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1. DARBA VISPAREJAIS RAKSTUROJUMS
1.1. Témas aktualitate

Koksnes platnu razoSana ienem nozimigu vietu ES kokripniecibas nozarg.
Saasinoties konkurencei, platpu materialu tirgii nepiecieSsams razot racionalakus un
konkurétsp&jigakus izstradajumus, tadejadi sekmgjot jaunus pétijumus par inovativiem
produktiem t. sk. augstas ipatn&jas stipribas koksnes platnu izstradi un to ievieSanu
razoSana. Koksnes platnu industrijas attistiba ir ciesi saistita ar zema blivuma un augstu
mehanisko 1pasibu koksnes platnu izstradi.

Meza nozare ir nozimiga Latvijas tautsaimnieciba, tas devums ir aptuveni 5 % no
iekSzemes kopprodukta. Saplaksnu eksporta vértiba 2007. gada sasniedza 8.4 % no
visas meza nozares produkcijas eksporta vértibas un sastadija 85 miljoni LVL
2008. gada. Gandriz puse no Latvija sarazotajam koksnes platném ir beérza saplak3ni.
Salidzinot ar citam koksnes platném, b&rza saplakspiem piemit augstas mehaniskas
ipasibas un relativi liela tilpummasa.

Pamatojoties uz pasaules pieprasijumu un riipniecibas attistibas tendenc€m, jaunu
un konkurétsp&jigu koksnes platnu materialu razoSana ar paaugstinatu ipatngjo lieces
stipribu ir viena no kokapstrades nozares prioritat€ém ar1 Latvija. Promocijas darba ir
apkopoti autora analitiskie un praktiskie p&tijumi, kas veikti $1 uzdevuma izpildei. Jauno
produktu paredzams pozicionét tirgli ka specialu produktu ar augstu pievienoto vertibu
un paaugstinatu ipatngjo lieces stipribu. Ar paaugstinatu ipatngjo stipribu saprotot
koksnes platnes ar augstaku lieces stipribas un blivuma attiecibu neka tradicionali
razotam bérza saplak$pa platn€m. PE&tijumu virziens atbilst dokumenta ,Latvijas
mezsaimniecibas un uz koksnes resursiem balstitas ripniecibas tehnologiskas
platformas vizija 2030” minétajiem iesp&jamiem p&tijumu virzieniem.

Ipatngjo stipribu vél sauc par stipribas attiecibu pret masu. Materialus ar augstu
ipatngjo stipribu ikdiena pielieto kosmosa, Sauszemes un gaisa transporta, sporta
industrija, pielietojumos kur materiala zema masa giist virsroku par materiala augsto
cenu.

Paaugstinatas T1patn€jas stipribas koksnes platnes veicinas koksnes platnu
industrijas attistibu un konkurétspéju. Sads produkts ir pieprasits tirgii (piem. transporta
industrija) un uz doto bridi netiek piedavats. Augstas patngjas stipribas koksnes platnu
galvenas pielietojuma sferas ir:

e kravas konteineru razoSana;
e automas$inu biive — kravas un pasazieru transports;
e kugu buve — jahtas, militarie kugi (atminétaji).

Pielietojot platnes ar paaugstinatu ipatngjo stipribu, prognoz€jams koksnes
materialu patérina samazinajums un atlikumu racionala izmantoSana. Jaatzime, ka ar1
transporta industrija sagaidami vairaki ieguvumi, kas ir saistiti ar ekologiju:

e logistika samazinasies transporta vienibas pasmasa un tatad biis iespgjams
parvadat vairak kravas;

e mazaks degvielas patérin§ uz vienu kravas vienibu samazinas vides
piesarnojumu un saudz€s neatjaunojamos dabas resursus.

Autors vairakus gadus strada ka eksperts Eiropas Standartizacijas organizacijas
CEN tehniskas komitejas TC 112 ,Koksnes platnes” darba grupas WG 4 ,Testa
metodes” un WG 2 ,,Saplaksnis”. Darba iegiita pieredze standartizacijas jautajumos
koksnes platnu nozaré lauj profesionali izvertét nozares standartus un piedalities jaunu
standartu izstradé. Darba pievérsta uzmaniba standartam LVS ENV 14272:2003



»Saplaksnis - Dazu mehanisko 1pasibu aprékina metode” un no promocijas darba
ieglitajam atzinam sniegti priekslikumi ta uzlabosanai.

Darba matematisko modelu aprobacijai izmantoti un izgatavoti vairak ka 300
saplak$na un 150 kartaino platnu paraugi un veiktas mehaniskas paraugu parbaudes,
statistiski apstradajot testa datus.

1.2.  Pétijjuma mérkis un uzdevumi

Promocijas darba mérkis - izstradat saplak$pa platnes ar augstakam Tpatngjas
lieces stipribas un stinguma Tpasibam, salidzinot ar tradicionali razotiem saplakSniem.
P&tijuma mérka sasniegSanai izvirziti $adi darba uzdevumi:

e izgatavot saplakSpus ar ribotu un vilpotu viduskartu, un argjas kartas
vairaku blakus esoSo finieru Skiedru virzienu orientaciju viena virziena un
noteikt to lieces stipribas un stinguma raksturotajlielumus;

e noteikt paaugstinatas ipatn&jas stipribas saplaksna, ar ribotu viduskartu,
racionalu ribu izm&rus un izvietojuma geometriju;

e izstradat lielformata saplakSnpa platnes vilnveida viduskartas razoSanas
tehnologisko risinajumu;

o veikt saplaksna lieces stipribas un elastibas modula LVS ENV 14272:2003
aprékinu metodikas validaciju, izmantojot dazada biezuma saplaksna
eksperimentalo parbauzu rezultatus un izstradat priekslikumus aprékinu
metodes uzlaboSanai (ievért§jot visu finieru slanu ietekmi uz
prognoz€jamiem lielumiem, neatkarigi no to Skiedru orientacijas).

1.3.  Pétijjumu metodes

Petijumi veikti izmantojot matematiskas modeléSanas un eksperimentalo datu
iegiiSanas metodes. Eksperimentalie fizikali mehanisko ipasibu rezultati salidzinati un
analizéti ar matematisko aprékinu rezultatiem. Eksperimentalie darbi veikti akciju
sabiedribas ,,Latvijas Finiera” rapnicas , Lignums” Attistibas, kvalitates un jauno
tehnologiju nodalas laboratorija. Lieces 1paSibas noteiktas ar firmas ,,Zwick” iekartam -
»Zwick 020 un ,,Zwick 4007, kuru maksimalas slogoSanas jaudas attiecigi ir 2 un 40
tonnas.

Izverteti tris saplakSna produkti ar paaugstinatu Ipatn€jo stipribu:

e saplaksnis ar optimizetu finieru saklajumu;
e saplaksnis ar ribotu viduskartu,
e saplaksnis ar vilnotu viduskartu.

Pétijumu  rezultatu analizet un  grafiskam  att€lojumam izmantotas
datorprogrammas SPSS 17, Sigma Plot 12, MS Excel, attéli veidoti ar MS Visio un
Corel Draw.

1.4. Promocijas darba zinatniska novitate

Izstradats saplakSna produkts ar ribotu viduskartu, kura patng€ja lieces stipriba ir
par 20 % augstaka neka bérza saplaksnim Riga Ply.

Pieradits, ka racionalaikais saplak$pa ar ribotu viduskartu ribu izméri un
izvietojuma geometrija ir sekojoSa - saplak$pa apSuvuma biezums 9 mm, ribu
orientacija 45° pret apSuvuma segfiniera Skiedru virzienu, ribu finieru novietojums
perpendikulars pret platnes plakni, ribu un dobumu attieciba 1 : 3.



Izstradati saplak$na ar vilpotu viduskartu razoSanas tehnologijas posmi, kas
atSkiras no jau zinamiem ar saplaksSpa viduskartas izveidoSanas konstrukciju, kura
sastav no daudzam savstarp€ji savienotam vilnveida saplaksna platném.

Uzlabots LVS ENV 14272:2003 saplakspa lieces Tpasibu model&Sanas algoritms,
ievertetjot visu finieru ietekmi uz platnes lieces TpaSibam.

1.5. legiutie rezultati un praktiska nozime

Sniegtas rekomendacijas trTs veidu saplakspa platnu ar paaugstinatu ipatng&jo lieces
stipribu razoSanai.

Uzlabota metodika saplaksna lieces ipasibu aprékinaSanai, kas lauj saplakspa
razotajam model&t platnu lieces pasibas, atkariba no finieru saklajuma shémas.

lesniegts saplak$na ar vilpotu viduskartu razoSanas panémiena LR patenta
pieteikums Nr P-10-73 ,Tris kartu kompozitmaterials no saplak$nu platném un
pan@miens ta izgatavoSanai’.

1.6. Darba struktiira

Darbs strukturéts sesas nodalas:
1. nodala. Koksnes platnu industrijas analize Latvija un Eiropa.
2. nodala. Latvijas Finieris AS bérza saplakspa raksturojums un to mehanisko
1pasibu ietekméjosie faktori.
3. nodala. Augstas Tpatngjas stipribas koksnes platnu, t. sk. ar1 saplakSna, raZoSanas
panémieni.

nodala. Petijumu metodika.

5. nodala. Petijumu rezultati par saplaksna lieces Tpatngjas stipribas uzlaboSanu.
Rezultati aptver finieru saklajuma shémas optimizeéSanu un saplak$na platgu ar
vilnveida un ribotu viduskartu parbaudes.

6. nodala. Secinajumi un priekslikumi

&

Kopuma darbs noforméts uz 115 Ipp, 100 att. un 27 tabulas.
Darba izmantoti 110 literatiiras avoti.

1.7. Darba aprobacija

Publikacijas
1. Tuherm H., Ludvigsone — Rudzite S., Zudrags K. Wood Processing Industries in
Latvia. Technologia Drewna No 43, Poznana, Polija, 2007, 55 — 65. Ipp.

2. Zudrags K., Tuherm H., Relationship of birch (Betula sp.) plywood bending
properties determined according to the European standards EN 789 and EN
310. International scientific conference “Research for Rural Development 2007
proceedings, Jelgava, Latvija, 2007, 181 — 187. Ipp.

3. Zudrags K., The analysis of imported plywood in Latvia. Proceedings of the 3th
meeting of the Nordic Baltic Network in Wood Material Science & Engineering
(WSE), Helsinki, Somija, 2007, 41 — 47. Ipp.

4. Ludvigsone-Rudzite S., Zudrags K., Plywood Image in Latvia. Papers of the
Nova course Wood Engineering - Products and Their Utilization, Department of
Forest Resource Managment Publications Nr 43, University of Helsinki,
Helsinki, Somija, 2008, 23 — 36. Ipp.



5. Zudrags K., Ludvigsone — Rudzite S., Bending Properties of Special Lay-up
Plywood. Proceedings of the 4th meeting of the Nordic Baltic Network in Wood
Material Science & Engineering (WSE), Riga, Latvija, 2008, 114 — 118. Ipp.

6. Andersons B., Andersone I., Biziks V., Irbe I., Grininsh J., Zudrags K.,
Peculiarities of the Thermal Modification of Hard Wood. Proceedings of
European Conference on Wood Modification 2009, Stoholma, Zviedrija, 2009,
141 — 145. Ipp.

