVL-a nokasanu cy aa cy BpeaHoOCTH
MOMeHTa cune 2 o 3 nyTta Behe y ogHocy Ha
C/IMYHA UCMUTMBakbA KBA/IMTETA YraoHe Be3e pama
nposopa m3paheHor oa macusa cmpye.

Ha ocHoOBY cBMX HaBeAeHUX pe3ynTaTta UCMu-
TUBAHbA, MOXE Ce M3BECTU OMLUTK 3aK/byyak Aa je
moryhe HanpaBuTK Npo30pcke pamoBse og LVL-a
nspaheHor og GypHUpa ToMosie Koju je y Cnosb-
HUM C/1I0jeBMMA OjayaH OYKOBUM GYyPHMPOM, KOju
ou mornn aa Hoce nosehaHo ontepehere oa 3
cTakna. MpaBay Aa/bux UCTparkuBakba du duo
NUCPUTUBAtbEe OCTAaNIMX CTaHAAPAHWMX YCNOBA Koje
MOpajy Aa MUCMyHe NPO30PCKU pamoBu uspaheHu
O/, OBOT MaTepwjana.

SOME PROPERTIES OF LVL COMPOSED OF POPLAR AND BEECH
VENEER AND POSSIBILITIES OF THEIR APPLICATION FOR
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Abstract: The subject of this paper was a research of physical and mechanical properties of
LVL composed of peeled poplar veneers in core layers and only outer layers of beech peeled
veneers, so as the examination of window frame glue joint strength produced of this material.
LVL boards have been hot pressed in industrial conditions, using appropriate phenol formalde-
hyde (PP) adhesive. Samples for corner window frame glue joint strength testing were glued
with PVAc D4 class adhesive. Statistical analysis showed that there were significant differences
both in moisture content and density of LVL boards regarding their thickness, while in the
case of hardness this difference did not exist. Examinations of LVL glue line shear strength
showed that both phenol formaldehyde (PP) and PVAc D4 class adhesives fulfilled standard
requirements. The results of corner window frame double tenon glue joint strength produced
from combined poplar-beech veneer LVL indicated that such material could be used to pro-
duce window frame corner joint, strong enough to withstand the additional load, without an

increase of the cross section.

Key words: poplar, beech, LVL, physical and mechanical properties, construction joinery
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INTRODUCTION

To fulfill the demands of modern architecture,
it is often necessary to involve some modifica-
tions to improve specific properties and durability
of wood products. It could be done by some
forms of wood modification or by introducing
some kinds of engineered wood products, such as
LVL (abbreviation of “Laminated Veneer Lumber”).

LVL is structural veneer based material similar
to plywood but without crossing of adjacent ve-
neer layers (Gungor et al. 2006). Depending on
the type of adhesive and its thickness LVL can be
cold or hot pressed. The choice of type of wood,
as one of the most important factors, influence
the quality, mechanical and physical properties,
machinability and durability of produced LVL. The
common species in LVL production are Douglas
spruce and south pine (Ramazan et al. 2010), but
all species with acceptable mechanical properties
could be used, including fast growing species such
as poplar. The LVL of beech wood for furniture
production is very common because of its tex-
ture, color, stiffness and bending properties.

The history of LVL has began in the early thir-
ties of last century, and expanded during the Sec-
ond World War (Sorn 2006). During the last twen-
ty years LVL has became an important veneer
based product with wide applications especially
in heavy loaded constructions (roof long span
structures, wooden houses and other load bear-
ing constructions), but it is also used in no load
bearing constructions such as stairways, furniture
parts, doorposts and window frames (Fig 1).

One of possible LVL applications in construc-
tion joinery might be in window frame construc-
tions. Until recently, the standard window frame
profile was 68 x 68 mm in the intersection (“euro
68 window"), with two built-in glasses. However,
energy efficiency requirements lead to the neces-
sity of installing the third glass in window frame
construction. Such triple glass construction addi-
tionally loaded the window frame construction
and hinges. The common material for such win-
dows is solid spruce wood or laminated spruce
wood with low load bearing resistance and it usu-
ally means an increase of intersection. In a rela-
tively short period of last twenty years, the inter-
section of window frame construction has been
increased from 68 mm to 110 mm. Considering
the need to reduce the costs of window construc-
tion and their installment, the opportunities of
introduction of new material have been analyzed
in this paper.

