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DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Eiropas kokriipniecibas attistibas programma ,,Roadmap 2010 paredzets, ka Iidz 2010.
gadam koksne un kokmateriali kliis par galveno materialu biivnieciba un apdaré. Lai to
sasniegtu ir nepiecieSams atrisinat daudzus koksnes pielietojuma jautajumus, tai skaita tas
konstrukciju ugunsdrosibu. Koksnes plasaka pielietojuma sekméSana ir viens no
pamatuzdevumiem ,,Latvijas mezsaimniecibas un uz koksnes resursiem balstitas ripniecibas
tehnologiskas platformas vizija 2030”.

Latvija koksni izmanto galvenokart nelielu dzivojamo €ku buivnieciba. Lielakas &kas,
pieméram, skolas, sporta hallés u.c., to izmanto galvenokart jumta konstrukecijas. Koksne péc
vidusme@ra paterétaju domam ir neizturiga, piemerota vienigi pagaidu risinajumiem. Daudzi
arhitekti uzskata, ka ta nav piemérots buvmaterials. Loti biezi tiek apSaubita koksnes
ugunsdrosiba. Kopuma profesionali koksni verté ka mazvertigaku salidzinajuma ar citiem
konstrukciju materialiem — t€raudu vai betonu.

Loti butiski ir savlaicigi risinat arT tehniskus un tehnologiskus jautajumus, jo, lai koksni
un kokmaterialus varétu izmantot plasak, ir japamato to atbilstiba jaunajam pielietojumam,
vai arT jarada jauni produkti, kas izstradati tiesi jaunajai pielietojuma sferai.

Koksne ir degoss materials, tas degSanas procesu ietekmé daudzi faktori, kuru ietekmes
butiskums nav izpétits. Lai noverstu potencialas barjeras koksnes produktu pielietoSanai
biivnieciba, kas var€tu rasties informacijas triikuma d&l, nepiecieSams veikt petijumus par
koksnes materialu ugunsreakciju un ugunsdroSibu ietekm&josajiem faktoriem, ka arT par
ugunsdrosibas uzlaboSanas iesp&am un praktiskiem panémieniem.

Latvija ar 2008. gada 1. martu stajas speka jaunie buivju ugunsdrosibas normativi LBN
201-2007, kuri paredz biivizstradajumu pielietoSanu izmantojot biivizstradajumu klasifikaciju
gan ugunsizturiba, gan ugunsreakcija. Tade] klust aktuala probléma par biivniecibas produktu
pielietoSanu saskana ar jauno normativu, taja skaita tadu koksnes produktu, kuru
ugunsreakcijas un ugunsizturibas parametri nav zinami.

Veicot situacijas prieksizp€ti, noskaidrots, ka koksnes pielietoSanai biivnieciba ir daudz
ierobezojumu, un viens no galvenajiem iemesliem ir koka konstrukciju ugunsdrosiba.
Koksnes materialu ugunsreakcijas petijumi saskana ar Eiropas klasifikacijas sisttmu Latvija
ieprieks nav veikti un Eiropa Sie jautajumi ir petiti salidzino$i maz.

Pétijuma merkis
Darba meérkis ir noskaidrot koksnes materialu un konstrukciju elementu ugunsdrosibu
ietekm&josos faktorus un to darbibas pamatprincipus, izp&tit koksnes materialu ugunsdrosibas
paaugstinaSanas iesp€jas un izstradat koksnes materialu ugunsreakcijas prognozeéSanas
metodes, balstoties uz ugunsdrosibu ietekméjoso faktoru izp&tes rezultatiem.

Darba uzdevumi

e apkopot un izanaliz€t informaciju par koksnes un koksnes kompozitu materialu
ugunsreakciju un ugunsdrosibu, ietekmé&josajiem faktoriem un antipirénu izmantoSanu
koksnes apstradg;

e veikt petijumu par koksnes uzsilSanas dinamiku dazados siltuma starojumos;

e veikt pétijumus par koksnes un koksnes kompozitmaterialu ugunsreakciju
ietekm&josajiem faktoriem;

e veikt pétijumus par koksnes un koksnes kompozitmaterialu ugunsreakcijas un
ugunsdrosibas uzlaboSanas iesp&jam,;

e izstradat koksnes materialu ugunsreakcijas prognozesanas metodes.



Pétijjumu metodes
P&tfjumi veikti ar miisdienigam iekartam, tadam ka vienota dedzinasanas iekarta (SBI),
gridas materialu ugunsreakcijas noteikSanas iekarta (FRP), mazas liesmas tests un koniskais
kalorimetrs, kas FEiropas standartizacijas sisttma tiek izmantotas bivizstradajumu
ugunsreakcijas klasifikacijai, 1idz ar to iegiitie dati ir viegli salidzinami ar citiem pé€tijjumiem.
Koniska kalorimetra metode ir viena no visplasak pielietotajam ugunsdrosibas p€tniecibas
metodém pasaulé. Petijuma veikti arT paral€li testi ar dazadam ugunsreakcijas metodém, lai
izvertetu iespejamo datu korelaciju starp dazadam metodem, ka ar1 gitu vairak informacijas
par materiala degSanas 1paSibam dazados apstaklos.
Zinatniska novitate
e izstradatas koksnes un koksnes kompozitu materialu ugunsreakcijas prognozeéSanas
metodes;
e noteikti koksnes un koksnes kompozitu materialu ugunsreakciju ietekméjosie faktori
un to ietekme uz materialu ugunsreakcijas klast;
e izpétita dazadu koksnes un koksnes konstrukciju ugunsdro§ibas paaugstinasanas
metozu efektivitate un izstradati priekslikumi koksnes un koksnes kompozitu
materialu ugunsreakcijas un ugunsizturibas uzlaboSanai;

e apkopota informacija par koksnes degSanas procesiem un degSanas procesu
model&sanu.

Iegiitie rezultati un praktiska nozime

Izmantojot pétijuma rezultata iegiitos datu var spriest par dazadu koksnes materialu
ugunsdrosibu un ugunsreakciju, projektgjot biivés koksnes materialus. Petijjuma atspoguloti
visi biitiskakie faktori, kas ietekme koksnes materialu ugunsreakciju.

Izstradata aprékinu metodika &rti izmantojama, ugunsreakcijas prognozeSanai
dazadiem koksnes un koksnes kompozitu materialiem, izvert€jot potencialo atbilstibu
noteiktam ugunsreakcijas klas€m, neizmantojot destruktivo test€Sanu.

Praksé pétjjuma rezultati izmantojami ugunsdroSibas nodroSinaSanai projekt€jot
buves, kuras izmantoti koksnes materiali. Kopuma rezultati veicinas koksnes materialu
pielietojumu biivnieciba.

Darba struktiira

Darbs strukturéts septinas nodalas:

1. nodala. Situacijas analize par koksnes degSanas procesu, to ietekmé&josajiem
faktoriem, ugunsreakcijas petijumu metodém un antipiréniem;
nodala. P&tijuma vispargja metodika;
nodala. P&tijums par koksnes uzsilSanas dinamiku dazados siltuma starojumos;
nodala. P&tijums par koksnes ugunsreakciju ietekméjosajiem faktoriem,;
nodala. P&tijums par koksnes kompozitu materialu ugunsreakciju;
nodala. Pe&tijums par koksnes ugunsdrosibas uzlaboSanas iesp&jam un dazadu
antipirénu efektivitati;
7. nodala. Koksnes materialu ugunsreakcijas prognozeéSanas metozu izstrade.

AN

Kopuma darbs noforméts uz 127 lpp., tas satur 102 att€lus un 26 tabulas.
Darba izmantots 133 literattiras avots.



1 LITERATURAS APSKATS

Pirmaja nodala veikts literatiiras apskats un analize. Nodala iedalita piecas
apaksnodalas. Galvenas témas, kas analizetas literattiras apskata ir:

e koka konstrukciju ugunsdrosibas un normativas vides apskats, Eiropas uguns
klasifikacijas sist€éma biivizstradajumiem un testu metodes;

e koksnes degSanas process un ta matematiska modelésana;

e koksnes aizdegSanas un parogloSanas;

e koksnes ugunsreakciju ietekméjosie faktori, izméri, kimiska uzbiive, mitruma
saturs, konstruktivais risinagjums, blivums, apdares materiali, koksnes
modifikacija

e koksnes wugunsreakcijas un ugunsizturibas uzlaboSanas iespgjas ar
antipiréniem, to iedarbibas mehanismiem, ietekmes uz koksnes fizikali-
mehaniskajam 1pasibam, diimu veidosanos, ilgizturibu un ietekmi uz vidi.

2 Peétijjumu visparéja metodika

2.1 Materialu izvele un paraugu sagatavo$ana

Promocijas darba veikti dazadi petijumi ar atSkirigiem specifiskajiem mérkiem, kuru
sasniegSanai izstradata individuala metodika, kas aprakstita katras p&tijumu sadalas sakuma.
Kopgjas iezimes materialu izvel€ un sagatavosana:

paraugu atlase veikta péc gadijuma rakstura, nepieverSot uzmanibu to izcelsmei;
paraugu atlasé izslégti zagmateriali ar izkrituSiem zariem un sasvekojumiem, kas
varétu ietekmét petijuma rezultatus;

visi paraugi kondicionéti atbilstosi standarta LVS EN 13238 metodikai 50% gaisa
relativaja mitruma un 23 °C temperatira, ja specifiskaja petijuma metodika nav
minéts savadak;

SBI testiem péc standarta LVS EN 13823 paraugi izgatavoti ar izmériem
1000 * 1500 mm un 495 * 1500 mm;

SBI testiem atseviskie zagmateriali skriivéti uz Iistém ar Sk@rsgriezuma izméru
20 * 30 mm izmantojot kokskruves 2 * 35 mm;

paraugu skaits saskana ar standartu metodiku ir 5;

testiem pec LVS EN ISO 11925-2 izgatavoti paraugi ar izm&riem 90 * 250 mm,;
testiem pec LVS ISO 5660-1 izgatavoti paraugi ar izmeriem 100 * 100 mm;
Testiem peéc LVS EN ISO 9239-1 izgatavoti paraugi ar izméru 230 * 1050 mm.

2.2 Testu metodes un aprikojums

P&tijuma izmatotais aprikojums un standartu saraksts ugunsreakcijas noteikSanai:

LVS EN ISO 9239-1 - Gridas segumu ugunsreakcijas noteikSana;
LVS EN 13823 - Vienota dedzinasanas iekarta (SBI);

LVS EN ISO 11925-2 - Atseviska liesmas avota tests;

LVS ISO 5660-1 - Koniska kalorimetra tests.

Eksperimenti veikti saskana ar standarta metodeém, atseviskos gadijumos ar atkap&m no
standartiem, petjjuma mérku sasniegSanai.



2.3 Datu apstrade un analize

Datu apstradei izmantotas statistiskas apstrades metodes:
e aprakstosa statistika un datu savstarp&ja salidzinasana;
e korelacijas un regresijas analize.

Faktoru biitiskuma novértésana

Ta ka ugunsreakcijas petijumu paraugkopas ir mazas, tad faktoru ietekmes biitiskuma
izvertéSana ar standartizétam datu statistiskas apstrades metodém, piemeram, t- tests, ir
apgriitinata un nesniedz vélamo rezultatu. Lidz ar to pétijuma izmantota tuvinata faktoru
butiskuma izvertéSanas metode.

Ugunsreakciju ietekm&joso faktoru uzskata par butisku, ja faktora vidgja vertiba ir arpus
vienas standartnovirzes robezas parametram ar kuru to salidzina.

3 KOKSNES UZSILSANAS DINAMIKA

Pirma darba uzdevuma risinaSana izanaliz&ti iepriek$ veiktie p&tijumi par koksnes
degSanas procesu, ka ar1 noskaidroti koksnes degSanas procesu ietekméjosie faktori.
Noskaidrots, ka galvenais faktors koksnes degSana ir koksnes temperatiira, 11dz ar to ir svarigi
zinat koksnes uzsilSanas dinamiku, lai var€tu prognozet uguns attistibu. Intensivs koksnes
degSanas process var notikt tikai tad, kad sasniegta pirolizes temperatiira — sakot no 200 °C.

Petijumu rezultata ir noskaidrots, ka koksnes degSanas procesa dinamiku bitiski
ietekmé siltuma starojums kadam paklauta koksne. Eksperimentalie pétijumi veikti gan
zemos siltuma starojumos (1-14 kW-m™) gridu ugunsreakcijas test€Sanas iekarta, gan augstos
siltuma starojumos (50 kW-m™) koniskaja kalorimetra.

Analizeta ne tikai temperatiras izmaina, dazados koksnes slanos, bet ar1 temperatiiras
izmainas atrums. Ta 3.1. attela uzradita temperatiiras izmainas dinamika koksné 5 mm un 15
mm dziluma to siltuma starojumam paklautas virsmas.

