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Abstract

The article focuses on the comparison of thermal resistance of selected deciduous and coniferous tree species,
specifically spruce (Picea abies (L.) Karst.), pine (Pinus sylvestris L.), fir (Abies alba Mill.) and oak (Quercus
petraea (Matusch.) Liebl.). The samples were examined using a non-standard test method - a radiant heat source
test which is used to determine the mass loss and ignition time of the tested samples. The experiments were
performed under laboratory conditions on wood samples measuring 50 mm x 40 mm X 10 mm. Based on the
results according to the mentioned test method, it can be stated that in the case of samples of selected coniferous
trees there were no significant differences in terms of assessed evaluation criteria - mass loss, ignition time, burning
rate. Significant differences were recorded by oak wood, which achieved significantly better results in all
evaluation criteria. The prerequisite for achieving better results of oak wood was its higher density compared to

the density of coniferous trees.
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1 Introduction

Currently, the choice of building material is
influenced by many factors. In addition to good
physical and mechanical properties, the impact
on environment is also a very important factor
[1]. Wood is one of the most sustainable,
aesthetically pleasing and environmentally
friendly materials [2]. It is one of the most
important natural materials, thanks to which it
is used many areas, especially in the
construction industry, in the manufacture of
furniture, musical instruments and the like [3].
Wood is a material that is characterized by
a relatively inhomogeneous  anisotropic
structure and consists of a complex of
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1 Uvod

V stcasnosti ovplyviiuje vyber stavebnych
materidlov vela faktorov. Okrem dobrych
fyzikalnych a mechanickych vlastnosti je vel'mi
dolezitym faktorom aj vplyv na Zivotné
prostredie [1]. Drevo  je  jednym
z najudrzatel'nejSich, esteticky  posobivych
a ekologicky nezavadnych materialov [2]. Je
jednym  z  najdolezitejSich  prirodnych
materiadlov, vd’aka Comu nachadza uplatnenie v
mnohych oblastiach dne$sného moderného
sveta. Pouziva sa v mnohych oblastiach,
predovsetkym v stavebnom priemysle, pri
vyrobe  nabytku, hudobnych  nastrojov
a podobne [3]. Drevo je material, ktory sa
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macromolecular substances (cellulose,
hemicelluloses, lignin and extractives). It has
sufficient strength, flexibility, good thermal
insulation and acoustic properties [4]. Bergman
[5] in his work provides a broader view of the
structure of wood from an engineering and
architectural point of view. The structure of
different polymers can be significantly
different. Conifers have a different structure
compared to deciduous trees and also hard and
soft trees. Hardwoods are deciduous trees and
softwoods are conifers [2].

Spruce, pine, fir and oak wood is an
important industrial raw material. Spruce wood
has the widest use of all woods, it is soft, well
split and light. It is our most important raw
material for sawmill processing. Its most
significant use is in the form of lumber,
especially for above-ground buildings. It is used
for the production of roof structures of
residential, commercial, but also special
buildings. It is a proven semi-finished product
for the production of construction and carpentry
products. Spruce lumber is used in the
manufacture of furniture and is an important
raw material for the production of structural
veneers for the production of plywood and all
kinds of agglomerated materials, such as
particle board, including oriented strand board,
fiberboard of various densities [6].

Fir wood has a similar use as spruce. It is
durable under water and easily split. The higher
occurrence of lumps in fir lumber partially
limits its industrial use and increases its use in
the form of construction lumber. Alternatively,
fir wood can also be found in roof constructions
and in construction and carpentry products. It is
significantly used for the production of frame
constructions, panels of wooden constructions
and in the original cylindrical shape for the
production of log wooden constructions.
Quality fir planks characterized by a distinctive
texture and a large proportion of healthy lumps
can be found applied in rustic furniture [6].

Pine wood is used in construction, in the
manufacture of auxiliary and final structures, in
the production of frame structures of
prefabricated wooden buildings. In the original
cylindrical shape, demanding constructions of
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vyznacuje relativne nehomogénnou
anizotropnou Struktirou a pozostava z
komplexu makromolekularnych latok

(celuloza, hemicelulozy, lignin a extraktivne
latky). Ma dostatocnu pevnost, pruznost’, dobré
tepelnoizolacéné a akustické vlastnosti [4].
Bergman [5] vo svojej praci poskytuje Sirsi
pohlad na Struktiru dreva z inzinierskeho a
architektonického hladiska. Struktara réznych
polymérov modze byt vyrazne odlisna.
Rozdielnu Struktru maja ihlicnaté dreviny
V porovnani s listnatymi drevinami a taktiez
tvrdé amikké dreviny. Tvrdé dreviny su
listnaté dreviny a mikké dreviny st ihli¢naté
dreviny [2].

