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Determination of Gross Calorific Value and Net Calorific
Value of Fine Forest Fuel Sampled in Selected Forest Stands

Stanovenie spal’ovacieho tepla a vyhrevnosti jemného lesného
paliva odobratého vo vybranych lesnych porastoch
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Abstract

Fine forest fuel is one of the key indicators for assessing the danger of forest fires. This group of fuels can include
thinner branches, leaves, needles, bark, and tree fruits. These types of fuel are among the most critical in the first
phase of fire development, where more energy is released for fire development. The paper deals with the
comparison of gross calorific value and net calorific value of fine fuels determined calorimetrically according to
the standard STN 1SO 1928. For this purpose, we used the IKA C200 calorimeter. Net caloric values were
calculated using the real data on the fuel moisture content measured directly during the field survey. This study is
focusing samples of surface fine fuel sampled in a forest stand formed by tree Quercus petraea L. and a mixed
stand formed by tree species of pine Pinus sylvestris L., oak Quercus cerris L., and hornbeam Carpinus betulus L.
For testing, there were used the fine fuel samples with a moisture content of 0%. The highest values of gross
calorific value were shown for pine needles (21,860 J-g1), mix litter formed by leaves and needles (21,459 J-g1)
and pine branches with a diameter of 5 cm (21,053 J-g1). The lowest values of gross calorific value were observed
for oak dead leaves (litter) (17,086 J-g!) and dead branches with a diameter of 5 cm (18,578 J-g). A relatively
high value was also observed in the acorn sample (19,066 J-g™). These results showed that the fuel in the mixed
stand has a higher gross and net calorific values, which also means higher fire vulnerability and higher probability
of severe forest fire occurrence.

Keywords: ash content; fine fuels; forest fires; gross calorific value; net calorific value

1 Introduction

The acreage of forests in Slovakia is
approximately 2,006,939 ha, which represents
40.9% of the total area. Due to the excessive use
of wood as raw material, so-called logging
residues accumulate in forests, where we can
include the top parts of trees, branches, leaves,
needles, bark, and tree fruits. This type of fuel,
called fine fuel, is an important element in the
potential behaviour of forest fires. It is one of
the most important factors in determining the
intensity of a fire, the speed of spread of the fire
front, as well as the probability of spot fires. The
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1 Uvod

Vymera lesov na Slovensku je priblizne
2 006 939 ha, ¢o predstavuje 40,9 % z celkovej
rozlohy tzemia. V dbsledku nadmerného
vyuzivania dreva ako suroviny, sa v lesoch
vytvaraju takzvané zvysky po tazbe, kde
moézeme zaradit vrcholové cCasti stromov,
konare, listie, ihli¢ie, koru a plody stromov.
Tento druh paliva nazyvané ako jemné palivo
tvori vyznamny prvok pri potencialnom
spravani  sa  lesnych  poziarov.  Patri
k najdolezitejSim  faktorom pri  urovani
intenzity poziaru, rychlosti Sirenia cela poziaru
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intensity and frequency of forest fires vary
across countries, mainly due to the impact of
vegetation, climate, and initiation methods [1].
In many areas, current fire regimes are mainly
affected by people, which often increases the
number of ignitions and the frequency of fires.
Such deviations from natural regimes threaten
not only biodiversity and ecosystem dynamics
but also human life [2].

Currently, research domain is focused on
systems for assessing the danger of the
occurrence and spread of forest fires. The
majority of these systems take into account the
influence of fuel moisture content and
meteorological  conditions such as air
temperature, wind speed, relative air humidity
and total precipitation. Nufiez-Regueira [3]and
his research group TERBIPROMAT have
proposed a method for determining the fire risk
index in various forests in Spain as part of
research into the use of biomass for energy
purposes. One of the main parameters for
calculating fire risk indices is the calorific value
of the fuel. They included the use of these
indices to create maps of fire danger indices in
forests. Maps are also useful for fire prevention
and the fight against forest fires.

It is necessary to distinguish two types of
calorific value:

Gross calorific value is the amount of energy
released by the complete combustion of a unit
mass of sample at a constant volume in an
oxygen atmosphere, provided that the final
products of combustion consisting of O,, CO-,
SO, and N are in the gas phase together with
the water contained in the sample in a liquid
state[4].

Nett calorific value can be calculated
assuming that the water in the fuel remains in
the form of vapour. The knowledge of net
calorific value is also helpful in evaluating
forest resources and in selecting the most proper
time for their rational energetic using. The
obtained values of gross calorific value and net
calorific value are useful for predicting the
behaviour of fire in individual forest stands, as
well as for preventing and effectively fighting
the fire. For different forest types, these values
depend on the region and season [5].

Since most studies about forest fires focus on
forests dominated by coniferous wood, a
comparison of fire results concerning the type
of forest stand shows that in the period
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ako aj pravdepodobnost vzniku bodovych
poziarov. Intenzita a frekvencia lesnych
poziarov sa li§i naprieC krajinami, najméa
v dosledku  vplyvu  vegetacie, podnebia
a sposobov iniciacie [1]. Sucasné rezimy
poziaru st v mnohych oblastiach ovplyvnené
najmé lud’'mi, ¢o Casto zvySuje pocet zapaleni
a frekvenciu poziarov. Takéto odchylky od
prirodnych  rezimov  ohrozuji  nielen
biodiverzitu a dynamiku ekosystémov, ale aj
Pudsky zivot [2].

V sucasnosti je oblast’ vyskumu zamerana
na systémy hodnotenia nebezpecenstva vzniku
a Sirenia lesnych poziarov. Prevazna Cast’ tychto
systémov zohladnuje vplyv vlhkosti paliva
a meteorologickych podmienok ako su teplota
vzduchu, rychlost’ vetra, relativna vlhkost
vzduchu athrn zrazok. Nufiez-Regueira [3]
ajeho vyskumnd skupina TERBIPROMAT
navrhli metédu na stanovenie indexu rizika
poziaru v roznych lesnych porastoch na tizemi
Spanielska vramci vyskumu vyuZivania
biomasy na energetické ucely. Jednym
z hlavnych parametrov pre vypocet indexov
rizika poziaru je hodnota vyhrevnosti paliva.
Pouzitie tychto indexov zahrnuli na vytvorenie
map indexov poziarneho nebezpecenstva
Vv lesoch. Mapy st zaroven uzitocné na poziarnu
prevenciu a v boji proti lesnym poZziarom.

Je nevyhnutné rozliSovat dva typy
vyhrevnosti:

Spalovacie teplo je mnoZstvo energie
uvolnenej tUplnym spalenim hmotnostnej
jednotky vzorky pri konStantnom objeme
Vv kyslikovej atmosfére za predpokladu, ze
konecné produkty spalovania pozostavajice z
0., CO, SO, aN: st vplynnej faze spolu
svodou, ktord je obsiahnuta vo vzorke v
kvapalnom stave [4].

Vyhrevnost  mozno vypocitat  za
predpokladu, Ze voda v palive zostava vo forme
pary. Znalosti o vyhrevnosti st tiez velmi
uzitoéné pri hodnoteni lesnych zdrojov a pri
vybere najvhodnejSicho okamihu na ich
raciondlne energetické vyuzitie. Ziskané
hodnoty spal'ovacieho tepla a vyhrevnosti st
uzito¢né na predpovedanie spravania sa poZiaru
Vv jednotlivych lesnych porastov, a taktiez na
prevenciu aucinné zdolavanie poziaru. Pre
rozne druhy lesov tieto hodnoty zavisia od
oblasti a ro¢ného obdobia [5].

Ked'Ze vicsina studii o lesnych poziaroch sa
zameriava na lesy s dominantou ihli¢natého
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2010 — 2019 in Slovakia, the largest number of
fires occurred in mixed forest stand (798), in
forest coniferous (613) and the smallest number
in deciduous (330) [6,7].

The aim of this paper is to determine the
gross calorific value and net calorific value of
surface fine fuel taken from the forest stand
formed by tree Quercus petraea L. and the
mixed stand formed by trees Pinus sylvestris L.,
Quercus ceris L., Carpinus betulus L.

