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Porovnani pevnosti kolikovych a ¢epovych spojii u drevénych
oken

The strength of dowel joints and tenon joints used on wooden windows
and their comparison

Anotace:

Disertacni prace byla vypracovana formou jednoticiho komentare ke trem publikovanym
vedeckym clankum. Jejim hlavnim cilem bylo urceni pevnosti rohovych spojit mezi cepem
a rozporem oproti kolikovym spojum na drevénych okennich kridlech. Zaroven byl
vyzkum zaméren na testovani pevnosti slepu lepidel a pevnost pri vytahovani riiznych
kolikii. Okenni profily byly vyrobeny ze smrkového lepeného hranolu (dle standardu
vyrobcii) s nejcasteji pouzivanymi profily Sirky 78 a 92 mm. Pro testovani rohovych spojii
byl prvné navrzen univerzalni metodicky postup (véetné navrhu upinaciho pripravku)
s postupem vyhodnoceni vysledkii. Navrzenou metodou tak byla prokazana hypotéza
0 VWSSI pevnosti trojiteho cepu a rozporu na zdaklade velikosti ohybovych momentii.
Trojity cep a rozpor dosahl statisticky vyznamné vyssSich maximalnich ohybovych
momentii (p < 0,05) v tahu (344 Nm) a tlaku (325 Nm) oproti kolikovym spojiim v tahu
(167 Nm) i tlaku (168 Nm). Rozdilnost byla zpiisobena predevsim odlisnou velikosti
lepenych ploch, kterou mél trojity cep a rozpor oproti kolikium o 29 % vétsi. Pri testovani
doslo ke kohezivnimu poruseni ve spiralovitych kolicich z dubového dreva.
Individualnim testovanim variant koliku byla namérena nejvétsi pevnost u spirdlovité
ryhovanych kolikii (7,9 MPa). Navic porovnanim dubovych a bukovych kolikii
bylo prokadzano, Ze rozdil ve drevinach nebo mezi podélné a spirdalovité ryhovanymi
koliky nema statisticky vyznamny vliv na pevnost lepeného spoje (p > 0,05). Na zdklade
méreni proto lze konstatovat, Ze u testovaného rohového spoje s koliky bylo dosazeno

maximalni pevnosti.

Kli¢ova slova: drevené okno, rohovy spoj, ¢ep arozpor, kolikovy spoj, pevnost,

ohybovy moment, tuhost
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Porovnani pevnosti kolikovych a ¢epovych spojii u drevénych
oken

The strength of dowel joints and tenon joints used on wooden windows
and their comparison

Abstract:

This dissertation thesis was composed of a unifying comment to three published research
articles. It aims to determine and compare the strength of mortise with tenon and dowels
fabricated as corner joints on the wooden window sashes. Furthermore, the research also
focused on the test of bond line strengths and the withdrawal strength of various dowels.
Window profiles were manufactured from glue laminated timber made from spruce
of the most commonly used frame depths of 78 and 92 mm. A universal methodology was
developed firstly for testing of corner joints (including the fixing component)
and secondly for the process of result evaluation. The proposed methodology thus
confirmed the hypothesis of higher strength of triple mortise and tenon based
on ascertained bending moments. The triple mortise and tenon achieved statistically
significant higher maximum bending moments (p <0,05) intension (344 Nm)
and compression (325 Nm), versus dowels in tension (167 Nm) and compression
(168 Nm). This difference was mainly caused by the ratio of glued areas, which was 29%
higher for triple mortise and tenon. During the testing, cohesive failures occurred
in spiral dowels that were manufactured from the oak. By individual testing of various
dowels, the highest withdrawal strength of the multi-grooved dowels with spiral patterns
(7,9 MPa) were measured. Moreover, by comparison of oak and beech dowels,
the difference in wood species or between multi-grooved dowels with the spiral
and straight patterns, did not have a statistically significant effect on the withdrawal
strength (p > 0,05). Therefore, it is possible to conclude that the tested corner joint in

the manufacture standard with dowels had achieved maximum strength.

Key words: wooden window, corner joint, tenon and mortise, dowel joint, strength,

bending moment, stiffness
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1. Uvob

Stavebni otvorové vyplné (tj. okna a dvefe) jsou bezesporu dulezitou soucasti
fasady budov, protoze se svym vzhledem celkové podili na estetickém vzhledu a svymi
funkcemi tvofi optimalni prostiedi uvniti budovy.

Dfevény ram, nebo stejné tak i uzavienou konstrukci oken, neni zatim mozné
efektivné vyrobit pouze zjednoho vlysu. Ke konstrukci se zpravidla pouziva spojeni
minimalné tii vlyst, které jsou na mistech styku vzdy spojeny nékterym z truhlaiskych
spojii. V praxi existuje nékolik typl rohovych spojeni s rozdilnou pevnosti (bez ohledu
na presnost vyroby).

V misté styku vlyst se prifez vzdy oslabi, protoze se zde prerusi pribéh vldken.
Tato spojeni jsou proto velmi kritickymi misty a je mozné podpofit aplikaci vhodnych
lepidel s dodrZzenim spravného procesu lepeni. Nicméné vybér rohového spoje bude mit
vzdy zasadni vliv na pevnost spoje a tim padem i tuhost celé konstrukce. Konstrukce oken
navic musi spliiovat parametry vychézejici z evropskych norem (EN) a némeckych norem
(DIN), avSak zkouseni rohovych spojui dfevénych oken se Zddna z norem nevénuje.

Zakladni hypotézou je, ze kolikové spoje poskytuji niz§i pevnost, tzn. nizsi
ohybovy moment ¢i tuhost spoje ve srovnani s tradi¢nimi spoji jako napt. ¢ep a rozpor.
Kolikovy spoj je ale v soucasnosti pouzivan, a tak je pochopitelné, Ze existuji diivody,
pro¢ jej vyrobci oken pouzivaji. Musi pfindset vyrobcim vyhody a i proto mohl zacit
konkurovat osvédc¢enému ¢epu a rozporu.

Napftiklad v pravouhlém rdamu jsou dva vlysy ramu vzdy krat$si o dve Sitky
lepeného hranolu, protoZe nepotiebuji material na vytvofeni spoje, jako je tomu u cepu
a rozporu. Vrtani kolikil je mén¢ energeticky ndro¢né oproti frézovani a vznika také méné
odpadu. Sestavovani ramu je presnéjsi diky vedeni koliki do lepeného spoje. VSechny
potiebné profily (polodrazky, drazky, zakulaceni, srazeni hran, ...) a otvory (pro koliky,
kliky, ...) vytvoii jeden univerzalni dievoobrabéci stroj na jednom dilci na jedno upnuti.
Celkové je takto zjednodusen a urychlen cely vyrobni proces. ZvySuje se produktivita

vyroby a snizuji se ndklady na vyrobu.
1.1. OKNA

Jednotlivé typy oken se od sebe vzijemné lisi rozméry, tvarem, povrchovou
Upravou, pouZzitym materidlem, fyzikalnimi a mechanickymi vlastnostmi, kovanim,

typem zaskleni a specifickymi dopliikky, coZ ndm dava celkové Sirokou Skalu vyrobkd.
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ProtoZe je rozhodnuti o koupi novych oken dulezitou otdzkou na desitky let,
je potiebné pii jejich vybéru zvolit spravny a kvalitni material, ze kterého je okno
vyrobeno, aby mohlo dobfe a dlouhodobé plnit svou funkci. V soucasnosti je na ¢eském
1 zahrani¢nim trhu moznost vybéru z nékolika variant materialti. Zakaznici si tak mohou
vybrat mezi dievem, plastem, hlinikem ¢i kombinaci téchto materialti. Zasadni rozdily
mezi jednotlivymi materidly jsou v technickych vlastnostech a naroc¢nosti na udrzbu.

Podle téchto kritérii se zdkaznici nakonec rozhoduji.
1.1.1. DREVENA VS. PLASTOVA OKNA

Zakaznici, ktefi voli okna ze dieva, se soustfedi zejména na vyhody dievénych
oken. Vétsi skupinu vsak tvofi lidé, kteti pfihlizi k jejich nevyhodam. Oproti tomu
plastova okna jsou v soucasnosti dlouhodobé nejzddangj$imi okny na ceském trhu.
Kombinace nabizenych tepelné-technickych vlastnosti a niZsi pofizovaci ceny,
ktera je spojend s mensi pracnosti na vyrobu, jsou momentalnimi pfi¢inami vys$iho
odbytu plastovych oken.

V neprospéch dievénych oken hovoifi zejména vys§i cena, jez je spojena
s pracnosti vyroby. Pii vyrobé je potieba slepovat konstrukéni spoje a provadét
povrchovou upravu v nékolika vrstvach, coz jsou technologicky a Casové narocné
operace. Krom¢ dieva je pro vyrobu potieba také silikon, lepidla a natérové hmoty,
jez jsou zatézi pro zivotni prostfedi. Dfevéna okna tak nejsou zcela ptirodnim vyrobkem,
jak nékdy byva prezentovano. Problémy s recyklaci v§ak nalezneme i u plastovych oken.
Neodbornou manipulaci a nedostatecnym vétranim mize vlivem vysoké vlhkosti dojit
ke znehodnoceni ~ dfevénych  oken, ¢i poskozeni  povrchové  upravy.
Dfievo je hygroskopicky materidl, kteryreaguje na zmény vlhkosti vzduchu.
Problematicka je tak zejména vyssi relativni vlhkost vzduchu v novostavbach.

Obecné jsou vyrobky ze dfeva pro vétSinu lidi pocitove piijemnéjsi. Difevéna okna
jsou tradi€né¢ osvédCenym vyrobkem adoposud zddna imitace nikdy dievo plné
nenahradila. Pevny a houZevnaty materidl, kterym je dfevo, poskytuje ramu oken tuhou
konstrukci. Velkou vyhodou jsou stalé mechanicko-fyzikalni vlastnosti a vys$§i pozarni
odolnost. Dfevéna okna mohou také dosahnout delsi Zivotnosti nez plastova okna, pokud
je povrchova uprava pravidelné obnovovana. Natérové hmoty v sobé navic obsahuji
insekticidni 1 pesticidni sloZky (proti biotickym c¢initelim) a pigmenty, které brani

starnuti dfeva. Variabilita profili oken je snadno ovlivnitelna pfistrojovym



a nastrojovym vybavenim vyrobct. Neni proto problém plnit pozadavky architekt
naokna rdznych tvard. Vyrobci jsou také schopni rychle reagovat na nové
normované pozadavky s ohledem na tnosnost rohovych spoji ramu.

Plastova okna jsou pak vyrabéna technologii extruze
z granulatu polyvinylchloridu (PVC), ktery se pod tlakem vhani do forem. Vznika
tak vicekomorovy okenni profil srliznymi tvary a velikostmi profild. Pfi srovnani
procesu vyroby dojdeme k zavéru, ze proces zasklivani je jednodussi, a tak je vyrobek
béhem par hodin pfipraven na export. Nicméné PVC je material termoplasticky, coz
je sice vyuzivano pii svafovani v rozich, ale znamena to, ze piisobenim slune¢niho zateni
je plastovd okna potfeba castéji sefizovat (pomoci rektifikaéniho kovani).
Trvalé deformace tak miizou nastat obzvlasté u oken vétSich dimenzi. Pied svafenim se
proto ¢asto do nejvétsi komory profilu vklada zpravidla ocelova vyztuha (tvaru,,C*, ,,U%,
nebo ,,0%). Vyztuha zpeviiuje celou konstrukcei po délce a skrz ni se zaroven také dotahuji
vruty ke kovani. Z technologickych diivodi je ovSem vyztuha v rozich ¢asto prerusena,
a tak pouze svar zajistuje tuhost celé konstrukce ramu. V porovnani s ostatnimi typy
oken je tak statickd unosnost plastovych oken nizsi, a proto se plastovd okna nevyrabi

ve srovnatelnych rozmérech s ostatnimi typy oken (Petrtyl a Subrt 2012)
1.1.2. VYVOJ OKEN

Historicky se na nejmenSich profilech z masivu s jednoduchym zasklenim
pouzivalo v rohovém spoji zprvu jen pieplatovani, jez bylo kliZzené ptirodnimi lepidly.
Postupné se preplatovani vyvinulo do podoby jednoduchého cepu a rozporu.
Oba rohové spoje byly v rozich fixovany z pohledové strany dievénymi hieby, aby se
dosahlo vyssi tuhosti spoje. Pozdé&ji sice byly dfevéné hieby nahrazeny okennimi hieby
z hliniku, ale s rozvojem syntetickych lepidel jiz tyto zplisoby zajiStovani nebyly
potiebné.

Lepsich tepelné-izolacnich 1 zvukové-izolaénich vlastnosti bylo dosazeno
pouzitim dvou jednoduchych oken oddé€lenych Spaletou v osténi. DalSim vyvojovym
stupném pak byla okna zdvojend, kdy se dvé jednoducha ktidla spojila Sroubem a osadila
se do jednoho rdmu. Do té¢ doby se profily oken vyrabély z masivu. Se zvétSujicimi
se profily oken a rostoucimi pozadavky byl pak jednoduchy cep nahrazen dvojitym
a nasledné i trojitym Cepem, ktery byl vyfrézovan na lepeném hranolu (Hochberg et al.

2010).



Pouzitim lepeného hranolu s né¢kolika vrstvami lamel se zajistila vyssi tvarova
a rozmeérova stalost okennich profild. Nespravné zacala byt tato jednoduché dievéna okna
sizolatnim sklem nazyvana jako ,eurookna* =z lepenych vicevrstvych hranoli
(také oznacovanych jako ,,eurohranol®).

Podle némecké normy DIN 68 121-1 (1993) zacaly byt profily oznacovany
pismeny ,,IV* s ¢islem odpovidajicim velikosti profilu okna (nebo i dvefi) ve sméru
teplotniho gradientu v milimetrech. Velikost okennich profill se tak postupné rozsitila
z 68 mm, pres 72 mm, 78 mm, 88 mm na velikost 92 mm a vice (napt. 112 mm).
Vétsi profily je totiz mozné osadit trojskly. Kromé bézné pouzivanych hranolt lepenych
ze smrkového (Picea) dieva, setaké mimo jiné pouzivaji ihranoly z lamel dubu
(Quercus), modiinu (Larix), nebo borovice (Pinus). Z exotickych dfevin je to pak
obzvlasté meranti (Shorea) a eukalyptus (Plantae).

S ohledem na pomérné rychlou genezi oken je potieba se zabyvat tuhosti ramu
oken adveri. Nové materidly, nové konstrukce a piizplisobovani se soucasnym
normam zmeénilo pozadavky na zatizeni, kladené na rohova spojeni oken. Napiiklad
se zvétSuji profily oken a zéroven se zvétSuji i prosklené plochy budov. Tuhost
konstrukce se jiz ovliviluje na zacatku vyrobniho procesu, ato samotnym vybérem
rohového spojeni, pficemz vybér ma byt vzdy provadén s ohledem na dimenze
okenniho kiidla a velikost profilu spole¢né s vyplni. Svou vahou vypli staticky naméaha
ram, resp. rohové spoje  okenniho  kiidla.  Nasledkem  nedostate¢né
vybrané¢ho nebo provedeného spoje v kombinaci s tézkou vyplni a postupem casu
vznikd nevratné svéSeni okenniho kiidla smérem doli. Vyjimkou jsou fixni kiidla,
ktera jsou nepohybliva a pevné pfipevnéna do osténi. Pfipad se tyka hlavné otviravych
ktidel, kdy deformaci ramu dojde k omezeni plnéni jedné ze zékladnich funkci okna
(napf. otevirani/zavirani). Sami vyrobci ale nedisponuji kapacitné (ale 1 casove)
laboratofemi k testovani vlastnosti.

Momentalné jsou na trhu okna s n¢€kolika typy rohovych spojli (zejména dvojity
nebo trojity ¢ep arozpor, koliky, pfipadné Hoffmannovy spojky). V soucasnosti
jsou profily IV 78 alV 92 momentidlné nejpouzivanéjS§imi, pfiCemz na 92mm
profilu se nejcastéji uplatituje prave trojity Cep. Zahranicni vyrobci v posledni dobé
zacali nahrazovat cCepy s rozpory za kolikova spojeni jak u okennich ramt, tak
i okennich kiidel. Néktefi ¢esti vyrobei dievénych oken a dvefi (napf. Slavona, s.r.o.)

trendy zahrani¢nich vyrobci nasledovali a rozsifili své portfolio také o koliky.



2. ROZBOR RESENE PROBLEMATIKY

2.1. NORMOVE POZADAVKY NA OKNA

ProtoZe je konstrukce vyrobena z lepené¢ho lamelového dieva, musi byt hranoly
v souladu snormou CSN EN 14080 (2013). Vsechna zakladni ustanoveni oken
(a balkénovych dveii) jsou dale stanovena v CSN 74 6101 (2015) spoletné s jejich
nazvoslovim, oznaCovanim, tfidénim, tvary, rozméry, pouZzivanymi soucdstmi,
povrchovou upravou, vzhledem, provedenim a nakladanim s vyrobky.

Dle nafizeni vlady ¢. 190/2002 Sb. musi také vyrobce okna potvrdit technické
parametry prohldsenim o shodé vyrobku s oznacenim CE. Oznaceni CE potvrzuje,
ze vyrobek splituje pozadavky stanovené v harmonizovanych pravnich ptedpisech
Evropské unie. Zarovei s prohldSenim musi vyrobce dolozit odkazy na zkousky
a vypoéty provedené akreditovanou laboratoii (Petrtyl a Subrt 2012).

Technické pozadavky s ohledem na ovéfovani stalosti vlastnosti otvorovych
vyplni a zkouseni jsou stanovené v CSN EN 14351-1+A2 (2018), které musi viechna
okna dodana na &esky trh bezpodmineéné spliiovat (CSN 73 0540-2, 2011). Zkugebnimi
postupy se pak testuji nasledujici vlastnosti oken: souéinitel prostupu tepla (CSN EN ISO
10077-1, 2018; CSN EN ISO 10077-2, 2018; CSN EN ISO 12567-1, 2011), vzduchova
neprizvucnost (CSN EN ISO 717-1, 2013), odolnost proti zatizeni vétrem (CSN
EN 12211, 2017), privzdugnost (CSN EN 1026, 2017), vodotésnost (CSN EN 1027,
2017) a inosnost bezpecnostnich zatizeni (CSN EN 14351-1+A2, 2018; CSN EN 14609,
2004).

Kromé vybéru vhodného materidlu na konstrukci okna je dulezité také spravné
osadit okno piipojovaci sparu (CSN 74 6077, 2018). Protoze jsou okenni
ramy pfipevnény v osténi, nejsou tolik staticky namahény jako okenni kitidla, ktera
se voln¢ pohybuji vi¢i rdmu diky zavésim. Ztohoto pohledu je dulezité
resit predev§im pevnost ~ rohovych  spoji uokennich  kiidel.  Spoje  jsou
pak naméahany pevnostné¢ vahou, zejména svou vyplni ¢i vahou svych prvki,
ale také klimatickymi ¢initeli (vitr, vlhkost, voda, teplota atd.). Proto tadné
dimenzovany a provedeny tuhy spoj musi poskytnout spravnou funkci (napt. okennimu
kiidlu), aby nedochazelo ke svéSovani kiidla a omezeni jeho zékladnich funkci
(napf. otevirani a zavirani za Ucelem pfiirozeného vétrani), nebo stavebné-fyzikalnich

funkci (tj. izolace).



Na samotné zkouSeni pevnosti rohovych spoji dfevénych oken nicméné
neexistuje zadnd norma, kterd by popisovala metodicky postup s vypoctem pevnosti
rohovych spojti dievénych oken, ¢i jen stanovovala minimélni pozadavky na pevnost
rohovych spoji. O nejednotnosti postupu zkouseni rohovych spojii se zminuje i Pantaleo
et al. (2014). Existuje zatim pouze evropska norma CSN EN 514 (2001), ktera se zabyva
testovanim rohovych spoji uplastovych oken vyrobenych znemékcéeného
polyvinylchloridu (PVC-U). Norma stanovuje pozadavky na zkuSebni vzorky, zkuSebni
metody pii tahovém nebo tlakovém zatizeni za ohybu a jednoduchy postup vypoctu

pevnosti spoje.
2.2. ROHOVE SPOJE

V praxi existuje nékolik typt truhldiskych rohovych spoji, vcetné jejich
odvozenych variant (zejména pro Cep a rozpor, ¢ep dlab, preplatovani, rybinové ozuby
apod.), nebo dalSich spojovacich prostfedkti (naptf. koliky, vruty, Srouby, Srouby
s valcovou matici, konfirmaty, Hofmannovy spojky, pera, lamely atd.) a jejich
kombinace. Pouziti v konstrukci je vzdy zavislé na konstrukci rdmu (rdmové
¢i krabicové) a pozadavku na rozebiratelnost spoje (rozebiratelné ¢i nerozebiratelné).
Disertacni prace se zabyva pouze nejcastéjSimi spoji na nerozebiratelnych ramovych
konstrukcich dfevénych oken, jimiZ jsou bezpochyby zejména Cep a rozpor s koliky.

Diky dlouholeté genezi, kterou si ep a rozpor prosel, se stal osvédéenym
truhlafskym spojem a tim padem i jednim z nejvice pouzivanych rohovych spoji
v ramovych konstrukcich obecné. Vyroba spoje probihd upravou vlyst odstranénim
tretin na protilehlém vlysu (tj. ¢ep). Oba dily se zpravidla slepuji lepidlem a vytvaii tak
nerozebiratelné spojeni.

Kvili ¢astému pouziti byl tak i ¢ep a rozpor subjektem nékolika rtznych
vyzkumu. Mnoho ¢lanki se zabyva hodnocenim mechanickych vlastnosti ¢epu a rozporu
zejména pro nabytkové aplikace na ramovych konstrukcich (zejména zidle a stoly). Timto
zplisobem se jiz zkoumala pevnost spoje v zavislosti na: rozmérech ¢epu (Wilczynski a
Warmbier 2003; Erdil et al. 2005; Hajdarevi¢ a Martinovi¢ 2014), tvaru ¢epu (Tankut
a Tankut 2005), typu lepidla a vlhkosti dieva (Tankut 2007), tlouStce lepené spary
(Ratnasingam a Ioras 2013; Hajdarevié a Sorn 2012), druhu pouzitého dfeva (Kasal et al.

2013; Smardzewski 2008), nebo teploty a relativni vlhkosti vzduchu (Jivkov et al. 2008).



Vidime tedy, Ze na vyslednou pevnost spoje pusobi bud vnitini (druh spoje s jeho
geometrii, dievinu, vlhkost dfeva, lepidlo), anebo vné&jsi faktory (typ zatézujici sily,
teplotu, abiotické vlivy, ...).

Koliky jsou dalsim z typti spojeni dievénych konstrukci. Tentokrat se ale jedna
o typ vlozeného spojovaciho prostfedku s rotaénim valcovitym tvarem se zkosenymi
hranami na koncich, které usnadiuji vkladani do ptredvrtanych otvorti. Diky tomuto
jednoduchému pouziti jsou koliky tolik oblibené. Vyuzivaji se prfedevSim ke spojeni
konstruk¢énich desek (napt. korpus nabytku) s lepidlem (jako nerozebiratelna spojeni),
nebo jen jako vlozené, kde slouzi jako vodici prvky a pevnost spoje je vytvorena
za spolutcasti dalsiho spojovaciho prostiedku.

Za ucelem zjisténi jednotlivych vlivii na pevnost kolikového spoje byly
jiz realizovany nckteré vyzkumy, které se zaméfily na nésledujici vlivy: material
(adherend) nebo dievinu kolikii (Seref et al. 2009; Uysal a Ayhan Ozgifci 2003; Yapici
etal. 2011; Eckelman et al. 2002; Tankut 2005; Ozcan et al. 2013), pouzité lepidlo (Seref
et al. 2009; Uysal a Ayhan Ozgifgi 2003; Yapici et al. 2011; Tas et al. 2014), primér
kolikt (Seref et al. 2009; Yapici et al. 2011; Eckelman et al. 2002; Ozcan et al. 2013;
Warmbier a Wilczynski 2000), délku kolikii nebo hloubku penetrace (Warmbier a
Wilczynski 2000; Eckelman a Cassens 1985; Zhang a Eckelman 1993; Dalvand et al.
2014), rozte¢ kolikii (Eckelman 1971; Tankut 2005; Derikvand a Ebrahimi 2015;
Warmbier a Wilczynski 2000; Simek et al. 2010), podet kolikii ve spoji (Tankut 2005;
Derikvand a Ebrahimi 2015), strukturu kolikti (Eckelman a Cassens 1985; Ahmad et al.
1993), tloustku lepené spary (Ratnasingam a loras 2015), nebo zavislost pevnosti

na teplot¢€ a relativni vlhkosti vzduchu (Jivkov et al. 2008).
2.2.1. TESTOVANi ROHOVYCH SPOJU

Mechanika konstrukci byva v soucasnosti feSena nejCastéji dv€éma zpisoby -
pomoci matematického modelovani, tzv. metody konec¢nych prvki (FEM),
nebo experimentalnim testovanim (destruktivni nebo nedestruktivni metody).

