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Téssd opinndytetydssé tutkittiin ohutviiluvanerin puristusaikoja ja puristuslampétiloja.
Tyossé selvitettiin olisiko nykyisid ohutviiluvanerituotannossa kaytossa olevia puristus-
aikoja mahdollisuutta lyhent&a.

Tutkimus suoritettiin mittaamalla puristuksen aikaisia lampétiloja tuotannossa yleisim-
min valmistettavista paksuuksista. Lampdétilamittaukset tehtiin termoparimittarilla vane-
rin keskimmadisestd lilmasaumasta. Mittaustulokset analysoitiin ja niiden perusteella
madritettiin uudet puristusajat. Uusilla ajoilla suoritettiin koepuristukset. Koelevyista
testattiin vetolujuudet laboratoriotestein. Koelevyjen liimasaumat tutkittiin myos sil-
méamaérdisesti ja niistd madritettiin tikkuprosentit.

Tutkimuksesta selvisi, ettd mahdollisuus puristusaikojen lyhentdmiselle on olemassa.
Lyhyemmilla puristusajoilla tehtyjen koelevyjen testitulokset analysoitiin. Tulokset to-
dettiin hyviksi ja tuotannossa kaytossa olevien vaatimusten mukaisiksi. Jos lyhyemmait
puristusajat halutaan ottaa kdyttoon ohutviiluvanerituotannossa, tiytyy koepuristuksia
tehda lisdd. Tassa tutkimuksessa testattujen koelevyjen maédri ei ole tilastollisesti riittd-
v, jotta lyhyempien puristusaikojen voitaisiin katsoa olevan tdysin luotettavia. Saatujen
tulosten perusteella tyon toimeksiantaja, Koskisen Oy, voi viedd puristusaikojen opti-
mointia seuraavalle tasolle, jopa tuotantoon asti.

Tédmaén opinndytetyon tulokset ovat salaista tietoa, jota tyon toimeksiantaja ei halua jul-
kaista.
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This thesis was made in order to study the clamping times and clamping temperatures in
thin plywood. The main goal was to find out if there is a chance to shorten the clamping

times in thin plywood production.

The study was done by measuring the temperatures during clamping from middlemost
glue bond. Measurements were done for most commonly manufactured thicknesses.
Measurement results were analyzed and new, shorter clamping times were determined.
Test boards were made by using shorter clamping times. Then boards were put to tensile
strength test in a laboratory. Glue bonds from test boards also went through a visual in-
spection.

The research study shows that there is a good chance to shorten the clamping times.
Test boards made out of shorter times were analyzed. Results were found out to be good
and also fulfill the requirements. If these new clamping times are going to be taken in
thin plywood production, more testing must be done. Quantity of test boards in this
study is not statistically sufficient to have full confidence in it. The results of this thesis
can be used by the commissioner, Koskisen Oy and they can take them further, even all
the way to the production.

The results of this thesis are classified information of which the commissioner does not

want to be published.
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1 JOHDANTO

Téama insindorityo kisittelee ohutviiluvaneria ja sen puristusaikojen optimointia.
Ty0ssé tutkitaan ohutviiluvanerin puristuksen aikaisia lampdétiloja vanerin keskimmai-
sessd liimasaumassa nykyisilld, kdytdssa olevilla puristusajoilla. Ldmpotilamittaukset
tehddin kaikille perustuotannossa oleville levypaksuuksille. Tavoitteena on selvittaa

voisiko nykyisin kdytdssd olevia puristusaikoja lyhentda.

Tarve tillaiselle tutkimukselle oli olemassa, koska Koskisen Oy:n ohutviiluvanerituo-
tanto on kasvava ja jatkuvasti kehittyvi tuotannonala. Yhtion kasvatettua puristuska-

pasiteettia uudella puristimella my6s tuotantoprosessin tehokkuutta tuli tarve paivittaa.

Ty0ssé esitellddn ohutviiluvanerin valmistuksen tyovaiheita aina tukin késittelysti
valmiin vanerin viimeistelyyn asti. Ty0ssé kdsitellddn myos ldmmon siirtymisen pe-

rusteita. Mittausmenetelmat ja vélineet esitellddn omana osanaan.

Tutkimustulokset - osio on jaettu kahteen osaan. Toisessa osassa kasitelldédn yleisid
mittauksiin liittyneitd asioita. Toisessa osassa tarkastellaan saatuja tuloksia tarkem-

min. Tdm4 osa on luokiteltu tyon tilaajan toimesta salaiseksi.

Téssd tyossd tutkitaan mahdollisuutta puristusaikojen lyhentdmiseen. Mittaustuloksia
tutkimalla mééritetdin mahdolliset uudet puristusajat ja niilld tehddén testipuristukset.
Lyhyemmilld puristusajoilla tehdyt levyt testataan Koskisen Oy:n laboratoriossa Jér-
veldssd. Saadut testitulokset analysoidaan ja niitd verrataan aikaisempiin, nykyisilla
puristusajoilla tehtyihin levyihin. Toimeksiantajan tehtavéksi jdi konkreettinen puris-
tusaikojen optimointi, mikdli mahdollisuus siihen aukeaa. Tyon tarkoituksena on antaa
toimeksiantajalle tietoa, jonka pohjalta muutoksia puristusparametreihin voidaan teh-
da.



2 KOSKISEN OY

Koskisen Oy on 100-vuotias kansainviélisesti toimiva puunjalostuskonserni. Konsernin
paakonttori on Jarveldssa, jossa sijaitsevat myos vaneri- ja lastulevytehdas ja saha.
Vieruméelld on Herrala-taloja valmistava talotehdas. Hirvensalmella sijaitsee koivu-
tuote-yksikko (entinen Vilkon Oy), jolla on pitkét perinteet koivun jalostuksessa.
Koskisella on myds sahalaitos Vendjalla, Sheksnassa. Koskisen Oy:n tuotevalikoi-
maan kuuluu mm. sahatavara, hdyldtavara, vaneri ja sisustuslevyt. Yrityksen paa-
markkinat suuntautuvat huonekalu- ja puusepénteollisuuteen. Tuotannosta 55 % me-
nee vientiin. Yrityksen liikevaihto vuonna 2010 oli 181 milj. € ja palveluksessa oli n.
1000 henkilda. Puunhankinnasta konsernille vastaa Koskitukki Oy. Vuonna 2010 puu-
ta hankittiin 1,2 milj. kuutiota. Koskisen Oy:n tuotteiden tuotantomédrié vuodelta

2010:

e Havusahatavara 224 000 m®

e Koivusahatavara 6600 m®

e Hoylitty sahatavara 60 000 m?

e Vaneri 62 000 m®
e Lastulevy 91 000 m®

Liikevaihto
tuotannoittain

Puunhan
kinta
12 %

Sahateolli
suus
28 %

Puuraken
taminen
9%

Koivutuot
e-
teollisuus
5%

Lastulevy
teollisuus Vaneriteo

12% llisuus
34 %

(Koskisen Qy)

e Koivuviilu 3800 m®

e Koivuliimalevy 660 m®
e Ohutviiluvaneri 760 m®
e Kattoristikot 14 000 kpl

e Puutalot 287 kpl

Liikevaihto
maantieteellisesti

Muu
maailma
12 %

45 %



3 OHUTVIILUVANERI

Koskisen Oy valmistaa Koskiply- ohutviiluvaneria. Vaneri valmistetaan koivuviiluis-
ta. Ohutviiluvanerissa kdytettdvin sorvatun koivuviilun paksuus on yleisimmin 0,52
mm. Riippuen valmistettavan vanerin paksuudesta, tuotannossa kaytettavét viilupak-
suudet ovat 0,15 — 0,52 mm. Viiluja ei paikata, jatketa tai saumata kuten tavallisessa
vanerituotannossa tehdddn. Ohutviiluvaneri valmistetaan kayttdmalla liimauksessa

liimakalvoa. Liimavaihtoehtoja on useita, exterior-, interior- ja flex- liimaus.

3.1 Tuotannossa olevia levyvaihtoehtoja

Koskiply- ohutviiluvaneria tehddén useissa eri paksuuksissa, laaduissa ja mitoissa.
Seuraavassa tuotannossa yleisimmat paksuudet ja niiden viilukerrokset (ply):
0,4 mm, 3 ply

0,6 mm, 3 ply

0,8 mm, 3 ply

1,0 mm, 3 ply

1,2 mm, 3 ply

1,5mm, 3 ply

2,0 mm, 4 ply

2,5 mm, 5 ply

3,0 mm, 6 ply

4,0 mm, 8 ply

Muita paksuuksia ja rakenteita valmistetaan erilliselld sopimuksella.

3.2 Kayttokohteita

Koskiply- ohutviiluvanerilla on monia eri kdyttdmahdollisuuksia. Se soveltuu seka ul-
ko- etti sisakdyttoon. Ohutviiluvanerilla on erinomainen taivutuslujuus ja sitd on
helppo tyostdi. Juuri taipuisuutensa vuoksi ohutviiluvaneri sopii hyvin osaksi huone-
kalujen valmistusta. Se on my0s ympéristoystavillinen ja hajuton tuote, joten se so-
veltuu hyvin esimerkiksi leluihin ja pienoismalleihin. Muita kayttokohteita ovat mm.

soittimet, jadkiekkomailat, satulat, kdynti- ym. kortit ja pienesineet (Koskisen Qy).



4 OHUTVIILUVANERIN VALMISTUS

Vaneri on levymaéinen puutuote, joka valmistetaan liimaamalla yhteen véhintddn kol-
me puuviilua. Yleisin tapa tehdé vaneria on liimata viilut syysuunnassa ristiin mutta
muitakin rakenteita kdytetdén. Ohutviiluvanerin valmistus on pitkdlle samanlainen
prosessi kuin paksummallakin viilulla valmistettavan vanerin. Ohutviiluvanerin tuo-
tanto on suurelta osin kisityotd, koska viilujen ohuuden vuoksi niitd taytyy késitelld

varovasti.

4.1 Koivutukkien késittely ja haudonta

Tehtaalle tulevat tukit lajitellaan. Ohutviiluvanerin tuotannossa kiytetdin vain A-
laatuluokan tyvitukkia. Tukit varastoidaan tukkikentilld. Kéytettdvien tukkien pituus
vaihtelee 3,0 — 5,5 metriin. Ohutviiluvanerituotantoon kaytettavét tukit haudotaan
tdyspitkind ja kuorellisina.