2 Material and Methods

For the experimental area for the collection
of surface fine fuel was selected the territory of
the University Forestry Enterprise of the
Technical University in Zvolen. Two forest
stands with the designations 365a and 366b
were selected. Selected stands belong to
category B - forests with a medium degree of
fire risk. Table 1 shows the basic forest
management data for the selected stands.

Tab. 1 Basic data about forest stands [8]
Tab. 1 Zakladné tdaje o lesnych porastoch [8]

dreva, pri porovnani vysledkov poZziarovosti
vzhladom na druh lesného porastu vyplyva, ze
v obdobi 2010 — 2019 na tUzemi Slovenska,
najvacsi pocet poziarov vznikol v lesnom
poraste zmieSanom (798), v lesnom poraste
ihli¢natom (613) a najmensi pocet v listnatom
poraste (330) [6,7].

Cielom tohto prispevku je stanovit
spalovacie teplo avyhrevnost povrchového
jemného paliva odobratého z lesného porastu
tvoreny drevinou Quercus petraea L. a
zmieSan¢ho porastu tvoreny drevinami Pinus
sylvestris L., Quercus ceris L., Carpinus
betulus L.

2 Material a metédy

Za experimentalne tzemie pre odber
povrchového jemného paliva bolo vybrané
uzemie Vysokoskolského lesnickeho podniku
Technickej univerzity vo Zvolene. Boli vybrané
dva lesné porasty s oznafenim 365a a 366b.
Vybrané porasty patria do kategorie B — lesy so
strednym  stupfiom ohrozenia poziarom.
V tabulke 1 uvadzame zakladné
lesohospodarske udaje pre vybrané porasty.

Forest stand / Lesny porast

366b 365a

Wood composition of the forest /
Drevinové zloZenie (%)

Pinus sylvestris L. — 90
Carpinus betulus L. - 7
Quercus cerris L. — 3

Quercus petraea L.— 100

Age of stand (years)/ Vek porastu

135 110
(rokov)

Age class (years) / Vekova trieda 81 + 81 +
(rokov)

Density of stocking / Zakmenenie 0.60 0.80

Aspect / Expozicia Eastern / vychodna Northern / severna
Slope / Sklon (%) 10 30
Altitude / Nadmorska vyska (m n. 395 - 360 320 - 380

m.)

Fuel sampling took place in the summer at
the turn of July - August. These are among the
months with the highest air temperature and low
total precipitation, which has an effect on higher
values of gross calorific value and net calorific
value. It also points to a clear trend towards
longer fires compared to previous years,

Delta 2020, 14(2):5-13

Odber vzoriek paliva sa uskuto¢nil v lethom
obdobi na prelome mesiacov jul — august. Tie
patria medzi mesiace S najvysSou teplotou
vzduchu a nizkymi thrnmi zrazok, ¢o ma vplyv
na vysSie hodnoty spalovacieho tepla
a vyhrevnosti. Taktiez podl'a vyro¢nej spravy
Eurépskej komisie o lesnych poziaroch
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according to the European Commission's annual
report on forest fires in Europe, the Middle East
and North Africa, as fires occur not only in the
dry and hot summer months (July to
September), but in 2017, the most critical
months were June and October.

The following types of fuel samples were
taken:

e In the forest stand 365a - dead leaves
(litter), dead branches with a diameter of 0.5 cm
and 5 cm, beech husks and acorns.

e In the forest stand 366b - mixed litter
(leaves + needles), litter formed by needles,
dead bark (Pinus sylvestris L.), dead branches
(Pinus sylvestris L.) with a diameter of 0.5 and
5 c¢cm and pine cones. The reason for inclusion
in these classes is the fact that each type of
surface fuel has different values of gross
calorific value and net calorific value, which is
evidenced by different fire behaviour.

During sampling, the individual types of
fuels were placed in polythene bags to prevent
moisture loss and thus transported to the
laboratory, where the moisture content of the
fuel was determined. The moisture content of a
fuel is defined as the amount of water contained
in the fuel expressed as a percentage of the dried
fuel. We determined the moisture content of the
fuel on the basis of data on weight loss during
drying of fuel in the drying-plant at a
temperature in the range of 103 °C - 105 °C in
accordance with STN EN ISO 18134-3: Solid
biofuels. Determination of moisture content.
Oven drying method. Part 3: Moisture in the
analytical sample for general analysis [10].

Gross calorific value was determined
calorimetrically according to the standard STN
ISO 1928: Solid mineral fuels. Determination of
gross calorific value by the bomb calorimetric
method, and calculation of net calorific value
[11]. For this purpose, we used the IKA C200
calorimeter. For each sample type, three
measurements were performed at 0% sample
moisture (samples dried in drying plant). We
determined the net calorific value of the fuel
based on a conversion from the values of gross
calorific value. The net calorific values for the
individual fuel types were then calculated to the

Delta 2020, 14(2);5-13

v Eur6pe, na Blizkom vychode a Vv severnej
Afrike [9] poukazuje na jasny trend smerujlci
k dlh§im obdobiam poziarov v porovnani s
predchadzajicimi rokmi, kedZe k poziarom
dochadza nielen v suchych a horucich letnych
mesiacov (jil az september), ale v roku 2017
boli najkritickej$imi mesiacmi jin a oktdber.

Boli odobraté nasledovné typy vzoriek
paliva:

e Vlesnom poraste 365a — odumreté
listie (opad), odumreté konare s priemerom
0,5 cm a5 cm, plevy z bukvic a zalude.

e Vlesnom poraste 366b — zmieSany
opad (listie + ihli¢ie), opad tvoreny ihli¢im,
odumreta kora (Pinus sylvestris L.), odumreté
konare (Pinus sylvestris L.) s priemerom 0,5 cm
a5 cma sisky. Dovodom na zaradenie do tychto
tried je skutocnost’, Zze kazdy typ povrchového
paliva mé odlisné hodnoty spal’ovacieho tepla
a vyhrevnosti, ¢o sa preukazuje rozdielnym
spravanim sa poziaru.

Pri odbere vzoriek sa jednotlivé typy paliv
vlozili do polyetylénovych vriec, aby sa
zabranilo strate  vlhkosti atakto  boli
prepravované do laboratdria, kde bol zistovany
obsah vlhkosti v palive. Obsah vlhkosti v palive
je definovany ako mnozstvo vody obsiahnutej
v palive vyjadrenej v percentach vysuSeného
paliva. Vlhkost paliva sme stanovili na zaklade
udajov o ubytku na hmotnosti pri suseni paliva
Vv suSiarni pri teplote v rozmedzi 103 — 105 °C
vzmysle STN EN ISO 18134-3: Tuhé
biopaliva. Stanovenie obsahu vlhkosti. Metdda
sufenim  vsu$iarni.  Cast  3:  Vlhkost
v analytickej vzorke na vSeobecny rozbor [10].

Spal'ovacie teplo bolo stanovené
kalorimetricky podla normy STN ISO 1928:
Tuhé paliva. Stanovenie spal'ovacieho tepla
kalorimetrickou metodou v tlakovej nadobe
a vypocet vyhrevnosti [11]. Na tento ucel sme
vyuzili kalorimeter IKA C200. Pre kazdy typ
vzorky sa uskutocnili tri merania pri vlhkosti
vzoriek 0 % (vzorky suSené v suSiarni).
Vyhrevnost' paliva sme stanovili na zaklade
prepoctu z hodnot spalovacieho tepla. Hodnoty
vyhrevnosti pre jednotlivé typy paliv boli
nasledne prepocitané na relativnu vlhkost’, ktoré
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relative moisture that the fuel contained in the
field. The last characteristic determined was the
ash content.

3 Results and Discussion

Tables 2 and 3 show the average values of
gross calorific (J-g1), net calorific value (J-g%),
the relative moisture of the fuel sample (%) and
ash content (% by weight) for the fine fuels.
Gross calorific value and net calorific value
were tested at a moisture content of 0% and
subsequently converted to the relative moisture
that fuel contains in the terrain according to the
relevant technical standards. The moisture
content of the fuel samples was low due to fuel
sampling on hot summer days without total
precipitation. Since the values of gross calorific
and net calorific depend significantly on the
moisture content in the sample, we will interpret
the individual results for the moisture content of
0%.

obsahovalo palivo vteréne. Poslednou
stanovenou charakteristikou bol obsah popola.

