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SAISINAJUMI/ ABBREVIATIONS

Satsinajumi/abbreviations

p_
b—
CLT -
E -
Ec—
Em,l*
EPI —
Ei—
F-—
fo—

parauga platums / width of specimen, mm;

parauga biezums / thickness of specimen, mm;

krustam Iiméts konstrukciju kemulsi okmaterials / cross laminated timber;

egle / spruce (Picea abies L.);

elastibas modulis spiedé / compressive modulus of elasticity, MPg;

lokalais elastibas modulis etrpunktu liecé / bending modulus of elasticity, MPa;
emulsipolim@rizocianata Iime / emulsion polymer isocyanate adhesives;
elastibas modulis stiep€ / tensile modulus of elasticity, MPa;

speks / force, N;

robezstipriba spiedé / compressive strength, MPa;

FIGRA — ugunsgréka attistibas atruma indekss / fire growth rate index, W s;

fm —
Fsk—
fsl -
fr—
ft,apl -

fu—
G-
HDF —
Ko —

robezstipriba Cetrpunktu liecg / four point bending strength, MPa;

skriivju izrau$anas pretestiba / screw withdrawal resistance, N;

liméta savienojuma robezstipriba bide / shear strength of glue joint, MPa;
robeZstipriba stiepé / tensile strength, MPa;

robezstipriba stiep€ perpendikulari pret apliméta koksnes $iinveida materiala plakni
/ internal bond strength of covered cellular wood material, MPa;

robezstipriba bide / shear strength, MPa;

elastibas modulis bidé / shear modulus of elasticity, MPa;

augsta blivuma kokskiedru platne / high density fibreboard;

briesanas koeficients / swelling coefficient, % %,

KSM - koksnes $inveida materials / cellular wood material;
KSMO0 — koksnes $unveida materials paraléla virziena / cellular wood material in parallel

direction;

KSM90 — koksnes $uinveida materials perpendikulara virziena / cellular wood material in

kr —
kv —
MDF —
Os —
0SB -
p_
PB -
PUR -
PW —
PVA -
rf
RH —
Rw—

SBI -
Sd —

perpendicular direction;

ruk3anas koeficients / shrinkage coefficient, % %,

tilpuma ruksanas koeficients / volume shrinkage coefficient, % %*;

vid&ja blivuma kokskiedru platne / medium—density fibreboard,;

osis / ash (Fraxinus excelsior L.);

orientéto kokskaidu platne / oriented strand board;

priede / pine (Pinus sylvestris L.);

kokskaidu platne / particle board,;

poliuretana Iime / polyurethane adhesive;

bérza saplaksnis / birch plywood (Betula pendula Roth);

polivinilacetata Iime / polyvinyl acetate adhesive;

korelacijas koeficients / correlation coefficient;

relativais gaisa mitrums / relative humidity of air;

normalizétais skanas gaisa izolacijas indekss — lielums, kuru nosaka, izmantojot
laboratoriskos mérjjumus vai aprékinus, tas neietver skanas izplatibu pa
blakusceliem / weighted sound reduction index, dB;

vienotas dedzinasanas iekarta / single burning item;

udens tvaika pretestibas difuizijai ekvivalentais gaisa slana

biezums / water vapour diffusion equivalent air layer thickness, m;
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SD -
SIP —

standartnovirze / standard deviation;
konstruktivi izol&tais panelis / structural insulated panel;

SMOGRA — diimu palielinasanas atrums / smoke growth rate, m? s?;
THRGeo00s — kopgja siltuma izdalisanas 600 s laika / total heat release in 600 s, MJ;
TMMBa — termo-mehaniski modificéts baltalksnis / thermo—mechanically modified grey

alder (Alnus incana (L.) Moench);

TSPsoos — kopgja diimu izdalisanas 600 s laika / total smoke production in 600 s, m?;

U-

90 -

siltuma caurlaidibas koeficients / thermal transmittance coefficient, W m?2 K-1;
variacijas koeficients / coefficient of variation, %;

mitrums / moisture content, %;

siltumvaditsp&jas koeficients / thermal conductivity coefficient, W m! K2;

tidens tvaika diftizijas pretestibas koeficients / water vapour permeability index;
blivums / density, kg m3;

raditajs noteikts KSM paraléla virziena, masivkoksnei $kiedru virziena vai platqu
materialiem platnes garenvirziena / parameter determined in cellular wood material
parallel direction, for solid timber in grain direction or for panel in longitudinal
direction;

raditajs noteikts KSM perpendikulara virziena, masivkoksnei $kérsam $kiedram vai
platnu materialam platnes $kérsvirziena / parameter determined in cellular wood
material perpendicular direction or for solid timber in a cross direction of the grain
or for panel in cross vice direction.

Indeksi/ subscripts

0—

90 —

raditajs noteikts KSM paraléla virziena, masivkoksnei kiedru virziena vai platnu
materialiem platnes garenvirziena / parameter determined in cellular wood material
parallel direction, for solid timber in grain direction or for panel in longitudinal
direction;

raditajs noteikts vai paraugs izgatavots KSM perpendikulara virziend, masivkoksnei
Skeérsam Skiedram vai platnu materialiem $kérsvirziena / parameter determined in
cellular wood material perpendicular direction or for solid timber in a cross
direction of the grain or for panel in cross vice direction;

zemaka 5% kvantila raksturlieluma veértiba / lower 5% characteristic value.



ZINATNISKA DARBA APROBACIJA/
APPROBATION OF SCIENTIFIC WORK

Promocijas darba ieklauti pieci p&tijumi, kuru nozimigakie rezultati publicéti 15
tematiski saistitas zinatniskas publikacijas. Vienpadsmit publikacijas publicétas
starptautiskos recenzgjamos rakstu krajumos un ir pieejamas datu bazes, savukart
pargjas Cetras publicétas dazadu valstu viet€ja méroga zinatniskaja periodika.

The doctoral thesis includes five studies, the most significant results of which
have been published in 15 thematically related scientific publications. Eleven
publications have been published in international peer-reviewed collections and are
available in databases, while the other four have been published in local scientific
periodicals of different countries.

Zinatniskas publikacijas par darba tému/ Scientific publication related to the

subject of the thesis

1. lejavs J., Spulle U., Jakovlevs V. (2011) The comparison of properties of three-
layer cellular material and wood-based panel properties. Drewno—-Wood. Poznan:
Institut Technologii Drewno, Vol. 54, No. 185, p. 40-49. (Science Citation Index
Expanded, SCOPUS, BazTech, DREWINF).
https://bibliotekanauki.pl/articles/52758

2. lejavs J., Spulle U., Jakovlevs V. (2011) Evaluation of bending properties of
three layer cellular wood panels using six different structural models. In:
Proceedings of Annual 17" International Scientific Conference Research for
rural development 2011. Jelgava: LLU, Vol. 2, p. 85-90. (CABI, AGRIS).
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20123121926

3. lejavs J., Jakovlevs V. (2012) Gluability and bonding quality of cellular wood
material. In: Proceedings of the 8" meeting of Northern European Network for
Wood Science and Engineering (WSE). Kaunas: Kaunas University of
Technology, p.207-213.  https://wsenetwork.org/gluability-and-bonding-
guality-of-cellular-wood-material/

4. lejavs J., Spulle U. (2013) Compression strength of three—layer cellular wood
panels. Drewno—Wood. Poznan: Institut Technologii Drewno, Vol. 56, No.189,
p. 101-113. (Science Citation Index Expanded, SCOPUS, BazTech,
DREWINF). https://doi.org/10.12841/wood.1644-3985.032.07

5. lejavs J., Spulle U. (2013) Structural properties of cellular wood material.
International Journal in the Field of Wood Engeneering ProLigno. Brasov:
Editura Universitatii ,,Transilvania” din Brasov,Vol. 9, No. 4, Part 2, p. 491-497.
(CABI, DOAJ, DRJI, EBSCO Publishing).
https://www.proligno.ro/ro/articles/2013/4/lejavs_final.pdf

6. lejavs J., Jakovlevs V., Tuherm H. (2013) Koksnes $tinveida materiala fizikalas
un mehaniskas ipasibas. No: Valsts pétijumu programma, 2010-2013. Rakstu
krajums, Vietéjo resursu ilgtspéjiga izmantosana — jauni produkti un tehnologijas
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1. ZINATNISKA DARBA VISPAREJS RAKSTUROJUMS

Promocijas darba témas izvéles pamatojums un aktualitate

Dazadu konstrukciju razoSanas, transport€$anas un izmantoSanas izmaksu
samazinasana vienmér ir bijis aktuals jautajums, raugoties gan no ekologiskajiem,
gan arT ekonomiskajiem aspektiem.

Viens no veidiem, ka to iespgams realiz€, ir samazinat vairakkartu
kompozitmateriala masu, aizstajot kadu no materiala kartam ar citu koksnes vai
nekoksnes materialu, kura masa ir salidzinosi zemaka. Tadgjadi $is konstruktivais
risindjums klast vieglaks. Vairaki pétnieki ir mekl&jusi jaunus tehnologiskos
risingjumus vieglu koksnes konstrukciju izgatavosanai (Skuratov, 2010; Voth,
2009), taja skaita ari vieglo platnu materialu izgatavoSanas izmaksu samazinasanai
(Pflug u.c., 2003). P&tijumos minétas tehnologijas plasi lietoto saliktu kompozitu
izgatavoSanai, visbiezak iek$gjo kartu veidojot no materiala ar zemaku blivumu, bet
argjas kartas izmantojot materialu ar augstaku blivumu, kas nodrosina kompozitam
nepiecieSamas mehaniskas 1pasibas.

Koksnes §inveida materiala (KSM) un ta mébelu platnu ar firmas zimi
Dendrolight® izgudrosanu 2005. gada un patenté$anu 2009. gada Austrijat? var
uzskatit par ped&jas piecpacmitgades vienu no kokrapniecibas inovacijam. Materialu
radija austrieSu izgudrotajs Johans Bergers (Johann Berger), par pamatu nemot slépju
izgatavo$ana izmantoto tehnologiju.

Latvija, Ventspilf 2010. gada atklaja pasaulé pirma un vieniga KSM un no ta
izgatavoto mébelu platnu riipnieciskd razotne. Materialam prognozgja plasas
izmantoSanas iesp€jas ne tikai mébelu platnu izgatavoSana, bet ari transporta
ripnieciba un biivnieciba.

Lidz tam publiski bija pieejama KSM izgudrotaja Johana Bergera prezentacija un
publikacija, kura atspogulotas nozimigakas KSM mébelu platnu ipasibas. Jauzsver,
ka ta laika pétijuma KSM konstrukfivais risinagjums atikiras no promocijas darba
apskatitas KSM razo$anas tehnologijas. Lamelu rievas sakotngji iestradaja tikai
viena lameles plakné.

Uzsdkot KSM riipniecisko razo$anu Latvija, augstakas formas stabilitates
nodro§inasanai un ITm&ta savienojuma kontaktlaukuma palielinaSanai ieviesa
abpusgja lamelu rievu iezaggésanas tehnologija (vienpusgjas iezaggjumu tehnologijas
vieta), pateicoties kurai prognoz€ja materiala fizikalo un mehanisko ipasibu
uzlaboSanas.

Pamatojoties uz iepriek§ mingtajiem faktiem, var apgalvot, ka lidz jaunas
uzbiives KSM pirma pilotpétijuma veiksanai Latvija 2009. gada un raZo$anas
uzsakSanai 2010. gada nebija pieejama nekada informacija par Sadas uzbtives
materidla Tpasibam. KSM izmantofana biivnieciba, durvju un biivelementu
izgatavosana izvirzija ka uznpémuma SIA “Dendrolight Latvija” nakotnes meérki,
uzsiakot riipnicas otras kartas attistibu. KSM Tpasibu izpéte un ipasibu deklarésana
lautu piedavat dazadu izstradajumu raZotajiem jaunu materialu, kas pie noteiktiem
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stipribas parametriem ieveérojami samazinatu izgatavojama produkta masu un
uzlabotu ta kvalitati.

Lidz 2010. gadam nebija veikta KSM Tpasibu salidzinasana ar tipisku koksnes
materialu Tpasibam lieto$anai ka nenesogajas, ta nesosajas biivkonstrukcijas. Ipasibu
izpete atspogulotu konkréta materiala prieksrocibas vai iesp&jamos trikumus
salidzinajuma ar citiem, kokriipnieciba plai izmantotiem koksnes materialiem. ST
iemesla de] ir veikti inovativa materiala p&tijumi, kuros atainotas konkréta materiala

Uzsakot petijumus veikts plass informacijas avotu apskats un analize. Galvenas
témas, kas apskatitas situacijas analiz€ un ieklautas promocijas darba, ir:

e KSM izgatavosanas tehnologija un potencialas izmanto$anas iespéjas;
koksnes materialu un biivelementu Tpasibas, to ietekmg&josie faktori;
koksnes materialu un biivelementu pasibu noteik$anas metodes;
koksnes materialu konstruktivas uzlabosanas iespgjas;
lidz §im veiktie pétfjumi par KSM un ta izstradajumu Tpasibam.

Rezultata var izdarit sekojosus secinajumus:

1. koksne un no tas izgatavotie materiali ir higroskopiski un anizotropiski — to
IpaSibas un IpaSibu ietekmgjosie faktori ir janem vera pie jaunu koksnes
produktu izstrades un Ipasibu model&sanas;

2. KSM péc savas uzbiives un izgatavo$anas tehnologijas ir unikals koksnes
materials, kuram nav analoga visa pasaulg;

3. neviens no iepriek$ veiktajiem pétijumiem neatklaj visaptverosu, konspektivu
informaciju par neapliméta KSM ipasibam un tas ietekmgjosiem faktoriem;

4. KSM un ta izstradajumu Tpasibu noteik3anai rekomendgjams izmantot citu, pgc
pielietojuma, lidzigu materialu standartizgtas parbaudes metodes;

5. materialu konstruktivas uzlabosanas efektivitate ir pieradita gan krustam ITmé&to
konstrukciju kokmaterialu (CLT), konstruktivi izoléto panelu (SIP) gan KSM
méebelu platnu (Dendrolight®) gadijuma.

Pedgja desmitgadeé koksnes materialu ipasibu prognozéSana ir kluvusi par
efektivu metodi jaunu produktu izstradé. Veicot ipasibu prognozésanu, izmantojot
datormodel&s$anas iesp&jas, nakas saskarties ar koksnes un koksnes materialu lielo
fizikali mehanisko un fizikali kimisko raditaju izkliedi, kuru bitiski palielina
mainigie vides parametri. Salidzinot ar tadiem neorganiskajiem materialiem ka
betons, térauds un polim&rmateriali, koksnes un koksnes materialu fizikali
mehaniskas Tpasibas ir ar daudz lielaku raditaju izkliedi, kas apgriitina Tpasibu
prognozesanu. Lai efektivi un precizi spetu izmantot datormodeléSanas iespgjas, ir
nepiecieSams noskaidrot model&jama materiala Tpasibu raksturvertibas.

Par nozelu SIA ,,Dendrolight Latvija” ilgstoSais apgrozamo lidzeklu trikums un
neskaidrie patenta izmantoSanas jautdjumi bija iesp&jamie iemesli pasludinatajai
uznémuma maksatnespgjai 2014. gada un uzpémuma likvidésanai 2016. gada.
Rezultata partrauca KSM riipniecisko razo$anu un tirdzniecibu®. Neskatoties uz to,
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atseviskas pétnieciskas iestades, petnieki (Miinster University of Applied Science® ;
Berger G., et.al. 2016; Rozins u.c., 2020) un razo$anas uznémumi (“Gisler Holzbau”
GmbH7 ; SIA “ARB Pope™®) izstrada un patentét lidziga tehnologiska risinajuma
materialus jaunu produktu izveidei un esoSo produktu razoSanas efektivitates
paaugstinasanai. legiitas praktiskas zinasanas par §1 unikala materiala un ta panelu
ipasibam kliis Tpai aktualas, bridi kad KSM 3ada vai citada forma atgriezisies
razo$ana.

Promocijas darba mérkis ir noskaidrot Latvija raZota priedes koksnes $tnveida
materiala IpaSibas un izstradat konstruktivi uzlabotu KSM biivniecibas panelu
prototipus un novertet to 1pasibas.

Darba mérka sasnieg8anai izvirziti sekojosi uzdevumi:

1. apkopot un analizét informaciju par KSM un citu koksnes materialu
izgatavoSanas tehnologijam, Tpasibam, to ietekmé&josiem faktoriem;

2. izstradat metodiku un noskaidrot KSM ipasibas, tas salidzinot ar masivkoksnes
un koksnes platnu materialu 1pasibam;

3. izstradat p&tfjumu metodiku un novértét konstruktivi uzlabotu KSM biivniecibas
panelu prototipu 1pasibas, tas salidzinat ar plasi buvnieciba lietoto koksnes
materialu, p€c izmanoSanas lidzigu izstradajumu ipasibam un biivnormativu
prasibam.

Promocijas darba hipotéze ir aiztavama ar sekojosam tézém:

1. Kkoksnes §inveida materiala Tpasibas atSkiras no masivkoksnes un koksnes bazes
platnu materialu 1pasibam;

2. koksnes $unveida materiala konstruktiva uzlabo$ana ar aplimé$anas panémienu
butiski uzlabo materiala fizikalas, fizikali — kTmiskas un mehaniskas pasibas.

Zinatniska novitate:

e noteiktas KSM 1pasibas, analizéti to ietekm&josie faktori, ka arf iegiitas sakaribas
materiala Tpasibu prognozeSanai;

e izstradati konstruktivi risinajumi KSM ipasibu uzlabosanai ar apliméSanas
pan€mienu, noteiktas un salidzinatas to pasibas ar meébelu rlpnieciba un
biivnieciba plasi izmantoto koksnes materialu Tpasibu raditajiem,

e izstradati KSM biivniecibas panelu prototipi, noteiktas un salidzinatas to Tpasibas
ar [1dzigu izstradajumu Tpasibam un biivnormativos noteiktajam prasibam.

Darba praktiska nozimiba

Promocijas darba noteiktas un apkopotas KSM ipasibas un to sakaribas sniedz
iespgju veikt inzeniertehniskos aprékinus un Tpasibu prognozésanu dazadiem
izstradajumiem un konstrukcijam, kuras projektétas no KSM. Izstradati vairaki
platpu materialu un biivniecibas panelu prototipi, kuros KSM uzlabots ar
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konstruktivo jeb apliméSanas panémienu, izmantojot masivkoksni, koksnes platnu
materialus un siltumizolacijas materialus. Prototipiem noteiktas indikativas fizikalas,
mehaniskas un fizikali—kimiskas 1pasibas durvju vertnu, sienu un parsegumu panelu
raksturoanai. Salidzinatas KSM un uzlaboto panelu prototipu ipasibas, novértéta
panelu prototipu Ipasibu atbilstiba biivnormativos noteiktajam prasibam.

Kopuma darba iegitie rezultati sniedz praktisku perspektivu inZeniertehnisko
aprékinu un datorsimulaciju veikSanai dazadiem KSM izstradajumiem un
konstrukcijam.

Darba struktiira un apjoms
Promocijas darbs sastav no 5 nodalam:
1. nodala. Situacijas analize;
. nodala. P&tijumu vispargja metodika;
. nodala. P&tfjumi par KSM Tpasibam;
. nodala. P&tfjumi par konstruktivi uzlabota KSM panelu prototipu Tpasibam;
. Secinajumi un rekomendacijas.

wn AW

Darbs noforméts uz 152 lappusém, ar 66 attéliem, 43 tabulam un 41 sakaribu.
Izmantoto informacijas avotu saraksta ietilpst: 104 literatiiras avoti, 49 standarti un
normativi. Promocijas darba kopsavilkuma ieklautos literattiras avotus skatit
promocijas darba.

14



2. PETIJUMU METODIKA

2.1. Koksne Siinveida materiala izgatavoSana

Pé&tijumiem paredzéto KSM izgatavosanai izmantoti priedes (Pinus sylvestris L.)
zagmateriali. To nominalie izméri: biezums 32 mm, platums 112 mm un garums
4200 mm. KSM izgatavosana veikta riipnieciski, automatizéta razo$anas linija,
uznémuma SIA “Dendrolight Latvija”. KSM izgatavosanas principiala sheéma
paradita 2.1. att.

Balki Zagmateriali Zagmaterialu Defektu
—> = 7avésana izzagesana
—
- o “«—
Kiltapu iestrade un ) —
limesana garuma Sagatavju Abpusgja rievu
—> garenfrézesana iezaggana
—>
—
Sagatavju lim&Sana biezuma, Bloka formata vai kartu
orientgjot tas 45° lenkt zagesana
—

2.1. att. KSM izgatavo$anas tehnologijas principiala shema.

No zagmaterialiem izzagé trup&jusos, dal&ji saaugusos zarus, metala ieslegumus
un plaisas. Péc defektu izzageSanas veikta zagmaterialu liméSana garuma.
Zagmateriali [im&ti garuma, izmantojot kiltapu savienojumu, ko raksturo $adi
parametri: kiltapas garums 11 mm, tapas solis 4 mm un pielaide tapu galos 1 mm.
Pie Kkiltapu savienojuma lim&Sanas piecas sekundes nodro$inats 12 MPa gala
spiediens. Salim&amo sagatavju vidgjais mitrums ir 12%. Sagatavju [TmeSanai
garuma un KSM bloku lim&sanas procesos izmantota vienkomponenta D3 grupas
fidens bazes polivinilacetata (PVA) lime Cascol 3353.

Kiltapu savienojumi iestradati un redzami sagatavju plataja skaldné. Pec kiltapu
savienojumu ltmes sacieteéSanas veikta garuma saaudz&to sagatavju garenfrézesana,
izmantojot Cetrpusigo garenfrézmasinu, iegiistot sagataves ar nominalajiem
Skersgriezuma izmériem — biezumu 28 mm, platumu 106 mm un garumu 2010 mm.

P&c sagatavju garenfrézeéSanas abpusgji pa sagatavju garumu iefrézétas 8 rievas,
skat. 2.2. att.. Iestradato rievu dzilums ir 24 mm, abpusg&jais rievu solis 6.4 mm,
rievas platums 3.2 mm.

KSM bloku lim&ana biezuma veikta, izmantojot nepartrauktas darbibas
apsildamo presi. KSM saklats etras kartas, katru nakamo kartu orientgjot attieciba
pret ieprieksgjo 90° lenki. PVA Lime Casco 3353 saklatajam kartam uzklata caur
dizi ar oscilacijas panémienu, nodrosinot aptuveni 250 g m? vidgjo Iimes patérinu.
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PreséSanas cikla ilgums pie 60 Iidz 75 °C un 0.2 MPa spiediena nodrosinats
6 mindtes. legita KSM bloku izm@ri: biezums 112 mm, platums 1350 mm un
garums 2500 mm.

106

-
- = - = —

=

[ ]

—L4 39 A2

28

2.2. att. Priedes déla Skérsgriezums ar iezagétam rievam:
izm@ri milimetros.

P&c iekigjo kartu sagatavju salim&$anas kopa iegiist KSM bloku ar paralélo
virzienu (attieciba pret l[imeé$anas preses padeves virzienu), skat. 2.3. att. (1).

2.3. att. Atskirigie KSM virzieni:
1 — paralglais (KSMo); 2 — perpendikularais (KSMaso).

Turpmakajas apstrades operacijas veic KSM bloka sazagé$anu nepiecie$ama
biezuma sagatavés, kuras orienteé 45°lenki un kalibre, iegistot KSM ar
perpendikularo virzienu, skat. 2.3. att. (2). KSM argjas kartas aplimgjot ar dazadiem
koksnes materialiem vai papildinot ar siltumizolacijas materialiem, pétjjumu
vajadzibam iegiiti dazadi KSM biivniecibas panelu prototipi ar uzlabotam Tpasibam.

Par pamatu pé&tijumos izmantots KSM, kas izgatavots no 28 mm bieziem priedes
deliem, savukart lai novértétu izejmateriala biezuma ietekmi uz atseviskam KSM
fizikalajam, fizikali kimiskajam un mehaniskajam ipasibam, papildus izgatavots
KSM no 18 vai 25 mm bieziem déliem. Gadijuma, ja pétfjuma izmantota KSM délu
biezums atSkiras no 28 mm, tas minéts attiecigaja petjjuma nodala.

Saskana ar saistitajiem p&tjjumiem atraudzigo plantaciju koku sugu eikalipta
(Eucalyptus grandis W. Hill) un radiata priedes (Pinus radiata D. Don) izmanto$ana
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KSM materiala un ta panelu razo3anai var tikt izskatita ka alternativa priedes (Pinus
sylvestris L.) koksnes izmantoSananai gan balstoties uz $o izejmaterialu
mehaniskajam pasibam, gan salimé&Sanas iesp&jam (Iejavs u.c., 2021; lejavs u.c.,
2022).

2.2. Koksnes Stinveida materiala ipasibu noteik§anas metodes

KSM Tpasibu pétijumiem izmantots riipnieciski, saskana ar 2.1. nodala apliikoto
tehnologiju izgatavots KSM. To sazagé vai salimé pétijumiem nepiecie$amajos
izméros. KSM tris kartu platpu paraugu un panelu prototipu izgatavosana izmantoti
galvenokart koksnes materiali ar attiecigajas darba nodalas noraditajam
tehnologijam.

Mitrums

Veikts pétijums ar mérki novértét KSM mitrumu (W) atkariba no gaisa relativa
mitruma RH (no 30 Iidz 85%). Novértésana veikta pie konstantas gaisa temperatiiras
20 °C. KSM mitruma noteik3anai izmantota svérsanas — zavésanas metode saskana
ar standarta LVS EN 13183-1 metodiku. P&tijuma izmantoti divu veidu paraugi ar
nominalajiem izmériem 112%112x112 mm un 56%56%300 mm. Kopa pétijjuma
parbauditas 4 paraugu grupas ar kop&jo paraugu skaitu 120 gab.

Blivums

Novértéta KSM blivuma (p) atkariba no gaisa relativa mitruma RH (robeZas no
30 1idz 85%) un KSM mitruma W (robezds no 6 lidz 18%) pie konstantas gaisa
temperatiiras 20 °C. Blivuma aprékinasana veikta saskana ar standarta ISO 3131
7.1. punkta metodiku. P&tfjuma izmantoti divu veidu paraugi ar nominalajiem
izm@riem 112x112x112 mm un 56x56x300 mm. P&tjjumam kopa izgatavotas un
parbauditas 4 paraugu grupas ar kop&jo paraugu skaitu 120 gab.

Ruksana un briesana

Novértéti KSM ruksanas un briesanas raditaji atkariba no gaisa relativa mitruma
(robezas no 30 Iidz 85%) pie konstantas gaisa temperatiiras 20 °C. RukSanas un
brieSanas raditaji izmantojami dazadu KSM konstrukciju s&zu un pielaizu
aprékinasanai, ka arT jaunu produktu izstrade, materialu savstarpgjas savienosanas
noveértésanai. RukSanas un briesanas raditaju aprékinasanai izstradata parbaudes
metodika, kura balstita uz standarta LVS EN 318 parbaudes un standarta DIN 52184
aprékinu metodiku. Katram no 3 KSM virzieniem (platumam, biezumam un
garumam) izgatavoti 20 paraugi ar nominalajiem izmériem 56x56x300 mm —
izturéSanai pie 3 dazadiem gaisa relativa mitruma Itmeniem (30, 65 un 85%).
Kopgjais parbaudito paraugu skaits 60 gab.