7. Biziks V., Zudrags K., Andersone I., Andersons B., Grininsh J., Sansonetti E.,
Improvement of the Properties of Birch plywood by Thermal Modification.
Proceedings of Inetrnational Panel Product Symposium, Nante, Francija, 2009,
99 —109. Ipp.

8. Zudrags K., Kalnins K., Jekabsons G. Ozolins O., Bending Properties of
Plywood I-core Sandwich panels. Proceedings of the 5th meeting of the Nordic
Baltic Network in Wood Material Science & Engineering (WSE), Kopenhagena,
Danija, 2009, 169 — 175. Ipp.

9. Kalnins K., Jekabsons G., Zudrags K., Beitlers R. Metamodels in optimisation of
plywood sandwich panels. Proceedings of 9th International Conference "Shell
Structures, Theory and Applications”, Volume 2, Proceedings of the 9th SSTA
Conference, Jurata, Polija, 2009, 291 — 294. Ipp.

10. Zudrags K., Medved S., Hakk1 Alma M., Mechanical Properties of Wood-Based
Panels. Performance in use and new products of wood based composites, 2009,
87 —102. Ipp.

11. Bynparc K., Jlecnvie 6yonu Jlameuu, zurnals JlecIIpomudopm Ne8 (66), 2009,
164 — 167. Ipp.

Nolastti referati zinatniskajas konferences par promocijas darba temu

1.The 2™ meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE), Stoholma, Zviedrija, 31.10.2006, referats: “Determination
of Characteristic Bending Properties of Birch Plywood by EN 310 Test
Method”.

2. XX sesja naukowa “Badania dla meblarstwa”, Poznana, Polija, 24.11.2006,
referats: “Wood Processing Industries in Latvia”.

3. International scientific conference “Research for Rural Development-2007”,
LLU, Jelgava, 2007, referats: , Relationship of birch (Betula sp.) plywood
bending properties determined according to the European standards EN 789
and EN 310"

4.The 3" meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE) 2007, Helsinki, 29-30.10.2007, referats: ,, The Analysis of
imported plywood in Latvia”.

5.LLU Meza fakultates zinatniski praktiska konference ,,Zinatne un prakse nozares
attistibai”, 16.-17.04.2008, Jelgava, referats: “Saplaksnu noturibas pétijumi pret
senu iedarbibu”.

6. LLU Meza fakultates zinatniski praktiska konference ,,Zinatne un prakse nozares
attistibai”, 16.-17.04.2008, Jelgava, referats: “Saplaksnis LLU kokapstrades
studiju programmas studentu skatijuma’”.



7.The 4™ meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE) 2008, Riga, 13.-14.11.2008, referats: “Bending Properties of
Special Lay-up Plywood”.

8.European Conference on Wood Modification-2009, Stoholma, Zviedrija,
27.04.2009, referats: “Peculiarities of the Thermal Modification of Hard
Wood ™.

9.The 5™ meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE) 2009, Kopenhagena, Danija, 1.-2.10.2009, referats:
“Bending Properties of Plywood I-core Sandwich panels .

Citas aktivitates saistiba ar promocijas darba temu

1. Eksperts Eiropas Standartizacijas darba grupa CEN TC 112 WG 4 ,Testa
metodes”.

2. Eksperts Eiropas Standartizacijas darba grupa CEN TC 112 WG 2 ,,Koksnes
platnes”.

3. Vadibas komitejas loceklis COST akcija Nr 49 ,,Koksnes platpu procesi un
Ipasibas”.

4. Eiropas projekts G6RD-CT2000-00273 ,,Saplakspa lim&uma parbaude un
noveértéSana saskana ar EN 314-1 un EN 314-2”.

5. Valsts petijuma programma Nr 09-VP-4.4 | Lapu koku audz€S$anas un racionalas
izmanto$anas pamatojums, jauni produkti un tehnologijas”

6. LZP sadarbibas projekts Nr 06.0032.1.3. ,, Atjaunojamo izejvielu kompleksas
izmantoSanas zinatniskie pamati”.

7. MeZza attistibas fonda zinatniskas izpétes projekts Nr 180909/S109
"Paaugstinatas 1patngjas stipribas koksnes platnes".



2. SITUACIJAS ANALIZE

2.1.  Koksnes platnu industrija

Saja nodala raksturota Latvijas meZa nozare un dots ieskats par koksnes platnu
industrijas apjomiem pasauleé un Latvija. IpaSa uzmaniba veltita transporta industrijas
attistibai, jo katru gadu palielinas tas pieprasijums péc koksnes platnu materialiem un
picaug to tehnologiskas prasibas.

Kokriipnieciba ir otra lielaka parstrades nozare Latvija ar nozares apgrozijumu
1.1 miljardu latu 2007. gada. Kokriipnieciba nodroSinaja 27 % no kop€jiem Latvijas
eksporta ienakumiem. SaplakSpa razoSana Latvija ienem nozimigu lomu meza
produkcijas eksporta joma. Lidz 2006. gadam noverojams saplak$na razoSanas kapums
(skat. 1. att.). 2007. gads iezimgjas ar razoSanas kritumu, ko izsauca izejvielu (koksnes)
nepietiekamiba tirgi. Gadumija samazinajas koksnes pieejamiba tirgi, jo laika apstak]u
del (siltas ziemas) samazinajas mezizstrades apjomi. Saplaksna iekS$Ejais patérins
Latvija ir aptuveni 30 tk. m® gada. 2007. gada Latvija sarazoja 11.6 % no visa FEIC
(Eiropas saplaksna razotaju asociacija) ietilpstoSo uzp@mumu sarazota lapu koku
saplaksna.

Saplaksnis, m°>x10°
300

Plywood 248.2
250
1974 2109 2101 1994
200 | 174 180.1
— 7733 1903 2064
150
147.2 150
100 +—
41.4
1 la 31
50 - -9 g5 118 27
O —_— - -‘ . .

2003 2004 2005 2006 2007 2008

Eksports B |mports —s— RazoSana

Export Import Production
1. att. Saplaksna razoSanas dinamika, eksports un imports Latvija.
Fig. 1. Dinamic of plywood production, export and import in Latvia.

Galvenas eksporta valstis ir Apvienota Karaliste - biivniecibas nozarei, Vacija -
biivniecibas un transporta nozarém, Francija - biivniecibas nozarei. Bérza saplaksni
eksporte uz vairak ka 40 valstim. Nozimigu lomu spé€lé ar1 eksports uz Dienvidkoreju
7.7 tk. m® 2007. gada, kur parsvara bérza saplaksni izmanto kugubiivé. PardoSanas
apjoms Dienvidkoreja 2007. gada bija 3 reizes lielaks ka 2005. gada, kas saistits ar
,Latvijas Finieris” AS ,,ieieSanu” kugu buves industrija.

2007. gada viens no galvenajiem saplaks$pa noieta tirgiem ES bija transporta
industrija - kugu, treileru, autobusu un automasinu biivé. Stabils noiets bija btivniecibas
industrija, kur lielako dalu saplaksna izmanto betoné$anas veidniem.

2.2.  Beérza saplakspa raksturojums

Dots berza saplaksna raksturojums un ta mehanisko ipasibu ietekmégjosie faktori.
Bérza saplaksnis ir saliméts no 1.45 mm biezam bérza (Betula sp.) lobita finiera



loksném, izmantojot fenola sveku Iimi. Skiedru virziens blakus eso$ajam kartam
saplaksna platné ir perpendikulars. ,,Latvijas Finieris” AS razotais bérza (Betula sp)
saplaksnis tirgi piedavats ar tirdzniecibas zimi Riga Ply. Bérza saplaksnis Riga Ply ar
nominalo biezumu 28 mm $T darba ietvaros ir izvelets ka etalons, pret kuru salidzinati
jaunizstradatie saplaksni.

Finieru kartu skaits var biit sakot ar 3 lidz pat 35 finieru kartam. Lielako dalu
saplak$na veidu Iimé ar fenola- formaldehida sveku limi. Bérza saplakspa Riga Ply
mitrums ir robeZas no 7 % lidz 10 % un blivums svarstas no 650 ... 750 kgxm™ gaisa
temperatiira 20° C un relativa mitruma 65 %.

2.3.  Augstas Ipatnéjas stipribas saplaksSnpa raZoSana

Nodala aprakstiti dazadi jau zinamie augstas Ipatng€jas stipribas koksnes platnu
razoSanas panémieni. Bérza saplaksna mehaniskas 1pasibas var uzlabot vairakos veidos:

e optimizgjot finieru saklasanas she&mas — uzlabojot mehaniskas ipasibas
platnes viena virziena;

e izmantojot materialus ar augstakam mehaniskam ipaSibam — pastiprinot ar
tiem saplaksni;

e optimizgjot platnes $kérsgriezumu — veidojot kartainas (sendwich) platnes;

e veidojot trisdimensiju struktiiras — orientgjot finierus ne tikai plakng, bet
ar1 perpendikulari platnes plaknei.

Saplakspa mehanisko ipasibu uzlaboSana ar ne-koksnes
kompozitmaterialiem Pirmsakumi koksnes mehanisko 1pasibu uzlaboSanai ar
stiklaskiedru mekl€jami pagajusa gadsimta 60. gados. Amerikas saplakSnu asociacija
septindesmitajos gados veica pétijumus par saplakSna mehanisko 1pasibu uzlaboSanu,
izmantojot neorientetu stiklaskiedru, sacirstu Skiedru klajumu un saaustu audumu,
pielim&tu ar vinilestera un poliestera svekiem. legiitas platnes bija izturigas, viegli
apstradajamas un labojamas. Bérza saplakspa Riga Ply lieces ipasibu uzlaboSanas
iesp€jas petitas arm1 Meza attistibas fonda finansétaja projekta ,,Paaugstinatas ipatngjas
stipribas koksnes platnes” un Tirgus orientétais pétijjuma projekta ,,Kompozitmateriali
saplak$na 1pasibu uzlaboSanai”. Projektu ietvaros veiktajos eksperimentos konstatéts,
ka, aplim&jot saplaksni ar stikla Skiedru, ir iesp€ams bitiski uzlabot saplakSpa
nestsp&ju. Viens no praksé vieglak realiz€jamiem variantiem ir stikla Skiedru sietu
izmantoSana. Ka vienu no perspektivakajiem variantiem norada sieta uzliméSanu uz
saplak$na virsmas, izmantojot fenola sveku laminatus (ar termoreaktivajiem svekiem
piesiicinatus papirus). Sads aplimésanas veids ir tehnologiski vienkarss un péc biitibas
neatSkiras no razoSana eso$a lamin&Sanas procesa, kura izmanto divas un vairak
laminata kartas. Aplim&jot saplaksni ar stikla Skiedru, var uzlabot saplakSna lieces
pasibas robezas no 10 ... 20 %.

Kartaino koksnes platpu galvena priekSrociba, salidzinot ar tradicionalajam
koksnes platném, ir to zema masa. Neskatoties uz to, tam piemit liela mehaniska
izturiba, formas stabilitate un zema siltumvadiba. Kartaino platnu razoSana var pielietot
kokmaterialus vai kombinét kokmaterialus ar dazadiem ne-koksnes materialiem,
tadejadi iegustot kartainas platnes ar dazadam ipasibam. Pareizi izv€loties materialus, ir
iesp&jams uzlabot vienu vai vairakas 1pasibas. Platnes mehaniskas 1pasibas ir iesp&jams
uzlabot, pielietojot planus finierus, kas piesiicinati ar sintétiskiem svekiem vai armgjot
ar metalu un dazadu skiedru materialiem, piem., stikla Skiedru vai oglekla Skiedru.
Blivumu var samazinat, izveidojot platnes, centralaja dala dobumus vai centralo dalu
aizstajot ar zema blivuma materialiem, piem., dazadu putu materialiem vai zemaka
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blivuma koksni. Dazas no iesp&jamajam koksnes platnu konstrukcijam var aplikot
2. attéla.