3 Vysledky a diskusia

V tabulkach 2 a3 uvadzame priemerné
hodnoty spal'ovacieho tepla (J-g*), vyhrevnosti
(J-g1), relativnej vlhkosti vzorky paliva (%)
a obsahu popola v hmotnostnych % pre jemné
paliva. Spalovacie teplo a vyhrevnost’ boli
testované pri obsahu vlhkosti 0 % a nésledne
podla  prislusnych technickych  noriem
prepocitané na relativau vlhkost’, ktoré palivo
obsahovalo Vv teréne. Obsah vlhkosti vo
vzorkéach paliva bol pomerne nizky vzhl'adom
na odber vzoriek realizovanych pocas horticich
letnych dni bez uhrnu zrazok. Ked’ze hodnoty
spalovacieho tepla avyhrevnosti znaéne
zévisia od obsahu vlhkosti vo vzorke, jednotlivé
vysledky budeme interpretovat pre obsah
vlhkosti 0 %.

Tab. 2 Values of gross calorific value, net calorific value and ash content for individual fuel types from

oak stand

Tab. 2 Hodnoty spalovacicho tepla, vyhrevnosti a obsahu popola pre jednotlivé palivové typy

Z dubového porastu

Gross calorific value /

Net calorific value /

Fuel Spalovacie teplo (J-g?) Vyhrevnost’ (J-g?)
Fueltyp/  moisture!/ Fuel moisture / Fuel Fuel moisture / Fuel Ash /
Palivovy typ  Vlhkost Vihkost paliva moisture? Vihkost paliva moisture! /  Popol (%)
paliva (%0) 0% / Vlhkost’ 0% Vlhkost
paliva (%) paliva (%)
Litter — dead
leaves / 11.07 17,086 15,194 15,850 13,840 11.66
Listie — opad
Dead
branches / 11.64 19,486 17,217 18,250 15,858 3.80
Konare
90,5 cm
Dead
branches / 17.15 18,578 15,392 17,342 13,973 271
Konare
@ 5cm
Acorns / 13.26 19,066 16,538 17,830 15,161 2.62
Zalude
Beech husks
/ Plevy z 9.77 19,024 17,166 17,788 15,825 4,95
bukvic

The moisture content of fuel in a forest stand. / Obsah vlhkosti paliva v lesnom poraste.

From the values given in Tables 2 and 3,
coarser fuels (branches with a diameter of 5 cm)
have a higher moisture content compared to
thinner (finer) fuels. This is due to the fact that

Delta 2020, 14(2):5-13

Z hodn6t uvedenych v tabulkach 2 a3 je
zrejmé, ze hrubsie paliva (konare s priemerom
5 cm) maju vyssi obsah vlhkosti oproti tensim
(jemnejSim) palivam. Je to spdsobené tym, ze
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thinner fuel is more prone to changes in
moisture content than coarser fuels. For coarser
fuels, the process of water adsorption and
desorption takes longer than for fine fuels.

It is clear from Table 2 that thin branches
have higher values of gross calorific than
coarser ones by an average of 908 J-g* (4.66%).
This feature is especially important in the first
phase of fire development, where more energy
is released for the subsequent development of
the fire. We can also observe relatively high
values of gross calorific for acorns
(19,066 J-g) as well as beech husk
(19,024 J-g'1), which were remnants of previous
forest management.

tensie palivo je nachylnejSie na zmenu obsahu
vlhkosti oproti hrub§im palivam. Pri hrubsich
palivach proces adsorpcie a desorpcie vody
prebieha dlhsi ¢as oproti jemnym palivam.

Z tabul’ky 2 je zrejmé, ze tenké konare maju
vyssie hodnoty spalovacieho tepla ako hrubsie
v priemere 0 908 J-g* (4,66 %). Tato vlastnost’
je dolezita najméd v prvej faze rozvoja poziaru,
kde sa uvolni vidcSie mnozstvo energie
potrebnej pre rozvoj poziaru. Taktiez mozeme
pozorovat  pomerne  vysoké  hodnoty
spalovacieho tepla pre zalude (19 066 J-g*t)
a taktiez plevy z bukvic (19 024 J-g?), ktoré
boli pozostatkami predoslého
obhospodarovania lesa.

Tab. 3 Values of gross calorific value, net calorific value and ash content for individual fuel types from

pine stand (samples of pine tree)

Tab. 3 Hodnoty spalovacieho tepla, vyhrevnosti a obsahu popola pre jednotlivé palivové typy

z borovicového porastu (vzorky borovice)

Net calorific value /

Gross calorific value /

Fuel

Spalovacie teplo (J-g%)

Vyhrevnost’
(J-g7)

moisture! /
Vlhkost’
paliva (%)

Fuel typ /
Palivovy typ Fuel moisture
/ Vlhkost’

paliva 0 %

Fuel moisture!
/ Vlhkost’
paliva (%)

Fuel
moisture!
/ Vlhkost’

paliva

(%)

Ash / Popol
Fuel moisture / (%)
Vlhkost’ paliva

0%

Litter (leaves
+ needles) /
Opadanka
(listie +
ihligie)

8.40 21,459

19,656

20,223 18,331 3.06

Needles /

Ihligie 9.59 21,860

19,763

20,624 18,425 4.72

Bark (Pinus) /
Kora
(Borovica)

10.55 20,672

18,491

19,436 17,143 2.05

Dead
branches
(Pinus) /

Odumreté
konare
(Borovica)
0,5 cm

10.81 20,342

18,143

19,106 16,792 3.27

Dead
branches
(Pinus) /

Odumreté
konare
(Borovica)
D 5cm

16.68 21,053

17,541

19,817 16,128 0.63

Pine cones /

Sizky 10.39 19,086

17,103

17,850 15,757 3.40

The moisture content of fuel in a forest stand. / Obsah vlhkosti paliva v lesnom poraste.
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The comparison shows higher values of
gross calorific and net calorific for fuels in
mixed forest stand. For pine needles, we
recorded an increase in the value of gross
calorific by 4,774 J-g*! (21.84%) compared to
the dead leaves from the oak stand. In the case
of pine branches with a diameter of 0.5 cm, the
value is higher by 856 J-g?! (4.21%), with a
diameter of 5 cm by 2,475 J-g? (11.76%). We
can also observe a higher value of gross
calorific by 4,373 J-g* (23.38%) in the mixed
litter (leaves + needles) compared to litter
formed by leaves. These differences are mainly
due to different chemical composition.

The higher value of gross calorific in the
case of pine is mainly due to the resin channels
present, which are found in the bark, in the bast
and in the wood. These resin channels contain
flammable resin and organic compounds such
as terpenes, which by their properties contribute
to the higher flammability of these types of fuel.
According to Nufiez-Regueira et al. [4] due to
the higher production of essential oils resins
contained in the pine.

According to Nufiez-Regueira et al. [12], the
prevention of forest fires is the rational use of
the energy resources contained in forest
biomass. One of the solutions is to create maps
that contain key information about forest
resources for their energy use. These maps are
based on information on the net calorific value
of diverse types of forest fuel. The collection,
cleaning, and disposal of these residues after
harvesting make it possible to prevent or
partially limit the spread of forest fires. On the
other hand, these residues stand for a suitable
source of renewable energy. They also point out
that conifers and hardwoods present a higher
risk of fire in the summer months, while other
types of fuel (forest litter) and shrubs have a
higher risk value during the autumn months.