Smrekoveé, borovicové, jedlové aj dubové
drevo je vyznamnou priemyselnou surovinou.
Smrekové drevo ma zo vsetkych drevin
a l'ahké Je to naSa najdodlezitejSia surovina pre
piliarske spracovanie. Jeho najvyznamnejsie
vyuzitie je vo forme stavebného reziva
predovsetkym pre nadzemné stavby. Pouziva
pre vyrobu stresnych konstrukcii obytnych,
hospodarskych, ale i Specidlnych budov. Je
osvedCenym  polotovarom  pre  vyrobu
produktov stavebno-stolarskej vyroby.
Smrekové rezivo sa pouziva na vyrobu nabytku
aje vyznamnou surovinou pre vyrobu
konstrukénych dyh na vyrobu preglejok a
vSetkych druhov aglomerovanych materialov,
ako su drevotrieskové dosky, vratane dosak
z orientovanych triesok, drevovlaknité dosky
roznej hustoty [6].

Jedlové drevo ma podobné pouzitie ako
smrekové. Je trvanlivé pod vodou a l'ahko sa
Stiepa. Vac¢si vyskyt hi¢ v jedlovom rezive
limituje ¢iastoéne jeho priemyselné vyuzitie a
zvacsuje jeho vyuzitie formou stavebného
reziva. Drevo z jedle alternativne nachadzame
aj Vv stre$nych kons$trukciach a v stavebno-
stolarskych vyrobkoch. Vyznamne sa pouziva
na vyrobu ramovych konstrukcii, panelov
drevostavieb a v pévodnom valcovitom tvare na
vyrobu zrubovych drevostavieb. Kvalitné
jedlové prirezy vyznacujlice sa vyraznou
textirou avelkym podielom zdravych hi¢
najdeme aplikované v rustikalnom nabytku [6].

Borovicové drevo je vyuzivané
Vv stavebnictve, pri zhotovovani pomocnych, ale
i findlnych konStrukcii, pri vyrobe ramovych
konstrukcii panelovych drevostavieb.
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log buildings are also created from this wood. It
is a traditional interior material and it follows
that in addition to construction veneers and
subsequently plywood, decorative veneers are
also used from it, which are applied in the
production of interior tiles. Bluing of pine
wood, as well as healthy lumps, are features
sought after in furniture production in the
production of seating, table, cabinet, but also
bed furniture [6].

Oak wood is also an important raw material
for the needs of the furniture industry, the
production of large-area materials, expensive
interior products such as stairs, railings and
floors, and various other construction and
carpentry products. Due to its hardness,
toughness, strength and durability, oak wood
can also be found in special building
constructions, in sports products and in products
for vehicles. Its special feature is its relationship
to moisture and water and the resulting
durability. Water-soaked oak wood hardens and
darkens [6].

In addition to the mentioned positive
properties, wood also has disadvantageous
properties, of which we can mention low
resistance to biotic and abiotic factors (fungi,
molds, rot, flammability) [7]. The flammability
of wood is one of the important facts that may
hinder its wider applicability in areas prone to
fire. The latter fact results mainly from the
relatively easy ignition of wooden elements [8].
Heating causes thermal degradation and
combustion of wood, which produces gases,
vapors, tars and soot [2]. For a correct and
complete understanding of fire protection of
wood, it is important to know the mechanism of
action of thermal energy (fire) on the surface of
wood and the changes taking place in it, as well
as the effects of combustion processes [7].
Wood burning is generally a very complex
physico-chemical process in which the
individual components of wood are thermally
decomposed and its chemical composition is
changed [9]. For this reason, in addition to
mechanical [7], physical and structural changes
[10], it is necessary to monitor the chemical
changes that occur during the thermal loading
of wood [11] and thus contribute to solving the
issue of its protection. For this purpose, various
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V p6vodnom valcovitom tvare sa z tohto dreva
vytvaraju aj narocné konsStrukcie zrubovych
stavieb. Je tradi¢nym interiérovym materialom
a Z toho vyplyva, ze sa z neho vyrabaji okrem
konstrukénych dyh anasledne preglejok aj
dyhy dekoracné, ktoré sa aplikuju pri vyrobe
interiérovych obkladov. Zmodranie
borovicového dreva, ako aj hrée zdravé, st
znaky vyhladavané v nabytkarskej vyrobe pri
vyrobe sedacieho, stolového, skrinkového, ale
aj 16zkového nabytku [6].

Dubové drevo je taktiez vyznamnou
surovinou pre  potreby  nabytkarskeho
priemyslu, vyrobu velkoplo$nych materidlov,
drahych interiérovych vyrobkov, ako su
schodiska, zabradlia a podlahy a r6znych inych
stavebno-stolarskych vyrobkov. Drevo z duba
prave kvoli jeho tvrdosti, huzevnatosti, pevnosti

atrvanlivosti najdeme tiez v Specidlnych
stavebnych  konStrukciach, v Sportovych
vyrobkoch, vo vyrobkoch pre dopravné

prostriedky. Jeho osobitnou vlastnost'ou je jeho
vztah k vlhkosti a k vode a z toho vyplyvajuca
trvanlivost. Dubové drevo zmacané vodou este
stvrdne a stmavne [6].