Haudonnan tarkoitus on ldmmittdd puu tilaan, jossa sen jatkokésittely, tdssa tapauk-
sessa sorvaus, olisi mahdollisimman helppoa ja viilusta tulisi laadukasta. Tukit noste-
taan haudonta-altaaseen, joka taytetddn vedelld. Vesi lammitetddn hitaasti n. 80 °C as-
teiseksi. Puu lampenee ja puun kosteuspitoisuus nousee. Haudonta-aika on n. 3 vuoro-

kautta, jonka jalkeen tukit nostetaan ylos haudonta-altaasta.

4.2 Tukkien katkaisu ja kuorinta

Haudonnan jilkeen tukit katkotaan. Katkoja kayttda tukin mahdollisimman tarkasti
hyodyksi. Katkonnassa kéytetidén kolmea sorvipdlli mittaa, 1300 — 1600 — 2550 mm.
Katkotut puut jddhdytetddn varastoaltaassa ennen kuorintaa ja sorvausta.

Jadhtyneet pollit nostetaan kuljettimelle, joka vie ne kuorimakoneelle. P6llit kuoritaan
mahdollisimman puhtaaksi, jotta sorvin terdén ei joutuisi hiekkaa tms.

Katkontajdte ja kuori kédytetdén hyddyksi tehtaalla. Ne poltetaan ldampdlaitoksella ja

niistd saatavalla energialla lammitetdén esimerkiksi haudonta-altaita.

4.3 Viilun sorvaus ja markaleikkaus

Kuoritut pollit kuljetaan kuljettimella sorville. Sorvauksessa viilu irrotetaan pollista
spiraalimaisesti pollin pyoriessd sorvin karoissa. Terdkelkassa, joka liikkuu kohti pol-

lid, kiinni oleva terd leikkaa viilun mattona irti p6llistd. Sorvauksen tydvaiheisiin kuu-
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luu po6llin siirto keskityslaitteeseen, pollin keskitys optimaaliseen sorvausasentoon ja
pollin pyoristys. Pyoristysjite ohjataan hakkurihihnalle ja haketetaan. Pyoristyksen
jalkeen sorvaus alkaa ja viilumatto ohjataan kulkemaan kuljetinhihnoja pitkin kohti
markéleikkuria. Mérkaleikkaaja operoi leikkuria, jolla viilumatto leikataan arkeiksi.
Hén operoi myos pinkkareita, jotka niputtavat viiluarkit. Yhdesta pollistd sorvataan
vihintdédn kahta paksuutta. Ohutviiluvanerituotantoon menee p6llin pintapuu, jossa on
yleensd hyvin védhén vikoja (oksia, vérid, ym.) Jokainen paksuus pinkataan leikkauk-

sen jdlkeen omaan kasaansa.

4.4 Viilun kuivaus ja lajittelu

Mairit viilukasat siirretdén trukilla markaleikkurilta kuivauskoneelle. Kuivauskoneen
hoitaja syottad kasin viiluarkit kuivauskoneeseen. Koneen ldmpétila riippuu kuivatta-
van viilun paksuudesta. Myds koneen verkon pydrimisnopeus riippuu kuivattavan vii-
lun paksuudesta. Kuivatut viiluarkit tulevat ulos koneesta lajittelupdydélle, jossa kul-
jetinhihnat kuljettavat viilut lajiteltavaksi ja niputettavaksi lavalle.

Kuivauskoneen kuivan pdin hoitaja esilajittelee viiluarkit ja niputtaa ne lavalle. Hin
seuraa viilun kosteutta ja tarvittaessa sdatdd kuivauskoneen ldmpdétilaa ja nopeutta.
Ohutviiluvanerituotannossa kaytettivien viilujen kosteus tulee olla 6 — 10 %.
Vanerituotantoon menevit viilut lajitellaan kuivauksen jdlkeen uudelleen. Erikoislajit-
telija kdy viilut 14p1 ja laaduttaa ne vanerituotannossa tarvittaviin laatuihin. Jokainen
laatu niputetaan omalle lavalleen. Tuotannossa kéytettavi laatuja ovat pintalaadut
AB, B, BR, C ja virheeton GL- laatu. Niiden lisdksi lajittelussa otetaan eroon myos

valiviiluina kéytettavit viilut.

4.5 Ohutviiluvanerin ladonta ja puristus

Ohutviiluvaneri ladotaan kdsityond. Ohutviiluvanerin liimauksessa kiytetddn liima-
kalvoa. Liimakalvossa liima on imeytetty paperiin. Yleisimmin kdytetty liimakalvo on
fenoliformaldehydiliimalla kylldstetty. Kéytettdva liimakalvo valitaan kulloinkin teos-
sa olevan vanerin paksuuden mukaan. Ohutviiluvanerituotannossa aihiokokoja on
kaksi, 1300 ja 1600 mm.

Ladontapaikalla pintaviilut ovat omilla telineilldén ja viliviilut omallaan. Liimakalvo-
lava on omalla hyllylldédn. Latoja tekee ladelman ladontapdydalle. P6ydén kahdella si-
vulla on vasteet, joita apuna kéyttden ladelma saadaan suoraan kulmaan. Téssa esi-

merkkind 3 ply- vanerin ladonta. Ensimmadisend pdydalle otetaan alapintaviilu syys-
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uunta pitkittdin. Seuraavaksi latoja ottaa liimakalvon ja asettaa sen viilun paalle. Vali-
viilu tulee ladelmaan seuraavaksi syysuunta poikittain. Liimakalvo asetetaan valivii-
lun péaille ja kalvon piille tulee ylépintaviilu syysuunta pitkittdin. Ladelman etureuna
kiinnitetddn yhteen, jotta se kestia siirron puristimeen. Poydélle ladotaan kerrallaan
aihiot yhteen puristukseen. Maéra riippuu puristimen kapasiteetista, 3 — 5 le-
vyé/puristus.

Ladelman valmistuttua, pydrilld varustettu ladontapoytd vedetidin puristimen eteen.
Poytdd nostetaan hissin avulla oikealle korkeudelle, jotta aihiot saadaan syotettyd ké-
sin puristinvéleihin. Tdmén jdlkeen puristin voidaan sulkea. Kdytettdva puristusaika
madrdytyy teossa olevan vanerin paksuuden mukaan. Puristinlevyjen [dmpd&tila maa-
raytyy kdytossé olevan liimakalvon liima-aineen mukaan. Puristuspaine on puristin
kohtainen, laitevalmistajan médrittdma arvo. Puristusajan tdytyttya, puristin avautuu ja
levyaihiot poistetaan puristimesta. Levyt pinotaan manttelille odottamaan jatkokasitte-

lya.

4.6 Ohutviiluvanerin jatkojalostus ja varastointi

Puristuksen jilkeen levyaihiot siirretdén sahaukseen. Levyt mitallistetaan reunasahal-
la. Sahauksessa kdytetddn standardimittoja, joita ovat
1200/1220/1270x1200/1220/1270 mm ja 1500/1525/1550x1500/1525/1550 mm. Eril-
lisestd sopimuksesta levyt voidaan mitallistaa myds muihin mittoithin. Valmiit levyt
pakataan lavalle, niputetaan vanteella ja suojataan muovilla ja pakkausvanerilla. Levyt
voidaan niputtaa ja pakata myos asiakkaan haluamalla tavalla.

Koska ohutviiluvaneria valmistetaan tilauksia vastaan, ei varastointia juurikaan tapah-
du. Tarvittaessa valmiit levyt varastoidaan tehdashallissa, samoissa olosuhteissa missa

levyt valmistetaankin.

5 LIIMAKALVOT

Ohutviiluvanerin liimauksessa kédytetdén liimakalvoa. Ohuille viiluille nestemaisen
liiman levittdminen ja oikean liimamé&aridn saaminen viilun pintaan on vaikeaa.
Ohutviiluvanerituotannossa yleisimmin kaytetty liimakalvo on kylléstetty fenolifor-
maldehydihartsilla. Siiné sideaineena on kertamuovi, joka kovettuu korkeassa lampo-
tilassa. Liimavalmistaja antaa oman suosituksensa liimasauman vahimmaislampotilas-
ta puristuksen aikana.

Liimakalvoissa hartsi on imeytetty paperiin. Tétd imeytysprosessia kutsutaan impreg-
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noinniksi. Paperiin imeytetty liima-aine muuttuu puristuksen aikana lammon vaiku-
tuksesta ldhes nestemiiseksi ja imeytyy puuaineeseen. Puristuspaine tehostaa liima-
aineen imeytymisti puuaineeseen. Liimavalmistaja antaa suosituksen kaytettavasti
puristuspaineesta. Riittdva lampdtila, puristuspaine ja —aika saavat aikaan liimakalvon
kovettumisen ja puuaineen liimautumisen.

Liimakalvot tulee sdilyttdé kuivassa ja viiledssd paikassa. Kalvojen sdilyvyysaika on
12 kk avaamattomassa paketissa. Avatut paketit tdytyy sulkea huolellisesti, jotta lii-
makalvot eivit altistu kosteudelle ja liialle liammolle.

Liimakalvoja késiteltdessd on kdytettdva suojahansikkaita, koska liima-aine vahingoit-
taa pitkéllisessa altistuksessa ihoa. Huoneilmaan tulevat paastot liitmakalvoja kaytetta-
essd ovat hyvin pienid. Liitetiedoista 10ytyy liimavalmistajan tekninen asiakastiedote,
josta selvidd liimakalvon tiedot ja vahimmaisvaatimukset sen kédyt6lle (Dynea Chemi-

cals Oy, tekninen asiakastiedote).

6 TERMODYNAMIIKKA

Termodynamiikassa on kolme padsaantod. Ensimmainen padsdinto késittelee sisa-
energiaa. Siind lasketaan kappaleen sisdltaimét energiaméérit yhteen. Nditd ovat me-
kaaninen, kemiallinen, séhkdinen ja ydinenergia. Sisdenergiaa laskettaessa ei huomi-
oon oteta liikettd tai potentiaalienergiaa. Jos kappale on tiysin eristetty ympéaristosta,
sisdenergia on vakio, se el muutu. Ainoat vaikuttavat tekijét sisdenergiaan ovat tyo ja
1ampd eli energiansiirrot kappaleesta ympéristoon tai ympéristostd kappaleeseen.
Toinen padsdinto kisittelee entropiaa. Siind tutkitaan palautumattomien prosessien,
kuten ldmpdotilaerojen tasaantumista, aineiden keskenédédn sekoittumista tai aineiden
reagoimista toistensa kanssa, vaikutusta kappaleeseen. Entropia voi muuttua myos
eristetyssd kappaleessa toisin kuin sisdenergia. Toiselle padsdanndlle on monta yh-
tenevdistd esitysmuotoa. Lampo ei koskaan siirry itsestddn kylmemmastd lampimam-
péaén kappaleeseen. Mikddn prosessi ei ole palautettavissa tiysin alkutilaansa. Itsek-
seen jatetty prosessi pyrkii muuttumaan alkuperdistd suurempaa tasapainotilaa kohti.
Eristetyssd prosessissa entropia kasvaa tai pysyy vakiona.