4 Conclusions

The aim of the paper was to compare the
values of gross calorific and net calorific of
surface fuel (fine fuel) occurring in a deciduous
and mixed stand. This type of fuel is one of the
most critical in the first phase of fire
development, where more energy is released for
the development of fire. Based on the achieved
results, we concluded that the mixed stand will
be more dynamic in case of fire due to the
higher values of gross calorific compared to

Delta 2020, 14(2):5-13
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Zo vzajomného porovnania su zrejmé vyssie
hodnoty spalovacieho tepla a vyhrevnosti pre
palivd v zmieSanom lesnom poraste. U ihlicia
sme zaznamenali narast hodnoty spalovacieho
tepla 0 4774 J-g* (21,84%) oproti odumretému
listiu z dubového porastu. V pripade konarikov
Zborovice s priemerom 0,5 cm je vyssia
hodnota 0 856 J-g* (4,21 %), s priemerom 5 cm
02475 J-gt (11,76 %). Taktiez mdzeme
pozorovat’ u zmieSanom opade (listie + ihlicie)
vy$8ie hodnoty spalovacieho tepla 0 4373 J-g?
(23,38 %) oproti opadu tvoreného listim. Tieto

rozdiely st spOsobené najméd odliSnym
chemickym zlozenim.
Kwvyssej hodnote spalovacieho tepla

V pripade borovice prispievaju najmé pritomné
zivicové kanaliky, ktoré sa nachadzaju v kore,
vlyku, a vdreve. Ticto zivicové kanaliky
obsahuju horl’avu zivicu a organické zluceniny
ako terpény, ktoré svojimi vlastnostami
prispievaji k vyssej horlavosti tychto typov
paliva. Podl'a Nufiez-Regueira et al. [4] taktiez
v dosledku vyssej produkcie éterickych olejov
v borovici.

Podl'a Nufiez-Regueira et al. [12] prevenciou
proti lesnym poziarom je racionalne vyuZzivanie
zdrojov energie obsiahnutej v lesnej biomase.
Jednym zrieSeni je vytvorenie map, ktoré
obsahuju kl'aicové informacie 0 lesnych zdrojov
pre ich energetické vyuzitie. Tieto mapy su
zalozené na informaciach o vyhrevnosti
roznych druhov lesného paliva. Zber, Cistenie
a odstraniovanie tychto zvySkov po tazbe
umoziuje zabranit’ alebo ciasto¢ne obmedzit
Sirenie lesnych poziarov. Na druhej strane tieto
zvysky predstavujii vhodny zdroj obnoviteI'nej
energie. TaktieZ poukazujt, Ze ihlicnaté a tvrdé
dreviny predstavuji  vyS$Sie riziko poziaru
Vv letnych mesiacoch, zatial Co ostatné typy
paliva (lesny opad) a kriky maji vyssiu hodnotu
rizika pocas jesennych mesiacov.

4 Zaver

Cielom prispevku bolo porovnat’ hodnoty
spalovacieho tepla a vyhrevnosti povrchového
paliva (jemného paliva) nachadzajice sa
v listnatom a v zmie$anom poraste. Tento druh
paliva patri k najkritickejSim v prvej faze
rozvoja poziaru, kde sa uvol'ni vacSie mnozstvo
energie potrebnej pre rozvoj poziaru. Na
zéklade dosiahnutych vysledkov sme dospeli
k zaveru, ze zmieSany porast bude prebiehat’ pri
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deciduous stands. Also, this type of fuel can find
a use for energy purposes in the form of biomass
or as already mentioned, they can contribute to
large-scale forest fires. The use of post-mining
residues therefore offers several beneficial
possibilities. As well as the economic benefit in
the form of biomass, so is the environmental
benefit, because the removal of forest fuel
residues reduces the risk of forest fires.
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Abstract

The article investigates the simulation of the dispersion of spruce dust particles by CFD (computational fluid
dynamics) simulations for the purpose of explosion protection. Measurements of the maximum explosion
parameters of Norway spruce wood dust were performed in the VA-20 autoclave device. The obtained explosion
parameters depend on the quality of the homogeneous concentration of dispersed dust in the autoclave. To
determine the quality of the homogeneous environment created in the autoclave, CFD analysis by Ansys software
was used. The results of the simulations from CFD analysis showed the formation of eddy currents, which push
the dust particles to the walls of the autoclave and to the point of initiation, where the concentration is
approximately 2.5% higher than predicted by calculations for homogeneous environments and for which explosion
parameters are determined. Based on the simulation it is possible to adjust the method of dust dispersion in the
autoclave by changing the shape of the dust spreader or by delaying the initiation time which clarifies the obtained
explosion parameters of explosive dusts.

Keywords: Norway spruce; dust particle size; maximum explosion parameters; Computational fluid dynamics
(CFD) analysis

1. Introduction 1 Uvod

Explosions of flammable dusts cause serious Vybuchy horlavych prachov spdsobuju
risks and losses in the production process. vazne rizika a straty vo vyrobnom procese.
Detailed investigations of accidents and Podrobné vysetrovania ich nehod a havarii
incidents are valuable sources of information for predstavuju cenné zdroje informacii pre navrhy
proposing measures to prevent them. The issue opatreni na ich zamedzenie. Problematika
of explosion protection, the implementation of ochrany pred vybuchom, implementacia metod a
methods and tools to support effective nastrojov podporujtcich efektivne riadenie s
management to ensure sustainable development cielom zabezpecit' trvalo udrzatelny rozvoj v
in the field of explosion protection, therefore oblasti ochrany pred vybuchom, zohrava preto
plays an important role. dolezita ulohu.

Flammable dusts are a fuel for an exothermic Horlavé prachy st palivom pre exotermicka
reaction, often of an organic nature (wood dust, reakciu, Casto organického charakteru (drevny
food dust, medicines). By mixing flammable prach,  potravinarske  prachy,  lie¢iva).
dust particles in the air, a concentration is PremieSanim horlavych prachovych castic vo

14

Delta 2020, 14(2):14-25


mailto:xspilakd@is.tuzvo.sk
mailto:mrackova@tuzvo.sk
mailto:majlingova@tuzvo.sk
mailto:mrackova@tuzvo.sk

14(2): 14-25, 2020

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2020.14.2.88

created, which, upon initiation, leads to the rapid
spread of the flame, the explosion. [1, 2] The
dust-air mixture is a mechanical suspension,
formed by a system of dispersed fine particles in
the environment, it is not formed by molecular
motion (colloidal suspension). In practice, this
means that the particle flow is essentially
turbulent. The dynamics of these turbulent
structures create local concentration gradients.
Most dust samples have a relatively wide particle
size distribution, and particles of different sizes
respond differently to changes in the flow field.
The results of Siwek et al., Van Wingerden et al.
Klippel et al. Show that the dispersibility of dust
has a significant effect on the risk of explosion
[3,4,5,6].

Measurement of dust concentration during
silo filling and CFD modeling of filling
processes with respect to exceeding the lower
explosion limit was investigated by a team of
authors with Klippel et al. [7] The experiments
were performed with corn starch. The measured
concentrations were compared with those
simulated using CFD simulation in ANSYS CFX
R14 using the Euler/Lagrange approach. The
following were modeled: tensile force, turbulent
dispersion force, particle size distribution,
particle surface area, and particle/particle
interaction. General agreement of measurement
and simulation was achieved. The stated
measurement results could improve safety and
explosion protection. Explosion protection is
ensured by preventing the classification of an
explosive atmosphere in zone 22 according to
ATEX 99/92/EC [8] and equipment and
protective systems will be in the category by the
explosion zone according to ATEX 2014/34/EU
[9] The effect of size distribution and
concentration on wood dust explosion was
published by Calle et al. [10], who showed that
measurement and numerical simulation of local
dust concentrations over time in a vessel can
only be performed with some uncertainty due to
the complexity of dust/air behavior. The dust
concentration was measured in a 50 m® vessel
and compared with a CFD simulation.

The aim of the study is to simulate the
dispersion of Norway spruce dust particles by
CFD analysis based on the measurements of the
maximum explosion parameters in the VA 20
autoclave.