S rozvojem vypocetni techniky zacaly byt experimentalni zkouSky z Casti
nahrazovany simulacemi, které jsou ve srovndni se zkouskami rychlejsi, méné
nakladnéjsi a sjejich vyuZzitim lze okamzit€ v softwaru optimalizovat konstrukci
(napf. minimalizovat pficné prifezu vlysl a snizit tim naklady na vyrobu). Pomoci

metody konecnych prvkl tak lze vypocitat deformace a pribéh napéti v jednotlivych



prvcich i jednotlivych bodech (Obr. 1). Jelikoz se v ptipad¢ dieva jedna o heterogenni
Zavéry vyzkumi jiz potvrdily, Ze vysledky z FEM modelovani velmi dobife koreluji
s experimentalnimi zkouskami (Tankut et al. 2014; Pantaleo et al. 2013; Oudjene

a Khelifa 2010).
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Obr. 1: Vysledky FE modelovani dievéného okna pifi horizontdlnim zatizeni (5000 N)
s posunutim (a) a prubeéhem napéti ve vlysech v MPa (b) (Pantaleo et al. 2013)

Pti empirickém testovani spojli 1ze obecn€ posuzovat pevnost konstrukce dvéma
v realném prostiedi za soucasného sledovani nejvice kritickych mist konstrukci spole¢né
s prubé¢hem deformaci. Tento princip se velmi ¢asto vyuziva pii navrhovani a testovani
nabytku (napf. knihovny, Zidle apod.) nebo jinych dfevénych konstrukci jako jsou
napt. okna (Eckelman a Haviarova 2006; Pantaleo et al. 2013; Tas et al. 2014).

Cast konstrukce lze také vyjmout a provést analyzu spoje testovanim konkrétniho
rohového spoje samostatné (Obr. 2). Podobné zkousky se pouZzivaji pifi navrhovani
a zjiStovani pevnosti jednotlivych nabytkovych spojii (Jos¢ak 1999; Joscak a Kollar
2007; Derikvand a Ebrahimi 2015). Zjistuji se zpravidla faktory, které maji vliv
na pevnost spoji. Zkouseni timto postupem je rychlejsi, vyroba vzorkl je snadnéjsi
a stejné tak i vyhodnocovani pevnosti.

ZkuSebni metody testovani rohovych spoji na nabytku (Obr. 2), které uvedl
Prekrat a Spanié¢ (2009), jsou velmi podobné metoddm pro testovani rohovych spojii
okennich kiidel. Princip je stejny, jen stim rozdilem, Ze okenni hranoly jsou vice
profilované. V obou ptipadech experimentalnich pevnostnich zkousek rohovych spoji se
méfi maximalni sila v thlové roving taku, nebo tahu az do meze pevnosti, ohybovy

moment, nebo vysledna tuhost. Ve specidlnich ptipadech, kdy je cilem vyzkumu znat také



prub&h napéti v jednotlivych prvcich, lze experimentalni zkousSeni nahradit metodou
kone¢nych prvki, kterd za pomoci softwaru dokaze vypocitat sledované charakteristiky

a zobrazit prabeh napéti v prvcich.
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Obr. 2: Metody zkouSeni nabytkovych rohovych spojii v thlové roviné tahu (a, b, d) a zkusebni
metody v thlové roving tlaku (c, e) (Prekrat a Spani¢ 2009)

Protoze zkuSebni metoda na testovani rohovych spojii oken neni normalizovana
a je nejednotnd, kazdy autor testoval rohové spoje s rozdilnou délkou ramen riznym
zpusobem (Piiloha 1). Altinok et al. (2010) testoval nejmensi profil (60 mm) tlakovou
zkouskou s jednoduchym a dvojitym cepem na dvou riznych dievindch, které byly
slepeny dvéma polyvinylacetaitovymi (PVAc) lepidly. Ve zbylych vyzkumech
se zpravidla porovnava ¢ep s dal§imi spoji. V Govze (2006) navrhli spojovaci prostiedek
ve form¢& dfevéného vloZeného krouzku, s kterym nasledné Hrovatin et al. (2013)
porovnaval pevnost dvojitého ¢epu a rozporu. U difevéného krouzku se zkoumalo,
jakeé lepidlo je nejvhodnéjsi pro tento spoj z hlediska maximalni pevnosti. Pevnostni
zkousky zde probihaly jen v tahovém naméhani rohového spoje a vyslednym ukazatelem
byla vyvozend maximalni sila. Mimo jiné Pantaleo et al. (2014) zkouSeli rohové spoje
oken v tlakové zkousce také za sledovani sily, ale i ohybového momentu. Tyto ptipady
vSak neuvadéji velikosti ramen vzorkii, na kterém sila plsobi, cozznamena,
ze nelze dopocitat maximalni ohybovy moment, ani vyslednou tuhost pro néasledné
porovnani mezi sebou. Zejména JoS¢dk a Kollar (2007) se vénovali
ohybovym momentiim, ale i hlu pootofeni ramen a tuhosti rohového spoje s cepem
rozporem Vv tlakovém i tahovém zatiZeni na rohovych spojich okennich kiidel. Ziskané
vysledky pak porovnavali s vysledky rohovych spoji spojené Hoffmannovymi rybinami
na stejnych  profilech, testované stejnou  metodou. U vSech zminénych
vyzkumt byl pouzit okenni profil IV 68 ve standardu vyrobcl. Jak jiz bylo feceno,
profily IV 68 byly ve stavebnictvi nahrazeny vétSimi profily (zejména IV 78 a IV 92).

Z4dny vyzkum se tak testovanim soudasnych profili okennich kiidel nezabyval.
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3. CIiLE A PRINOS PRACE

Hlavnim cilem préce je staticky posoudit, zda se pevnost (resp. ohybovy moment)
kolikovych spoji v rohovych spojich okennich kiidel (v provedeni dle vyrobce oken)
muze vyrovnat pevnosti ¢epovych spoji. Nulovou hypotézou vyzkumu je, ze cep
s rozporem oproti kolikovému spoji na stejném profilu dosahuje vétsi tuhosti.
Toto tvrzeni se zaklada na faktu, ze Cep s rozporem ma obecné vétsi lepenou kontaktni
plochu, jez je jednim z faktor pevnosti lepeného spoje.

Cilem vyzkumu je proto destruktivnim zkouSenim porovnat pevnost téchto
rohovych spojeni na nejcastéjSich okennich profilech (IV 78 a IV 92) a rozdily mezi nimi
statisticky vyhodnotit. Za timto ucelem je tfeba stanovit jednotnou metodiku s postupem
zkousky a vypoctem ohybového momentu a také navrhnout fixacni piipravek pro upnuti
rohovych spojii v universalnim testovacim stroji.

Pro podrobnéjsi analyzu naméfenych vysledkd a navrhii zavérecnych doporuceni

jsou proto ve vyzkumu feSeny nésledujici dil¢i cile:

e vyhodnoceni rozdilii v typech namahéani rohovych spojt (tj. v thlové roviné tlaku
a tahu)

e zjisténi vlivu velikosti lepené plochy testovanych rohovych spojt pro piipadné
porovnani rozdilii mezi nimi,

e urceni pevnosti slepu pouzitych lepidel, ¢imZz se zhodnoti faktor adheziva
pii vzdjemném porovnani mezi rohovymi spoji,

e testovani pevnosti riiznych variant kolikd, jez jsou nejéastéji dostupné na ceském
i zahraniénim trhu, v tahové zkouSce z adherendu (za soucasného smyku),
aby se zjistil vliv zejména mezi rozdilnymi strukturami povrchu kolikt a také vliv

dreviny koliku na pevnost lepeného spoje.

VedlejSim cilem je tak doplnit a roz$ifit databazi pevnosti rohovych spojeni
o aktudlné pouzivané profily okennich kiidel a typy rohovych spojeni, které jsou
testovany jednotnou metodikou pro vzijemné porovndni. Disertani prace tak bude
v budoucnosti slouzit jako metodickd pomucka pii testovani dalSich pravouhlych

rohovych spoji obecné.
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4. METODIKA

Disertacni prace je rozdélena na tii metodické Casti. Prvni fazi bylo testovani
smykové pevnosti pouzitych lepidel. Hlavnim cilem prace bylo testovani pevnosti
rohovych spojii mezi koliky a ¢epem s rozporem na nejcastéjSich profilech okennich
kiidel dfevénych oken. Posledni fazi pak byl Sir§i rozbor pevnosti riznych kolika
pfi vytahovani ze dfeva a zhodnoceni vlivi, jak je pevnost lepeného spoje ovliviiovana

se soucasnym zohlednénim lepidel z prvni Casti disertacni prace.
4.1. TESTOVANi PEVNOSTI ROHOVYCH SPOJU

Pevnost rohovych spoji okennich kiidel byla zjistovana pomoci metodiky
navrzené v Podlena et al. (2015). V prvni fazi bylo nutné navrhnout fixa¢ni ptipravek
pro univerzalni testovaci stroj TIRA 50 (TIRA system GmbH, Némecko). Tento
ptipravek slouzi k upnuti zkuSebnich vzorkl v trhacim stroji, které byly podle navrhu
vyrobeny (Ptiloha 2).

ZkuSebni vzorky byly testovany v thlové roving tlaku a tahu. Jednalo
se o pravouhlé rohové spoje okennich kiidel s délkou ramena 350 mm. Profily byly
vyrobené zlepenych smrkovych lamel (pi2e = 460 kg/m’, DIN 68364, 2003)

ve variantach uvedenych v Tab. 1.

Tab. 1: Zakladni charakteristika a varianty testovanych zkusebnich vzorkd

Profil V78 1v92
Typ spoje Dvojity cep a rozpor Trojity ¢ep a rozpor Koliky*
Hranol 3-vrstvy, smrk 4-vrstvy, smrk
Lepidlo GXL 4 D4-Leim 1K 1K Holzkaltleim D4
(Vyrobce) (Rakoll) (GreenteQ) (WURTH)
Janosik OKNA-DVERE
Sro Davelo s.r.o., Slavona, s.r.o.,
e | iy
Ceské republika p p

* 5 dubovych kolikd, spirdlovité ryhovanych

Proménnymi faktory byly: zkuSebni metody (tlak a tah), typy rohovych spojii
(trojity Cep a rozpor, dvojity Cep a rozpor, koliky) zkouSenych na profilech IV 78 a IV 92.
Zakladni rozméry profil jsou uvedeny v Pfiloze 3. Rohové spoje byly vyrobeny

ve standardech vyrobcii bez zaskleni, zasklivacich list, kovani 1itésnicich profilt
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(Ptiloha 4). Povrch byl pouze ofrézovany a bez povrchové upravy. Pro néasledné
porovnani pevnosti rohovych spoji byly brany v uvazeni zejména faktory vlivu pevnosti
pouzitych lepidel a velikosti lepené plochy rohovych spoji. Zarovenn pomoci software
NIS Elements AR (Laboratory Imaging, Ceska republika) byla méfena praimérna $itka
letokruhti (Podlena a Bortivka 2016).

Pied testovanim byly na stojanové vrtatce (TOS Svitavy, Ceskd republika)
do vzorkl vyvrtany prachozi otvory o priméru 11 mm (+0,5 mm) pro ¢epy z upinaciho
pfipravku (Ptiloha 5). Otvory byly umistény vzdy se stejnou vzdalenosti (s ptesnosti
+1 mm) od rohu spoje tak, aby otvor byl min. 30 mm od vné&jsi hrany (Obr. 3). Nasledné
byly rohové spoje klimatizovany v klimatiza¢ni komotfe (Memmert GmbH + Co. KG,
Schwabach, Némecko) pii teploté 20 °C (£2 °C) a relativni vlhkosti vzduchu 65 % (£5 %)
do ustaleni hmotnosti (Pfiloha 6).

K testovani rohovych spoji (Pfiloha 7) byla nastavena rychlost pticniku
na 5 mm/min., aby k poruseni vzorku doslo do 2 min. od spusténi zkousky. Po ukonceni
zkousky byla softwarem vyhodnocena maximalni pasobici sila (Fnax) a prodlouzeni spoje
v tlaku (Aug, resp. Auy). ProtoZe byly spoje pravouhlé (yo = 90°), k vypoctu momentu sil
(M, resp. M) anasledné¢ tuhosti (cc, resp. c¢) byly pouzity nasledujici vztahy
(Rov. 1 -12):

Obr. 3: Schématické znazormeni zkusebniho t€lesa rohové spoje (a) a testovani rohového spoje okenniho
kiidla v tthlové roving tlaku (b) a tahu (c)

a. Plvodni vzdalenost mezi stiedy Cepii upinaciho piipravku na zacatku zkousky (Lo):

Lo
sinfe = =2

= 2 L= 2 (a+ x)sinyz—0 (mm) [1]
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b. Vzdélenost mezi sttedy ¢ept upinaciho pripravku v momenté€ poruseni pii tlakové (L'¢)
nebo tahové zkousce (L"):

L, = Ly— Au, (mm) [2]

Ly = Lo+ Au, (mm) [3]

c. Zména vnitiniho thlu rohového spoje v momenté poruseni pii tlakové (y'c) nebo tahové

zkousce (y'o):

L¢
inYe_ 2 - i Le °
Sin—-=—— -y = Zarcsm(z(ﬁx)) ®) [4]
, L' L
. u_ 2 ;o . t o
sin-=—— >y = 2arcsm(2(a+x)) @) [5]

d. Uhlovéa deformace rohového spoje v momenté poruseni pii tlakové (Ay’c) nebo tahové
zkousce (Ay'y):
AYe= Yo~V ) [6]
AYe =Yt = Yo ) [7]

e. Rameno sily ohybového momentu (lo):

Yo _ o — Yo
cos—=—— = lo = (a+x) cos 5 (mm) [8]

f. Ohybovy moment v moment€ poruSeni pii tlakové (M.) nebo tahové zkouSce (M)
(Warmbier & (Warmbier a Wilczynski 2000; Eckelman 1971):
M. = Fnax X Lo (N x m) [9]
M; = Fymax X 1o (N xm) [10]

g. Tuhost spoje v momenté poruseni pii tlakové (cc) nebo tahové zkousce (c;) (Erdil et al.

2005; Derikvand & Ebrahimi, 2015; Jos¢ak & Kollar, 2007; Jos¢ak, 1999):

Cc = AM_YCC (Nch:n) [11]
€ = Aiytt (Nr;;n) [12]

4.2. TESTOVANIi PEVNOSTI SLEPU POUZITYCH LEPIDEL

Pro vzajemné porovnani a zhodnoceni vlivu lepidla na pevnost spoju byla v prvni
fazi ovéfovana pevnost slepu pouzitych lepidel (CSN EN 204, 2017). Pevnost slepu byla

oveéfovana na bukovych zkuSebnich télesech (150 mm X% 20 mm x 10 mm) pomoci
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normované zkousky z CSN EN 205 (2017) s pofadovym &islem jedna, tj. testovani
zkuSebnich téles po expozici 7 dni v prostiedi s normalnimi podminkami (teplota: 20 °C
+2 °C; relativni vlhkost vzduchu: 65 % +5 %). Za téchto podminek totiz probihaly
i zkousky testovani pevnosti rohovych spojii a testovani kolikovych spojt. ZkusSebni
télesa byla testovana v tahovych celistech universalniho zkuSebniho stroje TIRA 2850

(TIRA system GmbH, Némecko).
4.3. TESTOVANI PEVNOSTI SPOJU S VLEPENYM KOLIKEM

Podle piedchozich vyzkumt dochdzi pti zatézovani rohovych spoju s koliky
na jedné stran€ vzdy k tahovému namahani kolik (Eckelman 1979, 1971), a proto byl
vyzkum dale zaméfen na pevnost riznych kolikl v tahu za soucasného smyku (Pfiloha
8). Nejprve byly porovndvany nejcastéjsi varianty koliki dostupné na ceském
i zahrani¢nim trhu.

Zakladnimi faktory byl vliv piedlepeni a lepidla, vliv ryhovéni, drazkovani a uhlu
drazkovani i priméru koliku (Tab. 2). Dvé varianty ptedlepenych kolikii byly testovany
jiz s aplikovanym PV Ac lepidlem, které bylo aktivovano podle navodi vyrobcii stykem
s vodou. Dalsi tfi varianty byly standardnimi koliky s rozdilnou strukturou. Tato skupina
kolikti byla slepena dvéma PV Ac lepidly, jez byly pouzity v predchozim vyzkumu (GXL
4 a 1K-Holzkaltleim D4), anavic také jednim polyuretanovym (PUR) lepidlem
(Lear D4).

Tab. 2: Varianty testovanych kolikd dostupnych na trhu (Podlena et al. 2018)

Typ koliku | Struktura povrchu koliku Lepidlo Drevina Rozméry Vyrobce
HandyCT
PVA ’
- . ¢ i 8 mm x 38 mm | Bridgeport, CT,
(predlepené) USA
KWB Germany
PVA
Podéine | (RS | © GmbH, Stuhr,
(predlepen¢) Némecko
Ryhované Buk
§mm x40 mm |\ ik Holz,
. Ostrava,
Spirdlovits | ) Ceska republika
pirdlovité | o J Zadne
(standard)
Rockler
N ’ N ’ 7 94 mm x Woodworking and
Drazkované | Drazkované| 3D Javor 50 8 mm* Hardware,
’ Medina, MN,
USA

* pivodni rozméry: 5/16" x 2", zkraceno na 40 mm
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Testované koliky mély nominalni rozméry 8 mm X 40 mm. Do otvoru
ve zkuSebnich télesech (Obr. 4) byly koliky vlozeny a slepeny. Na rozhrani téles
byla pouzita polyetylenova folie s otvorem pro kolik, aby vyteklé lepidlo neslepilo
Celni plochy téles. ZkuSebni tclesa byla po aplikaci lepidla stazena po dobu 24 h.
a nasledn¢ umisténa do klimatiza¢ni komory (Memmert GmbH + Co. KG, Schwabach,
Némecko) pfi teploté 20 °C (£2 °C) a relativni vlhkosti vzduchu 65 % (5 %) do ustaleni
hmotnosti.

h

Polyetylenova folie

/&/ (30 mm % 30 mm % 0,2 mm)
/.

| Testovany kolik

........

Bukova lista
(20 mm x 20 mm X 75 mm)

Obr. 4: Zkusebni t€leso pro testovani smykové pevnosti lepeného spoje s kolikem

ZkuSebni teélesa byla upnuta do celisti pro smykovou zkousku v univerzalnim
trhacim stroji TIRA 2850 (TIRA system GmbH, Némecko), aby byla zkousena tahem
(za smyku koliku). Rychlost pfi¢niku trhaciho stroje byla nastavena na 10 mm/min.
Softwarem TIR Atest System 4.6.0.30 (TIRA GmbH, Schalkau, Némecko) byla nésledné
vyhodnocena maximalni sila (Fmax) a pevnost spoje byla pfepocitdna podle vztahu

z Rov. 13 (Burhanettin 2005; Ozcan et al. 2013; Yapici et al. 2011)

o = Imax _ Fmax (N2=MPa) [13]

A md X h mm

Maximalni sila (Fmax) je nepfimo uUmérnd lepené plose, ve které doslo
k poruseni (A). Do velikosti plochy byla brana v tivahu plocha rozvinutého plasté koliku
s prumérem (d) a vySkou poruSeného koliku (h). Primér koliku byl métfen pted slepenim
posuvnym méfitkem (Kinex Measuring, Prague, Ceska republika) a vyska koliku
po provedeni testu.

Vyzkum byl navic dodate¢né doplnén o porovnani dubovych kolikli s bukovymi
koliky (Tab. 3), protoze u testované¢ho rohoveého spoje s koliky (IV 92) byly ve standardu
vyrobce pouzity netradicné dubové koliky (8§ mm x 50 mm). Metodika testovani
a vyhodnoceni v obou ptipadech probihala stejnym zptsobem. Koliky vSak byly lepeny
pouze PV Ac lepidlem GXL 4.
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Tab. 3: Varianty testovanych bukovych a dubovych kolikd uré¢ené ke klimatizovani

Typ

Koliku Struktura Dfievina Rozméry Vyrobce
Buk
, <, 4, Ason-Vala, Most,
Hladké Zadna Ceska republika
2 | Dub
8 mm x 50 mm
Buk

Marusik Holz, Ostrava,
Ceska republika

Ryhované | Spiralovité

= ow

U naméfenych a vypocitanych hodnot byly vyhodnoceny zakladni ukazatele
popisné statistiky a v softwaru STATISTICA (StatSoft Inc., version 13.3, Tulsa, OK,
USA) byla provedena statistickda analyza rozptylu (ANOVA). Kurceni statistické
vyznamnosti jednotlivych hodnot byla pouzita jednovybérova ANOVA a Post-Hoc test
(Tukey HSD), a to vzdy na standardni hladin¢ vyznamnosti () 0,05.
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5. VYSLEDKY A DISKUZE

Vysledky disertacni prace ,,Porovnani pevnosti kolikovych a ¢epovych spoji
u dfevénych oken“ byly zalozeny na datech, vysledcich a zéavérech, které byly
publikovany ve tfech c¢lancich, jez jsou soucasti disertatni prace, a jednom
pripravovaném clanku. Celkové tak k provedeni detailnéjsi analyzy pevnosti rohovych

spoju dievénych oken byly pti vyhodnocovani dat zohlednény nasledujici faktory:

e vliv pouzitych lepidel na pevnost lepeného spoje,

e vliv typu spoje a velikosti profilu okenniho kiidla na pevnost rohového spoje
pii namahani v tthlové roviné v tlaku a tahu,

e  vliv Sifky letokruht okennich hranold,

e vliv faktorli na pevnost spoje vlepené¢ho koliku — struktura povrchu koliku;

drevina koliku; pramér koliku; u¢innost ptedlepeni koliku a vliv pouzitych lepidel.
5.1. VLIV POUZITYCH LEPIDEL NA PEVNOST SPOJE

Jednim z hlavnich vlivli na pevnost vsech testovanych spoju byl typ pouzitého
adheziva. Vzajemna rozdilnost lepidel byla zjistovana pomoci smykové zkousky slepu
v tahu. Vysledky s charakteristickymi hodnotami pevnosti lepidel jsou uvedeny v Tab. 4.
Figuruje zde skupina PVAc lepidel, kterd byla pouZita u testovani rohovych spojli
okennich kiidel (kapitola4.1). Zatimco polyuretanové lepidlo Lear D4 spolecné
s GXL 4 a 1K-Holzkaltleim D4 bylo naopak pouZito pfi testovani rozdilnych kolikl
(kapitola 4.3).

Vsechna testovana lepidla tak obstdla v normované zkousce s pofadovym c¢islem
jedna (CSN EN 204, 2017), pti které po 7 dnech v normalnich podminkach (teplota:
20 °C, relativni vlhkost vzduchu: 65 %) byla v priméru naméfena pevnost slepu vyssi
nez hrani¢ni hodnota 10 MPa.

Nejvyssi smykové pevnosti dosdhlo PVAc lepidlo GXL 4 (17 MPa), jehoz
hodnota je statisticky odlisnd (p < 0,05) ve srovnani s ostatnimi testovanymi lepidly.
Vyznamné odlisnych hodnot (p < 0,05) bylo zjisténo také u 1K-Holzkaltleim D4
(11,8 MPa), jehoz pevnost neni statisticky vyznamna pouze v porovnani s PVAc

lepidlem D4-Leim 1K (11,9 MPa).
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Tab. 4: Souhrnné vysledky smykové pevnosti pouzitych adheziv za normalnich podminek

Skupina lepidel PVAc PUR
Typ lepidla D4-Leim 1K GXL 4 1K-Holzkaltleim D4 Lear D4
Aritmeticky primér (MPa) 11,9 17,0 13,7 11,8
Median (MPa) 11,6 16,2 13,7 12,0
Smérodatna odchylka (MPa) 1,1 1,8 0,6 1,4
Minimum (MPa) 10,5 15,3 12,7 10,0
Maximum (MPa) 14,3 20,1 14,5 13,6
Varia¢ni koeficient (%) 10 11 4 12
Pocet zkuSebnich téles 10
19
18
17 + %
16
15t

| ]
2] i ¢

10

Pevnost slepu [MPa]

D4-Leim 1K GXL 4 1K Holzkaltleim D4  Lear D4
Typ lepidla

Obr. 5: Vysledky ANOVA na hladiné vyznamnosti 95 % - smykova pevnost pouzitych lepidel

5.2. VLIV TYPU SPOJE A VELIKOSTI PROFILU NA PEVNOST ROHOVEHO SPOJE

Proménnymi faktory této ¢asti vyzkumu byly: typ namahani spoje (tah a tlak),
velikost profilu okenniho kiidla (IV 78 a IV 92) s typem spoje (¢ep a rozpor, koliky),
které také souvisi s velikosti lepené plochy. Vliv pouzitych adheziv byl zhodnocen
samostatné jiz v pfedchozi Casti (kapitola 5.1).

Typ poruseni spojii je vidét z obrazku otestovanych vzorkli rohovych spojeni
(Obr. 6). Ve vsech ptipadech doslo k vétSinovému kohezivnimu poruseni v adherendu,
tzn., ze adheze lepidla byla silngj$i nez koheze. PriCiny a velikost chyby jsou zavislé
na nékolika faktorech, jako napf. orientace napéti na lepenou plochu, ale 1 teploté
a vlhkosti (Landrock 2008). Velikost kohezivniho poruSeni byla pro jednotlivé rohové

v

a rozpor (80 — 90 %), koliky (95 %).
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a. b. C.