Okrem spominanych pozitivnych vlastnosti
ma drevo aj nevyhodné vlastnosti, z ktorym
mdzeme spomenut mali odolnost voci
biotickym a abiotickym Cinitelom (huby,
plesne, hniloba, horlavost) [7]. Horlavost’
dreva je jednym z dolezitych faktov, ktory moze
branit’ jeho SirSej uplatnitelnosti. v oblastiach
nachylnych na poziar. Posledny uvedeny fakt
vyplyva predovsetkym z relativne I'ahkého
zapalenia drevnych prvkov [8]. Pri zahrievani
dochadza k tepelnej degradécii a spalovaniu
dreva, pri ktorom sa vytvaraju plyny, pary,
dechty a sadze [2]. Pre spravne a tuplné
pochopenie protipoziarnej ochrany dreva je
dolezit¢é poznat mechanizmus pdsobenia
tepelnej energie (ohna) na povrch dreva
azmeny v fom prebiehajuce, ako aj vplyvy
spalovacich procesov [7]. Spalovanie dreva je
vSeobecne velmi zlozity fyzikalno-chemicky
proces, pri ktorom dochadza k tepelnému
rozkladu jednotlivych zloziek dreva a k zmene
jeho chemického zlozenia [9]. Z tohto dovodu
je potrebné aby sa okrem mechanickych [7],
fyzikalnych a Strukturdlnych zmien [10]
sledovali aj chemické zmeny, ku ktorym
dochadza pri tepelnom zat'azeni dreva [11] a tak



14(1): 16-29, 2020

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2020.14.1.82

test methods are used, for example methods of
thermal analysis or other methods for evaluating
the thermal resistance of wood. The results of
such tests often depend very much on various
parameters, including temperature, heating rate
and sample size. The use of wood is therefore
limited by various safety requirements and
regulations regarding its flammability and fire
propagation characteristics [2].

One of the important methods for evaluating
thermal resistance is the method of mass loss.
According to several authors [12, 13, 14], the
mass loss under thermal loading depends on the
type of wood, the environment, the temperature
and the heating time. However, the published
data are difficult to compare because different
evaluation conditions were used in individual
experiments (eg time, temperature, wood
species, initial humidity, etc.) [15].

The evaluation of the thermal resistance of
different types of wood by mass loss has been
discussed by several authors [16, 17, 18], who
also confirmed in their experiments that mass
loss depends on the type of wood, its density,
humidity, porosity and chemical composition.
In their work, they stated that the higher the
density of wood, the slower the burning, and
thus the rate of mass loss is lower Denser
material consumes more energy for ignition and
combustion.

The aim of the paper is an experimental
comparison of the thermal resistance of selected
coniferous and deciduous trees using a non-
standard test method - tests by a radiant heat
source. The evaluation criteria were mass loss,
ignition time and relative burning rate of the
tested wood.

2 Material and methods

For the experiment, carried out in laboratory
conditions, we subjected samples of spruce and
fir originating from a 120 year old stand at an
altitude of 800 m above sea level, samples of
oak and pine from a 110 year old stand growing
at an altitude of 320 m above sea level. For the
purposes of the experiment, the test samples
were sawn from the trunk part of the tree to the
dimensions 50 mm x 40 mm X 10 mm, the
surface of the samples was treated with planing
and samples without anatomical and other
defects were selected for evaluation (Fig. 1). 5
test specimens were prepared from each tree.
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prispievat’ k rieSeniu otazky jeho ochrany.
Za tymto ucelom sa pouzivaju rozne testovacie
metody, napriklad metody termickej analyzy,
respektive d’alS§ie metdody hodnotiace termickl
odolnost’ dreva. Vysledky takychto testov ¢asto
vel'mi zdvisia od réznych parametrov vratane
teploty, rychlosti zahrievania a velkosti tvaru
vzorky. Pouzivanie dreva je preto obmedzené
roznymi bezpecnostnymi poziadavkami a
predpismi tykajicimi sa jeho horlavosti a
charakteristik Sirenia poziaru [2].

Jednou  zvyznamnych  metodik na
hodnotenie termickej odolnosti je metoda
hmotnostného tibytku. Podl’a viacerych autorov
[12, 13, 14] hmotnostny ubytok pri termickom
zatazeni zavisi od druhu dreviny, prostredia,
teploty a Casu ohrevu. Publikované udaje je
vSak problematické porovnavat, pretoze v
jednotlivych experimentoch boli pouzité rozne
podmienky hodnotenia (napr. ¢as, teplota, druh
dreviny, pociato¢na vlhkost’ ap.) [15].

Hodnotenim termickej odolnosti réznych
druhov drevin prostrednictvom hmotnostného
ubytku sa zaoberali viaceri autori [16, 17, 18],
ktori svojimi experimentami tiez potvrdili, ze
ubytok hmotnosti zavisi od druhu dreva, jeho
hustoty, vlhkosti, porovitosti a chemického
zloZzenia. Vo svojich pracach konstatovali, ze
¢im je vyssia hustota dreva, tym odhorievanie
prebicha pomalSie, ateda aj rychlost
hmotnostného Ubytku je nizSia. Hustejsi
material spotrebuje viac energie na zapalenie a
horenie.