Udens tvaika caurlaidiba

Veiktas parbaudes ar mérki noteikt KSM tidens tvaika parvades raksturlielumus
un noveértet lamelu biezuma un saliméto kartu skaita ietekmi uz materiala tidens
tvaika parvades raksturlielumiem. Udens tvaika parvades raksturlielumi izmantojami
bivkonstrukciju kondensacijas riska novert€Sanai. Raditaji noteikti saskana ar
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standarta LVS EN 12086 metodiku 6 paraugu grupam ar kop&jo paraugu skaitu 18
gab.

Siltumvaditspeja

Lai noveértétu KSM ka siltumizolacijas materialu, bavkonstrukciju izgatavosanai
un dazadu konstrukciju siltumpretestibas aprékinasanai noteikti materiala
siltumvaditspgjas koeficienti A saskana ar standarta LVS EN 12667 parbaudes
metodiku. Kopa parbauditi 4 paraugi abiem materiala virzieniem. Paraugu nominalie
izmeri abos gadijumos bija 112x600x600 mm.

Ugunsreakcija

KSM Kklasificé3anai ugunsreakcijas klasé un ugunsreakcijas parametru
novertéSanai izgatavoti 6 lielizméra paraugi — pa 3 paraugiem materiala paralélajam
un perpendikularajam virzienam. Parbaude veikta vienotas dedzinasanas iekarta
saskana ar standarta LVS EN 13823 D ugunsreakcijas klasei atbilstoSo parbaudes
metodiku. Katrai parbaudei izgatavotas divas KSM sagataves ar garumu 500 mm un
1000 mm, abos gadijumos paraugu platums ir 1500 mm. Papildus izgatavoti un
parbauditi 9 paraugi ar liesmas iedarbibai paklauto laukumu 90x250 mm — parbaudei
ar atseviSka liesmas avota testu saskana ar standarta LVS EN ISO 11925-2
parbaudes metodiku. Abas parbaudés izmantoti KSM paraugi, kuru biezums ir 56
mm.

Mehaniskas ipasibas

Veikti vairaki pétijumi, lai noteiktu KSM nozimigakas mehaniskas Tpasibas un
novertetu to ietekmgjosos faktorus. Izmantojot 16 paraugu grupas, ka ar1 standartu
LVS EN 408+A1:2012 un ASTM C 273-00 parbauzu metodes 132 paraugiem
materiala paraléla un perpendikulara virziena, ir noteikti robezstipribas un elastibas
modulu raditaji statiskaja liec€, spiedg, stiep un bidé. Katram materiala virzienam,
lieces parbaudém izmantoti 8 lielizméra KSM paraugi ar biezumu 136 mm, platumu
280 mm un garumu 2500 mm. Lai noteiktu KSM robezstipribu spiedg, izgatavoti 30
kubveida paraugi ar malas garumu 112 mm. Lai noteiktu KSM robeZstipribu stiepg,
elastibas moduli stiep€ un elastibas moduli spiedg, abiem paraugu veidiem un katrai
Tpasibai izgatavoti astoni paraugi ar garumu un platumu 112 mm, ka arf augstumu
224 mm. Bides robezstipriba un bides elastibas modulis noteikts, izmantojot
8 paraugus ar garumu 300 mm un $k&rsgriezuma izm&riem 56 mm.

Projektesanas vajadzibam un mehanisko raditaju salidzinasanai ar citu materialu
mehaniskajiem raditajiem visiem raditdjiem aprékinats 5% kvantilis saskana ar
standartu LVS EN 14358.

Paraugu geometrisko izméru ietekme uz KSM mehaniskajam ipasibam

Saskana ar literatiiru koksnes un koksnes materialu paraugu geometrisko izméru
ietekme uz materialu mehaniskajam pasibam nav viennozimiga, tadél, paplasinot
iepriek§ min&ta petijuma metodiku par materiala mehaniskajam 1pasibam, noverteta
KSM paraugu $kérsgriezuma geometrisko izméru un laukuma ietekme uz materiala
robezstipribu un elastibas moduliem liecg, stiepé, spiedé un bide. Saja pétijuma
materials parbaudits paral€la virziena — saskana ar standarta LVS EN 408+A1:2012
10., 16., 18. un 19. punkta prasibam.
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Materiala paraléla virziena izmantoSana triskartu blvniecibas panelu
izgatavoSana ir uzskatama par ekonomiski izdevigako risinajumu saistiba ar mazaku
izgatavoSanas operaciju skaitu, salidzinot ar perpendikularo materiala virzienu.
Nominalais KSM vienas lameles biezums $aja pétijuma bija 28 mm. Pé&tijuma
izmantotas 23 paraugu grupas ar kop&jo paraugu skaitu 150 gab. Izméru un laukuma
ietekme apskatita paraugiem, kuru izméri ir robezas no 28x56x300 mm lidz
112x600x2240 mm. Lai novertétu geometrisko izméru un laukumu ietekmes
atsevisko un mijiedarbibas bitiskumu uz materiala mehaniskajam 1pasibam,
izmantotas vienu un divu faktoru regresijas analizes metodes.

Mehanisko stiprinajumu — kokskriivju noturiba KSM

Koksnes materialu un izstradajumu savstarpgjai savienoSanai visplasak
izmantojami ir divi panémieni — lietojot mehaniskos stipringjumus jeb skriives un
fizikalo jeb salimganas panémienu. ST iemesla dg] ir veikts péfjums ar mérki
novértét mehanisko stiprinjumu jeb skriivju noturibu KSM. Lidztekus noteiktajiem
raditajiem ir analizéti skriivju noturibu ietekmgjosie faktori. Eksperimentala
pétijuma metodika balstita uz modificétu standarta LVS EN 320 parbaudes
metodiku. Péffjuma izmantotas tris dazadu veidu skrtves, kuras plasi piedava
Latvijas tirgii, gan slodzi nesosu, gan nenesoSu konstrukciju izgatavoSanai. Vertéts
skrivju ieskriivéSanas dzilums robezas no 14 Iidz 70 mm.

Nenesosa pielietojuma skriives SPEC17 izmantotas, lai novértetu skriivju
izrauSanas pretestibu atkartba no skriivju ieskriivéSanas virziena un dziluma,
savukart lai noteiktu skriivju diametra un skriivju iestrades veida ietekmi uz skriivju
izrauSanas pretestibu no KSM, pétfjuma izmantotas nesosa pielietojuma skriives
HBS6220 un HBS8280.

SPEC17 skriivju gadijuma parbaudei izgatavotas 12 paraugu grupas ar kopgjo
paraugu skaitu 120 gab. — katra grupa pa 10 paraugiem.

HBS6220 un HBS8280 skriivju gadijuma izmantotas 4 paraugu grupas, katra
grupa pa 15 paraugiem. STm grupam raditaji ir noteikti, KSM orient&jot
perpendikulara virziena pret skriives garenasi un iestradi veicot KSM vieta ar
mazako koksnes daudzumu uz vitnes. Skriives iestrades dzilums visos cetros
gadijumos ir 70 mm.

Inzeniertehnisko aprékinu veikSanai atseviSku paraugu grupu raditajiem
aprékinatas skrivju izrauSanas pretestibas raksturlielumu vértibas saskapa ar
standarta LVS EN 14358 metodiku.

Liméta plaknes savienojuma robeZstipriba bide

KSM ir veidots, salim&jot kopa vairakas koksnes kartas, tadel ir novérteta liméta
savienojuma mehaniska izturiba. Parbaude veikta, Itmes Suvi slogojot bideé péc
standarta LVS EN 392 noteikta parbaudes principa. Parbaudém paklauti 30 Iimétie
plaknes savienojumi, kuru robezstipribas raditaji bidé salidzinati ar KSM90
konstruktivajiem raditajiem, kas noteikti, slogojot materialu Cetras dazadas zonas.
KSM bides parbaudei paklautas materiala zonas paraditas 2.4. att.
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1. zona 2.zona 3. zona 4. zona
2.4. att. KSM bides parbaudei paklautas etras materiala zonas:
1. zona — paralgli §tinveida materiala kartam, pa vidu starp divam limes Suvém; 2. zona —
limes Suve; 3. zona — perpendikulari materiala bloka plaknei; 4. zona — limes $uvi orientgjot
90° lenkT attieciba pret bides plakni.

Visas parbaud€s izmantoti paraugi ar bides laukumu 50%50 mm un garumu
112 mm.

Saliméjamiba ar citiem koksnes materialiem

Jaunu koksnes kompozitmaterialu un izstradajumu veidosanai veikts p&tijums par
liméto savienojumu stipribu starp KSM un citiem koksnes materialiem. Pé&tfjuma
izmantota poliuretana (PUR) lime Kleiberit 501 un emulsipolimérizocianata (EPI)
lime Kleiberit 304.4, ka arT sesi dazadi koksnes materiali: 0sis (Os), priede (P), bérza
saplaksnis (PW), termomehaniski modificéts baltalksnis (TMMBa), orientéto
kokskaidu platne (OSB) un augsta blivuma kokskiedru platne (HDF). Saskana ar
standarta LVS EN 319 metodiku parbauditas 12 paraugu grupas ar kopgjo paraugu
skaitu 158 gab. Paraugu nominalie izméri ir 5050 mm, savukart biezums ir 50 vai
58 mm. Paraugiem noteikti un veértéti divi raditaji — robezZstipriba stiepé
perpendikulari pret platnu plakni un sagraves veids.

2.3. Koksnes Siinveida materiala ipasSibu uzlaboSanas un panelu
prototipu novértésanas metodes

P&tTjumos noskaidrots, ka lielaka dala KSM ipasibu ir ar zemakiem raditajiem
neka platpu materialiem, masivkoksnei un biivniecibas paneliem, tadel KSM
izmantoSanai biivnieciba ir p&titas materiala konstruktivas uzlabosanas iespgjas.

Siltuma caurlaidiba

Izstradatas piecas dazadas KSM sienu panelu konstrukcijas, kuram veikti
teoretiski aprékini siltuma caurlaidibas koeficientu novertésanai saskana ar standarta
LVS EN ISO 6946 metodiku.

Par pamatu petjjumam izmantoti divi paneli — Nr.1 un Nr. 2. Panela Nr. 1
gadfjuma izmantots divu kartu KSM, savukart otra prototipa gadijuma — 4 kartu
KSM ar lamelu biezumu 28 mm. Visiem pieciem panelu prototipiem aprekini veikti
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KSM paralgla virziena, abpusgji nosedzot ar 18 mm biezu priedes masivkoksnes
kartu.

Aprekinats minimali nepiecieSamais KSM biezums paneli, kas izpilda
bilivnormativa prasibas attieciba uz siltumcaurlaidibas koeficientu, ka rezultata iegiits
panela prototips Nr. 3 ar KSM biezumu 280 mm, kas abpusgji nosegts ar 18 mm
biezam priedes koksnes kartam.

Turpmakajos aprékinos iegtti optimali risinajumi 1. un 2. panelu prototipu
siltinasanai attiecigi ar 112 un 92 mm biezu mineralvati, ieglistot biivnormativam
LBN 002-01 atbilstosas sienas konstrukcijas siltumcaurlaidibas koeficientu vertibas.
legttie raditaji salidzinati ar CLT un SIP panelu siltuma caurlaidibas koeficientiem
un biivhormativa prasibam.

Skanas izoléSana

Izstradati divi durvju vértnu (1. un 2.) konstruktivie risindgjumi un tris (3. lidz 5.)
sienu panelu konstruktivie risinajumi, kuriem veikta lielizméra paraugu izgatavosana
un skanas gaisa izolacijas indeksu novertéSana saskana ar standartu LVS EN ISO
140-3, LVS EN ISO 140-1, LVS EN ISO 717-1 un LVS EN ISO 10140—(1-5)
metodiku.

Durvju vértnes paraugi izgatavoti no KSM perpendikulara virziena, abpusgji
aplimg&jot ar 4 mm biezu augsta blivuma kokskiedru platni, iegiistot paraugus ar
kopgjo biezumu 25 un 60 mm. Abos gadijumos durvju vertnu augstums ir 1972 mm
un platums 825 mm.

Tris sienu panelu prototipi izgatavoti no KSM paralgla virziend, izmantojot KSM
ar dazadu lamelu skaitu un biezumu (3. prototips izgatavots no ¢etram lamelém ar
kopgjo biezumu 112 mm, 4. prototips — no 2 lamelém ar biezumu 56 mm, savukart
5. prototips — no 4 lamelém ar kop&jo biezumu 72 mm). Visi sienas prototipi abpusgji
apliméti ar 18 mm biezam priedes masivkoksnes lamelém. Sienu panelu prototipu
augstums ir 3000 mm, bet platums — 1150 mm. Katram prototipam izgatavots un
parbaudits viens lielizmé&ra paraugs.

Pétijuma rezultata noverteta durvju panelu biezuma un sienu panelu konstruktiva
risinajuma ietekme uz skanas gaisa izolacijas indeksu. legitie raditaji ir uzskatami
par indikativiem, tie salidzinati ar CLT panelu skanas izolacijas indeksu vérttbam un
btivnormativa LBN 016-11 reglament&tajam durvju un sienu konstrukciju skanas
gaisa izolacijas indeksu robezvertibam.

Ugunsreakcija

Ar mérki noteikt KSM ugunsreakcijas raditaju uzlabo$anas iesp&jas, istenojot
konstruktivus panémienus, ir izgatavoti un parbauditi tris KSM lielizméra prototipi.
Divi prototipi veidoti, 17 un 52 mm biezu KSM perpendikulara virziena aplimgjot ar
termiski planu (4 mm), augsta blivuma koksSkiedru platni, attiecigi apzime&ums
90H25 un 90H60. Tie paredzeti izmantoSanai ka vieglas konstrukcijas norobezojosas
starpsienas vai durvju vertnes. Prototipu biezums ir attiecigi 25 un 60 mm. Savukart
treSajam prototipam 56 mm biezs KSM paraléla virziena ir apliméts ar 18 mm biezu
priedes masivkoksni (apzim&jums 0P92) izmantoSanai neso$as sienu un parsegumu
panelu konstrukcijas, iegiistot paneli ar kop&jo biezumu 92 mm.
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Visu tris panelu prototipu ugunsreakcijas parbaudes veiktas, izmantojot
D ugunsreakcijas klasei atbilstoSo standarta LVS EN 13823 vienotas dedzinasanas
ickartas (SBI) parbaudes metodi. Kopuma 3 prototipiem parbauditi 5 lielizméra
paraugi. legitie raditaji uzskatami par indikativiem.

Pétijuma rezultata novertéta termiski plana un termiski bieza panela argjo kartu
materiala ietekme uz potencialu blivniecibas panelu ugunsreakcijas parametriem.
legttie raditaji salidzinati ar masivkoksnes un koksnes platnu materialu
ugunsreakcijas parametriem.

Mehaniskas ipasibas

Lai noteiktu KSM uzlaboganas iespgjas ar konstruktivajiem panémieniem, ir
izstradati sesi parsegumu panelu prototipi (apzimejums petijuma no A lidz F). Tapat
ir noveértéta argjo kartu materiala, KSM virziena un ieliméto ribu ietekme uz 4
svarigakajam materiala mehaniskajam Tpasibam — robeZstipribu un elastibas moduli
Cetrpunktu statiskaja liecg, ka arT robeZstipribu spied€ paral€li un perpendikulari pret
panelu plakni. PEtljuma izmantotas standarta LVS EN 408+A1 parbaudes metodes.

Panelu parsegumu prototipos A, B, E, F materials orientéts perpendikulara
virziena, savukart C un D — paral€la virziena. Panelos A, C, E ka argjo kartu materials
izmantots 12 mm biezs PW, panelos B, D, F — 20 mm bieza priedes masivkoksne.
Papildus panelos A un B ielimétas priedes masivkoksnes ribas. Analizétas 18
paraugu grupas ar kopgjo paraugu skaitu 144 gab. Ar beérza saplaksni aplimé&tu
prototipu kopgjais biezums ir 136 mm, savukart priedes masivkoksnes gadijuma tas
veido 152 mm. Paraugu platums un garums lieces parbaudes gadijuma ir attiecigi
300 un 2500 mm. Spiedes parbaudes gadijuma tas veido 300x300 mm.

Panelu orientacija spiedes parbaudes iekarta paradita 2.5. att.

2

2.5. att. Panelu orientacija spiedes parbaudes iekarta:
1 — perpendikulari pret panela plakni; 2 — paral&li pret panela plakni.

legiitie stipribas un elastibas raditaji salidzinati ar lim&to konstrukciju
kokmaterialu, CLT un zagmaterialu stipribas klaSu mehaniskajiem raditajiem.
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3. KOKSNES SUNVEIDA MATERIALA IPASIBAS

3.1. Mitrums

Mitrums ir viens no nozimigakajiem koksnes un koksnes materialu pasibu
ietekmgjo3ajiem parametriem. Nemot véra to, ka KSM p&c masas sastav aptuveni no
96% koksnes un 4% limes, materialam prognozgja tadu pasu lidzsvara mitrumu ka
koksnei, no kuras KSM izgatavo.

P&c priedes KSM kondiciongianas standarta atmosfera pie 20+2 °C temperatiiras
un relativa gaisa mitruma 65+5% iegiits 60 KSM paraugu vidgjais mitrums 12.5%
(robezas no 11.9 Iidz 13.6%). Priedes KSM vidgjais lidzsvara mitrums 12.5% p&c
kondiciongSanas standarta atmosféra biitiski neatskiras no standarta DIN 68100-07
noraditas priedes masivkoksnes vidéja mitruma 12.0 % (p > 0.05).

Péc kondiciong$anas pie relativa gaisa mitruma 35 vai 85% (pie gaisa
temperatiiras 20 °C) iegiitas KSM vidgjas mitruma vértibas 5.9 un 16.9%.

Starp KSM mitrumu un gaisa relativo mitrumu pie gaisa temperatiiras 20+2 °C
pastav ciesa (r = 1.00) pozitiva otras pakapes polinomiala sakariba:

W=0.00114RH?+0.0838RH+1.61, (3.1)

kur W —KSM mitrums, %;
RH — gaisa relativais mitrums, %.

S sakariba ir izmantojama gaisa relativa mitruma robezas no 30 lidz 85%.

P&tijuma noskaidrots, ka KSM mitrums pie trs relativa mitruma limeniem biitiski
neatSkiras no priedes masivkoksnes mitruma, tade] koksnes lidzsvara mitruma
diagramma ir izmantojama ari KSM mitruma prognozésanai atkariba no relativa
gaisa mitruma un temperatiiras.

3.2. Blivums

Materialu blivumam tapat ka mitrumam bieZzi ir tieSa ietekme uz koksnes un
koksnes materialu fizikali mehaniskajiem un fizikali kimiskajiem raditajiem, tadel
veikta KSM blivuma raditdju noteiksana. 60 kubveida KSM paraugiem p&c
kondiciong$anas standarta atmosfera noteikta vidéja blivuma vértiba 308 kg m-3
(robezas no 277 lidz 332 kg m3).

Péc kondiciongSanas pie relativa gaisa mitruma 35 vai 85% (pie gaisa
temperatiiras 20 °C) iegiitas KSM vid&jas blivuma vértibas 293 un 321 kg m?,

P&ttjuma rezultata iegiita vid&ji ciesa (r = 0.53) pozitiva lineara sakariba 3.2.
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KSM blivuma aprékinasanai atkariba no KSM mitruma:
p=2.55W+277.9, (3.2)

kur  p— KSM blivums, kg m?;
W — KSM mitrums, %.

Noradita sakariba ir izmantojama no 28 mm biezam lamelém izgatavota KSM
blivuma aprékinasanai materiala mitruma robezas no 6 lidz 17%.

Saskana ar standartu LVS EN 14358 ir aprékinata blivuma zemaka 5% kvantila
raksturlieluma vértiba px 285 kg m3. Papildus noskaidrots, ka KSM lamelu biezuma
palielinaSana no 18 lidz 28 mm bitiski (p < 0.05) samazina materiala blivumu, jo
lamel€s iestradato rievu tilpums attieciba pret koksnes tilpumu pieaug.

KSM vidgjais blivums 308 kg m? ir par 38% zemaks, salidzinot ar literatiira
(Wagenfiihr, 1996) atspoguloto priedes masivkoksnes vidg€jo blivuma vértibu
510 kg m3. Salidzinot ar biivnieciba plasi izmantoto koksnes platnu materialu (PW,
OSB, PB un vidgja MDF) blivumu, KSM blivums ir par 35 lidz 65% zemaks, skat.
3.1. att.

2190 Tomin. 500 880
< mmaks. 650
E 600 - vértiba
=
2
.: 400 308
g -
g 200 +—
>
0 -

KSM PW** MDF*  LDF** OSB** PB*
Materials
3.1. att. KSM un koksnes platnu materialu vidéjo blivuma raditaju

salidzinajums:
saisinajumu skaidrojumu skatit 6. Ipp (*Bowyer u.c., 2003; **Lisina u.c., 2007).

Vienigi zema blivuma kokskiedru platpu blivums var bit 11dz pat 52% zemaks,

salidzinot ar KSM blivumu. KSM blivuma vértibas var izmantot KSM un ta
buivniecibas panelu masas aprékinasanai.
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3.3. Ruk$ana un brieSana

Gaisa relativa mitruma izmainas robezas no 30 Iidz 85% un ar tam saistitas
koksnes mitruma izmainas robezas no 6 1idz 18% ietekmé $tunveida materiala izm&ru
izmainas. Palielinoties vai samazinoties KSM mitrumam, lineari palielinas vai
samazinas §inveida materidla izméri. Pieméram, mitruma ietekmi uz KSM biezuma
izmainam var aprakstit ar §adu ciesu (r = 1.00) pozitivu sakaribu:

b=0.752W+291, (33)

kur b —biezumu, mm;
W — mitrums, %.

Sakariba izmantojama vienigi paraugiem ar garumu 300 mm un $kérsgriezuma
izm@riem 50 mm.

Aprekinatais vidgjais Stinveida materiala rukSanas koeficients pa materiala
biezumu ir 0.248 % %, savukart briesanas koeficients ir 0.255 % %™, Priedes KSM
biezumu izmainas var salidzinat ar priedes masivkoksnes radiala un tangenciala
rukSanas koeficienta vidgjo vertibu 0.22 %-%7? (Rijsdijk u.c., 1994). Neliela
koeficientu atSkiriba skaidrojama ar lielaku tangencialo d&lu klatbiitni pa Stnveida
materiala biezumu neka radialo.

KSM izméru izmainas materiala platuma un garuma ir aptuveni desmit reizes
mazakas, salidzinot ar materiala izmainam materiala biezuma. Aprekinatais $tinveida
materidla ruk$anas koeficients materiala garuma ir 0.0182 % %!, savukart brieSanas
— 0.0183 % %. Atbilstosie koeficienti materiala platuma: ruksanas koeficients
0.0245% %! un briesanas — 0.0246 % %*. Praktiskiem aprékiniem materiala garuma
un platuma rekomend€jams lietot vid€jo garuma un platuma ruk$anas un briesanas
koeficientu 0.021 % %™.

KSM ruksanas koeficientu salidzinajums ar biivnieciba plasi izmantotajiem
platnu materialu ruk$anas koeficientiem paradits 3.2. attéla. Ka redzams attéla, KSM
rukSanas koeficienti materiala garuma 0.018 % %™ un platuma 0.025 % % ! ir
zemaki, salidzinot ar lielako dalu platnpu materialu ruksanas koeficientiem platnu
garenvirziena un Skérsvirziena. Lidzigus raditdjus atspogulo vienigi cementa
kokskiedru platnes. Salidzinot iegiito KSM ruksanas koeficientu materiala biezuma
0.25 % %7, tas ir zemaks neka tadiem platnu materialiem ka saplaksnim, kokskaidu
platném un orienteto kokskaidu platn€m biezuma. Aptuveni seSas reizes zemaks
ruksSanas koeficients ir noradits cementa kokskaidu platn€m, riikot biezuma.
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3.2. att. Koksnes Siinveida materiala un platnpu materialu rukSanas
koeficientu salidzinajums (LVS CEN/TS 12872:2007):

saisindjumu skaidrojumu skatit 6. Ipp.
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Noteiktais KSM tilpuma ruk3anas koeficients 0.275 % % ir par 36% mazaks
neka ruksanas koeficients 0.42 % % (Wagenfiihr, 1996) priedes masivkoksnei.

3.4. Udens tvaika caurlaidiba

KSM adens tvaika parvades raksturlielumi apkopoti 3.1. tabula. Parbaudei
paklauti se$u dazadu veidu (kartu skaita — 2 vai 4, biezuma 18, 25 vai 28 mm un
virziena saskana ar 3.1.tabulu) KSM paraugi. Katram KSM veidam ir parbauditi
paraugi gan paraléla, gan perpendikulara virziena.

3.1. tabula
KSM iidens tvaika parvades raksturlielumu vidéjas vertibas

" _ Paraléla virgienﬁ _ Perpendikulﬁrﬁ_virzienﬁ
% Udens tvaika Udens tvaika Udens tvaika Udens tvaika
> difuizijas pretestibas difazijas pretestibas
g» pretestibas difaizijas pretestibas difaizijas
@ koeficients p ekvivalentais koeficients p ekvivalentais
S gaisa slana gaisa slana

biezums S¢, m biezums Sg, m
2-25 14.4 (SD 2.10) 0.697 (SD 0.102) | 5.44 (SD 0.617) | 0.280 (SD 0.033)
4-18 21.1 (SD 6.07) 1.53 (SD 0.441) 4.31 (SD 0.255) | 0.311 (SD 0.019)
4-28 15.5 (SD 2.20) 1.71 (SD 0.240) 6.53 (SD 0.762) | 0.734 (SD 0.084)

Ka redzams 3.1. tabula, materialu parbaudot paraléla virziena, zemaka tidens
tvaika diftizijas pretestibas koeficienta videja vértiba (1) 14.4 iegiita, KSM paraugus
izgatavojot no divam 25 mm biezam lamelém ar kopgjo KSM biezumu 50 mm.
Augstaka p vértiba 21.1 iegita KSM, kas izgatavots no &etram 18 mm biezam
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lamelém, kuras veido KSM ar nominilo biezumu 72 mm. KSM, kas veidots no
cetram 28 mm biezam lamelém ar kop&jo nominalo materiala biezumu 112 mm
raksturo idens tvaika difiizijas pretestibas koeficienta vid&ja vertiba 15.5. Salidzinot
tris paraugu veidu vid€jo M vertibu ticamibas intervalus, varam pienemt, ka iegiitie
raditaji visiem tris paraugu veidiem butiski neatSkiras un konstrukciju kritiska
virsmas mitruma un ieksgjas kondensacijas riska novert€Sanai var izmantot visu
devinu paraugu vid&jo Y vertibu 17.0.