Obr. 6: Typické poruseni rohovych spoji po zkousce v thlové roving tlaku (foto autor):
a. dvojity ¢ep a rozpor (IV 78); b. trojity ¢ep a rozpor (IV 92); c. koliky (IV 92)

Podle charakteru poruseni kolikd je vidét, ze pfi testovani v thlové roviné tlaku
doslo na vngjsi stran€ spoje k poruseni v tahu (Obr. 6 ¢). Lepidlo (1K-Holzkaltleim D4)
poskytlo dostate€nou pevnost, a proto ve stejné konfiguraci kolikt se zaménou lepidla
s vy$8i smykovou pevnosti slepu jiz pevnost rohového spoje nezvysi. Analogicky taktéz
dochézelo k tahovému namahani kolikli na vnitini strané rohového spoje pfi testovani
v tahu. Podle tohoto pozorovani lze konstatovat, ze kritickou vlastnosti byla pevnost
dreviny kolikd (dub) v tahu. Stejnou distribuci napéti 1ze pozorovat i na FEM modelu
celého okenniho kiidla Pantaleo et al. (2013).

Komplexni vysledky zakladnich ukazateli popisné statistiky pevnosti rohovych
spojii jsou soucasti Prilohy 10 a Ptilohy 11. Pro stanoveni zavérd jsou nize (Tab. 5)

shrnuty pouze dilezité sledované charakteristiky potfebné k naslednému porovnani.

Tab. 5: Souhrnné vysledky testovani rohovych spoji pfi zatézovani v thlové roviné tlaku i tahu
(Podlena et al. 2017; Podlena a Bortivka 2016)

Y10% | Y40% | Ymax | M10% | Mao% | Mmax | C10% | C40% | Cmax
©) ] © | ) [(Nm)|(Nm)|(Nm)|[(Nm)|(Nm)| (Nm)

Typ

namahani Typ spoje (profil)

Dvojity éep a rozpor (IV78) [ 0,4 | 0,9 [ 2,0] 16 64 | 161 | 3030 | 4269 | 4485
Tlak Trojity Cep arozpor (IV92) [ 0,6 | 1,2 | 2,8 | 32 | 128 | 325 | 3469 | 6284 | 6658

Koliky (IV 92) 03107 37| 17 67 | 168 | 3718 | 5541 | 2722
Dvojity éep a rozpor IV 78) [ 0,5| 1,0 [ 2,5] 19 76 | 190 | 3004 | 4293 | 4130
Tah Trojity ¢ep arozpor IV92) |04 | 1,0 | 2,5| 34 | 138 | 344 [ 5810 | 8097 | 7882
Koliky (IV 92) 04109 40] 17 67 | 167 | 3633|4666 | 2512
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Z Tab. 5 je patrné, ze pti zatéZovani rohovych spojii ohybovy moment nartstal
az do meze pevnosti spoje, kdy doslo k poruseni spojli. Protoze délka ramena spoju byla
konstantni, je vysledny ohybovy moment se zvysujici silou pfimo tmérny zatézujici sile
s linedrni zavislosti. Prolozenim zminénych bodt v 10 %, 40 % a maximu tak ziskavame
zavislost ohybového momentu na zméné vnitiniho thlu, jeZ je zobrazena pro tlak na Obr.
7 apro tahovou zkousku na Obr. 8. Linearni regresni analyzou byla prokézana silna

pozitivni zavislost s vysokymi hodnotami koeficientii determinace (0,955 — 0,997).

E 2 122,52x - 19,989
= ,0eX - 19,

£ 300 T 20,083

£ 250

£ y =83,983x - 9,9836 —e— Dvojity Sep a rozpor
5§ 200 > J

E 5o RE=0984 (IV 78)

>

3 100 y= 43’6:1'6)( + 11,12 —e— Trojity &ep a rozpor
2 R?= 0,955 (IV 92)

Z 50

o

0 —e—Koliky (IV 92)
0 1 2 3 4 5
Zména vnitrniho thlu rohového spoje [°]
Obr. 7: Zavislost ohybového momentu na zmén¢ vnitiniho tthlu rohového spoje v tlaku
T 400
y =138,47x - 6,644

2 90 R?= 0,997
t 300

()] = -

g 250 y 78;8_7)( B.0439 —o— Dvojity Gep a rozpor
o R2 = 0,991

g 200 (IV 78)
> 150 i &
S w0 S o = y = 40,039x + 9,0394 —@— Trojity Cep a rozpor
> | e R2 = 0,965 (IV92)
6 50 | gl

0 —e—Koliky (IV 92)

0 1 2 3 4 5
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Obr. 8: Zavislost ohybového momentu na zmén¢ vnitfniho thlu rohového spoje v tahu

Z Obr. 7 a Obr. 8. je vidét, Ze nejvyssich ohybovych momentt bylo dosaZeno vzdy
pfinejveétsi zmeéne thlu spoje u tlakové 1 tahové zkousky. Podle plivodni nulové hypotézy
dosahl trojity Cep s rozporem (IV 92) vyssich ohybovych momenti oproti kolikovym
spojum v thlové roving tlaku (325 Nm) 1 v tahu (344 Nm). V tlaku dosahl dvojity ¢ep
arozpor (161 Nm) i na menSim profilu (IV 78) pfiblizn€ stejnych hodnot jako kolikové
spoje (168 Nm) s vétsim profilem (IV 92). V tihlové roviné tahu nastal opaény trend,
kdy dvojity ¢ep a rozpor (190 Nm) na mensim profilu (IV 78) dosahl vysSich hodnot
oproti kolikovému spoji (167 Nm) na veétsSim profilu (IV 92).
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Pfi porovnani maximdlnich ohybovych momentt v tlaku a tahu nebyl zjistén
statisticky vyznamné odlisny rozdil (p > 0,05) u zadného z testovanych spojti mezi typy
namahani (Obr. 9). Maximdlni rozdil byl tak pozorovan u dvojitého ¢epu a rozporu
(15 %), mensi u trojitého ¢epu a rozporu (6 %) a dale mensi nez 1 % u kolikil. Podobné
na tom byl i Imirzi et al. (2015), ktery namé&fil pii zatéZovani rohovych spoji stejné malé
rozdily pro spoj s koliky (9 %) nebo jednoduchym cepem a rozporem (2 %). Zarovei
tak bylo i zde prokazano, ze ¢ep a rozpor v porovnani s dalsimi spoji (koliky, lamelami
aj.) dosahuje nejvyssi pevnosti (Imirzi et al. 2015; Kyuchukov et al. 2011).

400

350 ¢ ﬁ
300 ¢ E

250 ¢

200 ¢

150 | } E E | “9_ Dwojity éep a rozpor (IV78)
0 Trojity &ep a rozpor (IV 92)
100 —$ Koliky (IV 92)

Tlak Tah

Ohybovy moment M, [Nm]

Typ namahani

Obr. 9: Vysledky ANOVA na hladiné vyznamnosti 95 %: Vliv typu naméhani na maximalni
ohybovy moment testovanych rohovych spoji okennich ktidel

Porovnanim trojitého Cepu a rozporu (IV 92) s koliky (IV 92) tak byly zjistény
pfiblizné dvakrat vétsi hodnoty u trojitého Cepu s rozporem. Analyzou rozptylu bylo
prokdzano, ze vyssi hodnoty ohybovych momentl trojitého ¢epu a rozporu (IV 92)
zjiSténé v maximu jsou statisticky vyznamné odlisné (p < 0,05) ve srovnani
se vSemi ostatnimi testovanymi spoji. Konkrétné u trojitého ¢epu s rozporem (IV 92)
je tedy prumérna velikost maximalniho ohybového momentu v tlaku o048 % vyssi
ve srovnani s kolikovym spojem (IV 92) a o 50 % vyssi ve srovnani s dvojitym cepem
a rozporem (IV 78). Obdobné hodnoty pozorujeme také pii porovnani v tahu, kdy dvojity
¢ep a rozpor (IV 78) ma o 45 % nizs8i hodnoty a rohové spoje s kolikovymi spoji o 51 %
niz$i hodnoty.

Z velikosti lepené plochy spojl se da castecné vysvétlit rozdil mezi ohybovymi
momenty, kdy spoje s vétsi lepenou plochou dosahly vyssi pevnosti. Zavislost velikosti

lepené plochy na pevnosti byla jiz prokézéana i u jinych spoji (Warmbier a Wilczynski
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2000; Hajdarevi¢ a Sorn 2012), coz bylo zakladnim predpokladem nulové hypotézy
0 vyssi pevnosti u cepového spojeni oproti koliktim.

Velikost lepenych ploch spoji od nejvyssi byla nasledujici: trojity ¢ep a rozpor
(10260 mm?), dvojity ¢ep a rozpor (8846 mm?) a koliky (7298 mm?). Pii srovnani
otevieného trojnasobného cepu a rozporu (IV 92) mél tak spoj o 29 % vétsi velikost
lepené plochy oproti kolikovym spojim na stejné velkém profilu (IV 92) a o 14 %
ve srovnani s dvojitym ¢epem a rozporem (IV 78). V ptipadé kolikovych spojti (IV 92)
tak 1ze pfi niz8i lepené ploSe dosdhnout podobnych hodnot ohybovych momentt jako
u dvojitého Cepu a rozpor (IV 78), se souCasnym prijetim vyssi zmény vnitiniho hlu,
resp. deformace (svéSeni) ramu okenniho kfidla.

Pti zohlednéni vlivu lepidel (Tab. 4) 1ze konstatovat, Ze pti porovnani vSech typi
spojit a zatizeni mohlo byt rozdilnych ohybovych momenti dosazeno vyznamné
odlisnymi hodnotami smykovych pevnosti lepidel (p < 0,05). Kazdopadné v pripadé
trojitého ¢epu a rozporu (IV 92) nebylo dosazeno vyssiho ohybového momentu pomoci
pouzitého lepidla (D4-Leim 1K). Ve srovndni s lepidlem (1K-Holzkaltleim D4),
pouzitym na kolikové spoje (IV 92), mélo totiz v priméru o 1,8 MPa niz§i smykovou
pevnost lepidla. Dvojity ¢ep a rozpor (IV 78) byl naopak slepeny nejpevnéjsim lepidel
(GXL 4), coz mohlo napomoci ke srovnatelné pevnosti s kolikovymi spoji (IV 92).

Opétovnym proloZzenim bodi v 10 %, 40 % a maximu tak ziskdvame novou
zavislost tuhosti na zméné vnitiniho Ghlu, jez je zobrazena pro tlak na Obr. 10 a pro
tahovou zkouSku na Obr. 11. ProtoZe je vysledna tuhost spoje pomérem ohybového
momentu a thlové deformace, mé spojnice trendu nelinearni pribéh. Regresni analyzou
s polynomickou spojnici trendu byla i zde prokézana silné pozitivni zavislost s vysokymi

hodnotami koeficienti determinace (0,896 — 0,996).

’
0000 y = -2314x2 + 9157,4x + 338,43
R2=0,959

— 8000
e
£ 6000 o e
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= -------- ° Rz = 0,996 ® Dvojity Cep a rozpor
g 4000 4. ¢ (IV 78)
E » °
F 2000 7 y=-2404,8x2 + 6971x + 113,52 ® Trojity Cep a rozpor

i R2 = 0,989 (IV92)

0@ o Koliky (IV 92)
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Zmeéna vnitiniho uhlu rohového spoje [°]

Obr. 10: Zavislost tuhosti na zméné vnitiniho thlu rohového spoje v tlaku
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Obr. 11: Zavislost tuhosti na zméné vnitiniho tthlu rohového spoje v tahu

Z Obr. 10 a Obr. 11 je tak vidét, ze tuhost rohovych spoji mé jinou zévislost nez
ohybovy moment. Kvilli vzristajici zméné thlu tak nejvysSich hodnot tuhosti bylo
dosazeno uz vzdy v méfené oblasti mezi 40 % a maximem u tlakové i tahové zkousky.
Ze vsech testovanych spoji tak kolikové spoje (IV 92) dosahly nejvétsich zmeén vnitiniho
uhlu v tahu (4,0°) i tlaku (3,7°). V realném piipad¢ by tak pooto¢enim okenniho kiidla
s délkou ramena 1 m pii 4,0° zméné doslo na konci piiblizn€ k 7 mm svéSeni, pii které
by doslo k poruseni spoje.

Celkové tak ohybovy moment, tuhost a zménu vnitiniho thlu povazovat
za tfi nejdilezitéj$i parametry, které jsou porovnatelné na ostatnich spojich a profilech
uvedenych v Pfiloha 1. Na zéklad¢ vzajemného porovnéani vSech spoji Ize konstatovat,
Ze nejvetsi zmeéna vnitinich thld vzdy nastava u rohovych spojt s koliky (IV 92) v tlaku

i tahu, coZ je dano charakterem spoje.
5.3. VLIV SiRKY LETOKRUHU OKENNICH HRANOLU

Me¢étenim Sitky letokruhli na lepenych hranolech (Tab. 6) bylo zjiSténo, ze Sitka
letokruhtt mezi ¢epy a rozpory je v priméru totozna (3,2 mm). ProtoZe se jedna o jeden
z materidlovych faktord, ktery ma napt. u smrku vliv na hustotu dfeva (Herman et al.
1998), miizeme zde rozdilné hodnoty vyloucit.

Mezi dvojitym a trojitym cepem s rozporem tak nebyly zjiStény statisticky
vyznamné rozdily (p > 0,05). Pouze spoje s koliky na lepeném hranolu (2,0 mm) mély
12). Nicméné u Cepi jsou lepené plochy mezi sebou vzdjemné v kontaktu skrz spoj,
kdeZto u kolikd mezi n¢ byl vlepen kolik. Jak uz bylo feceno, tak rohové spoje s koliky
selhaly z 95 % pravé ptimo v kolicich, takZe se znovu potvrdilo kritické misto spoje —

koliky v rohovych spojich.
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Tab. 6: Primérna §itka letokruhli méfena na testovanych okennich profilech

. ) Dvojity ¢ep a rozpor | Trojity ¢ep a rozpor Koliky
T fil
yp spoje (profil) (IV 78) (IV 92) (IV 92)
Aritmeticky primér (mm) 3,2 3,2 2,0
Median (mm) 3,1 3,2 2,0
Smérodatna odchylka (mm) 0,6 0,6 0,3
Minimum (mm) 1,9 2,1 1,4
Maximum (mm) 4,5 4,5 2,8
Variacni koeficient (%) 18 18 15
Pocet zkuSebnich téles 104 102 64
3,6
3 34}
<
g 32 [} [
o 3,0 -
° . 28¢
£E 26|
% E
«© 24t
£ 22t
o 1,8 +
1,6 . .
Dwojity €ep a rozpor (IV78) Koliky (IV92)

Obr. 12: Vysledky ANOVA na hladin€ vyznamnosti 95 %: Primeérna $itka letokruht méfena

Trojity ¢ep a rozpor (IV92)

Typ spoje (profil)

na testovanych okennich profilech

5.4. VLIV FAKTORU NA PEVNOST SPOJE VLEPENEHO KOLIKU

Sledovanymi faktory vlepenych koliki byla: struktura povrchu nejpouzivanéjSich
kolikd, dfevina, pramér kolikt a vliv pouzitych lepidel s vlivem ptedlepeni. Vliv rozdilné
vlhkosti byl vylouc¢en ustalenim hmotnosti zkuSebnich téles v klimatizacni komote,

protoze rozdilné vlhkost ovlivituje pevnost spoje (Tankut 2007; Bomba et al. 2014).

5.4.1. STRUKTURA POVRCHU KOLIKU

Vysledky této ¢asti byly publikovany v ¢lanku Podlena et al. (2018). Zakladni

statistické ukazatele vysledki testovanych kolikli jsou uvedeny nize (Tab. 7). Ziskana

data byla nasledn¢ hodnocena pomoci analyzy rozptylu (Obr. 13).
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Tab. 7: Vysledky testovani lepenych spoji s koliky rozdélené podle struktury povrchu koliku
a pouzit¢ho lepidla

Struktura povrchu Podélné rhovany Spiralovite Spiralovité
koliku ryhovany ryhovany drazkovany
T < < <
2 | 2F a a a
> >0 = = g
A B~ = 3 <+ 3 < o) <
©lw gl ¥ = a | = Al = | Aa
Le le o % s S - = — = = — — = —
p1 © 2| 8 Bl X ~ 8 X ~ 8 > 2 =
53 &8 O N 81 O N Sl o] XS
% m % U @) — @) — [e) —
37| 2m o = o
A ~ = N N N
M — — —

Aritmeticky primér

6.0
MPa) 47 130 67| 66 | 75|69 79 | 68 | 49 | 49
Medién (MPa) 46 | 28 | 65| 63 |78 | 67| 79 | 68 | 51 | 49 | 63
Smérodatna odehylka | 5 | o5 | 11 | 13 [ 15| o8| 1.0 | 15| 08 | 06 | 09
(MPa)

Minimum (MPa) 42 | 24 | 51| 46 | 47 | 58| 64 | 44 | 38 | 42 | 45
Maximum (MPa) | 57 | 40 | 90 | 84 | 94 | 83| 97 | 92 | 66 | 59 | 7.6
Va“aénz(;‘)’eﬁc‘ent 103169 | 166 | 192 204 | 112 ] 13.0 | 217 | 17.1 | 119 | 154
Pocet zkuSebnich téles 12

Nejvetsi pevnost ze vSech byla zjisténa u spirdlovité ryhovanych kolikl slepené
lepidlem 1K-Holzkaltleim D4 (7,9 MPa). Naproti tomu rovné ryhované koliky se stejnym
lepidlem dosahly o0 16,5 % (6,6 MPa) méné¢ a s lepidlem GXL 4 byl pozorovatelny uz jen
2,9% rozdil mezi podélné a spiralovité ryhovanymi koliky.
Zakladnim ptfedpokladem bylo, Ze spiralovité ryhované koliky budou mit vyssi pevnost.
Analyzou rozptylu se ale potvrdilo, Ze rozdil mezi podélné ryhovanymi a spiralovité
ryhovanymi koliky neni celkove u zadného z tii testovanych lepidel statisticky vyznamny
(p > 0,05). Ke stejnému zaveru navic dosly i predchozi vyzkumy (Ahmad et al. 1993;
Eckelman a Cassens 1985).

Nejhorsi pevnost ze standardnich testovanych kolikt
(bez ptedlepeni) se projevila u spirdlovit¢ drazkovanych. Pfiipouziti PVAc lepidel
(GXL 4 a 1K-Holzkaltleim D4) byla pro ob& z lepidel naméfena totozna pevnost
(4,9 MPa). Vyssi primérnd pevnost (6,0 MPa) pak byla pozorovdna u spiralovité
drazkovanych koliki lepenych PUR lepidlem (Lear D4), jejiz hodnota pevnosti
ale nebyla statisticky vyznamna v porovnani s koliky lepenych PV Ac lepidly (p > 0,05).
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Obr. 13: Vysledky ANOVA na hladiné vyznamnosti 95 %: Vliv struktury povrchu koliku
na pevnost pfi vytahovani (Podlena et al. 2018)

Tyto koliky byly vyrobeny zjavoru (ostatni koliky z bukového dieva).
Pti hodnoceni vlivil proto bylo pifihlédnuto ke smykové pevnosti (DIN 68364, 2003)
bukového (10 MPa) a javorového dieva (11 MPa). Bylo zjisténo, Ze dfevo javoru ma
dokonce o 1 MPa vétsi smykovou pevnost. Proto miizeme tvrdit, ze niz$i pevnost
spirdlovité¢ drazkovanych kolikti nebyla zptisobena pouzitim jiné dieviny, ale naopak
jinym faktorem, pfip. kombinaci faktort.

Na obrazku Obr. 14 jsou zobrazeny nejcastéjSi piipady chyb poruSeni
otestovanych standardnich kolikd. U kolikti se spirdlovitou drazkou je vidét,
Ze v porovnani s ostatnim ryhovanymi koliky doSlo vzdy ke kohezivnimu poruseni
koliku v horni ¢asti spoje atov prvnim azdruhém zavitu bez zanechani zbytka
adherendu na koliku (Obr. 14 c¢). Ukézalo se tak, Ze jednim z faktord niZ§i pevnosti
drazky pod vysokym thlem vic¢i podélné ose koliku si vyrobce klade za cil mit vetsi
(hladkou) kontaktni lepenou plochu a zaroven hlubokou vyfezavanou drazkou zvysit
odpor pfi vytahovani ze spoje. Drazka nakonec splnila svou funkci. MiiZeme fici,
ze vzhledem k charakteru smykovému poruSeni kladla odpor vici vytazeni koliku.
Priimérna pevnost pii vytazeni vSak nebyla vétsi nez u ryhovanych kolikd, pficemz vliv
dfeviny byl jiz na zéklad¢ porovnani smykovych pevnosti buku a javoru vyloucen.
Na obrazku Obr. 14 je tak vidét, ze kombinace vyfezavané drazky a jejiho vysokého

uhlu stoupani se stala kritickym mistem spoje.

26



ok

a. podélng ryhované b. spiralovité ryhované c. spiralovité drazkované

Obr. 14: Stav kolikti lepenych PV Ac lepidlem (GXL 4) po ukonceni zkousky (Podlena et al. 2018)

Ryhované koliky nemély strukturu vyfezdvanou, ale vytlacenou, a to v podélném
sméru (podéln¢ ryhované), nebo pod nizkym uhlem stoupani (spirdlovité ryhované)
ve sméru vytahovani koliku z adherendu. Odpor ryhy byl tak mensi, ale i pfesto prokazaly
koliky vyssi pevnost. Navic vzhledem k Castému charakteru poruSeni mizeme tvrdit,
ze pevnost koliku je ve skutecnosti vys$i neZ naméfend, protoZze u obou kolikli doslo
z vEtsi ¢asti ke kohezivnimu poruseni v adherendu (Obr. 14 a, Obr. 14 b).

Pfi vyrobé ryhovanych kolikti je struktura pouze vytlaovana, pricemz
nejsou prerusena vldkna dfeva, coz se ukdzalo jako kritické pravé u drazkovanych
kolikli. Zaroven bobtnadni dieva pravdépodobné napomohlo k vy$§i pevnosti obou
ryhovanych kolikti. Suchy kolik ve spoji absorboval vlhkost z lepidla, ¢imZ zvétsil svij
objem a utésnil se v otvoru. Navic zkosené hrany napomohly lepSimu vkladani kolikt
do otvoru a rozvrstveni lepidla do stran, do postrannich drazek, a skrz n€ bylo piebytecné
lepidlo vytlacovano z otvoru ven. V obou piipadech bylo vysledkem aplikace

ryhovanych kolikli rovhomérné rozvrstvené lepidlo po plose kolikii.
5.4.2. VLIV DREVINY KOLIKU A UCINNOST RYHOVANI

Dodatec¢né byly jesté navic porovnany stejnou metodou dalsi typy kolikt: bukové
s dubovymi ve variant¢ hladkych (referencni) a spirdlovitych kolikd. Vysledky
zakladnich ukazatelli z popisné statistiky pevnosti vlepenych kolikii jsou uvedeny niZe
(Tab. 8).

Pti srovnani referenc¢nich hladkych kolikli se spiralovité ryhovanymi (Obr. 15)
bylo prokazano, ze pfitomnost spirdlovitého ryhovani celkové pozitivné ovliviiuje
pevnost vlepenych kolikit (p < 0,05). Tento statisticky vyznamny efekt je viditelny
zejména u bukovych spiralovité ryhovanych kolikt (5,8 MPa), jejichz pevnost byla opét
nejvetsi, pii porovnani s hladkymi bukovymi koliky (3,7 MPa). Individudlnim
porovnavanim jiz pak mezi dubovymi koliky vyznamné rozdily pozorovany nebyly

(p > 0,05).

27



Tab. 8: Vysledky testovani lepenych spoji s koliky rozdélené podle dieviny a struktury povrchu
koliku

Dfevina koliku Buk Dub
SoAloviie SoAloviie
Struktura povichu koliku | Hladky | “PreOY™ | Hiladky prratoviie
ryhovany ryhovany
Aritmeticky primér (MPa) 3,7 5,8 4,7 4,9
Median (MPa) 3,6 5,7 4,7 5,0
Smérodatna odchylka (MPa) 0,6 1,3 0,8 0,5
Minimum (MPa) 3,1 3,2 3,3 4,1
Maximum (MPa) 4,9 7,9 6,4 5,6
Varia¢ni koeficient (%) 15 23 17 10
Pocet zkuSebnich téles 10 10 10 10
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Obr. 15: Vysledky ANOVA na hlading vyznamnosti 95 %: Vliv dfeviny a struktury povrchu
koliku na pevnost pii vytahovani

Zkosené hrany vSech kolikli napomohly pii vkladani kolikli do otvoru a také
k lepsi distribuci lepidla. Lepidlo se pak u strukturovanych kolikl rozvrstvilo rovnomérné
v podélném sméru koliku. Vys$si pevnost tak dosdhly spiralovité ryhované koliky,
jak se predpokladalo. U hladkych koliku totiz lepidlo nemélo moznost uniknout do stran
a Celo koliku tak stlacovalo lepidlo v otvoru.