Cielom prispevku je experimentalne
porovnanie termickej odolnosti vybranych
ihlicnatych a listnatych drevin prostrednictvom
nenormovej testovacej metody — skusky
salavym tepelnym zdrojom. Hodnotiacimi
Kritériami boli ibytok hmotnosti, ¢as zapalenia
arelativna rychlost’ odhorievania testovanych
drevin.

2 Material a metédy

Experimentu, realizovanému v
laboratérnych podmienkach, sme podrobili
vzorky smreka obyc¢ajného a jedle bielej
pochadzajucich zo 120 ro¢ného porastu v
nadmorskej vyske 800 m.n.m., vzorky dubu
zimného aborovice lesnej zo 110 ro¢ného
porastu rasticeho v nadmorskej vyske 320
m.n.m. SkuSobné vzorky boli pre potreby
experimentu napilené z kmenovej Casti stromu
na rozmery 50 mm x 40 mm x 10 mm, povrch
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The humidity of the samples was determined by
the gravimetric method, according to STN 49
0103: 1979 [19]. Density was determined as the
ratio of weight and volume of wood at the same
humidity on the basis of STN 49 0108: 1993
[20].

vzoriek bol upraveny hoblovanim a pre
hodnotenie  boli  vybrat¢é  vzorky bez
anatomickych a inych chyb (obr. 1). Z kazdej
dreviny bolo pripravenych 5 skiisobnych telies.
Vlhkost vzoriek bola stanovena gravimetrickou
metodou, podla STN 49 0103: 1979 [19].
Hustota bola stanovena ako podiel hmotnosti
a objemu dreva pri tej istej vlhkosti na zéklade
STN 49 0108: 1993 [20].

Fig 1. Photodocumentation of samples for the radiant heat source test
(BO — pine, SM — spruce, JE — fir, DB — 0ak)

Obr. 1 Fotodokumentacia vzoriek pre skusku salavym tepelnym zdrojom
(BO — borovica, SM — smrek, JE — jedl'a, DB — dub)

The radiant heat source test is a non-standard
test method used in model combustion tests.
Said method makes it possible to measure the
mass loss of the material under radiant heat
loading. The experiment consists in exposing
the test specimens to the effect of a thermal
infrared heater with different heat output for a
certain time, at different distances from the
surface of the radiating body and its evaluation
criteria is relative mass loss, but also ignition
time of samples and relative burning rate [21].

The ceramic infrared heater is of the F.T.E.
(Full trough element), which produces long-
wave infrared radiation, works at a temperature
of 300 to 750 ° C. Its resistance spiral is
encapsulated in a ceramic body, which is then
glazed as protection against the ingress of
moisture and also protects the radiator from
atmospheric and corrosive influences.

For our experiment, we used a ceramic
thermal infrared heater with a power of 1000 W,
its duration of action was 600 seconds and the
samples were 30 mm away from the surface of
the radiating body. Using a Radwag PS 3500.
R2 electronic scales, on which the samples were
placed, the mass loss was recorded every 10 s
(using the RLAB program) and any ignition
of the samples was visually monitored,
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Skuska salavym  tepelnym  zdrojom
je nenormova testovacia metdda, ktora sa
pouziva pri modelovych testoch horenia.
Uvedena metdda umoznuje merat’” hmotnostny
ubytok materialu pri zatazeni salavym teplom.
Experiment spociva vo vystaveni skuSobnych
telies ucinku tepelného infraziarica s réznym
tepelnym vykonom za urity cas, v rdznej
vzdialenosti od povrchu Ziariaceho telesa a jeho
hodnotiacim kritériom je relativny ubytok
hmotnosti, ale ajcas zapalenia vzoriek
a relativna rychlost’ odhorievania [21].

Keramicky infraziari¢ je typu F.T.E. (Full
trough element - plny zaobleny element), ktory
vytvara dlhovinné infracervené Ziarenie pracuje
pri teplote od 300 do 750 °C. Jeho odporova
$pirala je zaliata do keramického tela, ktoré je
nasledne glazované ako ochrana proti vniknutiu
vlhkosti a tiez chrani ziari¢ pred atmosférickym
a korozivnym vplyvom.

Pre na$ experiment sme pouzili keramicky
tepelny infraziari¢ s vykonom 1000 W, doba
jeho posobenia bola 600 sektnd a vzorky boli
od povrchu Ziariaceho telesa vzdialené 30 mm.
Prostrednictvom elektronickych vah Radwag
PS 3500. R2 od firmy Radwag, na ktorych boli
vzorky polozené, bol kazdych 10 s
zaznamenavany ubytok hmotnosti (pomocou
programu RLAB) a vizuilne sa sledovalo
pripadné vznietenie vzoriek, s vykonanim
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with a time record if this phenomenon occurred. casového zdznamu, ak uvedeny jav nastal.
A schematic representation of the device is Schematické znazornenie zariadenia je na
shown in fig. 2. obr. 2.