2 -
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3.1. att. Temperatiiras izmainas atruma dinamika egles koksné 5 un 15 mm dziluma pie
50 kW-m™ siltuma starojuma.

Fig. 3.1. The dynamic of the temperature change in spruce wood at 5 and 15 mm
depth at 50 kW-m™ heat flux.

No pétijumu rezultatiem par koksnes uzsilSanas dinamikas izpéti, var secinat:
e priedes koksnes kritiska siltuma pliisma ir 3 kW-m’z, pie kuras koksnes degSanas
process patstavigi vairs nav iespéjams;
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kokmateriala Skérsgriezuma, kas paklauts siltuma starojuma iedarbibai, pastav biitisks
temperatiiras gradients, kas ir koksnes materialu galvena prieksrociba;

zemos siltuma starojumos (Iidz 14 kW-m™) koksnes pasaizdeg$anas nenotiek,
pirolizes procesa sakuma raduSos degSanas produktu koncentracija ir par mazu, lai
notiktu paSaizdegSanas;

koksnes uzsilSanas dinamika galvenokart ir atkariga no ar€ja siltuma starojuma, kas ir
mainigs faktors un bitiski izmainas koksnes aizdegSanas bridi;

koksnes temperatiiras izmainas atrumu koksnes degSanas gadijuma var aptuveni
pienemt ka konstantu lielumu — 0.5 °C-s” koksnes virsgjos slanos (5 — 30 mm) un
0.05 °C-s™ iekigjos slanos (vairak par 40 mm), pie nosacijuma, ka siltuma starojums
ir 50 kW'm'z;

pieaugot koksnes mitruma saturam, palielinas otras degSanas fazes ilgums, kad
koksnes temperatiira ir 100 °C;

rékinot koksnes temperatiru noteikta punkta, janem véra koksnes parogloSanas
atrums, kas samazina koksnes elementa Skérsgriezumu.

KOKSNES DEGSANAS PROCESU IETEKMEJOSIE FAKTORI

Koksnes materialu ugunsdrosiba ir butiskakais jautajums, kas jarisina, pielietojot

koksnes materialus biivés. Saja nodala apskatiti galvenie koka konstrukciju ugunsdrosibu
ietekméjosie faktori un to biitiskums.

Izanaliz€jot literatiiru un pirma pétijuma uzdevuma izpildes rezultatus, izvirziti $adi

petnieciskie virzieni dazadu faktoru ietekmes uz koksnes degSanu izzinaSanai:

e koksnes mitruma satura ietekmes uz ugunsreakciju izpéte;

koku sugas ietekmes uz ugunsreakciju izpéte;

kokmaterialu izm&ru un konstrukcijas ietekmes uz ugunsreakciju izpéte;
dazadu apdares materialu ietekmes uz ugunsreakciju izpéte;

koksnes modifikacijas ietekmes uz ugunsreakciju izpéete.

4.1 Koksnes mitruma satura ietekme uz ugunsreakciju

Pétijuma veikSanai izveléti egles (Picea Abies L.) koksnes zagmateriali ar nominalo

biezumu 22 mm. Zagmaterialu sakotngjais mitruma saturs ir 18 %. Lai p&tijuma rezultati biitu
savstarp€ji salidzinami, zagmateriali kalibréti uz vienu biezumu — 20 mm.

Sagatavotas tris zagmaterialu koksnes mitruma grupas — 21 %, 13 % un 8 %, kas

attiecigi marketi ar M, V un S.

Lai novertétu koksnes mitruma ietekmi uz ugunsreakcijas parametriem, veikta

regresijas analize un noteiktas sakaribas 4.1. un 4.2. ugunsreakcijas parametru prognozeésanai
atkariba no egles koksnes mitruma. Sakaribu grafiskais att€lojums dots 4.1. un 4.2. att€los.

Koksnes mitruma saturs atstaj tieSu ietekmi uz degSanas parametriem FIGRA un THR,

bet nav vérojama biitiska koksnes mitruma satura ietekme uz dimu veido$anas parametriem
SMOGRA un TSP. Pastav cieSa korelacija starp koksnes mitruma saturu un degSanas
parametriem FIGRA un THRgos.
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4.1.att. Sakariba starp egles koksnes mitruma saturu un

ugunsgréka attistibas atruma indeksu (FIGRAO.2).
Fig. 4.1. Coherence between spruce wood moisture content and
fire growth rate (FIGRAO.2)
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4.2.att. Sakariba starp egles koksnes mitruma saturu un kop€jo
siltuma izdaliSanos 600 s laika (THRggos).
Fig. 4.2. Coherence between spruce wood moisture content and
total heat release in 600 s (THR s5).

4.2 Koku sugu ietekme uz ugunsreakciju

Dazadu koku sugu ietekmes uz koka izstradajumu ugunsreakciju, atlasiti zagmateriali
no visam galvenajam riipnieciski izmantotajam Latvija augosajam koku sugam (egle, priede,
apse, baltalksnis, bérzs, osis, 0zols). Koniskaja kalorimetra parbauditas visas koku sugas, bet
SBI testa egle, apse un baltalksnis.

Koksnes degSanas dinamikas raksturoSanai izmantota momentana degSanas jauda
dazados laika momentos — 60-taja s, 180-taja s un 300-taja s, skat. 4.3. att. Vismazako
degSanas jaudu uzrada egles koksne, savukart priedes un egles koksnei novérojama vislielaka
degSanas jaudas samazinaSanas péc maksimalas vertibas sasniegSanas. Vislielako degSanas
jaudu uzrada apses un baltalksna koksne, bet visvienmérigak noris bérza koksnes degSana.
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4.3. att. Momentana degSanas jauda (HRR) uz laukuma vienibu 60-taja,180-taja un
300-taja s dazadam koku sugam.
Fig. 4.3. Heat release rate on area unit of different wood species (spruce, pine, aspen, grey
alder, birch, ash, oak) at 60", 180" and 300" s.

Veicot petijumu SBI iekarta tris koku sugam, noskaidroti koku sugu tpatnibu ietekme
uz ugunsreakcijas raditajiem, kas apkopoti 4.4. attéla. Lidzigi ka koniska kalorimetra testu
rezultata, ar1 SBI testos egles koksne uzradija vislabakos rezultatus, lai gan apses koksnes
degSanas FIGRA pieaugums par 15% ir salidzinot ar egles koksni ir mazs, tomér THRggs
picaugums par 70% ir butisks. Tas liecina par intensivu degSanas attistibu un liesmu
izplatibu.
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4.4. att. Ugunsgréka attistibas atruma indekss (FIGRA) un kopéja siltuma izdaliSanas
600 s laika (THRgg9s) dazadam koku sugam.

Fig. 4.4. Fire growth rate (FIGRA) and total heat release in 600 s (THR 49y of different
wood species (spruce, aspen, grey alder).

4.3 Kokmaterialu izméru un konstrukcijas ietekme uz ugunsreakciju

Koksnes elementu izmé&riem var biit bitiska ietekme uz koksnes degSanu. Masivam
koka konstrukcijam ir loti laba noturiba ugunsgréka laika, savukart koksnes elementi ar mazu
Skérsgriezumu aktivi piedalas degSana un izdala lielu siltuma jaudu. P&tjjuma noveértets
koksnes materialu izméru un konstrukcijas ietekme uz ugunsreakciju un ugunsgréka attistibu.
P&tijumam izveleti egles koksnes zagmateriali ar zagétu virsmu (virsmas raupjums Rm 200 —
500 um) un egles zagmateriali ar fréz&tu virsmu (virsmas raupjums Rm < 100 um).
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Koksnes konstruktivajam risinajumam var biit izSkiroSa loma €ku ugunsdrosiba un
uguns attistiba.

Dazadu konstruktivo risinajumu ugunsreakcijas parametri apkopoti 4.5. un 4.6. att.

600 T-—"" """ """ T T T T T T TTT oo
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Materials
Material

4.5. att. Ugunsgreka attistibas atruma indekss (FIGRA) egles zagmaterialiem ar
atSkirigu orientaciju un virsmu apstradi,
egle V — egles zagmateriali ar vertikalu Skiedru orientaciju, egle H — egles zagmateriali ar horizontalu
Skiedru orientacija, egle frézéta H — egles zagmateriali ar fréz&tu virsmu horizontala orientacija, egle
listes H — egles zagmaterialu Iistes horizontala orientacija.
Fig. 4.5. Heat release rate (FIGRA) of spruce sawn timber with different grain orientation
and different surface roughness,
egle V — spruce sawn timber with vertical grain orientation, egle H — spruce sawn timber with
horizontal grain orientation, egle frézéta H — spruce sawn timber with planed surface in horizontal
orientation, egle listes H — spruce sawn timber slats in horizontal orientation.
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4.6. att. Kopgja siltuma izdaliSanas 600 s laika (THRgs) egles zagmaterialiem ar
atSkirigu orientaciju un virsmu apstradi.
Fig. 4.6. Total heat release in 600 s (THRsy95) of spruce sawn timber with different grain
orientation and different surface roughness.
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4.4 Dazadu apdares materialu ietekme uz ugunsreakciju

Lielaka dala apdares materialu pamata sastav no organiskajiem savienojumiem, kuru
sadegSanas siltums ir butiski augstaks neka koksnei. Ta ka koksnes izstradajumi netiek
ekspluatéti bez apdares, tad janoskaidro tieSi apdares parklajuma ietekmi uz koksnes
aizdegSanos un liesmu izplatibu. Paraugu sagatavoSanai izvéléts saplaksnis ar 12 mm
biezumu, lai maksimali samazinatu pamatnes ietekmi uz ugunsreakcijas parametriem.
Apdares materiali praktiski visi ir dego$i un visbiezak ar diezgan ievérojamu energétisko
vertibu, kas ievérojami augstaka neka koksnes vielai. PEtTjuma noskaidrota apdares materialu
ietekme uz materiala ugunsreakcijas parametriem. Petijumam tika izve€l€ti rupnieciski plasi
izmantoti 8 dazadi Becker Acroma apdares materiali un nitrolaka, kas izgatavota Latvija.

Apkopojot rezultatus var secinat, ka apdares parklajums ietekmé parauga aizdegSanas
laiku. Atkariba no apdares materiala veida, parauga aizdegSanas laiks var but atraks vai
veélaks neka neapstradatai koksnei. Vislabakos rezultatus Saja eksperimenta uzradija
fidensbazes krasa un laka, ka ar1 ar ellu apstradata koksne.

Ja datus salidzina, izvertgjot liesmas raditos bojajumus, tad par neapstradatu koksni
labakus rezultatus uzrada tikai idensbazes krasas un ellas apdare. Pargjie apdares materiali
uzrada lielakus liesmas izplatibas parametrus. Paraugi ar nitrolakas apdari uzradija
vissliktakos rezultatus, vertgjot pec visiem kriterijiem.

Parbaudot paraugus ar nitrolakas apdari SBI testa, konstatéts, ka ugunsreakcijas
parametru pieaugums nav butisks, ugunsreakcijas klases pazeminaSanai.

4.5 Koksnes modifikacijas ietekme uz ugunsreakciju

P&c literaturas analizes noskaidrots, ka koksnes modifikacija var atstat ietekmi uz
koksnes degSanas procesu un ugunsreakciju, tacu Sie jautajumi Eiropa ir maz pétiti.
Izanaliz€jot pétijuma aktualitati, izveleéti divi modificétas koksnes produkti — termiski
modificéta koksne un acetiléta koksne. Termiski modificéta koksnes arvien vairak izplatas
Eiropas tirgii, ieglstot aizvien plasaku pielietojumu. PE€tijuma parbaudita termiskas
modifikacijas un acitilesanas ietekme uz koksnes ugunsreakciju, izmantojot konisko
kalorimetru, SBI un gridu ugunsreakcijas testéSanas iekartas.

Visiem materidliem veikti testi koniskaja kalorimetra 50 kW-m™ siltuma starojuma, ka
rezultata noverots, ka modificétas koksnes ugunsreakcijas parametri ir par 5 — 15 % sliktaki,
neka nemodificétai koksnei.

Lai novertétu koksnes termiskas modifikacijas ietekmi uz ugunsreakcijas klasifikaciju,
veikti testi liela méroga iekarta SBI. Koniska kalorimetra testos iegtitas tendences
apstiprinajas, iezim€jot veél bitiskaku termiskas modifikacijas ietekmi uz ugunsreakcijas
parametriem. Testa laika nov@rota pastiprinata uguns attistiba termiski modific€tas apsei,
uzradot par 50 % lielaku FIGRA indeksu un par 60 % lielaku THRgo0s neka nemodificetai
apses koksnei, skat. 4.7. un 4.8. att. BaltalkSna koksnei §T ietekme ir mazaka — 30 % FIGRA
indeksam un 40 % THR¢qos.
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4.7. att. Ugunsgréka attistibas atruma indekss (FIGRA) dazadam koku sugam un

termiski modificétai koksnei,

TM apse — termiski modific€ta apse, apse — nemodific€ta apses koksne, baltalksnis — egles
nemodificéta baltalkSna koksne, TM baltalksnis — termiski modificets baltalksnis.