Kolmas péadsaanto kisittelee absoluuttista nollalampdtilaa. Kéytdnndsséd joudutaan
kuitenkin tyytymaén tiettyyn madrdan prosesseja, daretontd madrad ei ole mahdollista
kayttdd. Télloin prosessissa absoluuttiseen nollapisteeseen pddseminen on kaytdnnossa

mahdotonta (Fagerholm 1986, 30 - 32).
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6.1 Lammon siirtyminen

Lémpdenergia on atomien liikettd aineessa. Kiintedssd aineessa atomit vain vérdhtele-
vit. Nesteessd tai kaasussa tapahtuu ldmpdvirtaus eli konvektio aineiden vélilld. LAm-
posateily ei vaadi viliainetta siirtymiseen kappaleesta toiseen. L&mmon siirtymisen
edellytyksend on kappaleiden vélinen lampdtilaecro. Limmonsiirto on palautumaton
prosessi. Lampdenergian siirtyminen kappaleessa riippuu aineen ominaisuuksista, ku-
ten ominaislampdkapasiteetista ja lammonjohtavuudesta (Fagerholm 1986, 255 —

259).

6.2 Lammon johtuminen

Ladmmon johtuminen kappaleesta toiseen tapahtuu mikali kappaleet ovat kosketuksissa
toisiinsa. LAmpd pyrkii johtumaan aina kuumemmasta kappaleesta kylmempéén pain.
Vanerin valmistuksessa limmonjohtumisella on suuri merkitys liimauksen onnistumi-
seen. Vaneripuristimissa kdytetddn terdksestd valmistettuja lampolevyja. Metallit ovat
tunnetusti hyvin [dmpo64 johtavia materiaaleja. Terdksen limmonjohtavuus arvo A
(W/(m*K)) on 50 — 70.

Puristinlevyjen lammittdmiseen on useita mahdollisuuksia: sahkovastukset, hoyry tai
termodljy. Puristinlevyjen sisdlld kiertdvd [dmp0 saa puristinlevyn ldmpenemién. Pu-
ristinlevystd l[dmp0 siirtyy johtumalla vaneriathioon. Limmon siirtymisté tehostetaan
puristuspaineen avulla. Vanerin valmistuksessa kaytettidvien viilujen kosteudella on
myo0s suuri merkitys limmon johtumiseen vaneriaihion sisélld puristuksen aikana. Jos
viilu on liian kuivaa, ldmp06 johtuu kappaleen sisddn liian hitaasti ja aithion lampdtila ei
nouse riittdvan korkeaksi keskelld aihiota. Liimassa oleva vesi haihtuu liian nopeasti
ja viilut eivit litmaudu kunnolla, koska liima kovettuu ennenaikaisesti. Mikéli taas
kaytettdvat viilut ovat liian kosteita, [dmp0 johtuu liian nopeasti kappaleen siséll.
Liimassa oleva vesi ei ehdi haihtua riittévésti ja aihio jaa liian kosteaksi. Liimaustulos
voi tilloin jddda heikoksi.

Vanerin lammonjohtavuus arvo A on 0,12 — 0,15, siis huomattavasti pienempi kuin te-
rikselld. Limmon johtumiseen puuaineessa vaikuttaa puuaineen tiheys. Mité tihedmpi

puu sitd parempi ldmmonjohtavuus arvo silld on (Inkinen 2002, 409 - 416).
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7 MITTAUSMENETELMAT

Ty0sséni mittasin puristuksen aikaisia lampdétiloja vaneriaihion keskimmaisesta lii-
masaumasta. Mittaukset suoritettiin yleisimmisti tuotannossa olevista vaneripaksuuk-
sista, jotka ovat:

0,4 mm, 3 ply

0,6 mm, 3 ply

0,8 mm, 3 ply

1,0 mm, 3 ply

1,2 mm, 3 ply

1,5mm, 3 ply

2,0 mm, 4 ply

2,5 mm, 5 ply

3,0 mm, 6 ply

4,0 mm, 8 ply

Jokaisesta paksuudesta tehtiin viisi [5] mittausta. Ohutviiluvaneritehtaalla on kéytossa
kolme vaneripuristinta, joista kahdella suoritettiin mittauksia. Liimasauman 1ampdti-
lan mittauksen lisdksi, puristuksen aikainen vanerin ja ldmpdlevyn vélinen ldmpdétila

kontrolloitiin mittaamalla.

7.1 Fluke- lampomittari

Mittaukset tehtiin kdyttamalld Fluke 54 11 — termoparimittaria. Mittaus suoritettiin

kayttdmalld termoelementtid K, jonka mittausarvot ovat -200 °C...1372 °C. Mittarissa
on kaksi tulokanavaa, joka mahdollistaa mittauksen kahdesta kohdasta samanaikaises-
ti. Mittarin tarkkuus K- termoelementilla on =+ [0,05 % + 3 °C], joka on laboratorio ta-
soinen tarkkuus. Mittari asetettiin tekemain mittaus joka viides [5] sekunti ja mittaus-

tulokset tallentuivat mittarin muistiin (Fluke.com, tuotteet).

7.2 Mittauspisteet

Mittaus tehtiin vaneriaihion keskimmadisestd liilmasaumasta. Mittarin anturilangan pi-
tuus oli n. 1/3 aihion pituudesta eli 1300 mm aihiolla n. 400 mm ja 1600 mm aihiolla
n. 500 mm. Anturilanka sijoitettiin mahdollisimman keskelle aihiota, jotta mittaustu-
los olisi realistinen. Kontrolli mittaukseen kéytetty anturi sijoitettiin levyaihion pinnal-

le muutaman sentin padhén sisdmittauspisteesta.
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Kuva 1. Anturilanka teipattuna vaneriaihion keskimmaiseen liimasaumaan.

7.3 Mittaustapahtuma

Mittaus aloitettiin puristuspaineen noustua tarvittavan korkealle. Puristusajan lasku
alkaa paineen noustua maksimiin. Mittaus lopetettiin siind vaiheessa kun puristusaika
oli tdynna ja puristuspaine l1dhti laskemaan nollaan. Puristuspaine nousee automaatti-
sesti ja ajan tdytyttyd my0s laskee automaattisesti. Mittaustapahtuman suorittaminen
vaati puristusvaiheen jatkuvaa seurantaa. Mittarille annettiin mittauskésky taysin ma-

nuaalisesti.



Kuva 2. Mittaustapahtuma kadynnissa.

8 TULOKSET

Tyohon tehdyt mittaukset tehtiin ohutviiluvanerituotannossa olleista levyistd. Mittauk-
set suoritettiin noin kuukauden mittaisella ajanjaksolla. Mittaustapahtumat piti ajoittaa
sen mukaan mité paksuutta kulloinkin oli ohutviiluvaneripuristimilla teossa. Kustakin
paksuudesta tehdyt mittaukset on suoritettu yhdelld kertaa, kiyttden samasta erdsta
olevia viiluja. Talloin kaikissa viidessd mittauksessa on ollut kdytossd saman kosteisia
viiluja.

Jokaisen mittaustapahtuman jédlkeen saadut mittaustulokset siirrettiin mittarin muistis-
ta tietokoneelle. Siirto tapahtui kédyttden infrapuna-yhteyttd. Mittaustuloksia kasiteltiin
mittarin omalla FlukeView- ohjelmalla. Jokainen viidestd mittauksesta siirrettiin yksi-
tellen Excel- taulukkoon. Excelissd mittaustuloksista laskettiin puristuksen aikaisen
lampdtilan keskiarvo. Keskiarvoa ei laskettu suoraan kaikista puristuksen aikaisista
lampdtiloista vaan laskentatapa on kerrannainen. Ensimmaéinen tulos, ensimmaéinen ja
toinen tulos, ensimmadinen, toinen ja kolmas tulos, jne [1:1, 1:2, 1:2:3]. Néin laskien

saatiin selvitettyd lampoétilan nousu keskiarvollisesti.
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Jokaisen viiden mittauksen ldmpoétilojen keskiarvoista piirrettiin kdyrdt kuvaamaan

lampdtilan muutosta puristuksen aikana.

8.1 Mittaustulosten analysointi

Tama osa tistd tyostd on luokiteltu salaiseksi. Se ei sisdlld mitddn numeerista tietoa

eikd my0Oskddn kuvaajia tai taulukoita.

Tuloksia analysoitaessa voitiin todeta, ettd kdytdssé olevien puristusaikojen lyhenté-
minen olisi mahdollista. Testituloksien perusteella havaittiin, etté tarvittava lampétila
vanerin keskimmaiisessi liimasaumassa saavutetaan ennen puristusajan tayttymista.
Téstd johtuen madritettiin uudet, kokeelliset puristusajat. Uusilla lyhyemmillé ajoilla
tehtiin testipuristukset jokaisesta tutkittavasta vaneripaksuudesta. Koelevyista tutkit-
tiin vetolujuus laboratoriotestein Koskisen Oy:n laboratoriossa. Testit suoritettiin
standardin EN 310-1 mukaisesti.

Koelevyjen vetolujuusarvojen perusteella voitiin todeta, ettd kokeellisilla, lyhyemmil-
14 puristusajoilla vanerien lujuusarvot olivat tuotannon asettamien vaatimusten mukai-

sia.

9 PAATELMA

Tédmin opinndytetydn aiheena oli ohutviiluvanerien puristusaikojen optimointi. Tyd
tehtiin tutkimalla tehtaalla tuotannossa olevien vanerien puristuksen aikaisia lii-
masauman ldmpoétiloja. Saatuja tuloksia verrattiin kiytdssd oleviin puristusaikoihin.
Tyon tarkoituksena oli tutkia onko puristusaikoja mahdollista lyhentda.