Fig 2. Testing apparatus for evaluation of mass loss [21]
(1 — infrared heater, 2 — metal stands, 3 — scales protection, 4 — electronic scales, 5 — tested sample, 6 —
sample holder, h — distance of the sample from the surface of the emitter)

Obr. 2 Testovacia aparatura na hodnotenie hmotnostného tbytku [21]
(1 — infraziari¢, 2 — kovové stojany, 3 — ochrana vah, 4 — elektronické vahy, 5 — skisobna vzorka, 6 —
drziak vzorky, h — vzdialenost’ vzorky od povrchu Ziari¢a)

From the measured values, we calculated the Z nameranych hodndt sme podl'a vzt'ahu (1)
relative mass loss according to equation (1) and vypocitali relativny tbytok hmotnosti a podl'a
the relative burning rate according to equation vzt'ahu (2) relativnu rychlost’ odhorievania [22].

(2) [22].

85,.(7) = m@)-m® 100 (%) (1)

m (Tg)

y, = om (T)“Zm 2D . 100 (%-sY) ()

T

Where: &,, (1) — relative mass loss over time (1) (%); v, — relative burning rate (%-s™?);

m (1) —sample original weight (g); m (t) — sample weight at time (1) (g); &, (t + A7) — relative mass
loss over time (t + At) (%); At — the time interval at which weights are read (s).

Kde: 8,,(t)- relativny ibytok hmotnosti v ¢ase (1) (%); v, — relativna rychlost’ odhorievania (%-s™);
m (ty)— povodna hmotnost’ vzorky (g); m (t)— hmotnost’ vzorky v ¢ase (1) (g); 8,, (t + AT) —relativny
ubytok hmotnosti v Case (t+At) (%); At — Casovy interval, v ktorom sa odc¢itavaji hmotnosti (s).

3 Results and discussion 3 Vysledky a diskusia

Ako je v ¢lanku uvedené, ubytok hmotnosti
dreva, ako aj cCas zapalenia arychlost
odhorievania vyznamnou mierou ovplyviuje

As stated in the article, the mass loss of
wood, as well as the ignition time and the rate

of burning significantly affected its density and jeho hustota a vlhkost. Aby sme vedeli posudit
humidity. In order to be able to assess the vplyv uvedenych faktorov na vysledné hodnoty
influence of these factors on the resulting values hodnotiacich  kritérii naSich testovanych
of the evaluation criteria of our tested samples, vzoriek, pred zacatim samotného experimentu

the density of the samples at a given humidity

21
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was calculated before the start of the experiment
itself (tab. 1).

Tab. 1 Selected physical characteristics

Tab. 1 Vybrané fyzikalne charakteristiky

bola vypocitand hustota vzoriek pri danej
vlhkosti (tab. 1).

(%) Density/Hustota (kg-m)

Wood/Drevina  Moisture/Vlhkost’
SM 8,23+0,01
BO 8,02+0,09
JE 8,26+ 0,07
DB 7,75+ 0,06

441,60+10,01
428,00+17,57
454,40+9,00

687,50+34,33

Figure 3 shows the samples after the
experiment. It is also clear from the above
figure that DB samples with significantly higher
density compared to coniferous wood samples
were better able to withstand the effects of
radiant heat and remained more compact even
after the testt One of the -evaluated
characteristics was the ignition time of the
tested samples. The evaluation is given in table
2, which shows the ignition times of individual
samples of wood and their average values, from
which it can be seen, that the JE and BO samples
had approximately the same ignition time. JE
samples reached the lowest ignition time and
the longest they were able to withstand the
influence of radiant heat DB samples, which we
attribute to its higher density. Flame burning did
not persist, in any of the samples, until the
duration of the experiment jumped. The
termination of flame combustion occurred at
different times, their values are given for
individual samples in table 3.

SM

DB

Na obrazku 3 su znazornené vzorky po
vykonani experimentu. Aj z uvedeného obrazku
je zrejmé, ze vzorky DB s vyrazne vysSou
hustotou v porovnani so vzorkami ihli¢natych

drevin dokazali lepSie odolavat’ ucinkom
salavého tepla, aaj po skuske zostali
kompaktnejSie. Jednou z  hodnotenych

charakteristik bol cas zapalenia testovanych
vzoriek. Uvedené hodnotenie je v tabulke 2,
vktorej su uvadzané Casy zapdlenia
jednotlivych vzoriek drevin aich priemerné
hodnoty, znej mozno vidiet, Ze priblizne
rovnaky c¢as zapalenia mali vzorky JE a BO.
Najnizsi Cas zapalenia dosiahli vzorky JE a
najdlhSie dokazali vplyvu salavého tepla
odolavat DB vzorky, ¢o pripisujeme jeho
vyssej hustote. Plameniové horenie

nepretrvavalo, ani u jednej zo vzoriek az do
skoCenia trvania experimentu. K terminacii
plameiiového horenia doslo v réznych casoch,
ich hodnoty su pre jednotlivé vzorky uvadzané
v tabul’ke 3.