Lepené hladké koliky maji ale své opodstatnéni napft. v devotiiskovych deskéch,
jak potvrdil (Eckelman a Cassens 1985). Lepidlo zde je celem koliku vtlatovano
do prostoru mezi tfiskami desky, coz se pravé v tomto ptipade projevilo vyssi pevnosti
spoje s hladkym kolikem ve srovnani se spiralovité ryhovanymi koliky.

Co se tyka dreviny koliki, tak celkovy statisticky vyznamny rozdil mezi
dubovymi a bukovymi koliky nebyl prokazan ani celkové, ani individualnim porovnanim
(p > 0,05). Podobné& kdyz imirzi et al. (2015) porovnavaly bukové koliky v rohovych
spojich z dubového a bukového dieva, bukové dievo dosdhlo v tahu také jen o 4 % vyssi

pevnost.
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5.4.3. PRUMIR KOLIKU

Naméfené praméry a jejich zakladni ukazatele z popisné statistiky jsou uvedeny
nize v Tab. 9. VSechny testované koliky byly vyrobeny strojovou vyrobou, c¢emuz
odpovidaji nizké variacni koeficienty priméria kolika (0,4 % - 1,1 %). Muzeme tak fici,

ze koliky byly vyrobeny s vysokou piesnosti.

Tab. 9: Primeéry vSech pouzitych kolikli namétené pied slepenim

Dievina koliku Dub Buk Dub Javor
Struktura povrchu , L i Spiralovité Spiralovité
Hladk Podél h
koliku adke 0délné rjhované ryhované drazkované
N N en o
= = 2 G S £ B
3 5|6 |3z | £ £ 5% %
Vyrobce koliku g g z m B = = ° % 35
2 2 g | 20 2 2 g8
< < T ¥ g g S g
= = Z &
Aritmeticky pramér
7,78 7,99 8,11 8,01 7,93 7,93 7,67 7,86
(mm)
Median (mm) 7,76 7,99 8,10 8,00 7,93 7,93 7,71 7,87
Smérodatn
merodatna 007 | 003 | 009 | 008 | 009 | 005 | 008 0,09
odchylka (mm)
Minimum (mm) 7,70 7,96 7,97 7,9 7,65 7,8 7,47 7,67
Maximum (mm) 7,92 8,06 8,24 8,19 8,11 8,07 7,73 8,01
Variaéni koeficient 0.9 0.4 11 1.0 11 0.7 11 11
(%)
Potet zkusebnich 10 0 | 12 12 36 36 10 36
téles

Pozn.: ® —koliky od firmy Slavona, s.r.o., ktera tyto koliky pouziva na své rohové spoje okennich kiidel

Protoze vyrobce Rockel Woodworking and Hardware distribuuje spirdlovité
draZkované koliky na uzemi Spojenych stati americkych (USA), byla velikost kolikli
udavand v angloamerické soustaveé (primér 5/16"), cemuz odpovida 7,94 mm v metrické
soustavé. Ve skutecnosti byl prumér kolikti jest€ nizs$i nez deklarovany pramér
(7,86 mm). Studentovym t-testem také bylo zjisténo, ze na hladin€ vyznamnosti o = 0,05
musime zamitnout hypotézu o tom, ze stfedni hodnota priméeru odpovidd 7,94 mm (t;.
5/16").

Vyrobcei ostatnich kolikii byli z Evropskych zemi a vSichni uvadéli priméry
kolikt 8 mm. Pomoci Studentova t-rozdéleni byla opét na hladin€é vyznamnosti o = 0,05

zamitnuta hypotéza o tom, ze stfedni hodnoty téchto priimérti jsou u vSech vyrobcl
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deklarované 8 mm kromé bukovych hladkych kolikti od Ason-Vala a bukovych podélné
ryhovanych od KWB tools GmbH, ve kterych tuto hypotézu nelze zamitnout.

Nejmensi pramér tak byl naméfen u dubovych hladkych kolikti (7,78 mm),
které byly vyrobeny z dfevénych hilek stejn¢ jako hladké bukové koliky
(7,99 mm). Primérem koliki tak Ize vysvétlit rozdil, ktery vznikl pii porovnavani mezi
hladkymi a spirdlovitymi koliky u kolikli z bukového a dubového dfeva (Tab. 8,
Obr. 15).

U hladkych kolika s vétsim pramérem dochézelo pii vkladani koliku do otvoru
k setfeni lepidla ze stény a stlaceni lepidla v otvoru, protoze lepidlo nemélo moznost
uniku, coz vedlo k vytvofeni chudého spoje. Diky strukturovani povrchu, které maji
ryhované koliky, tak 1 u tésného koliku doSlo k rovnomémému rozvrstveni lepidla
na ploSe, protoze stlacené lepidlo mélo mozZnost uniknout ven z otvoru skrz ryhy
a rozvrstvit se po plose.

Pfi porovnani hladkych a spirdlovitych bukovych kolikl je tak rozdil velmi
vyrazny. Vyssi pevnosti mélo byt také dosazeno bobtnanim stlaceného koliku, kdy koliky
v otvoru zvétsily sviij objem, diky absorpci vlhkosti z lepidla. Mensi rozdil byl pak
pozorovan u hladkych a spirdlovitych koliki vyrobenych z dubu. Vys$i primérna
pevnost tak byla pravdépodobné dosazena hladkymi dubovymi koliky (4,7 MPa) oproti
hladkym bukovym kolikim (3,7 MPa), protoZze dubové koliky mély vyraznéji mensi
primér (7,78 mm) neZ primér otvoru (8 mm). Lepidlo se tak dokézalo na povrchu snaze
rozvrstvit pomoci mezery mezi kolikem a otvorem. U dubovych spiralovitych kolikt
pak také pravdépodobné diky mensimu priméru (7,67 MPa) byla naméfena priimérna
pevnost (4,9 MPa) pfi vytaZeni niZsi nez u kolikii bukovych se spirdlovitym ryhovanim
(5,8 MPa).

Jak jiz také potvrdily pfedchozi vyzkumy, zvétSujici se lepend spara sniZuje
pevnost lepeného spoje (Ratnasingam a Toras 2013; Hajdarevié a Sorn 2012; Bomba et
al. 2018). Tento vliv pravdépodobné piispél 1 k niz8i pevnosti spiralovité drazkovanych
kolikt. Vyhodnocenim priamért kolikti pomoci ANOVA (Obr. 16) je sice vidét, ze koliky
byly porovnany spriméry se statisticky vyznamnym rozdilem (p < 0,05).
Nicméné ptedchozi stanovisko ohledné vlivu struktury u spiralovité drazkovanych kolik

zUstava, a to zejmeéna dle charakteru poruseni.
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Obr. 16: Vysledky ANOVA na hladiné vyznamnosti 95 %: Porovnani primérti pouzitych kolikil
pred slepenim

Meéfeni priméru kolikli také ukéazalo na statisticky vyznamny rozdil mezi
testovanymi piedlepenymi koliky (p < 0,05). Vyssi primér byl pak zjistén u predlepenych
kolikt s rovnym ryhovanim od HandyCT (8,11 mm).

Zaroven lze také konstatovat, ze pii hodnoceni spirdlovitych a podélné
ryhovanych kolikii nebyly vysledky méteni ovlivnény praméry koliki, protoze zjisténé

priméry nebyly statisticky vyznamné odlisné (p > 0,05).
5.4.4. UCINNOSTI PREDLEPENI KOLIKU A VLIV POUZITYCH LEPIDEL

Vysledky smykovych pevnosti lepené¢ho spoje dle jednotlivych lepidel (Tab. 4)
byly jiz shrnuty v kapitole 5.1. Normovanou smykovou zkouskou pfi tahovém namahéni
(CSN EN 205, 2017) byla zjiténa statisticky vzajemné odlisnd smykova pevnost
pouzitych lepidel (p <0,05). Nicméné pfi celkovém porovnani smykovych pevnosti
kolikovych spojl dle pouzitych lepidel (Obr. 17) zjistujeme, Ze mezi lepidly pouzitymi
na standardnich kolicich neni statisticky vyznamny rozdil (p > 0,05). Vyznamné odli$né

jsou pouze koliky ptedlepené PVAc lepidly (p < 0,05).

31



E
2
=5
[7]
o
£ Legenda k typtim
a 4 lepidel:
1.GXL 4
3 2. 1K-Holzkaltleim D4
3. Lear D4
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Obr. 17: Vysledky ANOVA na hladin€ vyznamnosti 95 %: Pevnost kolikl v zavislosti na typu
lepidla

Na obrazku s koliky po testovani je vidét, ze chyby spoje, které nastaly,
byly z nejvétsi casti kohezivni. VSechna adheziva tak poskytla dostate¢nou pevnost,
protoze chyba adheziva se objevila pouze v mensi mife (pfiblizné 20 %). U ryhovanych
kolikti doslo z vétsi ¢asti k poruseni v adherendu, zatimco u spirdlovité drazkovanych
kolik byly objeveny chyby piimo v kolicich, jez byly zptsobeny jejich strukturou
(kapitola 5.4.1).

Pfi porovnani vysledkidl kolik s pevnosti lepidel je vidét, Ze pevnost kolikl
ma vzdy niz§i hodnoty neZz smykova pevnost slepu lepidel, coZ je zpiisobeno
nedostate¢nym kontaktem koliku s adherendem, ¢i nedostate€nym tlakem, ktery nelze
vyvodit jako u klasického slepovani dvou soubort. Nedostate¢né mnozstvi lepidla mtze
byt také povaZovano za vliv, ktery je zavisly na struktufe kolikli, nebo jejich primeéru,
protoze vede k chudému spoji, a tim padem 1 nizké pevnosti. U vSech kolikli bylo
ale aplikovano dostate¢né mnozstvi lepidla, které se projevilo vytékanim z otvorti béhem
vkladani kolikd.

Jednofaktorova ANOVA potvrdila rozdil mezi lepidly na ptedlepenych kolicich
(Obr. 13 a Obr. 17) od HandyCT (4,7 MPa) a KWB tools GmbH (3,0 MPa).
Pevnost pii vytazeni koliku od HandyCT je tak statisticky vyznamné vétsi (p < 0,05).
Oba typy byly z bukového dieva s podélnym ryhovanim klimatizovany na stejnou
vlhkost, takze vlivy dfeviny, struktury a dieviny byly vylouceny. V ptedchozi kapitole

(kapitola 5.4.3) bylo také zjisténo, ze priméry obou koliki jsou vyznamné odlisné
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(p <0,05). Pied slepenim barva aplikovanych lepidel indikovala dostatek lepidla
rovnomérnym ndnosem na plose obou typt kolikt. Blizsi specifikace lepidla chybi, takze
zdkladnimi faktory ovliviiujici pevnost jsou typ lepidla arozdilny postup aktivace,
ktery uvadéli vyrobei v ndvodech pouziti.

Lepidlo u koliki od HandyCT bylo aktivovano vodou piimo z piedvrtanych
otvort, které se naplnily pomoci pipety. Naproti tomu koliky od KWB tools GmbH byly
podle ndvodu namoceny do vody a az poté vlozeny do otvoru. V tomto pfipadé ale
adhezivo aktivaci maceni thned zmeklo a kdyZ tyto koliky byly vkladany do otvoru,
adhezivo bylo setfeno z plochy koliku. Jak je vidét na fezu otvorem koliku (Obr. 18 a),
tak Cervend stopa lepidla je viditelnd pouze na horni hran¢ otvoru. Lepidlo se téméf
nedostalo vibec na plochy otvoru. Vytvofil se chudy spoj, ktery nakonec vyustil

i v nizkou pevnost kolikového spoje.

a. KWB tools GmbH b. KWB tools GmbH c. HandyCT
- aktivace macenim - aktivace v otvoru - aktivace v otvoru

Obr. 18: Stav a poruseni piedlepenych kolikti po ukonceni zkousky s podélnym fezem otvoru
(Podlena et al. 2018)

U koliki od HandyCT aktivaci lepidla v otvoru tento problém nenastal.
Na plochach otvoru je tak vidét barevna stopa (zelend) koliku (Obr. 18 c). Proto byly
koliky od KWB tools GmbH znovu testovany stejnym postupem aktivace jako koliky od
HandyCT. Tento test potvrdil vyssi pevnost pro metodu aktivace, ve které se predlepené
koliky aktivuji v otvoru naplnéném do 1/3 vodou. Pevnost pfi vytazeni u koliki KWB
tools GmbH tim vzrostla dokonce o 44 % (z 3,0 MPa na 5,4 MPa) a byla statisticky
vyznamné odli$na oproti ptivodni hodnoté (p < 0,05). Navic tento fakt byl opét podpoien
obrazkem fezu otvoru (Obr. 18 b), na kterém je vidét lepidlo nanesené na sténach otvort.
Testovanim kolikli ze stejné série tak byl vyloucen vliv rozdilného priméru a lepidla,

takZe zasadni vliv hrala skutecné metoda aktivace jiz naneseného PV Ac lepidla.
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Ve srovnani s koliky lepenymi konven¢nimi lepidly (tfida trvanlivosti D4)
dosahly statisticky vyznamné nizs$ich hodnot (p < 0,05), takze se celkove testované
predlepené koliky nejevi jako vhodnou variantou pro rohové spoje okennich kiidel.
Poruseni, ktera obecné u predlepenych kolikl nastala, byla adhezivniho typu. Velkou
vyhodou je, ze diky nizké viskozité vody se 1épe rozprostie po povrchu koliku. Navic
jejich pouziti je rychlejsi a na hotovych vyrobceich neni potieba fesit problém s preteklym

lepidlem.
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6. ZAVER

Vzorky poskytnutych rohovych spojii okennich kiidel s dvojitym cepem (IV 78)
od firmy Janosik OKNA-DVERE s.r.0., trojitym &epem a rozporem (IV 92) od firmy
DAVELOQO s.r.0. a spoje s péti dubovymi koliky se spirdlovitym ryhovanim (IV 92)
od firmy SLAVONA s.r.0., které byly pfedmétem vyzkumu, byly testovany dle navrzené

metodiky v tthlové rovin¢ tahu i tlaku, pfic¢emz se dospélo k nasledujicim zavéram.

e Trojity Cep a rozpor (IV 92) dosahl na stejné Sirokém profilu v tlaku o 48 % vyssi
ohybovy moment (325 Nm) nez kolikovy spoj (168 Nm), a to se statisticky
vyznamnym rozdilem mezi témito spoji (p < 0,05).

e V tahu dosahl trojity ¢ep a rozpor (IV 92) na stejné Sirokém profilu také opét
statisticky vyznamné vyssiho rozdilu (p < 0,05), a to 0 51 % vyS$iho ohybového
momentu (344 Nm) nez spoj s koliky (167 Nm).

e Piekvapivé nebyl pozorovan statisticky vyznamny rozdil mezi maximalnimi
ohybovymi momenty kolikovych spoji a dvojitého Cepu s rozporem na mensim
profilu (IV 78) ani v tlaku (161 Nm), ani v tahu (190 Nm).

e Celkové tak pfi porovnani maximalnich ohybovych momenti pro jednotlivé typy
namahani (v thlové rovin¢ tlaku a tahu) nebyly u Zadného z rohovych spoji
pozorovany statisticky vyznamné rozdily (p > 0,05).

e Hlavnim faktorem, ktery se nejvice podilel na rozdilnosti velikosti ohybovych
momentll mezi testovanymi rohovymi spoji, byla odliSna velikost lepené plochy
jednotlivych spojii. Oproti spoji s koliky (7298 mm?) mél trojity ep a rozpor
(IV 92) vétsi lepenou plochu 0 29 % (10260 mm?) a dvojity &ep a rozpor (IV 78)
0 14 % (8846 mm?), coz ¢asteéné vysvétluje rozdily mezi velikostmi ohybovych
momentu.

e MiuZeme také konstatovat, Ze nizs$i pevnost kolikovych spoji nebyla zpisobena
pouzitym lepidlem (1K — Holzkaltleim D4), protoze z 95 % doslo pfi testovani
rohového spoje ke kohezivnimu typu poruseni praveé v kolicich, které byly z vétsi
casti namahané tahem.

e Pevnost slepu lepidla 1K-Holzkaltleim D4 (13,7 MPa) navic testovanim
za normalnich podminek prokazala dokonce statisticky vyznamnou vyssi pevnost
slepu (p <0,05) nezZlepidlo D4-Leim 1K (11,9 MPa), které bylo pouZito

na rohovém spoji trojitého ¢epu a rozporu.
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Vyzkum byl dale zaméfen na testovani pevnosti rtznych variant kolikl

pfi vytazeni, pficemz se dospélo k nasledujicim zjisténim.

e Kdyz byla porovnavéana série nejcastéjSich koliki dostupnych na celosvétovém
trhu, bukové spirdlovit¢ ryhované koliky prokdzaly nejvétSi pevnost
pii vytahovéni s lepidlem 1K-Holzkaltleim D4 (7,9 MPa).

e Navic porovnanim spiralovit¢ ryhovanych s podélné¢ ryhovanymi koliky nebyl
zjistén statisticky vyznamny rozdil na zadném ze tii testovanych lepidel (p > 0,05),
pfi¢emz pruméry testovanych kolikti nebyly taktéz statisticky vyznamné odlisné
(p > 0,05).

e Ze stejné série dopadly nejhiife spirdlovité drazkované koliky (4,9 MPa) shodné
s lepidly GXL 4 i 1K-Holzkaltlem D4. Nizsi pevnost byla zptisobena kombinaci
mensiho priméru koliku (7,86 mm) a frézovanou drdzkou pod vysokym uhlem,
coz se projevilo na kohezivnim poruSeni koliku.

e Celkovym porovndnim hladkych a spirdlovit¢ ryhovanych kolikii vyrobenych
z dubu a buku bylo zji$téno, Ze mezi témito dfevinami neni v pevnosti pii vytazeni
kolikt statisticky vyznamny rozdil (p > 0,05).

e Nedostatecna pevnost byla namétena u hladkych bukovych kolika s lepidlem
GXL 4 (3,7 MPa). Hladky povrch kolik (v kombinaci s primérem) nedovolil
rovnomérnou distribuci lepidla, coZz se projevilo na velmi nizké pevnosti
a potvrdila se tak uc¢innost drazek a ryhovani ostatnich kolika
které byly lepeny komer¢nimi lepidly (GXL 4, 1K-Holzkaltleim D4, Lear D4),
proto nejsou vhodnou alternativou do rohovych spoji oken s koliky.
Nejhorsi pevnost byla naméfena u kolikli od firmy KWB tools GmbH (3,0 MPa).
Statisticky vyznamné vyS$$i pevnosti (p <0,05) dosahly predlepené koliky
od HandyCT (4,7 MPa).

® Bylo prokazano, Ze pravé metoda aktivace PVAc lepidla, jeZ je uvedena v navodu
vyrobce KWB tools GmbH (tj. namaceni ptedlepenych kolikii do vody),
zpusobila nizkou pevnost koliki pfi vytazeni. Opétovnym prezkouSenim
s aktivaci PVAc lepidla pfimo v otvoru byla pevnost kolikt statisticky vyznamné

(p < 0,05) zvySena (5,4 MPa).
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7. DOPORUCENI

Na testovanych vzorcich rohovych spoji, které poskytly vyrobci oken ve
vyrobnim standardu, byla potvrzena hypotéza o niz§i pevnosti kolikového spojeni
ve srovnani s ¢epem a rozporem na dievénych okennich kiidlech v hlové roviné tlaku i
tahu. Na zakladé zkousek a porovnani tak doporucujeme firmé Slavona s.r.o. na okennich
profilech pouzivat zejména trojité Cepy, které ve vyzkumu dosahly nejvyssich ohybovych
momentii. Pokud vSak bude firma i nadéle trvat na sou¢asném vyrobnim programu,

ktery zahrnuje koliky jako rohové spoje, plati pro né nasledujici doporuceni.

e Uprednostnit koliky zejména na otviravych oknech mensich dimenzi a v ptipadé
vétsich dimenzi koliky pouzivat pouze na fixnich oknech, jejichZz rohové spoje
nejsou tolik naméhané, protoze je rdm piipevnén do osténi.

e Setrvat v pouziti spirdlovité ryhovanych kolika (pfipadné podélné ryhovanych).
V zadném piipadé nesméji byt tyto koliky nahrazeny za hladké, z divodu
Spatného rozvrstveni lepidla, jez bylo ve vyzkumu prokézano.

e Vliv dfeviny mezi bukovymi a dubovymi koliky, které firma v souCasnosti
pouziva, se sice nepotvrdil, ale bukové koliky dosahly vySSich primérnych
hodnot. Navic pfi testovani rohovych spoji dochdzelo zejména k tahovému
namahani kolikti a dle normy DIN 68364 (2003) ma bukové dfevo vyssi pevnost
v tahu (135 MPa) oproti dubu (110 MPa)

e Snizit zatizeni na rohové spoje vlepenim vyplné (tj. zaskleni) do polodrazky

na silikon pro konstrukéni aplikace.

Testovanim pevnosti slepu vSech pouzitych lepidel byla splnéna prvni zkouska
s pofadovym ¢islem jedna pro deklarovanou tfidu trvanlivosti D4. Nicméné nejvyssich
pevnosti dosdhlo PVAc lepidlo (GXL 4), které je pouzivano firmou JanoSik OKNA-
DVERE s.r.0. na dvojitém &epu a rozporu (IV 78). Proto je rovnéz doporuéeno zahrnout
lepidlo GXL 4 do vyrobniho programu i ostatnim vyrobctim.

Rozdilnost pevnosti trojit¢ho ¢epu a rozporu ve srovnani s koliky byl konkrétné
navrh iniciovany Ing. Milanem Souckem z firmy VBH, Vereinigter Baubeschlag-Handel,
s.r.0., kterd dodava komponenty pro vyrobu a montaz oken i dvefi. Vyrobci a dodavatelé
kovani si tak jiz kladou nékteré technologické otazky ve vztahu k vlastnostem oken. Pro
objasnéni dalSich vliva a faktort tak doporucujeme pfii dalSich vyzkumech se zaméfit

zejména na nasledujici podnéty, které jsou uvedené nize.
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Rozmisténi kolikli, pfipadné zménu jejich poctu a velikosti v prifezu vlysu,
pricemz lze navrzenou metodou ziskané vysledky mezi sebou porovnat. VEétsim
poctem ¢i prumérem koliku se zvysi lepena plocha, coz ma vést k vétsi pevnosti
rohového spoje, ale zaroven mize vést k oslabeni vlysu a snizeni pevnosti.

Jak dulezité¢ je nejprve okenni vlysy slepit a az pak povrchové upravit, pfip.
jak velky rozdil v pevnosti rohového spoje by zplsobil opaény technologicky
proces (tj. nejprve povrchova tiprava vlysii a nasledné slepeni rdmu).

Porovnani pevnosti vice rohovych spojui s rozdilnymi lepidly, aby se zjistilo,
jak jednotliva lepidla reaguji s nékterymi dfevinami (zejména exotickymi druhy)
a zaroven jak se tato reakce projevi na pevnosti spoje konkrétnich typt lepidel.
Zaméfit se na rozdil v pevnostech rohovych spoju dievénych a plastovych oken,
pfipadné i spojim uméle zestarlych. U plastovych oken (bez vyztuze) pevnost
tvofi pouze svar a umélym zestarnutim lze simulovat venkovni podminky, kterym

je materidl vystaven, za kterych postupné degraduje a jeho pevnost se snizuje.

Z druhé casti vyzkumu, ve které byla testovana pevnost riznych variant kolikil

pfi vytazeni, pak vychazi nésledujici doporuceni.

K ziskani nejvétsi pevnosti lepeného spoje s kolikem by v dievénych konstrukcich
mély byt pouZivany obzvlasté¢ ryhované koliky (spiralovité, piip. podélné
ryhované). Na zakladé tohoto tvrzeni bylo navrzeno i prvni doporuceni vyrobciim
oken.

Hladké koliky nejsou pro lepené konstrukce vilbec vhodné z diivodu $patného
rozvrstveni lepidla (vyjimkou jsou napt. dievottiskové desky). Své uplatnéni
tak hladké koliky naleznou zejména jako vodici elementy ostatnich spojovacich
prostiedkil (napf. excentrii, konfirméath atd.) u rozebiratelného nabytku.

Pro firmu Rockler Woodworking and Hardware, ktera distribuuje spirdlovité
drazkované koliky ve Spojenych statech americkych, navrhujeme optimalizaci
koliku snizenim thlu stoupani frézované drazky.

Pokud chceme dosdhnout vySs$i pevnosti pii vytazeni predlepenych kolikl
od firmy KWB tools GmbH, doporucujeme nepostupovat dle ptilozeného navodu
pouziti, ale aktivovat nanesené¢ lepidlo vodou z otvoru, ktery bude do 1/3
vyplnény vodou. Aplikaci nedojde ke zméknuti a setieni lepidla béhem vkladani,

jak tomu bylo pfi aktivaci macenim. Jen tak se dosahne jejich maximalni pevnosti.
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10.