AT ST ——

e

Al
I Ty W 2

h) i)

1 — apSuvums / skins 2 — Iistes / blocks
3 — koksnes kubi orientéti ar Skiedru virzienu perpendikulari platnes plaknei / end grain cubes
4 — vilnveida pildijums / corrugated core 5 — $anu materials / honeycomb core

2. att. Kartaino platpu konstrukcijas.

Fig. 2. Sandwich panel constructions.

Vilnveida koksnes platnes. Vilnveida platnes plasi pazistamas un pielietojamas
kokapstrades nozares galveno konkurentu vidi — plastmasas un metala industrija, kur
tas izmanto vieglu platnu razoSana, tadgjadi samazinot izstradajumu svaru. Nemot véra
kokapstrades nozares attisttbu un tendences, vilnveida koksnes platnu razoSanas
levieSana sniegtu vairakus labumus:

e samazinatu izejmaterialu paterinu;

e dotu iespgju pielietot zemakas kvalitates materialus, piem., sasmalcinatu
koksni, skaidas, Skiedras utt.);

e varétu mazinaties limvielas paterins.

Jaatzimé, ka to razoSana ir vérojami arT negativie aspekti:

e var paliclinaties limvielas patérins, ja kokskaidu vai kokskiedru tris
dimensijas platnes aizstaj ar masivkoka vai saplak$na platném;
e sarezgits razo$anas process, kas nosaka augstas razoSanas izmaksas.

Viens no galvenajiem trikumiem vilgpveida platpu razoSana ir sarezgitais
razoSanas process. Izgatavojot vilpveida liekti Itmétas saplakSna detalas, darbojas
virkne ierobezojumu:

e izliekuma radiuss;

e finieru biezums un Skiedru orientacija;

e gatavas detalas forma un izmeéri.

Darba izstradatas saplaksna platnes ar divu veidu vilnpveida profila viduskartu.
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3.1.

3. METODIKA

Materiala izvele un paraugu sagatavosSana

Darba izstradatais saplaksnis orientéts ar pielietojumu transporta industrija — auto
piekabju un sabiedriska transporta gridas razosSana, tapéc ka etalons izvélets bérza
(Betula sp) saplaksnis Riga Ply ar biezumu 28 mm.

Darba izstrades posmi shematiski paraditi 3. att€la. P&tnieciskais darbs veikts

,Latvijas Finieris” AS.

Parbaudes paraugi izgatavoti no razosana pieejamiem izejmaterialiem, kuri atlasiti
gadijuma rakstura atlasé. Bérza finieris bez redzamiem defektiem izmantots, izgatavojot
vilnveida saplaksnus. Par&jos gadijumos nav izvirzitas specialas prasibas attieciba uz
bérza finieri. Izmantojot ripnieciski razotu saplaksni, paraugi izgatavoti ta, lai
maksimalas slodzes zona nebitu vizuali redzami koksnes defekti (piem., zari un

plaisas).

Lieces ipasibu
modeléSana
Calculation of
bending properties

LVS ENV 14272
validacija
LVS ENV 14272
validation

~~—]
]
N
AN
N
—

Cenv 1am

Jaunas metodes
izstrade
New method
development

E
2

Saklajuma shémas
optimizéSana
Lay-up optimisation

Saplaksnis ar viena
virziena orientetiem
finieriem
Plhywood with outer
plies grain direction
in one way

Saplaksnis ar stikla
Skiedru
Plywood with glass
fibre

Saplaksnis ar
vilpveida
viduskartu
Plywood with
corrugated core

Eksperimentala
paraugu izgatavosana
Tailor-made samples

Eksperimentalo
paraugu parbaudes
Samples tests

Saplaksnis ar ribotu
viduskartu
Plywood with I core

Matematiska modela

izstrade un aprékini

Mathematical model
development

~

Eksperimentalo
paraugu izgatavoSana
Tailor-made samples

Eksperimentalo
paraugu parbaudes
Samples tests

Matematiska modela
validacija
Mathematical model
validation

Secinajumi un rekomendacijas / Conclusions and recommendations
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3. att. Darba izstrades posmi.
Fig. 3. Structure of thesis.




3.2.  Testa metodes un aprikojums

Paraugu mehaniskas parbaudes veiktas ripnicas ,,Lignums” Attistibas, kvalitates
un jauno tehnologiju nodalas laboratorija. Lieces IpaSibas noteiktas ar firmas ,,Zwick”
iekartam, ,,Zwick 020” un ,,Zwick 4007, kuru maksimalas slogosanas jaudas attiecigi
2 un 40 tonnas. Lieces 1pasSibas parbaudes paraugiem noteiktas saskapa ar
LVS EN 310:2001 ,Koka skaidu plaksnes - Elastibas modula un lieces speka
noteikSana” un LVS EN 789:2005 , Koka konstrukcijas - Testa metodes - Koksnes
platpu mehanisko 1pasibu noteikSana” standartiem. Minétas parbaudes metodikas
savstarpgji atSkiras ar slogojuma sh&émam, parauga izmé&riem un citiem parbaudes
nosacijumiem.

Paraugu izméru uzmérisana veikta saskana ar standartu LVS EN 325:2000 ,,Koka
skaidu plaksnes - Paraugu izm@ru noteikSana” prasibam. Paraugu mitruma
saturs 8 £2 %.

3.3.  Datu apstrade un analize

Ipatngja stipriba ir materiala stipribas daltjums ar blivumu:

kur
ip — materiala Ipatn€ja stipriba, kNxmxkg™;

f — materiala stipriba, GPa;

p — materiala blivums, kgxm™.

Datu ticamibas intervali aprékinati piepemot, ka dati atbilst normalajam
sadalfjumam un ar varbutibu 95 %. Faktoru butiskumu analiz&ts izmantojot vienfaktora
dispersijas analizi un datu izlasu vid€jo veértibu salidzinasanai izmantots t-tests ar
bitiskuma limeni a = 0.05. Datu apstrade veikta ar MS Excel, SPSS 17 un Sigma Plot
12 datorprogrammu palidzibu.
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4. REZULTATI
4.1.  Saplaksna lieces ipasibu aprékinu metodika

Saplaksnpa lieces 1pasibu aprékinu metodika LVS ENV 14272 balstas uz Katras
finieru kartas ar skiedru virzienu, paral€li ipatsvaru platnes skersgriezumam.

Izstradata saplak$na lieces 1pasibu aprékinasanas metodika piedavats aprékinos
ievertét ar1 finierus ar Skiedru virzienu perpendikulari slogosanas virzienam. Darba
salidzinatas tris metodes, kuras balstas uz piepémumiem, ka perpendikulari orientétiem
finieriem lieces ipaSibas sastada 5; 10 un 15 % no paraléli orientétu finieru lieces
ipaSibam. Turpmak teksta 5 % metode, 10 % metode un 15 % metode. Metodes
LVS ENV 14272 un modificétas metodikas principiala spriegumu epiru sh&mas

attelotas 4. att.
—
|
N

™
[\
N

Ofinieri | #0

N\

GENV 14272

[ Finieri ar $kiedru virzienu paraléli
Veneers with grain direction parallel

[ Finieri ar skiedru virzienu perpendikulari
Veneers with grain direction perpendicular

a) b) ¢)
4. att. Lieces spriegumu epiru principialas shémas:
a) saplaksnpa Skeérsgriezums; b) LVS ENV 14272; ) jaunizstradatas metodes.
Fig. 4. Bending stress diagrams:
a) plywood crossection; b) according to the LVS ENV 14272; c) developed method.

Metozu validacijai izmantoti bérza saplak$pa, ar biezumu 12; 15 un 18 mm,
eksperimentali ieglitie rezultati.

Bérza finiera (biezums 1.45 mm) lieces 1ipasibas, Kkas aprékinatas péc
LVS ENV 14272 un autora aprékinu metodém, dotas 1. tabula.

1. tabula/ Table 1

Bérza finiera lieces ipasibas
Bending properties of birch veneer

Lieces stipriba / bending Lieces elastibas modulis /
— strength bending modulus of elasticity
Apzim&jums / - o . S
Notati paraléli, perpendikulari, paraléli, perpendikulari,
otation . .
parallel perpendicular parallel perpendicular
MPa MPa MPa MPa
ENV 14272 134 - 20408 -
5% 134 6.7 20156 1008
10 % 129 12.9 19420 1942
15 % 125 18.8 18734 2810

Saplaksnpa lieces stipribas veértibas aplilkojamas 2. tabula, aprékinatas izmantojot
1. tabula uzraditas bérza finiera vertibas. Aprékinos izmantojot autora piedavatas
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metodikas, lieces stipribas vértibas perpendikulari Skiedru virzienam, ir ar zemakam
vertibam. Rezultati, kas aprékinati péc LVS ENV 14272, uzrada relativo klidu summu
65 % apmeéra. Savukart, ievertgjot Skersfinieru lieces 1pasibas ka 5 % no paraléli
orienttu finieru vertibam, relativa klidu summa sastada 42 %. Ta ir mazaka relativo
klidu summa starp metodém.

Lieces stipriba
Bending strength

2. tabula/ Table 2

Saplaksna Aprekinasanas metodika / Calculation method
finieru kartu
skaits, gab. Eksperimentali
Plywood Exgerimemal ENV 14272 | 5% 10 % 15 %
veneer count,
pcs
Paraléli Skiedru virzienam / Parallel to grain direction
9 79.7 73.2 72.4 71.9 715
11 81.7 66.0 68.2 68.1 67.9
13 65.6 65.5 65.6 65.6 65.6
Perpendikulari S$kiedru virzienam / Perpendicular to gran direction
9 53.1 59.7 52.0 51.0 50.0
11 55.1 60.3 53.1 52.3 515
13 50.2 57.6 53.4 52.8 52.2

Elastibas modula rezultati (skat. 3. tabulu), kas aprékinati pec LVS ENV 14272
uzrada relativo klidu summu 68 % apméra, savukart, ievertgjot Skérsfinierus ka 5 % no
paraléli orientétiem finieriem, relativa kludu summa sastada 54 %. Mazaka relativo

klidu summa ir metodes ,,15 %" rezultatiem — 49 %.

Lieces elastibas modulis
Bending modulus of elasticity

3. tabula/ Table 3

Saplaksna Aprekinasanas metodika / Calculation method
finieru kartu
skaits, gab. Eksperimentali
Plywood Exgerimemal ENV 14272 | 5% 10 % 15 %
veneer count,
pcs
Paraléli $kiedru virzienam / Parallel to grain direction
9 14649 12501 12353 12298 12245
11 13950 11681 11968 11946 11924
13 11718 11718 11718 11718 11717
Perpendikulari Skiedru virzienam / Perpendicular to gran direction
9 9384 7907 8811 9064 9299
11 9726 8727 9196 9416 9620
13 8836 8690 9446 9644 9827
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LVS ENV 14272 metodes rezultatu relativa klida sasniedz 24 % robezu. Lielaka
novirze konstatéta aprékinot stipribu paraléli Skiedru virzienam 15 mm saplaksnim.
Izmantojot LVS ENV 14272 aprékinu metodiku 7, aprékinatie rezultati no 12 ir ar
relativo kladu virs 10 %. Aprekinot lieces stipribu perpendikulari Skiedru virzienam,
metode dod 9 ... 13 % augstakus rezultatus.