Fig. 3 Photo documentation of samples after the test by radiant heat source

Obr. 3 Fotodokumentacia vzoriek po skuske salavym tepelnym zdrojom
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Tab. 2 Ignition time of tested trees (s)

Tab. 2 Cas zapélenia testovanych drevin (s)

sample sample sample sample sample
no.1 no.2/ no.3/ no.4/ no.5/
WOOD/ vzorka vzorka vzorka vzorka vzorka average/

DREVINA ¢. 1 ¢.2 ¢.3 ¢. 4 ¢.5 priemer

SM 65,00 53,00 82,00 46,00 59,00 63,00+17,68
BO 54,00 63,00 56,00 57,00 59,00 57,80+3,42
JE 55,00 59,00 57,00 54,00 61,00 57,20+2,86
DB 110,00 75,00 98,00 90,00 94,00 93,40+12,72

Tab. 3 Termination time of flame burning of tested trees (s)

Tab. 3 Cas terminacie plametiového horenia testovanych drevin (s)

sample sample sample sample sample
no.1/ no.2/ no.3/ no.4/ no.b5/

WOOD/ vzorka vzorka vzorka vzorka vzorka average/
DREVINA ¢ 1 ¢.2 ¢.3 ¢. 4 ¢.5 priemer
SM 347,00 455,00 448,00 304,00 358,00 382,40+66,27
BO 363,00 330,00 365,00 333,00 441,00 360,40+32,65
JE 371,00 422,00 326,00 387,00 318,00 364,80+43,30
DB 402,00 388,00 390,00 375,00 400,00 391,00+10,82
The following table 4 shows the mass loss V nasledujucej tabulke 4 uvadzame
results for individual tree species. These results vysledky ubytku hmotnosti pre jednotlivé druhy
are supplemented by figure 4, which is an drevin. Tieto vysledky st doplnené obrazkom 4,
expression of the graphical dependence of the ktory je vyjadrenim grafickej zavislosti ubytku
mass loss of individual tree species on time. hmotnosti jednotlivych druhov drevin na case.

Tab. 4 Final values of mass loss of tested trees (%)

Tab. 4 Kone¢né hodnoty ubytku hmotnosti testovanych drevin (%)

sample sample sample sample sample

no.1/ no.2/ no.3/ no.4/ no.5/
WOOD/ vzorka vzorka vzorka vzorka vzorka average/
DREVINA ¢. 1 ¢.2 ¢.3 ¢. 4 ¢.5 priemer
SM 97,55 87,78 96,59 99,06 96,79  95,55+4,45

BO 100,00 100,00 99,89 99,77 93,01  98,53+3,09

JE 95,23 87,51 9515 94,93 9520 93,61+3,41

DB 9248 93,49 9141 92,38 8994 91,94+134
23

Delta 2020, 14(1):16-29



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 14(1): 16-29, 2020
DOI: 10.17423/delta.2020.14.1.82

100

80

60

40

20

relative mass loss / relativny
Ubytok hmotnosti (%)

B0

0€
09
06
0ct
0ST
08T
0T¢

w w
o Ww
o o

09¢
06¢€
ocy
(0514
08vy
0TS
(0749
0LS
009

time / éas (s)

SM DB

Fig. 4 Relative mass loss of tested trees

Obr. 4 Relativny ubytok hmotnosti testovanych drevin

Based on the summary of the results in table
4 and figure 4, we can state that the trend of
relative mass loss was almost identical in the
case of conifers (fig. 4). We noticed a more
significant difference in DB samples, in which
a more significant mass loss occurred
significantly later, compared to conifers, which
we consider to correspond to a later ignition
time. At the same time, we can state that all
wood have lost more than 90% of their original
weight in 600 seconds. We recorded the worst
results for BO samples, which lost up to
98,53%, which we also attribute to the high
content of BO wood resins, as stated by the
authors [23]. The humidity of the individual
samples is very similar, the difference between
the individual samples was not even one
percent, so we do not consider the effect of
humidity on the difference in results. As we
assumed, in our case the influence of density on
the thermal degradation of wood was
significant. This statement was confirmed, as it
is clear from the comparison of mass losses that
wood from DB showed the lowest mass loss and
is due to its density (tab. 1) more resistant to
heat stress than coniferous wood. The DB test
specimens, which had the highest density of the
woods we tested, showed a lower mass loss of
up to 6,59% compared to BO, which had the
lowest density of the tested trees. If we compare
wood species, we can rank them in the order
from the best results to the worst as follows:
DB, JE, SM and BO.