KSM konstruktivajam risindgjumam (ar vai bez gaisa spraugas iedarbei
paklautajas ar€jas vai iek$€jas materiala virsmas) ir nozimiga ietekme uz idens
tvaika parvades raksturlielumiem. Cetru kartu KSM kartu biezumam robeZas no 18
lidz 28 mm nekonstatéja batisku ietekmi uz difuzijas pretestibas koeficienta vidéjo
vertibu. Salidzinot @idens tvaika pretestibas difuzijas ekvivalenta gaisa slana biezumu
Sq¢ divu kartu KSM (biezums 50 mm) ar &etru kartu KSM (biezums 112 mm), Sq
vertiba pieaug 2.5 reizes — no 0.697 Iidz 1.71 m. Bitisko atskiribu var pamatot ar
vidgjas Sq vertibas ticamibas intervalu neparklasanos.

Ka redzams 4.1. tabula, materialu parbaudot perpendikulara virziena, zemaka
fidens tvaika difiizijas pretestibas koeficienta vidgja vértiba [ 4.31 ir iegita KSM
paraugiem ar biezumu 72 mm, kuru izgatavo$ana izmantotas 18 mm biezas lameles.
Augstaka vidgja P vertiba 6.53 ir iegita KSM ar faktisko biezumu 112 mm, kas
izgatavots no Cetram 28 mm biezam lamelém. Visu tris paraugu veidu vidgjo L un Sq
vertibu ticamibas intervali parklajas, tadgjadi var pienemt, ka iegitie raditaji visiem
tris paraugu veidiem bitiski neatskiras un konstrukciju kritiska virsmas mitruma un
iek$gjas kondensacijas riska novértésanai var izmantot visu devinu paraugu tidens
tvaika difuzijas pretestibas koeficienta vid€jo vértibu 5.42, savukart materiala
raksturo§anai var izmantot vid&jo fidens tvaika pretestibas difuizijas ekvivalenta gaisa
slana biezumu 0.448 m. KSM, kas izgatavots no 28 mm biezam lamelém, tdens
tvaika difuzijas pretestibas koeficientu salidzindjums ar biivnieciba plasi izmantotu
materialu [ vértibam paradits 3.3. att. Ka redzams 3aja attéla, KSM adens tvaika
difuzijas pretestibas koeficienta vertiba ir 2.4 reizes zemaka materiala
perpendikulara virziena neka paraléla virziena. Neskatoties uz caurejosajiem gaisa
kanaliem KSM perpendikulara virziena, materialam ir biitiski augstaki tdens tvaika
parvades raksturlielumi neka nekustigam gaisa slanim. Attiecigi literatiira noradita
nekustiga gaisa slana | vértiba ir 1 — tapat ka mineralvatei. KSM paraléla virziena p
vertiba 15.5 ir par 23% zemaka neka MDF [ vértiba 20. Salidzinot ar masivkoksnes
Gidens tvaika difizijas pretestibas koeficienta vértibu $kérsam Skiedram, KSM
paral@la virziena | vertiba ir 3.2 reizes zemaka, bet perpendikulara virziena vértiba
attiecigi 7.7 reizes zemaka. Fibrolitam, orienteto kokskaidu platn€m,
putupoliuretanam un saplaksnim [l vertiba ir no 1.9 lidz 14.2 reiz€ém augstaka neka
KSM paralela virziena, ka arf no 4.6 lidz 33.7 reizém augstaka neka KSM
perpendikulara virziena.
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3.3. att. KSM un citu biivniecibas materialu iidens tvaika difaizijas pretestibas
koeficientu salidzinajums:

iekavas noradits materidla blivums kg m. (Borodinecs un Krésling, 2007*; LVS EN ISO

10456**; LVS EN 13986***).

legitie KSM tidens tvaika parvades raksturlielumi ir izmantojami no KSM
izgatavotu konstrukciju iek$gjas kondensacijas riska novertésanai. Raditaji lauj
siltumtehniski pareizi veidot materialu izvietojumu konstrukcijas, materialus ar
mazaku tdens tvaika caurlaidibu novietojot konstrukcijas siltaja pus€, savukart ar
lielaku Gidens tvaika caurlaidibu — konstrukcijas aukstaja puseé.

3.5. Siltumvaditspeja

KSM paralgla virziena raksturo siltumvaditsp&jas koeficients 2 0.0977 W m 1 K-
1(SD 7.07-10%; VAR 0.729), savukart materiala perpendikulara virziena 0.148 W m-
1K1 (SD 21.2-10*; VAR 1.43). KSM siltumvaditsp&jas koeficients paralgla virziena
ir par 34% zemaks neka KSM perpendikulara virziena. Tas izskaidrojams ar
augstaku koksnes siltumvaditsp&ju Skiedru virziena neka skérsam skiedram. Vertgjot
KSM termiskas pasibas, var apgalvot, ka KSM paralgla virziena no siltumtehniska
viedokla ir efektivaks buvkonstrukciju izgatavoSanai, salidzinot ar materialu
perpendikulara virziena.

KSM siltumvaditspé&jas koeficients paraléla virziena ir par 25% zemaks neka
masivai priedes koksnei Skérsam Skiedram, savukart perpendikulara virziena par
14% augstaks neka priedes masivkoksnei §k&rsam $kiedram 0.13 W m* K (LVS
EN ISO 10456).

KSM siltumvaditspgja paraléla virziena ir zemaka neka lielakajai dalai
blivnieciba izmantotajiem koksnes platnu materialiem, kuru blivums parsniedz
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500 kg m3. Perpendikulara virziena siltumvaditsp€ja ir salidzinama ar masivkoksnes
siltumvaditsp€ju skérsam Skiedram, orientto kokskaidu platnu un kokskiedru platnu
siltumvaditsp€jas koeficientiem, skat. 3.4. att.

KSM virziens bitiski ietekmé 1. Tas izskaidrojams ar ievérojami augstaku
koksnes siltumvaditspgju skiedru virziena neka Skersam skiedram. Pieméram, egles
koksnei §kérsam $kiedram raksturigs 4 0.11 W m K1, bet Skiedru virziena tas ir uz
pusi lielaks — attiecigi 0.22 W m? K™ (Niemz, 1993). KSM paralela virziena
nodroSina 1.3 Iidz 2.3 reizes zemaku A neka blivnieciba plasi izmantotajiem platnu
materialiem un koksnei $kersam Skiedram, savukart iegiitais raditajs ir 2.5 lidz
A reizes augstaks, salidzinot ar akmens vates un putupoliuretana 1. KSM
perpendikulara virziena noteiktais siltumvaditspgjas koeficients ir salidzinams ar
kokskiedru platnu un saplaksnu 4, taja pasa laika tas ir par 13% augstaks neka
masivkoksnes un kokSkiedru platnes A. Salidzinot ar akmens vates un
putupoliuretana 4, KSM raditajs ir 3.8 1idz 6 reizes augstaks.

Gaiss**

Putupoliuretans (35)*

Akmens vate (40)*

KSMO (300)

Koksne skérsam skiedram (500)**
Orientgto koksnes skaidu platne (650)**
Koksnes Skiedru platne (600)***
KSMO90 (300)

Saplaksnis (700)**

Gipskartons (700)**

Fibrolits (1200)**

Keramikas kiegeli (1800)*

Betons (2000)**

Materials

e s e 1.35
0 02040608 1 12 14 16
Siltumvaditspgjas koeficients 2, W m? K-!
3.4. att. KSM un citu biivniecibas materialu siltumvaditsp&jas koeficientu
salidzinajums:
iekavas noradits materiala blivums kg m (Borodinecs un Kréslins, 2007*; LVS EN ISO
10456**; LVS EN 13986***).

Pamatojoties uz iegttajiem siltumvaditsp€jas raditajiem, iesp&jams secinat, ka
KSM paraléla virziena var tikt klasificéts ka siltumizolacijas materials ar augstu
siltumvaditsp&jas koeficientu, jo ta 2 0.0975 W m?®K?! < 0.1 W m?K?. KSM
perpendikulara virziena par 48% parsniedz A robezvertibu 0.1 W mt K1, ka rezultata
tas nav klasificgjams ka siltumizolacijas materials saskana ar standartu DIN 4108-2.
legiitas A vértibas ir izmantojamas dazadu KSM konstrukciju siltumtehniskajos
aprekinos.
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3.6. Ugunsreakcija

Vienotas dedzinasanas iekarta (SBI) parbauditi Getri lielizméra KSM paraugi —
tris materiala paral€laja virziena un viens (parauga degSanas jauda parsniedz iekarta
pielaujamo) paraugs materiala perpendikularaja virziena.

KSM perpendikulara virziena parauga parbaude SBI iekarta partraukta 381 s pec
testa sakuma, paraugam sasniedzot SBI iekarta maksimali atlauto degSanas jaudu
350 kW. Parbaudes laika iegiitais ugunsgréka attistibas atruma indekss (FIGRA) ir
1426 W s%, savukart kop@ja siltuma izdalidanas 600 s laika (THRgo0s)108 MIJ. Iegiita
vertiba par 90% parsniedz D ugunsreakcijas klases FIGRA 750 W s Iegiita FIGRA
vértiba, KSM parbaudot perpendikulara virziena, nelauj to klasificét D
ugunsreakcijas klasé. Materiala klasifikacija D ugunsreakcijas klasé paredz to
papildus parbaudit ar atseviska liesmas avota parbaudes metodi. Ar1 §1s parbaudes
rezultata konstatéts, ka perpendikulara virziena KSM paraugi neiztur D
ugunsreakcijas klases materialiem izvirzitas prasibas. Materialam prognozé E
ugunsreakcijas klasi.

KSM parbaudes rezultata SBI iekarta, materialu parbaudot paraléla virziena, ir
ieguti $adi rezultati: FIGRA vidgja vertiba 696 W s (SD 39.0; VAR 6%) un THRgqos
58 MJ (SD 7.81; VAR 13%). FIGRA vidgja vértiba ir par 7% zemaka par D
ugunsreakcijas klasei pielaujamo robezvértibu 750 W st. KSM paraléla virziena
FIGRA veértiba par 117% parsniedz literatira min&to priedes koksnhes FIGRA
321 Ws? (Mayes and Oksanen, 2003). Neskatoties uz to, ka uguns iedarbibai
paklautais laukums KSM ir lielaks neka masivkoksnes gadijuma, SBI iekarta
noteiktas FIGRA vidgjas vertibas un atseviska liesmas avota parbaudes rezultatiem
lauj materialu klasificet D ugunsreakcijas klasg.

Materiala perpendikulara virziena ir konstateéta par 105% augstaka degSanas
jauda neka paraléla virziena. Tas ir saistits ne tikai ar lielaku uguns iedarbibai
paklauto materiala laukumu, materiala perpendikularajam virzienam, bet arT ar
papildu skabekla piepliidi pa materiala kanaliem no parauga aizmugurgjas dalas.

KSM abu virzienu ugunsgréka attistibas atruma indeksu salidzinajums ar
literatlira noraditajiem masivkoksnes un platnu materialu raditajiem atspogulots 3.5.
attéla. KSM virzienam un platnu materiala biezumam ir nozimiga ietekme uz
ugunsreakcijas parametriem. Materiala biezumam samazinoties, ugunsreakcijas
parametri vienam un tam paSam materidlam palielindgs. KSM perpendikularaja
virziena noteikta FIGRA vértiba 1426 W s ir par 45 lidz 366% augstaka neka
priedes, egles koksnei un plasi biivnieciba izmantotajiem platnu materialiem. Tas
izskaidrojams ar konstruktivi veidotiem kanaliem materiala biezuma, kuri palielina
degSanas laukumu un skabekla piegadi degsanas zona.

Paralgla virziena noteiktais KSM ugunsgréka attistibas atruma indekss 696 W s
1ir 43 Iidz 127% augstaks par termiski biezu koksnes materialu (biezums > 10 mm)
FIGRA vertibu. Savukart tas ir par 10 lidz 29% zemaks, salidzinot ar termiski planu
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bérza saplaksni un orientéto kokskaidu platni. To var izskaidrot ar materiala degSanas
lidzibu (caurdegsanu) termiski planiem materialiem un KSM.

_ 1600 1778
g5
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-é’ = 696 771
5 57,900 1 788
k] 419 321 306 395
£ 3400 | -
E’ <
i PO P D PP
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Materials

3.5. att. Ugunsgreka attistibas atruma indeksa FIGRA salidzinajums
KSM, masivkoksnei un platnu materialiem:

satsinajumu skaidrojumu skatit 6. lpp. Skaitlis aiz saisindjuma — platnu materiala biezums,
mm.

Nemot véra lielo atskiribu starp KSM un termiski biezu materialu ugunsreakcijas
parametriem, buvniecibas vajadzibam rekomend&jama materiala ugunsreakcijas
Tpasibu uzlabosana ar konstruktivajiem panémieniem.

3.7. Mehaniskas ipasibas

KSM mehanisko Tpasibu vidgjas vértibas ar to 5% kvantila raksturlielumu
vertibam apkopotas 3.6. un 3.7. attéla.

KSM mehaniskas Tpasibas ir atkarigas no materiala virziena. Perpendikulara
virziena materials uzrada augstakus stipribas raditajus, bet zemakus elastibas modulu
raditajus, salidzinot ar materiala paral&lo virzienu.

Analizgjot KSM stipribas raditajus, varam redzét, ka tie ir robezas no 0.217 MPa
(robezstipriba bidé paralela virziena) Iidz 2.15 MPa (robezstipriba liecé
perpendikulara virziena), skat. 3.6. att.

KSM abu virzienu robezstipriba liecé biitiski neatskiras (p > 0.05) un ir robezas
no 2.07 lidz 2.15 MPa. InZeniertehniskajiem aprékiniem var izmantot zemako 5%
kvantila raksturlieluma vértibu 1.64 MPa. KSM paraléla virziena uzradijis batiski
zemakus (p < 0.05) vid&jos robezstipribas raditajus spiedg, stiep€ un bidg, salidzinot
ar materiala perpendikularo virzienu.

Vidgja robezstipriba spied€é 1.44 MPa un stiepeé 0.892 MPa materiala
perpendikularaja virziena ir butiski (p < 0.05) augstaka neka attiecigie raditaji 1.27
un 0.427 MPa materiala paral€laja virziena. Abu materiala virzienu robezstipribas
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raditaji stiep@ ir bitiski (p < 0.05) zemaki neka raditaji spiedé. KSM paraléla virziena
robezstipriba bidé 0.217 MPa un elastibas modulis bidé 5.87 MPa ir zemakie KSM
mehaniskie raditaji. Perpendikulara virziena robezstipriba un elastibas modulis bide
ir 8 lidz 16 reizes augstaks, attiecigi 1.73 un 94.5 MPa.
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3.6. att. KSM robeZstipribas vidgjie raditaji un raksturlieluma vértibas:
saisinajumu skaidrojumu skatit 6. Ipp.

Robezstipribas raksturlielumu raditaju vertibas (spiede, stiepeé un bide)
projektésanas vajadzibam jaizvélas katram KSM virzienam un materiala slogosanas
veidam atseviski.

Analizgjot KSM elastibas raditajus, varam secinat, ka tie ir robezas no 5.87 MPa
(bides elastibas modulis paraléla virziena) lidz 179 MPa (lokalais elastibas modulis
liec€, materialu slogojot paraléla virziena), skat. 3.7. att.
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3.7. att. KSM elastibas modulu vidéjie raditaji un raksturlielumu veértibas:
saisingjumu skaidrojumu skatit 6. Ipp.
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Materiala vidgjais elastibas modulis liec€, parbaudot paraléla virziena, ir
179 MPa, bet perpendikulara virziena tas ir zemaks — 140 MPa. Attiecigas
raksturlielumu vertibas ir 153 un 118 MPa.

Elastibas moduli stiepé 161 MPa un spiede 155 MPa ir augstaki neka materiala
paral€laja virziena, attiecigi 125 un 124 MPa. Elastibas modula raditaji spiedé un
stiepé biitiski neatikiras, apskatot abus KSM virzienus atsevizki.

Slogojot KSM paraléla virziena liecé, spiedé un stiepé, novérotas butiski
augstakas elastibas modulu vertibas, savukart, parbaudot materialu bide, butiski
augstaks elastibas modulis ir materiala perpendikulara virziena (p < 0.05). KSM
izstradajumu projektésanas vajadzibam katram KSM virzienam un elastibas Tpasibai
jaizvelas 3.7. att. attela noradita raksturlieluma vertiba.

Pé&tijuma iegiitie vidgjie KSM lieces, stiepes un spiedes elastibas moduli ir 2 lidz
3 reizes zemaki, salidzinot ar stipribas klases C24 zagmaterialu (LVS EN 338)
vidgjam elastibas modulu veértibam materiala perpendikulara virziena pret $kiedram
(370 MPa). Iegiitie KSM vidgjie bides elastibas modulu raditaji ir 7 lidz pat
118 reizes zemaki, salidzinot ar C24 stipribas klases zagmaterialu vidéjo elastibas
moduli bidg dkiedru virziena (690 MPa). KSM un skujkoku zagmaterialu mehanisko
Ipasibu salidzinajums atspogulots 3.12. apakSnodalas 3.2. tabula.

3.8. Paraugu izméru ietekme uz mehaniskajam ipasibam

Lai novértétu KSM paraugu geometrisko izméru un $kérsgriezuma laukuma
ietekmi uz materiala mehaniskajam 1pasibam, veikts plass pétfjums, parbaudot
materialu paraléla virziena. P&tjjums apliecina, ka materidla geometriskajiem
izmériem un KSM $kérsgriezuma laukumam atseviskos gadijumos ir liela ietekme
uz KSM robezstipribas un elastibas raditajiem. Pétfjuma iegiitas KSM robeZstipribas
liecg fmo vidgjas vertibas ir robezas no 0.53 Iidz 2.29 MPa, kas vidgji ir par 20 lidz
50 reizém zemakas neka priedes masivkoksnei.

Paraugu platuma un biezuma mijiedarbibas ietekmi uz KSM robezstipribu liecg
fmo var aprakstit ar lineari cieSu (r = 0.93) pozitivu sakaribu:

£,,5=0.055+0.003p+0.006b, (3.4)

kur  p - parauga platums, mm;
b — parauga biezums, mm.

Savukart lokala elastibas modula liec€ Em, 0 vid€jas vertibas ir robezas no 33.3
l1dz 156 MPa, kas ir aptuveni 100 reizes zemakas, salidzinot ar priedes masivkoksni.

Lieces paraugu biezuma un platuma mijiedarbibas ietekme uz KSM elastibas
moduli liec€ var aprakstit ar lineari ciesSu (r = 0.88) pozitivu sakaribu:
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Eyy 0=—20.5+0.151p+0.856b, (35.)

kur b - parauga biezums, mm;
p — parauga platums, mm.

Noskaidrots, ka, KSM $kérsgriezuma laukumam palielinoties, biitiski picaug
materiala robezstipribas raditaji liecg.

Analogiski ir iegiti raditaji un sakaribas, kas veidojas starp KSM
geometriskajiem izm@riem, Skérsgriezuma laukumu, robezZstipribas, elastibas
raditajiem spiede un bide. Noteiktas KSM robezstipribas spiedé feo vidgjas vértibas,
slogojot materialu paraléla virziena, ir robezas no 1.11 lidz 1.69 MPa, savukart
elastibas modula spied@ vidg€jas vertibas ir robezas no 155 lidz 222 MPa.

Eksperimentala cela iegiitas KSM paraugu robeZstipribas bidé fy o vidgjas vértibas
ir robezas no 0.19 Iidz 0.22 MPa, savukart bides elastibas modula Gy vidgjas vertibas
ir robezas no 5.64 lidz 10.4 MPa. Analogiski ieprieks apskatitajai metodikai analizéta
paraugu geometrisko izméru un $kérsgriezuma laukuma ietekme uz KSM
robezstipribas un elastibas raditajiem bide.

Kopuma pétljuma ir iegiitas 27 sakaribas dazadu KSM mehanisko Tpasibu
prognoz&Sanai atkariba no paraugu geometriskajiem izmériem un $kérsgriezuma
laukuma.

3.9. Skriivju izrauSanas pretestiba

Skriivju izrauSanas pretestibai (Fs) ieskriivé$anas dziluma robezas no 14 lidz
70 mm ir tendence pieaugt, gan KSM orientgjot paraléli, gan perpendikulari pret
skriivju garenasi. Lielaks pieaugums veérojams skriivém, kuras iestradatas, materialu
orientgjot perpendikulari pret skriives garenasi.

Skravju SPEC17 ieskriivésanas dzilumam palielinoties no 14 Iidz 70 mm, Fg 0
pieaug bitiski (p < 0.05). Starp skravju ieskriivé$anas dzilumu un skriivju izrauS$anas
pretestibu, materialu orient&jot perpendikulara virziena, pastav cie$a (r = 0.81)
pozitivi lineara sakariba:

F,99=34.3d,+559, (3.6.)

kur  Feoo — skravju SPEC17 izrau$anas pretestiba no KSM perpendikularaja
virziena, N;
d,— skriives SPEC17 ieskravésanas dzilums, mm.

Palielinot skriives ieskriivé$anas dzilumu par 56 mm (no 14 lidz 70 mm),

iesp&jams panakt aptuveni 3 reizes augstaku skriivju izrauSanas pretestibu, Sinveida
materialu orientgjot perpendikulari. Parrékinot skriives izrausanas pretestibu uz
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1 mm, iegits, ka, palielinoties skriives ieskrivésanas dzilumam par 1 mm, Fsk g
palielinas vidgji par 34 N.

Ari KSM paraléla virziena, ieskriivésanas dzilumam robeZas no 14 lidz 70 mm ir
bitiska (p < 0.05) ietekme uz skriivju izrausanas pretestibu.

Starp skravju ieskriivéSanas dzilumu un skriivju izrausanas pretestibu pastav
cieSa (r = 0.92) lineara sakariba:

Fy.0=61.5d.+115.6, (3.7)

kur  Fsco— skriivju SPEC17 izrauanas pretestiba no KSM paralélaja virziena, N;
d; — skrives SPEC17 ieskravésanas dzilums, mm.

Palielinot skriives ieskriivéSanas dzilumu par 56 mm (no 14 Iidz 70 mm),
iesp&jams panakt aptuveni 5 reizes augstaku skriivju izrauSanas pretestibu, orientgjot
KSM paraléli pret skriives garenasi. Ir aprékinats, ka $aja gadijuma, skrives
ieskriivésanas dzilumam palielinoties par 1 mm, Feo paaugstinas vidgji par 61 N.
Izmantojot skriives SPEC17, pétijumam papildus izgatavoti un parbauditi ari priedes
masivkoksnes paraugi, nosakot skriivju izrauSanas pretestibu $kérsam koksnes
Skiedru virzienam. Fs raditaju salidzindjums no KSM un priedes masivkoksnes

paradits 3.8. attela.
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3.8. att. Skriivju izrauSanas pretestibas raditaju salidzinijums no KSM un
priedes masivkoksnes Skérsam Skiedram:
1 — no priedes masivkoksnes §kérsam $kiedram; 2 — no KSMO; 3 — no KSM90.

Palielinoties skrives ieskriivéSanas dzilumam priedes masivkoksn€, Fs butiski
pieaug (p < 0.05). P&tjjuma iegiita ari cie$a (r = 0.97) pozitiva eksponenciala sakariba
Fskpoo prognozésanai no priedes masivkoksnes atkariba no skriivju ieskriivéSanas
dziluma.
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Visu trTs ieskriivéSanas dzilumu gadijumos Fs raditaji no priedes masivkoksnes
ir no 1.5 lidz 3.2 reizém augstaki neka Fs raditdiji no KSM. Atkiriba visos
apskatitajos gadijumos ir veértéjama ka butiska (p < 0.05).

Papildus apskatita arT tadu parametru ka skriives diametra un aizurbSanas
panemiena izmantosana skriivju iestradg, ka ar1 veikta skriivju izrausanas pretestibas
raksturlielumu aprékinasana.

Tadiem tehnologiskajiem parametriem ka skrivju ieskriivé$anas dzilums,
ieskriivé$anas virziens un ieskriivé3anas vieta KSM ir nozimiga ietekme uz skriivju
izraudanas pretestibu no KSM. Skriivju diametra palielinasana un aizurb3anas
panémiena izmantoSana skriivju iestrad€ bitiski paaugstina skriivju izrauSanas
pretestibas raditajus no KSM.

3.10. Liméta plaknes savienojuma robeZstipriba bide

KSM limétais plaknes savienojums (2. zona) nodrosina biitiski augstakus (p <
0.05) robezstipribas raditajus bide (f,) 0.649 MPa (SD 0.145; VAR 22%), salidzinot
ar KSM konstruktivo robezstipribu bidé 0.382 MPa (SD 0.084; VAR 22%), kas
noteikta paraléli KSM kartam, pa vidu starp divam Iimes $uvém (1. zona).

Gadijumos, kad f, noteikta perpendikulari $tnveida materiala bloka plaknei
(3. zona) un fy, noteikta, $inveida materiala Iimes Suvi, orientgjot 90° lenkT attieciba
pret bides plakni (4. zona), iegitie vidgjie fy raditaji ir batiski augstaki (p < 0.05),
attiecigi 0.906 MPa (SD 0.123;VAR 14%) un 0.715 MPa (SD 0.118;VAR 17%),
salidzinot ar ITmes Suves f, raditajiem bide.

Veiktas KSM limes Suves parbaudes liecina, ka KSM lim&uma mehaniska
izturiba ir augstaka par KSM konstruktivo izturibu atseviskos ta virzienos un zonas.
Tadgjadi iespgjams secinat, ka limes $uves mehaniska izturiba ir pietieckama KSM
panelu izgatavosanai. KSM vidgjie f, raditaji visos ta virzienos ir 4 lidz 10 reizes
zemaki, salidzinot ar [im&to konstrukciju kokmaterialu minimali pielaujamo plaknes
savienojumu fy 4 MPa — saskana ar standartu LVS EN 14080.

3.11. Saliméjamiba ar citiem koksnes materialiem

P&ttjuma rezultata 12 grupas ir parbauditi 158 trTs slanu materiala paraugi ar 11
lidz 15 paraugiem viena grupa.

Stiepes robezstipribas perpendikulari pret tris slanu platnu materialu plakni fiapl
vidgjie raditaji un vidgjo raditaju 95% ticamibas intervals paraugiem, lim&tiem ar
PUR un EPI Iimi, atspoguloti 3.9. attéla.