Mazaka rezultatu novirze ir aprékinos, izmantojot 5 % metodi. Cetri rezultati no
12 ir ar kludu virs 10 %, lielaka kliida — aprékinatais rezultats ir 20 % zemaks neka
eksperimentali noteiktais.

4.2.  Saklajuma shémas optimizeSana

Lieces 1pasibu uzlaboSana ar vienada virziena orientétiem finieriem.
Saklajuma shémas optimizeéSanas iesp&u izvertéSanai eksperimentali izgatavotas
10 bérza (Betula sp.) saplak$pa platnes ar specialu finieru saklajuma konstrukciju
(skat. 4. tabulu). Saplaksna biezumi izv€leti ta, lai tie atbilstu transporta industrija
pieprasitajiem saplakSna biezumiem. Finiera biezums paraugiem ir 1.45 mm.

4. tabula / Table 4

SaplaksSpa saklajuma shémas

Plywood lay-up
Finieru Kﬁrt}l .Skalts Platnes
. aprekinos, ..
skaits, nominalais
Apzim&ums | gab gab. biezums, mm
. ' Veneer > Saklajuma shéma® / Lay-up ®
Notation Veneer . Nominal
count in .
count, . thickness of
cs calculations, Vwood. mm
p nes plywood,
Spec 2° 20 15 27 H'_'_'I_—ll]_'_'_
Riga Ply 26° | 20 19 27 |_|_|__||__||__|_|_|

% apzim&jumi:
| — finieri ar $kiedru virzienu paral€li platnes garenasij;
veneers with grain direction parallel to lengthwise
— — finieri ar $kiedru virzienu perpendikulari platnes garenasij;
veneers with grain direction perpendicular to lengthwise
b specialas finieru saklajuma konstrukcijas saplaksnis;
special lay-up plywood
¢ —berza saplaksnis Riga Ply.
birch plywood Riga Ply

Platn€m noteiktas lieces Tpasibas saskana ar LVSEN 310 un LVSEN 789

parbaudes metodikam. Lieces TpaSibas noteiktas saskapa ar LVS EN 789 un ir
apliikojamas 5. attéla.
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Stipriba, MPa Elastibas modulis, MPa

100 1 18000 + .
Strength 16000 - Modulus of elasticity
80 1 T 14000 - T
- 12000
60 1 - 10000 =
10 - T 8000 - +
x 6000 -
20 4000 -
2000 -
0 0
Spec 2 Riga Ply Spec 2 Riga Ply
Saplaksna veids / Plywood type Saplaksna veids / Plywood type
[ Paraléli skiedru virzienam C— Parallel to the grain direction
3 Perpendikulari $kiedru virzienam = Perpendicular to the grain direction

5. att. SaplakSna lieces IpaSibas saskana ar LVS EN 789.
Fig. 5. Plywood bending properties according to the LVS EN 789.

Ipatngja lieces stipriba saplaksnim Spec 2 paraléli segfinieru $kiedru virzienam ir
106 kNxmxkg™, saplaksnim Riga Ply — 78.7 kNxmxkg™.

Lieces ipasibu uzlaboS$ana izmantojot ne-koksnes materialus. Eksperimentali
apliméts 9 mm biezs Riga Ply bérza saplaksnis ar stikla skiedras produkciju. Saplaksna
Riga Ply viena platne atlasita no razoSanas, ievérojot nejausibas principu, un sazagéta
mazakos paraugos ar izmé&riem 600 x 900 mm. Stikla Skiedras sieti uzliméti uz
saplak$na (600 x 900 mm), izmantojot termoreaktivu parklajuma — laminatu. Laminats
ir papirs piesiicinats ar termoreaktiviem fenola formaldehida svekiem, temperatiiras
ietekmé sveki izkiist un sacietg, veidojot cietu parklajumu ar labam adhézijas 1paSibam
ar koksni. No tas pasas platnes izgatavoti arT kontroles paraugi. No katra parauga veida
izgatavoti 5 lieces paraugi un lieces Tpasibas noteiktas saskana ar LVS EN 310.

Veikta vienfaktora linearas regresijas analize, lai noteiktu sakaribas cieSumu starp
stikla Skiedras sieta svaru un paraugu nestsp&ju (skat. 6. att.).

1500 Parauga sagraves spéeks, N y = 68x + 1215 *
Sample breaking force R? = 0.78
1450 /
1400
L 2
1350
4
1300 hd
1250 1 m gara 50 mm plata stikla $kiedras sieta svars, ¢
weight of 1 m long and 50 mm wide glass fibre mesh
1200
0 1 2 3 4 5

6. att. Sakariba starp stikla Skiedras svaru un paraugu sagraves speku.
Fig. 6. Relationship between the glass fibre mesh and samples breaking force.
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4.3.  Saplaksnis ar vilnpveida viduskartu

Lai izvertétu finieru biezuma ietekmi uz vilpveida platnu lieces Tpasibam, platnes
salimétas no septiniem 0.8 mm un cetriem 1.45 mm bieziem finieriem. Saplakspa
saklajuma shéma dota 5. tabula.

5. tabula/ Table 5

Vilnveida saplakSpa saklajuma shémas
Corrugated plywood lay-up

.. . Platnes
Finieru Finieru biezums. mm
Apzim@&jums | skaits, gab. | biezums, mm Panel Saklajuma shéma®
Notation Veneer Veneer . Lay-up®
: thickness,
count, pcs | thickness, mm
mm

3D-A 7 0.8 5.6 | ——[—
3D-B 4 1.45 5.6 | — —|

% apzZim&jumi / symbols:

— — finieri ar Skiedru virzienu perpendikulari platnes vilna profilam;
veneers with grain direction perpendicular to lengthwise

| — finieri ar $kiedru virzienu paral&li platnes vilna profilam.
veneers with grain direction parallel to lengthwise

Vilnveida platnes izgatavotas ar aukstds pres€Sanas panémienu speciala
presforma, izmantojot Itmi Calcolit 1974 (Casco Adhesives Akzo Nobel). Vilpveida
saplaksna preséSanas spiediens 1.6 ... 1.9 MPa, laiks virs 6 h.

Viduskarta izgatavota no vairakiem savstarp&ji kopa savienotiem mazaka izméra
vilnveida saplaksniem. Platnes izgatavoSana ar nelielu vilnpu daudzumu un talaka to
savienos$ana var atrisinat problému, ko izsauc platnveida materiala vilpveida liekSana. Ja
liklinijas garums parsniedz pres€ ievietot0 izejmaterialu garumu, vilpveida platné rodas
stiepes spriegumi, kuru rezultatd izejmaterials var tikt salauzts, vai veidojas dazada
biezuma un stipribas zonas. Vilnveida saplaksni izgatavoti vienkar$as presformas
(skat. 7. att.).

7. att. Vilnveida platnes razZoSanas shéma.
Fig. 7. Corrugated plywood production scheme.

Vilgpveida saplak$nus sava starpa var savienot dazados veidos. Dazi no
savienojumu veidiem doti 8. attcla. Ka papildus stipribas elementus var izmantot naglas,
skavas, skriives vai citus stiprinajumus.
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8. att. Vilnveida saplaks$nu savienojuma veidi.
Fig. 8. Corrugated plywood joints types.

Platnes sava starpa var savienot neierobezota skaita, tadgjadi iegiistot liela izm&ra
platnes, skat. 9. att.

9. att. Lielizmeéra saplaksna ar vilnveida viduskartu veidoSanas princips.
Fig. 9. Large scale corrugated plywood core formation principle.

legustot liela izméra vilnveida platni, to talak pres€ aplimé ar plakaniem saplaksna
materialiem (skat. 10. att.). Savienojuma stipribas uzlaboSanai papildus var izmantot
metala naglas, skavas, skriives vai citus stiprinajumus.

10. att. Lielizméra saplakspa kartainas platnes veidoSana.
Fig. 10. Large scale plywood with corrugated core formation.

Eksperimentali sarazotajam saplaks$pa platném ar vilpveida viduskartu noteiktas
lieces Tpasibas saskana ar LVS EN 789.

Lieces stipribas un elastibas modula veértibas saplaksna platném ar vilnpveida
viduskartu aplikojamas 6. tabula. Augstaka Tpatngja stipriba 71.3 kN><m><kg'1 ir platnei
ar 4 mm apSuvumu un biezumu 26.8 mm. Otra veida vilna platnei ar 6.5 mm saplakSna
apSuvumu Ipatngja stipriba ir 54.6 kN><m><kg'1 un biezums 27.7 mm. Abam platném ir
lidziga lieces robezstipriba attiecigi 27.1 MPa un 28.1 MPa. Otra varianta 3D platnes,
aplimgjot ar 6.5 mm biezu saplaksni (2_3D-B_6.5), slodzes nestspgja ir par 11 %
augstaka neka platnei ar 3D-B_4 viduskartu.

19



6. tabula/ Table 6

Saplaksna ar vilpotu viduskartu lieces 1pasibas
Bending properties of plywood with corrugated core

Stipriba Elastibas modulis Ipatngja
Apgime: Strength Modulus of elasticity stipriba*
Il’\lzéi‘;fllg‘;ns paraleli | perpendikulari | paraleli | perpendikulari | Specific
parallel | perpendicular | parallel | perpendicular strength
MPa MPa MPa MPa kNxmxkg™
3D-A 15.5 2860
3D-B 6.0 1349
3D-A_4 21.6 12.8 9935 4943 56.8
3D-B 4 27.1 175 11252 5231 71.3
3D-B 6.5 30.3 17.7 7160 7179 70.4
2 3D-B 6.5 28.1 8723 54.6

* - stipraka virziena / in strongest direction

4.4.  Saplaksnis ar ribotu viduskartu

Saplaksnu ar ribotu viduskartu parametru optimizacijai eksperimentali izgatavoti
un izvertéti pieci parametri.

Eksperimentali izgatavoto platnu biezums ir 28 mm. Tas atbilst saplaksnim, ko
pielieto auto piekabju raZoSana. Paraugu izgatavoSana izmantoti vairaki mainigie
parametri:

e augsgja apSuvuma biezums;
e apSuvumu saplaksna virsgja finiera Skiedru orientacija pret paraugu
garenasi;
e ribu platums;
e attalums starp ribam;
e ribu orientacija pret parauga garenasi;
e ribu finieru Skiedru virziens pret apSuvuma plakni.
Kartaino platgu ar ribotu viduskartu mainigie parametri apliikojami 11. attela.

ribu orientacija

? ? S\
| beams orientation

perpendikulari / perpendicular 45° paraléli / parallel
11. att. Eksperimentalo paraugu mainigie parametri.
Fig. 11. Variable parametrs of experimental samples.

Mainigo parametru veértibas dotas 12. attela. Paraugiem izvéléti divu veidu
apSuvuma saplaksni Riga Ply ar biezumu 6.5 un 9 mm. Planaku apSuvumu izvértéSana

20



nav veikta, jo planaks saplaksnis neatbilstu produkta pielietoSanas prasibam, piem.,
naglu un skriivju noturibai.