Sain pohjatietoa uusien, lyhyempien puristusaikojen maéritykselle vanerien keskim-
maisen liimasauman lampdtilamittauksista. Aikojen madrityksessd apuna oli myos
kaytdnnon tyokokemukseni ohutviiluvanerin valmistamisesta. Ndiden tietojen pohjalta
madritin uudet ajat, joilla koepuristukset suoritettiin.

Olen tyytyvéinen tdmén tyon tuloksiin. Onnistuin méérittiméan lyhyemmdt ajat, jotka
olivat riittdvid ja koelevyistd tuli vaatimukset tiayttidvid. Testitulokset eivit suoraan
siirrettdvissa tuotannon kiyttoon. Koepuristuksia pitéisi suorittaa lisda, jotta tuloksille
saataisiin tilastollinen varmuus. Kuitenkin tulokset ovat hyvin suuntaa-antavia ja kayt-

tokelpoisia jatkotoimenpiteitd ajatellen.
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Dynea Chemicals Oy
Kitee Site { Kiteen tehdas
Teallisuustie 20 B

FI-82430 Puhos

Finland

d Telephone +358 10 585 2004
ynea A
Tekninen asiakastiedote
Easybond 1105

Liimafilmi
Tuotekuvaus

Easybond 1105 limafilmi on fenoliharisilla kyllastettyd ja kuivatiua paperia.
Lamafilmia kéytetdén vanerin valmistamiseen, ertyyppisten pinnoitteiden ja
viilujen limaamiseen kuumapuristuksen avulla.

Edut

Easybond 1105:018 woidasn walmisiea pienidkin valmistuserida (erikois)
wvaneria. Filmid on helppo kasiells ja silla saadaan sikaan hyva limasauma
ilman erfilistd liiman levitystd. Se soveltuu joidenkin muotopuristeiden
valmistukseen. Easybond-limafilmilla valmistettu levy tayiiaa exieror-vanerin
vaatimukset.

Kayttokohteet

Easybond 110588 kiytetddn useimpien puulafien limaamiseen wanerin
valmistuksessa ja villujen limaamiseen erilaisien puulevyjen, kuten vamerin,
lastulevyn, MDF:n, kuitu- ja rimalevyjen sekd OS5Bn pintean. Pehmeimpia
puulsjeja kiytetidesss tulee tarkkailla Epilyonti-ilmicta.

Easybond 11058 limattuja levyjd kaytetdsn huonekaluteclisuudessa,
muotopuristeissa sekd useissa erikoiskohteissa. Easybond 1105:535
kdyletdan myds useimpien viilulajien erilispinnoittamiseen seka erilaisten
pinnoitteiden erillislimasaumana.

Soveltuvuus eri  kayttokohieisin  tulee ensin  vammistaa tehdaskokein.
Tekninen asiakaspalvelumme avustaa tarvittaessa.

Tuoteominaisuudet
Tuotepaino: Moin 58 gfm™
Vari: Vaaleanruskea
Haihtuwat: Moin 8.5%
Arkkien mitat
Vakiomitat 1300 mm x 1300 mm £ 5 mm
1600 mm x 1600 mm £ 5 mm
Muut mitat sopimuksen mukaan.
Arkkien maara: 3500 kpllava

Tekninen asiakasfiedote — Fasybond 1103, 11.03 2009 sivu 1(2)
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o Dynea Chemicals Oy

dynea

Kasittely ja varastointi

Ennen kdyttoa tucte on sdilytettdva alkuperaisessa pakkauksessaan kuivassa
ja villeassa varastossa suoralta auringonvalolta sugjattuna.

Useiden pallettien varastointia padllekkain tulee valttaa.

Tuotteiden wvarastointiaika avaamatiomassa pakkauksessaan edella
mainituissa closuhteissa on 12 kk.

‘Yhsityiskohtaiset kasittely- ja wvarastointiohjeet loytywat Dynean pinnoite-
kalvajen teknisesta turvallisuuschjeesta.

Liimaus

Easybond 1105 soveltuu kdytettdwaksi monivalipuristimissa. Soweltuvuus eri
kdyttoolosuhteisiin on varmistettava tehdaskokein.

Ohjeelliset puristusolosuhteet:

Viilun kosteuspitoisuus: 6-12%

Lampotila: vahintdan 125°C limasaumassa

Paine: vahintdan 1,4 Mimm?

Puristusaika: 5 - 12 min, riippuen puristuslampdtilasta. villun

paksuudesta ja kosteudesta

Tekninen asiakaspalvelumme avustaa cikeiden rakenteiden ja olosuhteiden
valinmassa.

Tekninen asizkashedote — Easybond 1105, 11.03.2009 sivin 2(2)
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Dynea Chemicals Oy
Kitee Site { Kiteen tehdas
Teollisuustie 20 B

FI-82430 Puhos

Finland

Telephone +358 10 585 2004
nea Telefax +358 10 585 2200
wwnw_dynea.com

Tekninen asiakastiedote

Easybond 1104

Liimafilmi
Tuotekuvaus

Easybond 1104 limafilmi on fenolihartsilla kyllastettya ja kuivatiua paperia.
Liumafilmia kdytetddn vanerin valmistamiseen, ertyyppisten pinnoitieiden ja
viilujen limaamiseen kuumapuristuksen avulla.

Edut

Easybond 1104:ll8 woidaan walmistaa pienidkin valmistuserida (erikois)
vaneria. Filmida on helppo kisitella ja sillé saadaan aikaan hyva limasauma
ilman erillistd liiman levitystd. Se sowveltuu joidenkin muotopuristeiden
valmistukseen. Easybond-limafilmilla valmistettu levy tayitda exteror-vanerin
vaatimukset.

Kayttokohteet

Easybond 1104:83 kdytetddn useimpien puulajien limaamiseen wvanerin
valmistuksessa ja villujen limaamiseen erilaisten puulevyjen, kuten vamerin,
lastulewyn, MDF:n, kuitu- ja rimalevyjen sekd OS5Bm:n pintaan. Pehmedmpia
puulajeja kiytettaessa tulee tarkkailla lapilyonti-ilmidta.

Easybond 1104:la limattuja levyja kaytetidn huonekaluteclisuudessa,
muotopuristeissa sekd useissa erikoiskohteissa. Easybond 1104:53
kdytetadn myds useimpien wviilulajien erillispinnoittamiseen sekd erilaisten
pinnoitteiden erilisliimasaumana.

Sowveltuvuus eri  kayttokohteisiin  tulee ensin  varmmistaa tehdaskokein.
Tekninen asiakaspalvelumme avustaa tarvittaessa.

Tuoteominaisuudet
Tuotepaino: Moin 865 |;|.|'m2
\ari: Vaaleanruskea
Haihtuvat: Moin 85.5%
Arkkien mitat
\Vakiomitat: 1300 mm x 1300 mm £ 5 mm
1600 mm x 1600 mm £ 5 mm
Muut mitat sopimuksen mukaan.
Arkkien m&ard: 3500 kpllava

Tekninen asizkashiedote — Easybond 1104, 11.03.2009 sivn 1(2)



Liite 2/2

o Dynea Chemicals Oy

dynea

Kasittely ja varastointi

Ennen kdyttoa tucte on sdilytettdva alkuperaisessa pakkauksessaan kuivassa
ja villeassa varastossa suoralta auringonvalolta sugjattuna.

Useiden pallettien varastointia padllekkain tulee valttaa.

Tuotteiden wvarastointiaika avaamatiomassa pakkauksessaan edella
mainituissa closuhteissa on 12 kk.

‘Yhsityiskohtaiset kasittely- ja wvarastointiohjeet loytywat Dynean pinnoite-
kalvajen teknisesta turvallisuuschjeesta.

Liimaus

Easybond 1104 soveltuu kdytettdwaksi monivalipuristimissa. Soweltuvuus eri
kdyttoolosuhteisiin on varmistettava tehdaskokein.

Ohjeelliset puristusolosuhteet:

Viilun kosteuspitoisuus: 6-12%

Lampotila: vahintdan 125°C limasaumassa

Paine: vahintdan 1,4 Mimm?

Puristusaika: 5 - 12 min, riippuen puristuslampdtilasta. villun

paksuudesta ja kosteudesta

Tekninen asiakaspalvelumme avustaa cikeiden rakenteiden ja olosuhteiden
valinmassa.

Tekninen asizkashiedote — Easybond 1104, 11.03.2009 sivin 2(2)
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Section 1

Requirements for Materials, Bonding Methods and Wood Protection

A General
1 Classification according to the field of
application

11 Omnly proven boatbuilding wood shall be used
for all timber components exposed to water and

shle for the particular application. Furthermore, it
shall have a low swelling and shrinkage propertes.

12 For components oot exposed to water or
weather, and not requiring strength, timber of lower
durability may be nsed.

1 Quality

The timber nsed in boatbuilding shall be long-grained
and of the best quality, i e. be free from sap, shakes,
objectionable knots and other defects. Twisted-grown
or rough saw cut wood shall not be nsed.

i Dirying

31 The timber used shall be well seasoned and
sufficiently dried, or shall be comrectly dried in a suit-
able drying kiln.

a1 For this purpose, the timber shall be stacked
in piles which are 25 small as possible, so that imiform
drying is guaranteed.

a3 In the case of forced drying, the residual
mpisture confent shall not be more than 10 %. When
processing, this confent shall not exceed 8 maxinmm
of 15 % a5 a result of hygroscopic behaviour.

34 The moisture content shall be determined by
establishing the loss of mass of a sample betwesn its
state at the time of draw-off and its state after drying,
based on constant weight at 103 £ 2 °C and the calcn-
lation of the weight loss as a percentage of the dry
mass. This shall be done in accordance with
DI 52375 or IS0 9425,

B. Types of Wood and Classifications
1 Solid wood
11 Padially sawn timber shall mainky be used for

boatbuilding. The angle of the zmmal nngs to the
lower sawm edge shall not be less than 457,

11 Table 1.2 shows the number of different
types of timber and their most important properties,
snch as durability, specific gravity, as well as bending,
tensile and compressive strength Since these proper-
ties can vary in the case of timber of the same type, or
even within the same mmk no sbsolute values are
indicated in the table, but rather reference walues. The
timber listed is divided imto durability groups from I o
W, wherehy:

I = werygood
I = good
IOI= average
IV=moderate
W = poor

1.3 The timber nsed in bostbuilding shall, if
exposed to the weather or used for the primary stac-
tral components of a boat, belong to at least durabil-
ity group IIL

14 In place of the timber listed in Table 1.2,
other types can be used if the durability and the tech-
manufacturer shall always be responsible for the cor-
rect selection of the quality and type of wood.