The object of this paper was to research
whether LVL composed of peeled poplar veneers
in core layers and only outer layers of beech
peeled veneers, could be used to produce win-
dow frame corner joint, strong enough to with-
stand additional load, without an increase in the
cross section.

MATERIAL AND METHODS

Material

In this experiment, a 2.5 mm thick beech
peeled veneer (obtained from “'SIMPO Sik™ - Kur-

- apynutitil
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Figure 1. Left: The Construction Metropol Parasol full of LVL (www.architectureanddesign.com);
middle: long span LVL roof construction (www.hochstrate.de); right: LVL as no load bearing material

(www.pinterest.com)
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Table 1. LVL compositions by veneer thickness

Board thickness 10.5 mm 12 mm 14 mm 19.5 mm
Beech veneer 2.5 mm thick x2 x2 x2 x2
Poplar veneer 2.0 mm thick X2 / x4 x4
Poplar veneer 3.0 mm thick x1 x3 x1 x3

sumlija) and 2.0 mm and 3.0 thick poplar peeled
veneer (obtained from ““Novi drvni kombi-
nat™’-Sremska Mitrovica) were used. Beech ve-
neers were made in formats 2600 x 1400 mm and
2600 x 700 mm, and poplar veneers were all in
full formats of 2600 x 1400 mm, without the pres-
ence of open knots. Standard phenol formalde-
hyde (PP) adhesive, prepared by appropriate for-
mula in the SIMPO Sik Company was used as the
bonding agent.

LVL boards production

After classing, beech veneers were trimmed
for splicing in formats 2600 x 1400 mm. After
that, layup for every composition of LVL was
made in the same way: the beech formats were
used only in outer layers, and appropriate combi-
nations of 2.0 mm and 3.0 mm thick formats
were used (Table 1).

The roller coating method with manual feed-
ing was used for adhesive application. Average
glue spread rate was 210 g/m? single glue line
(SGL). All boards were pressed in nine openings
hot-press “"Paggnoni’". Pressing regimes were ad-
justed according to the LVL thicknesses (Table 2).
The boards lived 24h after pressing for condition-
ing and after that were trimmed to dimensions
2500 x 1200 mm.

Table 2. Pressing regime

Pressing Thickness
regime 10.5; 12; 14 mm 19,5 mm
Time
(min.) ) 28
Pressure
(MPa) 12 12
Temperature 130 140
(°C)

Production of elements for window
frames and cutting of testing samples

The research was conducted in the laboratories
of the Faculty of Forestry of Belgrade University.

Every LVL board was trimmed, cut in half and
ripped into elements of 1250 x 80mm. Elements
for cutting samples of dimensions 50 x 80 mm
(for examination of MC, density and hardness),
and 25 x 50 mm (for examination of glue line
shear strength) were chosen by the random
method. The remaining elements were used for
the production of window frame corner jointed
samples for the examination of their strength.

Examination MC and density of LVL
boards

Outer part of each element was rejected to
obtain realistic results on LVL MC and density dis-
tributions. A total of 110 samples were produced.
Moisture content of conditioned samples (T=20°C
i $=60%) rated by gravimetric method, and their
density using digital scale (0.01g accuracy) and
digital caliper (0.001mm accuracy).

Examination hardness of LVL boards

The same samples from previous item were
used for examination of LVL hardness, by the
Brinell method, with 10mm still ball and applied
force of 1000 N according SRPS EN 1534.