Augstakos robeZstipribas stiepé raditajus, izmantojot PUR Itmi Kleiberit 501,
nodroS$ina Stinveida materials, kas apliméts ar priedes masivkoksnes slani vai bérza
saplaksni. Vidgjais robeZstipribas stiep€ raditajs ir 1.0 MPa, un tas abam materialu
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grupam bitiski neatskiras (p > 0.05). Aplim&jot $iinveida materialu ar priedes (P) vai
osa (Os) koksni un to sagraujot, sagrave galvenokart notiek pa Iimes Suvi. Tas norada
uz to, ka pétijuma izmantota liméSanas tehnologija ar vidg&jiem limes razotaja
rekomend@tajiem IiméSanas tehnologiskajiem parametriem nav vert§jama ka
optimala $tnveida materiala aplimé$anai ar P un Os koksni. Poliuretana Itme
Kleiberit 501, kuras liméSanas tehnologiskie parametri ir $adi: limes uzklajums
150 g m™?, presgsanas spiediens 0.2 MPa, izturg$anas laiks zem spiediena 60 min., ir
piemérota Stinveida materiala aplim&Sanai ar TMMBa, HDF, PW un OSB.
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P Os TMMBa HDF PW (ON]=)

Argjo kartu materials
3.9. att. KSM tris kartu platnu materialu vidéjie robeZstipribas raditaji stiepé
perpendikulari pret platnu plakni:
saisinajumu skaidrojumu skatit 6. Ipp.

Augstakais tris slanu materiala stiepes robezstipribas raditajs perpendikulari pret
platnes plakni ir paraugiem, Iimetiem ar EPI lItmi (0.86 MPa), tas ir iegits, aplimgjot
KSMgoar PW. Tai pasa laika §is iegiitais vid&jais robezstipribas stiep@ raditajs biitiski
neatSkiras no Stnveida materiala, kas apliméts ar P, Os un TMMBa. Analizgjot
mingto tris slanu materialu sagraves veidu, varam secinat, ka, aplimgjot $tnveida
materialu ar P koksni, pétijuma izmantotos ITmé&$anas tehnologiskos parametrus ir
iesp&jams uzlabot, jo sagrave visbiezak konstatéta pa limes Suvi. Limes uzklajums
170 g m™?, spiediens 0.2 MPa un izturé$anas laiks zem spiediena 60 min. ir pieméroti
KSM aplimésanai ar Os masivkoksni, TMMBa, HDF, PW un OSB.

EPI Iimes izmantoSanu visu tris slanu materialu sagravei, iznemot ar priedes
masivkoksni apliméto, raksturo materiala sagrave pa KSM (Os, PW) vai pa argjo
kartu materialu (TMMBa, HDF, OSB).

Neapliméta KSM robeZstipriba stiepé materiala perpendikulara virziena ir
0.89 MPa, kas bitiski neatSkiras no iegiitajiem apliméto materialu robezstipribas
stiepé vidgjo vértibu paraugiem, kuru sagrave notikusi galvenokart pa KSM
(p > 0.05).
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Nemot véra KSM paralgla virziena robezstipribas raditaju stiepé 0.43 MPa, var
apgalvot, ka atkariba no aplimésanai izmantota materiala robeZstipribas savienojuma
robezstipriba stiepé biis mazaka vai vienada ar 0.43 MPa.

3.12. Ipasibu kopsavilkums

Lai vieglak orientéties vairakos pétijumos iegiitajos KSM Tpasibu raditajos, tie
apkopoti 3.2. tabula. Nemot véra to, ka visi p&tfjumi galvenokart balstiti uz KSM,
kura izgatavoSana izmantotas 28 mm biezas priedes koksnes lameles, tiesi sada
materiala TpasSibas apkopotas un salidzinatas ar priedes koksnes vai skujkoku
masivkoksnes raditajiem.

3.2. tabula
KSM ipasibu salidzinajums ar priedes koksnes raditajiem
Nr. Raditajs Meér— Koksnes Priedes
vieniba Siinveida masivkoksne
materials
0 90 0 90
1 2 3 4 5 6 7
Fizikalas ipasibas
1 | mitrums W % 12.3 1209
2 | blivums p kg m3 308 500 Y
3 | rukSanas koeficients kr % %! 0.248 0.021 | 0.0102 | 0.2202
4 | briesanas koeficients kn % %! 0.255 | 0.022 - -
5 | Tilpuma ruk3anas % %! 0.27 0.422
koeficients kv
6 | Gdens tvaika difuzijas - 15.5 6.5 - 50.09
pretestibas koeficients [
7 | Udens tvaika pretestibas m 171 0.73 - 4483
difuzijai ekvivalenta gaisa
slana biezums Sd
8 | siltumvaditsp&jas W mt 0.097 | 0.148 | 0.300% | 0.1309
koeficients 1 Kt
Fizikali Kimiskas ipasSibas un ugunsreakcijas klase
9 | ugunsgreka attistibas Wst 696 1426 3214 -
atruma indekss FIGRA
10 | kopgja siltuma izdaliSanas MJ 58 108 2349 -
600 s laika THRs600s
11 | ugunsreakcijas klase — D-s1, E D-s2, —
do do”
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3.2. tabulas nobeigums

1] 2 [ 3 [ 4 | 5 | 6 | 7
Mehanisko ipasibu vidéjie raditaji un to 5% kvantila raksturlieluma vértibas
12 | robezstipriba liecg fm MPa | 2.07 2.15 39.909 -
13 | robezstipribas liecé 5% MPa 1.64 1.79 24.009 -
kvantila raksturlieluma
vertiba fmk
14 | robezstipriba spiedg fc MPa | 1.27 1.44 42.10 19
15 | robezstipribas spiede 5% MPa | 1.05 1.20 21.009 2,509
kvantila raksturlieluma
vértiba fek
16 | robeZstipriba stiepé fi MPa | 0.427 | 0.892 | 16.000 'V -
17 | robezstipribas stiepe 5% MPa | 0.290 | 0.648 | 14.0009 | 0.4009
kvantila raksturlieluma
vertiba fik
18 | robezstipriba bidé fu MPa | 0.22 1.73 5.819 -
19 | robezstipribas bide 5% MPa | 0.17 1.25 4,009 -
kvantila raksturlieluma
vertiba fvk
20 | lokalais elastibas modulis MPa | 179 140 125008 | 3709
liecé Em,

21 | lokala elastibas modula liecé MPa 153 118 7400 9 -
5% kvantila raksturlieluma
vertiba Em,lk

22 | elastibas modulis spied€ Ec MPa | 155 124 | 118009 -
23 | elastibas modula spiede 5% MPa | 125 116 7400 9
kvantila raksturlieluma
vertiba Eck

24 | elastibas modulis stiepe Et MPa 161 125 11600 ® —
25 | elastibas modula stiepe 5% MPa | 134 106 7400 9 -
kvantila raksturlieluma
vertiba Etx

26 | elastibas modulis bidé G MPa 6 95 6909 —
27 | elastibas modula bideé Gk MPa 4 72 —
28 | Iimeta savienojuma MPa | 0.649 - 4.0007 -
robeZstipriba bidg fsi
29 skrivju SPEC 17 izrauSanas N 4311 2811 - 9044
pretestiba ieskriivéjot 70 mm
dziluma Fs

30 apliméta koksnes $tinveida MPa | <0.427 | 0.311- - -
materiala robeZstipriba stiepe 1.000
perpendikulari pret platnes
plakni ftapi

IDIN 68100; 2Wagenfiihr, 1996; 3LVS EN ISO 10456; “Buksans, 2010; SNiemz, 1993; 6LVS
EN 338 C24 stipribas klases zagmaterialiem; ‘LVS EN 14080; ®Bacher un Krzosek, 2013;
Epmonaesa u.c., 1977; **Mansiruna un Xaspatosa, 1980.
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Nodalas secinajumi

1.

KSM mitrums ir tiesi atkarigs no relativa gaisa mitruma. Priedes KSM mitrums
pie vienadiem mikroklimata parametriem atbilst priedes masivkoksnes
lidzsvara mitrumam, tadé]l koksnes Iidzsvara mitruma diagramma ir
izmantojama ari KSM mitruma prognozeianai atkariba no relativa gaisa
mitruma un temperatiras.

KSM blivums ir atkarigs no relativa gaisa mitruma un ar to saistito materiala
mitrumu. Noteiktais priedes KSM vidgjais blivums ir 308 kg m" 3, tas ir par 38%
zemaks neka literatira noraditais priedes masivkoksnes blivums. Atskiriba
starp KSM blivumu un koksnes platpu materialu blivumu ir vél lielaka.
Mitruma izmainas bitiski ietekmé KSM geometriskos izmérus un tilpumu.
KSM paraléla virziena raksturo ruksanas koeficients 0.248 % %, tas ir
salidzinams ar priedes koksnes radiala un tangenciala virziena ruksanas
koeficienta vidgjo vertibu 0.22 % %. Materiala perpendikulara virziena
ruksanas koeficients ir 0.0214 % %, tas ir 6 Iidz 8 reizes mazaks neka priedes
koksnei tangenciala virziena. Tilpuma izmainas raksturo tilpuma rukSanas
koeficients 0.275 % %™. Tas ir 1.6 reizes jeb par 36% mazakas neka priedes
koksnei. RuksSanas koeficienti visos tris materiala virzienos ir ieverojami
zemaki, salidzinot ar lielako dalu koksnes platnu materialu ruksanas
koeficientiem.

KSM virzienam ir nozimiga ietekme uz @dens tvaika parvades
raksturlielumiem. Netraucéta gaisa plisma cauri KSM perpendikulara virziena
nodros§ina zemu Gdens tvaika difizijas pretestibas koeficientu 6.53, savukart
noslégta uzbiive materiala paral€la virziena nodrosina 2.4 reizes augstaku tidens
tvaika difuzijas pretestibas koeficientu 15.5. Noteikta KSM adens tvaika
diftizijas pretestiba ir zemaka, salidzinot ar bivnieciba plasi izmantoto koksnes
platnu materialu un masivkoksnes tidens tvaika diftuzijas pretestibas raditajiem.
KSM paralgla virziena raksturo siltumvaditspgjas koeficients 0.0977 W m 1 K-
! savukart materiala perpendikulara virziena tas ir augstaks 0.148 W m K2,
KSM siltumvaditspéjas koeficients paraléla virziena ir par 25% zemaks neka
koksnei skérsam skiedram, savukart perpendikulara virziena par 14% augstaks
neka koksnei $kérsam $kiedram. KSM siltumvaditspéja materiala paraléla
virziena ir zemaka neka lielakajai dalai biivnieciba izmantotajiem koksnes
platnu materialiem, kuru blivums parsniedz 500 kg m.

KSM perpendikulara virziena ugunsgréka attistibas atruma indeksa vértiba
(1426 W s?) ir par 105% lielaka neka materiala paraléla virziena (696 W s™ 1),
un kopgja siltuma izdalisanas 600 s laika ir (108 MJ) par 86% lielaka neka
materiala paralélaja virziena (58 MJ). KSM paraléla virziena noteikta D
ugunsreakcijas klase ar lidzigiem ugunsreakcijas parametriem ka termiski
planiem koksnes platnu materialiem. Materialam perpendikulara virziena
prognozéta E ugunsreakcijas klase, un noteiktie ugunsreakcijas parametri
biitiski parsniedz masivkoksnes un koksnes platnu materialu ugunsreakcijas
parametrus.
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10.

11.

12.

KSM mehaniskas Ipasibas ir atkarfgas no materidla virziena. Noteiktie
robezstipribas raditaji ir robezas no 0.217 MPa [idz 2.15 MPa. Vidgjie elastibas
modulu raditaji ir no 5.87 MPa lidz 179 MPa. Saistiba ar materiala daudzuma
samazina$anos un konstruktivajam izmainam KSM mehaniskie raditaji ir
biitiski zemaki neka priedes masivkoksnei.

KSM slogojot paraléla virziena, paraugu izméru palielinasana biitiski
paaugstina tadus mehaniskos raditajus ka robezstipribu liece un lokalo elastibas
moduli liecé. Augstuma palielinaSana ievérojami samazina robeZstipribas
raditajus spiedg, savukart izméru izmainas neatstaj biitisku ietekmi un materiala
robezstipribu un elastibas moduli bide.

KSM Iiméto plaknes savienojumu raksturo vid&ja robezstipriba bide 0.649 MPa
— ta ir bitiski augstaka par KSM konstruktivo bides stipribu vajakaja materiala
vieta 0.382 MPa, bet ta ir veirakas reizes zemaka par l[imétajiem konstrukciju
kokmaterialiem minimali pielaujamo ITméto plaknes savienojumu robezstipribu
bide 4 MPa.

Tadiem tehnologiskajiem parametriem ka skriivju ieskriivé$anas dzilums,
ieskriivésanas virziens un ieskriivé$anas vieta KSM ir nozimiga ietekme uz
skriivju izrauSanas pretestibu. Skrivju diametra palielinaSana un aizurbSanas
pan€miena izmantoSana skriivju iestradé ieverojami palielina skrivju
izrauSanas pretestibas raditajus.

Veidojot izstradajumus, kuros KSM perpendikulara virziena apliméts ar
koksnes platnu materialiem, iegiiti vid€jie robezstipribas raditaji stiep€
perpendikulari pret platnu plakni no 0.311 MPa Iidz 1.00 MPa. Perpendikulara
virziena aplimétam materialam robeZstipriba stiepé ir zemaka vai vienada ar
KSM konstruktivo robezstipribu stiepé 0.431 MPa.

Promocijas darba noteiktas un apkopotas ipaSibas sniedz iesp&ju veikt
inzeniertehniskos aprékinus un datorsimulacijas dazadiem izstradajumiem un
konstrukcijam, kuras projektétas no KSM. Noteiktas Tpasibas var salidzinat ar
citu biivnieciba plasi izmantoto materialu Tpasibam.
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4. KOKSNES SUNVEIDA MATERIALA PANELU
PROTOTIPU IPASIBAS

4.1. Siltuma caurlaidiba

Pétfjuma rezultata ir aprékinatas dazadu konstruktivo risinajumu sienas panelu
siltuma caurlaidibas koeficientu vertibas. 1. un 2. veida sienas paneliem, kuru
izgatavoSana izmantotas 28 mm biezas lameles, ir aprékinatas ieveérojami augstakas
siltuma caurlaidibas koeficienta vértibas (U = 0.98 W m2 K un 0.63 W m2 K%
neka bluvnormativa LBN 002-01 noteiktas sienu konstrukciju U robezvértibas.
Tadgjadi min&to panelu izmantosana bez papildu siltindjuma privatmaju un publisko
€ku biivnieciba nav pielaujama.

3. panela prototipam teorétiski aprékinats, ka panela ieks$gjas kartas biezums
280 mm nodro§ina U vértibu 0.30 W m? K%, kura izpilda biivnormativa LBN 002—
01 prasibas, lai paneli var€tu izmantot ka norobezojoso arsienas konstrukciju. Tomer
sada sienas panela razoSana nav izdeviga, raugoties no vairakiem aspektiem:
ekonomiska — materiala patérina un logistikas; konstruktiva, kas saistits ar liclakam
panela bides deformacijam, rukSanu un brieSanu. ST iemesla dél privatmaju un
publisko &ku bivnieciba $adu biezu KSM panelu izmantosana bez papildu
siltumizolacijas materiala nav ieteicama. Lai 1. veida planakais 92 mm panelis
izpilditu biivnormativa prasibas attieciba uz U koeficienta robezvertibu 0.25 W mr
2K, konkrétais sienas panelis japapildina ar 112 mm biezu siltumizolacijas
materialu. Savukart 2. veida biezakais 148 mm panelis sp&j nodro§inat biivnormativa
prasibas, ja tas papildus nosegts ar 92 mm biezu siltumizolacijas materialu.
Pamatojoties uz veiktajiem aprékiniem, klast skaidrs, ka KSM panela nosegsana ar
siltumizolacijas materialu nodrosina biivnormativa noteiktas arsienas konstrukcijai
nepieciesamo siltuma caurlaidibas koeficientu vertibas.

Siltumizolacijas materiala biezuma ietekmi uz KSM sienas panelu prototipu
siltuma caurlaidibas koeficientiem apraksta ciesas, aprékinu cela ieglits matematiskai
modelis ar piektas pakapes polinomialu sakaribu 4.1. (1. panela prototipam) un 4.2.
(2. panela prototipam), skat. 4.1. att.:

U=—410"75°+3-107 5" 100-5°+0.0002-s> — 0.0189-b+0.975, (4.1)
U= —10"75+107s* = 5-1075°+9-107 s — 0.0092-s+0.627, (4.2)

kur U —siltuma caurlaidibas koeficients, W m? K1;
S — siltumizolacijas materiala biezums, mm.
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4.1. att. Siltumizolacijas materiila biezuma ietekme uz KSM sienas prototipu
siltuma caurlaidibas koeficientu:
1 — panelu prototips no 56 mm bieza KSM un 18 mm masivkoksnes argjas kartas; 2 — panelu
prototips no 112 mm bieza KSM un 18 mm masivkoksnes argjas kartas; 3 biivnormativa
noteiktas sienu konstrukciju U robezvértiba 0.25 W m? K (LBN 002-01).

Optimals arsienas konstrukcijas risinajums Ziemeleiropai ir tris kartu KSM
panelis ar paralélo KSM virzienu kombinacija ar siltumizolacijas materialu. Pilnai
sienas konstrukcijas izstradei 1. un 2.sienas panela prototips japapildina ar
materialiem, kuri uzlabo panela ugunsizturibu, samazina tvaika iesiikSanos
konstrukcija, ka arT pasarga konstrukciju no klimata ietekmes saules, lietus un v&ja
veida, lai izpilditu visas biivnormativos izvirzitas prasibas.

Siltuma caurlaidibas koeficienta teorgtiskais aprékins veikts arT 100 mm bieza
KSM sienas prototipam, kas sastav no 64 mm bieza KSM un no abam pusém
apliméts ar 18 mm biezu priedes masivkoksni. Sadas teorgtiskas konstrukcijas
aprekinata siltuma caurlaidibas koeficienta vértiba U ir 0.91 W m™ 2 K, ta ir par 4%
jeb 0.04 W m2 K! zemaka, salidzinot ar 100 mm biezu tris kartu CLT panelu siltuma
caurlaidibas koeficienta vértibu 0.95 Wm 2Kl Izmantojot standarta
LVS EN ISO 10456 noraditos orienteto kokskaidu platnu un putupoliuretana
materidla siltumvaditsp&jas koeficientus 0.14 un 0.025 W m K, ir aprekinata
100 mm bieza SIP panela U vértiba 0.29 W m? K%, Sis panelis veidots no 78 mm
bieza putupoliuretana, kas no abam pusém apliméts ar 11 mm biezam orient€to
kokskaidu platném. Teorétiska aprékinata SIP panela siltuma caurlaidibas
koeficienta vértiba ir par 0.62 W m 2 K jeb par 68% zemaka neka 100 mm biezam
nesiltinatam KSM sienas panela prototipam.

Izmantojot pétfjuma iegiitas sakaribas, iespgjams aprekinat KSM sienu prototipu
siltuma caurlaidibas koeficientus atkariba no izmantotas mineralvates biezuma.
Pamatojoties Uz pétijuma izmantoto aprékinu metodiku un iegitajiem KSM
siltumtehniskajiem raditajiem, iesp&jams veikt datorsimulacijas no KSM izgatavoto
sienu un parsegumu konstrukciju siltumtehnisko raditaju prognozesanai.
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4.2. Skanas izoléSana

Parbauzu un aprékinu rezultata durvju panelu prototipiem ar biezumu 25 mm un
60 mm noteiktas izolacijas indekss Ry, attiecigi 26 dB un 31 dB, savukart sienas
panelu prototipiem — 33 dB (panelis 92), 35 dB (panelim 108) un 37 dB (panelis
148).

Eksperimentali noteikta durvju panela prototipa 25 Ry vertiba 26 dB neatbilst
nevienai no biivnormativa LBN 016-11 Biavakustika limitétajam robezveértibam, ja
paneli izmanto ka durvju vertnes konstrukciju. Durvju vertnes konstrukcijai atkariba
no €kas, telpas tipa un klases janodro$ina Ry veértiba robezas no 27 lidz pat 42 dB
(LBN 016-11). To ierobezo rezonanses iekritums 1250 lidz 1600 Hz diapazona.

Durvju panela prototipa 60 skanas Ry vértiba 31 dB ir atbilstoSa izmanto$anai
atsevisku C klases telpu ar noteiktam minimalam prasibam skanas izolacijai un D
klases telpu jeb ekspluatacija esoSu €ku telpu norobezosanai. Ry uzlabojumu
salidzinajuma ar paneli 25 nodrosina palielinata laukuma masa (zemajas frekvences
+3 dB) un rezonanses iekrituma samazinajums 1250-1600 Hz diapazona.

Ka potencialu izmanto$anas veidu panelim 60 saskana ar LBN 016—11 var min&t
— biroju €ku durvis no darba telpam uz gaiteniem, kapnu telpam, hallem, vestibiliem;
arstniecibas iestazu durvis starp intensivas terapijas telpu un gaiteni; izglitibas
iestazu durvis starp klas€m, tam pielidzinamam telpam un gaiteniem; durvis no
pirmsskolas iestades grupu telpam vai gulamtelpam uz gaiteni.

Lidzigi ka CLT panelu gadijuma, neviens no sienas panela prototipiem bez
papildinaSanas ar skanas izolgjoSiem materialiem nenodrosina LBN 016—11 limit&tas
robezvertibas, ja paneli izmanto ka sienas konstrukciju. To ierobezo ieverojami
zemakas skanas izolacijas indeksu vértibas. KSM sienas panela biezuma
palielinasana no 56 mm (KSM 2 kartas) lidz 112 mm (KSM 4 kartas), pie vienada
argjo kartu materiala biezuma 18 mm, paaugstina skanas izolacijas indeksu par 4 dB
—no 33 lidz 37 dB.

Skanas izolacijas prasibas &ku iek$€jam norobezojoSajam konstrukcijam
dzivojamas majas atkariba no €kas, telpas tipa un klases ir robeZas no 45 lidz 79 dB
(LBN 016-11).

Ta ka €ku norobezojoso konstrukciju skanas izolacijas prasibas ir augstakas par
ieglitajiem sienas panelu prototipu mérijumu rezultatiem, tad paraugu materials var
tikt izmantots ka atdaloSo konstrukciju sastavdalas (slani), veicot pilnas
konstrukcijas skanas izolacijas aprékinus, kuru modela izveido$anai var izmantot
$aja nodala noteiktos raditajus.

KSM biivniecibas panelu prototipi ar biezumu 92 mm un 108 mm nodroina
Iidzigus skanas izolacijas indeksa raditajus ka 100 mm biezs trTs kartu CLT panelis?.
CLT panela Ry ir 34 dB, savukart KSM sienas panelu prototipu — attiecigi 33 un
35 dB. KSM sienas panelu prototipu skanas izolacijas uzlabosanai var izmantot
analogiskus risindjumus ka CLT panelu akustisko Tpasibu uzlabo$anai.
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Lai papildus uzlabotu daudzslanu Stnveida koksnes materiala sienas panelu
skanas izolacijas T1paSibas, ieteicams veikt eksperimentalos pétjjumus ar
amortizgjosiem starpslaniem, KSM kartu savstarpgjai salimésanai un papildinatiem
prototipiem ar specialiem skanu izolgjosiem materialiem.

Pétijuma iegatas KSM durvju un sienu prototipu skanas gaisa izolacijas indeksu
vertibas Ry izmantojamas biivkonstrukciju ar€jo un iekS$€jo norobezojoso
konstrukciju skanas izolacijas 1pasibu modelg$ana, veidojot normativiem atbilstoSas
norobezojo$as konstrukcijas.

4.3. Ugunsreakcija

P&tijuma novértétas KSM ugunsreakcijas parametru uzlabosanas iesp&jas ar
konstruktivo jeb aplimé$anas paneémienu. KSM apliméts ar augsta blivuma $kiedru
platni vai priedes masivkoksni, ka rezultata samazinats liesmas iedarbibai paklautais
virsmas laukums un ierobezota papildu skabekla piekluve degSanas zonai.

Parbaudes laika iegttais ugunsgréka attistibas atruma indekss FIGRA 25 mm
biezajam prototipam 90H25 ir 396 W s, un kopgja siltuma izdalisanas 600 s laika
THReoos veido 28.7 MJ. legata FIGRA vertiba ir par 47% zemaka neka D
ugunsreakcijas klases ugunsgréka attistibas atruma indeksa robezvértiba 750 W s,
Saskana ar iegito FIGRA vértibu 25 mm biezais KSM panelis izpilda D
ugunsreakcijas klases krit€riju. Minéta panela dimu palielinasanas atruma
SMOGRA vertiba ir 2.4 cm? s2, savukart kopgja diimu izdaliSanas TSPeoos Veido
35.1 m?. legiitas vértibas nesasniedz diimu veido$anas indeksa sl robezvertibas —
SMOGRA 30 m? s2 un TSPsoos 50 m?.

KSM perpendikulara virziena 60 mm biezo tris kartu prototipu 90H60 paraugu
parbaudes vidgjie raditaji SBI iekarta ir $adi: FIGRA 403 W s (SD 30.9; VAR 8%);
THReo00s 35.9 MJ (SD 5.32; VAR 15%); SMOGRA 5.0 m? s2 (SD 6.4; VAR 128%) un
TSPeoos 32.6 m? (SD 5.9; VAR 18%). Ar priedes koksni aplimétais 92 mm biezais
panela prototips 0P92 sasniedz FIGRA vértibu 378 W s, un to raksturo THRgoos
vértiba 12.9 cm? 52, Parbaudes rezultata ir noteikta SMOGRA vértiba 2.0 cm? s2 un
TSPGOOS 44.6 m?2.

Nemot véra iegiitos raditajus vienotas dedzinasanas iekartas parbaudes, KSM tris
kartu bavniecibas panelu prototipiem prognozéjama D ugunsreakcijas klase ar dimu
veidoSanas indeksu s1 un liesmojoso pilienu un dalinu indeksu d0. Neskatoties uz to,
ka visu tiTs prototipu gadijuma konstat€ta nozimiga ugunsreakcijas parametru
samazina$anas, vienigi paneliem ar KSM perpendikulara virziena ugunsreakcijas
klase ir par vienu klasi augstaka, salidzinot ar neaplimétu KSM.

Tris kartu KSM panelu prototipu un neapliméta KSM ugunsgréka attistibas
atruma indeksu FIGRA salidzinajums apliikojams 4.2. attgla.

Analizgjot 4.2. attélu, redzams, ka KSM aplimé$ana ar augsta blivuma
kokskiedru platni un priedes masivkoksni ievérojami samazina materiala ugunsgréka
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attistibas atruma indeksu. 90H60 un 90H25 panelu prototipu gadijumos (apliméti ar
4 mm biezu HDF platni) ugunsgréka attistibas atruma indekss ir samazinajies lidz
3.6 reizém, savukart panela prototipa 0P92 (aplimétam ar 18 mm biezu priedes
masivkoksni) ugunsgréka attistibas atruma indekss ir samazindjies 1.8 reizes.
Pamatojoties uz Siem faktiem, var secinat, ka KSM aplimésana ar masivkoksni un
platnu materialu batiski samazina materiala ugunsgréka attistibas atruma indeksu
abos materiala virzienos.

1600
1426

1200 -
696
403
396 378

KSM90 KSMO 90H25 90H60 0P92
Materials

e}

o

o
|

N

=)

o
)

FIGRA, W s

4.2. att. KSM Kkonstruktivas uzlabo3anas ietekme uz ugunsgréka
attistibas atruma indeksu:
saisinagjumu skaidrojumu skatit 6. un 21. Ipp. Skaitlis aiz saisindgjuma — platnes biezums,
mm.