Augsgja apSuvuma
saplaksnpa biezums, Biezums 6.5 Biezums 9

mm Thickness Thickness
Skin plywood thickness

Ribu platums,
mm
1 beams width

Attalums starp
[TstTt€ém, mm
Distance between
1 beams

Ribu finieru kartu
orientacija pret
apSuvumu plakni E(ﬂ

I beams veneer
orientation to
plane

Ribu orientacija
attieciba pret

parauga garenasi 0°

I beams
orientation [0. 90° 90° 90° 90° 90°
sample lengthwise
45° 45° 45° 45°

12. att. SaplakSna ar ribotu viduskartu manigo parametru vertibas.
Fig. 12. Variable parameters of plywood with I core.

Paraugu mark&ums satur informaciju par mainigiem parametriem un veidots péc
sekojoSa principa:
A B X C D E @ F G

kur
A — ribu novietojums pret parauga garenasi:
Il — paraléli parauga garenasij;
_l_—perpendikulari parauga garenasij;
> — 45° pret parauga garenasi;
B, C — apSuvuma saplaksnu biezums, mm:
6.5x9 — virsgjais apSuvums no 6.5 mm bieza saplaksna, apaksgjais no
9 mm bieza saplaksna;
9x9 — virsgjais un apaksg€jais apSuvums no 9 mm bieza saplaks$na;
D — ribu biezums, mm;
E — ribu finieru orientacija attieciba pret apSuvuma plakni:
= —ribu finieru orientacija horizontali;
Il —ribu finieru orientacija vertikali,
F — attalums starp ribam, mm;
G — apSuvuma saplaksna segfiniera skiedru virziens pret parauga garenasi:
nokluseta vertiba paraléli parauga garenasij;
|_ — perpendikulari parauga garenasij.
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Apzim€juma piemers:

A B ] x "I D/EJ@|F |G
niolx 15 =@ 22
119x9_15=@22

Atsifréjums: Ribu novietojums pret parauga garenasi paraléls, virs§ja apSuvuma

biezums 9 mm, apaksgja 9 mm,
orientaciju horizontali platnes plaknei,

ribu platums 15 mm, ribas novietotas ar finieru

attalums starp ribam 22 mm, apSuvuma

saplaksna segfiniera Skiedru virziens paral€ls parauga garenasij.
Saplaksnu ar ribotu un vilnveida viduskartu lieces stipribas un stinguma Tpasibas,

atkariba no paraugu ribu orientacijas un apsSuvuma saplak$pa segfiniera Skiedru
virziena, aplukojamas attélos 13. un 14.

Stipriba, MPa
80 1 Strength
60
40
20 H_”h
0 T T T
DA AN ANNN~MNANANNANMNMNANNMNMNANMNMANANLLD S
T o g NNNODODTOODONNDMDAA G ||
mg@@(ﬁ)@@@@@@@@@@@@dgﬁ
o0n = = = = ——=—=—=—===<=¢« a)
R R RS RS e R
c»lowlmmlcnlmmlmlmlmlmlmlmlmlml |
X X X X X X X X X X X X X X XN
DO DOOODDHIOHDOO OO DL LD
=—=—=======ANNANNMANAMNWGO
C— Paraléli / Parallel avel ids / lev_o od type
—= Perpendikulari / PerpeRélcu

SaplakSniem ar aug$€jo apSuvuma saplaksni,

13. att. SaplaksSnu ar ribotu viduskartu lieces stipriba.

Fig. 13. Bending strength of plywood with I core.

kura biezums ir 6.5 mm ir

noveérojama zemaka lieces stipriba un elastiba.
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Elastibas modulis, MPa
Modulus of elasticity
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14. att. SaplakSnu ar ribotu viduskartu lieces elastiba.
Fig. 14. Bending modulus of elasticity of plywood with I core.

Nemot veéra kartaino platpu ar ribu viduskartu eksperimentalos rezultatus,
saplaksna ar ribotu viduskartu optimalie parametri ir sekojosi:

e ribu finieru orientacija pret plakni — vertikala. Sada ribu orientacija
izveleta nemot vera ribu izgatavoSanas nosacijumus, jo tadejadi saplakspa
ar ribotu viduskartu raZzoSana var izmantot dazadu biezuma saplakspa
izejmaterialus, ka ar1 iegit maksimalo vidusslana pretestibu cirpes
spriegumiem;

e ribu orientacija pret apSuvuma saplaksna segfinieru skiedru virzienu — 45 °,
tadejadi samazinot lieces TpaSibu atskiribu, atkariba no slogojuma, paraléli
vai perpendikulari apSuvuma saplaksna segfiniera Skiedru virzienam,;

e ribu pildijums viduskarta ar attiecibu 1 : 3.

Augstaka ipatngja stipriba ir paraugiem I19x9 15=@32 — 94.0 kNxmxkg™;
>0x9 2111@37 — 923 KkNxmxkg?; 119x9 2111@32 un 119x9_1511@42 -
91.6 kNxmxkg™.

Dazadu koksnes platnu lieces stipribas un blivuma attiecibas var apliikot 15. att.
Attela izmantoti dati no koksnes platnpu razotaju produktu datu lapam un darba
eksperimentali noteiktas vertibas noteiktas saskana ar LVS EN 789 un parrékinatas
izmantojot LVS EN 310 un LVS EN 789 rezultatu korelacijas regresijas vienadojumus.
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15. att. Koksnes platnu lieces stipribas un blivuma attieciba.
Fig. 15. Wood based panels bending strength to density ratio.

Eksperimentali izgatavotam platném ir augstas mehaniskas 1pasibas, salidzinot ar
citam koksnes platném. To lieces stipriba ir augstaka neka parg€jam platn€m pie attieciga
blivuma. Rezultati Jauj apgalvot, ka darba izvirzitais mérkis, izstradat koksnes platnes ar
paaugstinatu lieces stipribu, ir sasniegts.

Analizgjot lieces elastibas modula rezultatus (skat. 16. att.), var secinat, ka labakos
raditajus uzrada kartainas platnes ar vilnpveida viduskartu. Platném ar ribu viduskartu ir
augstaks elastibas modulis neka tradicionaliem saplakspiem ar tadu pasu blivumu.
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16. att. Koksnes platnu lieces elastibas modula un blivuma attieciba.
Fig. 16. Wood based panels bending modulus of elasticity to density ratio.

Saplaksni ar ribotu viduskartu uzrada augstaku 1patn€jo lieces stipribu salidzinot
ar saplaksni Riga Ply. Saplaksniem ar ribu viduskartu iesp&ama tirgus cena varétu biit
nedaudz augstaka neka tradicionalam saplaksnim, jo patérétajs iegiis produktu ar
zemaku blivumu. Razosanas tehnologijas izmaksa iesp&jams kompensét, izmantojot $o
saplak$nu razo$ana saplaks$pa atzagus, kas rodas razoSana apzag€jot saplak$nus
pircgjiem nepiecieSsamos izméros. ST produkta razo$ana var biit labs instruments jaunu
tirgus niSu iegtSanai, kad razotajs piedava patérétajam par tadu pasu cenu produktu ar
mazliet labakam Tpasibam.

SaplakSniem ar vilpveida viduskartu optimalajai tirgus cenai jabut zemakai neka
tradicionalajam saplaksnim. To pielietojums varétu biit norobezojosas konstrukceijas vai
mébelu razoSana, kur tam bias nopietna konkurence, pieméram, koksnes platnes ar
papira Stunu pildijumu vai lidzigi izstradajumi. Lidz ar to uzskatams, ka $adu platpu
ievieSana razoSana, nemot véra vilpveida viduskartas izgatavoSanas sarezgitibu, nav
ekonomiski pamatota. Tomer $adas platnes var€tu izgatavot viduskartu razojot no
citiem materialiem, piem., kokskiedru vai koksnes plastikas platném.

Saplaksnim ar specialu finieru saklajuma shému, cenai jabut parasta saplaksna
robezas, §1 tehnologija nerada razotajam papildus izmaksas, tacu lauj patérétajam iegt
produktu ar specifiskam lieces Tpasibam viena platnes virziena.

Eksperimentali sarazoto paraugu augstakas ipatn€jas lieces stipribas vértibas,
blivums un paraugu sagraves speks dots 7. tabula.
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7. tabula/ Table 7

Eksperimentalo paraugu lieces Ipatnéja stipriba

Specific strength of experimental samples

Parauga
Lieces 1patngja sagraves
NIp.k Parauga s!:ipriba, 3 spéks, Blivums,
NO' ' apzimgjums Bending specific Samp]es Densmé,
Notation strength breaking kgxm’
kNxmxkg™ force,
N
1. Spec 2 106 13541 700
2. 119x9 15=@32 94.0 9009 530
3. >0x9 2111@37 92.3 9889 538
4. 119x9 2111@32 91.6 9789 549
5. 119x9_1511@42 91.6 9719 516
6. Riga Ply 78.7 10117 700
7. 3D-B 4 71.3 4860 380
8. kartaina platne ar 70* 200
end grain balzas
koksni viduskarta

9, Dendrolight® 64* 369
10. 2 3D-B 6.5 54.6 5397 515
11. 0SB 42* 620
12. MDF 40* 670
13. Kokskaidu platnes 25* 640

26

Saplaksnis ar specialu finieru saklajuma shému vislabak atbilst transporta
industrijas prasibam nemot véra lieces Ipatngjo stipribu. Kartainam platném ar vilnotu
viduskartu ir augsta Tpatnéja stipriba, tomer zema robezstipriba. Gadijuma, ja apSuvuma
saplaksnis batu ar specialu finieru saklajuma shému un / vai tam biitu uzlabotas lieces
ipasibas, izmantojot ne-koksnes materialus (piem., stikla Skiedru), saplaksnis ar ribotu
viduskartu var aizvietot specialas finieru saklajuma shémas saplaksni.



5. SECINAJUMI UN PRIEKSLIKUMI

Izstradats saplakSna produkts ar ribotu viduskartu, kura 1patngja lieces stipriba ir
par 20 % augstaka neka bérza saplaksnim Riga Ply. SaplakSna apSuvuma biezums —
9 mm, ribu orientacija 45° pret apSuvuma segdfiniera skiedru virzienu, ribu finieru
novietojums perpendikulars pret platnes plakni, ribu un dobumu attieciba 1 : 3, pemot
vera tirgus pieprasijjumu p&c paaugstinatas ipatn€jas stipribas saplakspa platn€m ar
biezumu 28 mm.