PRILOHY

Priloha 1: Shrnuti zkoumanych parametrt a vysledka rohovych spoji difevénych oken
(Podlena et al. 2017): 1. Hrovatin et al. 2013; 2. Joscak a Kollar 2007; 3. Podlena a
Boravka 2016; 4. Altinok et al. 2013; 5. Altinok et al. 2010; 6. Pantaleo et al. 2014

. Zména ,
Typ Velikost | Max, vnitinho Ohybovy Tuhost
rohového Typ lepidla | Dievina | profilu sila , moment
. uhlu (Nm/rad)
spoje (mm) (N) ©) (Nm)
PVAc, .
et den a Mekol 1141 Borovice 68 832,5 o o °
rg)zyor‘p PVAc,
P Duplit AL- | Borovice | 68 | 1030 . . .
NBU
Dvojity Cep a . Smrk | 68 . 068 | 3696 | 9369
rozpor
Dvojity Cep a . Smk | 78 . . . 4130
rozpor
g | Truycepa . Smrk | 92 . . . 7882
= rozpor
PVAc, .
o Mekol 1141 Borovice 68 1170 ° ° °
Drevény
krouzek! PVAc,
Duplit AL- | Borovice 68 1115 ° ° °
NBU
PVACc .
’ 1 s
Koliky Mekol 1141 Borovice 68 530 ° ° °
Hofmannova . Smrk 68 . 0,65 3102 | 8278
spojka
(PVAC. two- | st | 55 |o251.8| . .
component
Dvojity cep D4 + 5% Dub
a rozpor* Turbo (zimni) 35 9037 ® ® ®
hardener 303- ]
5) Borovice 55 5432,9 ° ° °
Dvojity &ep PVAc, Borovice o 2080 ° ° °
a rozpor’ Kleiberit 303 | j 410 1781 o o o
v
N LA
= | Dvojity cep . Smrk | 68 . 3,51 1846 | 4149
a rozpor
Dvojity cep . Smrk | 78 . . . 4485
a rozpor
Trojity cep . Smk | 92 . . . 6658
a rozpor
Hofmannova . Smk | 68 . 340 | 2459 | 5232
spojka
Dvojity cep PVAc, Dub
a rozpor $ Protovil D4 | (Gerveny) 68 13429 ® 264,7 *

Pozn.: @ —neuvedeno
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Priloha 2: Podklady k vyrobé¢ universalniho ptipravku k upnuti rohovych spojti s 3D
vizualizaci navrhu a technickym vykresem s rozméry
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Priloha 3: Varianty rohovych spoji dievénych okennich kiidel
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Priloha 4: Priklad objednavkového formulaie na vyrobu rohovych spoji uréenych k
testovani

ZKUSEBNIi VZORKY:

- pro zkousky v tahu a tlaku v uhlové roviné okenniho kridla

- pocet vzorku: 30 ks
- profil: IV 92
- rohové spojeni: koliky

Poznémka: - pouze okenni kridlo
- rohové spojeni slepené PVAC lepidlem
- bez zaskleni
- bez brouseni
- bez povrchové upravy
- bez kovani

Kontakt: CZU - FLD - Katedra dfevénych vyrobku a konstrukef

Ing. Milan Podlena

Katedra drevénych vyrobku a konstrukci, Disertacni prace

Ceské zemédélska univerzita v Praze
e-mail: podlena@fid.czu.cz nazev: ZkuSebni vzorky (SLAVONA)

jméno: Ing. Podlena |termin dodani: leden/tinor 2015
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Priloha 5: Ptiprava zkuSebnich téles rohovych spoji — vrtani otvoril pro epy
na stojanové vrtacce (foto autor)

Priloha 6: Piiprava zkuSebnich téles rohovych spojii - klimatizace predvrtanych vzorkt
pred testovanim (foto autor)
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Ptiloha 7: Upnuti rohovych spojt s koliky (IV 92) do upinaciho ptipravku
v universalnim trhacim stroji (foto autor)
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Priloha 8: Varianty testovanych kolikti a vzorek zkusebniho télesa urcené k testovani
pevnosti koliku pfi vytazeni (foto autor)

PR —
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Priloha 9: Upnuti zkuSebniho télesa s testovanym kolikem do Celisti v universalnim
trhacim stroji (foto autor)
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Priloha 10: Vysledky testovani rohovych spoju v tthlové roviné tlaku rozd€lené podle
typu spoje (profilu)

Typ spoje (profil) Dvojity ¢ep a rozpor (IV 78)
" 10% 40% max | Miow | Maow | Mmax | Cro% C40% Cmax
Charakteristika G S | o | o | o | S | o |
Aritmeticky pramér 0,4 0,9 2,0 16 64 161 3030 | 4269 | 4485
Median 0,4 1,0 2,0 17 66 166 2147 | 3935 | 4680
Smérodatna odchylka 0,2 0,3 0,5 4 15 37 2445 1092 | 1090
Minimum 0,1 0,4 1,1 9 35 88 1129 | 2348 | 2303
Maximum 0,8 1,3 3,6 23 92 231 10613 | 6314 | 6105
Varia¢ni koeficient 51% | 29% | 24% | 23% | 23% | 23% | 81 % | 26 % | 24 %
Pocet zkuSebnich téles 26
Typ spoje (profil) Trojity ¢ep a rozpor (IV 92)
i 10% 40% max | Miow | Maow | Mmax | Cio% C40% Crmax
Charakteristika GO | o | o | o | | o |
Aritmeticky pramér 0,6 1,2 2,8 32 128 325 3469 | 6284 | 6658
Median 0,6 1,2 2,8 34 134 335 3063 6443 | 6797
Smérodatna odchylka 0,2 0,3 0,4 6 22 44 1686 1636 | 1124
Minimum 0,2 0,7 1,9 16 64 210 1492 3159 | 3290
Maximum 1,1 1,7 3,3 40 161 401 7343 8860 | 8276
Variaéni koeficient 39% | 22% | 13% | 17% | 17% | 13% | 49% | 26 % | 17 %
Pocet zkuSebnich téles 25
Typ spoje (profil) Koliky (IV 92)
- 10% 40% max | Miow | Maow | Mmax | Cio% C40% Crmax
Charakteristika GG S | o | o | o | S | o | o
Aritmeticky primér 0,3 0,7 3,7 17 67 168 3718 5541 | 2722
Median 0,3 0,7 3,8 17 66 166 3425 5444 | 2821
Smérodatna odchylka 0,2 0,2 0,8 2 7 18 1779 1547 578
Minimum 0,1 04 2,1 14 57 141 1483 3591 1443
Maximum 0,6 1,1 5,8 20 79 197 7046 | 8056 | 3926
Variaéni koeficient (%) 47% | 27% | 22% | 11 % | 11 % | 11 % | 48% | 28% | 21 %
Pocet zkuSebnich téles 16

56



Priloha 11: Vysledky testovani rohovych spojt v tthlové roviné tahu rozdélené podle
typu spoje (profilu)

Typ spoje (profil) Dvojity ¢ep a rozpor (IV 78)
.. M M M C C ¢
Charakteristika 'ch()J% Y4£% 'Yrgax 10% 40% max 10% 40% max
= @ | © | © | Nm | Nm | Nm | Nm) | (Nm) | (Nm)
Aritmeticky primér 0,5 1,0 2,5 19 76 190 3004 | 4293 | 4130
Median 0,5 1,0 2,5 19 75 188 2381 | 4089 | 3916
Smérodatna odchylka 0,2 0,2 0,4 4 15 37 2497 1078 989
Minimum 0,1 0,6 1,5 12 46 115 1319 | 3034 | 2421
Maximum 0,9 1,4 3,7 28 110 276 13466 | 7390 | 6501
Variaéni koeficient 44% | 22% | 17% | 19% | 20% | 20% | 83 % | 25% | 24 %
Pocet zkuSebnich téles 26
Typ spoje (profil) Trojity cep a rozpor (IV 92)
- Y10% Y40% Ymax | Mio% | Maow | Mmax C10% C40% Crnax
Charakteristika @ | @ © [ cm|am| N Nm | N | N
Aritmeticky pramér 0,4 1,0 2,5 34 138 344 5810 | 8097 | 7882
Median 0,4 1,0 2,6 34 135 338 5745 8157 | 7970
Smérodatna odchylka 0,2 0,2 0,5 5 20 49 1988 1299 | 1055
Minimum 0,2 0,7 1,6 26 102 254 1922 | 4492 | 5686
Maximum 0,9 1,6 3,5 45 181 452 11117 | 9935 | 7970
Variaéni koeficient 42% | 20% | 18% | 14% | 14% | 14% | 34 % 16% | 13 %
Pocet zkuSebnich téles 26
Typ spoje (profil) Koliky (IV 92)
. Y10% Y40% Ymax | Miow | Maow | Mmax C10% C40% Crnax
Charakteristika @ e @ | om|Nm| | N | N | )
Aritmeticky pramér 0,4 0,9 4,0 17 67 167 3633 | 4666 | 2512
Median 0,3 0,8 3,9 17 68 170 3202 | 4626 | 2594
Smérodatna odchylka 0,2 0,4 1,2 2 7 17 2608 1583 569
Minimum 0,1 0,4 2,6 13 52 129 1215 | 2793 | 1355
Maximum 0,9 1,5 7,4 19 75 188 10836 | 7821 | 3344
Varia¢ni koeficient 61% | 38% | 30% | 10% | 10% | 10% | 72% | 34 % | 23 %
Pocet zkuSebnich téles 16
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Priloha 12: Technicky list k PVAc lepidlu GXL 4 (Rakoll)

RAKOLL

Holzklebstoffe

GXL 4

jednoslozkové D — 4 lepidlo

Vlastnosti
RAKOLL" GXL 4 je PVAc lepidlo s vynikajici vodo -
odolnosti.

Zatiidéni dle DIN EN 204 - D 4
Zat¥idéni dle WATT 91 > 7 N/mm?

Vyhody

» jednoslozkovy

rychle vytvrzujici

kratky lisovaci Cas

dobré spojeni u tézko lepitelnych dievin

zadné zabarveni lepen¢ spary pii lepeni ve
vysokofrekvenénim nebo teplém lise

zlepSeni tepelné odolnosti a vodoodolnosti pii
lisovani za vyssi teploty ( napf. 70 °C)

YVVY

v

Pokyny pro zpracovani

Otevrena doba a doba vytvrzovani je silné¢ zavisla na
pracovnich podminkach jako je teplota, vlhkost,
pnuti v materialu.jeho vlastnosti a mnozstvi nanosu.

Dobrvch vysledku je dosazeno za nasledujicich
predpokladu :

Teplota mistnosti, materialu a lepidla 18 ... 20 °C
Vlhkost dicva 8...10 %
Mnozstvi nanosu pii montaznim lep.150... 180 g/m?

Otevieny Cas 8 ....9min.
Bily bod cca 8 °C
Lisovaci tlak u dilu bez pnuti 0.1 ... 0,5N/mm?*
Minimalni lisovaci ¢as :

montazni lepeni 8 ... 15min
taktovy lis pfi 70°C > 1 min
lepeni sparovky a bloku 20 ... 40 min
lepeni okennich hranolu od 15 min

(dle druhu dieviny)

Lepeni okennich profilu : v navaznosti na predpis
(sm¢mici) 1.ft. Rosenheim — _vlhkost dicva pii
lepeni  okennich profili se musi pohybovat
v rozmezi 13+2 %"

Teplota mistnosti a dicva musi mit min. + 15 °C.

Technicky
list

Priprava dieva

Dily musi byt ¢isté, bez prachu a mastnoty.
Nepresnosti ( tolerance ) v sestaveni dilu prodluzuje
lisovaci Cas a snizuje pevnost.

Pfi lepeni okennich lamel by mely byt dicveéné dily
hoblovany kratce pied lepenim.

Nanos lepidla

RAKOLL" GXL 4 nanasime jednostranné — pii
vysokych pozadavcich na vodoodolnost oboustranné
nanasccim zarizenim, valeckem, Spachtli, Stétcem
popf. jinym nastrojem v tenké pravidelné vrstve.

Lisovani
Lepené dily spojime v prubéhu otevieného Casu a
lisujeme tak dlouho, dokud mneni dosazeno

dostatecné pocatecni pevnosti.

Mechanické pevnosti. nutné k dal§imu opracovani
lepenych dilti, je dosazeno v zavislosti na druhu
pouzittho  materidlu v kratké  dobé.  Vyssi
vodoodolnost lepenych dilu se vytvari déle. Z tohoto
duvodu sc zkousky na vodoodolnost provadcji
nejdiive po 7 dnech po slepeni.

Barveni dieva

S ohledem na rozdilné slozeni jednotlivych latek ve
drevé, mimo jiné zavislé na oblasti rustu a piipravé
dfeva, muze dojit v jednotlivych pripadech
k zabarveni spojc, napf. u buku, ticsni ad..

Kov ve spojeni s kyselinami ve dfevé muze zpusobit
barevn¢ zmény, zvlast¢ u dubu.

Doporucujeme provést vlastni zkousky.

Cisténi
Pracovni nastroje pred zaschnutim lepidla vodou

Chemicko-technické idaje RAKOLL" GXL4

Base: PVAc — disperze
Barva: bila
Viskosita: 5.500 mPas Brookf. HB

kuzel 2,2 Upm pii 20 °(5

Hodnota pH: cca 3.5

= H.B. Fuller
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Z duvodu nizké hodnoty pH vyvstava u tlakovych
nadob, rozvodu lepidla a nanasecich pristroju
z kovu, galvanizované oceli, hliniku a nezeleznych
kovi vysok¢ riziko korosc. Z téchto duvodu
doporuéujeme pouzivat zafizeni a nastroje z V4A
nebo umélych hmot ( tvrzené PVC, PE popi. PP).

Oznaceni
RAKOLL®-GXL 4 nepodléha povinnosti oznacovat
dle platnych predpist pro nebezpeéné latky.

RAKOLL®GXL 4

Bezpecnostni doporuceni
Prosime dbejte  pokynu
Bezpecnostnim listu.

uvedenych v nasem

Skladovani

V dobfe uzavienych originalnich balenich pii teploté
max. od 15°C do 22°C min. 9 mésicu. Skladovanim
pii vyssi teploté se zkracuje skladovaci ¢as az na 3
mésice.

Technicky stav : srpen 2005

Od tohoto data jsou odlisné udaje uvedené v dfive vydanych technickych listech neplatna.

) H.B. Fuller
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Priloha 13: Technicky list k PVAc lepidlu 1K Holzkaltleim D4 (Wiirth)

< WURTH

TECHNICAL DATA SHEET

0892100221/ 0892100222/ 0892100224/ 0892100225

1-Component Cold Wood Glue D4
One-component dispersion adhesive in D4 durability class (tested according to DIN EN 204).

Fields of application:

Ideal for assembly work, woodworking and joinery. Can be used on soft wood, hard wood and
exotic woods.

For indoor applications with increased water resistance requirements; Indoors with frequent water
contact and long-term exposure to water. For outdoor use with suitable surface protection.
Examples: bathroom furnishing, gluing of interior doors, indoor staircases, window joints, laboratory
installations.

Also suitable for gluing of lamellated profiles that are connected lengthwise by dovetail joints.

Properties:
e Ready-to-use 1-component D4 glue
e Unlimited pot life
e No more errors in mixing
e High water resistance (D4 quality according to DIN EN 204)
e Watt 91
e Tested by IFT Rosenheim
e Transparent hardening
e Good adhesion

Application:

Apply thin, even layer on one side with application machine, adhesive roller, notched trowel, brushes
or similar devices.

Avoid contact with metals as this may result in discoloration.

Processing temperature should be between 18 °C and 20 °C. Fresh splashes of glue can be
removed with water. Soak dried glue residue in water and detergent and remove mechanically.

Version: 001, Date: 03/11/2014
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s WURTH

TECHNICAL DATA SHEET

When joining surfaces or blocks From 20 min.

At 20°C

For veneering

At 20 °C 20 - 30 min.

At 50 °C 8 - 10 min.

At 80°C 2 - 8 min.
Remarks:

Differences in the composition of wood elements may lead, in individual cases, to unpredictable

discolorations of wood, e g. with beech or cherry wood. Iron in conjunction with the tannic acid of

wood can also cause discolorations with oak.

Processing and setting time are highly dependent on the working conditions (e. g. temperature).

In case of outdoor use, the part to be glued must be protected against weathering and treated with
an appropriate surface protection (constant protection from moisture). Make sure that the glue is not
exposed to direct sunlight when used outdoors (due to its thermoplastic properties). Non-
thermoplastic adhesives such as PUR Glue in a dosing system (0892100180) are better suited for
applications in direct sunlight. Softening glue and retreating wood can lead to open joints. The
viscosity of one-component D4 glues increases over the course of storage. Application parameters,
however, are not affected. Stirring the glue without adding water makes it free-flowing again. Do not

add water to the glue!

Remove excessive glue since glue residues might react with oxygen and lead to red coloring.

This advice is based on our own research and experience. It
is presented in good faith and may be considered reliable.
However, due to the diverse processing, application and
handling possibilities the information provided may not be
considered legally binding. The same applies to the

information provided by our technical and commercial

customer service.

We recommend the users of our products to perform
their own tests in order to determine whether our
products are appropriate for the respective use and
environment. We guarantee the consistent quality of
our products. We reserve the right to implement

technical changes and improvements.

Version: 001, Date: 03/11/2014
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s WURTH

TECHNICAL DATA SHEET

Technical data:

Basis Polyvinyl acetate dispersion (PVAC)
Color White (colorless when hardened)
pH value Approx. 3

Viscosity Approx. 7,000 mPa.s (Brookfield)
Density 1.10 g/cm?

Solid particle contents Approx. 50 %

Minimum film-formation temperature Approx. +7 °C

(White point)

Temperature-resistance >7 N/mm2 at 80 °C

after hardening (material-dependent) In accordance with EN 14257 (WATT?1)
Shelf life 9 months

(Store in a cool and dry place)

Storage conditions Store original container thoroughly closed in a dry
place at temperatures between +15°C and +25°C
without exposure to direct sunlight.

Pot life 9 months when stored in cool place

Ideal processing conditions

Ideal room, material and glue | 18 - 20°C

temperature
Wood humidity 8 - 10 % / outdoors: 13%+/-2%
Relative humidity 60 - 70 %
Glue application quantity:
When joining surfaces Approx. 100 - 160 g/m?
For assembly work Approx. 120 - 180 g/m?

Processing time at 150 g/m2/+20 °C Approx. 8 - 25 min.
Pressing pressure, depending on type of | 0.1 - 0.8 N/mm?

application

Minimum pressing times*
For assembly work 20 - 25 min.
At 20 °C

Version: 001, Date: 03/11/2014
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Q D4-Glue 1C

greenteQ D4-Glue 1C is a PVAC glue with excellent water resistance.

Priloha 14: Technicky list k PVAc lepidlu D4-Leim 1K (GreenteQ)

[Properties:

greenteQ D4-Glue 1C bonds very quickly, allowing the shortest clamping times
when heatis applied.

The hardened glue joints exhibit excellent resistance to higher temperatures.
Machining the glue joints causes very little wear on the tools.

Stress group DIN EN 204 - D4 as well as WATT 91> 7.29 N/mm?

greenteQ D4-Glue 1C can be used for various applications, such as:

+ Single-component

+ Excellent bonding properties with various types of wood

« No discolouration of joints due to the influence of temperature with high-
frequency or hot presses

« Improved heat and water resistance through clamping at higher
temperatures (e.g. +70°C)

Product picture: _

Bt / '

Q Q Q
Gegg OHemik =

Application: _

Preparing the wood:

The parts should mate well and be free of dust and grease. Excess tolerances to
the fitresultin increased setting times and reduced strength.

The joints should be cut shortly before gluing.

Application:

Apply greenteQ D4-Glue 1C as a thin, even coat on a single surface. If required
for higher water resistance, apply a thin and even coat on both surfaces using an
applicator, glue roller, notched trowel, brush or other device.

Clamping:

Place the two parts together within the open time and clamp until the required
initial strength is achieved and the clamps can be removed.

The clamping pressure should be high enough that the entire connecting area of
the joint is in firm contact. Depending on the material and type of glue joint, the
mechanical strength required for further processing of the parts is achieved

within a short period of time. The higher water resistance of the glue joint forms
more slowly. It should be tested no earlier than seven days after gluing.

Pot ife:
Approx. 24 hours at normal temperature. Temperatures above +20°C reduce
the potlife.

Wood discolouration:

Due to the various mixtures of wood components, which are dependent on the
growing region and the manner in which the woods has been pre-treated,
unpredictable discolouration may arise in some cases on various types of wood,
such as beech, cherry, etc. In addition, iron in combination with the tannic acid of
the wood can bring about a discolouration of the wood, especially with oak.

We recommend you test this for yourself.

Clsning I

Clean the working equipment with water before the glue dries.

Safety instructions:

greenteQ D4-Glue 1C is not subject to labelling requirements according to
currently applicable hazardous materials regulations.

Special notes: _

Storage tanks, lines and applicators made of steel, galvanised steel, aluminium
or other non-ferrous metals are not recommended, as the weakly acidic
composition of the dispersion may cause corrosion. For this reason, we

GLUES - D4-Glue 1C

63

recommend using storage tanks, lines and applicators made of stainless steel or
plastic (hard PVC, polyethylene, polyesterresin).

Q

Edition 09/2011 | www.vbh.de



Q D4-Glue 1C

greenteQD4-Glue 1C is a PVAC glue with excellent water resistance.

Technical data: _

(determined at +20°C, 50% relative humidity, corresponding to VBH test methods)

Basis PVAc dispersion

Colour White

Viscosity Approx. 5000 - 6000 mPa.s
(Brookfield viscosity meter, spindle 3, 20 rpm, +20°C, measured on the day of preparation)

Chalk point Approx. +8°C

pH value Approx. 4 -5

The open time and the setting time are influenced strongly by the working conditions, e.g. temperature, moisture content and absorbency of the materials, the
application volume and stresses in the material. Good results are achieved under the following conditions:

Room, material and glue temperature 18-20°C

Moisture content of wood 8-10%

Application rate of glue for assembly gluing 150 - 190 g/m?
Open time at 150 g/m? Up to 8 minutes
Clamping pressure, depending on gluing type 0.1/0.5 N/mm?
Minimum clamping times:

Assembly gluing Approx. 12 minutes
With short-contact clamping (+70°C) 60 seconds or more
Bonding board joints and blocks Approx. 30 minutes
Window scantlings (depending on the type of wood) 18 minutes or more

Lamination of wooden window profiles:
According to the quality guideline of ift Rosenheim "Laminated profiles for wooden windows", the moisture content of the wood must be 13+2%.
The room and wood temperature must be atleast +15°C.

Storage and form of delivery: _

Store greenteQ D4-Glue 1C in tightly sealed original containers in a frost-free Formofdelivery:
environment. After longer periods of storage, the glue may thicken somewhat. In 1,100 kg container
this case, the glue should be stirred thoroughly before use. 30 kg hobbock
The shelflife is atleast 9 months. 11kg pail

General information: _

Any previous versions of this data sheet are no longer valid.

Q

GLUES - D4-Glue 1C | Edition 09/2011 | www.vbh.de
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Priloha 15: Technicky list k PUR lepidlu Lear D4 (LEAR)

"p,' gislo tech. listu: T47813 revize:1(12.12.2014)datum vydani &.3: 30.7.2013
N \ ’l"
LEAR, CHC» UMENi SPOJOVAT
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- TECHNICKY LIST

& LEAR na dievo D4

Jednoslozkové polyuretanové lepidlo vytvrzujici pisobenim vihkosti

Reaktivni jednoslozkové PU lepidlo vytvrzujici pusobenim vihkosti je lepidlo slozené
z polyisokyanatového prepolymeru. Je pripraveno k pouziti.

Lepidlo splfiuje kritéria norem EN204 — kategorie D4 a EN302-4.
TECHNICKE UDAJE:

iskozita Brookfield RVT, 20 ot/min. 4 000-6 000 mPas

Vzhled hnéda medovita kapalina
Oteviena doba (20 °C/50 % rel. vih. vzduchu 20 min
APLIKACE:

Teplota materidlu, prostiedi a lepidla 18-22 °C

Vlhkost vzduchu 65-75 %

Lisovaci tlak 20,5 atm

Lisovaci ¢as 260 min

OBLAST POUZITI:

LEAR na drfevo D4 je uren pro lepeni obtizné lepitelnych truhlarskych dilcu, napriklad
lepeni dfevénych ramu, lakovanych ploch (PU nebo polyesterové laky) navzajem nebo
k jinym, i nesavym, povrchum (melaminové povrchy, kovy apod.).

DOPORUCENI K POUZITi:

- LEAR na dfevo D4 se nanasi na jednu z lepenych ploch v takovém mnozstvi,
aby lepidlo nevytékalo z lepené spary.

- Lepidlo pfi vytvrzovaci reakci uvoliiuje plynny CO,, coz muze vést k napénéni.

Jako prevenci napénéni a posunuti lepenych ¢asti pouzijte pfiméreny tlak dilct k sobé.

- Teplotni odolnost spoje je od -30 do +120 °C.

- Vlhkost vzduchu a materialu funguje jako katalyzator vytvrzeni; ve velmi suchém
prostfedi bude nutné zvysit vihkost vzduchu, aby se neimérné neprodluzoval lisovaci
¢as.

- LEAR na drevo D4 musi byt skladovan v suchém prostredi, pfi teplotach kolem 20 °C.