Delta 2020, 14(1):16-29

Na zaklade zhrnutia uvedenych vysledkov
vtabulke 4 ana obraizkn 4 mozeme
konstatovat’, Zze trend relativneho tubytku
hmotnosti bol takmer totozny v pripade
ihli¢natych drevin (obr. 4). Vyraznejsi rozdiel
sme zaznamenali pri vzorkach DB, pri ktorom
k vyraznejSiemu ubytku hmotnosti dochadzalo
podstatne neskor, v porovnani s ihli¢natymi
drevinami, ¢o povazujeme za koreSpondujuce s
neskor$im Casom zapalenia. Zaroven moézeme
konstatovat, ze vsetky dreviny za cas 600
sekund stratili viac ako 90% svojej povodnej
hmotnosti. NajhorSie  vysledky  sme
zaznamenali pre vzorky BO, ktoré stratili az
98,53%, Co pripisujeme aj vysokému obsahu
zivic BO dreva, tak ako uvadzaju autori [23].
Vlhkost jednotlivych vzoriek je velmi
podobna, rozdiel medzi jednotlivymi vzorkami
nebol ani jedno percento, takze neuvazujeme s
vplyvom vlhkosti na rozdiel vysledkov. Tak ako
sme predpokladali, aj vnaSom pripade sa
vyrazne prejavil vplyv hustoty na termicka
degradaciu dreva. Toto tvrdenie sa potvrdilo,
nakol'ko z porovnania ubytkov hmotnosti je
zrejmé, ze drevo z DB vykazovalo najnizsi
ubytok hmotnosti a je vd’aka svojej hustote (tab.
1) odolnejsie voci tepelnému zatazeniu ako
drevo ihli¢natych drevin. SkaSobné telesa DB,
ktory mal spomedzi nami testovanych drevin
najvyssiu hustotu, vykazovali niz8§i ubytok
hmotnosti az 0 6,59 %. v porovnani s BO, ktora
hustotu. Ak vzajomne porovname dreviny,
mozeme ich v rade od najlepsich vysledkov po
najhorsie zoradit' nasledovne: DB, JE, SM
a BO.
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The laboratory equipment allowed us to
continuously measure mass loss and record it
using computer technology. Based on such a
measurement, it was possible to calculate the
relative burning rate from the measured mass
loss values according to equation (2). Burning
rate is a property of materials that influences
their fire behavior. We have shown its course in
figure 5.

0.6
0.5
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0.3

relative burning rate / relativna
rychlost odhorievania ((%-s)

o1 AY
0
o w (o)) [(o] - - [ N
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Laboratérne zariadenie nam umoziiovalo
merat’ kontinualne ubytok na hmotnosti a
zaznamenavat' ho vypoctovou technikou. Na
zaklade takéhoto merania, bolo z nameranych
hodn6t ubytku hmotnosti mozné vypocitat’
relativnu  rychlost  odhorievania  podla
uvedeného vztahu (2). Rychlost’ odhorievania
je vlastnost’ materidlov, ktord ovplyviiuje ich
spravanie sa pri poziari. Jej priebeh sme
znazornili na obrazku 5.

N N w w w w R H B (9] ul (8] D
B ~ o w D Yo} N (%] (o] = B ~ o
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Fig. 5 Relative burning rate of tested trees

Obr. 5 Relativna rychlost’ odhorievania testovanych drevin

Tab. 5 Values characterizing the maximum burning rate and the time to reach it

Tab. 5 Hodnoty charakterizujiice maximalnu rychlost’ odhorievania a ¢as jej dosiahnutia

Value/ hodnota SM BO JE DB
Vmax - Max. burning rate/max.
rychlost’ odhorievania (%-s™?) 0,36 0,47 0,51 0,46
tmax - time to reach max. burning rate/
Cas dosiahnutia max. rychlosti
odhorievania (s) 70 70 80 250
pomer/ ratio (Vmax /tmax) 0,60 0,78 0,73 0,19

Looking at figure 5, significant increases in
the relative burning rate for SM and BO were
observed as early as the 70th second, when both
test samples reached the maximum burning rate
at the same time. Samples from JE recorded the
most significant increase in the 80th second,
when they also reached the maximum burning
rate, but another significant increase also
occurred in the 290th second, as well as in the
case of SM. From the results we can further
state that this evaluation showed that for
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Ked sa pozrieme na obrazok 5, vyrazné
narasty relativnej rychlosti odhorievania pri SM
a BO sme zaznamenali uz v 70. sekunde, kedy
obe testované vzorky dosiahli maximalnu
rychlost odhorievania v rovnakom case.
Vzorky z JE zaznamenali najvyraznejSi narast
v 80. sekunde, kedy dosiahli aj maximalnu
rychlost  odhorievania, ale k dalSiemu
vyraznejSiemu narastu doslo eSte aj v 290.
sekunde, rovnako moézeme d’alej konstatovat,
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selected wood samples the better results were
obtained by DB samples, which, during burning
recorded the maximum burning rate in the 250th
second of the test, despite the fact that the first
higher increase in burning rate occurred in the
200th second. Good results in this evaluation
were also shown by SM, where the time of
reaching the maximum burning rate was already
in the 70th second of the test, but the value of
this maximum burning rate was the lowest of
the mentioned wood. In conifers, the relative
burning rate decreases after the 300th second. In
the case of DB, however, fluctuations occurred
during the experiment and the burning rate does
not begin to decrease until the 430th second of
the experiment. In this analysis of the results,
we can express another statement that if we
compare the rate of mass loss over time with the
rate of burning, we can confirm the agreement
of the results obtained.