Darba izverteti tris paaugstinatas 1patngjas lieces stipribas saplaksna platpu veidi
un pieradits, ka:

eksperimentali izgatavotas saplakSpa platnes ar vilpveida viduskartu
uzrada lieces stipribu pat lidz 50 % zemaku, salidzinot ar saplaksni Riga
Ply, tacu 1patngja stipriba ir salidzinama ar saplakSna Riga Ply ipatngjo
stipribu, kas apliecina So platpu konstruktiva risinajuma augsto potencialu
— izejmateriala ekonomijas zina;

28 mm biezam saplaksnim, orientgjot tris ar¢jas kartas finierus ar vienadu
Skiedru virzienu, iesp&ams palielinat lieces stipribu un elastibas moduli
pat Iidz 20 %.

saklajuma sh&mu optimizesana var kalpot ka efektivs Iidzeklis saplaksna
razotajiem, lai patérétajam piedavatu, specifiskam prasibam atbilstosu,
saplaksna produktu;

augstaka patngja stipriba iegita saplaksnim ar specialu finieru saklajuma
shému (106 kNxmxkg™?), kur trim argjiem finieriem ir vienads 8kiedru
virziens. Saplaksnis ar ribotu viduskartu uzradija 94 kNxmxkg™ lielu
ipatngjo stipribu, ko iesp€jams uzlabot, aizstajot So platnu tradicionalas
finieru saklajuma sh&mas apSuvuma saplaksni ar saplaksni, kuram argjo
finieru Skiedru virziens orientéts viena virziena. Zemako ipatngjo stipribu
(71.3 kNxmxkg™) uzradija saplaksna platnes ar vilnveida viduskartu.
maksimala relativa kliida saplaksSna lieces stipribas un elastibas modula
vertibam, kas noteiktas eksperimentali un analitiski aprékinatas pielietojot
metodi LVS ENV 14272:2003 ir 24 %, ievertét finieru ar perpendikularu
Skiedru virzienu ietekmi maksimala relativa kliida starp eksperimentali un
analitiski aprékinatas veértibam neparsniedz 20 %, kas apstiprina
nepiecieSamibu pilnveidot LVS ENV 14272:2003 aprékinu metodiku.

Izstradats:

panémiens lielformata vilnveida viduskartas saplakSna razoSanai.
Saplak$na viduskartas izveidoSanas konstrukcija sastav no daudzam
savstarpgji savienotam vilnveida saplakSna platném, kas principiali atSkiras
no jau zinamiem risindjumiem;

priekslikums LVS ENV 14272:2003 metodikas pilnveidosanai, kas paredz
aprékinos ieveértét finieru ar perpendikularu Skiedru virzienu ietekmi.
Relativa kluida starp eksperimentali un analitiski aprékinatiem rezultatiem,
kas iegiti ievertgjot finierus ar perpendikularu skiedru virzienu, ir zemaka
neka veicot aprékinus saskana ar metodiku LVS ENV 14272:2003.
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Rekomendacijas:

apgit lielformata saplaksna ar ribotu viduskartu eksperimentalo razosanu,
paredzot iesp&ju orientét finieru Skiedru virzienu argjas kartas viena
virziena un lietot pastiprinagjuma slanus no ne-koksnes materialiem.
Piedavatais risinajums atbilst zema blivuma un relativi augstu 1paSibu
saplaksna platném;

pilnveidot LVS ENV 14272:2003 lieces Tpasibu aprékinu metodiku ar visu
finieru slanu ietekmi uz saplakSna mehaniskajam 1pasibam ieveértésanu.



1. GENERAL DESCRIPTION OF THESIS

1.1. Background

Production of wood base panels holds a significant position in the EU
woodworking industry. The efficient and competitive products should be produced due
to more tight competition in the panel market, and it promotes new innovative product
research, e.g. higher specific strengthen wood based panel development and producing.
Wood based panel industry increase is inwrought into low density and high mechanical
properties wood base panel development.

Forestry is one of the most important parts in Latvian economy, and its shear is
approximately 5 % of GDP. Plywood export value was 8.4 % from forest industry
export value in 2007 and was 85 million LVL in 2008. Almost half of the wood-based
panels, produced in Latvia, are birch plywood. Birch plywood in comparison with other
wood base panels has high mechanical qualities and relatively high density.

Producing new competitive wood based product with higher specific bending
strength is one of the priority of Latvian woodworking industry and it is based on
worldwide demand and manufacturing trends. The author’s analytical and experimental
research regarding to this topic is in Doctor’s thesis. The new product will be placed in
the market as a special product with added higher value and higher specific bending
strength. The higher specific strength in this thesis is a higher ratio of bending strength
and density than it is for traditionally produced birch plywood. The research field
corresponds to the Latvian Forestry and Wood Resources Based Manufacturing
Technology Platform 2030.

The specific strength is the ratio between strength and weight. Higher specific
strengthen materials are used in the space, ground and air transport, sport equipment
industry, areas where low weight of material tip the scales of its high price.

Wood based panels with higher specific strength will provide progress and
competiveness of the wood based panel industry. Such kinds of products have been
demanded in the market (e.g. transport industry) and are not available in market at the
moment. The main fields of higher specific wood based panels are:

e cargo container industry
e transport industry — cargo and passengers
e shipbuilding — yachts, military ships

The use of higher specific strength plywood will decrease wood resource
consumption and provide efficient residue utilization. Moreover, transportation industry
prospectively obtains several benefits connecting with ecology:

e in logistics, the reducing of transportation weight ensure the possibility to
transport more goods

e reducing of fuel consumption per unit of goods lessens pollutions and
saves non-renewable natural resources

The author worked as an expert for the European Standardization
Organization CEN Technical Committee TC 112 "Wood based panels” working
groups, such as WG 4 "Test Methods™ and WG 2 "Plywood". The experience at
the wood based panels industry standardisation allows him to evaluate professionally
industry standards and to participate in new standards development. The paper focuses
in the standard LVS ENV 14272:2003 Plywood - Calculation method for some
mechanical properties”, and, based on the research results, some proposals have been
made to improve the method.

29



More than 300 plywood and 150 sandwich panel samples were tested and the
results were statistically processed for the mathematical model probation.

1.2. The aim and the tasks

The aim of the Doctor’s thesis was to develop plywood product with higher
specific bending strength and stiffness properties in comparison with the traditionally
produced plywood.

The tasks of the thesis were:

e to create plywood with I-core, corrugated core and plywood with one
direction grain veneers in outer plies;

e to test bending strength and stiffness characteristics;
to research of I-beam dimensions and geometrical parameters of higher
specific strengthen plywood,;

e to develop solutions for manufacturing plywood of a large size with
corrugated core;

e to validate the plywood bending strength and modulus of elasticity
calculation method for LVS ENV 14272:2003, based on the experimental
results, reached by using plywood of different thickness;

e to develop the proposals to improve the method (taking in account all
veneers regardless of their grain direction).

1.3. Research methods

Research was done using mathematic modelling and experimental methods.
Experimental mechanical properties data was compared with the mathematically
calculated results and analysed. The experimental part was conducted in the Laboratory
of Development, Quality and New Technology Department of Latvijas Finieris AS Mill
., Lignums”. The bending tests were performed with the help of the company ,,Zwick”
equipment - ,,.Zwick 020” and ,,Zwick 400” with maximum load capacity 2 and 40
tonnes respectively.

There were evaluated three type of plywood’s with higher specific strength:

e plywood with a special lay-up;
e plywood with a I-core;
e plywood with a corrugated core

The PC programs as SPSS 17, Sigma Plot 12, MS Excel were used for data
processing and MS Visio and Corel Draw for a figure.

1.4. Scientific novelty

The developed plywood product with I-core layer has specific bending strength by
20% higher than the birch plywood Riga Ply.

Proved that most efficient plywood with I-core beam and layout geometric are
follow - skins are from 9 mm thick plywood, beam orientation at 45 ° to the grain of
plywood skin direction, the beam veneers are oriented vertically to panel surface, beam
cross section ratio 1: 3.

Developed the new technology solution for plywood with corrugated core where
the core layer of plywood consists of many interconnected corrugated plywood panels.
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Improved LVS ENV 14272:2003 plywood bending properties modelling
algorithm by taking in account all veneer weight influence on plywood bending
properties.

1.5. Results and their practical significance

Recommendations are given for three types of plywood with higher specific
bending strength production.

The method for plywood bending properties calculation was developed, which
allows plywood manufacturers to calculate panel bending properties depending on
veneer lay-ups.

LR patent application form developed for plywood with corrugated core
Nr P-10-73 ,,Three layer composite material of plywood and its producing technology”.

1.6. Thesis structure

The thesis consists of six chapters:

e Chapter 1 Analysis of wood base panel industries in Latvia and Europe

e Chapter 2 Characteristic of the birch plywood manufactured by Latvijas
Finieris AS and factors affected mechanical properties

e Chapter 3 High specific wood base panels and plywood production methods

e Chapter 4 Research methodology

e Chapter 5 Research results of plywood specific bending properties
improvement. Results consist of veneer layup optimization and plywood with
corrugated and I-core layers

e Chapter 6 Conclusions and proposals

The thesis contains 115 pages, 100 figures and 27 tables.
The bibliography consists of 110 sources.

1.7. Probation of research results
Publications

1. Tuherm H., Ludvigsone — Rudzite S., Zudrags K. Wood Processing Industries in
Latvia. Technologia Drewna No 43, Poznan, Poland,
2007, 55 — 65.

2. Zudrags K., Tuherm H., Relationship of birch (Betula sp.) plywood bending
properties determined according to the European standards EN 789 and EN
310. The International Scientific Conference “Research for Rural Development
2007, Jelgava, Latvia, 2007, 181 — 187. Zudrags K., The analysis of imported
plywood in Latvia. Proceedings of the 3th Meeting of the Nordic Baltic Network
in Wood Material Science & Engineering (WSE), Helsinki, Finland, 2007, 41 —
47,

3. Ludvigsone-Rudzite S., Zudrags K., Plywood Image in Latvia. Papers of the
Nova Course Wood Engineering - Products and Their Utilization, Department of
Forest Resource Management Publications Nr 43, University of Helsinki,
Helsinki, Finland, 2008, 23 — 36.
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10.

Zudrags K., Ludvigsone — Rudzite S., Bending Properties of Special Lay-up
Plywood. Proceedings of the 4th Meeting of the Nordic Baltic Network in Wood
Material Science &  Engineering (WSE), Riga, Latvia, 2008,
114 - 118.

Andersons B., Andersone I., Biziks V., Irbe I., Grininsh J., Zudrags K.,
Peculiarities of the Thermal Modification of Hard Wood. Proceedings of
European Conference on Wood Modification 2009, Stockholm, Sweden, 2009,
141 — 145.

Biziks V., Zudrags K., Andersone I., Andersons B., Grininsh J., Sansonetti E.,
Improvement of the Properties of Birch plywood by Thermal Modification.
Proceedings of International Panel Product Symposium, Nant, France, 2009, 99
—109.

Zudrags K., Kalnins K., Jekabsons G. Ozolins O., Bending Properties of
Plywood I-core Sandwich panels. Proceedings of the 5th Meeting of the Nordic
Baltic Network in Wood Material Science & Engineering (WSE), Copenhagen,
Denmark, 2009, 169 — 175.

Kalnins K., Jekabsons G., Zudrags K., Beitlers R. Metamodels in optimisation of
plywood sandwich panels. Proceedings of 9th International Conference "Shell
Structures, Theory and Applications”, Volume 2, Proceedings of the 9th SSTA
Conference, Jurata, Poland, 2009, 291 — 294.

Zudrags K., Medved S., Hakk1 Alma M., Mechanical Properties of Wood-Based
Panels. Performance in use and new products of wood based composites, 2009,
87 —102.

3ynparc K., Jlecnvie 6yonu Jlameuu, xypHan JlecllpomUudopm Ne8 (66),
2009, 164 — 167.

Research of thesis presented at the scientific conferences

The 2™ meeting of the Nordic Baltic Network in Wood Material Science &
Engineering  (WSE), Stockholm, Sweden, 31.10.2006, summary:
“Determination of Characteristic Bending Properties of Birch Plywood by EN
310 Test Method ™.