Prototipu argjas kartas, izmantojot termiski planus materialus (biezums < 10 mm)
ar augstu blivumu, iesp&jams panakt lidzigus ugunsreakcijas parametrus, ka
izmantojot termiski biezus materialus ar zemaku materiala blivumu. Panelu
prototipiem 90H25 un 90H60, salidzinot ar neaplimétu KSM perpendikulara
virziena, noverota arT THRgoos raditaju samazinasanas no 3 1idz 3.6 reiz€m, savukart
prototipa 0P92 gadijuma, salidzinot ar KSM THRgqos vértibu paraléla virziena,
samazinajums novérojams pat par 4.5 reizém. Atbilstosas KSM THRGeoos Vértibas
paraléla virziena veido 58 MJ m™, savukart perpendikulara virziena — 108 MJ m2,

Tris kartu KSM panelu prototipu ugunsgréka attistibas atruma indeksu
salidzinajums ar literatiira noraditajiem masivkoksnes un platnu materialu raditajiem
atspogulots 4.3. attela.

Visu tris kartu KSM prototipu ugunsgréka attistibas atruma indekss ir
salidzinams ar termiski biezas egles koksnes un OSB platnu ugunsgréka attistibas
atruma indeksu vertibam. Salidzinot panelu prototipu un termiski plana saplaksna,
ka ari orientéto kokskaidu platnu FIGRA vértibu, KSM prototipiem ta ir 1.9 lidz 2.6
reizes zemaka. KSM biezumam 17 un 52 mm prototipos 90H25 un 90H60, nav
veérojama ietekmes uz FIGRA, jo prototipu 90H25 un 90H60 ugunsgreka attistibas
atruma indekss atskiras tikai par 2%.
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Planakajam prototipam 90H25 ir konstatéta Iidziga siltuma izdaliSanas 600 S
laika ka termiski biezai orientéto kokskaidu platnei un vid&ja blivuma kokskiedru
platnei. Biezakais prototips 90H60 ar KSM perpendikularo virzienu ir uzradijis par
14 Iidz 17% augstaku THReoos vertibu neka termiski biezam OSB un MDF platném.
Mingta atikiriba skaidrojama ar ievérojami lielaku KSM daudzumu biezakaja
prototipa, kas paklauts uguns iedarbibai, p&c nosedzosas kokskiedru platnes
caurdegSanas. Prototipu 90H25 un 90H60 siltuma izdaliSanas 600 s laika ir par 21
lidz 50% augstaka, salidzinot ar termiski biezu egles un priedes koksnes THRgoos,
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4.3. att. Tris kartu KSM prototipu un dazadu koksnes materialu ugunsgreka

attistibas atruma indeksu salidzinajums:
saisinajumu skaidrojumu skat. 6. un 21. Ipp. Skaitlis aiz saisinajuma — platnes biezums, mm.

Platnu prototipam OP92 ar paralélo KSM virzienu un priedes koksni aréja karta
noteikta krietni zemaka THReoos vertiba 12.9 MJ neka priedes masivkoksnei, platnu
materialiem un par&jiem panelu prototipiem. Min&to apstakli var izskaidrot ar panela
prototipa lielaku biezumu un ar to saistttu augstako materiala siltumietilpibu.

Pétijuma analizétos KSM panelu prototipus var izmantot ka pamatu
biivkonstrukciju izgatavoSanai. Lai bivkonstrukcijas no KSM sasniegtu augstaku
ugunsreakcijas klasi par D, panelu prototipi japapildina ar griiti dego$a vai nedegosa
materiala kartu, pieméram, gipskartonu ar A2 ugunsreakcijas klasi. Sadu metodi
plasi izmanto CLT un SIP panelu buvkonstrukciju ugunsreakcijas parametru
samazinasanai.

4.4. Mehaniskas 1pasibas

Izstradato parseguma panelu prototipu vid€jais blivums ir par 15 lidz 24%
augstaks neka KSM blivums. Blivuma vidgjas vértibas ir robezas no 363 kg m
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(prototips D) Iidz 404 kg m® (prototips A). legiitie vid€jie robeZstipribas liece
raditaji apkopoti 4.4. attéla.

Prototips B nodrosina augstako vid€jo robezstipribu liecé 35.2 MPa, savukart
analogs prototips F bez masivkoksnes ribam nodroSina vid€jo robezstipribu
32.2 MPa. Salidzinot abu prototipu vidgjas vertibas statistiski, iegtts, ka
masivkoksnes ribas butiski nepalielina (p > 0.05) robeZstipribas liecé raditajus.
Savukart, ja argjas kartas izmantots 12 mm bérza saplaksnis (prototipi A un E),
masivkoksnes ribas bitiski palielina robezstipribu liecg (p < 0.05).

Augstaki robezstipribas liec€ raditaji iegiiti paneliem, kuri apliméti ar 20 mm
biezu priedes masivkoksni (prototipi B un F), salidzinot ar paneliem, kuru argjas
kartas aplimétas ar 12 mm biezu bérza saplaksni (prototipi A un E).

35.2

RobeiZstipriba liece
f,, MPa

215 2.07

A B C D E F KSM90 KSMO
Panela prototips vai materiala virziens
4.4. att. Panelu konstruktivo risinajumu ietekme uz robeZstipribas
liece raditajiem:
panelu prototipu aprakstu skat. 22. Ipp.

Panelu prototipi C un D ar paral€lo $tnveida materiala novietojumu uzradijusi
aptuveni tris reizes zemakus vidgjos robezstipribas liec€ raditajus, salidzinot ar
panelu prototipiem E un F, kuros siinveida materials novietots perpendikulara
virziena. Visiem konstruktivajiem panelu prototipiem veérojams robeZstipribas liece
raditaju pieaugums 3 lidz 7 reizes, salidzinot ar KSM robezstipribu liecé. Prototipi
A, B, E un F sasniedz péc stipribas Skirotas masivkoksnes robeZstipribas liece
raditajus.

Peétljuma iegiiti un analiz€ti ar1 vidgjie parseguma panelu prototipu lokala
elastibas modula liec@ raditaji.

Augstako elastibas modulu raditaji iegiiti paneliem ar masivkoksni argja karta un
KSM perpendikularo novietojumu (prototipi B 11500 MPa un F 10900 MPa).
Masivkoksnes ribas prototipa B neuzlabo panelu lokalo elastibas moduli liecg,
salidzinot ar paneli F bez ribam. Panelu konstruktivie risinajumi B un F sasniedz péc
stipribas Skirotas masivkoksnes elastibas raditajus.

Panelos A un E ar argjam kartam no 12 mm saplaksnpa ielimétas masivkoksnes
ribas (prototips A) bitiski palielina panelu lieces elastibas moduli (p < 0.05),
salidzinot ar paneli bez ribam (prototips E).
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Paneli ar argjam kartam no 20 mm masivkoksnes (prototipi B, D un F) uzrada
augstakus vidgjos elastibas modulu raditajus, salidzinot ar paneliem, kuri izgatavoti
no 12 mm bieza bérza saplaksna argjam kartam (prototipi A, C un E).

Panelu prototipi C un E ar paralélo $iinveida materiala novietojumu uzradijusi
bitiski zemakus (p < 0.05) vidgjos elastibas modulu liecé raditajus, salidzinot ar
panelu prototipiem, kuros $iinveida materials novietots perpendikulari (prototipi D
un F).

Visiem konstruktivajiem panelu prototipiem verojams 29 lidz 82 reizu lokalo
elastibas modula raditaju pieaugums, salidzinot ar KSM elastibas moduliem liecg.
Prototipi B un F sasniedz p&c stipribas Skirotas masivkoksnes elastibas raditajus.

Saskana ar Flaiga un Blasa (Flaig un Blaf3, 2014) p&tijumiem 9 kartu CLT panelu
robezstipriba liecé ir 36.5 MPa, savukart lokalais elastibas modulis liec€ ir
10260 MPa. CLT panelu raditaji ir salidzinami ar KSM panelu prototipu B un F
vidgjiem robeZstipribas raditdjiem liec€ (35.2 un 32.2 MPa). Pargjiem cCetriem
prototipiem iegitie raditaji ir butiski zemaki (p < 0.05). Panelu prototipu B un F
lokala elastibas modula raditaji pat par 6 Iidz 11% parsniedz CLT panela vidgjo
elastibas modula raditaju liecé.

Panelu prototipu robezstipriba spiede perpendikulari panela plaknei ir robezas no
1.35 lidz 4.48 MPa, skat. 4.5. att. Savukart paral€li panela plaknei ta ir robezas no
6.83 1idz 17.5 MPa.

KSM konstruktiva uzlabosana, materialu aplimg&jot perpendikulara virziena,
visos Cetros gadijumos bitiski (p < 0.05) palielina panelu prototipu robezstipribu
spiedg, bet aplimésana paral€la virziena neietekmé panelu robezstipribu spiede (p >
0.05), prototipu parbaudot perpendikulari pret panela plakni.

Panelu prototipam E noteikta augstaka robezstipribas spiedé vértiba
perpendikulari pret panela plakni 4.48 MPa, mingtaja prototipa izmantots KSM ar
perpendikularo virzienu un argjas kartas iestradatu bérza saplaksni.

139
| 135

KSM90 KSMO
Panela prototlps vai materlala virziens

4.5. att. Videjie panelu prototipu robeZstipribas spiede raditaji,
slogojot tos perpendikulara virziena:
panelu prototipu aprakstu skat. 22. Ipp.
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Salidzinot prototipu E (bez ribam) ar analoga panela A (ar ribam) vidgjiem
robeZstipribas raditajiem spiedg, tie batiski neatskiras (p > 0.05) gadijuma, ja KSM
prototipa ielim& perpendikulara virziena un tas ir apliméts ar priedes masivkoksni.
Ari prototipiem B un F ar KSM perpendikularo virzienu un argjam kartam no bérza
saplaksna butiska ribu ietekme nav novérota (p > 0.05).

Panelos ar perpendikulari novietotu KSM biitiski augstaki robeZstipribas spiedé
raditaji perpendikulara virziena panakti, argjas kartas izmantojot 12 mm biezu PW
(prototipi A un E). Priedes masivkoksnes gadijuma (prototipi B un F) raditaji ir
bitiski zemaki (p < 0.05). Panelos paraléli iestradatais KSM (prototipi C un D)
uzrada aptuveni 3 11dz 4 reizes zemakus robezstipribas spied€ raditajus, salidzinot ar
paneliem, kuros KSM iestradats perpendikulara virziena (prototipi E un F).
Salidzinot iegiitos vidgjos robezstipribas spiedé raditajus paneliem un KSM, varam
secinat, ka paneli, kuri izgatavoti no Sinveida materiala ar perpendikularo
novietojumu (prototipi A, B, E un F), nodro$ina aptuveni 1.6 lidz 2.2 reizes augstakus
robezstipribas spiedé raditajus, slogojot perpendikulara virziena, neka vienkarss
KSM, kas slogots perpendikulara virziena (2.05 MPa). Savukart panelos paraléla
virziena ielimétais KSM (prototipi C un D) bitiski nepalielina panelu robeZstipribas
spiede raditajus, salidzinot ar KSM robezZstipribas spiedé raditaju (1.39 MPa).

Analogiski analizgta ari panelu prototipu konstruktiva risindgjuma ietekme uz
robezstipribas raditajiem spiedé paraleli pret panelu plakni. Visu seSu panelu
prototipu gadijuma raditaji uzlabojas no 4 lidz pat 10 reizeém, salidzinot ar KSM
raditajiem.

Panelu prototipu A, B, E un F vidgjie robezstipribas raditaji spied€, panelus
parbaudot perpendikulara virziena no 3.28 lidz 4.48 MPa, ir salidzinami ar CLT
panelu robezstipribas spiedé vidgjiem raditdjiem perpendikulari pret panelu plakni
no 2.80 Iidz 3.43 MPa.

KSM mehaniskas Tpasibas ir iespéjams bitiski uzlabot, $tinveida materidlu
aplimgjot ar ar€jo kartu materialu, izveloties atbilstoSu Stnveida materiala
novietojumu paneli vai ielimgjot panelos masivkoksnes ribas, iepriek§ izvertgjot
panelim pieliktas slodzes un to virzienus.

Slodzi neso$u panelu (parseguma panelis) projekt€Sanas un model€Sanas
vajadzibam rekomend&jams izmantot F panela prototipa konstruktivo risinajumu
(panelis ar masivkoksnes ar&jam kartam, KSM ar perpendikularo virzienu un bez
masivkoksnes ribam), savukart pasnesoSu starpsienu un arsienu izgatavosanai ir
ieteicams izmantot D panela prototipa konstruktivo risinajumu.

4.5. Secinajumi par panelu prototipu ipasibam

1. KSM konstruktiva uzlabo3ana jeb aplim&$ana ar augstaka blivuma koksnes
materialiem biitiski palielina izstradato panelu blivumu.
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. Arsienu konstrukciju veidosana vienigi no KSM un masivkoksnes vai platnu
materialiem raugoties no siltumtehniska viedokla nav pamatota. legitas siltuma
caurlaidibas koeficienta vertiba ir salidzinama ar krustam liméto konstrukciju
kokmaterialu (CLT) panelu siltuma caurlaidibas koeficientu vértibam. Savukart
ta ir augstaka neka konstruktivi izolétajiem paneliem (SIP).

. KSM sienas paneli nodrosina lidzigus siltuma caurlaidibas koeficientus ka
krustam limétie konstrukciju kokmaterialu paneli. Lai sasniegtu normativas
siltuma caurlaidibas koeficientu vértibas, KSM sienas paneli japapildina ar
siltumizolacijas materialu.

Izstradatais durvju panelis ar biezumu 60 mm un skanas izolacijas indeksu 31 dB
izmantojams atsevisku ekspluatacija esosu telpu un telpu ar minimalam prasibam
skanas izolacijas norobezoSanai.

Sienas panelu prototipu skanas izolacijas indeksu vértibas salidzinosi ir daudz
zemakas neka nepiecie$ams norobezojosam sienu konstrukcijam. Tomér tas ir
salidzinamas ar krustam lim&to kokmaterialu panelu (CLT) raditajiem, tadgjadi
to uzlabo$anai var izmantot analogiskus risinajumus — ka CLT panelu akustisko
Tpasibu uzlabosanai. Izstradatie sienas panelu prototipi var tikt izmantoti ka sienu
konstrukciju sastavdalas (slani), kuru pilnas konstrukcijas skanas izolacijas
aprékinu modela izveidoS$anai var izmantot petfjuma noteiktos raditajus.

. KSM aplimésana jeb konstruktiva uzlabodana ar masivkoksni vai koksnes platnu
materialiem biitiski uzlabo materiala ugunsreakcijas parametrus. KSM prototipu
degSanas jauda samazinas par 3 1idz 4.5 reiz€m, un ugunsgréka attistibas atruma
indekss samazinat par 1.8 lidz 3.6 reizém, laujot izstradato durvju un sienas
panelu prototipus klasificét D ugunsreakcijas klasé. KSM trTs kartu panelu
prototipu ugunsreakcijas parametri ir salidzinami ar termiski biezu koksnes un
koksnes platnu materialu ugunsreakcijas parametriem.

KSM aplimésana ar bérza saplaksni vai priedes masivkoksni bitiski uzlabo
materiala robeZstipribas raditajus liecé, raditaju pieaugums ir 3 lidz 16 reizes.
Elastibas modulu pieaugums ir vél ievérojamaks — no 20 lidz pat 82 reizém.
Atsevisku panela prototipu raditaji liec€ un spiede sasniedz pec stipribas skirotu
zagmaterialu un krustam ITmé&to kokmaterialu panelu mehaniskos raditajus.

51



SECINAJUMI UN REKOMENDACIJAS

Secinajumi

1.

2.

Lidzigi ka citi koksnes materidli, ari KSM ir anizotrops un higroskopisks
materials.

Noskaidrotas §adas KSM prieksrocibas salidzinajuma ar citiem biivnieciba plasi
izmantotiem koksnes materialiem: zemaks blivums, mazakas linearo izméru un
tilpuma izmainas, zemaks udens tvaika diftizijas koeficients un zemaks
siltumvaditspgjas koeficients materiala paraléla virziena. Palielinatos materiala
ugunsreakcijas parametrus un zemakas mehaniskas Ipasibas, salidzinot ar
masivkoksni un koksnes platpu materialiem, var uzskatit par ievérojamiem
materiala trikumiem.

P&tijumu rezultata iegiitas 23 sakaribas dazadu KSM raditaju aprékinasanai.
KSM fizikali mehanisko un fizikali kimisko raditaju ir nepietiekami, lai materialu
izmantotu biivnieciba. ST iemesla dél pétitas KSM konstruktivas uzlabosanas
iespgjas. Rezultata izstradati un parbauditi 2 durvju vertnu, 6 sienu panelu un
6 parseguma panelu prototipu konstruktivie risinajumi, noverteti un salidzinati to
indikativie raditaji.

KSM konstruktiva uzlabofana ar citiem materidliem uzlabo KSM fizikalas,
fizikali —kimiskas un mehaniskas ipasibas, laujot KSM izmantot biivnieciba ka
dalu no norobezojosam durvju, sienu un parsegumu panelu biivkonstrukcijam.
Noteiktie un apkopotie Tpasibu raditaji sniedz iesp&ju veikt inzeniertehniskos
aprékinus un datormodel&sanu dazadiem izstradajumiem un konstrukcijam, kuras
projektétas no KSM.

Abas promocijas darba izvirzitas hipotézes: Koksnes §tiinveida materiala ipasibas
atSkiras no masivkoksnes un koksnes bazes platnu materialu ipasibam un koksnes
Stnveida materiala konstruktiva uzlaboSana ar aplimésanas panémienu butiski
uzlabo materiala fizikalas, fizikali — kimiskdas un mehaniskas ipaSibas ir
apstiprinajusas.

Rekomendacijas

1.

2.

3.

Lai iegiitu ar citiem materialiem un biivnormativu prasibam salidzinamus KSM
un ta izstradajumu raditajus ieteicams izmantot standartizétas parbauzu metodes.
Visparéja koksnes lidzsvara mitruma diagramma ir izmantojama KSM mitruma
prognozesanai atkariba no relativa gaisa mitruma un temperatiiras.

Praktiskiem KSM izméru izmainu prognozésanas aprékiniem, atkariba no gaisa
relativa mitruma limena, rekomendgjams izmantot KSM augstuma ruksanas un
brieSanas koeficientu vidgjo vértibu 0.251 % %, garuma un platuma vid&jo
ruk3anas un brieSanas koeficienta vertibu 0.0214 % %™

KSM ruksanas un briesanas raditaji garuma un platuma, ka arT materiala masa, ir
zemaka neka priedes masivkoksnei un lielakajai dalai koksnes platnu materialu,
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tadel KSM ieteicams izmantot produktos un izstradajumos, kuriem ekspluatacijas
laika nepiecieSams nodrosinat augstu formas stabilitati un samazinatu massu.
Tadiem tehnologiskajiem parametriem ka skrivju ieskriivé$anas dzilums,
ieskriivésanas virziens un ieskriivéSanas vieta KSM ir nozimiga ietekme uz
skriivju izrausanas pretestibu. Skriivju diametra palielinasana un aizurbsanas
panémiena izmanto$ana skrivju iestrade ir rekomendéjama, lai palielinatu
skriivju izrauSanas pretestibas raditajus.

. KSM paraugu izméru ietekme ir janem véra pie materiala mehanisko Tpasibu
aprékiniem un model&Sanas, jo atkariba no slodzes veida, paraugu izméru
izmainas var atstat nozimigu ietekmi uz materiala mehaniskajam ipasibam.

. Atraudzigo plantaciju koku sugu eikalipta (Eucalyptus grandis W. Hill) un
radiata priedes (Pinus radiata D. Don) izmanto$ana KSM materiala un ta panelu
razo$anai var tikt izskatita ka alternativa parastas priedes (Pinus sylvestris L.)
koksnes izmanto$ananai.

KSM aplimésanai ar masivkoksni un citiem koksnes materialiem efektivi var
izmantot ne tikai 1idz §im izmantoto termoplastisko polivinilacetata ITmi bet ari
temperatiiras un paaugstinata mitruma izturigo poliuretana Iimi un
emulsipolim@rizocianata [Tmi.

. KSM 1ipasibu uzlaboianai ieteicams izmantot konstruktivas uzlabosanas
panémienu, Samazinot konstrukcijas ugunsreakcijas parametrus, palielinot
mehaniskos raditajus, noversot kondensata veidoSanas risku un nodroSinot
arsienai nepiecieSamo siltuma caurlaidibas koeficientu.
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eksperimentalo pétijumu realiz€$ana un saturigajam zinatniskajam diskusijam.

Ipasa pateiciba manai gimenei: maniem vecakiem — Maijai LASMANEI un

Imantam IEJAVAM — par atbalstu un ticibu. Sievai Ingai IEJAVAI un bérniem
Kristoferam un Martai par milestibu, sapratni un atbalstu visa promocijas darba
rakstiSanas laika.
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1. GENERAL CHARACTERISTICS OF THE SCIENTIFIC
WORK

Justification and relevance of the chosen topic for the doctoral thesis

Reducing the costs of manufacturing, transport, and using various structures has
always been a relevant issue from both ecological and economic perspectives.

One way to achieve these goals is by reducing the mass of a multilayer composite
material by replacing one of its layers with another wood-based or non-wood
material that has a relatively lower mass. This makes the structural solution lighter.
Several researchers have sought new technological solutions for manufacturing
lightweight wood structures (Skuratov, 2010; Voth, 2009), including reducing the
production costs of lightweight panel materials (Pflug et al., 2003). The technologies
specified in the studies are widely used for manufacturing composites, most
commonly by forming the inner layers from a lower-density material while using
higher-density materials for the outer layers to ensure the required mechanical
properties for the composite.

The invention of cellular wood material (KSM) and its furniture panels under the
trademark Dendrolight® in 2005 and its patenting in Austriat? in 2009, can be
considered one of the woodworking industry innovations of the last fifteen years.
The material was created by the Austrian inventor Johann Berger, who based it on
the technology used in ski manufacturing.

In 2010, the world's first and only industrial production facility for KSM and
furniture panels made from it was opened in Ventspils, Latvia. The material was
expected to have broad applications not only in manufacturing furniture boards but
also in the transport industry and construction.

Until then, a presentation and publication by the inventor of KSM Johann Berger
had been publicly available, which reflected the most significant properties of KSM
furniture panels. It should be noted that the structural solution of KSM in that period
differed from the technology discussed in the doctoral thesis. Initially, the lamella
grooves were made only on one flat-wise side of the lamella.

With the launch of industrial production of KSM in Latvia, a double-sided
lamella groove cutting technology was introduced (instead of the single-sided cutting
technology) to ensure higher shape stability and increase the contact area of the glue
joint, thanks to which an improvement in the material's physical and mechanical
properties was expected.

Based on the above facts, it can be argued that prior to the first pilot study of the
new structure KSM was conducted in Latvia in 2009 and the start of production in
2010, no information was available regarding the properties of the material of such
structure. The use of KSM in construction, productions of doors and building
elements was set as a future goal of the company “Dendrolight Latvija” Ltd., starting
the development of the second phase of the plant. Researching the properties of KSM
and declaring their properties would allow manufacturers of various products offer a
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new material that, under specifics strength parameters, would significantly reduce
the mass of the product to be manufactured and improve its quality.

Until 2010, no comparison had been made between the properties of KSM and
the properties of typical wood materials for use in both non-load-bearing and load-
bearing building structures. The study of these properties would reflect the
advantages or possible disadvantages of the specific material compared to other
wood materials widely used in the woodworking industry. For this reason, studies of
the innovative material have been conducted, highlighting the most significant
properties of the specific material and the factors influencing them.

At the beginning of the studies, a comprehensive review and analysis of
information sources was conducted. The main topics covered in the situational
analysis and included in the doctoral thesis are as follows:

 manufacturing technology and potential applications of KSM;
properties of wood materials and building elements, and affecting factors;
methods for determining the properties of wood materials and building elements;
possibilities for the structural improvement of wood materials;
previous studies on the properties of KSM and its products.

As a result, the following conclusions can be drawn.

1. Wood and wood-based materials are hygroscopic and anisotropic — their
properties and the factors affecting those properties must be considered when
developing new wood products and modelling their properties.

2. KSM, due to its structure and manufacturing technology, is a unique wood
material with no equivalent in the world.

3. None of the previous studies reveal comprehensive, concise information about
the properties of unlaminated KSM and the factors influencing it.

4. It is recommended to use standardized testing methods for another material with
similar properties of application for identifying KSM and its product properties.

5. The effectiveness of structural improvements of materials has been proven in the
case of cross-laminated timber (CLT) structures, structurally insulated panels
(SIP), and KSM furniture panels (Dendrolight®).

In the last decade, predicting wood material properties has become an effective
method in the development of new products. When predicting properties using
computer modelling capabilities, one must deal with a significant dispersion of the
physical-mechanical and physical-chemical indices of wood and wood materials,
which is significantly increased by variable environmental parameters. Compared to
inorganic materials such as concrete, steel, and polymers, the physical-mechanical
properties of wood and wood materials exhibit much greater dispersion indices,
making property prediction more difficult. To effectively and accurately utilize
computer modelling capabilities, it is necessary to clarify the characteristic values of
the properties of the material being modelled.
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Unfortunately, the long-term shortage of working capital and unclear issues
regarding the use of patents in “Dendrolight Latvija” Ltd. were possible reasons for
the company’s declared insolvency in 2014 and its liquidation in 2016. As a result,
the industrial production and trade of KSM were discontinued®. Despite this,
individual research institutions, researchers (Munster University of Applied
Science®; Berger et.al. 2016; Rozins et al., 2020), and manufacturing companies
(“Gisler Holzbau” GmbH’; “ARB Pope” Ltd.®) are developing and patenting
materials of a similar technological solution for creating new products and increasing
the production efficiency of existing products. The acquired practical knowledge
about the properties of this unique material and its panels will become particularly
relevant when KSM returns to production in some form or another.

The aim of the doctoral thesis is to determine properties of the pine cellular wood
material produced in Latvia and to develop prototypes of structurally improved KSM
building panels and evaluate their properties.

The following tasks have been set to achieve the goal of the work:

1. collect and analyse information on the manufacturing technologies, properties,
and influencing factors of KSM and other wood materials.

2. develop a methodology and define the properties of KSM, comparing them with
the properties of solid wood and wood-based panel materials.

3. develop a research methodology and evaluate the properties of prototypes of
structurally improved KSM building panels, compare them with the properties of
wood materials, similar products widely used in construction in terms of their
use, and building code requirements.

The hypothesis of the doctoral thesis is supported by the following theses:

1. the properties of cellular wood material differ from those of solid wood and wood-
based panel materials;

2. the structural improvement of cellular wood material by the gluing technique
significantly improves the physical, physical-chemical and mechanical properties
of the material.