Fig. 4.7. Heat release rate (FIGRA) of different wood species and

thermally modified wood,

TM apse — thermally modified aspen, apse — aspen wood, baltalksnis — grey alder wood, TM
baltalksnis — thermally modified gray alder.
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4.8. att. Kopégja siltuma izdaliSanas 600 s laika (THRggos) dazadam koku sugam un

termiski modificetai koksnei.

Fig. 4.8. Total heat release in 600 s (THR ) of different wood species and

thermally modified wood.

No pétijumu rezultatiem par koksnes degSanas procesu ietekmé&josajiem faktoriem, var

koksnes mitruma saturs tieSi ietekmé koksnes degSanas procesu, pastav ciesa
korelacija starp mitruma saturu koksné un raditajiem FIGRA un THRggos Teorétiski ir
iesp&jams aprekinat egles koksnes degSanas parametrus FIGRA un THRggos attiecigi
péc sakaribam y =-11.716x + 443.05 un y = -0.2606x + 13.502,

koksnes mitruma saturs neietekmé diimu veidosanas raditajus SMOGRA un TSPgos;

pastavot dazadam €ku ekspluatacijas klasém, koksnes Iidzsvara mitrums var biit no 8
— 25 %, un pie $ada koksnes mitruma satura izkliedes diapazona ir vérojamas krasas
koksnes materialu ugunsreakcijas parametru izmainas, pieméram, FIGRA sausiem
(7%) egles zagmaterialiem ir par 81% lielaks neka mitriem (21 %) egles koksnes
zagmaterialiem un THR attiecigi par 44 % lielaks;



e koksne ir higroskopisks materials, un mitruma saturs koksné ir butisks faktors, kurs§
janem véra projektejot €ku ugunsdrosibu;

e koku sugu ietekme uz ugunsreakcijas parametriem ir butiska — 1idz 20 % FIGRA
indeksa un Iidz 80 % THRggos starpiba starp Latvija augoSajam koku sugam, un ta ir
atkariga galvenokart no koksnes uzbiives Ipatnibam;

¢ lapu koku koksnes degSanas gadijuma izdalito dimu daudzums ir biitiski mazaks neka
skujkokiem, kas lauj koksnes materialus klasificét ar sl ugunsreakcijas papildus
indeksu;

e argjam siltuma starojumam ir biitiska ietekme uz koksnes aizdegSanas laiku, kas
mainas ka pakapes funkcija no siltuma starojuma veértibam, ka ar7 ievérojama ietekme
uz koksnes degSanas jaudu, kas mainas p€c linearas funkcijas atkariba no siltuma
starojuma;

e koksnes materialu izmantoSana dazados konstruktivajos risinagjumos maina arl
konstrukciju ugunsreakcijas parametrus. Konstrukciju ugunsreakcijas parametrus
ietekm@, virsmu kvalitate, koksnes Skiedru orientacija, ka ar1 atsevisku elementu
izm@ri un to izvietojums;

¢ ja koksnes materiali ir defingjami ka termiski biezi, tad to ugunsreakcijas klase nav
zemaka par D, tom@r atsevisku elementu izme&ri un to izvietojums var vairakkartigi
palielinat kop€jo izdalito siltuma daudzumu, kas savukart paatrina visparejo
uzliesmoSanu ugunsgréka gadijuma;

e apdares materiali neatstaj butisku ietekmi uz ugunsreakcijas klasifikacijas
parametriem FIGRA un THRgos, jo to daudzums ir mazs uz laukuma vienibu;

e daZi apdares materiali var vairakkartigi samazinat koksnes aizdegSanas laiku, ka ar1
veicinat liesmu izplatibu;

e koksnes termiska modifikacija un acetiléSana, pasliktina ugunsreakcijas parametrus,
un ietekme var biit kritiska, materiala parieSanai zemaka ugunsreakcijas klasg.

5 Koksnes kompozitu materialu ugunsreakcija

Ar koksnes kompozitu materialiem $aja p&tijuma apziméti koksnes platnu materiali,
kuru izgatavoSana izmantota koksne un saistvielas. P&tijumi veikti plasak izplatitajiem
koksnes kompozitu materialiem. Ta ka koksnes kompozitu materialos biitisku apjomu sastada
saistvielas, tad koksnes kompozitu materialu degSanas process atSkiras no masivkoksnes
degSanas.

Izvirzitais petijuma uzdevums ir veikt dazadu koksnes materialu veidu ietekmes uz
ugunsreakciju izpéeti.

Petijuma noskaidroti dazadu koksnes platnu materialu un celulozes siltumizolacijas
materiala ugunsreakcijas parametri, kas salidzinati ar egles koksnes ugunsreakcijas
parametriem. FIGRA indeksu apkopojums dots 5.1. attela. Salidzinot ar egles masivkoksnes
ugunsreakcijas parametriem, tikai saplak$ni uzradija labakus raditajus, savukart MDF
degSanas gadijjuma FIGRA indekss ir par 30 % lielaks neka egles koksnei.
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5.1. att. Ugunsgréka attistibas atruma indekss (FIGRA) dazadiem
koksnes kompozitu materialiem.
Fig. 5.1. Heat release rate (FIGRA) of different wood composite materials,
egle — spruce, MDF — medium density fiber board, OSB-3 — orientated strand board, kokskaidu
platne — wood particle board, saplaksnis — birch plywood, siltumizolacija — cellulose heat insulation
material.

VeEl butiskaku ietekmi var novérot salidzinot THRgggs vertibas, skat. 5.2. att. Visiem
platnu materialiem THRggos ir par 30 % lidz 100 % lielaks neka egles koksnei. So lielo
starpibu dalgji var skaidrot ar materiala biezuma atskiribu, tomér pirmajas 600 s no testa
sakuma neviens materials neizdeg cauri un liesmu attistiba parauga otra pusé sakas tikai péc
600-tas s.
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5.2. att. Kopgja siltuma izdaliSanas 600 s laika (THRgs) daZadiem
koksnes kompozitu materialiem.
Fig. 5.2. Total heat release in 600 s (THR ) of different wood composite materials.

Lai noveértétu platnu materialu biezuma ietekmi uz ugunsreakcijas parametriem, veikts
pétijums dazada biezuma un tipa saplaksnu materialiem. Bitiskako ugunsreakcijas parametru
vertibas dazadiem saplaksnu materialiem dotas 5.3. un 5.4. att€los.

Salidzinot FIGRA un THRgggs vertibas, biitiski izcelas standarta bérza saplaksnis ar
biezumu 6.5 mm, kura FIGRA ir par 150 % un THRggs par 225 % lielaks neka saplaksnim ar
biezumu 12 mm.
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5.3. att. Ugunsgreka attistibas atruma indekss (FIGRA) dazadiem saplaksniem.
S-6.5 mm —standarta berza saplaksnis 6.5 mm biezuma, S-12 mm — standarta b&rza saplaksnis 12 mm
biezuma, SF-12 mm —ar fenola filmu lamingts bérza saplaksnis 12 mm iezuma, SM-12 mm — ar
mealamina filmu lamingts bérza saplaksnis 12 mm biezuma, S-35 mm — standarta bérza saplaksnis
35 mm biezuma, SF-35 mm- ar fenola filmu lamin&ts bérza saplaksnis 35 mm biezuma.

Fig. 5.3. Heat release rate (FIGRA) of different plywood materials,

S-6.5 mm —standard birch plywood with 6.5 mm thickness, S-12 mm — standard birch plywood with
12 mm thickness, SF-12 mm —phenol film laminated birch plywood with thickness 12 mm,
SM-12 mm — melamine film laminated birch plywood with thickness 12 mm, S-35 mm — standard birch
plywood with thickness 35 mm, SF-35 mm- phenol film laminated birch plywood with thickness 35 mm.
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5.4. att. Kopé€ja siltuma izdaliSanas 600 s laika (THRgqs) daZadiem saplaksSniem.

Fig. 5.3. Total heat release in 600 s (THRgs) of different plywood materials.

No pétijumu rezultatiem par koksnes kompozitu materialu degSanas procesu, var secinat:

koksnes kompozitu materialu degSanas procesa intensitate un degsSanas jauda ir lielaka
neka masivkoksnei izpemot saplaksnus, un koksnes kompozitu materiala veidam ir
butiska loma materiala ugunsdrosiba,

termiski planu koksnes kompozitu materialu degSanas process noris ar vairakkartigi
lielaku degSanas jaudu un iev@rojamu izplatibas atrumu, kas pazemina materiala
ugunsreakcijas klasi uz E,

platnu materialu biezums butiski neietekmé ugunsreakcijas parametrus, ja to biezumu
var definét ka termiski biezu, kas ir vismaz 10 — 15 mm,

koksnes kompozitu materialu izgatavosanas procesa var pievienot antipirénus, kas
radikali var mainit degSanas procesa norisi, [idz ar to koksnes kompozitu materiali var
tikt klasificeti E, D, C un B ugunsreakcijas klasés atkariba no izmantoto materialu
kombinacijas.
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nav zinami dati par

6 KOKSNES UGUNSREAKCIJAS UN UGUNSIZTURIBAS

UZLABOSANA

Vispopularakais koksnes ugunsdrosibas uzlabosanas panémiens ir koksnes apstrade ar
antipiréniem, tacu Sobrid Latvija pieejamo antipirénu ugunsreakcijas klase nav noteikta un

to ietekmi uz koksnes ugunsreakciju. Tirgii pieejami dazada tipa

antipiréni, kurus principiali var iedalit divas grupas — koksnes apstrade ar piesiicinasanas
metodi un koksnes apstrade ar apdares parklajumu.

Lai giitu pilnigaku priekSstatu par Latvija razoto un tirgoto antipirénu TpaSibam un to
darbibas efektivitati, veikts pétijums par Latvija pieejamo antipirénu darbibas mehanismu
dazados siltuma starojumos.

P&tijuma parbauditi 8 dazadi antipiréni, kuru identifikacija un pieskirtais mark&jums
dots 6.1. tabula.

6.1. tabula
Table 6.1.
Antipirénu izvele un to identifikacija
Fire retardant treatment and its marking
v ims Patérins .
Nr. | Nosaukums | RazZotajs Apraksts consumption Markejums
No. | Brand name | Manufacturer Description g-mg Marking
. Du Pont o -
1. X\I;gl erm Performance Eﬁ:ﬂfgﬁg&ga caurspidiga 400 A-1
GmbH, Vacija
ing Josef Hurban- Bezkrasaina
2. | Plamostop & “ 1 ugunsaizsardzibas laka 250 A-2
Izostav, Cehija .
koksnei
STA "Ritols", e .
3. | Kafurs-4 Latvija Caurspidiga poliuretana laka 230 A-3
Remmers Uzputojosu slani veidojoss
4. | Brandschutz | baustoff technik | ugunsaizsardzibas lidzeklis 350 A-4
GmbH, Vacija koksnei
on: Neorganisku salu un
5. | Tents Izplatitaj i SIA virsmas aktivu vielu 400 A-5
,,Katekss L -
piesatinats tidens Skidums
" " Neorganisku salu un
6. | Antipiréns SIA ..V Perro virsmas aktivu vielu 400 A-6
Latvija R 1=
piesatinats tidens skidums
" . +m | Neorganisku salu un
7. |KA-1U SIA "Melderi V' | i smas akiivu vielu 400-450 A-7
Latvija R o
piesatinats idens Skidums
o - Neorganisku salu un
8. Antipirens SIA Flrf'na .. virsmas aktivu vielu 200-400 A-8
FAP Latakva" Latvija S -
piesatinats iidens Skidums
Neapstradata Egles koksne bez apdares
9 koksne - Spruce wood without an - K
" | Untreated P Y
treatment
wood
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Antipirénu darbibas petijums koniskaja kalorimetra

Materialu ugunsdrosibu ugunsgreka attistibas apstaklos var skatit divos aspektos:
materiala aizdegSanas un liesmu attistiba tieSa liesmas avota iedarbiba un materiala
aizdegSanas siltuma starojuma ietekmé&. Pirmais scenarijs raksturigs ugunsgréka sakotn€ja




attistibas stadija, kad ugunsgréka izraisitajs degot paklauj materialus tieSu liesmu iedarbibai.
Otrais scenarijs jau sakas pirma darbibas laika, kad dimgazes ar pieaugoSu temperatiiru rada
pieaugosu, laika mainigu siltuma starojumu uz apkartéjam konstrukcijam.

Saja nodala apskatitie pétfjumu rezultati atspogulo dazadu antipirénu darbibas
efektivitati dazados siltuma starojumos.

Materialu ugunsreakcijas parametrus bitiski ietekmé siltuma starojums un pie
salidzinogi zema siltuma starojuma (25 kW-m™) ugunsreakcijas parametri ievérojami atikiras
no pétfjuma datiem lielakos siltuma starojumus, pie tam vérojama loti liela datu izkliede.