. XX sesja naukowa “Badania dla meblarstwa”, Poznan, Poland, 24.11.2006,

summary: “Wood Processing Industries in Latvia™.

. International Scientific Conference “Research for Rural Development-2007”,

LUA, Jelgava, 2007, summary: ,,Relationship of birch (Betula sp.) plywood
bending properties determined according to the European standards EN 789
and EN 310",

. The 3" Meeting of the Nordic Baltic Network in Wood Material Science &

Engineering (WSE) 2007, Helsinki, 29-30.10.2007, summary: ,, The Analysis of
Imported Plywood in Latvia”.

. LLU Meza fakultates zinatniski praktiska konference ,,Zinatne un prakse nozares

attistibai”, 16.-17.04.2008, Jelgava, referats: “Saplaksnu noturibas pétijumi pret
senu iedarbibu”. | Summary



6. LLU Meza fakultates zinatniski praktiska konference ,,Zinatne un prakse nozares

attistibai”, 16.-17.04.2008, Jelgava, referats: “Saplaksnis LLU kokapstrades
studiju programmas studentu skatijuma’”./Summary

7. The 4™ Meeting of the Nordic Baltic Network in Wood Material Science &

Engineering (WSE) 2008, Riga, 13.-14.11.2008, summary: “Bending Properties
of Special Lay-up Plywood”.

8. European Conference on Wood Modification-2009, Stoholma, Zviedrija,

11.

27.04.2009, summary: “Peculiarities of the Thermal Modification of Hard
Wood”.

The 5™ meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE) 2009, Copenhagen, Denmark, 1.-2.10.2009, summary:
“Bending Properties of Plywood I-core Sandwich panels”.

Other activities related to the thesis research

Expert Europe Standardization Working Group CEN TC 112 WG 4 ,Test
Methods”.

Expert Europe Standardization Working Group CEN TC 112 WG 2 ,,Wooden
panels”.

The member of the Committee Board COST Action Nr 49 ,,Wooden panels
technology and characteristics”.

European project G6RD-CT2000-00273 ,,Plywood Tests and Evaluation
according to EN 314-1 and EN 314-2”.

State research programm Nr 09-VP-4.4 ,, Deciduous Forest Growing and Basics
of its Efficient Use, New Products and Technologies”

LZP Cooperative Project Nr 06.0032.1.3. ,,The Scientific Basics of Recycled
Material Utilization™.

The Forest Development Fund Scientific-research Project Nr 180909/S109
"Higher Spesific Strengthen Plywood".
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2. SITUATION ANALYSIS
2.1. Wood-based panel industry

Latvian forest industry is characterized in this chapter and a short introduction of
wood-based panels industry in Europe and Latvia is given. Transportation industry
development and special requirements are highlighted due to from year to year growth
of the demand of wood-based panels.

The woodworking industry is the second largest industry in Latvia with
1.1 billion incomes at 2007. It covers 27 % of an export value of Latvia. The plywood
production plays significant role in the export. The plywood production increased from
year to year till 2006 (see. 1 Fig). Due to the shortage of raw materials (wood), the
production decreased in 2007. The shortage of wood was explained by warm winters, so
timber cutting decreased. The consumption of plywood is approximately 30 000 m* in
Latvia. Latvia produced 11.6 % of all FEIC (European Federation of the Plywood
Industry) produced broad leaf plywood in 2007.

The main countries, where Latvia exports plywood, are the UK (construction
works), Germany (construction and transportation), and France. The birch plywood is
exported to more than 40 countries. South Korea is the important importer as well (7700
m3 of plywood per year for shipbuilding). The shear of exported plywood to South
Korea has increased by three times compared to 2005 because Latvijas Finieris AS Mill
has started to provide shipbuilding industry with plywood.

One of the most significant markets in the EU is transportation industry — ship,
trailer, bus, and car building. The construction industry is a steady market, where
plywood is used in the specific frameworks.

2.2. Specification of birch plywood

Birch plywood and factors, which influences mechanical properties, were
described at this chapter. Birch plywood consists of 1.45 mm thick veneers glued
together with phenol resin glue. The grain direction of adhering layers of veneers is
perpendicular each other in this plywood. Riga Ply is a trade mark of Latvijas Finieris
AS birch (Betula sp) plywood. The birch plywood Riga Ply with the thickness of 28 mm
is used as benchmark to be compared with newly developed kinds of plywood in this
research.

The veneer layers can be from 3 to 35 in the plywood. Most kinds of plywood are
glued with phenol formaldehyde resin glue. The content of moisture in the birch
plywood Riga Ply is kept within the limits between 7 % and 10 % and density between
650 ... 750 ngm'3 at the temperature of 20° C, while the relative humidity
is 65 %.

2.3. Higher specific strengthen plywood production

This chapter provides higher specific strengthen panels manufacturing techniques.
Birch plywood mechanical properties can be improved in different ways:
e optimization of veneer lay-up scheme — increase of mechanical properties
in one direction;
e using the materials with higher mechanical properties — reinforced
plywood with them;
e optimization of panel cross-section — producing sandwich panels;
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e three-dimension structures — oriented veneers not only in horizontal
direction but also in vertical one.
Plywood reinforcement with non-wood materials
The first researches in plywood reinforcement with glass fibres were done in the
sixties of the previous century. In the seventies American plywood association made
plywood mechanical properties improvement research with non-oriented glass fibre,
chopped glass fibre mat and glass fibre textiles, glued with vinyl and polyester resins
glues.
Developed panels were durable, easy processed and repaired. Birch plywood Riga
Ply bending properties improvement research was carried out in the Forest
Development Fund funded project "Higher specific strengthen wood-based panels”
(,,Paaugstinatas 1patn&jas stipribas koksnes platnes”) and market-oriented research
project "Composite materials for improving properties of plywood" (Kompozitmateriali
saplaks$na pasibu uzlaboSanai). The project results showed that the load capacity of
plywood, overlaid with glass fibre, significantly improved. One of the most easily
achievable ways to overlaid plywood with glass fibre in practice is to use glass fibre
mesh. The phenol resin laminate (thermo set resin impregnated paper), using as the
adhesive for plywood, overlaying with glass fibre, was marked as one of the most
promising variants. Such a kind of overlaying is technologically easy and does not
significantly differ from existing laminating technology where two or more laminate
layers are used. The bending properties of plywood overlaid with glass fibre can be
improved in the limits between 10% and 20%.
Wood sandwich panels
Their main advantage, compared to conventional wood panels, is their low mass.
Besides, they have great mechanical strength, shape stability and low heat conduction.
Sandwich panels can be manufactured from wood, thus panel with different
characteristics can be developed. Properly selected materials can improve one or more
properties. The mechanical properties of the panels can be improved by applying a thin
veneer, impregnated with synthetic resin or reinforced with metals and fibre materials,
e.g., glass fibre or carbon fibre. Density can be reduced by making hollows in the
central part of the panels or replaced the central part with low-density materials, e.g.,
foam materials or lower density wood. Some of the constructions of wood sandwich
panels are shown in Fig. 2.
Corrugated wood panels
Corrugated panels are widely known and used in plastic and metal industries -
main competitors of woodworking industry, where they are used in light panel
production, thereby reducing the raw material consumption and product’s weight.
Taking in account the branches and trends of the development of woodworking
industry, corrugated wood panel production implementation provides multiple benefits:
e raw materials consumption reduction;
e possibility to use materials of a lower quality, for example, shredded
wood chips, fibres etc.;
o adhesives consumption possible reduction.
It should be stressed that their production has also some negative aspects:
e consumption of adhesives can be increased if the particle or fibre board
replaced with three-dimension solid wood or plywood boards;
¢ high production costs which is determined by a complicated manufacturing
process.
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One of the main disadvantages of corrugated board production is a complicated
manufacturing process. Production of corrugated curved plywood parts has a number of
limitations:

e radius of curvature;
e veneer thickness and fibre orientation;
e shapes of parts and their dimensions.
In this paper plywood with two types of corrugated core was developed.
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3. METHODOLOGY
3.1. Material and sampling

The new product of plywood is headed for the use in transportation industry — for
flooring trailers and public transportation. As a benchmark was selected birch
(Betula sp) plywood Riga Ply with the thickness of 28 mm.

The work stages are shown in Fig. 2. The research was carried out at ,,Latvijas
Fineiris” AS.

Samples were random selected from production. The birch veneers without visible
defects were selected for corrugated plywood. There were no special requirements in
other cases regarding to veneer grade. The plywood samples were cut out without
visible defects (e.g. knots and splits) in maximum load zones.

3.2. Test methods and equipment

Sample testing was done in the Laboratory of Development, Quality and New
Technology Department of Latvijas Finieris AS Mill , Lignums”. ,,Zwick 020" and
»Zwick 400” equipment was used for mechanical testing with loading capacity of 2 and
40 tonnes. Bending properties were tested according to the LVS EN 310:2001 ,,Wood-
based panels; determination of modulus of elasticity in bending and of bending
strength” and LVS EN 789:2005 ,, Timber structures - Test methods - Determination of
mechanical properties of wood based panels” Standards. Mentioned above test methods
differ in loading schema, sample dimensions and other test requirements.

The sample size measurements were done according to the LVS EN 325:2000
,»Wood-based panels - Determination of dimensions of test pieces”. Moisture content of
samples was 8 £ 2 %.

3.3. Data processing and analysis

The specific strength is the material's strength divided by its density:

where

fip —specific strength of material, kNxmxkg™;

f —material strength, GPa;

p —material density, kgxmData representation intervals were calculated assumed
that data distribution followed normal distribution with the confidence level 95 %.
Factors’ influence analysed with One-way ANOVA analyse and data mean values
compared with t-test with the confidence level of a = 0.05. Data processing was done
with the help of MS Excel, SPSS 17 and Sigma Plot 12 programs.
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4. RESULTS
4.1. Plywood bending properties calculation method

The plywood bending properties calculation method LVS ENV 14272 based on
geometrical factor of layer, related to its weight in the panel cross section individually
and taking in account veneer with grain direction parallel with the panel.

The newly developed methods of calculation of plywood bending properties also
proposed the evaluation of veneers with the grain vertically load direction. Three
methods, based on assumption that vertically oriented veneer bending properties are 5;
10 and 15 % from horizontally oriented veneer properties, were compared. Methods,
described below, were 5 %, 10 % and 15 % methods. Method LVS ENV 14272 and
modified method principal stress diagrams are shown at Fig. 4.

The results of the experiments with the plywood of thickness 12; 15 and 18 mm
were used to calculate method validation.

Data of birch veneer (thickness 1.45 mm) bending properties, calculated according
to LVS ENV 14272 and author’s methods, are given in Table 1.

Plywood bending strength values (Table 2) were calculated according to the
methods, using birch veneer values from Table 1. The bending strength values
calculated according to the author calculation methods are lower in case perpendicular
to the grain direction. The results, calculated according to the LVS ENV 14272, showed
65 % sum of relative errors. The results calculated according to the 5 % method shows
42 % sum of relative errors and it was the lower relative error sum from all the methods.

The bending modulus of elasticity results (Table 3) calculated according to the
LVS ENV 14272 showed 68 % sum of relative errors, and the 5 % method — 54 %. The
lower relative error sum showed 15 % method — 49 %.

The maximum relative error level was 24 % according to the calculation method
LVS ENV 14272 and it was in case of strength for plywood with thickness 15 mm
parallel to grain direction. Seven results from 12 calculated according to the LVS ENV
14272 shows error level higher than 10 %. The results of strength perpendicular to grain
direction showed 9 ... 13%, that was high enough.