- Pri praci pouzivejte ochranné rukavice a ventilaci pracovniho prostredi.

LEAR, a.s. * tradi€ni ¢esky vyrobce lepidel a stavebni chemie

Certifikat fizeni kvality podie normy €SN EN 1SO 9001. ;

Pod Sidlistém 3, 636 00 Brno - telefon: +420 548 216 591 « fax: +420 548 535 726 « e-mail: info@lear.cz « http://www.lear.cz » www.abclepidla.cz
zapsano v OR KS Brno, odd. B, viozka 213 « ICO: 00219282 « DIC: CZ00219282
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¢islo tech. listu: T47813 revize:1(12.12.2014)datum vydani €.3: 30.7.2013

NAVOD K POUZIT:

Povrchy pro lepeni musi byt naprosto Cisté, suché a odmasténé. LEAR na dfevo D4 se
roztira stérkou. Pro rychlé vytvrzovani a optimalni viastnosti spoje je nutné docilit minimalni
souvislou vrstvu lepidla. Je nutné lepené dily zajistit svorkami a stisknout, lepidlo dopéuije.
Po cca 60 minutach je mozné lepené dily dale opracovavat. Upiné vytvrzeni nastava po 24
hodinach.

BALENi A SKLADOVAN:I:

Lepidlo dodavame v plastovych nadobach po 0,5 kg (s aplikatorem), plastovy kanystr.
Uskladnéno musi byt v originalnim baleni. Doporu¢ena teplota skladovani je +5 az +25°C.
Spravné uskladnéné lepidlo ma 12mésicni zaruéni dobu od data vyroby.

Navod k pouziti lepidla je vyhotoven na zakladé nasich zkousek a zkuSenosti. Vzhledem
k tomu, Ze nemame zadny pfimy vliv na Va$§ zplUsob prace, nemluzeme prevzit
zodpovédnost za vysledky lepeni. Pfed pouzitim doporu¢ujeme vyzkous$et.

Nase obchodné-technicka sluzba Vam nabizi technickou pomoc pfi pouzivani lepidla.

Vz robce je drzitelem certifikatu rizeni iakosti Eodle normx CSN EN ISO 9001.

UPOZORNENI:
LEAR na dievo D4 je klasifikovan jako nebezpeény.

Pfed pouzitim se seznamte s udaji v bezpeé¢nostnim listu vyrobku!

LEAR, a.s. * tradicni Eesky vyrobce lepidel a stavebni chemie
Certifikat fizeni kvality podle normy CSN EN ISO 9001.

Pod Sidligtém 3, 636 00 Brno - telefon: +420 548 216 591 « fax: +420 548 535 726 » e-mail: info@lear.cz « hitp//www.lear.cz » www.abclepidla.cz

zapsano v OR KS Brno, odd. B, viozka 213 « ICO: 00219282 « DIC: CZ00219282
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Clanek 1: Stiffness Coefficients of Mortise and Tenon Joints used on Wooden Window
Profiles (Podlena a Bortivka 2016)
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Stiffness Coefficients of Mortise and Tenon Joints used
on Wooden Window Profiles

Milan Podlena * and Vlastimil Bortvka ®

Samples of corner joints of wooden rectangular windows, with widths of 78
and 92 mm, were used to determine the stiffness of tenon and mortise
joints. Two series of samples were loaded statically in the angular plane
of compression and tension, so that the bending moment could be derived.
The objective of the experiment was to determine the existing correlations
between the stiffness in maximum strength and the stiffness in the elastic
area for both types of tests. After strength tests were carried out, the
annual ring width of the samples was measured to determine whether this
factor affects the stiffness of the joints. The results showed that there was
a relatively strong correlation between the stiffness in the elastic area and
the maximum load. A two-factor analysis of variance confirmed that the
type of load did not affect the stiffness of the joint, but the type of joint
(width) does significantly affect the stiffness. Therefore, the width of annual
rings was positively correlated with the stiffness of the joints.

Keywords: Corner joint, Stiffness; Mortise and tenon; Deformation; Load

Contact information: a: Department of Wood Products and Wood Constructions, Faculty of Forestry and
Wood Sciences, Czech University of Life Sciences Prague, Kamyckd 1176, Praha 6 — Suchdol, 165 21, Czech
Republic; b: Department of Wood Processing, Faculty of Forestry and Wood Sciences, Czech University of
Life Sciences Prague, Kamyckd 1176, Praha 6 — Suchdol, 165 21, Czech Republic;

* Corresponding author: podlena@fld.czu.cz

INTRODUCTION

When assessing the strength of wooden structures, the mechanical properties
of either the entire structure or just a particular joint are tested. The strength properties
of individual structural joints are tested under various conditions (Atar et al. 2009; Oktaee
et al. 2014; Imirzi et al. 2015). When the tests are carried out, a maximum force
of compression or tension is applied to the joint until total failure of the joint is observed
for the purpose of subsequent assessment (extension or shortening, load force, change
of angle, bending moment, and stiffness of joint). Knowledge of the mechanical behaviour
of the individual joints is important for assigning a proper application and dimensioning in
the construction sector. The second case investigates the behaviour of the joints in the
entire construction. In this case, a load that the wooden structure is actually exposed to
during normal use is simulated (e.g. weight of a person sitting on furniture) (Eckelman and
Haviarova 2006; Tas et al. 2014).

One of the most frequently used joints in wooden structures is the mortise and tenon
joint. There are many articles dealing with the properties of the tenon and mortise in
relation to the size of the tenon (Wilczynski and Warmbier 2003), the shape of the tenon
(Tankut and Tankut 2005), the glue-line thickness of the bonded joints (Ratnasingam and
Ioras 2013), the wood species (Kasal et al. 2013), the type of adhesive, and wood moisture
content (Tankut 2007), as well as temperature and relative air humidity (Jivkov et al. 2008).
As previously shown, the strength of the joints may be affected by various factors, i.e., the
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internal conditions (type of joint, joint geometry, joint material, and/or type of adhesive),
or external conditions (type of loading forces and abiotic factors). These factors are usually
resolved in use for furniture purposes.

A little investigation into the mechanical properties of mortise and tenon in the
application of wooden windows has been conducted. In Hrovatin et al. (2013), the mortise
and tenon was compared with different corner joints (dowel and wooden ring) for tensile
testing, but only load force was observed. Moreover, in Jos¢dk and Kollar (2007), the
bending moment, deformation, and stiffness were observed for tensile and compression
testing. The profiles of windows 68 mm were used in both research projects. More recently,
Pantaleo ef al. (2014) have carried out a profile of 68 mm for tensile testing. Nowadays,
the requirements for the size of windows are increasing, and there is increasing concern
about the energy sufficiency of windows. For these reasons there is greater use of profile
92 mm. The objective of this experiment was to ascertain the stiffness of the mortise
and tenon joints, thereby discovering the points of weakness in the structure of different
window frames. Generally, these joints are critical for structural integrity, since they
weaken the profile in the cross-sectional dimension. The aim of this paper is to examine
the extent to which the stiffness of the maximum load correlates with the stiffness in the
elastic area. The stiffness in the region is influential in the overall assessment of structural
strength in a joint.

EXPERIMENTAL

Materials and Methods

The testing samples were the corner joints of casements, made from glued-
laminated timber. All of the slats were made of spruce wood, in accordance with the
EN 14080 testing standard (2013). The glued prisms were compiled from length-adjusted
slats using finger joints. Series of completed corner joints were supplied from window
manufacturers (Jano$ik Okna-Dvetfe Ltd., and Davelo Ltd., Czech Republic) in their
standard profiles and dimensions, as specified in Fig. 1.
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~
—

57

23],

A-A 10 10
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Fig. 1. a) Basic measurements of the testing samples, b) JanoSik Okna-Dvefe Ltd., Czech
Republic, and c) Davelo Ltd., Czech Republic
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The first series of tests was run on samples with a profile width of 78 mm (IV 78).
Samples from IV 78 were provided from JanoSik Okna-Dvefe Ltd. A window profile was
made from a three-layer prism, with a slat thickness of 28 mm. The second series of testing
samples were made from a four-layer bonded prism, with a width of 92 mm (IV 92)
and a slat thickness of 24 mm. These samples were obtained from Davelo Ltd. For the
strength tests, 50 samples were supplied from each profile. For each type of stress test,
25 corner joints were available from each series. The tenon and mortise was used
as a corner joint, glued with poly(vinyl acetate) adhesive (class D4, EN 204 (2001))
in manufactures standard.

The corner joints were prepared in the laboratory of Faculty of Forestry and Wood
Sciences at Czech University of Life Sciences Prague. At the start of the test, the
equilibrium moisture content of the samples was stabilized in a conditioning chamber
(BMT Medical Technology Ltd., Czech Republic) at the environmental conditions
of 20 °C (x 2 °C) and 65% (+ 5%) relative humidity. After conditioning, the samples were
immediately used for strength testing. The corner joints were loaded in the angular plane
of compression and tension on the material testing machine, TIRA 50 kN. The testing
machine was originally a UTS 50 unit; however it had been rebuilt as a TIRA 50 (TIRA
system GmbH, Germany). Universal testing fixture was designed for fastening samples
with different widths. The samples were secured in the fixture with drilled hole and steel
pin construction (circular diameter, D = 10 mm), which was secured via a cotter pin
(Fig. 2).

Fig. 2. a) The testing procedure and b) schematic of the bending test for compression and tensile
testing
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The load was applied with a crosshead speed of 5 mm/min to run the entire test in 1
to 2 min. The tests were automatically ended when the loading force was decreased by
15%. During testing, the force (F) and extension were recorded, representing
the shortening at the maximum load and the elastic region, i.e., at 10% and 40% (Fig. 3).
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Fig. 3. Working diagram of tensile strength testing (IV 92, No. 7)

The curve on the graph in Fig. 3 shows the dependence on the load force
and the extension. The loading force (F) acting on the arm (/o) deduced the bending
moments in the area of joint connections. The bending moments were calculated for
maximum load (Mmax) and for bending moment (AMelast.), which was calculated for statuses
in the elastic region as a difference between M40 and Mio. These limits were stated for both
testing methods because the curves of corner joint loadings exhibited linear behavior in
this range as is reported in Fig. 3. During the calculations, perfectly rigid members were
considered, and the effects of the bending and deformation at the location of the tenon were
neglected. The creep of the joints in the fixture at the beginning of the test was reduced
in the software configuration of the testing program, and the actual amount that the joint
extended or contracted was recorded.

The bending moments for both window profiles and types of load were calculated
according to the following Eq. 1 (Jos¢ak and Kollar 2007; Jivkov et al. 2008):

M =F(N)x I, (m) (N X m) (1)

The size of the arm force was a constant value (lo = 186 mm) for all of the samples.
This size was derived from the product of the distance (a + x) and cosine of half of the
original angle (yo = 90°). The result of the acting force (F) changed the original distance
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between the pins of the fixture (L"), which resulted in a deviation in the internal angle of
the joints (y”). This was calculated using the following Eq. 2 (Podlena et al. 2015):

. ] L" (mm)
Yy’ = 2arcsin 7 (a (mm)+ x (mm)) (rad) (2)

The overall resulting stiffness was calculated for the elastic area (celast)
and maximum stiffness of joints (cmax), as a proportion of the change in the corresponding

moments (AMelast., Mmax) and the change in the relevant angles (Ayelast., ymax), according to
Egs. 3 and 4 (Warmbier and Wilczynski 2000):

AMgigse. (N X m)
Celast. = A}’;a; (rad) (N X m/rad) (3)

_ Mpax (N Xm)
Cmax = T (rad) (N X m/rad) (@Y)

After the tests were carried out, the average width of the annual rings,
near the corner joints, was measured on the samples (Fig. 4.). Cross sections of the samples
were scanned and evaluated using image analysis software (NIS Elements AR, Laboratory
Imaging, Czech Republic). The average width of the annual rings was measured for each
sample in pixels and converted to millimeters. In particular, the images were scanned in the
resolution 600 DPI. This means that, the one pixel is equal to 0.0423 mm in the real object.
The impact of this factor was evaluated together with the results of the measurement.
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Fig. 4. Width measurement of the annual rings by software NIS-Elements AR (IV 78, No. 12)
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RESULTS AND DISCUSSION

The results of the load tests are shown in Figs. 5 and 6 for tensile and compression
tests of profiles IV 78 and IV 92, respectively. Figure 5 shows the results of the tensile

tests, with a dependency between stiffness in the elastic area (ct, elast) and stiffness at the
maximum load (ct, max).

y = 4230.7In(x) - 29445 [ | y = 4916.4In(x) - 34388
R=084 OO A
<> = .

ct, elast. (Nm/rad)

©IV78 m|Vo2

Ct, max (Nm/rad)

Fig. 5. Stiffness results for the tensile test

Figure 6 shows the results of compression tests, with a dependency between
stiffness in the elastic area (cc, elast.) and stiffness at the maximum load (cc, max).
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Fig. 6. Stiffness results for the compression test

Measured values were introduced from all of the tests into Eqgs. 1 to 4, and from
these calculations, the values for stiffness were acquired (Table 1). The statistics for
the material parameters, i.e., the width of annual rings for the relevant type of load
and dimension of test profile, is specified in Table 2.
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Table 1. Stiffness Values According to the Types of Testing Procedures and Size
of Profiles

Tensile testing Compression testing
Stiffness IV 78 IV 92 IV 78 IV 92
Elastic area | max | Elastic area | max | Elastic area | max | Elastic area | max
Minimum
(Nm/rad) 3536 2421 8053 5686 3413 2303 5034 3290
Maximum
(Nm/rad) 8262 6501 11824 9666 7396 6105 11250 8276
Median
(Nmirad) 5450 3916 9712 7970 6143 4680 9809 6797
Mean (Nm/rad) 5667 4130 9680 7882 5989 4485 9377 6658
Standard
deviation 1185 989 977 1055 1065 1090 1400 1124
(Nm/rad)
Coefficient of 21 24 10 13 18 24 15 17
variation (%)

Table 2. Width of Annual Rings According to the Type of Testing Procedures and
Size of Profiles

Tensile testing Compression testing
Width of annual rings

! uarring IV 78 IV 92 IV 78 IV 92
Minimum (mm) 2.1 2.1 1.9 2.2
Maximum (mm) 4.5 4.5 4.4 4.4
Median (mm) 3.1 3.1 3.2 3.2
Mean (mm) 3.2 3.2 3.1 3.1
Standard deviation (mm) 0.6 0.6 0.7 0.7
Coefficient of variation (%) 18 18 23 22

As shown in Table 1, the resulting stiffness values from comparing both
the compression and tensile testing methods were very similar to each other. The
differences between the average value of maximum stiffness in the compression and tensile
tests for profiles IV 78 and IV 98 were 355 Nm/rad and 1224 Nm/rad, respectively. These
values can be compared with the results specified by Jos¢ak and Kollar (2007) for profile
68 mm (IV 68). Their results showed the difference 5220 Nm/rad for maximum stiffness
between compression and tensile testing. Considerable differences were also found for
changes in internal angles, which indirectly and proportionally affect the size of joint
stiffness. As shown in Fig. 1, the depth of the joints was constant (80 mm) for used profiles,
but there was a difference in used width of profiles, which is reflected in the uses of double
(IV 68, IV 78) or triple mortise and tenon (IV 92). If one compares these joints, the
dimension of used joints will play the most significant role. The size of bonded area was
larger for IV 92 profile, which means that stiffness for triple mortise and tenon should be
larger. The adhesives and their appropriate application method also had a significant
influence on the strength of produced window. The stiffness of joints was shown to be
affected by the width of annuals rings (Table 2) according to the same range of coefficient
of variation of joint stiffness (Table 1).
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The present results were unable to demonstrate which type of load on the joints
exhibited the greatest effect on stiffness, as the standard deviation of joints stiffness was
determined by small differences in the average values of maximum stiffness. In order to
make the evaluation more relevant, the acquired results were evaluated (software
STATISTICA 12) according to an analysis of variance (ANOVA) to determine the effects
of the load, joint, and load and joint interaction on elastic stiffness and maximum angle
change (Tables 3 and 4).

Table 3. The Effect of Load, Joint, and Load*Joint on the Elastic Stiffness*

Factor Sum of Squares DF Variance Fli:s:?:Sr;s P-value
Intercept 5.711585E+09 1 5.711585E+09 | 4160.732 <0.01
Load 2.264197E+03 1 2.264197E+03 0.002 0.97
Joint 3.317402E+08 1 3.317402E+08 | 241.664 <0.01
Load*joint 2.362323E+06 1 2.362323E+06 1.721 0.19
Error 1.276644E+08 99 1.372735E+06

*Significance Level of 99%

Table 4. The Effect of Load, Joint, and Load*Joint on the Maximum Angle Change*

Factor Sum of Squares DF Variance Fisher's P-value
F-test
Intercept 637.4798 1 637.4798 3207.622 <0.01
Load 0.5840 1 0.5840 2.938 0.09
Joint 2.7410 1 2.7410 13.792 <0.01
Load*joint 3.7959 1 3.7959 19.100 <0.01
Error 19.6752 99 0.1987
*Significance level of 99%
type of load: =9— compression, -B— tensile
IE‘ 9000
E 8000
; type of joint N
Fig. 7. Graphic depiction of the impact of the load and joint on the elastic stiffness
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The type of joint (width) significantly (P < 0.01) affected the elastic stiffness of the
joint; however, there was no difference detected in the type of load (P = 0.97) or the
combination of load and joint (P = 0.19) on the elastic stiffness (Fig. 7). Similar results
were demonstrated for the effect of the load, joint, and the load and joint interaction on the
maximum angle change. In this case, the interaction effect of the type of load and the joint
type (width) were statistically significant (P < 0.01).

The thresholds that were set in the elastic area reduced the probability of errors that
might have occurred during this measurement. When a sample was affixed to the apparatus,
a certain amount of clearance in the tenon joint was also created. A minimum of 10%
threshold was attributed to the ‘start-up’ at the beginning of the tests, and was therefore
eliminated. The upper limit of 40% was used as a standard, which is commonly used for
ascertaining static modulus of wood elasticity. In this study, the focus remained on
maximum stiffness and the yield strength of joints. However, the strength of the joints may
vary substantially between the same type of joints and materials. Therefore, the testing was
unable to detect whether a joint failed in the glued area, or in some other area. Further
research is required in this area to expand the elastic stiffness database and determine the
mechanical properties of other types of joints with respect to relative humidity.

CONCLUSIONS

1. For the tensile test of profile IV 78, an average of 5667 and 5989 Nm/rad were obtained
for the elastic area in the tensile and the compression tests, respectively. For profile IV
92, the stiffness test resulted in an average of 9680 and 9377 Nm/rad for the elastic area
in the tensile and the compression tests, respectively.

2. The correlation between elastic stiffness and stiffness at the maximum load were
similar, ranging from 0.69 to 0.84 for profile IV 92 and profile IV 78.

3. A two-factor analysis of variance demonstrated a significant effect for the type of joint
(joint width) on the elastic stiffness, but failed to demonstrate a statistical influence of
the type of load or the combination of load and joint.

4. The variance for the average width of the annual rings, as one of the material factors
that affects stiffness, ranged from 18% to 23%. The coefficient of variation for joint
stiffness was approximately within the same range of values, i.e., from 10% to 24%.
Thus, the variability of joint stiffness is clearly influenced by the structure of the
material.

5. The loading of samples within the elastic area proved to be a more relevant method.
The range of the elastic area is clearly defined by the upper and lower limits. Within this
region, the trajectory of forces for all types of joints will always be the same, without
a permanent breach of the test samples. The results are more accurate in comparison to
loading up to the ultimate strength.
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Determination of the Bending Moment of a Dowel and
Tenon Joint on Window Profile IV 92 of a Wooden
Window

Milan Podlena,* Martin Bohm, Martin Mucka, and Jan Bomba

This study deals with calculating and comparing the bending moments
of two types of corner joints for commercially produced wooden sashes.
The triple tenon and mortise joint was compared to a dowel joint on the
sash of a window profile IV 92, made of spruce glued laminated timber.
On the testing machine, the maximum force in the angular plane
of a window sash under compression or tension mode was applied,
and the measured values were converted tothe bending moments.
A significant difference between the bending moments for the mortise and
tenon joint, and dowel joint were determined. The dowel joints achieved
167 Nm in atensile test and 168 Nm in a compression test, while the
mortise and tenon joint achieved 344 Nm in a tensile test and 325 Nm in
a compression test. However, a significant difference was not revealed
between the compression and tension tests for both types of joints.
The differences for both types of joints were explained via the different
sizes of the bonded surfaces, which was higher for the tested triple tenon
and mortise joint by 29%.

Keywords: Bending strength; Dowel; Mortise and tenon; Corner joint; Wooden window

Contact information: Department of Wood Products and Wood Constructions, Faculty of Forestry and
Wood Sciences, Czech University of Life Sciences Prague, Kamyckd 1176, Praha 6- Suchdol, 165 21,
Czech Republic; *Corresponding author: podlena@fld.czu.cz

INTRODUCTION

At the end of the 20" and at the beginning of the 21 centuries, thermo-technical
properties of opening windowpanes were improved through the use of glued laminated
timber, insulating glass, and a multipoint locking system. The size of a window profile was
gradually expanded in the direction of the temperature gradient from 68 mm, through 72
mm, 78 mm, and 88 mm, to 92 mm and higher. According to the standard DIN 68 121-1
(1993), window profiles are labelled with letters “IV,” having the reference of a single
window (or doors) fitted with insulating glass. An opened single tenon and mortise was
used as a corner joint on the smallest profile, which was replaced by a double, then triple
tenon and mortise as the profile increased. Larger profiles allowed for thermally insulating
double and triple glazing to be fitted, which helped with decreasing the heat transfer
coefficient by as much as 75%, compared to single glazing (Hochberg et al. 2010). Through
their glazing, windows represent a structural element that contributes to improving the
energy performance of the entire building (Pantaleo er al. 2013). However, due to the
weight of the insulating glass, increased demands are placed on the strength of the corner
joints. Here it was necessary to achieve greater strength and stiffness of the corner joints,
which increases along with the increasing bonded surface (Warmbier and Wilczynski
2000; Wilczynski and Warmbier 2003; Hajdarevié¢ and Sorn 2012). For utilizing passive

Podlena et al. (2017). “Bending dowel & tenon joints,” BioResources 12(2), 4202-4213. 4202



PEER-REVIEWED ARTICLE biOI‘esourceS. com

solar gains, glass surfaces also have tended to be maximized in the curtain walling of
buildings, thereby again increasing the load on the corner joints of window sashes.

The IV 92 window profile with tenon and mortise in the corner joint is currently
the most commonly used window profile. Dowel joints are the most frequent alternative to
tenon and mortise (Bahlmann 2011; Hrovatin et al. 2013a; Pantaleo et al. 2013). Dowel
joints provide many advantages for manufacturers. The top and bottom rails are always
shorter by two widths of a bonded profile because they do not need material for the creation
of joints, such as in the case for an opened tenon and mortise joint. Drilling dowels uses
less energy than milling, and less waste is created. The production process is thus
simplified and faster, due to the necessary profiles and holes for the dowels being formed
by one machine. This increases manufacturing productivity and reduces production costs.
The dowels are therefore able to compete with the tenon and mortise joint by accepting a
lower strength (Efe et al. 2005; Hrovatin ef al. 2013a; Imirzi et al. 2015). Despite the
overall lower strength of dowel joints (Pantaleo et al. 2013), the experimental tests and
modelling using the finite element method have established that dowelled window sashes
with the application of structural silicon still have sufficient stiffness. Generally, the size
of a bending moment and the stiffness of dowel joints can be affected by the dowel spacing,
diameter, and depth of dowels (Warmbier and Wilczynski 2000). The comparison also
showed that beech dowels in beech wood species have a higher strength than the oak
species. Therefore, the wood species is also important.

Another fastener is the Hoffmann Dovetail Key joint (Jos¢ak and Kollar 2007),
and further research was performed for the substitution of the mentioned joints with a
wooden ring (Hrovatin ef al. 2013b). Table 1 shows that the variability of the strengths of
joints is primarily affected by the type of corner joint, the type of adhesive, wood species,
and the size of the profile, which, like the type of joints, relates to the size of the bonded
surface. In addition, the glue line thickness (Hajdarevi¢ and Sorn 2012; Ratnasingam and
Ioras 2013) and the temperature (Altinok and Kili¢ 2004) also affect the strengths of the
joints. The wood moisture content can have an effect with a different type of adhesive on
the breaking strength too (Tankut 2007; Bomba et al. 2014). The measurement results are
dependent on the methodical measurement procedure, which is not unified for testing the
corner joints of wooden windows. Pantaleo et al. (2014) also mentioned that there are no
specific procedures for testing rectangular corner joints. At this time only one standard
for testing the corner joints of plastic windows, EN 514 (2000), has been proposed.