Scientific novelty:

e the properties of KSM have been defined, the factors affecting them have been
analysed, and correlations for predicting material properties have been obtained.

e structural solutions have been developed to improve the properties of KSM using
the gluing technique, their properties have been identified and compared with the
property indices of wood materials widely used in the furniture industry and
construction.

e prototypes for the KSM building panels have been developed, and their properties
have been defined and compared with the properties of similar products and the
requirements set out in the building code.
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Practical significance of the work

The properties of KSM and their correlations defined and summarized in the
doctoral thesis provide the opportunity to perform engineering calculations and
forecast properties for various products and structures designed from KSM. Several
prototypes of panel materials and building panels have been developed, in which
KSM is improved using a structural or gluing technique, utilizing solid wood, wood-
based panel materials, and thermal insulation materials. The prototypes have been
assessed for indicative physical, mechanical, and physic-chemical properties to
characterize door leaves, wall, and ceiling panels. The properties of KSM and the
improved panel prototypes have been compared, and the conformity of the panel
prototype properties to the requirements set by the building code has been evaluated.

Overall, the results obtained in the work provide a practical perspective for
performing engineering calculations and computer simulations for various KSM
products and structures.

Structure and volume of thesis
The doctoral thesis consists of 5 chapters:
Chapter 1. Situation analysis;
Chapter 2. General research methodology;
Chapter 3. Studies of the properties of cellular wood material;
Chapter 4. Studies of the improved cellular wood material panel prototypes
properties;
Chapter 5. Conclusions and recommendations.

The doctoral thesis is presented on 152 pages with 66 figures, 43 tables and 41
references. The list of used literature includes: 104 literature sources, 49 standards
and regulations. The literature sources included in the summary of the doctoral thesis
can be found in the doctoral thesis.
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2. RESEARCH METHODOLOGY

2.1. Production of cellular wood material

For the production of KSM intended for research, pine (Pinus sylvestris L.) sawn
timber was used. Its nominal dimensions are as follows: thickness 32 mm, width 112
mm, and length 4200 mm. The production of KSM was carried out industrially on
an automated production line at the company ‘“Dendrolight Latvija” Ltd. The
principal schematic diagram of the production of KSM is presented in Fig, 2.1.

Logs Sawntimber Sawntimber Sawing out
—> —> drying defects
—>
«—
Finger jointing Longitudinal Double-sided
—> lanin roovin
p g9 > g g
—
Lamella gluing in thickness, orienting Block format or
them at a 45° angle s slice sawin

Fig. 2.1. Schematic diagram of the production technology
of cellular wood material.

Rotten, partially fused branches, metal inclusions, and cracks are sawn out of the
sawn timber. After sawing out the defects, the timber is lengthwise glued. The sawn
timber is joined using a finger joint characterized by the following parameters: finger
length 11 mm, finger pitch 4 mm, and tolerance at the finger ends 1 mm. During
finger joint gluing, an end pressure of 12 MPa is applied for five seconds. The
average moisture content of the lamellas to be glued is 12%. For lengthwise gluing
of the lamellas and for KSM panel gluing processes, a one-component, water-based
polyvinyl acetate (PVA) glue of the D3 group, Cascol 3353, is used.

Finger joints are made and visible on the wide face of the lamellas. After the glue
for the finger joints has hardened, the longitudinal planing of the lengthwise-jointed
lamellas is performed using a four-sided longitudinal planing machine, resulting in
lamellas with nominal cross-sectional dimensions of 28 mm thickness, 106 mm
width, and 2010 mm length.

After longitudinal planing of the lamellas, 8 grooves are sawn on both sides along
the length of the lamellas, see Fig. 2.2. The depth of the grooves is 24 mm, the
bilateral groove pitch is 6.4 mm, the groove width is 3.2 mm.
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106

Fig. 2.2. Cross-section of a pine lamella board with sawn grooves:
dimensions in millimeters.

2

The gluing of KSM blocks in thickness was performed using a continuous-
operation heated press. KSM was laid in four layers, with each subsequent layer
being oriented at a 90° angle relative to the previous one. PVA Glue Casco 3353 was
applied to the laid layers through a nozzle using an oscillation technique, ensuring
an average glue consumption of approximately 250 g m?. The pressing cycle
duration at a temperature of 60 to 75 °C and a pressure of 0.2 MPa was maintained
for 6 minutes. The resulting dimensions of the KSM blocks are as follows: thickness
112 mm, width 1350 mm and length 2500 mm.

After gluing the inner layers of the lamellas together, a parallel direction KSM
block (relative to the feed direction of the gluing press) is obtained, see Fig. 2.3. (1).

Fig. 2.3. Difference of cellular wood material orientations:
1 — parallel (KSMo); 2 — perpendicular (KSMaso).

In the subsequent processing operations, the KSM block is sawn into blanks of
the required thickness, orientated at an angle of 45° and calibrated to obtain KSM in
perpendicular direction, see. Fig. 2.3. (2). By gluing the outer layers of KSM with
various wood materials or supplementing them with thermal insulation materials,
various prototypes of KSM building panels with enhanced properties have been
obtained for research purposes.

The studies were based on KSM made of 28 mm thick pine boards, while in order
to assess the effect of the thickness of the raw material on the physical, physico-
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chemical and mechanical properties of individual KSM, additional KSM was
produced using boards with a thickness of 18 or 25 mm. In case the thickness of the
KSM boards used in the study differs from 28 mm, this is specified in the relevant
section of the study.

According to related studies, the use of fast-growing plantation tree species
eucalyptus (Eucalyptus grandis W. Hill) and radiata pine (Pinus radiata D. Don) for
the production of KSM material and its panels can be considered as an alternative
based on both higher mechanical properties of the raw material and appropriate
gluing quality (lejavs et al., 2021; lejavs et al., 2022).

2.2. Methodology to determin cellular wood material
properties

For the studies of the properties of KSM, industrially manufactured KSM was
used in accordance with the technology discussed in Section 2.1. It was sawn or glued
into the sizes required for the studies. In the production of three-layer KSM panel
samples and panel prototypes, primarily wood materials were used with the
technologies specified in the relevant work sections.

Moisture

A study was conducted to assess the moisture content (W) of the KSM depending
on the relative humidity of the air RH (from 30 to 85%). The assessment was carried
out at a constant air temperature of 20 °C. The weighing/drying method was used to
determine the moisture content of the KSM in accordance with the standard LVS EN
13183-1 methodology. Two types of specimens with nominal dimensions of
112x112x112 mm and 56x56x300 mm were used in the study. In total, 4 specimen
groups with a total number of 120 specimens were tested in the study.

Density

The dependence of the density (p) of KSM on the relative humidity RH (ranging
from 30 to 85%) and moisture content of KSM W (ranging from 6 to 18%) at a
constant air temperature of 20 °C was evaluated. Density calculations were
performed in accordance with the methodology of referred to in 7.1 of the standard
ISO 3131. Two types of samples with nominal dimensions of 112x112x112 mm and
56x56x300 mm were used in the study. A total of 4 groups of samples with a total
number of 120 samples were produced and tested for the study.

Shrinkage and swelling

Shrinkage and swelling indices of KSM depending on the relative humidity of
the air (ranging from 30 to 85%) at a constant air temperature of 20 °C were
evaluated. Shrinkage and swelling indices can be used to calculate the fits and
tolerances of various KSM structures, as well as in the development of new products,
and to evaluate the tolerance of materials. A test methodology has been developed
for calculating shrinkage and swelling indices, which is based on the standard LVS
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EN 318 standard test and DIN 52184 standard calculation methodology. For each of
the 3 KSM directions (width, thickness and length), 20 samples with nominal
dimensions of 56x56x300 mm were made - for exposure in 3 different levels of
relative humidity of the air (30, 65 and 85%). The total number of samples subjected
to testing is 60 pieces.

Water vapor permeability

Tests were carried out to determine the water vapor transmission properties of
KSM and to assess the effect of the thickness of lamellas and the number of glued
layers on the water vapor transmission properties of the material. Water vapor
transmission properties can be used to assess the condensation risk of building
structures. The indices were determined in accordance with the methodology of the
standard LVS EN 12086 for 6 specimen groups with a total number of specimens of
18 pieces.

Thermal conductivity

To evaluate KSM as a thermal insulation material for building structures and for
calculating the thermal resistance of various structures, the thermal conductivity
coefficient 2 of the material is determined according to the standard LVS EN 12667
testing methodology. A total of 4 specimens were tested for each direction of the
material. The nominal dimensions of the specimens in both cases were 112x600x600
mm.

Reaction to fire

For the classification of KSM in the reaction to fire class and the evaluation of
reaction to fire parameters, 6 large-sized specimens were made — 3 specimens for the
parallel and perpendicular directions of the material. The test was performed in a
single burning item in accordance with the testing methodology of the reaction to
fire class D of the standard LVS EN 13823. For each test, two KSM lamellas with a
length of 500 mm and 1000 mm were made, in both cases the width of the specimens
was 1500 mm. Additionally, 9 samples with a flame exposure area of 90x250 mm
were made and tested — for testing with a single flame source test in accordance with
the standard LVS EN 1SO 11925-2 testing methodology. KSM samples with a
thickness of 56 mm were used in both tests.

Mechanical properties

Several studies have been conducted to determine the most important mechanical
properties of KSM and to evaluate the factors influencing them. Using 16 sample
groups, as well as the test methods of the standards LVS EN 408+A1:2012 and
ASTM C 273-00 for 132 samples in parallel and perpendicular directions of the
material, values of strength and elastic modulus in static bending, compression,
tension and shear have been determined. For each direction of the material, bending
tests used 8 large-sized KSM samples with a thickness of 136 mm, a width of 280
mm and a length of 2500 mm.

To determine the compressive strength of KSM, 30 cubic samples with an edge
length of 112 mm were made. To determine the tensile strength of KSM, a tension
modulus of elasticity and a compressive modulus of elasticity, eight samples with a
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length and width of 112 mm and a height of 224 mm were made for both sample
types and for each property. The shear strength and shear modulus of elasticity were
determined using 8 samples with a length of 300 mm and cross-sectional dimensions
of 56 mm.

For design purposes and for comparison of mechanical parameters with the
mechanical parameters of other materials, 5% quantiles were calculated for all
parameters according to the standard LVS EN 14358.

Effect of geometric dimensions on the mechanical properties of KSM

According to the literature, the effect of the geometric dimensions of wood and
wood material samples on the mechanical properties of materials is not
unambiguous, therefore, by expanding the methodology of the aforementioned study
on the mechanical properties of the material, the effect of the cross-sectional
geometric dimensions and area of the KSM sample on the ultimate strength and
moduli of elasticity of the material in bending, tension, compression, and shear was
evaluated. In this study, the material was tested in parallel direction — according to
the requirements of the standard LVS EN 408+A1:2012, clauses 10, 16, 18, and 19.

The use of the parallel direction of the material in the production of three-layer
building panels is considered the most cost-effective solution due to the reduced
number of manufacturing operations compared to the perpendicular direction of the
material. The nominal thickness of one KSM lamella in this study was 28 mm. The
study involved 23 sample groups with a total of 150 samples. The effect of
dimensions and area was analysed for samples with dimensions ranging from
28x56x300 mm to 112x600x2240 mm. To evaluate the individual and interaction
significance of the effects of geometric dimensions and areas on the mechanical
properties of the material, one- and two-factor regression analysis methods were
used.

Durability of mechanical fasteners — wood screws — in KSW

The most commonly used methods for the mutual connecting wood materials and
products are as follows — using mechanical fasteners or screws, and the physical or
gluing method. For this reason, a study has been conducted to assess the holding
strength of mechanical fasteners or screws in KSM. In addition to the established
indices, factors influencing the holding strength of screws have been analysed. The
experimental study methodology is based on a testing method of the modified
standard LVS EN 320. The study used three different types of screws, which are
widely available on the Latvian market for the manufacture of both load-bearing and
non-load-bearing structures. The screw insertion depth was evaluated ranging from
14 to 70 mm.

Non-load-bearing screws SPEC17 were used to evaluate the crew withdrawal
resistance depending on the direction and depth of screw insertion, while load-
bearing screws HBS6220 and HBS8280 were used in the study to determine the
effect of screw diameter and screw insertion type on the screw withdrawal resistance
from KSM.

62



In the case of SPEC17 screws, 12 groups of samples were made for testing, with
a total number of samples of 120 pieces — 10 samples in each group.

In the case of HBS6220 and HBS8280 screws, 4 sample groups were used, each
group containing 15 samples. The indices for these groups were determined by
orienting KSM in perpendicular direction against the longitudinal axis of the screw
and inserting it in the KSM location with the least amount of wood on the thread.
The screw insertion depth in all four cases is 70 mm.

For engineering calculations, the values of screw withdrawal resistance
properties were calculated for indices of individual sample groups according to the
methodology of the standard LVS EN 14358.

Ultimate shear strength of a glued plane joint

KSM is formed by gluing together several layers of wood, therefore the
mechanical strength of the glue joint has been assessed. The test was carried out by
loading the glue joint in shear according to the test principle specified in the standard
LVS EN 392. 30 glue plane joints were subjected to the tests, whose shear strength
values were compared with the structural values of KSM90 determined by loading
the material in four different zones. The material zones subjected to KSM shear

testing are presented in Fig. 2.4.

Zone 3 Zone 4

Fig. 2.4. Four cellular wood material zones subjected to shear testing:
Zone 1 — parallel to the cellular wood material layers, in the middle between two gluelines;
Zone 2 — parallel to the glueline; Zone 3 — perpendicular to the plane of the block; Zone 4 —
orienting the glueline at a 90° angle to the shear plane.

Zone 1l

All tests used samples with a shear area of 50x50 mm and a length of 112 mm.

Gluability with other wood materials

A study was conducted on the strength of glue joints between KSM and other
wood materials for the development of new wood composite materials and products.
The study used the polyurethane (PUR) adhesive Kleiberit 501 and the emulsion
polymer isocyanate (EPI) adhesive Kleiberit 304.4, as well as six different wood
materials: ash (Os), pine (P), birch plywood (PW), thermo-mechanically modified
white alder (TMMBa), oriented strand board (OSB) and high-density fibreboard
(HDF). According to the methodology of the standard LVS EN 319, twelve sample
groups with a total number of 158 samples were tested. The nominal dimensions of
the samples are 50x50 mm, while thickness is 50 or 58 mm. Two indices are
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determined and evaluated for the samples —tensile strength perpendicular to the plane
of the boards and the type of failure.

2.3. Methodology to evaluate improved cellular wood material
panel prototype properties

Studies have found that most properties of KSM have lower values compared to
wood-based panel materials, solid wood, and building panels. Therefore, possibilities
for structural improvement of KSM for use in construction have been studied.

Thermal transmittance

Five different KSM wall panel designs have been developed, for which
theoretical calculations have been performed to assess the thermal transmittance
coefficients according to the standard LVS EN 1SO 6946 methodology.

The study was based on two panels — No. 1 and No. 2. In the case of panel No. 1,
a two-layer KSM was used, while in the case of the second prototype — a 4-layer
KSM with a lamella thickness of 28 mm was used. For all five panel prototypes,
calculations were performed in a direction parallel to KSM, covering on both sides
with an 18 mm thick layer of solid pine wood.

The minimum required thickness of KSM in the panel that meets the
requirements of the building standard regarding the thermal conductivity coefficient
has been calculated, resulting in panel prototype No. 3 with a KSM thickness of 280
mm, covered on both sides with 18 mm thick pine wood layers.

The following calculations obtained optimal solutions for insulating prototypes
of panels 1 and 2 with 112 and 92 mm thick mineral wool, respectively, obtaining
values of the thermal conductivity coefficient of the wall structure according to the
building standard LBN 002-01.

The obtained values were compared with the thermal conductivity coefficients
of CLT and SIP panels and the requirements of the building standard.

Soundproofing

Two door leaf (1st and 2nd) structural solutions and three (3rd to 5th) wall panel
structural solutions have been developed, to which large-sized samples have been
made and airborne sound insulation values have been evaluated according to the
methodology of the standards LVS EN ISO 140-3, LVS EN ISO 140-1, LVS EN
ISO 717-1 and LVS EN ISO 10140—(1-5).

The door leaf samples were made of KSM in perpendicular direction, glued on
both sides with 4 mm thick high-density fibreboard, resulting in samples with a total
thickness of 25 and 60 mm. In both cases, the height of the door leaf is 1972 mm and
the width - 825 mm.

Three wall panel prototypes were made of KSM in parallel direction, using KSM
with different number and thickness of lamellas (prototype 3 was made from four
lamellas with a total thickness of 112 mm, prototype 4 — from 2 lamellas with a
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thickness of 56 mm, while prototype 5 — from 4 lamellas with a total thickness of 72
mm). All wall prototypes were glued on both sides with 18 mm thick pine solid wood
lamellas. The height of the wall panel prototypes is 3000 mm, and the width is 1150
mm. One large-sized sample was made and tested for each prototype.

The study assessed the impact of door panel thickness and wall panel design on
the airborne sound insulation index. The obtained indices are considered indicative,
they were compared with the values of the CLT panel sound insulation values and
the limit values of the airborne sound insulation values of door and wall structures
regulated by the building standard LBN 016-11.

Reaction to fire

With the aim of determining the possibilities of improving the reaction to fire
values of KSM by implementing constructive techniques, three large-sized
prototypes of KSM have been made and tested.

Two prototypes were made by gluing 17 and 52 mm thick KSM in perpendicular
direction with thermally thin (4 mm), high-density fibreboard, respectively
designated 90H25 and 90H60. They are intended for use as lightweight structural
partitions or door leaves. The thickness of the prototypes is 25 and 60 mm,
respectively. In turn, for the third prototype, 56 mm thick KSM is glued in parallel
direction with 18 mm thick pine solid wood (designation 0P92) for use in load-
bearing wall and ceiling panel structures, resulting in a panel with a total thickness
of 92 mm.

The reaction to fire tests of all three panel prototypes were carried out using the
standard LVS EN 13823 Single Burning Instrument (SBI) test method corresponding
to the reaction to fire class D. A total of 5 large-sized samples were tested for 3
prototypes. The obtained indices are considered indicative.

As a result of the study, the effect of thermally thin and thermally thick panel
outer layer materials on the potential reaction to fire parameters of building panels
was assessed. The obtained values were compared with the reaction to fire
parameters of solid wood and wood-based panel materials.

Mechanical properties

To determine the possibilities of improving KSM with structural techniques, six
prototypes of ceiling panels have been developed (designated in the study from A to
F). The effect of the material of the outer layers, the direction of KSM and the glued
ribs on the 4 most important mechanical properties of the material-strength and
elasticity modulus in four-point static bending, as well as compressive strength in
parallel and perpendicular direction to the plane of the panels, has also been
evaluated. The study used test methods of the standard LVS EN 408+A1.

In the prototypes of the panel coverings ABEF, the material is oriented in
perpendicular direction, while in C and D — in parallel direction. In the panels ACE
- 12 mm thick PW, and in the panels BDF — 20 mm thick pine solid wood is used as
the outer layer material. In addition, pine solid wood ribs are glued into the panels A
and B. 18 groups of samples with a total number of 144 samples were analysed. The
total thickness of the prototypes glued with birch plywood is 136 mm, while in the
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case of pine solid wood it is 152 mm. The width and length of the samples in the case
of bending tests are 300 and 2500 mm, respectively. In the case of compression tests,
it is 300300 mm.

Panel orientation in the compression testing machine is presented in Fig. 2.5.

Fig. 2.5. Panel orientation in the compression testing machine:
1 — perpendicular to the panel plane; 2 — parallel to the panel plane.

The obtained strength and elasticity values have been compared with the

mechanical properties of the strength classes of glued laminated timber, CLT and
sawn timber.
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3. CELLULAR WOOD MATERIAL PROPERTIES

3.1. Moisture

Moisture content is one of the most important parameters affecting the properties
of wood and wood-based materials. Considering that the mass of KSM consists of
approximately 96% wood and 4% glue, the material was expected to have the same
equilibrium moisture content as the wood from which KSM is made.

After conditioning pine KSM in a standard atmosphere at a temperature of 2042
°C and a relative humidity of the air of 65+5%, the average moisture content of 60
KSM samples was 12.5% (ranging from 11.9 to 13.6%). The average equilibrium
moisture content of pine KSM of 12.5% after conditioning in a standard atmosphere
does not differ significantly from the average moisture content of pine solid wood
specified in DIN 68100-07 - 12.0% (p > 0.05).

After conditioning at a relative humidity of the air of 35 or 85% (at an air
temperature of 20 °C), the average moisture values of the KSM were 5.9 and 16.9%.

There is a close (r = 1.00) positive polynomial correlation of the second degree
between the moisture content of KSM and the relative humidity of the air at an air
temperature of 20£2 °C:

W=0.00114RH>+0.0838RH+1.61, (3.1)

where W — moisture content of KSM, %;
RH — relative humidity of the air, %.

This correlation is applicable in the range of relative humidity of the air from 30
to 85%.

The study found that the moisture content of KSM at three relative humidity
levels does not differ significantly from the moisture content of solid pine wood,
therefore the wood equilibrium moisture diagram can also be used to expected the
moisture content of KSM depending on the relative humidity of the air humidity and
temperature.

3.2. Density

The density of materials, like humidity, often has a direct effect on the physical,
mechanical and physicochemical parameters of wood and wood-based materials,
therefore, the density of wood-based materials was determined. The average density
value of 308 kg m™ (ranging from 277 to 332 kg m™3) was determined for 60 cubic
wood-based materials after conditioning in a standard atmosphere.
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After conditioning at a relative humidity of 35 or 85% (at an air temperature of
20 °C), the average density values of the KSM were 293 and 321 kg m™®

The study resulted in a moderately strong (r = 0.53) positive linear correlation
3.2. for calculating the density of KSM depending on KSM moisture content:

p=2.55W+277.9, (3.2)

where p — density of KgM, kg m3;
W — moisture of KSM, %.

The given correlation is applicable for calculating the density of KSM made from
28 mm thick lamellas within the material moisture range of 6 to 17%.

According to the standard LVS EN 14358, lower 5% characteristic value of
density px 285 kg m™ is calculated. Additionally, it has been determined that
increasing the thickness of KSM lamellas from 18 mm to 28 mm significantly (p <
0.05) reduces the material's density, as the volume of grooves made into the lamellas
increases in relation to the volume of wood.

The average density of KSM of 308 kg m™ is 38% lower than the average density
of solid pine wood of 510 kg m?® reported in the literature (Wagenfihr, 1996).
Compared to the density of wood-based panel materials (PW, OSB, PB and medium
MDF) widely used in construction, the density of KSM is 35 to 65% lower, see Fig.
3.1

Only low-density fibreboard can have a density of up to 52% lower than that of
KSM. Density values of KSM can be used to calculate the mass of KSM and its
building panels.
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Fig. 3.1. Comparison of average density values of KSM and wood-based panel
materials:
see page 6 for explanation of abbreviations (*Bowyer u.c., 2003; **Lasina u.c., 2007).
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3.3. Shrinkage and swelling

Changes in relative humidity of the air within the range of 30 to 85% and the
related changes in wood moisture within the range of 6 to 18% affect the changes in
the dimensions of the cellular wood material. As the moisture content of KSM
increases or decreases, the dimensions of the cellular wood material increase or
decrease linearly. For example, the effect of humidity on changes in the thickness of
KSM can be described by the following close (r = 1.00) positive correlation:

b=0.752W+291, (3.3)

where b — thickness, mm;
W — moisture content, %.

The correlation is only applicable to samples with a length of 300 mm and a cross-
sectional dimension of 50 mm.

The calculated average shrinkage coefficient of the cellular wood material along
the thickness of the material is 0.248 % %, while the swelling coefficient is 0.255
% %L, The changes in the thickness of pine KSM can be compared with the average
value of the radial and tangential shrinkage coefficient of pine solid wood 0.22 % %"
! (Rijsdijk et al., 1994). The small difference in the coefficients can be explained by
the greater presence of tangential boards along the thickness of the cellular wood
material than radial boards.

The changes in the dimensions of KSM along the width and length of the material
are approximately ten times smaller than the changes in the thickness of the material.
The calculated shrinkage coefficient of the cellular wood material along the length
of the material is 0.0182 % %, while the swelling coefficient is 0.0183 % %™. The
corresponding coefficients along the width of the material: shrinkage coefficient
0.0245 % %! and swelling coefficient is 0.0246 % %. For practical calculations in
the length and width of the material, using the average value of the shrinkage and
swelling coefficients of length and width 0.021 % %™ is recommended.

A comparison of the shrinkage coefficients of KSM with the shrinkage
coefficients of panel materials widely used in construction is presented in Figure 3.2.
The shrinkage coefficients of KSM along the length of the material of 0.018 % %!
and along the width of 0.025 % % are lower compared to the shrinkage coefficients
of most panel materials in the longitudinal and transverse directions of the boards.
Similar indices are shown only by cement-bonded wood fibreboards. Comparing the
obtained shrinkage coefficient of KSM along the thickness of the material of 0.25 %
%?, it is lower than that of such panel materials as plywood, particle boards and
oriented strand boards along thickness. Approximately six times lower shrinkage
coefficients are indicated for cement-bonded wood fibreboards, when shrinking in
thickness.
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Fig. 3.2. Comparison of shrinkage coefficients of cellular wood material and

wood-based panels (LVS CEN/TS 12872):
see page 6 for explanation of abbreviations.

The determined volume shrinkage coefficient of 0.275 % % for KSM is 36%
lower than the shrinkage coefficient of 0.42 % %™ (Wagenfihr, 1996) for solid pine
wood.

3.4. Water vapor permability

The water vapor permeability properties of KSM are summarized in Table 3.1.
Six different types (thickness, number of layers and direction) of KSM samples were
tested. For each type of KSM, samples were tested in both parallel and perpendicular
directions.

Table 3.1.
Average water vapor permability properties of KSM

° Parallel direction Perpendicular direction

& Water vapour Water vapour Water vapour Water vapour
- permeability diffusion permeability diffusion

a index p equivalent air index u equivalent air
% layer thickness Sq, layer thickness
@ m Sg, m
2-25 | 14.4 (SD 2.10) 0.697 (SD 0.102) 5.44 (SD 0.617) | 0.280 (SD 0.033)
4-18 | 21.1(SD 6.07) 1.53 (SD 0.441) 4.31 (SD 0.255) | 0.311 (SD 0.019)
4-28 | 15.5(SD 2.20) 1.71 (SD 0.240) 6.53 (SD 0.762) | 0.734 (SD 0.084)

As demonstrated in Table 3.1., when testing the material in parallel direction, the
lowest average value of the water vapor permeability index (u) of 14.4 was obtained
for the KSM samples made of two 25 mm thick lamellas, resulting in a total KSM
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thickness of 50 mm. The highest [ value of 21.1 was obtained for KSM made from
four 18 mm thick lamellas, forming KSM with a nominal thickness of 72 mm. KSM
made from four 28 mm thick lamellas with a total nominal material thickness of 112
mm is characterized by an average value of the water vapor permeability index of
15.5. Comparing the confidence intervals of the average | values of the three sample
types, we can assume that the obtained indices for all three sample types do not differ
significantly and for assessing the risk of critical surface moisture and internal
condensation in structures, the average u value of 17.0 of all nine samples can be
used.