15 Since wood has anisotropic material proper-
ties, these shall be faken mto accoumt during the de-
sign of the components. It shall be ensured that the
main direction of siress lies in the direction of the
ereatest strength of wood, and that no impaimment of
fimction of the component is caused throngh the direc-
tional moistre coefficient of expansion.

1éd The safety factors nsed in the srength calou-
lztions shall be agreed on in each case with GL.

s Flywood
11 General

211 Plywood consists of individual layers which
are bonded together. In meneral, the layers can com-
prise veneers, wooden slats or small wooden slats. The
panels described in these Rules as plywood shall con-
sist exchusively of veneer layers.

212 The plywood panels consist of at least three
veneers bonded transversely to each other (Table 1.1
or 1.3) by means of curable synthetic resin adhesives.
The resistance of the adhesives to water and weather
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shall be demonstrated by long-term and outdoor test-
ing. The number of veneer layers is dependent on the
thickness and is defined in C. smd D

12 Grades

121 The plywood panels are divided o two
zrades GL Tand GLIL

112 Both grades are identical with regard to re-
quired srengths, inchading resistance to adhesives
The only distinction is that the panels of grade GL I
are snitable for use in one piece, whilst those of grade
GL II ma=y, becanse of non-permissible defects in the
middle and outer layers, only be used separately afier
removal of the defects.

13 Panel dimensions

131 The dimensions of the plywoeod panels are to
be specified by the customer, if standard dimensions
in accordance with DIMN EM 313-1 are not nsed.

1321 The length of the panels is measured parallal
to the zrain of the ouwter layer, and is always specified
+ 5mm.

233  The permissible thickness deviation is:
up to 3 mm+ 10 %

over 3 mm + 5 %, but maximum + 0.5 nun

14 Bonding

141 The plywood panels shall be bonded without

flaws (BFUJ 100 in accordsnce with DI §8705). For

a5 wood moishire confent, pressing poOwWer, pressing

temperature, pressing duratiom, glue characteristics,

charging eic. shall be observed contmually and care-

fully.

Ar present, the following synthetically-based adhe-

sives are approved by GL for plywood production:

- Phenolic adhesive (mchidmg phenolic adhesive
fillm)

- Melamine resin adhesives

- Resorcinel resin adhesives

141 If anpew glue is used then faultless, emor-free
handling and bonding shall be demonsirated to GL as
well as absolute resistance to water and boilmg.

15 Structure and requirements

Differsnt requirements apply to the stuchuoes and
phywood panels used in boattmilding snd avistion, as
listed in C. and T pespectively.

16 Certificates

161 Germamischer Lloyd issues certificates for

tested and approved plywood panels, and these are
handed owver to the mamafacturer and/or costomer.

162 The certificate specifies, among other things,
the plywood type, the mimber of plywood panels
inspected, the stamping and, if requested, the average
values of the test results.

163 Independent of the testing by Germanischer
Lloyd, the mamifacmarer is oblized to contmually camy
out his own shop-based quality conmol during all
working steps, the selection of the wood and its proc-
essing during production of the plywood pansls.

17 Storage of the plywood panels

171 Finshed plywood panels which are placed in
storage shall be kept in closed rooms and stored bori-
zontally.

171 The plywood panels shall only be placed in
horizomtal stores that are st least 30 cm sbove the
ground and from the walls, in order to avoid the ef-
fects of moisture.

273  The individual piles shall be protected against
moisture from one side by covermg panels.

174 Non-compliance with these storage require-
ments can lead to previous tests being declared imva-
lid.

18 Strength calcolations

The safety factors used m the stength calonlations
shall be agreed on, in each case, with GL.

C. Boatbuilding Plywood
1 General

11 Al plywood components exposed to water
and weather, or used in primary stuomral components
(such as the deck, shell and bulkheads), shall be pro-
duced from boatbuilding plywood that has been rested
and in complisnce with 10.6.

12 Boatbuilding plywood consists of at least
three weneers bonded crosswise together (Table 1.1)
by means of curable synthetic-resin adhesives. The
resistance of these adbesives o water and weather
shall be demonstrated by long-term and outdoor test-
ing.

113 As plywoeod can also be destroyed in suitable
conditions by animal or plant pests, timber shall be
nsed which offers a natural resistance.
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14 Independent of the testing by Germanischer
Lloyd, the mamafactarer is oblized to conmmually camy
ont his own shop-based guality control of all working
steps, the selection of the wood and its processing
during production of the plywood panels.

15 The points listed under B.2 shall be aken into
aCooumt

s Structure

11 The selection of twber and the struchure of
the panels (oomber of veneer lavers) shall be appro-
prizte for the field of application. Depending on the
application, strong, durshle fmber - ez makore and
the hard, durable mahogany rypes of strength group F1
(Table 1.2) - with several thin inner lavers of veneer
shall be selected for load-carrying components subject
to high stresses. Om the other hand, plywood panels of
lighter, less srong, and less durable timber of strength
zroup F2 - oz khava mahogany, okums - with thicker
and fewer inmer layers of vemeer and gzood surface
protection are suitable for linings.

12 In general, veneers of 1,5 mm thickness are
nsed for the outer layers. However, efforts shall be
made to use thicker onter layers because of the later
rewaorking necessary in boaftuilding However, their
thickness shall not exceed 2 6mm becanse of in-
creased danger of shakes in the veneers. In the case of
imner layers, veneer layers in plywood panpels up o
15 mm thick may oot have a thickness in excess of
26mm because of potental defects. For plywood
panels thicker than 15 num, veneer layers thicker than
3,8 mum may not be nsed.

13 Only in special cases and with the explicit
permission by Germanischer Lloyd this restriction can
be waived. Such phywood panels are then assigned o
the soength zroup F2 and marked sccordmgly in the
GL stamip.

24 The following table gives a list of the re-
quired minimum munber and thickness of the veneer
layers:

Table 1.1  Minimam number and thickeoess of
the veneer layers
Plywood  |Minimum| Minimem | Greatest
thickmess number | thickmess thickmess
[zem] of veneer | of the onter | of the inner
Layers laryers layers
Upin & 3
Over 6 to 10 5 1.5 mm 1,5 mm
Over 10 to 15 7
COver 15 to 20 7
COwver 20 to 24 Q
Owver 26 to 34 11 15 mm 3 8 mm
Over 34 to 40 13 ' '
Over 40 to 48 15
Owver 42 to 35 17

15 The wvemeer layers shall be symmetrical
around the middle layer, both with respect to the grain
as well as to the thickness of the layers.

16 The swength of the plywood panel can be
increased, or its property adapted to specific require-
ments, throngh an incressed onmber of veneer layers,
addition of extra glue and increased pressing power, as
well as through insertion of fabric layers.

2.7 For the production of boatbuilding plhywood
panels, only wood which is of the best gquality, flaw-
less, healthy, free from sap and spring wood shall be
used for the outer and mmer layers.

A Veneer joints

3l The joints shall be sealed perfiectly and shall
bond the veneers to each other by butt joints. The
joints shall be gned on a3 suitable joint bondmg ma-
chine.

E ] The swips of veneer of the outer Lavers shall
be put together so that they match with regard to tm-
ber and colour.

33 Sealed joints between all layers are a precon-
dition for boatbuilding plywood panels.

a4 Paper or plastic adhesive sirips may not be
used fo secure of repair inner veneer layers.

s The joints of the different veneer layers shall
be stapmered.

36 Metal clamps used for securing purposes may
only be positioned on the edges of the panels. They
shall on o account remsin on the panels when they
are cut to standard dimensions.

4. Stremgth groups

41 With regard to their suitability for the produc-
tion of beattuilding plywood, the types of omber
listed in Table 1.2 are currently approved. The fimber
is subdivided imto two smength groups. Also showm is
the natral durability and weathering resistance of the
mentioned types of imber.

4.2 The plywood panels may be manofactared
from one or several of the approved kinds of dmber_ If
panels comprise different types of timber of both
sirength groups, then all panels are assizmed to the
eroup with the lower srength.

43 All boatbuilding plywood panels which are
manufactured sccording to special specifications and
condidons of the customer, or deviate from GL Te-
quirements, are assigned to the appropriste zroup and
stamped sccording to the phywood type.
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Table12  Flywooed sirength groups

Deensity, Mean tensile sirength of

Timber type Botanical name air-dried | bility ply
[g:l'"m’] Longitud ‘Transverse
[Mimm?] [Mimm?]
Sirength grong: Fl (for loadbesring components)
Tesk Tectona grandis D64 I =40 230
Makoré Dumoria hekelii 062 I =40 =30
Douka Dumoria sfricana OuG2 I =40 230
Thtile Entandrophrazma utile 057 o =40 230
Sapele mahogamy Entandrophrazma 059 m =40 =30
tindri
Cak Quercus sp. 063 o =40 230
Strength group: F2 !

Biglesf mahogamy Switenia macrophylla D49 o <= 40, bt = 30 | = 30, tnat = 20
Ehaya mahogany Ehaya ivorensis 045 oO-Im < 4, bat = 30 | = 30, bt = 20
Okumé Ancoumea klzineans 041 w-wv < 40, bt > 30 | < 30, bat = 20
(Gaboom)
1 Cmly for moer-loadbearing componests
4.4 Other types of wood may only be wsed for 6. Defecis

msking plywond panels upon apreement with GL. The
mamfaciorer shall always remain responsible for the
correct selection of the quality snd type of wood.

5 Flywood grades

51 Boatbuilding plywood of the two strempth
zronps is subdivided into teo prades after inspecting
its external amd internal quality. In relation to their
Tespective groups, grades I and IT are identical with
Tegard o type of wood, strength, production snd bond-
ing. They differ insofar that the panels of prade T can
be wsed completely, while the panels of prade II are
Tesimicted to partial vse because of local mamfachring
defects or imber flams.

52 The defects of grade IT shall be Limited to one
third of the ares of the panel. Two thirds of the panel
shall be free of defects and suitable for use. The de-

53 The wisible side of the phywood panel shall be
mamfaciored virmally without any defects snd, fir-
thermore, the guality, colour and zrain shsll be com-
bined in such a manner that they match The hidden
surface may have small colouwr differences or slight
‘blemishes which do not infloence the stremgth of the
panel.