The lower level of errors was in case of 5 % method. 4 results from 12 were with
error level higher than 10 %, the highest error level was 20 % compared to the
experimental results.

4.2. Veneer lay-up optimization

Bending properties improvement with one direction orientated veneers.

The 10 birch (Betula sp.) plywood panels were produced with a special veneer
lay-up scheme (Table 4). The thickness of panels corresponds to the transportation
industry requirements. Veneer thickness was 1.45 mm.

The bending properties were tested according to the LVS EN 310 and LVS EN
789 methods. The bending properties according to the LVS EN 789 are shown in
Fig. 5.

The plywood Spec 2 specific bending strength parallel to the grain direction is 106
kNxmxkg™?, plywood Riga Ply — 78.7 kNxmxkg™.

Bending properties improvement with non-wood materials

Plywood Riga Ply with thickness 9 mm overlaid with glass fibre in a pilot scale.
One panel of Riga Ply plywood was randomly selected from production and cut into
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600 x 900 mm pieces. Plywood (600 x 900 mm) was overlaid with glass fibre mesh by
using thermo reactive overlay laminate, which is a phenol formaldehyde resin
impregnated paper. Resins were melted at temperature and cured to form good adhesion
properties for wood. The control samples were made of the same panel. From each type
5 samples were cut and bending properties were tested according to the LVS EN 310.

Relationship between the glass fibre mesh and sample breaking force was
determined with linear regression analyse (Fig. 6.).

4.3. Plywood with corrugated core

Corrugated core layer consisted of two thickness veneers 0.8 mm and 1.45 mm for
evaluating the veneer thickness factor influence on bending properties. Corrugated
plywood lay-up schemes are given at Table 5.

Corrugated panels were produced at cold pressing process and glued with Calcolit
1974 (Casco Adhesives Akzo Nobel) glue in special press forms at the pressing
pressure of 1.6 ... 1.9 MPa and for the time of 6 h.

The core was produced of several small dimension corrugated pieces of plywood
connected together. The panels’ production with low level of corrugation and the
following splice them together can solve the problem brought on by bending wave
Sheet materials. If the curvilinear length of moulds is greater than the inserted materials,
in the corrugated panel tensile stresses grow that causes the material failure or formed
different thickness and strength areas in the panel cross-sections. The corrugated
plywood is made in simple moulds (see Fig. 7.).

The corrugated plywood panels could be stitched together in different ways, some
of them are presented at Fig. 8. The nails, straps, screws and other furniture can be used
as extra strengthen elements.

The core panels can be stitched without limitation and in that way large scale
corrugated panels can be created, see Fig. 9.

The large scale corrugated cores overlaid with convientional plywood panels see
Fig 10. The nails, straps, screws and other furniture can be used as extra strengthen
elements.

The bending properties for sandwich panels with corrugated core were tested
according to the LVS EN 789.

The bending strength and modulus of elasticity values of plywood with a
corrugated core layer are given in Table 6. Samples with 4 mm skins and thickness 26.8
mm had higher specific strength 71.3 kN x m x kg™. The panel with a second type of
corrugated core, 6.5 mm skin and a thickness of 27.7 mm had the specific strength 54.6
kN x m x kg™. Both boards had similar bending capacity, 27.1 MPa and 28.1 MPa
respectively. The second variant of corrugated panels, overlaid with with a 6.5 mm
thick plywood skin (2_3D-B_6.5), had load-bearing capacity by 11% higher than
samples with 4 mm thick plywood skin 3D-B_4 core layer.

4.4. Plywood with I-core

Five parameters of plywood with I-core were considered for optimization, and
experimental samples were produced.

Experimentally produced panels had the thickness of 28 mm. The panel thickness
corresponded with the plywood which is used car trailers production. The sample was
produced with following parameters of variables:

e thickness of skins;
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skins grain orientation regarding to the sample length;
width of beams;
distance between beams;
beam orientation regarding to the sample length;

e beam veneer orientation regarding to the skins plane.
The variables of sandwich are given in Fig. 11.

Variable parameters of plywood with | core are given in the Fig. 12. Two type of
plywood Riga Ply skins with a thickness of 6.5 mm and 9 mm were chosen. Thinner
skin evaluation was not carried out because the thinner plywood would not correspond
to the product requirements e.g., nails and screws sustainability.

Samples of the label contains information about variables and modelled on the
following principle
A B X C D E @ F G

Where
A —beam orientation regarding to the sample length:
I — parallel to the sample length;
_|_— perpendicular to the sample length;
> —oriented at 45° to the sample length;
B, C —thickness of skins, mm:
6.5x9 — top skin plywood 6.5 mm thick, bottom 9 mm;
9x9 — top skin plywood 9 mm thick, bottom 9 mm;
D —width of beams, mm;
E —beam veneer orientation regarding to the skins plane:
= — horizontal;
Il — vertical;
F —distance between beams, mm;
G —skins grain orientation regarding to the sample length:
Default value parallel to the sample length;
_|_—vertically to the sample length.
Marking example:

A/B|lx|C|_ | D|IE|@] F |G
nmy9 | x| 9| _|15]|=]|@]|22
119x9_15=@22

Variables: beam orientation to the sample length parallel, top skin thickness
9 mm, bottom 9 mm, beam width 15 mm, beam veneer orientation horizontally to the
panel plane, distance between the beams 22 mm, skins plywood’s grain direction
parallel to the sample length.

I-core and corrugated core plywood samples bending strength and stiffness
properties, depending on variables and plywood skin grain direction, are presented in
Fig. 13 and 14.

The samples with top skins 6.5 mm have a lower bending strength and modulus of
elasticity.

Considered the tests results, the plywood with I-core optimum parameters are as
follows:

e beam veneer orientation to the panel plane — vertical. This beam
orientation considered due to the beam producing technology, where all
thicknesses of plywood can be used for beam production and gain the
maximum beam resistance to the shear stresses;
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e beam orientation to the panel skin plywood grain direction — 45 °, in this
manner the bending properties difference in loading direction (parallel or
perpendicular the panel length) is minimum;

e beam cross section ratiois 1 : 3.

The following samples show the highest specific bending strength: 119x9_15=@32
— 940 KkNxmxkg™ >9x9 2111@37 - 92.3 kNxmxkg’; 119x9 2111@32 and
119x9_1511@42 — 91.6 kNxmx=kg™.

Various wood-based panel bending strength and density relations are shown in
Fig. 15. The data based on the data from wood-based panels’ manufacturer product data
sheets and the experimental results. For the EN 789 the result were converted using
LVS EN 310 and LVS EN 789 correlation.

Experimentally produced panels have higher mechanical properties compared to
the other wood-based panels. Their bending strength is higher than traditional panels at
the same density. The results show that the goal of the thesis to develop wood-based
panels with high bending strength has been reached.

Having analysed the results of the bending elasticity modulus (see the Fig 16), the
following conclusion can be made: the panels with corrugated core layer show the best
results; the panels with I-core have higher modulus of elasticity than traditional
plywood with the same density.

Plywood with I-core layer shows a higher specific bending strength compared to
the plywood Riga Ply. The price for plywood with I-core can be slightly higher than for
traditional plywood because the customer will receive a product with a lower density.
Extra production cost of technology can be compensated by using cut-offs of plywood
of different dimensions, that are the scrap of technological process, and on the other
hand, meet customers’ requirements. Such kind of product production can be a good
tool for obtaining a new market sector where the manufacturer offers a consumer the
product with the same price, but with better properties.

The optimal market price for the plywood with a corrugated core layer must be
lower than for traditional plywood. Its ultimate use can be in an insulation room design
or furniture manufacturing, where serious competition will be arisen between sandwich
wood-based panels with paper honeycombs and similar solutions. Consequently, it
seems that the introduction of such a kind of panels to producers is not economically
justified, taking into account the corrugated core layer manufacturing complexity.
However, such a kind of panels could be produced with core layer from other materials,
for example wood fibre or wood plastics.

The price of the plywood with a special lay-up veneer scheme should be in the
same range as traditional plywood because this type of plywood production does not
have any additional costs. That kind of plywood will give the possibility to consumers
to obtain the product with specific properties for bending in one direction of boards.

Higher specific bending strength values of the experimentally produced samples
and its density and sample breaking force are given in Table 7.

Taking into account everything mentioned before, the specific bending strengthen
plywood with a special veneer lay-up scheme meets the requirements of the transport
industry best of all. The sandwich panels with a corrugated core layer have higher
specific strength, but lower load capacity. Plywood with I-core can replace special lay-
up plywood in case of skins mechanical properties improvement by using special lay-up
plywood or reinforcement by non-wood materials (e.g. glass fibre).
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5. Conclusions and recommendations

The developed plywood product with I-core layer has specific bending strength by
20% higher than the birch plywood Riga Ply. This product skins are from 9 mm thick
plywood - beam orientation at 45 ° to the grain of plywood skin direction, the beam
veneers are oriented vertically to panel surface, beam cross section ratio 1: 3, taking into
account the market demands for high specific strength plywood with a thickness of 28

mm.

In the thesis three types of higher specific bending strengthen plywood were
evaluated and assessed. The results proved the following:

the experimentally produced plywood panels with a corrugated core layer
have shown the bending strength up to 50 % lower compared to the Riga
Ply plywood, but the specific strength is comparable to plywood Riga Ply
specific strength, that has proved the high potential of such a construction
solution of these panels - economical raw material consumption;

plywood with three outer plies in one direction has the bending strength
and modulus of elasticity by up to 20 % higher than traditional plywood;
veneer lay-up scheme optimization can serve as an effective tool for the
plywood industry to offer plywood which corresponds to specific ultimate
users’ requirements;

the plywood with the special veneer lay-up scheme (where the three outer
plies of plywood are in the same grain direction) has the highest specific
strength (106 kN x m x kg™). The plywood with I-core layer shows
94 kN x m x kg™ high specific strength, which can be improved by
replacing traditional lay-up plywood skins with the plywood, where outer
veneers have grain orientation in the same direction. The lower specific
strength (71.3 kN x m x kg™) shows a plywood board with a corrugated
core layer;

the maximum of relative error is over 24 % between the plywood bending
strength and elastic modulus values experimentally established and
analytically  calculated, using the  method according to
LVS ENV 14272:2003, and do not exceed 20 % in case of evaluating
geometrical factor of each layer related to its weight in the panel cross
section. Which prove a necessity to improve the LVS ENV 14272:2003
method.

The following solutions and proposals have been made:
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the technical solutions for large scale plywood with corrugated core layer
production. The core layer of plywood consists of many interconnected
corrugated plywood panels that is fundamentally different from the already
known solutions;

the proposal to modify plywood bending properties calculation method
LVS ENV 14272:2003 based on geometrical factor of each layer related to
its weight in the panel cross section. The relative error between
experimental and calculated results was lower than according to the LVS
ENV 14272:2003 in case of taking in account veneers with grain direction
vertically to the panel length.



The following recommendations have been elaborated:

implement the plywood panels with I-core in experimentally production
with the possibility of orienting outer veneer layers in the same grain
direction and reinforced with non-wooded materials. The proposed
solution corresponds to relatively low density and quite high
characteristics of plywood,;

improve LVS ENV 14272:2003 bending properties calculation method,
taking in account all veneer weight influence on plywood mechanical
properties.
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