The structural solution of KSM (with or without an air gap on the exposed
external or internal material surfaces) has a significant impact on the water vapor
permeability properties. For the thickness of four-layer KSM layers ranging from 18
to 28 mm, no significant effect on the average value of the diffusion resistance
coefficient was observed. Comparing the water vapor resistance diffusion equivalent
air layer thickness Sq for two-layer KSM (thickness 50 mm) with four-layer KSM
(thickness 112 mm), the Sq value increases 2.5 times — from 0.697 to 1.71 m. The
significant difference can be justified by the non-overlapping confidence intervals of
the average Sq value.

As demonstrated in Table 4.1, when testing the material in perpendicular
direction, the lowest average value of the water vapor permeability index p 4.31 was
obtained for KSM samples with a thickness of 72 mm, made of 18 mm thick lamellas.
The highest average value of p 6.53 was obtained for KSM with an actual thickness
of 112 mm, made of four 28 mm thick lamellas. The confidence intervals of the
average W and Sq values for all three sample types overlap, suggesting that the
obtained indices do not significantly differ for all three sample types, and for
assessing the risk of critical surface moisture and internal condensation in structures,
the overall average water vapor permeability index of 5.42 for all nine samples can
be used, while for material characterization, the average water vapor diffusion
equivalent air layer thickness of 0.448 m can be used. A comparison of the water
vapor permeability indices of KSM made from 28 mm thick lamellas with the p
values of materials widely used in construction is presented in Fig. 3.3.

As demonstrated in Figure 3.3., the value of the water vapor permeability index
of KSM is 2.4 times lower in perpendicular direction of the material than in the
parallel direction. Despite the air channels passing through KSM in perpendicular
direction, the material has significantly higher water vapor permeability properties
than a stationary air layer. Accordingly, the W value of the stationary air layer, as
indicated in literature, is 1 — the same as for mineral wool. The p value of the parallel
direction of KSM, namelyl5.5, is 23% lower than the p value of MDF - 20.
Compared with the value of the water vapor permeability index of solid wood across
the grain, the u value of the parallel direction of KSM is 3.2 times lower, and the
value of the perpendicular direction is 7.7 times lower, respectively.
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Fig. 3.3. Comparison of water vapour permability index of KSM and other
construction materials:
in the brackets material density values are given, in kg m. (Borodinecs un Krésling, 2007*;
LVS EN ISO 10456**; LVS EN 13986***).

For fibreboard, oriented strand board, polyurethane foam and plywood, the p
value is from 1.9 to 14.2 times higher than for KSM in parallel direction, as well as
from 4.6 to 33.7 times higher than for KSM in perpendicular direction.

The obtained water vapor permeability properties of KSM can be used to assess
the risk of internal condensation in structures made of KSM. The indices allow for
the thermally correct placement of materials in structures, placing materials with
lower water vapor permeability on the warm side of the structure, while those with
higher water vapor permeability on the cold side of the structure.

3.5. Thermal conductivity

KSM in parallel direction is characterized by the thermal conductivity coefficient
40.0977 W mt Kt (SD 7.07-10% VAR 0.729), while in perpendicular direction of
the material - 0.148 W m™ K1 (SD 21.2-10%; VAR 1.43). KSM thermal conductivity
coefficient in parallel direction is 34% lower than KSM in perpendicular direction.
This can be explained by the higher thermal conductivity of wood in grain direction
rather than a cross direction of the grain. When evaluating the thermal properties of
KSM, it can be argued that KSM in parallel direction is more efficient, from a thermal
engineering perspective, for the manufacture of building structures, compared to the
material in perpendicular direction.

The thermal conductivity coefficient of KSM in parallel direction is 25% lower
than that of solid pine wood in a cross direction of the grain, while in perpendicular
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direction it is 14% higher than that of solid pine wood in a cross direction of the grain
0.13W mt K (LVS EN ISO 10456).

The thermal conductivity coefficient of KSM in parallel direction is lower than
that of most wood-based panel materials used in construction, the density of which
exceeds 500 kg m3. In perpendicular direction, the thermal conductivity is
comparable with the thermal conductivity of solid wood in a cross direction of the

grain, the thermal conductivity coefficients of oriented strand boards and fibreboards,
see Fig. 3.4.

Air**

Polyurethane foam(35)*
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Concrete (2000)**
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Fig. 3.4. Comparison of thermal conductivity coefficients of KSM and other
construction materials:
in the brackets material density values are given, in kg m. (Borodinecs un Krésling, 2007*;
LVS EN ISO 10456**; LVS EN 13986***).

Direction of KSM significantly affects 1. This can be explained by the
significantly higher thermal conductivity of wood in the grain direction rather than
in a cross direction of the grain. For example, for spruce wood, a cross-grain direction
is characterized by 4 0.11 W m K, but in grain direction it is half as large,
respectively 0.22 W m™ K! (Niemz, 1993). KSM in parallel direction provides 1.3
to 2.3 times lower / than for panel materials widely used in construction and for a
cross grain direction of the wood, while the obtained parameter is 2.5 to 4 times
higher compared to /4 of rock wool and polyurethane foam. The thermal conductivity
coefficient determined in perpendicular direction of KSM is comparable to 4 of wood
fibreboards and plywood, at the same time it is 13% higher than 4 of solid wood and
wood fibreboards. Compared to rock wool and polyurethane foam A, the KSM
parameter is 3.8 to 6 times higher.

Based on the obtained thermal conductivity parameters, it can be concluded that
KSM in parallel direction can be classified as a thermal insulation material with a
high thermal conductivity coefficient, since its A 0.0975 W m! K1 < 0.1Wm
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1K1, KSM in perpendicular direction exceeds the A limit value of 0.1 W m™ K'! by
48%, as a result of which it cannot be classified as a thermal insulation material
according to the standard DIN 4108-2. The obtained A values can be used in thermal
engineering calculations of various KSM structures.

3.6. Reaction to fire

Four large-sized KSM samples were tested in a single burning item (SBI) — three
in parallel direction of the material and one (the burning power of the sample exceeds
that allowed in the unit) sample in perpendicular direction of the material.

The testing of a KSM sample in perpendicular direction in the SBI device was
stopped 381 s after the start of the test, when the sample reached a maximum allowed
burning power of 350 kW in the SBI device. The fire growth rate index (FIGRA)
obtained during the test is 1426 W s%, while the total heat release in 600 s (THRGgoos)
is 108 MJ. The obtained value exceeds the FIGRA of the reaction to fire class D by
90% of 750 W s™*. The obtained FIGRA value, when testing KSM in perpendicular
direction, does not allow it to be classified in reaction to fire class D. Classification
of the material in the reaction to fire class D requires additional testing using a
separate flame source test method. As a result of this test, it was also found that the
KSM sample in perpendicular direction does not meet the requirements for materials
in the reaction to fire class D. The material is predicted to have the reaction to fire
class E.

As a result of the KSM test in the SBI device, when testing the material in parallel
direction, the following results were obtained: FIGRA average value 696 W s (SD
39.0; VAR 6%) and THRgo0s 58 MJ (SD 7.81; VAR 13%). The FIGRA average value
is 7 % lower than the permissible limit value for the reaction to fire class D of 750
W s, The FIGRA value of KSM in parallel direction of 117% exceeds the FIGRA
of pine wood 321 W s reported in literature (Mayes and Oksanen, 2003). Despite
the fact that the area of KSM exposed to fire is larger than in the case of solid wood,
the FIGRA average values determined in the SBI device and the results of the test of
a single flame source allow the material to be classified in the reaction to fire class
D.

The burning capacity in perpendicular direction of the material is 105% higher
than in parallel direction. This is due not only to the larger area of the material
exposed to fire, perpendicular to direction of the material, but also to the additional
oxygen supply through the material channels from the rear part of the sample.

A comparison of the fire growth rate indices of both directions of KSM with the
parameters of solid wood and panel materials reported literature is presented in
Figure 3.5.
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Fig. 3.5. Comparison of fire growth rate index FIGRA of KSM with wood-
based panels and solid timber:
see page 6 for explanation of abbreviations. Number after abbreviation — panel thickness in
mm.

As presented in Fig. 3.5., the direction of KSM and the thickness of the panel
material have a significant impact on the reaction to fire parameters. As the material
thickness decreases, the reaction parameters for the same material increase. The
FIGRA value of 1426 W s determined in perpendicular direction of KSM is 45 to
366% higher than for pine, spruce wood and panel materials widely used in
construction. This can be explained by the constructively formed channels along the
thickness of the material, which increase the burning area and oxygen supply to the
burning zone.

The fire growth rate index of 696 W s for KSM determined in parallel direction
is 43 to 127% higher than the FIGRA value for thermally thick wood materials
(thickness > 10 mm). In turn, it is 10 to 29% lower compared to thermally thin birch
plywood and oriented strand board. This can be explained by the similarity of the
material combustion (through-burning) for thermally thin materials and KSM.

Considering the large difference between the reaction to fire parameters of KSM
and thermally thick materials, it is recommended for construction purposes to
improve the reaction to fire properties of the material by means of structural
techniques.

3.7. Mechanical properties

The average values of the mechanical properties of KSM with their 5%
characteristic values are summarized in Figures 3.6. and 3.7.
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The mechanical properties of KSM depend on the direction of the material. In
perpendicular direction, the material exhibits higher strength values, but lower elastic
modulus values, compared to the parallel direction of the material.

Analysing the strength parameters of KSM, we can see that they range from 0.217
MPa (shear strength in parallel direction) to 2.15 MPa (bending strength in
perpendicular direction), see Fig. 3.6.

2,0

=
[3;]
!
=
o
(3]
=\
N
[=

1.25

Strength f, MPa

o
6,
!

a
1,0 -

a

o

o
o
|

foo  fmeo T fo 00 fio fioo fio L

Type of loading
m averagae m characteristic

Fig. 3.6. Average and characteristic strength values of KSM:
see page 6 for explanation of abbreviations.

The bending strength of the two directions of KSM does not differ significantly
(p > 0.05) and ranges from 2.07 to 2.15 MPa. For engineering calculations, a lower
5% characteristic value of 1.64 MPa can be used. KSM in parallel direction has
shown significantly lower (p < 0.05) average strength parameters in compression,
tension and shear, compared to perpendicular direction of the material.

The average compressive strength of 1.44 MPa and tensile strength of 0.892 MPa
in perpendicular direction of the material are significantly (p < 0.05) higher than the
corresponding values of 1.27 and 0.427 MPa in parallel direction of the material. The
tensile strength values of both material directions are significantly (p < 0.05) lower
than the compressive values. The shear strength of 0.217 MPa and the shear modulus
of elasticity of 5.87 MPa in parallel direction of KSM are the lowest mechanical
properties of KSM. In perpendicular direction, the shear strength and the shear
modulus of elasticity are 8 to 16 times higher, 1.73 and 94.5 MPa, respectively.

The values of the strength values (compression, tension and shear) for design
purposes must be selected separately for each direction of KSM and each type of
material loading.

Analysing the elasticity values of KSM, we can conclude that they range from
5.87 MPa (modulus of elasticity in shear in parallel direction) to 179 MPa (local
bending modulus of elasticity, when the material is loaded in parallel direction), see
Figure 3.7.
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Fig. 3.7. Average and characteristic modulus of elasticity values of KSM:
see page 6 for explanation of abbreviations.

The material average bending modulus of elasticity, when tested in parallel
direction, is 179 MPa, but in perpendicular direction it is lower — 140 MPa. The
corresponding characteristic values are 153 and 118 MPa.

The tensile moduli of elasticity 161 MPa and the compressive moduli of elasticity
155 MPa are higher than those in parallel direction of the material - 125 and 124
MPa, respectively. The values of the compressive moduli and the tensile moduli do
not differ significantly when examining both directions of KSM separately.

When loading KSM in parallel direction in bending, compression and tension,
significantly higher values of modulus of elasticity were observed, while when
testing the material in shear, a significantly higher modulus of elasticity was found
in perpendicular direction of the material (p < 0.05). For the design needs of KSM
products, the characteristic value specified in Fig. 3.7. should be chosen for each
KSM direction and elasticity property.

The average bending, tensile and compressive moduli of elasticity obtained in the
study are 2 to 3 times lower compared to the average values of modulus of elasticity
of C24 strength class sawn timber in the material perpendicular direction to the grain
(370 MPa). The obtained average shear modulus of elasticity of softwood is 7 to 118
times lower compared to the average shear modulus of elasticity of C24 strength
class sawn timber in the grain direction (690 MPa). A comparison of the mechanical
properties of KSM and softwood sawn timber is presented in Table 3.2 of Subsection
3.12.
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3.8. Effect of sample size on mechanical properties

To evaluate the influence of the geometric dimensions and cross-sectional area
of KSM samples on the mechanical properties of the material, an extensive study
was conducted, testing the material in parallel direction. The study confirms that, in
certain cases, the geometric dimensions of the material and the cross-sectional area
of KSM have a significant influence on the strength and elasticity values of KSM.
The average values of the bending strength f 0 of KSM obtained in the study range
from 0.53 to 2.29 MPa, which are on average 20 to 50 times lower than for solid pine
wood.

The interaction effect of the width and thickness of the samples on the ultimate
bending strength fyn o of KSM can be described by a linearly close (r = 0.93) positive
correlation:

£,,y=0.055+0.003p+0.006b, (3.4)

where p — width of specimen, mm;
b — thickness of specimen, mm.

In turn, the average values of the local bending modulus of elasticity Em,0 range
from 33.3 to 156 MPa, which is approximately 100 times lower compared to solid
pine wood.

The effect of the interaction of the thickness and width of the bending samples
on the bending modulus of elasticity of KSM can be described by a linearly close (r
=0.88) positive correlation:

Eyy 0=—20.5+0.151p+0.856b, (35)

where b — thickness of specimen, mm;
p — width of specimen, mm.

It has been found that as the cross-sectional area of KSM increases, the ultimate
bending strength of the material increases significantly.

Similarly, the parameters and correlations that form between the geometric
dimensions of KSM, cross-sectional area, strength, and elasticity parameters in
compression and shear have been obtained. The average values of the determined
compressive strength feo of KSM, when loading the material in parallel direction,
range from 1.11 to 1.69 MPa, while the average values of the compressive modulus
of elasticity range from 155 to 222 MPa.

The experimentally obtained average values of the shear strength fyo of KSM
samples range from 0.19 to 0.22 MPa, while the average values of the shear modulus
of elasticity Go range from 5.64 to 10.4 MPa. Similar to the previously discussed
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methodology, the influence of the geometric dimensions and cross-sectional area of
the samples on the shear strength and elasticity of KSM has been analysed.

In total, the study has obtained 27 correlations for predicting mechanical
properties of various KSM depending on the geometric dimensions and cross-
sectional area of the samples.

3.9. Screw withdrawal resistance

The screw withdrawal resistance (Fs) within the range of screwing depths of 14
to 70 mm tends to increase, both when KSM is oriented parallel to and perpendicular
to the longitudinal axis of the screws. A greater increase is observed for screws that
are inserted with the material oriented perpendicular to the longitudinal axis of the
screw.

As the screwing depth of SPEC17 screws increases from 14 to 70 mm, Fg 9
increases significantly (p < 0.05). There is a close (r = 0.81) positive linear
correlation between the screwing depth and the screw withdrawal resistance, when
the material is oriented in perpendicular direction:

Fsk,90:34'3dz+5591 (36)

where Fg 90— screw SPEC17 withdrawal resistance when screwed in perpendicular
direction in KSM, N;
d;— screw in depth of SPEC17 screws, mm.

By increasing the screw insertion depth by 56 mm (from 14 to 70 mm), it is
possible to achieve approximately 3 times higher screw withdrawal resistance by
orienting the cellular wood material perpendicularly. When converting the screw
withdrawal resistance to 1 mm, it’s found that, with an increase in the screw insertion
depth by 1 mm, Fg g0 increases by an average of 34 N.

Also, in the cellular wood material parallel direction, the screw insertion depth in
the range from 14 to 70 mm has a significant (p < 0.05) effect on the screw
withdrawal resistance. There is a close (r = 0.92) linear correlation between the screw
insertion depth and the screw withdrawal resistance:

Fy0=61.5d.+115.6, (3.7)

where Fgo — screw SPEC17 withdrawal resistance when screwed in parallel
direction in KSM, N;
d; — screw in depth of SPEC17 screws, mm.

By increasing the screw insertion depth by 56 mm (from 14 to 70 mm), it is
possible to achieve approximately 5 times higher screw withdrawal resistance by
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orienting KSM parallelly to the longitudinal axis of the screw. It has been calculated
that in this case, with an increase in the screw insertion depth by 1 mm, Fs o increases
on average by 61 N. Using SPEC17 screws, samples of solid timber were
additionally manufactured and tested for the study, determining the screw
withdrawal resistance in a cross direction of the grain. A comparison of Fg values of
KSM and solid timber is shown in Figure 3.8.
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3.8. att. Comparison of screw withdrawal resistance values of KSM compared
to solid timber perpendicular to the grain:
1 — from solid timber perpendicular to the grain; 2 — from KSMO; 3 — from KSM90.
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As the screw insertion depth in solid timber increases, Fs increases significantly
(p <0.05). The study also obtained a close (r = 0.97) positive exponential correlation
for predicting Fsp.90 for solid timber depending on the screw insertion depth.

In all three cases of screw insertion depths, Fs values of solid timber are 1.5 to
3.2 times higher than Fs values of KSM. The difference in all cases viewed is
considered significant (p < 0.05).

In addition, the use of parameters such as screw diameter and drilling method in
screw insertion was also examined, as well as the calculation of screw withdrawal
resistance properties was performed.

Technological parameters such as screw insertion depth, screw insertion direction
and screw insertion location in KSM have a significant impact on the screw
withdrawal resistance of KSM. Increasing the diameter of the screws and using the
predrilling method in screw insertion significantly increases the screw withdrawal
resistance of KSM.

3.10. Shear strength of glued joints

The glue plane joint of KSM (zone 2) provides higher (p < 0.05) shear strength
() values of 0.649 MPa (SD 0.145; VAR 22%), compared with the structural shear
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strength of KSM of 0.382 MPa (SD 0.284%; VAR 22%), which is determined parallel
to the layers of KSM, in the middle between two glue joints (zone 1).

In cases where fv is determined perpendicular to the block plane of cellular wood
material (zone 3) and f, is determined by orienting the glue joint of cellular wood
material at an angle of 90° to the shear plane (zone 4), the obtained average f, values
are significantly higher (p < 0.05), respectively 0.906 MPa (SD 123; VAR 14%) and
0.715 MPa (SD 0.118;VAR 17%), compared to the shear strength values of the glue
joint.

The tests of the glue joint of KSM have shown that the mechanical strength of
the gluing of KSM is higher than the structural strength of KSM in some of its
directions and zones. It is therefore possible to conclude that the mechanical strength
of the glue joint is sufficient for the manufacture of KSM panels. The average f,
values of KSM in all directions are 4 to 10 times lower compared to the minimum
permissible f, of the plane joint of the glue laminated timber structure 4 MPa -
according to the standard LVS EN 14080.

3.11. Gluability with other wood-based materials

As a result of the study, 158 samples of three-layer material have been tested in
12 groups with 11 to 15 samples per group.

The average values of the tensile strength perpendicular to the plane of the three-
layer panel material f;ap and the 95% confidence interval of the average values for
samples glued with PUR and EPI glue are presented in Figure 3.8.

The highest tensile strength values, using PUR glue Kleiberit 501, are provided
by cellular wood material covered with a layer of solid timber or birch plywood. The
average tensile strength value is 1.0 MPa, and it does not differ significantly for both
groups of materials (p > 0.05). When covering cellular wood material with pine (P)
or ash (Os) timber and breaking it, the breaking mainly occurs along the glue line.
This indicates that the gluing technology used in the study with the average gluing
technological parameters recommended by the glue manufacturer cannot be assessed
as optimal for gluing cellular wood material with P and Os timber. Polyurethane glue
Kleiberit 501, whose technological parameters for gluing are as follows: glue
application 150 g m, pressing pressure 0.2 MPa, holding time under pressure 60
min., is suitable for covering cellular wood material with TMMBa, HDF, PW and
OSB.

The highest tensile strength value of the three-layer material perpendicular to the
plane of the panel is for samples glued with EPI glue (0.86 MPa), it has been obtained
by covering KSMgo with PW. At the same time, this obtained average tensile strength
value does not differ significantly from the cellular wood material glued with P, Os
and TMMBa. Analysing the destruction type of the mentioned three-layer materials,
we can conclude that when gluing cellular wood material with P timber, the
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technological parameters of gluing used in the study can be improved, because
destruction was most often detected along the glue joint. Glue application 170 g m-
2, pressure 0.2 MPa and holding time under pressure 60 min. are suitable for covering
KSM with Os solid timber, TMMBa, HDF, PW and OSB.
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Fig. 3.8. Average values of the tensile strength perpendicular to the plane of
the three-layer KSM panel bonded with differnet adhesives:

Average values and their 95% confidence interval, see page 6 for explanation of
abbreviations.

The use of EPI glue for the destruction of all three-layer materials, except for the
one covered with solid timber, is characterized by the destruction of the material
along the KSM (Os, PW) or along the outer layer material (TMMBa, HDF, OSB).

The tensile strength of the uncovered KSM in the direction perpendicular to the
material is 0.89 MPa, which does not significantly differ from the obtained average
values of the tensile strength of the covered materials for the samples, the destruction
of which occurred mainly along the KSM (p > 0.05).

Considering the tensile strength of KSM in the direction parallel to the KSM of
0.43 MPa, it can be stated that depending on the tensile strength of the material used
for gluing, the tensile strength of the joint will be less than or equal to 0.43 MPa.

3.12. Summary of cellular wood material properties

To make it easier to navigate KSM properties obtained in several studies, they
are summarized in Table 3.2. Considering that all studies are mainly based on KSM,
the production of which uses 28 mm thick pine wood lamellas, the properties of this
material are summarized and compared with the parameters of the solid pine timber
or softwood.
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Comparison of KSM and solid pine timber properties

Table 3.2.

No. Propertie Unit Cellular wood Pine solid
material timber
0 90 0 90
1 2 3 4 5 6 7
Physical properties
1 | moisture W % 12.3 1209
2 | density p kg m3 308 5000
3 | shrinkage coefficient kr % %t | 0248 | 0.021 | 0.0102 | 0.220?
4 | swelling coefficient k % %! | 0255 | 0.022 - -
5 | volume shrinkage | % %* 0.27 0.422
coefficient kv
6 | water vapour permeability - 15.5 6.5 - 50.0%
index p
7 | water vapour diffusion m 1.71 0.73 - 4.489
equivalent air layer
thickness Sq
8 | thermal conductivity | Wm? | 0.097 | 0.148 | 0.300% | 0.130%
coefficients A K?
Physicochemical properties and reaction to fire class
9 | fire growth rate index Wst 696 1426 3214 -
FIGRA
10 | total heat release in 600 s MJ 58 108 239 -
THRs00s
11 | reaction to fire class - D-s1, E D-s2, -
do do”
Mechanical properties
12 | bending strength fm MPa 2.07 2.15 39.909 —
13 | lower 5% characteristic MPa 1.64 1.79 24.009 -
value of bending strength
fm,k
14 | compressive strength fc MPa 1.27 144 | 42101
15 | lower 5% characteristic MPa 1.05 1.20 21.009 | 2509
value of compressive
strength fex
16 | tensile strength ft MPa 0.427 0.892 16.000 -
11)
17 | lower 5% characteristic MPa 0.290 | 0.648 | 14.0009 | 0.4009
value of tensile strength fix
18 | shear strength fy MPa 0.22 1.73 5.819 -
19 | lower 5% characteristic MPa 0.17 1.25 4.009 -
value of shear strength fux
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Table 3.2. End

1 2 3 4 5 6 7

20 | local modulus of elasticity MPa 179 140 125008 | 3709
in bending Em,

21 | lower 5% characteristic MPa 153 118 7400 9 -

value of local modulus of
elasticity in bending Em,ik

22 | compression modulus of MPa 155 124 11800 ® -
elasticity Ec
23 | lower 5% characteristic MPa 125 116 7400 9

value of compression
modulus of elasticity Ecx

24 | tensile modulus of elasticity | MPa 161 125 11600 ® -
Et
25 | lower 5% characteristic MPa 134 106 7400 9 -

value of tensile modulus of
elasticity Etk

26 | shear modulus of elasticity MPa 6 95 6909 -
G

27 | lower 5% characteristic MPa 4 72 - -
value of shear modulus of
elasticity Gk

28 | shear strength of glue joint MPa 0.649 - 4.0007 -
fsl

29 screw SPEC 17 withdrawal N 4311 2811 - 9044

resistance when screwed to
a depth of 70 mm Fs 90

30 internal bond strength of MPa <0.427 | 0.311- - -
covered cellular wood 1.000
material ftapi
'DIN 68100; 2Wagenflhr, 1996; 3LVS EN ISO 10456; “Buksans, 2010; SNiemz, 1993; 6LVS
EN 338 for C24 strength class sawntimber; ‘LVS EN 14080; ®Bacher un Krzosek, 2013;
Epmonaesa u.c., 1977; *®Mansirusa un Xaspatosa, 1980.

Chapter conclusions

1. The moisture content of KSM directly depends on the relative humidity of the
air. The moisture content of pine KSM at the same microclimate parameters
corresponds to the equilibrium moisture content of solid pine timber, therefore
the timber equilibrium moisture content diagram can also be used to predict the
moisture content of KSM depending on the relative humidity of the air and
temperature.

2. The density of KSM depends on the relative humidity of the air and the moisture
content of the material. The average density of pine KSM is determined to be 308
kg m3, which is 38% lower than the density of solid pine timber reported in the
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literature. The difference between the density of KSM and the density of wood-
based panel materials is even greater.

. Changes in humidity significantly affect the geometric dimensions and volume
of KSM. KSM in parallel direction is characterized by a shrinkage coefficient of
0.248 % %'!; it is comparable to the average value of the shrinkage coefficient of
the radial and tangential directions of pine timber, 0.22 % %™. In perpendicular
direction of the material, the shrinkage coefficient is 0.0214% %, it is 6 to 8
times smaller than for pine timber in tangential direction. Volume changes are
characterized by a volumetric shrinkage coefficient of 0.275 % %™. They are 1.6
times or 36% smaller than for pine timber. Shrinkage coefficients in all three
material directions are significantly lower compared to the shrinkage coefficients
of most wood-based panel materials.

. The direction of KSM has a significant impact on the water vapor permeability
properties. The unobstructed air flow through KSM in perpendicular direction
ensures a low water vapor diffusion resistance coefficient of 6.53, while the
closed structure in the direction parallel to the material ensures 2.4 times higher
water vapor diffusion resistance coefficient of 15.5. The determined water vapor
diffusion resistance of the KSM is lower compared to the water vapor diffusion
resistance parameters of wood-based panel materials and solid wood widely used
in construction.

. The thermal conductivity coefficient of KSM in parallel direction is 0.0977 W m
1K, while in the perpendicular direction of the material it is higher by 0.148 W
m* K. The thermal conductivity coefficient of KSM in parallel direction is 25%
lower than that of timber in a cross direction of the grain, while in perpendicular
direction it is 14% higher than that of wood in a cross direction of the grain. The
thermal conductivity of KSM in parallel direction of the material is lower than
that of most wood-based panel materials used in construction, the density of
which exceeds 500 kg m™.