Antipirénu darbiba izpauzas galvenokart testa sakuma, pec tam efektivitate samazinas
un koksnes degSanas process notiek péc lidziga scenarija ka neapstradatai koksnei. Antipiréni
bitiski samazina maksimalo degSanas jaudu, kas veidojas koksnes aizdegSanas sakuma
stadija, skat. 6.1. att. Antipiréns A-7 nepilda aizsardzibas funkcijas, jo kopuma veért&jot
rezultati ir tadi, ka neapstradatas koksnes degSanas gadijuma vai pat sliktaki.

400 1
350 1 %

300 F -
250 - 1 %
200 1t
150

HRRmax, KkW*m

100 + @ | F-- oo - | -
50 -

K A-1 A-2 A-3 A-4 A-5 A-6 A-7 A-8

Paraugu markeéjums
Marking of products
@25 050 075

6.1. att. Koksnes maksimala degSanas jauda (HRRp,y) tris siltuma starojumos
(25,50 un 75 kW-m'z) dazadiem antipiréniem.

Fig. 6.1. Maximal heat release rate of different fire retardant treated materials at
tree different heat fluxes (25, 50 un 75 kW-m™).

Antipirénu ietekme uz koksnes uzsilSanas dinamiku

Veicot pétijumu par antipirénu ietekmi uz koksnes uzsilSanas dinamiku, noskaidrots, ka
atkariba no ugunsaizsardzibas lidzekla tipa, koksnes materialu virsgjie slani var uzsilt gan
atrak, gan 1énak salidzinot ar neapstradatu koksni. Tikai termokimiski reaggjosie antipiréni
(A-1, A-2 un A-4) samazina koksnes uzsilSanas atrumu, skat. 6.6. — 6.8. att. Jo dzilak no
degosas koksnes virsmas, jo antipirénu ietekme uz koksnes uzsilSanu ir mazaka.
Visstraujakais temperatiiras kapums visos mérijjuma punktos ir ar antipirénu A-3 apstradatai
koksnei, kas skaidrojams ar straujo virsmas aizdeg$anos un papildu siltuma starojumu, kas
rodas sadegot poliuretana lakai.

Antipirénu ietekme uz ugunsreakcijas klasifikaciju

Petijuma veikta cCetru dazadu Latvijas tirgi pieejamu antipirénu efektivitates
novértésana nosakot to ugunsreakcijas parametrus uz egles koksnes zagmaterialiem. Galvenie
ugunsreakcijas parametri apkopoti 6.2. un 6.3. att.

Visi antipiréni uzrada bitisku FIGRA indeksa un THRggs samazinajumu. Ipasi
jaatzimé ar antipirénu A-1 apstradata koksne, kas uzrada par 95 % mazaku FIGRA indeksu
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un par 85 % mazaku THRgs. Lidzigus rezultatus var noverot ari antipirénam A-2, tacu
termokimiskas reakcijas rezultata dimgazes samazinas skabekla saturs, ko iekarta fiksé ka
degganu, un 1idz ar to tiek uzradits paaugstinats FIGRA(0.2), bet FIGRA(0.4) ir 37 W-s™.

500
_ 374
" 400 T
*
=
~ 300
S 156
= 2007 - L 0 o 130
Q
= 100 -
22
0 - T ] T T T
E E+A-1 E+A-2 E+A-5 E+A-6
Materials
Material

6.2. att. Ugunsgréeka attistibas atruma indekss (FIGRA) ar antipiréniem

apstradatai egles koksnei.

Fig. 6.2. Fire growth rate (FIGRA) of different fire retardant treated

spruce wood materials.

Salu bazes antipiréni A-5 un A-6 uzrada vienadus rezultatus un par 60 % mazaku
FIGRA indeksu, ka art 50 % mazaku THRgoos neka neapstradatai koksnei, kas dot iesp&ju
sadi apstradatu koksni klasificét C ugunsreakcijas klasg.

Salidzinot 600 s izdalito diimu daudzumu, var noveérot nelielu samazinajumu, kas ir
tuvu papildu klasifikacijas indeksa sl, s2 robezvértibai — 50 m?®. Antipirénu A-1 un A-2
lietoSanas gadijuma var iegiit s1 papildu klasifikacijas indeksu.

20

7.0 7.0
i - ' l
] B ] | |
E E+A-1 E+A-2 E+A-5 E+A-6
Materials
Material

6.3. att. Kopgja siltuma izdaliSanas 600 s laika (THRgos) ar dazadiem

antipiréniem apstradatai egles koksnei..

Fig. 6.3. Total heat release in 600 s (THRsyys) of different fire retardant treated

spruce wood materials.

Koksnes degSanas procesa dinamikas izpétei izmanto HRR, FIGRA un THR izmainu
laika. Visi antipiréni novers strauju degSanas jaudas pieaugumu testa sakuma, salidzinot ar
neapstradatu koksni. Ar uguns antipiréniem A-1 un A-2 apstradatas koksnes degSanas process
sakas ar 300 — 360 s aizkavéSanos salidzinot ar neapstradatu koksni un noris ar 5 — 6 reizes
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mazaku siltuma jaudu. DegSanas process ir vienmérigs un sak pieaugt pec 1100-tas s no testa
sakuma, kad paraugs sak degt no otras puses, kas nav apstradata. Bitiski ir atzimét kop¢ja
izdalita siltuma daudzuma samazinajumu, kas ar A-1 un A-2 apstradatajiem kokmaterialiem
testa laika ir 2 — 4 reizes mazaks neka neapstradatai koksnei.

No pétijumu rezultatiem par koksnes kompozitu materialu degSanas procesu, var secinat:

e izmantojot antipirénus koksnes apstradei, var panak koksnes ugunsreakcijas
klasifikacijas uzlabosanu par vienu vai divam ugunsreakcijas klasém;

e ar termokimiski reag€joSiem antipiréniem, kas temperatiiras ietekmé veido izol&josu
nedegosu putu slani, var vairakkartigi uzlabot koka konstrukciju ugunsreakcijas
parametrus un iegiit augstako ugunsreakcijas klasi B, kas iesp&ama koksnes
produktiem;

e antipirenu Kafurs-4 un KA-1U izmanto$ana neuzlabo koksnes ugunsreakcijas
parametrus petijumos ar koniska kalorimetra metodi;

e katram antipirénam ir ieverojami atSkiriga efektivitate, lidz ar to nevar pétjjuma
rezultatus visparinat uz citiem antipir€niem, tas nozimé, ka katram antipirénam ir
janosaka potenciala ugunsreakcijas klase, kas ir atkariga art no koku sugas, materiala
veida, konstrukcijas elementu izm@riem, un apstrades tehnologijas;

e visi antipiréni biitiski zaude efektivitati pieaugot siltuma starojumam;

e tikai termokimiski reaggjoSie antipiréni samazina koksnes uzsil§anas atrumu, pargjie
petijuma izmantotie antipiréni palielina vai neietekmé koksnes uzsilSanas atrumu;

e antipirénu izpeté ar konisko kalorimetru un SBI noveérotas biitiskas atSkiribas, SBI
testi uzrada labakus rezultatus neka koniska kalorimetra metode, kas skaidrojams ar
mainigu un salidzinos§i mazu siltuma starojumu SBI iekarta;

e SBI testa metode neobjektivi noverteé potencialo ugunsdrosibas risku ar antipiréniem
apstradatas koksnes gadijuma, jo testa materials tiek paklauts zemiem siltuma
starojumiem, bet antipiréni butiski zaude efektivitati, pieaugot siltuma starojumam.

7 KOKSNES MATERIALU UGUNSREAKCIJAS PROGNOZESANA

7.1 Koksnes ugunsreakcijas prognozesanas metodes

Koksnes materialu ugunsreakcijas prognozésana ir komplic@ts jautajums, jo koksnes
materialu degSanas procesu ietekmé daudzi faktori, ka ar1 faktoru mijiedarbiba.
Ugunsreakcijas prognozéSanai izmanto vienkarSotu empirisku aprékinu metodes izstradi
pamatojoties uz eksperimentali iegiitajiem datiem.

Ta ka koksnes kompozitu materiali butiski atSkiras no masivkoksnes, tad izstradatas
atseviSkas FIGRA un THRggos prognozésanas metodes masivkoksnes materialiem un koksnes
kompozitu materialiem.

Masivkoksnes degSanas gadijuma galvenie ugunsreakciju ietekméjoSie faktori ir
koksnes mitrums, koku suga, virsmu apstrade un materiala biezums. FIGRA(0.2) un
FIGRA(0.4) koksnes materialiem ir vienads, tapec aprékinos izmantots apziméjums FIGRA,
kas attiecinams uz abiem indeksiem. Izstradati empiriski vienadojumi FIGRA un THRggs
prognozeésanai, skat. 7.1. un 7.2. sakaribas.
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FIGRA=450(1-0.026W) ks ky-kp ks , (7.1)

W —  koksnes absoliitais mitrums, %;

ks—  koku sugas koeficients, (egle — 1, priede — 1.05, beérzs, baltalksnis — 1.1,
apse — 1.15, osis — 0.95, ozols — 0.9);

ky—  koksnes virsmas koeficients (zageta virsma — 1, frézeta vai slipéta  virsma —
1.1);

ky — koksnes materiala biezuma koeficients (nosaka p&c diagrammas, skat.
7.1. att.);

k,— virsmu apdares veida koeficients (bez apdares — 1, atkariba no apdares

materiala veida un daudzuma — 0.8 — 1.1, apdare ar antipiréniem — 0.15 — 0.9).

THRg00s =14(1-0.02W)-kskyky'K, , (7.2)
kur

W —  koksnes absoliitais mitrums, %;

ks—  koku sugas koeficients, (egle, ozols — 1, priede — 1.2, bérzs, baltalksnis — 1.4,
apse — 1.7, osis — 1.3, );

ky—  koksnes virsmas koeficients (zageta virsma — 1, frézeta vai slipéta virsma — 1.4);

ky — koksnes materiala biezuma koeficients (nosaka pe&c diagrammas, skat.
7.1. att.);

k,— virsmu apdares veida koeficients (bez apdares — 1, atkariba no apdares
materiala veida un daudzuma — 0.8 — 1.1, apdare ar antipiréniem — 0.15 — 0.9).
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7.1. att. Koksnes materialu biezuma koeficienta noteikS§anas diagramma ugunsgréeka

attistibas indeksa FIGRA un kopéja siltuma izdaliSanas 600 s (THRgos) aprékiniem.

Fig. 7.1. The diagram for determination of wood material thickness coefficient for fire
growth rate (FIGRA) and total heat release during 600 s (THRg95) calculations.

7.2 Koksnes kompozitu materialu ugunsreakcijas prognozesana

Koksnes kompozitu materialu ugunsreakcijas parametru prognozéSana ir
komplicetaks uzdevums, jo nak klat daudzi citi ietekm&joSie faktori, kas galvenokart ir
nekoksnes materiali un koksnes materialu uzbiives struktiiras izmainas, kas ietekmé koksnes
fizikali mehaniskas 1pasibas, ka ar1 koksnes kompozitu materiala ugunsreakciju.

Balstoties uz eksperimentalajiem datiem izstradats vienkarSotas koksnes kompozitu
materialu ugunsreakcijas prognozesanas metodes, skat. sakaribas 7.3 un 7.4.
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FIGRA =450(1-0.026 W) kp'ky'ka (7.3)
kur

W —  koksnes absoliitais mitrums, %;

kn— materiala veida koeficients, (bérza saplaksnis — 0.72, OSB — 1.13, MDF — 1.3,
kokskaidu platne — 1,05);

ky —  koksnes materiala biezuma koeficients (nosaka péc diagrammas, skat. 7.1. att.);

k,—  virsmu apdares veida koeficients (bez apdares — 1, atkariba no apdares materiala
veida un daudzuma — 0.6 — 1.1, apstrade ar antipiréniem — 0.15 — 0.9).

THReo0s =14(1-0.02W) -k 'kp'ka , (7.4)

kur

W —  koksnes absoliitais mitrums, %;

kn— materiala veida koeficients, (bérza saplaksnis — 1.2, OSB — 1.45, MDF — 2.6,
kokskaidu platne — 1.55);

ky —  koksnes materiala biezuma koeficients (nosaka pec diagrammas, skat. 7.1. att.);

k,—  virsmu apdares veida koeficients (bez apdares — 1, atkariba no apdares materiala
veida un daudzuma — 0.6 — 1.1, apstrade ar antipiréniem 0.15 — 0.9).

7.3 Ugunsreakcijas prognozéSanas metoZu parbaude

Lai novértétu izstradato ugunsreakcijas prognozesanas algoritmu darbibu, veikta to
parbaude salidzinot ar eksperimentu rezultatiem. Tabulas 7.1 un 7.2 apkopoti dati par
masivkoksnes ugunsreakcijas parametru prognoz€Sanu, ka ari novertéta starpiba starp
rezultatiem, kas izteikta procentos. Gan aprékinatds FIGRA indeksa veértibas, gan THRggs
neatSkiras no vid€jiem eksperimentu rezultatiem vairak par 5% un neparsniedz datu kopas
vienas standartnovirzes apgabalu.