Delta 2020, 14(2):14-25
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vzduchu vznika koncentracia, ktora iniciaciou
vedie k rychlemu §ireniu plamena, vybuchu. [1,
2] Prachovzduchova zmes je mechanicka
suspenzia, vytvorena systémom rozptylenych
jemnych castic v prostredi, nie je tvorena
molekuldarnym pohybom (koloidna suspenzia).
V praxi to znamena, Ze tok Castic je vo svojej
podstate  turbulentny.  Dynamika  tychto
turbulentnych  Struktar  vytvara  miestne
koncentracné gradienty. VécSina vzoriek prachu
ma relativne Siroku distribuciu velkosti Castic a
Castice roznej vel'kosti reaguju odliSne na zmeny
v prietokovom poli. Vysledky autorov Siwek a
kol., van Wingerden a kol. Klippel a kol.,
dokazujii, ze dispergovatelnost’ prachu ma
vyznamny vplyv na nebezpecenstvo vybuchu [3,
4,5, 6].

Meranie koncentracie prachu pri plneni sila a
CFD modelovanie procesov plnenia s ohl'adom
na prekroCenie dolnej medze vybusnosti
spracoval kolektiv autorov s Klippelom a kol.
[7] Experimenty uskutoc¢tiovali s kukuri¢nym
Skrobom. Namerané koncentracie sa porovnali
so simulovanymi pomocou simulacie CFD v
programe ANSYS CFX R14 s pouzitim
Euler/Lagrangeovho pristupu. Boli modelované:
tahova sila, turbulentna disperzna sila,
distribucia velkosti castic, povrchova plocha
Castic a interakcia Castica/Castica. Dosiahla sa
vSeobecna zhoda merania a simulacie. Uvedené
vysledky merani by mohli zlepsit’ bezpecnost’ a
ochranu pred vybuchom. Ochranu pred
vybuchom zaistime prevenciou, Ze vybusny
priestor zaradime do zény 22 podla ATEX
99/92/EC [8] a zariadenia a ochranné systémy
budu v kategorii prinaleziacej v zone vybusnosti
podla ATEX 2014/34/EU [9] Vplyv distribucie
velkosti a koncentracie na vybuch drevného
prachu publikoval autor Calle a kol. [10], ktori
dokazali, Ze meranie a numerickii simulaciu
lokalnych koncentracii prachu v ¢ase v nadobe
je mozné vykonat' iba s urCitou neistotou z
dovodu zlozitosti spravania sa  zmesi
prach/vzduch. Koncentracia prachu bola merana
v nadobe o0objeme 50 m*® a porovnani so
simulaciou CFD.

Ciel'om stadie je simulacia rozptylenia Castic
smrekového prachu analyzou CFD na zaklade
vykonanych merani maximalnych vybuchovych
parametrov v autoklave VA 20.
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2 Material and methods

Measurements of the maximum explosion
parameters of wood dust were performed for the
wood Norway spruce (Picea abies). In forests in
Slovakia, the current proportion of spruce is
25.597%. It belongs to the basic tree species and
therefore it is necessary to pay maximum
attention for that. [11, 12, 13]

Norway spruce wood dust is created as a
residual material in the technology of grinding in
woodworking with specific properties. It forms a
dispersion system, which is formed by the
dispersion of spruce particles in a continuous
phase of the dispersing medium. Spruce dust
particles with a lower fraction react more
brisantly with air after initiation than particles
with a higher fraction. The properties of spruce
wood dust determine the fire technical
characteristics, which are indicators of the
assessment of the risk of fire and explosion. All
combustible organic dusts, including spruce
wood dust, are heterogeneous materials, which
differ significantly in processing in technology,
depending on the production machine and the
machining tool. Determination of maximum
explosion parameters are included among the
leading characteristics and properties of Norway
spruce wood dust.

2.1 Methodologies for determining the maximum
explosion parameters

Norway spruce dust samples were taken from
wood sanding technology, directly from the
source. The weight of the samples was
determined with laboratory scales with a weight
determination accuracy of + 0.01 g. Moisture
analyzer was used to determine the moisture
content of the tested wood dust accordance to the
methodology EN 1SO 1666: 2000 Starch.
Determination of the amount of moisture. [12]
Using a sieve analysis the required fraction of
wood dust was separated (10 um - 500 pum) for
further analyzes performed in an explosive
autoclave VA-20.

Determination of maximum explosion
parameters was performed based on EN 14034-
2 + Al: 2012 Determination of properties of
swirling dust during explosion. Part 2:
Determination of the maximum pressure rise rate
(dp/dt)max in the explosion of vortex dust in an
explosive autoclave VA 20. [13]
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2 Material a metody

Merania maximalnych vybuchovych
parametrov drevného prachu boli vykonané pre
drevinu Smrek obycajny (Picea abies). V lesoch
na Slovensku je sucasné zastipenie smreka
25,597 %. Patri k zakladnym hospodarskym
drevindm, a preto je potrebné venovat jej
maximalnu pozornost’. [11, 12, 13]

Smrekovy drevny prach vznika ako zvySkovy
materidl v technoldgii brusenia v drevarskej
prevadzke so Specifickymi  vlastnost'ami.
Vytvara disperzni sustavu, ktora vznika
rozptylenim smrekovych Castic v suvislej faze
dispergujuceho prostredia. Castice smrekového
prachu s niz$ou frakciou reaguju so vzduchom
po iniciovani brizantnejSie ako Castice s vySSou

frakciou. Vlastnosti smrekového drevného
prachu urcuju poziarnotechnické
charakteristiky, ktoré su  ukazovate'mi

posudzovania rizika vzniku poziaru a vybuchu.
Vsetky horlavé organické prachy, ku ktorym
patri aj smrekovy drevny prach, su heterogénne
materialy, ktoré sa vyznamne liSia spracovanim
v technolégii, zévisia od vyrobného stroja a
nastroja opracovania. Stanovenie maximalnych
vybuchovych parametrov patri medzi popredné

charakteristiky a  vlastnosti  smrekového
drevného prachu.
2.1  Metodiky  stanovenia  maximdlnych

vybuchovych parametrov

Vzorky smrekového prachu boli odobraté z
technolégie brusenia dreva, priamo zo zdroja
vzniku. Hmotnost' vzoriek bola stanovovana
laboratornymi védhami s presnost'ou stanovenia
hmotnosti + 0,01 g. Pre stanovenie vlhkosti
testovaného drevného prachu bol pouzity
analyzator vlhkosti v zmysle metodiky EN ISO
1666: 2000 Skrob. Stanovenie mnoZstva
vilhkosti. [12] Pomocou sitovej analyzy bola
separovana pozadovana frakcia drevného prachu
(10 pum - 500 um) pre dalSie analyzy
vykonavané vo vybuchovom autoklave VA-20.

Stanovenie  maximalnych  vybuchovych
parametrov bolo vykonané na zaklade EN
14034-2+A1: 2012 Stanovenie vlastnosti
zvireného prachu pri  vybuchu. Cast 2:
Stanovenie maximalnej rychlosti narastu tlaku
(dp/dt)max pri vybuchu zvireného prachu vo
vybuchovom autoklave VA 20. [13]
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2.2 Methodologies of computer simulations

When investigating explosive concentrations
in VA-20, the creation of a homogeneous
environment of the dispersion system is an
important prerequisite. This is achieved by using
a source of compressed air, which agitates the
test substance and delays initiation. The delay of
initiation is intended to provide time to form a
homogeneous system and it is different for
substances. In our case, the delay between the
start of dust agitation and the activation of the
initiation source is 0.06 s. Whether this time is
sufficient to form a homogeneous mixture can be
provided by the simulation results. [14, 15]

2.2.1 Computer model

The software for creating a computer model
is ANSYS 19.7. Each simulation in Ansyse is
performed using the Ansys Workbench software
environment. The three-dimensional model was
created in the SpaceClaim environment, which is
part of Ansys and represents a simplified form of
typical CAD systems.

2.2.2 Model geometry

The geometry of the proposed computer
model is dimensionally identical to the VA-20.
For simulating the turbulence of dust in the
autoclave only internal space is important.
Therefore, the resulting computer model does
not include elements such as the outer walls of
the autoclave, the stand, measuring devices, etc.,
which simplifies the simulation and speeds up
the calculation (Fig. 1).