61 The following wond and production defects

are not permissible in the owter and inner veneer lay-

BTE:

- any bonding defects

- loose conira-shaving wood;, stomply omly-
eraimed, short-fibred wood growth at nght an-
gles to the mon of the grain; ooss-cot imber

- larper, more prominent wood discolourstion or
mould stsins which tend to camse rot and all
other defects which could have a noticesble af-
fort om the strength of the pamel

- wond discolouration on both sides, or song
glue bleeding om both sides

—  loose black (dead) knots, holes, loose joints or
blocking cracks in the veneer layers

- overlapping of the veneer layers (folding)
The following can be permitted:

- up to three healthy tight knots of 15 mm &
maxinmm for each side of the panel

- up to three knots of 25 mom & maximum on each
side of the panel which have been perfectly re-
paired
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—  wup to three cracks of the veneer edze which have
been perfectly repaired. The cracks may be up o
1/10 of the pansl lenzth and on each side of the
panel.

- small local edge flaws up to 3 cm length do not
hawe to be considerad.

Omly one of the 4 types of permissible defacts shall be

with a glue which is resistant to water and weather.

T2 Shakes of up to 1/10 of the panel lenzth and
1 mm width, and small knot holes up to 5 nm &, may
be repaired with wood putty of the same coloar.

T3 Wider shakes and defects of up to 1710 of the
panel length shall be bonded so that they are westher-
resistant. In doimg so, care shall be taken when fiting
and selecting the sirips such that they are from appro-
priste timber and have the same colour. The repair
work shall be carried out under pressure in accordance
with DIM 68705 BFL 100.

8 Surface freatment

a1 Afier pressing, the plywood panels shall be
subjected to sufficient spaking to ensure that their
mpisiure content agaim rises to §— 12 %. The phywood
panels may either remsin unsanded or be lightly
sanded.

82 The outer layers of the plywood panels cut to
their final dimensions shall be ar least 1,0 mm (afier
the pressing and sanding) at the thinnest point When
sanding the panels, special care shall be taken to en-

9 Panel dimensions

21 The dimensions of the phywood panels are
specified by the customer if standard dimensions are
not used (see B2 3).

10. Testing
101 General

10.1.1 In gemeral the finished boatbuilding plywood
panels are tested and approved at the mamufacnming
shop by surveyor of Germanischer Lloyd.

1012 The inspection of finished phrwood panels
ouiside of the manufacturing shop is camied out by GL

only by way of exception and under stricter test condi-
tions.

10.1.3 GL reserves the right to also momnitor the
production of the plywood panels in the manufactur-
ing shop.

10.2  Imspection of the plywood pamels

10.21 The condition of all boattmildng phywood
panels is inspected and tested by GL surveyors after
their completion In parficulsr, attention is paid to
bonding. The panels are allocated to the appropriate
plywood strength group and zrade, depending on the
type of plywood and the quality and stamped.

10,22 The plywood panels submitted to GL for
inspection shall be examined, pre-praded, fimished and
then divided info test batches or orders by the manm-
facturer prior fo inspection by the GL surveyor. Panels
with flty gluing are examined more closely to de-
termiine whether the faults are locally or present over
the whole panel. If the latter is true, the enfire test
batch is tested with special care. If there are several
snch panels in a test batch, thenm the entire batch is
rejected. If leaky joints or blocking cracks are found ar
the plywood edges of the inner lavers, then these de-
fects shall not be plugzed before the GL inspection.
The GL surveyor will decide whether these defects
can be comected, or whether the panel shall be Te-
jected or assigned to grade IL

10.3  Grading of the plywood panels

10,31 Grading of the panels shall be in accordance
with the differences between grades I and IT stapulated
in 5. The pansls are marked with the appropriate grade
stamp.

10.4 Sampling

10.4.1 For the inspection of boattmilding phywood
panels, sample panels are taken from test baich -
tended for mspection and provided with a sample
mnmber.

10.4.2 Test pieces of approx. 25cm length and
100 cm width are removed from these sample panels
and provided with the sample moober of the test
panel.

10.4.3 The required samples are prepared from these
sample pieces, and agsin provided with the sample
numbers of the test panel.

1044 If only 3 few panels of a particular phywood
type, or very thick and large panels, are submitted for
inspection, and if the effort involved in cutting these
panels appears to be too great, then samples can also
be taken from pieces cut off the edge of these panels.
For this purpose, It is necessary, when minuming these
panels, to put the edge cuttings aside.
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1045 The pumber of test panels is determined
acconding to the following factors:

104 5.1 If contimaons inspections by GL in the mano-
facturing shop show that the production of the boat-
oilding plywood panels appears to be relisble, and if
the production is monitored continnousty by suitshle,
sutomatic facilities or supervision, then it is not neces-
sary i take test panels from each test batch.

10452 It is sufficient to select approximately 2 %
(by mumber) of the panels from the corrent production
i be used as samples.

10.4.5.3 Tt shall be ensured that the test panels cover
all plywond thicknesses and types.

10454 If prodoction problems ocour, or if the GL
surveyor has the impression that the production is not
always reliable, then the surveyor can insist on the
selection 3 greater number of test panels.

10455 If one or several test pamels shomld exhibit
inadequate valses during the inspection, then an addi-
tional two panels from the same test baich ghall be
tesied. If, once apsin, the mininmm requirements are
not satisfied during this inspection, then the complete
test baich shall be rejected.

105  Sample type and quantity

From every test panel {or test strip) o be tested, the
following samples shall be taken and prepared:

1051 Two samples for the delamination fest in
order to determine, in sccordance with DI 53255, the
‘bonding strength of the plue.

1052 Eight samples in accordance with DIM 53255
for the adhesive tensile lap-chear test to check the
shall be wsed in sccordance with Fig. 1.1.

1053 Six samples for the longimding strenpth test
and six samples for the tramsverse sirength test to
determine the plywood tensile sirenpths in accordance
with DI 52377.

1054 Two kiln-dried samples for the determimation
of the moisnre content of the plywood and the spe-
cific weight (apparent demsiry) in sccordance with
IS0 3130,

106  FPre-ireatment and testing of the samples

1061 Gloe bonding sirength samples

10611 Two delamination samples and eipht tensile
lap-shear samples sre used for testing the bonding
sirength of the gloe.

10612 Before testing, these samples shall be subject
o & bolling'drying alternation test and a3 short-time
test BFLT 100 in accordance with DIN 68705 and shall
satisfy the test conditions of 10.6.13.

3-ply longitndina) sample

R LR
SHSLES5S
25 mm

4

b reare—
E

S-ply ramaverss sample

e
= s

Fig.11 Typical representation of a 3-ply longi-
indinal and a 5-ply tramsverse femsile
lap-shear sample

10.61.3 Siorage of the samples in boiling water with
imermediate drying at §0 “C in the following cycle:

4 hows boiling
16 howrs drying

4 hwors boiling
2 hows cooling under water at 20°C

10.61.4 The two delamination samples shall be sub-
jected to 3 delaminstion test after this pre-trestment
The bonding shall offer considerable resistance to the
forceful delamination of the veneers by mesns of a
wood fractore and flawless bonding (cf fracture dia-
zrams DIN 53255).

10.61.5 The eight tensile lap-shear samples shall be
tested in 3 wet condition in the testing machine snd
For timber of the strength group F1:
at least 15 NAimme®

For timber of the strength sroup F2:-
at lesst 1.2 N/mm®
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1062 Plrwood strength test

10.6.2.1 The six longitedinal tensile-strength samples
and the six tramsverse tensile-strength samples shall
nndergo acclimatization prior to testing m the testing

i and their modsture content shall be adjusted
w1215 %.

10.6.2.2 From each of the six samples, three longim-
dinal and three transwverse samples shall be tested in
the testing machine and the average smength value
determimed for these three samples.

10.6.2.3 The two baiches of three remaining samples
serve 25 replacement samples for those samples which
exhibit frachres at the clamping device with insuffi-
cient values. The fracmred samples are then not to be
nsed for evaluation purposes.

10.6.2.4 The samples shall have the minimum ply-
wood strempthe a5 specified m Table 1.2,

10.6.2.5 Phywood made from other types of timber
shall be inclnded in the strength group with which its
properties conply.

10.6.2.6 If the production and the plywood strength at
a mamifactaring shop is contimaally monitored by GL
and if the determination of the plywood strength of
individual test batches is considered to be irrelevant,
then the inspection and determination of the plywood
sirengths of these test batches can be waived.

10.6.2.7 If plywood panels of the timber and strength
zroup Fl do not achieve the required mininmm ply-
wood strength values of this group, then these panels
can be assipned to the plywood strength group F2 and
stamped accordingly.

10.6.2.8 Al boatbuildmg plywood panels which are
manufactured according to special specifications and
conditions of the customers, or which deviate from GL
Fules, are stamped according fo their plywood type
and srength group. The deviztions or special featires
of such plywood panels shall be recorded in the test
cenificate.

10.6.3 Mboisture test

10.6.3.1 The two kiln-dned samples are used for de-
termining the moisture content of plywood. They shall
be examined in accordance with IS0 3130, The mois-
ture content of the plywood shall be 5—12% ex
works.

10.6.3.2 Measurements of the moisture confent of
phywood by means of elecrical measwring insouments
can only be approved if check measurements using the
kiln-dried samples have shown approximately idemnti-
cal values.

1064 Determination of specific weight

10.6.4.1 For the determination of the specific weight
of the plywood panels, the two kiln-dried samples

shall be measured and weighed as precisely as possi-
ble in dry-air conditions before the kiln-drying.

10.6.5 Imspection of the plywood scarf jointing

10.6.5.1 The plywood scarf joinfing shall be camied
out in accordamce with the conditions specified in B.2.
and bonded with glues approved by GL (B.2.) under
pressing power and pressing temperature without amy
flaws. The bonding of the scarf joint shall be checked
by bending the panels over a test frame or 3 roller. If
the scarf joints appear to be of doubtful quality, then
this bending test shall be performed for both sides of
the panals.

10.6.6 Addifional fests

10.6.6.1 If for aoy reasom the GL surveyor has amy
doubts regarding the producton and in particular the
bonding of the plywood panels and its scarf joinfing,
then he shall be entitled to subject the test batch
addidonal tests of his choice, & g prisinz-open tests,

knocking-off tests, bending tests, warping tests, soak-
ingz tests etc.