The present research included the testing of the corner joints of window profiles
in the angular plane under compression or tension under normal conditions until a load
at maximum force (Fna) was attained. However, the values of the joints can also
be measured in the elastic area, such as in Podlena and Bortivka (2016), wherein it was
determined, when comparing profiles IV 78 and IV 92, that the values of stiffness from
the elastic area (10% and 40%) correlate (0.69 to 0.84) to the values from the maximum
stiffness. During the testing of the corner joints, the progressions of forces derived from
the moving crosshead of the testing machines are recorded depending on the displacement.
As Table 1 shows, the force is also the most frequently monitored variable, but its value
depends on the arm length. According to the size of the displacement, through
the trigonometric function, the change in the inner angle is calculated for rectangular joints
(Simeonova et al. 2015). The bending moment (M) is directly proportional to the size
of the loading force and moment arm (/) (Eckelman 1971), and the resulting stiffness
of the corner joints is calculated using the proportion of the bending moment to the change
in the internal angle (c¢) (Erdil et al. 2005).
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Table 1. Summary of the Various Corner Joints Applied to Wooden Windows

Tested in Compression and Tensile Testing in the Angular Plane of Window Sash

Size

T’é’?e Type of Name of Wood of gtl:'::];ﬁ Depf‘ggn:laé}[{on Eﬂeor:g;nnq[ Stiffness
Corner Joint Adhesive Species | Profile o (Nm/rad)
Load (mm) (N) °) (Nm)
PVAc, .
Double Mekol 1141 Pine 68 832.5 - - -
tenon and PVAG
v , . ] ] ]
mortise Duplit AL-NBU Pine 68 1030
Double
tenon and - Spruce 68 - 0.68 369.6 9369
mortise?
Double
tenon and - Spruce | 78 - - - 4130
o mortise®
@ | Triple tenon
E’ and mortise? - Spruce | 92 - - - 7882
PVAc, :
Wooden Mekol 1141 Pine 68 1170 i i i
ring’ PVAC .
Duplit AL-NBU Pine 68 1115 - - -
. PVAc :
1 ’ - - -
Dowel joints Mekol 1141 Pine 68 530
Hoffman
Dovetail - Spruce | 68 - 0.65 310.2 8278
Key?
(PVAC, two- LB'aCK 55 | 9251.8 . . .
ocust
Double component D4 .
tenonand | +5% Turbo | S€ssile | g 9037 . . .
mortise* | hardener 303- SC():?)TS
5 - . -
) Pine 55 | 5432.9
teaglrjmballid PVAc, one 60 2080 - - -
_ mortise’ Kleiberit 303 Fir 1781 - - -
o Double
ﬁ tenon and - Spruce | 68 - 3.51 184.6 4149
5 mortise?
g Double
o tenon and - Spruce 78 - - - 4485
mortise®
Triple tenon
and mortise? - Spruce | 92 - - - 6658
Hoffman
Dovetail - Spruce | 68 - 3.40 245.9 5232
Key?
Double
tenonand | o DVAC Red | g5 | 13429 . 264.7 :
6 rotovil D4 oak
mortise
- This parameter is not specified.
1: Hrovatin et al. (2013a); 2: JoS¢ak and Kollar (2007); 3: Podlena and Bordvka (2016);
4: Altinok et al. (2013); 5: Altinok et al. (2010); 6: Pantaleo et al. (2014)
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Most researchers have only conducted tests on profiles IV 68 and smaller, which
have now been replaced by bigger profiles. Measurements for this study were therefore
performed on samples of window sashes with a profile IV 92 joined with a triple tenon and
mortise, which was compared with a dowel joint. The bending moment calculated from the
maximum load was selected as a characteristic for the strengths of the corner joints, which
are comparable with the other joints.

EXPERIMENTAL

Materials

Test samples used were sash frames manufactured from spruce glued-laminated
timber in accordance with the standard EN 14220 (2007) on profile IV 92 (Fig. 1a).
The samples were supplied by window manufacturers conforming to their production
standard. The length of each sample arm was measured as 350 mm. Batches of 51 corner
joints were fitted with triple tenon and mortise (Figs. 1b and 2a), and the second series had
32 corner joints connected with five oak dowels (Figs. 1c and 2b). The dowels had
dimensions of 8 mm x 50 mm with a spiral pattern on the surface. Two holes
with diameters of 11 mm + 0.5 mm were drilled through the corner joint members using
aradian drilling machine (TOS Svitavy, Czech Republic) to affix the samples by pins
in the test grips (Podlena et al. 2015).

Fig. 1. Samples of the corner joints prepared for the bending test (a) with mortise and tenon (b),
and dowel joints (c)
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Tests were performed on bonded and milled corner joints whose surfaces did not
have a completed surface treatment. The rabbates and grooves on the profiles differed
in terms of the milling tools used by the window manufacturers. The outside rabbets
of sash profiles were three-fold with grooves, which accommodate window fittings
and rubber seals. The dimensions of the tested window profiles (including characteristic
dimensions of corner joints) in mm are shown in Fig. 2.

. 60 20
57 23 o B3I DOWEL @8 x 50
|
2=, "
g"
2‘ o g
-‘ N‘-A,,
| —
L
i
80
a) b)

Fig. 2. Geometry of the window profiles IV 92 with triple mortise and tenon (a), and dowel joints (b)
with dowel, in millimetres

The corner joints were bonded using thermoplastic dispersion of polyvinyl acetate
(PVAc) adhesives with D4 durability class according to the standard EN 204 (2001).
The series of samples with triple tenon and mortise were bonded using the adhesive
D4 Leim 1K (GreenteQ, Gillingham, United Kingdom). The 1K Holzkaltleim D4 1K
adhesive (Wiirth, Kiinzelsau, Germany) was used for the second series of joints.
The selected characteristic properties specified in the technical sheets of the
aforementioned adhesives are summarized in Table 2. The specified pH values of the
adhesives were determined at a temperature of 20 °C according to ISO standard 976 (2013)
and the viscosity of adhesives according to ISO 2555 (2015).

Table 2. Properties of Adhesives Applied on the Testing Samples

Type of Joint Mortise and Tenon Dowel Joints
Adhesive GreenteQ, D4-Leim 1K WURTH, 1K Holzkaltleim D4 1K
Density 1 g/cm3 1.1 g/cm?
pH Value approx. 3.5 approx. 3
Viscosity approx. 5000 to 6000 mPa.s approx. 7000 mPa.s
Minimum Temperature of approx. + 8 °C approx. +7 °C
Film Formation ' )

Methods

To eliminate moisture content’s effect on the strength of the joints, the equilibrium
moisture content of all samples was stabilized in a climate chamber (Memmert GmbH +
Co. KG, Schwabach, Germany) with a temperature of 20 °C £ 2 °C and a relative humidity
of 65% + 5%. The corner joints samples were then taken for mechanical tests ( a)
b) c)
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Fig.) in an angular plane of compression (Fig 3a), or tension (Fig 3b).

Fig. 3. Schematic of the bending tests for compression testing (a) and tensile testing (b) with set-
up of corner joints in the testing machine TIRA 50 (c)

The test machine used was the universal tensile testing machine TIRA 50 (TIRA
GmbH, Schalkau, Germany) with a loading range up to 50 kN using TIRA software
(TIRAtest, Version 4.6.0.40, Schalkau, Germany). The designed fixing component was
mounted in the testing machine, and two pins affixed the test samples of the corner joints.
Either a compression or tension test was performed with the same component according to
the configured crosshead direction of displacement. Deformations in the holes of
the member were neglected in both the methodological tests and both types of joints
because they were not important in terms of overall deformations. During the test,
the machine applied a constant load speed of 50 mm/min to adhere to the time course of the
test of approximately 2 min. The values of the forces at maximum load in compression
(Femax) and tension (Fpmax) were ascertained using the TIRA software. The resulting
bending moments of the corner joints under compression (M max) and tension (M;,max) were
then calculated according to the following Egs. 1 and 2 according to the load method
(Jivkov et al. 2008):

Mc,max (N X m) = Fc,max (N) X 1 (m) (1)
M max (N X m) = l'-:t,max (N) x 1 (m) (2)

Perfect rigid members were expected during the calculations. The moment arm (/)
is the perpendicular distance from the line action of the force to the axis of the rotation. The
centre of moments is located at the intersection of the lines that are parallel with the edges of
the members and pass through the centre of the pins in the fixing component. An analysis of
variance (single-factor ANOVA) and a multiple comparison test (post-hoc Tukey) were
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performed for a statistical assessment of the calculated results by software Statistica (StatSoft,
Version 12. 0, Tulsa, Oklahoma, USA).

When comparing the triple tenon and mortise to the dowels, the impact of the size
of the bonded surface, which was measured based on the given dimensions of the joints,
was also taken into consideration. The bonded surfaces were added at the point
of the members contact, regardless of the fibre orientation. Because the dowels are a type
of fastener that penetrates into both members symmetrically, the total surface area
of the dowels was calculated by adding up half of the surface of all five dowels with
the contact surface of both members.

RESULTS AND DISCUSSION

The results of the calculated bending moments for the corner joints of the window
sashes on profile IV 92 are specified in Table 3. The data was divided according to the type
of corner joints and load method used.

Table 3. Bending Moment Results

. Triple Tenon and Mortise Dowel Joint

Bending Moment . - - .
Compression Tensile Compression Tensile

Mean (Nm) 325 344 168 167

Median (Nm) 335 338 166 170

Standard Deviation (Nm) 44 49 18 17

Specimens Counts 25 26 16 16

Minimum (Nm) 210 254 141 129

Maximum (Nm) 401 452 197 188

Coefficient of Variation (%) 13 14 11 10

The triple tenon and mortise tensile (344 Nm) achieved the highest bending
moments, and it was followed by the values from the compression test (325 Nm). The size
of the bending moment of the tensile tests was therefore 5% greater than that in the
compression. The dowel joints were found to have approximately one-half of the tensile
(167 Nm) and compression (168 Nm) test values compared to the triple tenon and mortise.
Therefore, the result of the tensile test for the tenon and mortise achieved a 49% higher
value when compared to the tensile test for the dowel joints. In terms of the compression
test, the difference inthe values was greaterthan 52%. In terms of the tensile
and compression test values for dowel joints, the difference was less than 1%.

A significant difference (P = 0.000147) was demonstrated at 95% confidence
between the bending moments for the triple tenon and mortise and for the dowel joints. In
contrast, significant difference between type of loading (compressions and tension) for the
triple tenon and mortise (P = 0.3109) or dowel joints (P = 0.999985) was not demonstrated.
Furthermore, significant difference was not also proven between the average values of the
maximum load on an angular plane of a window sash in compression or tensile tests for
the tested triple tenon and mortise or dowels (Fig. 4).

The failure modes examples are presented in Fig. 5. Failure modes occurred
in the wood and joint in both cases, so that used adhesives provided sufficient strength.
Samples of triple tenon and mortise joint were damaged in the tests as a result of the joint
rotation according to the type of load. The triple tenon and mortise is an open type of joint
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whose bonded surfaces adhered with the side surfaces several times. Through
the multiplicity of the tenon, the bonded surface was thus increased, and so was
the strength of the joint. Dowel joints were pulled out of the wood on the inner side during
tensile test, or on the outer side during compression test. This behaviour explains
the different failure mode of the dowels in the Fig 5b. For the expression of the stress
distribution in the wooden window frame connected with dowels, Pantaleo et al. (2013)
previously used finite element modelling.

Type of load: _4_ Tensile, "4 Compression
400

350 | IE

300 ¢

260 ¢

Mz (NM)

200 ¢

1t

100

Mortise and tenon Dowels

Type of joint

Fig. 4. ANOVA results (vertical bars denote 95% confidence interval); the X-axis represents the
type of corner joint and the Y-axis represents ultimate bending strength

a) b)

Fig. 5. Example of failure modes in compression: triple tenon and mortise (a) and dowel joint (b)

The fact that strength of the corner joint increases with increasing bonding surface
was discussed in the Introduction, and such a dependency already has been established by
many authors such as Warmbier and Wilczynski (2000), Wilczynski and Warmbier (2003),
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and Hajdarevi¢ and Sorn (2012). Accordingly, higher bending moment values of the triple
tenon and mortise could be partially explained through the size of bonded surfaces. The
sum of the bonded surfaces achieved 10260 mm? for the tested triple tenon, but for the
dowel joint the surface contact only achieved 7298 mm?. Thus, a lower bending moment
of dowel joint was expected. The overall bonded area of the dowel joint was given by the
sum of the sizes of the contact surfaces of both members (3905 mm?) and half of the total
surface area of five dowels with dimensions of 8 mm x 50 mm (3393 mm?). Therefore,
only the surface of the dowels that penetrated the member of the second arm was taken into
consideration. The 49% difference in bending moments in the tensile and 52% in the
compression strengths between both joints could be partially explained by the smaller size
of the bonded surfaces, wherein the bonded surface for the dowel joints was 29% smaller.

The results of the bending moments were partially comparable to the values
specified in Table 1, as its size depended on the arm length. Jos¢ak and Kollar (2007) tested
a smaller 68 mm profile produced from a bonded spruce glued laminated timber with
double tenon and mortise, which was compared to the Hoffmann Dovetail Key. The tenon
and mortise in tensile mode showed 369.6 Nm in tension and 184.6 Nm in compression
mode, whereas on the same profile the Hoffmann Dovetail Key only achieved 310.2 Nm
in tension, but 245.9 Nm in compression. The large difference in compression or tension
mode that these researchers achieved was interesting. A different double tenon and
mortise, which was made from red oak, achieved average values of 264.7 Nm
in compression with another 68 mm profile (Pantaleo et al. 2014). Based on the results
of the bending moments of this research, the authors confirmed that the tenon and mortise
joints had the highest strength of all of the researched types of joints. However, the
diversity of the samples and methodological procedures did not allow for a comparison of
the findings of all the other studies with sufficient precision.

When comparing dowel joints, it is important to emphasize that the window
manufacturer used uncommon oak dowels on the test samples of this research. The findings
from other studies show that the strength of the tested dowel joint can be optimized using
beech dowels, or by increasing the number of dowels in the corner joint, which increases
the bonded surface of the joint. The question remains to what extent these changes would
weaken the cross-section of the members.

CONCLUSIONS

1. In the IV 92 window profile, the triple tenon and mortise joint achieved a bending
moment value of 344 Nm at a load in an angular plane for tension, and 325 Nm
for compression. A statistically significant difference (P =0.3109) at a confidence level
of 95% was not demonstrated among the results of the tensile and compression values
for tenon and mortise.

2. In the IV 92 window profile, the dowel joints demonstrated significantly lower values
of bending moments in the tensile test at 167 Nm, and 168 Nm in the compression test.
A statistically significant difference (P = 0.999985) at a confidence level of 95% was
also not demonstrated among the results of dowel joint tensile and compression tests.

3. Via a single-factor analysis of variance test, a statistically significant difference
(P=0.000147) at a confidence level of 95% was demonstrated for the bending
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moments for triple tenon and mortise and for dowel joints. Specifically, this was a 49%
difference in the tensile test and 52% in compression between both joints.

4. The bonded surface of the tested triple tenon and mortise (10261 mm?) had a 29%
greater bonded surface size compared to the dowel joints (7298 mm?) that were
commercially made, which significantly affected the rigidity of the corner joints,
and the size of the bending moment.

5. Given the measured results and the increasing demands and requirements for load
bearing of fillings of a frame structure, it was better to particularly prioritize tenon and
mortise as a type of corner joint for large windows. Adversely, dowel joints could be
used successfully for smaller windows.

ACKNOWLEDGMENTS

This research was conducted with the financial support from the Internal Grant
Agency of the Faculty of Forestry and Wood Sciences at the Czech University of Life
Sciences Prague, Project No. BO1/16.

REFERENCES CITED

Altinok, M., Doéngel, N., Sogiitlii, C., and Doruk, $. (2010). "Determination of diagonal
compression performance of the wooden joinery corner joints with mortise and
tenon," Journal of Forestry Faculty 10(2), 96-101.

Altinok, M., Doruk, S., Arslan, A. R., and Giirleyen, L. (2013). "Determination of the
effects of wood types and impregnation process in performance of the window frames
corner joints," Wood Research 58(2), 275-284.

Altinok, M., and Kili¢, A. (2004). "Determination of bonding performances of modified
polyvinylacetate (PVAC) and Klebit 303 (K.303) adhesives in different hot-
surroundings," Journal of Engineering Sciences 10(1), 73-80.

Bahlmann, H. (2011). "Fensterelement," in German,
(https://www.google.com/patents/DE102011103196B4?cl=de), 26 November 2016.

Bomba, J., Sedivka, P., Bshm, M., and Devera, M. (2014). "Influence of moisture content
on the bond strength and water resistance of bonded wood joints," BioResources 9(3),
5208-5218. DOI: 10.15376/biores.9.3.5208-5218.

DIN 68 121-1 (1993). "Timber profiles for windows and window doors; dimensions,
quality requirements," German Institution for Standardization, Berlin, Germany.

Eckelman, C. A. (1971). "Bending strength and moment-rotation characteristics of two-
pin moment resisting dowel joints," Forest Products Journal 21(3), 35-39.

Efe, H., Zhang, J., Erdil, Y. Z., and Kasal, A. (2005). "Moment capacity of traditional
and alternative T-type end-to-side-grain furniture joints," Forest Products Journal
55(5), 69-73.

EN 14220 (2007). "Timber and wood-based materials in external windows, external door
leaves and external doorframes -Requirements and specifications," European
Committee for Standardization, Brussels, Belgium.

EN 204 (2001). "Classification of thermoplastic wood adhesives for-non-structural

Podlena et al. (2017). “Bending dowel & tenon joints,” BioResources 12(2), 4202-4213. 4211


https://www.google.com/patents/DE102011103196B4?cl=de

PEER-REVIEWED ARTICLE biOI‘esourceS. com

applications," European Committee for Standardization, Brussels, Belgium.

EN 514 (2000). "Unplasticized polyvinylchloride (PVC-U) profiles for the fabrication of
windows and doors. Determination of the strength of welded corners and T-joints,"
European Committee for Standardization, Brussels, Belgium.

Erdil, Y. Z., Kasal, A., and Eckelman, C. A. (2005). "Bending moment capacity of
rectangular mortise and tenon furniture joints," Forest Products Journal 55(12), 209-
213.

Hajdarevi¢, S., and Sorn, S. (2012). "Effect of the spread adhesive thickness and surface
on strength and stiffness of joint," in: Trends in the Development of Machinery and
Associated Technology, UAE, Dubai, pp. 571-574.

Hochberg, A., Hafke, J. -H., and Raab, J. (2010). Open/Close: Windows, Doors, Gates,
Loggias, Filters, Birkhauser, Basel, Switzerland.

Hrovatin, J., Prekrat, S., Berginc, J., Sernek, M., Zupancic, A., Oblak, L., and Medved, S.
(2013a). "Strength comparison of joints at window frames," Drewno: Prace
Naukowe, Doniesienia 56(189), 127-135. DOI: 10.12841/wood.1644-3985.030.09

Hrovatin, J., Zupancic, A., Sernek, M., and Oblak, L. (2013b). "The fracture moment of
corner joint bonded by different glues," Drvna Industrija 64(4), 335-340. DOI:
10.5552/drind.2013.1248

ISO 2555 (2015). "Plastics - Resins in the liquid state or as emulsions or dispersions -
Determination of apparent viscosity by the Brookfield Test method," International
Organization for Standardization, Geneva, Switzerland.

ISO 976 (2013). "Rubber and plastics - Polymer dispersions and rubber latices -
Determination of pH," International Organization for Standardization, Geneva,
Switzerland.

Imirzi, H. O., Smardzewski, J., and Déngel, N. (2015). "Method for substitute modulus
determination of furniture frame construction joints," Turkish Journal of Agriculture
and Forestry 39, 775-785. DOI: 10.3906/tar-1406-92.

Jivkov, V., Marinova, A., and Johannes, A. (2008). "Influence of the temperature on the
bending strength and stiffness characteristics of glued corner joints of frame structural
elements made from solid beech wood," in: NABYTOK, Technicka univerzita,
Zvolen, (pp. 1-10).

Josc¢ék, P., and Kollér, P. (2007). "Strength characteristics of Hoffmann-Schwalbe corner
joints of window sash," in: Annals of Warsaw University of Life Sciences, Warsaw
University of Life Sciences, Warsaw, pp. 291-295.

Pantaleo, A., Ferri, D., and Pellerano, A. (2013). "Wooden window frames with structural
sealants: Manufacturing improvements and experimental validation of a finite
element model," Journal of Adhesion Science and Technology 28(2), 115-135. DOI:
10.1080/01694243.2013.827093.

Pantaleo, A., Ferri, D., and Pellerano, A. (2014). "Tests for outdoor window profiles: 90°
mortise tenon corner joints strength assessment," Wood Material Science and
Engineering 11(1), 25-35. DOI: 10.1080/17480272.2014.939712

Podlena, M., and Bortivka, V. (2016). "Stiffness coefficients of mortise and tenon joints
used on wooden window profiles," BioResources 11(2), 4677-4687. DOI:
10.15376/biores.11.2.4677-4687.

Podlena, M., Bortivka, V., and Bomba, J. (2015). "The strength determination of corner
joints used for wooden windows," in: Annals of Warsaw University of Life Sciences,
Warsaw University of Life Sciences, Warsaw, pp. 149-153.

Ratnasingam, J., and Ioras, F. (2013). "Effect of adhesive type and glue-line thickness on

Podlena et al. (2017). “Bending dowel & tenon joints,” BioResources 12(2), 4202-4213. 4212



PEER-REVIEWED ARTICLE biOI‘esourceS. com

th fatigue strength of mortise and tenon furniture joints," European Journal of Wood
and Wood Products 71, 819-821. DOI: 10.1007/s00107-013-0724-1.

Simeonova, R., Marinova, A., and Jivkov, V. (2015). "Study on stiffness coefficients
under bending test of end corner detachable joints of structural elements made of
plywood," Innovation in Woodworking Industry and Engineering Design 1(7), 59-66.

Tankut, N. (2007). "The effect of glue and glueline thickness on the strength of mortise
and tenon joints," Wood Research 52(4), 69-78.

Warmbier, K., and Wilczynski, A. (2000). "Strength and stiffness of dowel corner joints:
Effect of joints dimensions," Folia Forestalia Polonica 31(seria B), 29-41.

Wilczynski, A., and Warmbier, K. (2003). "Effect of joint dimensions on strength and
stiffness of tenon joints," Folia Forestalia Polonica 34(seria B), 53-66.

Article submitted: December 26, 2016; Peer review completed: March 30, 2017; Revised
version received and accepted: April 13, 2017; Published: April 25, 2017.
DOI: 10.15376/biores.12.2.4202-4213

Podlena et al. (2017). “Bending dowel & tenon joints,” BioResources 12(2), 4202-4213. 4213



Clanek 3: Axial Loading of Different Single-pin Dowels and Effect on Withdrawal
Strength (Podlena et al. 2018)



PEER-REVIEWED ARTICLE biOI‘esourceS. com

Axial Loading of Different Single-pin Dowels and Effect
on Withdrawal Strength

Milan Podlena, gtépém Hysek,* Jifi Prochazka, Martin Bohm, and Jan Bomba

Withdrawal strengths of commercially available hardwood dowels were
examined in this work. Multi-grooved dowels with a straight surface pattern
and with pre-glued polyvinyl acetate (PVAc) were tested. Additionally,
standard dowels with different single- and multi-grooved surface patterns
were also tested, which were not pre-glued. Standard dowels were bonded
with two types of PVAc and one type of polyurethane (PUR) adhesive.
The influence of the type of dowel, the surface pattern, the dowel
diameter, and the type of adhesive used on the dowel joint strength were
investigated. Lower average strengths were observed for single-grooved
dowels with a spiral pattern (4.9 MPa); failures generally occurred
at the first or second thread of the spiral groove. For the pre-glued dowels,
there were differences in the observed strengths, which depended upon
how the PVAc adhesive was activated. Lower withdrawal strengths were
noted for the pre-glued dowels when they were activated by dipping them
in water (3.0 MPa) versus adding water directly to the pre-drilled holes
(4.7 MPa to 5.4 MPa).

Keywords: Multi-grooved; Single-grooved; Pre-glued; Wood; Dowels; Withdrawal strength; Adhesive

Contact information: Faculty of Forestry and Wood Sciences, Czech University of Life Sciences Prague,
Kamyckd 1176, 165 21 Prague 6 — Suchdol, Czech Republic; *Corresponding author: hyseks @fld.czu.cz

INTRODUCTION

Wooden dowels are one type of fastener for joints in wooden constructions.
There are currently a wide range of types and sizes of wooden dowels available on the
market. Their nominal dimensions are usually given in SI (Metric) or customary (English)
units. To apply joints in structures, it is first necessary to understand their load bearing
behavior to select the correct joint design with respect to the material parameters. For this
study, some of the dowels have already been tested via the methods shown in Fig. 1.