Eksperimentalu datu citu koka sugu un biezumu parbaudei nebija pieejami, tacu ta ka
pastav korelacija starp koniska kalorimetra rezultatiem un SBI testu, tad izstradatie
koeficienti ir ar augstu ticamibas Itmeni. Griti noveért§jams ir k, koeficients, kas tiesa veida
atkarigs no citiem materialiem un to daudzuma. Darba pétot apdares materialu ietekmi uz
ugunsreakciju ir noverots, ka vairuma gadijumu apdare uzlabo ugunsreakcijas parametrus, bet
atseviSkos gadijumos var ar1 uzradit sliktakus rezultatus. V&l plasaka datu izkliede ir
vérojama dazadiem antipiréniem. Atkariba no to veida un apstrades tehnologijas,
ugunsreakcijas parametri var desmitkartigi atskirties.

7.1. tabula

Table 7.1.

Ugunsgreka attistibas atruma indeksa (FIGRA) apréekinu metodes parbaude masivkoksnei
FEvaluation of fire growth rate (FIGRA ) prediction model for solid wood materials

FIGRA Eksperimentu dati Starpiba, %
Koku suga aprekin Experimental data Difference
Wood species cclz)lcu’la t.e d | FIGRA Standartnovirze Vidéja | Maksimala | Minimala

Standard deviation | Average | Maximal Minimal

Apse/Aspen 421 432 30 -2.6 5 -10
Baltalksnis/Grey alder 403 402 30 0.2 8 -7
Egle/Spruce (W=8%) 356 360 30 -1.0 7 -10
Egle/Spruce (W=13%) 298 290 37 2.7 15 -10
Egle/Spruce (W=21%) 204 198 17 3.1 11 -5
Egle/Spruce (W=10%) 366 374 47 -2.1 11 -15
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7.2. tabula

Table 7.2.

Kopégjas siltuma izdaliSanas 600 s laika (THR g9s) aprékinu metodes parbaude masivkoksnei
Evaluation of total heat release in 600 s (THRgsp) prediction model for solid wood materials

THR 0, Ekspel:imentu dati Sta.rpiba, %

Koku suga aprekin. Experimental data : ___ lefe.rer_zc_e _
Wood species ca lcu,la ted | THR g0, Standartnovn.rz? Videja Maks1'mala Ml{m.nala

Standard deviation | Average | Maximal Minimal
Apse/Aspen 26.7 26.3 3.6 1.5 15.0 -12.0
Baltalksnis/Grey alder 22.0 214 1.7 2.7 10.5 -5.0
Egle/Spruce (W=8%) 11.8 114 0.5 34 7.6 -0.8
Egle/Spruce (W=13%) 104 10.6 0.9 -1.9 6.7 -10.6
Egle/Spruce (W=21%) 8.1 7.9 0.3 2.5 6.2 -1.2
Egle/Spruce (W=10%) 15.7 15.2 2 3.2 15.9 -9.6

Novertgjot koksnes kompozitu materialu ugunsreakcijas prognozeSanas algoritmus,
noverota biitiska rezultatu neatbilsttba dazos gadijumos. Ar fenola ,.filmu” lamin&ta
saplakspa ar 35 mm biezumu ugunsreakcijas parametri ir sliktaki neka 12 mm biezam
materialam, kas ir pretruna ar teoriju. Ta ka abos gadijumos saplakSna blivums butiski
neatSkiras, tad vienigais faktors, kas vargja ietekmét ir razoSanas tehnologija, respektivi,
izmantoto materialu daudzuma attieciba. Nelielas limes vai sveku proporciju atSkiribas var
izraistt $adus rezultatus, ko nevar paredzet modelos.

Otra problémas, ar ko nakas saskarties ir materiala biezuma koeficienta dazadiba
atSkirigiem koksnes kompozitu materialiem. Katram koksnes kompozitu materialam var but
atSkiriga materiala biezuma ietekme uz ugunsreakciju.

7.3. tabula
Table 7.3.
Ugunsgréeka attistibas atruma indeksa (FIGRA) aprékinu metodes parbaude
koksnes kompozitu materialiem
Evaluation of fire growth rate (FIGRA) prediction model for wood composite materials

FIGRA Eksperimentu dati Starpiba, %
Matel:iz'lls aprékin, Experimental data Difference
Material ca lcu’la ted | FIGRA Standartnovirze Videja | Maksimala | Minimala
Standard deviation | Average | Maximal | Minimal
Saplaksnis/Plywood, 35mm 265 271 12 -2.3 2.3 -6.8
Saplaksnis/Plywood, 12 mm 318.0 306 28 3.8 12.6 -5.0
Saplaksnis/Plywood, 6.5 mm | 768.6 771 14 -0.3 1.5 2.1
Saplaksnis Fen.Laminats/
Plywood phenol laminate 238.5 241 13 -1.0 4.4 -6.5
12 mm
Saplaksnis Fen.Laminats/
Plhywood phenol laminate 198.8 325 24 -63.5 -51.4 -75.6
35 mm
Saplaksnis Mel.Laminats/
Plywood melamine laminate 222.6 221 37 0.7 17.4 -15.9
12 mm
OSB, 12 mm 499.1 423 35 15.3 22.3 8.2
MDF, 18 mm 478.5 488 7 -2.0 -0.5 -3.4
Kokskaidu platne/
Particle board, 12 mm 463.8 399 50 14.0 24.8 32
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Koksnes kompozitu materialu ugunsreakcijas prognozesanai izmantota masivkoksnes
sakariba, nosakot mitruma ietekmi uz ugunsreakciju. Ta ka koksnes kompozitu materialiem ir
atSkiriga strukttira un tie sastav no dazadiem produktiem, tad arT koksnes mitruma ietekmes
sakaribas var biit atSkirigas.

Izstradatie algoritmi koksnes kompozitu materialu ugunsreakcijas parametru
prognoze€sanai var tikt izmantoti aptuvenu ugunsreakcijas datu iegiiSanai, ka ari palidz izprast
ietekméjoso faktoru butiskumu.

7.4. tabula

Table 7.4.

Kopgjas siltuma izdaliSanas 600 s laika (THR ¢g0s) aprékinu metodes parbaude koksnes
kompozitu materialiem

Evaluation of total heat release in 600 s (THRgps) prediction model for wood

composite materials

N THR, Ekspel.‘imentu dati Sta.rpiba, %
Matel.‘lals aprékins. Experimental data Difference
Material ca lcu’la ted | THR Standartnovirze Videja | Maksimala | Minimala
* | Standard deviation | Average | Maximal Minimal
Saplaksnis/Plywood, 35mm 14.4 13.8 0.6 4.5 8.6 0.3
Saplaksnis/Plywood, 12 mm 18.8 19.5 2.8 -3.8 11.1 -18.7
Saplaksnis/Plywood, 6.5 mm 65.0 63.7 1.6 2.0 4.5 -0.4
Saplaksnis Fen.Laminats/
Plywood phenol laminate 14.1 14.5 1 -2.9 4.2 -10.0
12 mm
Saplaksnis Fen.Laminats/
Plywood phenol laminate 10.8 14.5 1.5 -33.8 -20.0 -47.7
35 mm
Saplaksnis Mel.Laminats/
Plywood melamine laminate 13.1 15 1.2 -14.1 -5.0 -23.2
12 mm
OSB, 12 mm 22.7 23 1.4 -1.3 4.8 -71.5
MDF, 18 mm 31.3 314 0.1 -0.3 0.0 -0.6
Kokskaidu platne/
Particle board, 12 mm 243 23.7 0.4 2.3 4.0 0.7

7.4 Ugunsreakcijas prognozéSanas metoZu pielietoSana

Saskana ar ugunsreakcijas klasifikacijas sistému atbilstosi standarta LVS EN 13501- 1
buvizstradajumus klasificé 7 ugunsreakcijas klas€s. Koksnes materiali var tikt klasificéti E;
D; C un B klas€s. Materiala piederibu noteiktai ugunsreakcijas klasei nosaka ugunsreakcijas
parametru FIGRA un THRggos robezvertibas, kas identificétas 7.5. tabula.

Veicot koksnes materiala ugunsreakcijas prognozeéSanu saskana ir izstradato aprékinu
metodiku, iegitas vertibas jasalidzina ar robezvertibam, lai prognoz€tu materiala
ugunsreakcijas klasi.
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7.5. tabula
Table 7.5.

Ugunsreakcijas parametru robezveértibas péc standarta LVS EN 13501-1
Reaction to fire classification criteria according to Standard LVS EN 13501-1

Ugunsreakcijas klase
Reaction to fire class

FIGRA robezvértiba
FIGRA criteria

THRggos robezvértiba
THR ¢, criteria

<120 W-s

<75MJ

<250 W's

<15MJ

<750 W:s

oo 0|w
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8 SECINAJUMI UN PRIEKSLIKUMI

Lielakajai dalai koksnes materialu paSaizdegSanas nenotiek siltuma starojumos, kas
mazaki par 14 kW m? un kritiska siltuma plisma ir 3 kW m™ , zem kura patstaviga
koksnes degSana nav iesp&jama. Siltuma starojums biitiski ietekm& temperatiras
gradientu koksné. Koksnes uzsilSanas dinamika galvenokart ir atkariga no argja siltuma
starojuma, kas ir mainigs faktors un biitiski izmainas koksnes aizdegSanas bridi. Pieaugot
koksnes mitruma saturam, palielinas mitruma iztvaikoSanas fazes ilgums, kad koksnes
temperatiira ir 100 °C..

Koksnes mitruma saturs tieSi ietekmé koksnes degSanas procesu. Pastav cieSa lineara
sakariba starp mitruma saturu egles koksné un raditajiem FIGRA un THRggos

Koku sugu ietekme uz ugunsreakcijas parametriem ir biitiska — 11dz 20 % FIGRA indeksa
un lidz 80 % THRegos starpiba starp Latvija augoSajam koku sugam

Argjam siltuma starojumam ir biitiska ietekme uz koksnes aizdeg3anas laiku, kas mainas
ka pakapes funkcija no siltuma starojuma vertibam, ka ar ievérojama ietekme uz koksnes
degSanas jaudu, kas mainas péc linearas funkcijas atkariba no siltuma starojuma.

Apdares materiali neatstaj butisku ietekmi uz ugunsreakcijas klasifikacijas parametriem
FIGRA un THR600s , jo to daudzums ir mazs uz laukuma vienibu tomér dazi apdares
materiali var vairakkartigi samazinat koksnes aizdegSanas laiku, ka ar1 veicinat liesmu
izplatibu.

Koksnes termiska modifikacija un acetiléSana, pasliktina ugunsreakcijas parametrus, un
ietekme var but kritiska, materiala parieSanai zemaka ugunsreakcijas klase.

Koksnes mitruma saturs neietekmé dimu veidoSanas raditajus SMOGRA un TSPgos.
Lapu koku koksnes degSanas gadijuma izdalito dimu daudzums ir bitiski mazaks neka
skujkokiem

Koksnes kompozitu materialu degSanas procesa intensitate un degSanas jauda ir lielaka
neka masivkoksnei iznemot saplaksnus. Termiski planu koksnes kompozitu materialu
degSanas process noris ar vairakkartigi lielaku degSanas jaudu un iev@rojamu izplatibas
atrumu, kas pazemina materiala ugunsreakcijas klasi uz E.

Izstradata koksnes ugunsreakcijas prognozeéSanas metode, nemot véra koksnes mitruma
saturu, koku sugu, virsmu raupjumu, materiala biezumu un virsmu apdari, uzrada butisku
ticamibas limeni. Lidzigas ugunsreakcijas prognoze$anas metodes izstradatas ar1 koksnes
kompozitu materialiem, tomér tas izmantojamas informativos noliikos.




9 REKOMENDACIJAS

Latvija augoSo koku sugu ugunsreakcijas parametri var atskirties Iidz 20 % FIGRA
indeksa un Iidz 80 % THR600s.

Uzputojosie antipiréni butiski uzlabo koksnes materialu ugunsreakcijas parametrus, jo
tie pasarga koksni no uzsilSanas argja siltuma starojuma ietekmé& un te ir ieteicami
pielietojumam sausos apstaklos. Argjais siltuma starojums ietekmé koksnes
aizdegSanas laiku un ir aprakstams ar pakapes funkciju no siltuma starojuma savukart
ietekme uz koksnes degSanas jaudu aprakstama ar linearu sakaribu.

Koksnes kompozitu materialu biezums biitiski neietekmé& ugunsreakcijas parametrus,
ja to biezumu var definét ka termiski biezu, kas ir vismaz 10 — 15 mm.