. The fire growth rate index value of the perpendicular direction of KSM (1426 W
s1) is 105% higher than that of the parallel direction of the material (696 W s),
and the total heat release in 600 s is (108 MJ) 86% higher than that of the parallel
direction of the material (58 MJ). The reaction to fire class D has been determined
in parallel direction of KSM with similar reaction to fire parameters as for
thermally thin wood panel materials. The reaction to fire class E has been
predicted in perpendicular direction of the material, and the determined reaction
to fire parameters significantly exceed the reaction to fire parameters of solid
timber and wood-based panel materials.

. The mechanical properties of KSM depend on the direction of the material. The
determined strength values range from 0.217 MPa to 2.15 MPa. The average
elastic modulus values are from 5.87 MPa to 179 MPa. Due to the reduction in
the amount of material and the structural changes, the mechanical properties of
KSM are significantly lower than those of solid pine timber.
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10.

11.

12.

When loading KSM in parallel direction, increasing the size of the samples
significantly increases such mechanical parameters as bending strength and local
bending modulus. Increasing the height significantly reduces the compressive
strength, while changing the size does not have a significant effect and the shear
strength and modulus of elasticity of the material remain the same.

KSM glue plane joint is characterized by an average shear strength of 0.649 MPa
—itis significantly higher than the structural shear strength of KSM at the weakest
point of the material of 0.382 MPa, but it is ten times lower than the minimum
permissible shear strength of glue plane joints for glued laminated timber of 4
MPa.

Technological parameters such as screw insertion depth, screw insertion direction
and screw insertion location in KSM have a significant impact on the screw
withdrawal resistance. Increasing the screw diameter and using the predrilling
method for screw insertion significantly increases the screw withdrawal
resistance.

When creating products in which KSM is covered in perpendicular direction with
wood-based panel materials, average tensile strength parameters perpendicular to
the plane of the boards from 0.311 MPa to 1.00 MPa were obtained. For material
covered in perpendicular direction, the tensile strength is lower than or equal to
the KSM structural tensile strength of 0.431 MPa.

The properties determined and summarized in the doctoral thesis provide an
opportunity to perform engineering calculations and computer simulations for
various products and structures designed from KSM. The determined properties
can be compared with the properties of other materials widely used in
construction.
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4. PROPERTIES OF IMPROOVED PANEL PROTOTYPES

4.1. Thermal conductivity

As a result of the study, the values of the thermal conductivity coefficients of wall
panels of various structural solutions have been calculated. For wall panels of types
1 and 2, the production of which uses 28 mm thick lamellas, significantly higher
thermal conductivity coefficient values (U =0.98 W m2 K and 0.63 W m?2K) than
the U limit values for wall structures specified in the building code LBN 002-01
have been calculated. Thus, the use of the aforementioned panels without additional
insulation in the construction of private houses and public buildings is not
permissible.

For the prototype of panel 3, it has been theoretically calculated that the thickness
of the inner layer of the panel, 280 mm, provides a U value of 0.30 W m?2 K1, which
meets the requirements of the building code LBN 002- 01, so that the panel can be
used as an enclosing external wall structure. However, the production of such wall
panel is not profitable from several aspects: economic - material consumption and
logistics; structural - which is associated with greater panel shear deformations,
shrinkage and swelling. For this reason, the use of such thick KSM panels without
additional thermal insulation material in the construction of private houses and public
buildings is not recommended. In order for the thinnest 92 mm panel of type 1 to
meet the requirements of the building code regarding the U coefficient limit value of
0.25 W m?2 K, the specific wall panel must be supplemented with 112 mm thick
thermal insulation material. In turn, the thickest 148 mm panel of type 2 is able to
meet the requirements of the building code if it is additionally covered with 92 mm
thick thermal insulation material. Based on the calculations performed, it becomes
clear that covering KSM panel with thermal insulation material ensures the values
of the thermal conductivity coefficients required for the external wall structure
specified in the building code.

The effect of the thickness of the thermal insulation material on the thermal
conductivity coefficients of the prototypes of the KSM wall panels is described by a
close, calculated mathematical model with a fifth-degree polynomial correlation 4.1.
(for the prototype of the 1% panel) and 4.2. (for the prototype of the 2" panel), see
Fig. 4.1:

U=—4-10"75+3-10° 5" 1053 +0.0002-s* — 0.0189-b+0.975,  (4.1.)
U= —10"2+1075* — 51075 +9-107 s — 0.0092-s+0.627,  (4.2.)

where U — thermal transmittance coefficient, W m?2 K%
s — thickness of thermal insulation material, mm.
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Thermal transmittance
coefficient U, W m2 K1

0 100 200 300 400
Thermal insulation material thickness, mm
Fig. 4.1. Effect of thermal insulation material thickness on the thermal
transmittance coefficient of KSMO wall panel prototypes:
1 —prototype of panel made of 56 mm thick KSMO0 and 18 mm solid wood in the outer layers;
2 — prototype of panel made of 112 mm thick KSMO and 18 mm solid wood in the outer layers;

3 — limit value of U for wall structures specified in the building code 0.25 W m2 K1 (LBN
002-01).

The optimal solution for the construction of the external wall for Northern Europe
is a three-layer KSM panel with the parallel direction of KSM in combination with
thermal insulation material. For the full development of the wall construction, the 1%
and 2" wall panel prototypes must be supplemented with materials that improve the
panel’s resistance to fire, reduce the penetration of steam into the structure, as well
as protect the structure from the effects of the climate in the form of sun, rain and
wind, in order to meet all the requirements, set out in the building code.

A theoretical calculation of the thermal conductivity coefficient has also been
performed for a 100 mm thick KSM wall prototype, consisting of 64 mm thick KSM
and covered on both sides with 18 mm thick pine solid wood. The calculated thermal
conductivity coefficient value U of such theoretical construction is 0.91 W m™2 K1,
which is 4% or 0.04 W m2 K'* lower than the thermal conductivity coefficient value
of 0.95 W m? K for 100 mm thick three-layer KSM panels. Using the thermal
conductivity coefficients of 0.14 and 0.025 W m K- for oriented strand board and
polyurethane foam material specified in the LVS EN 1SO 10456 standard, the value
U of a 100 mm thick SIP panel has been calculated to be 0.29 W m2 K1, This panel
is made of 78 mm thick polyurethane foam, which is glued on both sides with 11 mm
thick oriented strand boards. The theoretical calculated value of the thermal
conductivity coefficient of the SIP panel is 0.62 W m2 K or 68% lower than that of
the 100 mm thick uninsulated KSM wall panel prototype.

Using the correlations obtained in the study, it is possible to calculate the thermal
conductivity coefficients of the prototypes of the KSM walls depending on the
thickness of the mineral wool used. Based on the calculation methodology used in
the study and the obtained thermo-dynamic properties of KSM, it is possible to
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perform computer simulations to predict the thermo-dynamic properties of the walls
and ceilings made of KSM.

4.2. Sound insulation

As a result of tests and calculations, the insulation index Ry for door panel
prototypes with a thickness of 25 mm and 60 mm was determined to be 26 dB and
31 dB, respectively, while for wall panel prototypes — 33 dB (panel 92), 35 dB (panel
108) and 37 dB (panel 148).

The experimentally determined Ry, value of 26 dB for prototype door panel 25
does not satisfy any of the limited limit values of the building code LBN 016-11
Building Acoustics, if the panel is used as a door leaf structure. The door leaf
structure, depending on the building, room type and class, must ensure a Ry value
within the range of 27 to 42 dB (LBN 016-11). This is limited by the resonance
incidence within the range of 1250 to 1600 Hz.

The door panel prototype 60 has a sound Ry, value of 31 dB, which is suitable for
use in individual C class rooms with certain minimum requirements for sound
insulation and for the separation of D class rooms or rooms in buildings in operation.
The Ry improvement compared to panel 25 is provided by the increased area mass
(+3 dB at low frequencies) and the reduction of resonance incidence in the 1250 to
1600 Hz range.

Potential uses for panel 60 according to LBN 016-11 include: doors between
work areas and corridors, stairwells, halls, lobbies in office buildings; doors between
an intensive care unit and a corridor in medical institutions; doors between
classrooms, similar rooms and corridors in educational institutions; doors between
group rooms or bedrooms and a corridor in preschool institutions.

Similar to the case of KSM panels, none of the wall panel prototypes without
addition of sound-insulating materials provide the LBN 016-11 limit values when
the panel is used as a wall structure. This is limited by significantly lower sound
insulation index values. Increasing the thickness of the KSM wall panel from 56 mm
(KSM in 2 layers) to 112 mm (KSM in 4 layers), with the same thickness of the outer
layers of material of 18 mm, increases the sound insulation index by 4 dB — from 33
to 37 dB.

Sound insulation requirements for internal building enclosing structures in
residential buildings range from 45 to 79 dB (LBN 016-11), depending on the
building, room type and class.

Since the sound insulation requirements of building enclosing structures are
higher than the obtained measurement results of wall panel prototypes, the sample
material can be used as components (layers) of separating structures, performing
sound insulation calculations of the complete structure, for the creation of which the
parameters specified in this chapter can be used.
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The prototypes of the KSM building panels with a thickness of 92 mm and 108
mm provide similar sound insulation index values as a 100 mm thick three-layer
KSM panel®. The Ry of the KSM panel is 34 dB, while the prototypes of the KSM
wall panels — 33 and 35 dB, respectively. Similar solutions can be used to improve
the sound insulation of the prototypes of the KSM wall panels as for improving the
acoustic properties of the KSM panels.

To further improve the sound insulation properties of multilayer cellular wood
material wall panels, it is recommended to conduct experimental studies with
damping interlayers for gluing KSM layers to each other and prototypes
supplemented with special sound insulation materials.

The airborne sound insulation index values Ry of KSM door and wall prototypes
obtained in the study can be used in modelling the sound insulation properties of
external and internal enclosing structures of building structures creating enclosing
structures that comply with regulations.

4.3. Reaction to fire

The study assessed the possibilities of improving the reaction to fire parameters
of KSM with the structural or gluing method. KSM is covered with high-density
fibreboard or solid pine wood, which results in a reduced surface area exposed to the
flame and limited access of additional oxygen to the combustion zone.

The FIGRA fire growth rate index obtained during the test for the 25 mm thick
prototype 90H25 is 396 W s, and the total heat release in 600 s THRs00s is 28.7 MJ.
The obtained FIGRA value is 47% lower than the fire growth rate index limit value
of 750 W s for reaction to fire class D. According to the obtained FIGRA value, the
25 mm thick KSM panel meets the reaction to fire class D criterion. The SMOGRA
value of the smoke growth rate of the mentioned panel is 2.4 cm? s2, while the total
smoke release TSPeoos is 35.1 m?. The obtained values do not reach the smoke
generation index s1 limit values — SMOGRA 30 m? s2 and TSPgoos 50 m2.

The average test parameters of the 90H60 samples of the 60 mm thick three-layer
prototypes in the perpendicular direction of KSM on the SBI device are as follows:
FIGRA 403 W s? (SD 30.9; VAR 8%); THReoes 35.9 MJ (SD 5.32; VAR 15 %);
SMOGRA 5.0 m? 52 (SD 6.4; VAR 128%) and TSPsqos 32.6 m? (SD 5.9; VAR 18%)).
The 92 mm thick panel prototype 0P92, covered with pine timber, achieves a FIGRA
value of 378 W s* and is characterized by a THRgoos Value of 12.9 cm? s2, The test
results have determined a SMOGRA value of 2.0 cm? s and a TSPeqos of 44.6 m?.

Considering the obtained values in the single burning item tests, the prototypes
of the three-layer KSM building panels are predicted to have the reaction to fire class
D with a smoke generation index s1 and a flaming droplet and particle index dO.
Despite the fact that a significant decrease in reaction to fire parameters was found
in the case of all three prototypes, only the panels with KSM in perpendicular

90



direction have a reaction to fire class one class higher compared to uncovered KSM
with increase from class E to class D.

A comparison of the FIGRA fire growth rate indices of three-layer KSM panel
prototypes and uncovered KSM can be seen in Figure 4.2.

Analysing Figure 4.2, it can be seen that covering KSM with a high-density
fibreboard and pine solid wood significantly reduces the fire growth rate index of the
material. In the cases of 90H60 and 90H25 panel prototypes (covered with 4 mm
thick HDF board), the fire development rate index has decreased by 3.5 to 3.6 times,
while the fire growth rate index of the panel prototype 0P92 (covered with 18 mm
thick pine solid wood) is decreased by 1.8 times. Based on these facts, it can be
concluded that covering KSM with solid wood and panel material significantly
reduces the fire growth rate index of the material in both directions of the material.

In the outer layers of the prototypes, using thermally thin materials (thickness <
10 mm) with high density, it is possible to achieve similar reaction to fire parameters
as using thermally thick materials with lower material density. For panel prototypes
90H25 and 90H60, compared to the uncovered KSM in perpendicular direction, a
decrease in THReoos parameters by 3 to 3.6 times was also observed, while in the case
of the prototype 0P92, compared to the KSM THRgoos Value in parallel direction, a
decrease of as much as 4.5 times was observed. The corresponding KSM THR600s
values in parallel direction are 58 MJ m, while in perpendicular direction — 108 MJ
m,

Comparison of the fire growth rate indices of three-layer KSM panel prototypes
with the parameters of solid wood and panel materials reported in the literature is
presented in Figure 4.3.
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Fig. 4.2. Impact of structural improvement of KSM
on the fire growth rate index:
see page 6 and 21 for explanation of abbreviations. Number after abbreviation — panel
thickness in mm.

The fire growth rate index of all three-layer KSM prototypes is comparable with
the fire growth rate index values of thermally thick spruce timber and OSB boards.
When comparing the FIGRA value of the panel prototypes and thermally thin
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plywood, as well as oriented strand board, it is 1.9 to 2.6 times lower for KSM
prototypes. For KSM thicknesses of 17 and 52 mm in prototypes 90H25 and 90H60,
there is no effect on FIGRA, since the fire growth rate index of prototypes 90H25
and 90H60 differs by only 2%.

The thinner prototype 90H25 has been found to have similar heat release in 600
s as thermally thick oriented strand board and medium density fibreboard. The
thicker prototype 90H60 with the perpendicular direction of KSM has shown a 14 to
17% higher THRegoos value than thermally thick OSB and MDF boards. The
mentioned difference can be explained by the significantly higher amount of KSM
in the thicker prototype exposed to fire after the covering fibreboard has burned
through. The heat release of prototypes 90H25 and 90H60 in 600 s is 21 to 50%
higher compared to the thermally thick spruce and pine timber THReogs.

For prototype 0P92 with KSM in parallel direction and pine timber in the outer
layer, a significantly lower THRgo0s value of 12.9 MJ than for solid pine timber, panel
materials and other panel prototypes was established. This circumstance can be
explained by a greater thickness of the panel prototype and the associated higher heat
capacity of the material.
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Fig. 4.3. Comparison of fire growth rate index of three-layer KSM prototypes
and various wood materials:

see page 6 and 20 for explanation of abbreviations. Number after abbreviation — panel
thickness in mm.

The prototypes of KSM panels analysed in the study can be used as a basis for
the manufacture of building structures. In order for building structures made from
KSM to achieve a higher reaction-to-fire class than D, the panel prototypes must be
supplemented with a layer of a difficult-to-burn or non-combustible material, for
example, gypsum board with a reaction to fire class A2. This method is widely used
to reduce the reaction to fire parameters of CLT and SIP panel building structures.
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4.4. Mechanical properties

The average density of the developed covering panel prototypes is 15 to 24%
higher than the density of KSM. The average density values range from 363 kg m-
(prototype D) to 404 kg m3 (prototype A). The obtained average bending strength
values are summarized in Figure 4.4.

Prototype B provides the highest average bending strength of 35.2 MPa, while
the analogous prototype F without solid timber ribs provides an average strength of
32.2 MPa. Comparing the average values of both prototypes statistically, it was
found that solid timber ribs do not significantly increase (p > 0.05) the bending
strength values. In turn, if 12 mm birch plywood is used in the outer layers
(prototypes A and E), solid timber ribs significantly increase the bending strength (p
<0.05).

Higher bending strength values were obtained for panels covered with 20 mm
thick pine solid timber (prototypes B and F) compared to panels with outer layers
covered with 12 mm thick birch plywood (prototypes A and E).
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Fig. 4.4. Influence of panel design on panel bending strength:
description of the panel prototypes, see page 21.

Panel prototypes C and D with parallel cellular material position demonstrated
approximately three times lower average bending strength values compared to panel
prototypes E and F, where the cellular material is positioned in a perpendicular
direction. All structural panel prototypes showed 3 to 7 times higher bending strength
values compared to the bending strength of KSM. Prototypes A, B, E and F reached
the bending strength values comparable to those of strength-graded solid wood.

The study also obtained and analysed the average local bending modulus values
for the ceiling panel prototypes.

The highest values of modulus of elasticity were obtained for panels with solid
wood in the outer layer and KSM positioned in a perpendicular direction (prototypes
B 11500 MPa and F 10900 MPa). The solid wood ribs in prototype B did not improve
the local bending modulus of the panels compared to panel F without ribs. The
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structural solutions for panels B and F achieved the elasticity values comparable to
those of strength-graded solid wood.

For panels A and E with outer layers of 12 mm plywood, solid wood ribs glued
therein (prototype A) significantly increased the bending modulus of elasticity of the
panels (p < 0.05) compared to the panel without ribs (prototype E).

Panels with outer layers made of 20 mm solid wood (prototypes B, D and F)
demonstrate higher average values of modulus of elasticity compared to panels made
of 12 mm birch plywood outer layers (prototypes A, C and E).

Panel prototypes C and D with parallel cellular material direction showed
significantly lower (p < 0.05) average values of bending modulus of elasticity
compared to panel prototypes with perpendicular cellular material direction
(prototypes E and F).

All structural panel prototypes demonstrated 29 to 82 times higher local modulus
compared to the bending modulus of KSM. Prototypes B and F reached elasticity
values comparable to those of strength-graded solid wood.

According to the research conducted by Flaig and Blaf (2014), bending strength
of 9-layer CLT panels is 36.5 MPa, while the local modulus of elasticity is 10260
MPa. The CLT panel values are comparable to the average bending strength values
of KSM panel prototypes B and F (35.2 and 32.2 MPa). The values obtained for the
other four prototypes are significantly lower (p < 0.05). The local modulus of
elasticity for panel prototypes B and F exceeds the average modulus of elasticity of
the CLT panel by as much as 6 to 11%.

The compressive strength of the panel prototypes perpendicular to the panel plane
ranges from 1.35 to 4.48 MPa, see Fig. 4.5. In turn, parallel to the panel plane, it
ranges from 6.83 to 17.5 MPa.
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Fig. 4.5. Influence of panel design on panel compressive strength loaded in
perpendicular direction:
description of the panel prototypes, see page 21.

The structural improvement of KSM by laminating the material in a
perpendicular direction significantly (p < 0.05) increases the compressive strength of
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the panel prototypes in all four cases, however, laminating in a parallel direction does
not affect the compressive strength of the panels (p > 0.05) when the prototype is
tested perpendicular to the panel plane.

The highest compressive strength value perpendicular to the panel plane of 4.48
MPa was determined for panel prototype E, this prototype used KSM with a
perpendicular direction and birch plywood embedded in the outer layers.

When comparing the average compressive strength values of prototype E
(without ribs) with the analogous panel A (with ribs), they do not differ significantly
(p > 0.05) in the case when KSM is glued in the perpendicular direction in the
prototype and it is covered with plywood. Also, for prototypes B and F with KSM
perpendicular direction and outer layers of solid pine wood, no significant effect of
ribs was observed (p > 0.05).

In panels with perpendicularly placed KSM, significantly higher compressive
strength values in perpendicular direction were achieved by using 12 mm thick PW
in the outer layers (prototypes A and E). In the case of solid pine wood (prototypes
B and F), the values are significantly lower (p < 0.05). KSM embedded in parallel
direction in the panels (prototypes C and D) demonstrates approximately 3 to 4 times
lower compressive strength values compared to the panels in which KSM is
embedded in perpendicular direction (prototypes E and F). Comparing the obtained
average compressive strength values for panels and KSM, we can conclude that
panels made of cellular wood material with perpendicular orientation (prototypes A,
B, E and F) provide approximately 1.6 to 2.2 times higher compressive strength
values when loaded in perpendicular direction than simple KSM loaded in
perpendicular direction (2.05 MPa). In turn, KSM glued in parallel direction to the
panels (prototypes C and D) does not significantly increase the compressive strength
values of the panels compared to the compressive strength values of KSM (1.39
MPa).

Similarly, the influence of the structural solution of the panel prototypes on the
values of compressive strength parallel to the panel plane was analysed in a similar
manner. In the case of all six panel prototypes, the values improve from 4 to as much
as 10 times compared to the values of KSM.

The average compressive strength values of panel prototypes A, B, E and F, when
the panels are tested in perpendicular direction, range from 3.28 to 4.48 MPa, which
is comparable with the average compressive strength values of KSM panels
perpendicular to the plane of the panels, range from 2.80 to 3.43 MPa.

The mechanical properties of KSM can be significantly improved by covering
the cellular wood material with outer layer material, choosing the appropriate
location of the cellular wood material in the panel, or gluing solid wood ribs into the
panels, having previously evaluated the loads applied to the panel and their
directions.

For the design and modelling of load-bearing panels (ceiling panels), it is
recommended to use the structural solution of the F panel prototype (panel with solid
timber outer layers, KSM with a perpendicular direction and without solid timber
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ribs), while for the manufacture of self-supporting partitions and external walls, it is
recommended to use the structural solution of the D panel prototype.

4.5. Panel prototypes — conclusions

1. Structural improvement of KSM or covering with higher density wood materials
significantly increases the density of the developed panels.

2. Building external wall structures only from KSM and solid timber or panel
materials is not justified from an aspect of thermal engineering. The resulting
thermal conductivity coefficient value is comparable to the thermal conductivity
coefficient values of cross-laminated timber (CLT) panels. In turn, it is higher
than that of structurally insulated panels (SIP).

3. KSM wall panels provide similar thermal conductivity coefficients as cross-
laminated structural timber panels. To achieve the regulatory values of thermal
conductivity coefficients, KSM wall panels must be supplemented with thermal
insulation material.

4. The developed door panel with a thickness of 60 mm and a sound insulation index
of 31 dB can be used for the separation of a separate room in operation and a
room with minimal sound insulation requirements.

5. The values of the sound insulation indices of the wall panel prototypes are
comparatively much lower than those required for enclosing wall structures.
However, they are comparable to the values of cross-laminated timber panels
(CLT), thus analogous solutions can be used to improve them — as for improving
the acoustic properties of CLT panels. The developed wall panel prototypes can
be used as components (layers) of wall structures, the values established in the
study can be used to create a sound insulation calculation model for the complete
structure.

6. The covering or structural improvement of KSM with solid wood or wood-based
panel materials significantly improves the reaction to fire parameters of the
material. The burning capacity of KSM prototypes decreases by 3 to 4.5 times,
and the fire growth rate index decreases by 1.8 to 3.6 times, allowing the
developed door and wall panel prototypes to be classified in the reaction to fire
class D. The reaction to fire parameters of KSM three-layer panel prototypes are
comparable to the reaction to fire reaction parameters of thermally thick wood
and wood-based panel materials.

7. Covering KSM with birch plywood or pine solid timber significantly improves
the material's bending strength values, with an increase in values ranging from 3
to 16 times. The increase in moduli of elasticity is even more significant — ranging
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from 20 to as much 82 times. The bending and compression values of individual
panel prototypes reach the mechanical properties of strength-graded timber and
cross-laminated timber panels.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1.
2.

Like other wood materials, KSM is an anisotropic and hygroscopic material.
The following advantages of KSM compared to other wood materials widely used
in construction have been identified: lower density, smaller changes in linear
dimensions and volume, lower water vapor diffusion coefficient and lower
thermal conductivity coefficient in the direction parallel to the material. The
increased reaction to fire values of the material and lower mechanical properties
compared to solid timber and wood-based panel materials can be considered
significant disadvantages of the material.

The research resulted in 23 correlations for calculating various KSM parameters.
The physical, mechanical and physicochemical properties of KSM are
insufficient for the material to be used in construction. For this reason, the
possibilities of structural improvement of KSM have been studied. As a result,
structural solutions of prototypes of 2 door leaves, 6 wall panels and 6 ceiling
panels have been developed and tested, and their indicative properties have been
evaluated and compared.

Structural improvement of KSM by means of other materials improves the
physical, physic-chemical and mechanical properties of KSM, allowing KSM to
be used in construction as part of enclosing door, wall and ceiling panel
constructions.

The established and summarized properties values provide the opportunity to
perform engineering calculations and computer modelling for various products
and structures designed from KSM.

The two hypotheses put forward in the doctoral thesis: the properties of cellular
wood material differ from the properties of solid wood and wood-based panel
materials and the structural improvement of cellular wood material by means of
the gluing technique significantly improves the physical, physic-chemical and
mechanical properties of the material have been confirmed.

Recommendations

1.

In order to obtain parameters of KSM and its products comparable to other
materials and building code requirements, it is recommended to use standardized
testing methods.
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. The general equilibrium moisture diagram of wood can be used to predict the
moisture content of KSM depending on the relative humidity and temperature.

. For practical calculations of forecasting changes in the dimensions of KSM,
depending on the level of relative humidity of the air, it is recommended to use
the average value of the KSM height shrinkage and swelling coefficient of 0.251
% %!, and the average value of the length and width shrinkage and swelling
coefficients of 0.0214 % %™

. The values of KSM shrinkage and swelling in length and width, as well as the
mass of the material, are lower than those of solid pine timber and most wood-
based panel materials, therefore KSM is recommended for use in products and
articles that require high dimensional stability and reduced mass during
operation.

. Technological parameters such as screw insertion depth, screw insertion direction
and screw insertion location in KSM have a significant impact on the screw
withdrawal resistance. Increasing the screw diameter and using the drilling
method for screw embedment is recommended to increase the screw withdrawal
resistance.

. The effect of size of KSM samples must be considered in calculations and
modelling of the mechanical properties of the material, because depending on the
type of load, changes in the size of the samples can have a significant impact on
the mechanical properties of the material.

. The use of fast-growing plantation tree species eucalyptus (Eucalyptus grandis
W. Hill) and radiata pine (Pinus radiata D. Don) for the production of KSM
material and its panels can be considered as an alternative based on both higher
mechanical properties of the raw material and appropriate gluing quality.

. For covering KSM with solid timber and other wood materials, not only the
thermoplastic polyvinyl acetate adhesive used so far, but also temperature and
high humidity resistant polyurethane adhesive and emulsion polymer isocyanate
adhesive can be effectively used.

. To improve the properties of KSM, it is recommended to use the structural
improvement method, reducing the reaction to fire parameters of the structure,
increasing the mechanical indices, eliminating the risk of condensation formation
and ensuring the required heat conductivity coefficient for the external wall.
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