The first group of methods are strength tests measuring the load bearing capacity
of dowel joints under compression (Figs. 1a to 1c) and tension (Fig. 1d) under a bending
moment. Dalvand et al. (2014) and Zhang and Eckelman (1993) ascertained that
the diameter of the dowel and depth of penetration have a significant effect on the bending
moment for tests under compression. For example with 19-mm plywood, the highest
strength was achieved when increasing the dowel size from 6 mm to 8 mm. However,
when the dowel size was increased to 10 mm, there was a decrease in the bending moment
(Dalvand et al. 2014). When multi-pin dowel connection is used, it depends, in addition
to the diameter and depth of the dowels, also on the number of dowels and their spacing
(Derikvand and Ebrahimi 2015). Moreover, bending moment can be also derived during
the testing of torsional strength (Fig. 1e). This method is a different case of dowel testing
for furniture frames (Zhang et al. 2002b).
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Fig. 1. Methods of dowel testing: a) Compression loading test of “L” type corner joint (Simek et al.
2010; Dalvand et al. 2014; Derikvand and Ebrahimi 2015); b) Compression loading test of “T”
type corner joint (Eckelman 1971, 1979; Zhang et al. 2001); ¢c) Compression loading test of “L”
type corner joint (Ahmad et al. 1993); d) Tension loading test of “L” type corner joint (Zhang

and Eckelman 1993; Tankut 2005; Yerlikaya 2012); e) Torsional test (Zhang et al. 2002b);

f) Single-shear test (Bocquet et al. 2007; Milch et al. 2017); g) Double-shear test (steel-to-timber)
(Dorn et al. 2013); h) Double-shear test (timber-to-timber) (Santos et al. 2009; Oudjene and
Khelifa 2010; Resch and Kaliske 2010); i) Lateral test test (Zhang et al. 2002a); j) Edge
withdrawal test (Ahmad et al. 1993); k) Edge withdrawal test (Uysal 2005; Yapici et al. 2011;
Ozcan et al. 2013); |) Edge withdrawal test (Eckelman 1969; Jensen et al. 2001); and m) Face
withdrawal test (Eckelman and Cassens 1985; Uysal 2005; Ozcan et al. 2013)

Dowels are also often subjected to the shear stress in timber engineering
(e.g., beams) in two main stresses. The first is a single shear dowel-type joint (Figs. 1f)
(Bocquet et al. 2007; Milch et al. 2017). A shear plane is located between two members
that are connected with a dowel. A double shear testing (Figs. 1g and 1h) has been tested
in relation with steel-to-timber (Dorn ef al. 2013) and with timber-to-timber connections
(Santos et al. 2009; Oudjene and Khelifa 2010). These investigations tend to be analysed
by finite element modeling that helps to determinate the load-carrying capacity without
experimental testing (Santos et al. 2009; Oudjene and Khelifa 2010; Resch and Kaliske
2010). Moreover, Zhang et al. (2002a) reported about lateral shear strengths for horizontal
and vertical rail directions for furniture applications (Fig. 11).

Edge withdrawal tests (Figs. 1j to 11), or face withdrawal tests (Fig. Im), can be
summarized in the last group of testing methods. For example, beech dowels with
diameters of 6 mm, 8 mm, and 10 mm were used in the control samples of particleboard
and medium-density fiberboard (MDF). The highest withdrawal strength was observed
when using 6-mm dowels with particleboard, whereas for MDF, the highest strength was
observed for 10-mm dowels (Kurt ef al. 2009). This noted difference is explained by the
boards’ composition and their homogeneity. Of all of the above-mentioned tests, this
method aptly measures the shear stress of dowels in different materials; hence, this method
was selected for the testing of various dowels in this investigation.
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EXPERIMENTAL

Materials

Rectangular prisms (20 mm x 20 mm x 75 mm) that were used to anchor the tested
dowels were fabricated from beech wood (Fagus sylvatica) (Jaroslav Blazek, Roudnice
nad Labem, Czech Republic). Prior to processing, the wood was left at room temperature
(20 °C). The mass and volume of the test samples were determined and used to calculate
density in accordance with CSN 49 0108 (1993); the moisture content of the prisms was
measured in accordance to CSN 49 0103 (1979). These property values were ascertained
once the sample mass was stabilized when the specimen was conditioned in a climate
controlled chamber at 20 °C and 65% relative humidity.

Two rectangular prism members were axially connected using one dowel
with an adhesive; a hole was drilled in the centre of each specimen to accommodate
the dowel. Each hole was drilled using a horizontal drilling machine VD 20 R (Houfek,
Golc¢av Jenikov, Czech Republic) perpendicular to the prism face using a spiral drill bit
(8-mm diameter) to a depth of 21 mm. A glued dowel was first inserted into the hole
and pressed down to the bottom.

Then, the polyethylene film (30 mm X 30 mm x 0.2 mm) was rolled over the dowel.
The film had an 8-mm circular hole made with a hollow punch tool. The film limits
face-to-face gluing of the two prism members by excess adhesive extrusion during joint
assembly. Hence, the withdrawal strength test is limited to shear stresses.

The test specimens were then clamped according to the configuration shown
in Fig. 2 for 24 h for the adhesive to cure completely. The glued specimens were then
conditioned in a constant climate chamber HPP750 (Memmert GmbH + Co. KG,
Schwabach, Germany) at 20 °C and 65% relative humidity until constant mass
was obtained.

Pre-glued/glued dowel

Polyethylene foil (separator)

Members

Fig. 2. Assembly of a typical test specimen used for the withdrawal test

The tested dowels had a cylindrical shape with a circular cross-section; the edges
on the ends were chamfered (2 mm x 2 mm). Five hardwood dowels with different surface
designs and characteristics were tested, all of which were obtained from commercial
manufacturers (Table 1). A total of 12 test specimens was prepared for each series
of the dowel. The dimensions of the dowels were checked using a sliding caliper (Kinex
Measuring, Prague, Czech Republic) for calculating the surface area of dowels
that are used for joint strength determinations.
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Table 1. Designs and Characteristics of the Tested Dowels

Dowel Surface Pattern Adhesive qud _Dowe_l Compan_y and
Type Species|Dimension Location
— Re-moisturizing PVAc 8 mm x Brigagd())/gTC’)T
(Pre-glued Dowel) 38 mm geport, L1,
USA
) o KWB Germany
Multi- Straight — Re-moisturizing PVAc GmbH, Stuhr,
(Pre-glued Dowel) Beech
grooved Germany
8 mm x
40 mm Marusik Holz,
Ostrava, Czech
Helical | Republic
None
7.94 mm Rockler
Single Spiral | CTDDTD Mable . Woodworking and
Grooved| °P e P 50.8 mm* Hardware, Medina,
' MN, USA

* Reduced to 40 mm

Pre-glued dowels had applied re-moisturizing polyvinyl acetate (PV Ac) adhesives
on the surface, and they are activated when contacted with water. The adhesives were
activated according to the instructions provided by the dowel’s manufacturers. Pre-glued
dowels manufactured by HandyCT were activated by water added directly to the hole of the
prism member, which was filled to 1/3 of the hole’s opening (ca. 0.35 mL) using a pipette.
Alternatively, the dowels manufactured by KWB Germany GmbH were dipped for 5 s
in water, allowed to drain for 5 s, and then inserted into the holes of the prism members
to be joined.

When gluing standard dowels (i.e., not pre-glued), the dowels and the holes
of the prism members were coated with 0.2 g of the selected adhesive; the mass
of the adhesive was weighed on a laboratory scale PS 4500.R2 (Radwag Vahy, Sumperk,
Czech Republic). Two types of thermoplastic PVAc adhesives and one polyurethane
(PUR) adhesive (Table 2) were examined. The glues are single-component adhesives
and classified into durability grading according to the EN 204 (2001) standard.
Tests of adhesives were performed in accordance to the EN 205 (2003) standard to measure
and compare the differences in joint shear strengths.

Table 2. Classification of Dowel Adhesives Used in This Study from Product Datasheets

Adhesive PVAG PUR
Type
Manufacturer H. B. Fuller Europe Adolf Wirth GmbH & Lear. Brno
. GmbH, Zurich, Co. KG, Kiinzelsau, ’ .
and Location . Czech Republic
Switzerland Germany
Product Rakoll GXL 4 1K-Holzkaltleim D4 Lear D4
Name
Durability
Class D4 D4 (C4)
Density 1 g/cm? 1.1 g/cm? *
pH Value ca. 3.5 ca. 3 *
Viscosity 5500 mPa-s ca. 7000 mPa-s 4000 to 6000 mPa-s

* Not specified in manufacturer’s datasheet
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Methods

Dowel strength testing was performed using a TIRATEST 2850 universal testing
machine (TIRA GmbH, Schalkau, Germany); measured values were recorded using
TIRATEST System 4.6.0.40 software (TIRA GmbH, Schalkau, Germany). The testing
machine was equipped with clamps for the standard tensile test (Fig. 3). Once the sample
was clamped in the axis of the applied load force, a tensile force was applied to the test
specimen by the machine. The crosshead speed was set to a constant 10 mm/min. During
the tensile test, the stresses and strains were recorded, as well as the maximum force exerted
(Fmax) when the test joint failed. Tensile tests were conducted at a constant temperature
of 20 °C; tests were performed on specimens that were immediately removed from
the climate conditioning chamber.

Fig. 3. Withdrawal strength test set-up of a sample with the universal testing machine

The withdrawal strength (o), or shear stress, was calculated for each test specimen
according to Eq. 1, based on the area of the surface area (A) from which the joint failed
at Fmax. The equation for calculating the withdrawal strength of the dowel is (Uysal 2005;
Yapici et al. 2011; Ozcan et al. 2013) as follows:

Fmax (N) _ Fmax (N) _ Fmax (N) _ Fmax (N) (1)
A(mm2)  2mrxh (mm2) 271(%) X h (mm2) " md x h (mm?)

o (MPa) =

The bonded surface area was based on the cylindrical shape of the dowel with
height 4 (mm) and diameter d (mm) as shown in Fig. 3. The resulting data were analyzed
using descriptive statistics and an analysis of variance (ANOVA) with Statistica computer
software (StatSoft Inc., version 13.3, Tulsa, OK, USA). A one-way analysis of variance
was used and the Tukey test was employed in order to determine the significant differences
between group means. A significance level of a = 0.05 was used.
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RESULTS AND DISCUSSION

The withdrawal strengths of the commercially available dowels of Table 1 were
evaluated and compared in this study. The results are presented in Table 3. The dependence
of withdrawal strengths of the dowels was influenced by the following factors: dowel type,
surface pattern, adhesive type, and dowel diameter. The average density of the beech test
specimens was 766 kg/m® when conditioned at 20 °C and 65% relative humidity;
the moisture content of the specimens was 11.9%.

Table 3. Withdrawal Strength Results of the Tested Dowels

Dowel Type Multi-grooved Single Grooved
Surface Pattern Straight Straight Helical Spiral
KWB Rockler
Dowel Manufacturer | HandyCT | Germany Marusik Holz Woodworking
GmbH and Hardware
(&) (&]
<< ~ << ~ < < <
>3 >3 a o a
o= o =z < = < c - c
o O o © - = - = =
| 28 | 23 |g |2 a3 |g|s|8|% |23
Adhesive =g = 8 = g 5 = g = = g |5s
2 3 2 3 ° N ) ° N O © N )
2l A2l ~ ° - X > | X ° |
o 2o | & | T € | I c | I
o T @ X N ¥
o = o = - - =
o o
Mean (MPa) 4.7 3.0 6.7 6.6 7.5 6.9 7.9 6.8 4.9 49 |16.0
Median (MPa) 4.6 2.8 6.5 6.3 7.8 6.7 7.9 6.8 5.1 49 (6.3
Standard Deviation |, 5 05 |11 |13 |15 | 08| 10| 15| 08| 06 |09
(MPa)
Minimum (MPa) 4.2 2.4 5.1 4.6 4.7 5.8 6.4 4.4 3.8 42 (4.5
Maximum (MPa) 5.7 4.0 9.0 8.4 94 8.3 9.7 9.2 6.6 59 |7.6
Coefficient of 10.3 169 | 166|192 204 | 112|130 217 | 17.1 | 11.9 [15.4

Variation (%)
Number of Valid
Replications

12

A one-way ANOVA was performed using a 95% significance level (a = 0.05)
to ascertain statistical differences in withdrawal strengths of dowels from HandyCT
(4.7 MPa) and KWB Germany GmbH (3.0 MPa) (Fig. 4). The ANOVA indicated that
the withdrawal strength differences with these dowels were statistically significant.
Both beech dowel designs were multi-grooved with a straight surface pattern, and they
were conditioned to constant mass so that the moisture content was stabilized. In this case,
these factors could be excluded from contributing to the withdrawal strength difference.
Otherwise, different moisture content in the PVAc adhesive can decrease joint strength
(Tankut 2007; Bomba et al. 2014). Before gluing, the color of re-moisturizing adhesives
indicated that PVAc covers the entire surface of all dowels with a sufficient quantity
of adhesive. However, the activation method of re-moisturizing PVAc adhesive was
observed as a main effect to the withdrawal strength.
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Fig. 4. Comparison of withdrawal strength of pre-glued dowels with one-way ANOVA at a 95%
significance level (a = 0.05)

The adhesive with pre-glued dowels from HandyCT was activated by water
addition to the pre-drilled holes according to the instructions provided by HandyCT.
The withdrawal strength of the pre-glued dowels from HandyCT (4.7 MPa) was
statistically higher (p < 0.05) when compared to those from KWB Germany GmbH
(3.0 MPa). According to the instructions from KWB Germany GmbH, the pre-glued PV Ac
adhesive on the dowel was activated by dipping the dowel in water. However, when
the dowel was placed into the hole, the adhesive was wiped from the dowel’s surface,
and the adhesive remained at the edge at the top of the hole. It is visible in the section
of test specimens after loading that adhesives did not leave any colour stain inside of the
hole in comparison to the other application method (Fig. 5). Thus, the adhesive did not
connect the dowel with the adherend and a poor bond was created, which resulted in a low
withdrawal strength. Therefore, the dowels from KWB Germany GmbH were retested
using the same glue activation method as dowels from HandyCT, i.e., the adhesive was
activated with water in the pre-drilled hole. This test confirmed that the method
of activating the adhesive of pre-glued dowels affected its withdrawal strength.
The withdrawal strength of KWB GmbH dowels increased to 5.4 MPa when the adhesive
was activated via the addition of water into the hole. Due to the coloured adhesive,
the section of test specimens shows how uniformly was the adhesives spread out over
the entire area of the hole with an activation of PVAc in a hole (Fig. 5).

The shear strength of commercial adhesives on standard dowels without pre-gluing
was performed on test specimens in accordance with the EN 205 (2003) standard under
controlled conditions. It was observed that the strongest joints were obtained by using
Rakoll GXL 4 adhesive (17.0 MPa), which was followed by 1K-Holzkaltleim D4 adhesive
(13.7 MPa), followed by the weakest joints obtained with Lear D4 adhesive (11.8 MPa).
A statistically significant difference was observed among these shear strength values
(p <0.05) using the various adhesives.
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HandyCT KWB Germany GmbH
- activated in hole - activated by dipping - activated in hole

Fig. 5. Failure of pre-glued dowels

However, when collectively comparing the measured shear strengths of various
dowel surface patterns (i.e., straight, helical, and spiral) with the individual adhesives, it
was observed that the specific adhesive used did not have a statistically significant effect
on the strength of the dowel joints (p > 0.05). Hence, when comparing the withdrawal
strength of the dowels, it is necessary to take into account other factors than just the
adhesive used, such as the dowel’s wood species, grooved surface pattern, and diameter.

A sufficient amount of commercial adhesive was always applied when preparing
the test specimens, which was observed when excessive adhesive was expelled when
inserting the dowel into the pre-drilled hole. This was especially observed for the PUR
adhesive (Lear D4) as it foamed during its curing. This foaming of the PUR adhesive likely
caused the high coefficient of variation of the withdrawal strength (15.4% to 21.7%) when
compared to PVAc adhesives (11.2% to 19.2%), which has been suggested by Hysek et al.
(2018). The chamfered edges of all the dowels assisted in their complete insertion into the
pre-drilled holes. Then, the adhesive was distributed to the sides of the hole through the
different surface pattern of dowels.

The effect of the surface groove patterns of dowels manufactured by Marusik Holz
was evaluated. Both multi-grooved dowels with straight and helical grooving were
manufactured from beech wood where wood fibers were compressed. It helped to provide
a better-bonded surface, due to the wood swelling. The most often observed cohesive
failure mode was a combined failure, takingh place both in the adherend and in the adhesive
layer. The same failure mode was observed for all tested adhesives. As can be seen, the
fractions of adherend partially remained on the dowels after loading (Figs. 6a and 6b).

Multi-grooved dowels with a helical pattern had the highest average withdrawal
strength value (7.9 MPa) when bonded with 1K-Holzkaltleim D4 (PVAc adhesive).
In contrast, multi-grooved dowels with a straight pattern had a value 6.6 MPa, which was
16.5% lower than that of the helical pattern. The expectation was that the multi-grooved
dowels with helical grooving will have the highest withdrawal strength of all tested dowels
due to: the larger surface area, swelling of the compressed fibers, and the possibility of
better adhesive layering on the surface. When the joints were bonded with Rakoll GXL 4
(PVAc adhesive), the multi-grooved dowels with a helical surface pattern yielded
an average withdrawal strength that was only 2.9% higher than that of the multi-grooved
dowels with a straight surface pattern (6.9 MPa versus 6.7 MPa, respectively).
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Fig. 6. Multiple means paired comparisons (post hoc Tukey test) of withdrawal strengths of dowel types
at 95% significance level; failure mode of dowels (a — Multi-grooved/Straight; b - Multi-grooved/Helical;
¢ — Single grooved/Spiral) bonded with Rakoll GXL 4 adhesive

In the case with the PUR adhesive (Lear D4), there was a 9.3% difference observed
in the withdrawal strength of multi-grooved dowels with a straight versus helical surface
pattern. A post-hoc data analysis was performed using Tukey’s test of multiple paired
means to determine the least significance difference (LSD) at the 95% level (a = 0.05).
The results of this statistical analysis are presented in Table 4

Table 4. P-Values from Multiple Means Paired Comparisons from Table 3 Using

the Tukey Test
Multi-grooved Multi-grooved Single Grooved
/Straight /Helical /Spiral
« | E « | E < | E
— = 1 = 1 2
=< = < X = <t < = <
c |2+ 2 s | 84| 2 C |4 C
3 22| §| 3 |3°] §| 3 |=2°| §
I I I B S O - T A
o ¥ o | X o | X
Multi- Rakoll GXL 4 1.000 | 0.684 | 1.000 | 0.195|1.000 | 0.004 | 0.004 | 0.805
grooved/ | 1K-Holzkaltleim D4 | 1.000 0.451]0.999 |0.088|1.000(0.013|0.012| 0.943
Straight Lear D4 0.684 | 0.451 0.882 1 0.996 | 0.744 1 0.000 | 0.000 | 0.027
Multi- Rakoll GXL 4 1.000 | 0.999 | 0.882 0.384 1.0000.001 | 0.001 | 0.575
grooved | 1K-Holzkaltleim D4 [ 0.195| 0.088 | 0.996 | 0.384 0.23710.000 | 0.000 | 0.002
/Helical Lear D4 1.000 | 1.000 | 0.744 ] 1.000 | 0.237 0.003 [ 0.003 | 0.750
Single Rakoll GXL 4 0.004 | 0.013 | 0.000 | 0.001 | 0.000 | 0.003 1.000 | 0.308
Grooved | 1K-Holzkaltleim D4 { 0.004 | 0.012 | 0.000 | 0.001 | 0.000 | 0.003 [ 1.000 0.299
/Spiral Lear D4 0.805 | 0.943 | 0.027 | 0.575 | 0.002 | 0.750 | 0.308 | 0.299
Statistical differences at 95% significance level in bold (P < 0.05)
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The analysis indicated that there were no significant statistical differences (i.e.,
p > 0.05) in strength among the multi-grooved dowels with straight versus helical patterns.
When Ahmad et al. (1993) compared straight-grooved and spiral-grooved dowels,
the highest withdrawal force was measured for spiral-grooved dowels. These dowels were
manufactured from three various wood species (nyatoh, ramin, and rubberwood). A total
difference 5.8% of average withdrawal force between spiral-grooved and straight-grooved
dowels was measured. The same effect showed Eckelman and Cassens (1985) when dowels
with various surface grooving were tested in two types of particleboards.

The worst performing dowels where those for which the adhesive was applied to
the single-grooved spiral dowel. Figure 6¢ shows how the grooved spiral dowels failed.
Although the shear strength of maple wood (11 MPa) is higher than beech wood (10 MPa)
according to the DIN 68364 (2003) standard, the single-grooved spiral dowel made from
maple was weaker than those dowels with a multi-grooved pattern made from beech, even
with a low single-grooved angle. The joints made with single-grooved dowels always failed
at the first to second thread, regardless of the type of adhesive used. The highest average
strength of single-grooved spiral dowels was observed with the Lear D4 adhesive
(6.0 MPa), likely due to foaming capability of PUR adhesives. Single-grooved spiral
dowels bonded with both PV Ac achieved 1.1 MPa less (4.9 MPa) than with PUR adhesive,
and the difference was statistically significant (p < 0.05).

All of the tested dowels were commercially machine-made; their measured
diameters (Table 5) had low coefficients of variations (0.7% to 1.1%), which indicated that
the dowels were made with a high level of precision. The one-way ANOVA indicated that
the diameters of pre-glued dowels from HandyCT and KWB Germany GmbH were
significantly different (p < 0.05). In contrast, the diameters of multi-grooved straight
and helical dowels (Marusik Holz) did not differ significantly (p > 0.05).

Table 5. Measured Diameters of the Tested Dowels Prior to Bonding

. Single
Dowel Type Multi-grooved Grooved
Pattern Straight | Straight | Helical | Spiral
= o 3 28§
3leE I |E%t
Dowel Manufacturer g |ZE % EE s
£ 178 5 =
= =&
Mean (mm) 8.11 | 8.01 7.93 7.93 7.86
Median (mm) 8.10 | 8.00 | 7.93 7.93 7.87
Standard Deviation (mm) | 0.09 | 0.08 | 0.09 0.05 0.09
Minimum (mm) 7.97 | 790 | 7.65 7.8 7.67
Maximum (mm) 8.24 | 8.19 | 8.11 8.07 8.01
Coefficient of Variation (%) | 1.1 1.0 1.1 0.7 1.1
Number of valid replicates 12 36

The diameters of single-grooved dowels (7.86 mm) were the smallest amongst all
the dowels tested; the manufacture of single-grooved dowels indicated they had a nominal
diameter of 7.94 mm (i.e., 5/16 in.) The manufacturers of the other dowel types indicated
they had nominal diameters of 8 mm, whereas the measured diameters were between
7.65 mm for multi-grooved straight (Marusik Holz) to 8.24 mm for multi-grooved straight
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(HandyCT (pre-glued)) dowels. The larger diameters for the pre-glued dowels were due
to the applied adhesive layer on the dowels’ surfaces, which resulted in tightly fitted joints
being formed.

Differences in the diameters of the dowels also caused differences in the bond line
thicknesses of the adhesive (up to 0.35 mm). However, the effect of the dowel diameters
on withdrawal strengths was not statistically confirmed. Figure 7 illustrates this
observation with multi-grooved dowels (with a straight pattern) glued with PVAc
adhesives (R?=0.10 and R? =0.23). When testing different bond line thicknesses (0.01 mm
to 0.10 mm) in dowel joints, Ratnasingam and loras (2015) reported that the highest fatigue
and static strength is achieved with the smallest bond line thicknesses (0.01 mm) using
a PVAc adhesive. Bomba et al. (2018) noted that the shear strength of joints with dowels,
which were tested in accordance to EN 205 (2003), decreased as the bond line thickness
of D4 grade adhesives was lowered from 0.5 mm to 0.1 mm. Therefore, the diameter
of the single groove dowels in combination with a single groove as the primary influence
on low withdrawal strength.

o RAKOLL GXL 4 o0 1K Holzkaltleim D4
S+ o
[m] ] B
8 ;h——___i_‘:‘ o 1 ™e. RAKOLL GXL 4

y = 696585 - 7.8872%; R =023

1 8. 1K Holzkaltleim [:4:
v =48.3425 _ 5 2616% R®= 0.10

Withdrawal strenght (MPa)

79 8.0 8.1
Dowel Diameter (mm)

Fig. 7. Dependence of withdrawal strength on the diameter of multi-grooved dowels with a
straight pattern (Marusik Holz) when using commercial PVAc adhesives

CONCLUSIONS

1. The highest average withdrawal strength (7.9 MPa) with the tested adhesives was
measured for standard multi-grooved dowels with a helical pattern (Marusik Holz)
with a PVAc adhesive (1K-Holzkaltleim D4).

2. When comparing dowels with the same commercial adhesive, single-grooved dowels
with a spiral pattern (Rockler Woodworking and Hardware) and glued with PVAc
adhesive (Rakoll GXL 4 and 1K-Holzkaltleim D4) had the lowest average withdrawal
strength (4.9 MPa). Failure typically occurred after the first to second thread
of the groove.

3. The differences in the withdrawal strengths of dowels with different multi-grooved
patterns (straight and helical) were not statistically significant (p > 0.05) for any
of the three adhesives tested.
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4. The pre-glued dowels from KWB Germany GmbH were dipped for activation
of the PV Ac adhesive, which led to a visible wiping-off of the adhesive when the dowel
was inserted, creating a poor bond, and thus resulting in a lower strength (3.0 MPa)
compared to dowels from HandyCT (4.7 MPa) that were activated by the water from
the hole.

5. However, the dowels from KWB Germany GmbH had a 44% higher withdrawal
strength (5.4 MPa vs. 3.0 MPa) when activating the pre-glued adhesive using
the instructions provided by HandyCT instead of those provided by KWB Germany
GmbH.
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