Ar uzputojoSajiem antipiréniem, kas temperatiiras ietekmé veido izolgjosu nedegosu
putu slani, var vairakkartigi uzlabot koka konstrukciju ugunsreakcijas parametrus un
iegiit augstako ugunsreakcijas klasi B, kas iespg&jama koksnes produktiem. Katram
antipirénam ir ieveérojami atSkiriga efektivitate, lidz ar to nevar pétijjuma rezultatus
visparinat uz citiem antipiréniem. Tas nozimé&, ka katram antipirénam ir janosaka
potenciala ugunsreakcijas klase, kas ir atkariga arT no koku sugas, materiala veida,
konstrukcijas elementu izm&riem, un apstrades tehnologijas.

Visi antipiréni bitiski zaudé efektivitati pieaugot siltuma starojumam. SBI testa
metode neobjektivi noverté potencialo ugunsdrosibas risku ar antipiréniem apstradatas
koksnes gadijuma, jo testa materials tiek paklauts zemiem siltuma starojumiem, bet
antipiréni bitiski zaudé efektivitati, pieaugot siltuma starojumam. Tikai uzputojoSie
antipiréni samazina koksnes uzsil§anas atrumu.

Izstradata koksnes ugunsreakcijas prognozeSanas metode, nemot veéra koksnes
mitruma saturu, koku sugu, virsmu raupjumu, materiala biezumu un virsmu apdari,
izmantojama ugunsdro§ibas risku izveértéSanai un materialu izvélei.
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DARBA APROBACIJA / APROBATION OF RESEARCH RESULTS

Promocijas darba pétijumu rezultatu prezentacija zinatniskajas konferences /
Research of the thesis presented at the scientific conferences
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International PhD workshop “Wood as building material”, NTNU, Trondheima,
Norvégija, 2006.gada 2.-4.maijs, referats: Determination of wood material fire
resistance.
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protection of wood construction materials in Latvia.
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Jelgava, 2007, referats: Temperature distribution in wood floorings exposed to fire.
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of wood moisture content to material reaction to fire.

Baltic polymer symposium ‘2008, Otepdid, Igaunija, 2008.gada 13.-16.maijs, referats:
Influence of surface coatings to wood material reaction to fire.

The 4" meeting of the Nordic Baltic Network in Wood Material Science &
Engineering (WSE), Riga, 2008.gada 13.-14.novembris, referats: Influence of surface
coatings to wood material reaction to fire.

Baltic polymer symposium ‘2009, Ventspils, Latvija, 2009.gada 22.—-25.septembris,
stenda, referats: Thermal diffusivity of glulam berams and effect of fire retardants.
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International PhD workshop, NTNU, 2006, Wood as building material. P. 23-26.

Buksans E, Eku ugunsdrosiba. In: proceeding of Ecobalt 2006, , Intego plus, 2006. P.
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Buksans E., Morozovs A. Influence of wood moisture content to material reaction to
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GENERAL DESCRIPTION

Topicality of the research

In the European timber industry development program “Roadmap 2010 is stated that
wood and timber products will take the lead to promote wood as a sustainable building and
finishing material. These task to be achieved it is necessary to solve many queries of wood
application int. al. wood construction fire safety. The wider application of wood is one of
tasks of “Vision 2030 of industries’ technological platform based on forestry and wood
resources of Latvia”

In Latvia wood is used mainly for construction of small buildings. In the bigger
buildings, for example, schoolhouses, sport halls etc. it is used mainly in roof constructions.
By middling consumers’ point of view wood is not durable and it is suitable only for
temporary solutions. Many of architects believe that it is not suitable as building material.
The fire-security of wood frequently is doubted. Wood is evaluated by professionals as
inferior in comparison with others building materials — steel or concrete in general. The
information based on wood fire-safety comprehensive experiments and wood fire
performance facts is needed to change wood possibilities in construction sector
undervaluation. It is essential because wood is renewable material that could ensure
sustainable and environmentally friendly construction sector progress. It is very essential to
develop technical and technological issues in due time and fortifying wood compliance to
new application or new products for given area of use must be created for the wider it apply.

Although wood is flammable material, accurately designed wood construction
buildings showed good fire performance in case of fire. One of explanation is based on wood
burning progress and on char physical properties. The char layer has very good heat isolation
property that protects underlying wood against heating up. This wood property in
combination with massive wood constructions provides high fire resistance of construction.
The data base of wood fire performance is needed to make prognosis of wood construction
performance in case of fire and possible risks assessment.

The new and more detailed information and date base is needed to enhance
knowledge about wood materials’ fire performance influencing factors: wood moisture
content, wood species, building constructive design, dimensions of particular construction
elements, type of wood material or composite, kind of wood modification (chemical, thermal,
mechanical), behavior of coatings in case of fire, treatment with fire-retardants, blends of
different material as well as effects of these factors mutual interaction. Such information and
theoretical basis is needed to stimulate wood and wood materials wider and safe application
as well as to design new on wood based materials and composites.

The best method to prevent fire hazard is to forbid the fire origination. Wood is
flammable material by its chemical nature. The wood burning is indirect. It means that wood
could ignite only afterwards the external heat radiation is heated wood up to temperature of
pyrolysis and gases are produced. Pyrolysis by-product is char that participate in burning
process, but it differs with direct oxidation in solid state and is observed as glowing. It is
essential to get to back of ignition and fire progress to develop measures for wood fire
protection. Lack of existing wood fire resistance enhancing methods is: complicated
technologies treatment with fire-protectors, expensiveness of protectors, as well as the loss of
wood valuable physically-mechanical, esthetical, and ecological properties. Although wood
flammability is not possible to substantially reduce, nevertheless wood reaction to fire and
fire resistance could be improved. The efficacy of fire-retardants is not unequivocal in the
each occasions, it is diverse for different materials. It is believed that fire-retardants based on
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chemical action are more effective than those based on physical phenomena. Most of fire
retardants and their efficacy are not tested according Euro class in market place in Latvian.

The investigations on wood material reaction to fire and on factors affecting fire-
safety as well as on possibilities and practical technique must be performed to overcome
potential barriers of wood application in construction sector based on absence of the
appropriate information.

The new construction fire-safety regulations LBN 201-2007 are applied since 1%
March 2008 in Latvia that prescribe to put to use the building materials based on their
classification by reaction to fire and fire-resistance that causes problem on to put into practice
building materials according the new regulations in particular such wood products that
reaction to fire and fire-resistance parameters are not established.

The provisional study the state of art is proved that many constraints exist in wood
application in building industry and wood construction fire-safety is one of the main reasons.
Wood material reaction to fire investigations according European classification system was
not carried out previously in Latvia, and these issues have comparatively few investigations
in the Europe.

The target of the research

The target of the present study is the investigation of on wood materials’ and wood
construction elements’ fire-safety influencing factors with aim to ascertain basic principles of
their action, to investigate wood materials’ fire-safety promotion potentialities and to work
out prediction methods of wood material reaction to fire based on the results of investigation
of factors influencing fire-safety.

The researches’ tasks:

e to summarize and analyze information about influencing factors on wood
materials and construction elements fire-safety and application of fire
retardants in wood treatment;

e to perform research on thermal diffusivity of wood in different heat fluxes;

e to perform researches on factors influencing reaction to fire of wood and wood
composite materials;

e to study possibilities of improvement wood and wood composite materials’
reaction to fire and fire-safety;

e to work out methods for prognosis reaction to fire of wood materials.

The research methods

The investigations were performed on up-to-date hardware: the single burning item
(SBI), flooring radiant panel (FRP), small flame test, and cone calorimeter that are used in the
European standardization system of building materials reaction to fire, wherewith obtained
data easy to compare with results of other investigations. The cone calorimeter method is the
one of wider used in the fire-safety researches worldwide. The parallel tests with different
reaction to fire methods were performed to evaluate correlations of data between different
methods, as well as to obtain information about materials’ burning performance in distinct
conditions.

The scientific novelty

e the methods for prognosis of wood and wood composite materials reaction to
fire were worked out;
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the factors influencing wood and wood composite materials reaction to fire
and their influence on materials’ reaction to fire-class were determined;

the efficacy of different methods for advancing wood and wood construction
fire-safety were explored and the proposals on wood and wood composite
materials reaction to fire and fire-resistance improvement were developed;

the information on wood burning processes and modeling of burning process
were summarized.

The obtained results and the practical importance

The results of the research could be used to estimate fare-safety and reaction to fire of
different wood materials in design of buildings from wood materials. All significant factors
affecting reaction to fire of wood materials were reflected in the research. The developed
calculation method is easy to use for prognosis of reaction to fire of different wood materials
and composites to evaluate potential compliance to prescribed class of reaction to fire without
destructive test.

The results could be made in use for providing fire-safety in case of design of
buildings with wood materials application. The results in entirely would advance wood
application in construction.

Thesis structure

The thesis is divided into seven chapters:

1. State-of-the-art;

General research methods;

The investigation of thermal diffusivity of wood in different heat fluxes;
The investigation of factors influencing reaction to fire of wood;

The investigation of reaction to fire of wood composite materials;

The results of investigation on possibilities for improvement of fire-safety
of wood and the efficacy of different fire-retardants;

7. The wood materials reaction to fire prognosis methods development.

SARNANE e

Thesis are put in to shape of 127 pages, it contains 102 figures and 26 tables. 133
references are used in the thesis.

1 Literature review

The literature review was realized in the first chapter. It is divided into five
subchapters. The main topics discussed in literature review are:
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review of fire safety regulation background of wood materials in buildings and
its fire safety in Latvia, fire safety in wood buildings, European fire
classification of materials, construction products and building elements, test
methods;

process of wood burning and its mathematical modelling;

ignition of wood and charring;

influence of wood material type, construction elements dimensions, chemical
composition, moisture content, construction design mode, wood density,
coatings, wood modification influence on the wood reaction to fire;
possibilities to improve wood fire performance with fire retardants, their mode
of action, influence on the wood physically mechanical properties, behaviour
in fire, smoke production, influence on wood longevity and environment were
discussed in this chapter.



2 General research methods

2.1 Selection of materials and specimen preparation

Different researches with distinct specific targets which were gained with individually
developed methods that are represented in the beginning of each section of research
description.

Common features of choose and preparation of materials:

e Occasional sampling of specimens with taking no notice to origin;

e Sampling were provided with excluding timber with loose knots and resin
galls that could influence measurements result;

e All specimens were conditioned according standard LVS EN 13238 at 296 K
and 50% relative humidity, if it was not designed otherwise by research
method;

e SBI test specimens dimensions were 1000 mm * 1500 mm for long wing and
495 mm * 1500 mm for short wing according LVS EN 13823;

e SBI tests’ specimens were assembled from separate timber with lath 20 mm 30
mm in crosscut using 2mm * 35 mm bolts;

e Specimens number was 5 according standards;

e Specimens 90 mm * 250 mm were used for single flame source tests
according LVS EN ISO 11925-2;

e Specimens 100 mm * 100 mm were used for cone calorimeter tests according
LVS ENISO 5660-1;

e Specimens 230 mm * 1050 mm were used tests in flooring radiant panel
equipment according LVS EN ISO 11925-1;

2.2 Test methods and equipment

The standards and equipment according these standards used in the research for
determination the reaction to fire were:
e LVS EN ISO 11925-1 for determination of reaction to fire of flooring
materials in the flooring radiant panel equipment;
e LVSEN 13823 - single burning item (SBI);
e LVS ENISO 11925-2 single flame source test;
e LVSENISO 5660-1 — cone calorimeter test.
Experiments were performed in accordance with standard methods with alteration in
individual cases to achieve goals of the research.

2.3 Data processing and analysis

Statistical data calculus methods used for data processing:
e Descriptive statistics and data reciprocal verification;
e (Correlation and regression analysis.
Valuation of factors’ relevance
Approximated valuation of factors’ relevance were used in the research due to small
sample population of reaction to fire tests the assessment of relevance of factors with
common statistical data calculus methods e.g. t - tests is inconvenienced and does not offer
the preferable certainty. Factor affecting reaction to fire was considered to be relevant, if
factors’ average value was beyond value of standard deviation of parameter to be compared.
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3 Dynamics of wood heating up

The temperature was ascertained as the main factor affecting wood burning by
literature data about wood burning process and it influencing factors summarizing and
analysis. Knowledge of dynamic of wood heating up is essential to forecast of fire progress.
Intense wood burning could progress when temperature of pyrolysis to begin with 470 K is
reached. During study was ascertained that radiant heat flux to wood is relevant for dynamic
of wood heating up. The experiments were provided both with low radiant heat flux (1 - 14
kW m?) in flooring radiant panel tests, and with high heat flux (50 kW m™) in cone
calorimeter tests.

Dynamic of temperature in different depth of wood as well dynamic of velocity of
temperature changes was analyzed. The velocity of temperature changes in 5 mm and 15 mm
depth from exposed surface was presented in figure 3.1.