11. Marking and stamping

111 All boatbuilding phywood panels inspected by
GL surveyors and found to be in order shall be pro-

vided with the following stamping o idenufy the
plywood type, grade and production:
- Stamping by the manufacturer:
— sipm or mark of the manufacturing shop
— size and thickness of the panel
The plywood thickness is given inmm, the
length and widih of the panel in coa. The first
dimension indicates the length of the panel in
the longimdinal fibre direction of the outer
layers.
— timber used for the owufer and ioner layers
(separated by a dash).
— bonding type: “BFLT 100
The panels may be stamped nenirally, i. e. without the
manufacturer's details, if explicitly so required by the
customer.
- Stamping by Germanischer Tloyd:
— a rectangular GL stamp, with the following
details:

— boatbmilding plywood
— sirength group
Plywood grade I (or II)
- Germanischer Lloyd
— testing date

respective certificate
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As a mle, the stamping shall be applied on the bottom
right of that side of the panel which is of lesser quality
(i e. on the back).

112 In the case of long scarf-jointed panels, the
GL stamp shall be made on both ends of the panel.

113  Since inspection is only camied out randomly,
the inspector is entitled to peject panels which have
already been stamped, if they should prove fo be de-
factme.

12 Certificates

121  Germamischer Lloyd issues cernficates for
boatbuilding plywood panels which have been tested
and spproved, and these certificates are given to the
mannfactarer or Cusiomer.

122  The certificate shows, among other things,
the plywood types, the pumber of phywood panels
inspected, the stamp and if requested, the average
valnes of the test results.

13 Storage of the plywood panels

131  Fmished phywood panels which are placed in
storage shall be kept in closed rooms and stored hori-
zontally.

132  The plywood panels shall only be placed in
horizontal stores that are at least 30 cm showe the
zround and from the walls, in order to avoid the ef-
fects of moisture.

133  The individual stacks shall be protected
apzimst moismre from one side by covering panels.

124  Mon-compliance with these storage require-
ments can lead to previous tests being declared invalid

o Flywood for Aircraft

1 General

11 The testing of avistion plywood for aircrafi
has been camied out by Germanischer Lloyd since
1931 znd is walid for waterproof and boilproof ply-
wood to be used for avistion purposes.

112 The plywood consists of at least three trans-
versely veneer layers (Table 1.3). The bondng is with
curable synthenic resin adhesives. The resistance of the
adhesives to water and weather shall be demonstrated
by lonz-term and outdoor testimg.

13 Independent of the testing by Germamischer
Lloyd, the mamifacnarer is obliged to contimeally carmmy
out his owm shop-based gquality control of all working

steps, the selection of the wood and its processing
during production of the plywood panels.

14 The points listed under B.2 shall be taken into
aCooumt

1 Structure

11 The selection of the imber and the smacre
of the panels (mumber of weneer layers) shall be ap-
propriate for the field of applicatnon.

112 The veneer layers shall be symumetrical
around the middle layer, both with respect to the zrain
as well as to the thickness of the layers.

13 The thickmesses shall be selected in such a
way that, as far as possible, the same strength is en-
sured in the longimdinal snd lateral direction. GL
reserves the right to exclude amy panels with an wm-
suitable structure fom the testmg.

14 The following table gives a list of the re-
quired minimum munber and thickness of the venser
layers:

Table 1.3  Minimum namber and thickness of

the veneer layers
Minimuom
Plywood thickness| pumber of Remarks
[rmum] veneer layers

L

pro 2 3 No layer shall
Fom 2w & 5 be fhicker than
Fom & w 14 7 2 mm
COrver 14 =9

15 Birch, beech, alder, okume {zaboon) or other
timber may be used, provided that the properties of the
respective timber soength group are ensured.

26  Only binding agenw (adbesives) mrhorized
by GL may be used (cf. B.2).

7 Surface freatment

171 The panels may be mamnfactored as un-
sanded, lightly sanded, scoured, smoothed, resimed or
nmresined.

171 The outer layers shall still be thick enough

after processing so that relisble subsequent processing
is ensured.

LR Veneer joints

31 Unless otherwise agreed between comtractor
and manufacturer, panels bonded with synthetic-resin
adhesive may have veneer joints parallel to fibre di-
rection in the middle and owter layers.
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a2 The joints shall be sealed perfectly and shall
bond the veneers to each other by butt joints. The
Joints shall be zlned on a suitable joint bondme ma-
chine.

a3 The jomts of the various veneer layers shall
be stazzered.

a4 The smips of veneer of the outer lavers shall
be put together so that they match with regard to tim-
ber and colour.

as Paper or plastic adhesive sitips may not be
nsed to secure or repair imer veneer layers.

L] Metal clamps used for securing purposes may
only be posittoned on the edgzes of the pamels. They
shall on no account remain on the panels when they
are cut to standard dimensions.

4. Strength groups

41 With regard to their suitability for the prodac-
tion of aviaton plywood, the tmbers listed below are
currently approved; these have been divided into two
stength groups.

Table 1.4 Strength groups
Mean tensile sirength of
phrwood MPa
Timk Strength
group
Longi- | Trans- | Lomz +
tndinal | wverse | framsv.
(added)
Birch =] z45 2 140
Beech F1 =270 245 2140
Alder =70 =45 2 140
Okommes =45 230 2 90
(Gaboon) EF2
Poplar =45 =30 = a0

432 In the case of panels over 3 mum thick, thess
values may be reduced by 3 mamimom of 10 %4

43 Other types of wood mey only be used for
making plywood panels upon agreement with GL. The
manufacturer shall always remain responsible for the
correct selection of the guality and rype of wood.

& Flywood grades

51 Phywood of the two sirength groups is subdi-
vided into two grades after inspecting its external and
internal quality. In relation to their respective zroups,
grades I and II are identical with regard to type of

insofar that the panels of grade I can be used com-
pletely, while the panels of zrade I are resmcted to

partial use becanse of local mamafacnming defects or
tirnber flaws.

52 The defects of grade II shall be limdited to one
third of the panel area. Two thirds of the panel shall be
free of defects and surtsble for use. The defects are

identified during inspection by marking

53 The visible side of the plywood panel shall be
manufactured virmeally without aoy defects and, for-
thermore, the guality, colowr and grain shall be com-
bined in such a3 manner that they match. The hidden-
surface may have small color differences or slight
blemishes which do not influence the srength of the
panel.

6. Defects

6.1 The following wood and production defects
are not permissible in the owter and inner veneer lay-
&5

- loose, mouldering knots, roften knots, holes in
the muddle layvers
- firm knots over § mum diameter

- in the case of three-ply panels, more than four
knots in one layer of 2 100 = 100 cm large panel

- 3 distance of less tham 200 mm between the
knots.

- in the case of five- or muli-ply panels, more

tham six knots in one layer and less than 150 mm
distance betwesn the knots.
If the panel sizes are different to those specified
sbove, the munber of the pemmissible knots
chanpes in sccordance with the area. Enots up
to 30 mm from the edge do not have to be taken
into considerstion.

- short-grained, curly-grained and cross-grained
wood, variegated appesrance and discolours-
tions, and mould stams if they decreass the
strength and bending capability significanthy.
Small signs of mould staims as well as bark
specks do not have to be taken into considers-
ton
Short-grained or curly-grained wood covers
such wood whose grain is interrupted and which
has different growth directions (see photo,
DIN 68256).

- knot and shake scars and intergrown knots (see
photo, DIN 68256)

Furthermore, the following mamnfachwing errors are
not allowed:

—  joints which tansgress the defined fype, and
inserted pieces (shims)
- unbonded, open and badly closed joints
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—  folds and shakes breaks peeling defects amd
tabibles as well as other such defects which de-
crease the sirenpth of the panel
(Up o three instances of damape folds or
shakes less than 30 mm from the edze of the
panel do not kave to be tsken into consideration
if they aTe not on opposite sides of the panel )

- cormugated or bent panels

- areas without binding apent, e p. damage o the
film of ghue, insofar as these aress were oot Co0v-
ered

- heavy glue bleeding on more than one side of a
panel

T Testing
71 General

T11 In zenersl, the finished plywood panels are
tested and approwed at the mamufachring shop by a
surveyor of Germanischer Tloyd.

T12 The inspection of fmiched plywood pamels
outside of the mamofachoring shop is carmed out by GL
ooly by way of exception snd uvnder stricter testing

T13 GL reserves the ripht to slso momitor the
production of the plywood panels in the mamafachor-
ing shop.

T2 Imspection of the plywood panels

721 Wrth respect to struchore, and in particalar
‘bonding, all plywood panels are examined by GL and
carefully tested after their completion by 3 GL sur-
veyor. The panels are assipmed, depending on the
plywood type and quality, to the appropriate plywood
strength group and grade. They are then praded smd

7221 The plywood panels submitted to GL for
inspection shall be examined, pre-praded, finished amd
then divided info test batches or orders by the mano-
facturer prdor to GL inspection. Panels with fanlty
gluing are exsmined more closely o defermine
whether they are omly limited locally or are presemt
over the whole panel. If the latter is true, the entire test
batch is tested with special care If there sre seversl
such panels in 3 test batch, then the entire batch is
rejected. If lesky joints or Hocking cracks are fiund at
the plywood edpges of the immer layers, then these de-
fects shall not be plogged before the GL inspection
and decizion of the GL swveyor as to whether these
defects can be comrected, or whether the panel shall be
rejected or assigned to grade IT

T3 Grading of the plywood panels

731 Gmading the panels shall be in accordsmce
with the differences between prades I and IT specified

in 5. The panels are marked with the appropriste prade
Stamp.

74  Sampling

741 For the ingpection of the plywood panels, test
panels are taken from the test baich submitted for
inspection and provided with a sample mrmber.
T41 Test pieces of approx. 25 cm length and
100 cm width are remowved from these sample pamels
and provided with the sample pumber of the test
panel

T43 From these test pieces, the required samples
are prepared and apsin provided with the sample
mumber of the test panel.

744 H only a few panels of a particulsr plywood
type, or very thick snd larpe panels, sre submitted for
inspection, snd if the effort imobved in cotting these
panels appears o be too preat, then samples can also
be taken from pieces cut off the edge of these panels.
For this purpose, it is necessary, when trimming these
panels, to put the edge cuttings aside.

745 The number of test panels is determined
acconding o the following factors:

7451 H contimuous inspections by GL in the mano-
factoring shop show that the production of the ply-
wond panels appears to be relishle, and if the produoc-
tion is mondtored continwowsty by snitsble, sutomastic
facilities or supervision, then it is not necessary to take
test panels from each test katch.