SRR

Ignitors+ '@,

2.2 Metodiky pocitacovych simulacii

Pri skiimani vybuchovych koncentracii vo
VA-20 je dolezitym predpokladom vytvorenie
homogénneho prostredia disperznej sustavy.
Dosahuje sa to pomocou zdroja stlacené¢ho
vzduchu, ktory rozviri skimant latku a
oddialenim iniciacie. Oddialenie inicidcie ma
poskytnut’ ¢as pre vznik homogénnej sustavy a
je rozdielny pre rozne latky. V naSom pripade
oneskorenie medzi zaCiatkom rozvirovania
Ci je tento &as dostadujuci pre vytvorenie
homogénnej zmesi nam vedia poskytnat’
vysledky simulacie. [14, 15]

2.2.1 Pocitacovy model

Software na vytvorenie pocitacového modelu
je ANSYS 19.7. Kazda simulacii v Ansyse je
vykonand pomocou programového prostredia
Ansys Workbench. Trojrozmerny model bol
vytvoreny v prostredi SpaceClaim, ktory je
sucastou Ansysu a predstavuje zjednoduSent
formu typickych CAD systémov.

2.2.2 Geometria modelu

Geometria ~ navrhnutého  pocitacového
modelu je po rozmerovej stranke totozna s VA-
20. Pre potreby simulovania rozvirenia prachu v
autoklave je dolezity len jej vnutorny priestor.
Preto vysledny pocitatovy model nezahfia
prvky ako st vonkajsie steny autoklavu, stojan,
meracia zariadenia a.i., ¢o zjednoduSuje
simuléciu a zrychl'uje vypocet (Obr. 1).

P

//

Rebound nozzle——

Inlet—  —S==r—~

Fig. 1 Computer model of VA-20
Obr. 1 Po¢itatovy model VA-20

All simulations consist of a basic Fluid Flow
(Fluent) analysis for investigate fluid movement

Delta 2020, 14(2):14-25
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Vsetky simulacie pozostdvaju zo zékladnej
analyzy tekutin umoznujtcej skimanie pohybu a
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and behavior. This type of analysis is one of the
typical CFD analysis. The model consists of
time-averaged Navier-Stokes equations (Euler's
approach) written in polar coordinates. These
equations are used to define the physical
properties of fluids.

2.2.3 Discretization of the model

After creating the model in the SpaceClaim
workbench with the specified properties, the
model is meshed to the finite element model
(Fig. 2). Due to the irregular shapes, the
tetrahedron method is used for meshing. With
the help of the Body Sizing and Face Sizing
functions a denser mesh is purposefully created
in the vicinity of the initiating device. In these
places the diameter of the elements is 1 mm.

spravania sa tekutin. Tento typ analyzy sa radi
medzi typické CFD analyzy. Model pozostava z
Casovo spriemerovanych Navier-Stokesovych
rovnic (Eulerov pristup) napisanych v polarnych
suradniciach. Tieto rovnice sa pouzivaji na
definovanie fyzikalnych vlastnosti tekutin.

2.2.3 Diskretizacia modelu

Po vytvoreni modelu v prostredi SpaceClaim
so zadanymi vlastnost’ami je model nasietovany
na model kone¢nych prvkoch (Obr. 2). V
dosledku  nepravidelnych tvarov je na
nasietovanie  vyuzitd metoda  Stvorstena.
Pomocou funkcie Body Sizing a Face Sizing je
cielene vytvorena hustejSia siet v okoli
inicia¢ného zariadenia. Velkost' elementov je v
tychto miestach 1 mm.

Fig. 2 Finite elements mesh

Obr. 2 Siet koneénych prvkov

The final number of nodes is 213,427 and the
number of elements is 1,212,553.

2.2.4 Simulation solution method

Numerical simulation of turbulence is
performed using a standard k- model [16]
enhanced by improved particle-wall interaction.
The motion of the solid phase (wood dust) in the
air is solved by the Lagrang approach using the
discrete phase model. The input of the discrete
phase is solved as a surface type. It is assumed
that the dust particles do not react with the air.
The particle size distribution of wood dust is
solved by Rosin-Rammler [17], because in the
real test the particle size was in the range from
10 pm to 500 um. The interaction between the
gas phase and the solid particles is assumed to be
bidirectional because, according to Elghobashi's
[18] classification, the operating conditions
(particle volume fraction, particle density and

Delta 2020, 14(2):14-25
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Finalny pocet uzlov predstavuje 213 427 a
pocet elementov 1 212 553.

2.2.4 Spdsob riesenia simulacie

Numerickd  simulacia  turbulencie je
uskuto¢nena pouzitim $tandardného modelu k-¢
[16] vylepSenej o zdokonalent interakciu Gastic
so stenami. Pohyb tuhej fazy (drevného prachu)
vo vzduchu je vyrieSeny Lagrangovskym
pristupom pomocou modelu diskrétnej fazy.
Vstup diskrétnej fazy je rieSeny ako typ povrch.
Predpoklada sa, ze Castice prachu so vzduchom
nereaguju. Distriblcia velkosti ¢astic drevného
prachu je rieSend podla Rosin-Rammlera [17],
pretoZze v realnom teste bola velkost’ Castic v
rozmedzi od 10 um do 500 um. Interakcia medzi
plynnou fazou a pevnymi cCasticami je
predpokladana ako obojsmerna, pretoze podla
klasifikacie Elghobashiho [18], prevadzkové
podmienky (frakcia objemu Castic, hustota Castic
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particle concentration) indicate that fluid flow
affects particle motion and vice versa.

The calculation is standard initialized. The
size of the time steps is set to a constant value of
5 ms. The total number of steps is set to 12,
which allows us to display the dispersion of
particles in the autoclave up to the time of
explosion at 60 ms. To ensure the best possible
ratio of the accuracy of the calculations with
respect to the time of the calculations, the
number of iterations per time step is set to 50.

2.2.5 Computer model validation

The proposed computer model is validated
using a verified model according to Di Benedetto
et al. [14]. The model simulated the dispersion of
dust particles in an explosive autoclave and was
validated according to standard measurements of
the pressure increase in the autoclave by the data
obtained from the experiments. Di Sarlia et al.
[15] used this model to investigate the effect of
dust particle size on their dispersion in
autoclave. The results confirmed the correctness
of the created model. The difference compared
to the model of Di Benedetto et al. [14] is the
improved of the finite element mesh by increase
the number of elements.

3 Results and discussion

The humidity of the analyzed wood dust was
in the range of 8.42 + 0.45%. The required
fraction of wood dust was separated by the
analytical sieve AS 200. j. 10 pm - 500 pm, for
further analyzes aimed at determining the
maximum explosion parameters, carried out in
an explosive autoclave VA-20. Using an
explosive autoclave VA-20, we found the
maximum explosion parameters of Norway
spruce wood dust (Tab. 1).

a koncentracia Castic) naznacuju, ze tok tekutiny
ovplyviiuje pohyb cCastic a naopak.

Vypocet je Standardne inicializovany.
Velkost' casovych krokov je nastavena na
konstantn hodnotu 5 ms. Celkovy pocet krokov
je nastaveny na 12, ¢o nam umoZzni zobrazit
rozptylenie castic v autoklave az do casu
vybuchu v case 60 ms. Pre zabezpecenie ¢o
najlepSicho pomeru presnosti vypoctov s
ohl'adom na Cas vypoCtov je nastaveny pocet
iteracii na jeden casovy krok na 50.

2.2.5 Validécia pocitacového modelu

Navrhnuty pocitacovy model je validovany
pomocou overeného modelu podl'a Di Benedetto
a kol. [14]. Model simuloval rozvirenie
prachovych castic vo vybuchovej autoklave a
bol validovany podla S$tandardnych merani
narastu tlaku v autokldve na zéklade ziskanych
udajov z experimentov. Di Sarlia a kol. [15]
pouzili tento model na skiimanie vplyvu velkosti
Castic prachu na ich rozptyl v autoklave.
Vysledky potvrdili spravnost vytvoreného
modelu. Odlisnostou oproti modelu Di
Benedetta a kol. [14] je skvalitnenie siete
kone¢nych prvkov vdaka zvySeniu poctu
elementov.