On the basis of research of wood heating up tests could be concluded:

The critical heat flux of pine wood is 3 kW m™ below this sustained wood
burning is not possible;

Constitutive temperature gradient exist in the depth of the wood to be
subjected to heat flux, that is the main advantage of wood;

Wood self ignition does not occur under heat flux below 14 kW m™ because of
law concentration of volatile pyrolysis products to sustain self ignition;
Dynamic of wood heating up depends from internal heat radiation that is
inconsistent factor and changes after ignition;

The velocity of temperature change in case of wood burning could be
approximately supposed as constant value 0.5 K s™ in the wood upper layers
(5—30 mm) and 0.05 K s™' in the wood deepest layers ( deeper than 40 mm) at
50 kW m™ heat flux;

pieaugot koksnes mitruma saturam, palielinas otras degSanas fazes ilgums, kad
koksnes temperatiira ir 100 °C;

The duration with constant temperature approximately 373 K in moisture
evaporation zone increases with wood moisture content and decreases with
heat flux inside wood.

The velocity of wood charring rate must be taken into account in the
temperature calculation in the fixed point inside wood because charring
decreases wood thickness.

4 Factors affecting wood burning process

The results of researches on the main factors and its relevance affecting fare safety of
wood construction are presented this chapter. The following subtasks of investigation of
influence of different factors on wood burning were put forward to make inquiries on the
basis of literature review and results of run of the first research task:
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The investigation of influence of wood moisture on reaction to fire;

The investigation of influence of wood species on reaction to fire;

The investigation of influence of timber dimensions and design mode on
reaction of fire;

The investigation of influence of different coatings on reaction to fire;

The investigation of influence of wood modification on reaction to fire.



4.1 The influence of wood moisture content on reaction to fire

Spruce (Picea Abies L.) wood timber with nominal thickness 22 mm and initial
moisture content 18% was used for research. Timber was calibrated to thickness 20 mm. The
tree groups of timber were conditioned to moisture content 21%, 13% and 8% and were
correspondingly marked as M (moist), V (medium) and S (dry).

The regression analysis of experimental results was performed to evaluate influence
of wood moisture on reaction to fire. The equations 4.1 and 4.2 were obtained to forecast
parameters of reaction to fire dependence from wood moisture content and presented in fig.
4.1 and 4.2.

The fire growth rate (FIGRA) value (y;) in dependence with spruce wood moisture
content (x) could be calculated by equation 4.1:

v, =—11,716x + 443,05 (4.1)

The total heat release in 600 s periods (THRgg0s) value (12) in dependence with spruce
wood moisture content (x) could be calculated by equation 4.2:
¥, =-0,261x+13,50 ‘ 4.2)

Wood moisture content has direct influence on the reaction to fire parameters FIGRA
and THR, but wood moisture content has no intrinsic influence on smoke production
parameters: the smoke growth rate (SMOGRA) and the total smoke production (TSP). The
close correlations exist between wood moisture content and reaction to fire parameters
FIGRA and THR6()()S.

4.2 The influence of wood species on reaction to fire

Timber of different trees species mainly used by industry in Latvia was selected
(spruce, pine, aspen, gray alder, birch, ash and oak wood). All these kinds of wood were
tested in cone calorimeter but spruce, aspen and gray alder wood were used for SBI tests.

The instantaneous heat release rate in the moment of the 60™ s, 180™ s and 300™ s was
used to characterize wood burning dynamic (fig. 4.3). Spruce wood has the smallest heat
release rate. Supreme fall of heat release rate after reaching of the maximum was
characteristic for pine and spruce wood. The maximal heat release rate has aspen and gray
alder wood, but even heat release rate has birch wood.

The influence of wood species on the reaction to fire parameters for three wood
species in SBI tests was presented in the figure 4.4. Spruce wood showed the best results in
SBI tests as like as in cone calorimeter tests. The THRgos increase by 70% of aspen wood
burning is relevant in spite of aspen wood FIGRA value increase only by 15% in comparison
with spruce wood in the both cases. It is indicative to the intensive burning progress and
flame spread.

4.3 The influence of timber dimensions and design mode on reaction of fire

Size of member wood construction could be significant influence on the wood
burning. Massive wood constructions has the very good steadiness in case of fire, but wood
members with small area of cross cats are actively involved in the fire progress and have the
high heat release rate of fire. The spruce wood timber members with sawn surface (roughness
R 200 — 500 pum) and spruce timber members with planned surface (roughness R, less than
100 um) were chosen for tests to investigate the influence of timber dimensions and design
mode on reaction of fire. The influence of wood construction design mode could be critical
role in buildings fire safety and fire progress. Results of tests on influence of timber
dimensions and design mode on reaction of fire are presented in figure 4.5 and figure 4.6.
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4.4 The influence of different coatings on reaction to fire

Most of coatings are composed from organic mater with the substantially higher heat
of combustion as for wood. Wood products are commonly used with coatings; therefore
influence coating on wood ignition and flame spread must be evaluated. Commonly in
industry used Becker-Acroma 8 coatings and nitrocellulose varnish produced in Latvia were
used to coat specimens on the base of 12 mm thick ply-wood for reaction to fire tests with
single flame source.

It could be concluded from test results that specimen ignition time is influenced by
wood coating. Specimen ignition time could be earlier or belated in comparison with un-
treated wood in dependence of coating type. The best results were achieved with wood coated
with water based paints and varnishes as well as with vegetable oil treated wood. Wood
coatings with water based paints and varnishes, or vegetable oil had the lesser damages by
flame than for un-treated wood. Other tested coating materials have wider flame spread
parameters. Specimens with nitrocellulose varnish coating had the worst results in
comparison with other cases.

On the base of SBI tests of specimens coated with nitrocellulose varnish was
ascertained that wood coatings does not diminished wood Euro reaction to fire class even in
the worst case.

4.5 The influence of wood modification on reaction to fire

It has been concluded from literature review that wood burning process and reaction
to fire is influenced by wood modification but this issue is less studied in the Europe. Two
kinds of modified wood products — thermal treated wood and acetylated were selected to
response on assessment of their actuality.

Thermal modified wood is more and more expanded on the European market and the
acetylated wood goes into market to achieve wider application. The influence of wood
thermal modification and acetylation were tested using cone calorimeter, SBI and floorings’
radiant panel equipments for tests.

Modified wood had lowered by 5 — 15% parameters of reaction to fire than for un-
modified wood for all materials tested in cone calorimeter at 50 kW m™ heat flux. The big
size tests were performed in SBI to evaluate influence of wood modification on class of
reaction to fire. The trends turned up by cone calorimeter tests were proved marking out more
intrinsic influence of thermal modification on the parameters f reaction to fire. Thermal
modified aspen wood had increased fire progress shoving increased by 50 % value of FIGRA
index and by 60% increased THRgggs than for un-modified aspen wood as present in figures
4.7., 4.8. Gray alder wood has less pronounce influence — 30 % for FIGRA index and 40%
for THR6()OS.

On the base of experimental results and their analysis of factors affecting wood
burning process, it could be concluded:

e The moisture content of wood has direct influence on the wood burning
process, close correlation exists between wood moisture content and FIGRA
and THRgpos values. Spruce wood reaction to fire parameters FIGRA and
THRe0os could be calculated theoretically in accordance with equations: y; = -
11.716x + 443.05 and y, = -0.2606x + 13.502;

e The smoke production indexes SMOGRA and TSPgs are not influenced by
wood moisture content;

e The equilibrium moisture content could vary from 8 to 25 % in buildings
belonging to different operation classes and such diversity range of wood
moisture content drastic changes of reaction to fire parameters could be
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observed, e.g., dry spruce timber with equilibrium moisture content (EMC)
7% had increased by 81% FIGRA index than moist spruce timber with EMC
21% and THR was increased by 44% accordingly;

e Wood is hydroscopic material and moisture content is essential factor that
must be evaluated in the building fire safety design;

e The influence of wood species on reaction to fire parameters is relevant. The
difference by 20% of FIGRA index and to 80% of THRggos between wood of
trees species growing in Latvia was observed. It depends from structure
features of wood;

e Smoke production by hard wood burning is substantially less than from
softwood that makes possible to classify them by reaction to fire s; additional
sub-class;

e The external heat flux has substantial influence on the wood ignition time that
that alter by power function of heat flux value, as well as it has significant
influence on the wood heat release rate that alter as linear function of heat flux
value;

e Design mode of wood construction alters parameters of reaction to fire of the
construction. Parameters of reaction to fire are influenced by surface quality,
orientation of wood fiber as well as dimensions and disposition of single wood
construction member;

e The classification of reaction to fire is not less than D calls if the construction
member could be classified as thermally thick, however dimensions and
disposition of isolated members could increased total heat release several
times that accelerates flash-over in case of fire;

e Wood coatings has not significant influence on the parameters FIGRA and
THReo0s for classification of wood materials by reaction to fire, because their
amount to unit of area is small in;

e Several coatings materials could drastically decrease wood ignition time and
favour flame spread;

e Wood thermal modification and acetylation worsens parameters of reaction to
fire and could be critical for classification with inferior class of reaction to
fire.

5 Reaction to fire of wood composite materials

Wood boards produced from wood and adhesive was declared as wood composite
materials in the presented research. Most common wood composite materials were used in
the research. Wood burning process is influenced by used in wood composite material
adhesive because it constitutes relevant range of the composite therefore wood composite
material burning process differs form burning of solid wood.

One of the research tasks was to perform researches of factors influencing reaction to
fire of different kinds of wood composite materials.

The parameters of reaction to fire of different wood panel materials and cellulose heat
insulation materials that were compared with parameters of reaction to fire of spruce wood.
Summary of FIGRA indexes are presented in figure 5.1. Play-wood has the better indicators
of reaction to fire than spruce solid wood, in its turn in case of MDF burning the FIGRA
index was by 30% greater than for spruce wood. The more substantial influence could be
observed, when THRgps values are compared see figure 5.2. The THRgos values are
increased for all materials in comparison with spruce wood. Such high difference could be
partly explained by difference in material thickness, nevertheless none of materials does not
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burns through in the first 600 s from beginning of the test and flame progress begins after 600
s period on the panels’ back side.

Different thickness and kinds of play-wood panels were used to evaluate influence of
materials’ thickness on the parameters of reaction to fire. The substantial parameter values of
reaction to fire for different play-wood materials are presented in figures 5.3 and 5.4. It could
be noticed that birch play-wood with thickness 6.5 mm substantially derive from others by
comparing FIGRA and THRgs values. It has increased FIGRA by 150% and THRgos values
by 225 % than play-wood with thickness 12 mm.

On the base of experimental results and their analysis of wood composite materials
burning process, it could be concluded:

e The wood composite materials burning intensity and heat release rate are
greater than for solid wood except thick play-wood. Kind of wood composite
material plays substantial role of materials fire safety performance;

e Thermally thin wood composite materials burning process goes on with the
several times greater heat release rate and considerable flame spread that
decreases reaction to fire class down to E class;

e Density of wood panels has no substantial influence on the parameters of
reaction to fire if their thickness could be defined as thermally thick that is at
least 10 — 15 mm;

e Fire retardants could be added during wood composite material processing that
radically could change burning process, wherewith wood composite materials
could be classified as belonging to E, D, C and B reaction to fire classes; it
depends from combination of used raw materials.

6 Improvement of wood reaction to fire and fire resistance

The most popular technique of wood fire safety improvement is wood treatment with
fire retardants, however the fire retardants class of reaction to fire is not set up at present in
Latvia and data of their influence on the reaction to fire of wood is not known. Different
kinds of fire retardants accessible on the market could be divided in two groups in principal —
for treatment of wood with impregnation method and wood treatment with coating. The
research of the accessible in Latvia fire retardants action under different intensity of heat
radiation was realized. Eight different fire retardants were tested, their identification and
marking is presented in table 6.1.

6.1 Research of fire retardants action in cone calorimeter tests

Two aspects could be used to review materials fire safety in case of fire: ignition of
material and flame spread under action of direct flame as well as ignition of material by heat
flux. The first scenario is characteristic in initial stage of fire progress, when the fire initiator
is action of direct flame. The second scenario yet begins during first scenario when flue gas
with increasing temperature creates increasing and changing by time heat flux to surrounding
constructions. The research results analysed in this chapter reflects efficacy of action of
different fire retardants at different heat fluxes.

Parameters of reaction to fire is substantially affected by heat flux and parameters of
reaction to fire at comparatively low heat flux (25 kW m™) vary to considerable extend from
the research results at the greater heat fluxes with very high dispersion of data. Effect of fire
retardant is more pronounced at the beginning of the test, after that efficacy depletes and
wood burning process occurs with scenario characteristic to un-protected wood. Fire
retardants substantially diminish maximal heat release rate that is characteristic to the initial
stage of wood burning as represented in figure 6.1. Fire retardant A-7 does not perform
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protector’s function because results in general are the same as in case of un-treated wood or
even worse.