Makovicka-Osvaldova [24] states that the
burning rate is a criterion that has a high
informative value in terms of fire. This
evaluation criterion can be considered more
modern, applied in various test methods of
modern test equipment. From a fire-fighting
point of view, it has a higher informative value
than mass loss. Material that achieves a higher
burning rate is more hazardous from a fire
protection point than material that has a lower
burning rate. Material with a higher value of the
burning rate, helps to create and rapid
development of fire. If the experiment lasts for
a certain time, it is important in which time
interval the maximum burning rate is reached.

The authors [25] further state the evaluation
criterion "ratio". It is the mathematical ratio of
the relative burning rate and the time when the
maximum value of the relative burning rate is
reached. The numerical value of this evaluation
criterion gives relevant information on the
reaction of the material under the experimental
conditions. If the maximum value of the relative
burning rate is reached in a short time, this is a
negative factor. If the maximum value is
reached later, we can consider this as a more
positive indicator. Even with this criterion in
our case, the best results were obtained with DB
samples (tab. 5).
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ze toto hodnotenie poukazalo na to, ze pri
vybranych vzorkach ako aj pri SM. Z
vysledkov drevin lepSie vysledky dosiahli
vzorky DB, ktoré pri odhorievani zaznamenali
maximalnu rychlost’ odhorievania az v 250.
sekunde testu, aj napriek tomu, Ze prvy vyssi
narast rychlosti odhorievania nastal uz v 200.
sekunde. Dobré vysledky v tomto hodnoteni
preukazal aj SM, kde bol sice ¢as dosiahnutia
maximalnej rychlosti odhorievania uz v 70.
sekunde testu, avSak hodnota tejto maximalnej
rychlosti odhorievania bola z uvedenych drevin
najniz§ia. Pri ihlicnatych drevinach relativna
rychlost’ odhorievania po 300. sekunde klesa.
V pripade DB ale dochadzalo pocas
experimentu K vykyvom a rychlost’
odhorievania za¢ina klesat’ az v 430. sekunde
experimentu. V ramci tejto analyzy vysledkov
mozeme vyjadrit’ eSte jedno konstatovanie, ze
ak porovname ubytku hmotnosti v case s
rychlostou odhorievania, moézeme potvrdit
koreSpondujuce vysledky.

Makovicka-Osvaldova [24], uvadza Ze
rychlost’ odhorievania je kritérium, ktoré ma
vysoku vypovednu hodnotu z hl'adiska poziaru.
Uvedené hodnotiace kritérium povazuje za
modernejsie, aplikované v roznych testovacich
metdédach modernych testovacich zariadeni. Z
protipoziarneho hl'adiska ma vyssiu vypovednu
hodnotu, ako ubytok na hmotnosti. Material,
ktory dosiahne vysSiu hodnotu rychlosti
odhorievania, je z protipoziarneho hladiska
rizikovejsi, ako material, ktory ma nizsiu
hodnotu rychlosti odhorievania. Material s
vy$Sou hodnotou rychlosti odhorievania,
napomaha k vzniku a rychlemu rozvoju poziaru.
Ak experiment trva urCity Cas je dolezité, v
akom cCasovom intervale sa  dosiahne
maximalna rychlost’ odhorievania.

Makovicka — Osvadlova a Osvald [25], d’alej
uvadzaji hodnotiace kritérium ,,pomer. Je
matematickym podielom relativnej rychlosti
odhorievania a ¢asu, kedy sa dosiahne
maximalna hodnota relativnej rychlosti
odhorievania. ~ Ciselnd  hodnota  tohto
hodnotiaceho  kritéria dava  relevantnil
informaciu o reakcii materialu v podmienkach
experimentu. Ak sa maximalna hodnota
relativnej rychlosti odhorievania dosiahne v
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4 Conclusion

Wood is a material with versatile use,
especially as a building material. As it is a
flammable material, knowledge of its properties
from a fire protection point of view is highly
topical. The aim of the paper was to compare
selected species of coniferous and deciduous
trees in terms of their thermal resistance by the
method of mass loss. The results show that the
density of wood has a significant effect on the
change in mass loss, ignition time and burning
rate. The evaluated conifers, whose density
ranged from 428,00 kg'm? to 454,40 kg'm?,
recorded approximately the same values of
mass loss, ignition time and similar relative
burning rate. If we compare these results with
the results of the evaluated deciduous tree,
which has a much higher density (687,50 kg-m"
%) compared to the evaluated coniferous trees,
we can clearly state that this tree was able to
withstand the effects of thermal radiation much
better. The obtained original experimental
results and their interpretation are a contribution
to the creation of a database of fire technical and
material characteristics of wood for the needs of
modeling the spread of fire in terms of fire
protection.
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