T451 | is sufficient to select spproximately 2 %
(by number) of the panels from the current producticn
i be used as samples.

T453 T shall be ensured that test panels cover all
phywood thicknesses and types.

T454 H produection problems ocour, or if the GL
surveyor has the impression that the production is not
always meliable, then the surveyor can insist on the
selection of a greater number of test panels.

T446 I ome or several test panpels should exhibit
inadequate valaes during the inspection, then an addi-
tional two panels from the same test batch shall be
tested. If, once apain, the minimom requirements are
test katch shall be rejected.

75 General quality of the panels

751 The peneral gquslity at the panels shall be
determined by an external examination

751 The inbermal quality shall be exsmined

apainst the lipht provided by a soitshle somce of illo-
mination of sufficent intensity in a well darkened
ToOmL
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753 Al panels up to 3 thickness which allows
examination against light shall be sobject o this in-
spection:

- Light timber, e.g birch- up to 3,0 mm thickness,

—  Darker timber, such as beech or okumé ({za-
bepom): up to 1.5 mm thickness.

T4 Thickmess deviations
Deviztions in production, especially with regard to the
values listed in B.2 shall be used.

77 Moistore test

771 Two kiln~drying samples sre used for deber-
miming the moistore of plywood. This shall be done in
accordance with DIN 52375. The moisture comtent of
the plywood shall be 5 — 12 % ex works.

7721 Measorements of the moistore comtent of
phywood by means of electrical messuring instroments
can only be approved if check measurements using the
cal walmes.

T8 Tensile sirengih

T81 The strenpth of st least three samples paraliel
o and three samples at dpht anghes o the fibre direc-
tion of the outer layers of each test panel shall be
determined by means of tensile testing in a calibrated
testing machine.

7821 The tensile srength shall be determined in
asccordance with DIN 52377, using the test pieces
specified therein.

TH83 The sverage value of the results for the same
iest panel is taken a5 the resolt of the test.

9 Temsile lap-shear test

781 The tensile lap-shear test shall be carmded out
in accordamce with DIN 53255,

791 The tensile lap-shesr strength shall be deter-
mined with at least five samples from each test pamel
in & wet condition by shearimg off the bonded area in a
calibrated testing machine, as well as with two bodling
samples of 10 cm x 10 cm dimensioms:

—  samples for 3-ply panels in accordance with Fig.
1.2

- samples for 5-ply pamels in sccordance with
Figz. 1.3 and 1.6

- samples for 7-ply panels in socordance with
Fips 14and 1.7

—  samples for 9-ply panels in accordance with Fig.
15
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Fig. 1.7 Transverse sample for a T-ply plywood
panel

793 FRecommended values for the ronting
lengths of the adhesive samples

The tested bonding area shall be small enough so that
no wood shake occours, and on the other hand shall be
large enough so that the layers do oot detach them-
selves too easily. See Table 1.5 for recommended

lengzihs.

794 Adbesive samples of 5-ply mnd nmlo-phy
panels having thin veneer thickmess which cannot, or
camnot easily, be penetrated in accordance with Figs.
1.6 and 1.7, shall be prepared in accordance with Figs.
1.3, 1.4 and 1.4; bowever, the fibres of the owter layers
shall be in the transverse direction in the case of 3-ply
panels, and parallel to the longimdinal direction of the
sample in the case of 7-ply panels. Fonting of three or
four layers shall be performed on each side.

795 The samples shall have been immersed m

water prior to the test for a sufficient period of mme to

ensure complete soaking.

Fecommended values for spaking &t room temperature

(15-20°C):

- 24 bowrs for samples up to 2 mm thickness

- For thicknesses greater than 2 mm the required
fime is defermined by linesr extrapolation.

Spaking of the samples may be substifated by three

bours of bolling (three-howr immersion in boiling

water).

7846  The srength after soaking or after boiling of

the samples shall be determined in a wet state and
shall be at least 2 H/mm?.

797 Isolated values may be up to 10 % below this
TequTement.

7938 In addition a three-hour boiling test shall be
performed twice on two 10 cm x 10 cm samples from
each test panel. The samples shall be first boiled for
three bowrs in water and then dred at 80 °C. After
this, they shall again be boiled for three hours, cooled
in warm water for two hours at 20 °C and then, in a
wet state, shall either be mamally or with suitable
equipment bent several fimes back and forth untl they
break. In doing so, there shall be no sign of loosening
of the individual veneer layers, no embrittlement or
mnfrvourable appearance of the gloe joint.

799 If the GL surveyor notices anything ummsual
in this respect, he shall then increase the mumber of the
tests and carmy them out on the panels in guestion.

7910 In the case of bonding with phenolic resin,
boiling tests may be omitted at the discretion of the
GL surveyor.

710 Addifional fests

7101 If the GL swvevor has any doubts regarding
the production and, in particular, the comect bonding
of the plywood panels and its scarf jointing, then he is
authorized to subject the test batch to addidonal tests.

For example: prising-open tests, knocking-off tests,
bending tests, warping tests, soaking tests efc_

5 Marking and stamping

51 Each panel which satisfies these Fules and is
approved shall be provided with the following stamp:
811 Stamping by the mamifacnmer:

- sign or mark of the mamifacturer

- thickness of the panel inmm and the tdmber
used

- letters which identify the type of bonding e.z
T = hbonded with Tego Shm
PH = bonded with phenolic resin
M = bonded with melamine resin
B = bonded with resorcine] resin

As an alternative, the rvpe of bonding can be
identified by "BFU 100",

Table 1.5
Pane] thickness
=;inmm upto 0] 1-2 15 3 4 5 b ] 10-14 | 16-20
Cutting length
=1inpm 3 4 5 5 1] 7 B o 10 13
Glne surface for the samples acc. Fig 12,13, 14and 1.5 = qrting length 1% width of sample,
Glne surface for the samples acc. Fig. 1.5and 1.7 = 1 cutting length 1 width of sample.
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812 Stamping by Germanischer Lloyd:
- a stamp that identifies the grade GL I or IL, the
number of the test batch and the year of testing

- The stamps shall be applied by means of a roller
stamp diagonally across the panel on the side of
lesser quality.

82 Since inspecton is only camied out randomly,
the surveyor is entitled to reject pamels which have
already been stamped, if they should prove to be de-
fective.

83 GL is enfitled to stop providing stamps if
production defects ocour contimueally.

9. Certificates

21 Germanischer Lloyd issues certificates for
tested and approved plywooed panels, and these certifi-
cates are handed over to the manufactrer or customer.

L] The certificate specifies, among other things,
the plywood type, the mumber of plywood panels
inspected, the stamping and, if requested, the average
values of the test results.

10. Storage of the plywood panels

10.1  Finished plywood panels placed in storage
shall be kept in closed rooms.

10.2  The plywood panels shall only be placed in
horizontal stores that are at least 30 cm sbove the
eround and from the walls, in order to avoid the ef-
fects of moisture.

10.3  The individual stacks shall be protected
aAEainst moisture from one side by covermg panels.

10.4  Non-compliance with these storaze require-
ments can lead to previous tests being declared inva-
lid.

E. Joining of Wood Materials

1. Laminated and multilavered components

11 In order to reduce variations in the character-
istic values of wood and therefore to armwe st reason-
ahle safety factors to be applied in designing stroctural
elements, the wood is homogenized by means of lami-
nation Laminated components are bonded compo-
nents consisting of individual layers (ar least three) of
sawn tmmber which have the same grain direction.

12 Multilayered components are bonded compo-
nents in which the individual layers (ar least three)
consist of sawm timber and have different grain direc-

pends on the shape of the components to be laminated.
However, the laminate thicknesses shall not, if possi-
ble, be less than 5 mm and shall not exceed 25 mm in
the case of ourved parts. In the case of siraight parts,
the lammate thickness shall not be more than 40 mm

13 Adhesives may only be used that are resistant
to cold and boiling water and that in the bonded joint
have the same strength s that of the wood (see also C.
and D). A precondition for the camrying out of ghuing
procedures is the availability in the workshops of
temperature and hmidity controls as well as clamping
facilities.

14 The moisture of the wood shall be 12 -15 %
at the time of bonding; baor must not exceed 18 %o,
Efforts cshall be made to keep the ghied joint as thin as
possible (0.1 — 0,2 mm).

15 Since tramsverse compressive stresses during
snbsequent swelling of the wood are less damaging
than mamsverse tensile stresses bronght sbout by sub-
sequent volome confraction, it is reconmended that
the fimber be dried to an average moisture content that
is the same as, or just below, the average moishare
conftent of the component,

1éd If adhesives on a formaldehyde basis are used
{e_g. for boatbuildng timber), then a pre-drying time
for the moist joining surface for 5 — 10 mimites may
be necessary o enable low-molecular substances o
e5Cape.

1.7 Sufficiently long clampmg mmes shall be
adhered to, depending on the bonding temperature. In
the case of curved or welded parts, the clamping time
shall be extended accordingly.

2 Scarf jointing

21 The joint ends shall be precisely joined i
order to aveid faulty gluing or other defects.

chamfer length
= I *
A
F p— =
B
¥ e T

Fig. 1.8 Scarf joints across the thickness
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Fig. C is also wrong and causes a variety of defects. In
this case, particularly when sanding plywood pamels
down until they are smooth, the owber layers are
sanded sway excessively.

below 4 kg/on?®.

14 Giued scarf-jointing of solid wood shall have
a chamfer length which is eight times the pane] thick-
ness.

of the phywood thickmess toe chamfer length shall be as
Tollows:
- for panels up to 10 mm-

at least 1:10

- for panels over 10 o
at least 1:8

14 Further information is given in the WG 81243
Standard (Wood Bonding in Wood Boattuilding).

F. ‘Wood Protection

1 Al timbeer (with the exception of the timber
of the dursbility proup L Tabkle 1.2) shall be protected
by several costs of suitable protective paimt, or by
mesns of impregnation with 3 proven wood presena-
tive, against fungi and insect infestation. Impregnaticn
is the preferred method for imerior smrfaces of the
boat's components which are exposed o water or
weather (outer e. g skin deck, superstruciore) amd

which have received a cost of paint impervious to

VPO Pressure.

L All plywood parts shall be protected by sew—
eral coats of paint or vamish. Special attention shall be
paid to plywood edpes and drill-boles by pretreating
Ilen? with recognized amd prowven edge pootection
COAMES.
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