3 Vysledky a diskusia

Vlhkost' analyzovaného drevného prachu sa
pohybovala v rozmedzi 8,42 + 045 %.
Analytickym sitovacim pristrojom AS 200 bola
separovana pozadovana frakcia drevného prachu

t. j. 10 um - 500 pum, pre dalSie analyzy
zamerané na  stanovenie = maximalnych
vybuchovych parametrov, realizované vo

vybuchovom autoklave VA-20. Za pomaoci
vybuchového autoklavu VA-20 sme zistili
maximalne vybuchové parametre drevného
prachu smreka (Tab. 1).

Tab. 1 Maximum explosion parameters of Norway spruce dust [19]
Tab. 1 Maximalne vybuchové parametre drevného prachu smreka oby¢ajného [19]

Maximum explosion pressure/Maximalny vybuchovy

tlak max 0,7 MPa +£10%
Maximum pressure increase/Maximalny narast tlaka  (dp/dt)max 19,9 MPa.s™? +20%
Cubic constant/Kubicka kon$tanta Kmax 54 mMPas?! +20%
Low explosion limit/Dolna medza vybus$nosti LEL 70 g.m3 +10 %
The outputs from the simulation are Vystupy zo simuldcie sa spracované

processed using directional vectors of dust
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pomocou smerovych vektorov castic prachu
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particles coloured according to their velocity

(Fig. 3-5). The simulation is performed for three

different concentrations of dust in the air, namely

80, 1000 and 2000 g.m?3 The particle

dimensions were 10 pm to 500 um.

Ve
3.120e+001

Velocil{y

Vector
1.227e+002
9.204e+001 2.340e+001

6.136e+001 1.560e+001

3.068e+001 7.800e+000

0.000e+000
[m s*1]

0.000e+000
[m s™1]

zafarbenych podla ich rychlosti (Obr. 3-5).

Simulacia je prevedena pre tri

rozdielne

koncentracie prachu vo vzduchu, konkrétne 80,
1000 a 2000 g.m3. Rozmery &astic boli 10 um az
500 pm.

(a)t=20ms (b) t =40 ms
Fig. 3 Time sequence of directional vectors of dust particles colored by their velocity at a

concentration of 80 g.m=

Velocit:
Vector

1.333e+001

1.000e+001

6.667e+000

3.333e+000

0.000e+000

[m s?-1]

(c)t=60ms

Obr. 3 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podl’a ich rychlosti pri
koncentracii 80 g.m
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Vector

1.287e+002

Veloci
Vector
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(@) t=20ms (b) t=40 ms
Fig. 4 Time sequence of directional vectors of dust particles coloured by their velocity at a

concentration of 1000 g.m
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Vector

1.477c+001

1.108e+001

7.383e+000

3.692e+000
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Obr. 4 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podla ich rychlosti pri

koncentracii 1000 g.m3
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Veclor Vector
1.284c+002 3.093e+001
9.630e+001 2.320e+001
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Fig. 5 Time sequence of directional vectors of dust particles colored by their velocity at a

concentration of 2000 g.m

Obr. 5 Casova sekvencia smerovych vektorov &astic prachu zafarbenych podl’a ich rychlosti pri

koncentrécii 2000 g.m
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When comparing the results from different
concentrations of wood dust particles, no
significant difference is visible. In all three cases,
the distribution of particles is almost identical,
differing only in the density and number of
particle vectors in each space. There are also
slight differences in the results of the maximum
particle velocity, for better clarity they are given
in table 2.

Pri porovnani vysledkov z rozdielnych
koncentracii Castic drevného prachu, nie je
viditelny signifikantny rozdiel. Vo vsetkych
troch pripadoch je rozloZenie Castic takmer
totozné, 1iSi sa len v hustote a pocte vektorov
Castic v danom priestore. Mierne rozdiely su aj
vo vysledkoch maximalnej rychlosti Castic, pre
lepSiu nazornost’ st uvedené v tabulke 2.

Tab. 2 Maximum velocity of wood dust particles in the explosive autoclave
Tab. 2 Maximalna rychlost’ ¢astic drevného prachu vo vybuchovej autoklave

Max. velocity of particles
at a concentration of 80

Time/Cas g.m?3/
(ms) Max. rychlost’ ¢astic pri
koncentracii 80 g.m
(m.s?)
20 122,7
40 31,2
60 13,3

Based on the above, the amount of wood dust
in the autoclave does not have a significant effect
on the distribution of particles in space. In all
cases, eddy currents have occurred which push
the dust particles toward the walls of the
autoclave, preventing the homogeneous
environment required for explosive
concentration tests. The position of the eddy
currents at a given moment is clearly visible by
displaying the streamlines of the dust particles
colored by velocity (Fig. 6-8).

Velocit
Streamline 1

7.060c+001

Velocity
Streamline 1
3.120e+001

5.295e+001

-~ 3.530e+001

- 2.340e+001

1.560e+001

- 1.765e+001 - 7.800e+000

0.000e¢+000
[m s*1]

0.000e+000
[m s”-1]

(a)t=20ms

Max. velocity of particles
at a concentration 1000

Max. rychlost’ €astic pri
koncentracii 1000 g.m

(b) t=40ms

Max. velocity of particles
at a concentration 2000

g.m?/ g.m?3/

Max. rychlost’ ¢astic pri

koncentracii 2000 g.m

(m.s?) (m.st)
128,7 128,4
28,3 30,9
147 17,2

Na zaklade vysSie uvedeného, mnozstvo
drevného prachu v autoklave nema vyznamny
vplyv na rozlozenie Ccastic v priestore. Vo
vSetkych pripadoch doslo k vzniku virivych
pradov, ktoré tlaCia prachové Castice k stenam
autoklavu, C¢o brani vzniku homogénneho
prostredia pozadovaného pre testy vybusnych
koncentracii. Poloha virivych pridov v danom
okamihu je dobre viditeI'na pomocou zobrazenia
tras prachovych castic zafarbenych podla ich
rychlosti (Obr. 6-8).

Velocity p
Streamiine 1 k

F 1.305e+001

| - 9.785e+000
- 6.523¢+000 |
- 3.262e+000

0.000c+000
[m s*1]

(c) t=60 ms

Fig. 6 Time sequence of dust particle streamlines coloured by velocity at a concentration of 80 g.m

Obr. 6 Casova sekvencia tras Gastic prachu zafarbenych podla rychlosti pri koncentracii 80 g.m™

Delta 2020, 14(2):14-25
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Fig. 7 Time sequence of dust particle streamlines by velocity at a concentration of 1000 g.m

Obr. 7 Casova sekvencia tras ¢astic prachu zafarbenych podla rychlosti pri koncentracii 1000 g.m
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Fig. 8 Time sequence of dust particle streamlines coloured by velocity at a concentration of 2000 g.m

Obr. 8 Casova sekvencia tras Gastic prachu zafarbenych podla rychlosti pri koncentracii 2000 g.m

According to the time sequences, there are
two eddy currents inside the autoclave, which
cause a higher concentration of dust on the walls
of the vessel and in the vicinity of the initiation
device and the initiation electrodes. The
influence of particle size on the formation of
crops was shown by the results of the research of
Di Benedetto et al. [14] and Di Sarli et al. [15].
They proved that at low values of dust diameter
(d = 10 um) the dust is partly entrained by the
air, which fills the outer area and partly also the
inner zones. As the diameter of the dust particles
increases (d = 100 pm and d = 250 pum), the flow
of dust and air is independent, the dust
concentrating mainly on the walls of the vessel.
Ray et al. [20] in their work showed that a time
of 60 ms is a suitable time to ignite a coal dust,
because the turbulence is uniform throughout
this volume. It is therefore advisable to check the
initiation time for other types of dust as well. Di
Benedetto et al. [14] and Di Sarli et al. [15]
presented the necessary to develop another way
of dispersing dust. The obtained results are
relevant to the practice of dust explosion testing
and the interpretation of test results and, then,