6.2 Influence of fire retardants on the dynamic of wood heating up

By the performing research of the heating up of wood dynamic was ascertained that in
dependence from the type of fire retardant the upper layers of wood material could heat up
both faster and slower in comparison with un-treated wood. Only intumescent fire retardants
(A-1, A-2 and A-4) diminish wood heating up velocity as represented in the figures 6.6 — 6.8.
The deeper from exposed to heat flux wood surface the lesser influence of fire retardant on
the wood heating up. The most fast temperature increase in all points of measurements had
wood treated with fire retardant A-3 that could be explained by rapid ignition of surface and
additional heat flux originated by burning of polyurethane varnish.

6.3 Influence of fire retardants on the classification of reaction to fire

Spruce wood timber was treated with four different accessible in the market of Latvia
fire retardants to evaluate their efficacy by parameters of reaction to fire in the SBI tests. The
main parameters were summarized in figures 6.2 and 6.3. All four tested fire retardants have
decreased FIGRA indexes and THRggos value. Wood treated with fire retardant A-1 has
decreased by 95% FIGRA index and by 85 decreased THRgo0s value. The similar results were
obtained with fire retardant A-2, however thermo-chemical reaction of fire retardant caused
increased oxygen consumption that was fixed by equipment and wherewith increased value
of FIGRA g 2) was produced, but FIGRA ¢ 4) was 37 W st

Fire retardants on salt base A-5 and A-6 produced equivalent results and decreased by
50% FIGRA index as well as decreased by 50% THRgs than untreated wood, that enables
wood with such treatment to classify as C class of reaction to fire.

The comparison of smoke production enables to fix small decrease that is near the
borderline between additional classifying indexes sl and s2 — 50 m” In case of applying of
fire retardants A-1 and A-2 s1 additional classifying index could be acquired.

The HRR, FIGRA and THR alteration by time is used to investigate wood burning
process dynamic. All fire retardants eliminate increase of heat release rate in the beginning of
the test in comparison with un-treated wood. Wood treated with fire retardants A-1 and A-2
ignition time is delayed by 300 — 360 s in comparison with un-treated wood and burning
occurs with 5-6 times less heat release rate. The burning process is stable and begins to
increase after 1100™ second when burning progress on the back surface that is not treated
with fire retardant. It is substantial to note diminishing of total heat release that in case of
timber treated with A-1 and A-2 is 2 — 4 times less than of untreated wood.

On the base of experimental results and their analysis of burning process of wood
treated with fire retardants could be concluded:

e Wood treatment with fire retardants ensures improvement of reaction to fire
classification by one or two classes;

e Wood treatment with intumescing fire retardants that produce isolating and
non-flammable foam layer by impact of temperature, could improve wood
construction reaction to fire parameters several times and the highest reaction
to fire class B could be attained that is the maximum for wood products;

e The application of fire retardants Kafurs-4 and KU-1U doesn’t improve
reaction to fire parameters according cone calorimeter tests;

e Each fire retardant has scientifically diverse efficiency, wherewith research
results could not be generalized to another fire retardants that means that for
every fire retardant potential class of reaction to fire must be evaluated that is
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dependent from species of wood, type of material, construction members
dimensions treated as well as from treatment technologies;

e All fire retardants lose their efficacy with growth of heat flux;

e Only intumescing fire retardants diminish heating up of wood the others used
in research fire retardants increases or non-affect the rate of wood heating up;

e Substantial differences were observed between cone calorimeter and SBI test
results. The SBI tests had better results than the results by cone calorimeter
method that could be explained with changing and comparatively low heat
flux in the SBI;

e SBI method partially evaluate potential fire risk in case of wood treated with
fire retardants, because in the test material is subjected to low heat flux, but
fire retardants lose efficacy with growth of heat flux.

7  Prediction of wood materials’ reaction to fire

7.1 The methods of wood materials’ reaction to fire prediction

Prediction of wood material reaction to fire parameters is complicated task because
wood material burning process is affected by numerous factors and by their interactions.
Simplified, empirical, calculations methods based on the results of experiments are used to
predict material reaction to fire. Since wood composite materials substantially differs from
the solid wood then separate prediction of FIGRA and THRgs are used solid wood materials
and wood composite materials.

In the case of solid wood burning the main factors affecting reaction to fire are: wood
equilibrium moisture content, wood species, surface processing, and thickness of material.
The FIGRA o2 and FIGRA 4 are equivalent for wood materials, therefore in calculations
denominator FIGRA is used for the both indexes. The equations 7.1 and 7.2 for prediction of
FIGRA and THR600s values are developed on the base of empirical data:

FIGRA=450-(1-0.026-W)-k, -k, -k, -k, (7.1)

Where: W is the wood equilibrium moisture content, %; k; is the factor of wood
species; (1 for spruce, 1.05 for pine, 1.1 for gray alder, 1.15 for aspen, 0.95 for ash tree, 0.9
for oak); k, is the factor of wood surface processing (1 for sawn surface, 1.1 for planed or
sanded surface); k; is the factor of material thickness according the curve in figure 7.1; &, is
the factor of kind surface treatment (1 for surface without treatment, 0.8 — 1.1 for surfaces in
dependence of kind of finishing material and amount; 0.15 — 0.9 for surface treated with fire
retardants).

THRgyos =14-(1-0.02-W)-k, -k, -k, -k, (7.2)

Where: W is the wood equilibrium moisture content, %; ks is the factor of wood
species; (1 for spruce and oak, 1.2 for pine, 1.4 for grey alder and birch, 1.7 for aspen, 1.3 for
ash tree); k, is the factor of wood surface processing (1 for sawn surface, 1.4 for planed or
sanded surface); k is the factor of material thickness according the curve in figure 7.1; &, is
the factor of kind surface treatment (1 for surface without treatment, 0.8 — 1.1 for surfaces in
dependence of kind of finishing material and amount; 0.15 — 0.9 for surface treated with fire
retardants).

7.2 The prediction of reaction to fire of wood composite materials

The prediction of wood composite materials reaction to fire parameters is the more
complicated task because many another influencing factors are added that are mainly non-
wood materials and changes in wood material structure that influence physical-mechanical
properties of wood as well as the reaction to fire of wood composite material. The simplified
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equations 7.3 and 7.4 for prediction of FIGRA and THR600s values of wood composite
materials are developed on the base of empirical data:
FIGRA=450-(1-0.026-W)-k,, -k, -k, (7.3)

Where: Where: W is the wood equilibrium moisture content, %; k,, is the factor of
kind of wood composite material; (0.72 for birch play wood, 1.13 for OSB, 1.3 for MDF,
1.05 for wood particle boar); k; is factor of material thickness according the curve in figure
7.1; k, 1s factor of kind surface treatment (1 for surface without treatment, 0.6 — 1.1 for
surfaces in dependence of kind of finishing material and amount; 0.15 — 0.9 for surface
treated with fire retardants).

THRgy, =14-(1-0.02-W)-k,, -k, -k, (7.4)

Where: Where: W is the wood equilibrium moisture content, %; k,, is the factor of
kind of wood composite material; (1.2 for birch play wood, 1.45 for OSB, 2.6 for MDF, 1.55
for wood particle boar); &, is factor of material thickness according the curve in figure 7.1; k,
is factor of kind surface treatment (1 for surface without treatment, 0.6 — 1.1 for surfaces in
dependence of kind of finishing material and amount; 0.15 — 0.9 for surface treated with fire
retardants).

7.3 The verification of methods for reaction to fire prediction

The verification of developed algorithm for prediction reaction to fire was performed
by comparison of calculated and experimental results. The solid wood reaction to fire
predicted value and experimental result as well as differences between them in percents is
summarized in tables 7.1 and 7.2. Both the calculated FIGRA index value and the THRggos
value difference with mean of experimental results doesn’t differ more than 5% and doesn’t
exceed standard deviation of data set.

The experimental data with other species than spruce and different thickness were not
available for verification, though correlation exists between cone calorimeter and SBI tests
results, then elaborated calculation factors are with the reasonable level of certainty. The
factor ka is difficult to estimate, because in directly depends from other than wood materials
and their amount. In the study of finishing material influence on reaction to fire were
observed that finishing improves reaction to fire parameters in most cases, but in the separate
cases worse result was attained. Influence of different fire retardants showed even the higher
data dispersion. Parameters of reaction to fire could differ ten times it depends from fire
retardant type and treatment technology.

Substantial discrepancy was observed in some cases during verification of developed
algorithm for prediction reaction to fire. The parameters of reaction to fire of 35 mm thick
play-wood that was laminated with “phenol membrane” was worse than 12 mm thick board
that is in contradiction with theory. Since the play-wood densities didn’t differ in both cases
then the exclusive influencing factor is production technology, namely, the ratio of raw
materials. The small difference in the ratio of adhesive and resin could be reason of such
results that couldn’t be predicted in the models.

Another problem is the diversity of material thickness factor (k;) of different wood
composite materials. The thickness influence to reaction to fire could be different for each
wood composite material.

To evaluate the influence of moisture content on the reaction to fire of wood
composite materials the corresponding coherence for solid wood is used. Since wood
composite materials have different structure and they are composed from different raw
materials then influence of moisture content could be different.
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The developed algorithm for prediction of wood composite material reaction to fire
parameters could be used to gain approximated reaction to fire data as well as those help to
understand substantiality of influencing factors.

7.4 The carrying into effect the methods for prediction the reaction to fire

The construction materials are classified into 7 classes of reaction to fire in
accordance with reaction to fire classification system according LVS EN 13501-1. Wood
materials could be classified as E, D, C and B class. Materials afflation to definite class is
determined by the parameters FIGRA and THRgoos border-values that are presented in the
table 7.5.

To perform prediction of wood materials reaction to fire in the accordance developed
algorithm the calculated values must be compared with border-values to predict class of
reaction to fire of material.

8 Conclusions

1. Most of species of wood self ignition does not occur under heat flux below 14 kW m™
and the critical heat flux is approximately 3 kW m™ below this sustained wood
burning is not possible. Constitutive temperature gradient exists in the depth of the
wood to be subjected to heat flux. Dynamic of wood heating up depends from internal
heat radiation that depends from fire process advancement. The duration of constant
approximately 373 K temperature period in moisture evaporation zone increases with
wood moisture content and decreases with heat flux gradient inside wood.

2. The close correlation exists between wood moisture content and FIGRA and THRggos
values. Spruce wood reaction to fire parameters FIGRA and THRegos could be
predicted by the linear relationship with wood moisture content.

3. Wood of trees species growing in Latvia reaction to fire parameters vary: by 20% in
FIGRA index and by 80% in THRggos.

4. The external heat flux has substantial influence on the wood ignition time that that
alter by power function of heat flux value, as well as it has significant influence on the
wood heat release rate that alter as linear function of heat flux value.

5. Wood coatings material hasn’t significant influence on the parameters FIGRA and
THRes for classification of wood materials by reaction to fire, because their amount
to unit of area is small, but several coatings materials could drastically decrease wood
ignition time and favour flame spread.

6. Wood thermal modification and acetylation worsens reaction to fire parameters and
could be critical for classification with inferior class of reaction to fire.

7. The smoke production indexes SMOGRA and TSPgs are not influenced by wood
moisture content. Smoke production by hard wood burning is substantially less than
from softwood.

8. The wood composite materials burning intensity and heat release rate are greater than
for solid wood except thick play-wood. Thermally thin wood composite materials
burning process goes on with the several times greater heat release rate and
considerable flame spread that decreases reaction to fire class down to E class.

9. The method to predict reaction to fire parameters of timber with reasonable certainty
on the base of wood moisture content, species of tree, surface smoothness, material
thickness, and surface treatment data is created. The analogue method developed for
wood composite materials could be used only for prediction of materials reaction to
fire changes trend with changes in data set.
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9 Recommendations for practice

Wood of trees species growing in Latvia reaction to fire parameters vary: by 20% in
FIGRA index and by 80% in THRggs.

The intumecent coatings are recommended as preferable fire retardants in dry
construction operation conditions because they isolate wood from external heat flux.
The external heat flux rate alters wood ignition time by power function of heat flux
value, as well as it alters wood heat release rate as linear function of heat flux value.
The thickness of wood composite material has no substantial influence on the
parameters of reaction to fire if their thickness could be defined as thermally thick that
is at least 10 — 15 mm.

Wood treatment with intumescing fire retardants could improve wood construction
reaction to fire parameters several times and the highest reaction to fire class for wood
products the B could be attained. The Influence of one fire retardant could not be
transmitted to another fire retardant with the same retention of fire retardant in/on
wood. Every fire retardant potential class of reaction to fire must be evaluated that is
dependent from species of wood, type of material, construction member dimensions
treated as well as from treatment technologies.

All fire retardants diminish their efficacy with increase of heat flux. SBI method
partially evaluate potential fire risk in case of wood treated with fire retardants,
because in the test material is subjected to low heat flux in comparison with heat
fluxes in real fires. Only intumescent fire retardants diminish heating up of wood.

The method to predict reaction to fire parameters of timber with reasonable certainty
on the base of wood moisture content, species of tree, surface smoothness, material
thickness, and surface treatment data could be used to estimate fire risks and for solid
wood member replacements with other one.
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