Examination glue line shear strength of
LVL boards

Examinations of LVL glue line shear strength
were conducted according to EN 314 require-

11
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ments. There were three types of glue bonds:
poplar-poplar, poplar-beech and beech-beech.
Both poplar-poplar and poplar-beech glue bonds
were from every hot pressed single LVL board,
while beech-beech glue bonds were from ele-
ments subsequently glued together into blocks.
The first two types of glue bonds were tested in
two sets of 30 samples. Elements for beech-beech
glue bonds testing were first sanded with three

CONTROL PANEL
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different granulation of sanding paper (P 60, P 80
i P 100). For every granulation 20 samples were
made by cold pressing using D4 class PVAc adhe-
sive. All samples were 25 x 80 mm. For all glue
line and glue joint strength tests computer con-
trolled testing machine “Wood tester WT4” was
used (Figure 2). Every sample for glue line shear
strength testing was with appropriate notches ac-
cording to EN 314 requirements (Figure 3).
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Figure 3. Up left: Sample for beech-beech glue line shear strength testing; Up right: Sample for
beech-poplar glue line shear strength testing; Down the middle: Sample for poplar-poplar glue line shear

strength testing
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Glue line shear strength testing of poplar-pop-
lar and poplar-beech bonds were according to EN
314 requirements for wet conditions, while glue
line shear strength testing of beech-beech bond
was according to EN 314 requirements for interi-
or use.

Production of elements and corner
connection for the window frame

Six elements at the time were cold pressed
into blocks 68 x 68 mm in cross section. Every
block was composed of six elements (two of 10.5
mm in thickness and four of 12 mm in thickness).
Every set of six elements was cold pressed at
frame press using PVAc D4 class adhesive, with
glue spread rate of 250+10g/m?. After condition-
ing, glued blocks were edge trimmed and double
tenon joints were made. Joint geometry was ad-
justed on a way that both tenons and grooves
passed through the beech veneer layer. Final di-
mensions of samples for corner window frame
glue joint testing were 200 x 60 x 68 mm.

N

Figure 4. Blocks with double tenons and groves,
both passing trough beech veneer layers

Examination of corner window frame
double tenon glue joint strength

The examination of window frame glue joint
strength in construction joinery has become very
topical during the last decade. However, despite
many scientific papers and studies dealing with
this issue (Altinok, M., et al (2009); Can, O., Onal,
M.M., (2007); Gokdemir, A., Yildiz, K., (2001);
Turkulin, H., (1993)), it is pretty difficult to com-

pare these results. The main reason is absence of
wide-spread standard methods for such type of
glue joint. Consequently, most researches could
reliably compare their results almost only with
their own previous results. Around that, varia-
tions in sample cross sections and joint types,
changing influence on gluing surface area and
fitting the connection, which basically means
there were different experimental conditions.

The examination of window frame glue joint
strength was conducted on computer controlled
testing machine WT5UT (Figure 5). The surface
area of every glue line was 60 x 60 mm (in total
there were four glue lines, for every tested corner
glue joint). Based on breaking force and shape of
samples, the torque was calculated.

Figure 5. Automatic equipment WT5UT for window
frame glue joint strength testing

RESULTS

MC and density of LVL boards

Moisture content of LVL boards conditioned at
T=20°C and $=60%, floated at range of 6.22 to
7.2% (Table 3). These MC values were 10.9% low-
er than psychometric tables showed for the solid
wood of the same species. How it refers to wood-
based panels, lower equilibrium moisture (EMC)
content might be explained as the effect of hot
pressing, presence of adhesive and LVL composi-
tion (Lee and Biblis 2007). These values of equi-
librium moisture content are similar to those ob-
tained by Lovric (2015) for poplar plywood.
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Table 3. Results of MC (%)

LVL thickness after hot pressing 10 mm 12 mm 13 mm 18 mm
Number of samples 20 pcs. 60 pcs. 10 pcs. 19 pcs.
Mean value 7.20 6.80 6.22 6.97
Min. 6.66 6.26 5.83 6.35
Max. 7.85 7.52 6.88 7.69
Standard deviation 0.39 0.35 0.38 0.31
Coef. of Variation 5.52 5.24 6.11 4.42

One way ANOVA at confidence level of 99%
showed that there were significant differences in
equilibrium moisture content of LVL boards
(F(3.109)=17.735, p<.01), and “Tukey” post hoc
test also showed significant differences among
majority of the compared pairs. This is probably
due to different LVL boards constructions. Beech
veneers thicknesses were the same in all boards
constructions, but poplar veneers thicknesses
were different (2.0 or 3.0mm, depending of target
LVL thickness).

LVL boards density ranged from 0.573 g/cm?
for 12mm thick board, to 0.611 g/cm? for 10mm
thick board (Table 4). These values were signifi-
cantly higher than the value of 0.440 g/cm?3, ob-
tained by Bal and Bektas (2014), for PP class pop-
lar plywood - clone Populus x euramericana
1-214’, frequently used in “Novi drvni kombinat”
company, and there were closer to values of
0.656g/cm? obtained earlier for PP class beech
(Fagus orientalis) plywood (Bal and Bektas 2014).
In cited research poplar plywoods were pressed
under the pressure of 0.8 MPa, while beech ply-
woods were pressed under the pressure of 1.2
MPa. In this research the pressure was also 1.2
MPa, so it is not surprising that the obtained val-

Table 4. LVL boards density (g/cm?)

ues were closer to values for beech plywood, al-
though beech veneers were used only for outer
layers of all LVL boards. The beech wood variety
must also be considered. The beech wood variety
Fagus sylvatica with a density of 0.690 g/cm?3
(Soski¢, Popovi¢ 2002), which was used in this re-
search was different from beech wood variety
Fagus orientalis with density varying between
0.589 g/cm? do 0.645 g/cm?, depending of habi-
tats (Sadegh and Rakhshani 2011).

Statistical analysis showed that there were
significant differences in the density of LVL boards
(F (3.109) =32.461, p<.01). The “Tukey” post hoc
test confirmed for 10mm thick board, that densi-
ty was significantly different than densities of all
other boards. It was caused primarily due to the
highest share of beech veneer in that LVL compo-
sition (50% beech veneer, 50% poplar veneer),
while all other boards had a lower share (for in-
stance 12mm thick LVL board had the share of
beech veneers of 35%). In addition to that, the
thickness loss is higher in thinner plywoods (Niko-
lic 1988) and thinner plywood means higher den-
sity at the same pressure. Just this 10mm thick
LVL board was the thinnest in the experiment.

LVL thickness after hot pressing 10 mm 12 mm 13 mm 18 mm
Number of samples 20 pcs. 60 pcs. 10 pcs. 19 pcs.
Mean value 0.611 0.573 0.582 0.587
Min. 0.583 0.548 0.569 0.561
Max. 0.641 0.605 0.590 0.624
Standard deviation 0.01 0.01 0.005 0.018
Coef. of Variation 2.59 2.47 1.01 3.15
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Table 5. Hardness of LVL boards

LVL thickness after hot pressing 10 mm 12 mm 13 mm 18 mm
Number of samples 20 pcs. 60 pcs. 10 pcs. 19 pcs.
Mean value 35.19 36.29 37.88 35.88
Min. 33.07 26.06 28 27.5
Max. 37.88 44.6 43.68 41.05
Standard deviation 1.28 3.93 4.66 3.27
Coef. of Variation 3.64 10.83 12.30 9.14

Hardness of the LVL boards

The hardness of the LVL boards conditioned
at T=20°C and $=60% was tested. One way ANO-
VA at confidence level of 99% showed that there
were no significant differences in the hardness of
compared LVL boards (F(3.109)=1.343, p>.01). It
might be due to the testing method, because the
Brielle method refers only to surface hardness. As
a result of that, all surface veneers were from
beech wood of the same MC and there were no
differences in hardness. In support of this asser-
tion is that average hardness in this research (Ta-
ble 5) was close to the hardness of solid beech
wood across the fibers of 34 MPa, obtained by
Soski¢ and Popovi¢ (2002).

Glue line shear strength of the LVL boards

The first set of results of glue line shear
strength of LVL boards (Table 6) showed that in
poplar-poplar type of joint all samples were de-
stroyed in the layer of wood, which indicated that
pretreatment did not influence the glue line shear
strength. In another type of joint (poplar-beech),

the percentage of wood failure dropped down (to
around 65%), but in this type of joint average glue
line shear strength was much higher than 1Mpa,
required by EN 314. All the examined samples
passed the test, which indicated that PP adhesive
was adequate for this type of product.

The third type of joint (beech -beech) showed
different results. After applying all three types of
sanding paper granulations in boards sanding and
appropriate pretreatment (24h in water at
t=20°C), but also average glue line shear strength
was much higher than 1Mpa, required by EN 314.

Statistical analysis (F(2.31)=1.006, p>.01) did
not indicate the presence of significant differenc-
es among all three types of sanded samples. Su-
perfine granulation P100 caused higher levels of
glue line shear strength compared to other two
granulations, but it was not statistically significant.

Corner window frame double tenon glue
joint strength

The results of corner window frame double
tenon glue joint strength produced from com-
bined poplar-beech veneer LVL, showed that fail-

Table 6. The result of glue line shear strength according EN 314

Testing Outer Dry
Joint 6 (MPa) W (%) Passed o (MPa) W (%) Passed
poplar-poplar 2.872 97.33 + - - -
poplar-beech 2.926 65.67 + - - -
beech-beech granulation P60 - - 1.437 0 +
beech-beech granulation P80 - - 1.362 0 +
beech-beech granulation P100 - - 1.621 3.33 +
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ure of corner connection took place at force of
7093N and torque of 900Nm (Table 7). The torque
reached in this experiment was 2 to 3 times high-
er than that was in similar experiment by Hrova-
tin et al. (2013) for corner connection strength
glued with different adhesives. In this research
authors examined spruce elements 68 x 98mm
and the corner joint was implemented by innova-
tive ring type of connection (this ring type of con-
nection was prizewinning in the International fair
in Geneva and Nirnberg - patent No. PTC/
S12005/000030). Although there were two differ-
ent methods, results of this research indicated
that combined poplar-beech LVL could be suc-
cessful in such a type of window frame.

Table 7. Corner window frame double tenon glue
joint quality

Force at Torque
failure (N) (Nm)
Number of samples 20 pcs. 20 pcs.
Mean value 7093.00 900.82
Min. 4330.00 550.86
Max. 9362.00 1204.79
Standard deviation 1187.38 158.01
Coef. of Variation 16.74 17.54

There were two types of connection failures
in this experiment (Figure 6). Type ,,A“ where fail-
ure happened out of tenon glue joint and type
,B“ where failure happened just in tenon glue
joint. There was no presence of significant differ-
ence in forces that caused failures between these
two types of glue joint failures.

CONCLUSION

Average moisture content (MC) of LVL pop-
lar-beech boards conditioned at T=20°C and
$=60% was 6.8%. Depending on thickness their
densities were between 0.582 g/cm®and 0.611 g/
cm?, and their hardness was uniform, with an av-
erage value of 36Mpa.

The glue line shear strength of LVL boards test-
ing showed that in poplar-poplar type of joint al-
most all samples were destroyed in the layer of
wood, while in another type of joint (poplar-beech)
the percentage of wood failure dropped down (to
around 65%). In both types of joints average glue
line shear strength was much higher than 1Mpa,
required by EN 314. The suitability of PP adhesive
for such a kind of combined poplar-beech LVL was
proven.

In the case of D4 class PVAc adhesive, which
was used in poplar-beech glue line, after pretreat-
ment (24h in water at t=20°C) testing showed
glue line failures. But in this type of joint, average
glue line shear strength was also much higher
than 1Mpa, required by EN 314.

The results of corner window frame double
tenon glue joint strength produced from com-
bined poplar-beech veneer LVL showed that
torque reached in this experiment was 2 to 3
times higher than in a similar experiment with
window frames produced from spruce solid wood.

All results of this experiment generally indi-
cate that LVL composed of peeled poplar veneers
in core layers, and only outer layers of beech
peeled veneers, could be used to produce win-
dow frame corner joint, strong enough to with-
stand the additional load of the third glass, with-
out an increase in the cross section.

Figure 6. Left: Type ,A” failure, right: type ,B“ failure
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The direction of further research might be all
other standard tests for realistic window frames
made of this kind of LVL with all three glasses
built-in.
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