Delta 2020, 14(2):14-25
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Podla casovych sekvencii sa vo wvnutri
autoklavy vyskytuji dva virivé prudy, ktoré
sposobuju vznik vyssej koncentracie prachu na
stenach nadoby a v blizkosti inicia¢ného
zariadenia a elektrdd iniciacie. Vplyv velkosti
Castic na vznik vyrov ukazali vysledky vyskumu
Di Benedetta a kol. [14] a Di Sarli a kol. [15].
Dokazali, ze pri nizkych hodnotach priemeru
prachu (d = 10 um) je prach ¢iasto¢ne strhavany
vzduchom, ktory napliiia vonkajsiu oblast’ a
Ciastocne aj vnutorné zoény. Pri zvySovani
priemeru ¢iastociek prachu (d = 100 ym a d =
250 pm) st tok prachu a vzduchu nezavislé
priCom sa prach koncentruje hlavne na stenach
nadoby. Ray a kol. [20] vo svojej praci ukazali,
ze Cas 60 ms je vhodny ¢as na zapalenie
uholného prachu, pretoze turbulencia je v tomto
ase rovnomerna v celom objeme. Cas iniciacie
je preto vhodné preverit aj na dalSie typy
prachov. Di Benedetto a kol. [14] a Di Sarli a kol.
[15] poukazali na potrebu vyvinut' iny sposob
rozptylovania prachu. Ziskané vysledky su
relevantné pre prax sktsania vybuchu prachu a
interpretaciu vysledkov skusSok, pricom by sa
mali brat’ ako referencia na zlepSenie podmienok
pre Standardné skusky.
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they should be taken as reference to improve the
conditions for standard tests.

The distribution of dust particles of different
diameters is clearly visible by means of a particle
display, where the particles are colored
according to their size (Fig. 9). For better clarity,
the particle size of the particles is increased. It is
also clear from the figures that particles with a
larger diameter are concentrated on the walls of
the vessel and at the site of initiation.

Dimensions

' 5.0000-004

- 3.770e-004

Dimensions
5.000c-004

3.770e-004

25506-004

1.325¢-004

(a) 80 g'm™

By creating a volume register in the shape of
a sphere with a diameter of 100 mm (in the
picture shown in blue) in the vicinity of the
initiation device, we can determine the partial

(b) 1000 g'm
Fig. 9 Position of dust particles at 60 ms coloured according to their size
Obr. 9 Poloha ¢astic prachu v ¢ase 60 ms zafarbenych podl'a ich velkosti

Rozdielnost’ koncentracii a rozmiestnenie
Castic prachu s rozdielnym priemerom je dobre
viditelny pomocou zobrazenia Castic, kde su
Castice zafarbené podla ich velkosti (Obr. 9). Pre
lepSiu nézornost’ je velkost’ zobrazenia castic
zvacsend. Z obrazkov je zrejmé aj to, Ze Castice
s VACSim priemerom sa koncentruju na stenach
nadoby a v mieste iniciacie.

Dimensions
I 5.000e-004

- 3.770e-004

(c) 2000 g'm™

Pomocou vytvorenia objemového registra v
tvare gule o priemere 100 mm (na obrazku
znazorneny modrou farbou) v okoli iniciacného
zariadenia vieme s vyuzitim funkcie objemovej

concentrations using the mass imbalance nerovnovahy (mass disbalance) stanovit
function (Tab. 3). Ciastkové koncentracie (Tab. 3).

Tab. 3 Comparison of concentrations of dispersed dust in the autoclave

Tab. 3 Porovnanie koncentracii rozptyleného prachu v autoklave

Concentration at the initiation site assuming a

homogeneous environment/Koncentracia v mieste 80 1000 2000
iniciacie za predpokladu homogénneho prostredia (g-m)

Concentration at the initiation site according to the

results of the CFD simulation/Koncentracia v mieste 82,5 1027 2042
iniciacie podla vysledkov simulacie CFD (g-m™)

Percentage difference of values/Percentualny rozdiel 3.125 27 21

hodnét (%)

From the simulation results, we state that the
maximum explosion parameters obtained from
the experiments in the V-20 autoclave
correspond to the concentrations of dispersed
dust in the autoclave approximately 2.5% higher
than expected from the calculations. This
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Z vysledkov simulacie konStatujeme, ze
maximalne vybuchové parametre uvedené
v tabul’ke 1 ziskané z experimentov v autoklave
V-20, zodpovedaju koncentracii rozptyleného
prachu v autoklave priblizne o 2,5% vysSej, nez
s akou predpokladdme na zéklade vypoctov.
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deviation was found by comparing the
concentrations at the initiation site in Table 3.

In the future, it is appropriate to process the
simulation of a dispersion of beech wood dust
because beech wood classified as deciduous
trees is the most processed in Slovakia and the
subsequent comparison of deciduous trees with
conifers trees.

4 Conclusion

Based on the previous results, we can state
the following conclusions:
« we confirmed the need to reconsider the
method of scattering dust of Norway spruce
wood dust to measure the explosive
concentration. Changes in the shape of the dust
agitator or delays in the initiation time may be
considered.
« the parameters obtained from the tests in the V-
20 autoclave correspond to the concentrations of
dispersed dust in the autoclave approximately
2.5% higher than what we expect from the
calculations.
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Abstract

Thermal degradation influences the wood in a complex way; i.e. it causes the alteration of its properties (weight,
volume, shape, and color), as well as the changes of mechanical properties. The research aimed to examine the
changes of strength in bending and impact strength in bending of OSB panels. OSB SUPERFINISH
ECO boards 15 mm thick were chosen for the experiment. These are multi-purpose boards produced by a
unique technology of gluing of oriented strands in three layers. The density of the samples was 650+- 10 kg/m?®.
The samples were exposed to the influence of radiant heat of S1 source with 1000 W and S2 source of 2000 W
outputs. The position of the sample towards the heat source was 50 mm distance. The mass loss measured as the
difference of weights before and after the test expressed in percent was an additional evaluation criterion. The
results confirm that radiant heat influences the measured parameters. The effect of the 1000 W radiant heat source
in the 20" minute resulted in 2 % decrease in mass loss, and for 2000 W output it was 12 %. Even the strength
values performed similarly for the outputs of 1000 W and 2000 W, there was recorded a decrease from 6 MPa to
2.5 MPa, respectively, and for the impact toughness from 4.7 J/cm? to 0.32 J/cm?. The laboratory testing can not
substitute fire resistance tests, neither large-scale tests, but can point out at the fire-affected locations of the
construction.

Keywords: OSB panels; thermal load; flexural strength; impact strength in bending

1 Introduction 1 Uvod

Wood and wood-based materials are subject Drevo a materialy na baze dreva podliehaju
to ignition and burning. In the case of fire, they zapaleniu a horeniu. Pri poziari vykazuji
demonstrate  considerably good  strength pomerne dobré pevnostné vlastnosti dané
properties given by fire resistance, criterion R. poziarnou odolnost’'ou, kritérium R. Metodami
By reaction to fire methods or other reakcie na ohefl, alebo inymi normalizovanymi
standardized methods for determining fire metddami na stanovenie poZziarnotechnickych
technical properties of wood and wood-based vlastnosti dreva a materialov na baze dreva vo
materials concerning fire do not include vztahu Kk poziaru, ako hodnotiace kritérium
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strength parameters of wood and wood-based
materials. This statement is confirmed by [3,
12,13,20], which deal exclusively with
the  assessment of  physical and
thermal — technical properties of OSB boards
and not with their strength (mechanical)
properties during fire. This experiment aimed to
verify how the radiant source affects the
physical as well as the mechanical properties of
OSB boards. These were, in particular, flexural
strength and impact flexural strength. These
properties were chosen intentionally, the
flexural strength is construction, it especially
concerns the dry construction of residential
houses, wooden construction, it especially
concerns the dry construction of residential
houses, wooden normatively declared for the
use of materials in construction, impact strength
in our case indicates the behavior of the material
in the collapse of the structure, such as a fire.
The radiant source was also chosen deliberately
because according to the data of the Fire
Engineering and Expertise Institute it is a
relatively common cause of the fire.

As for the OSB boards, they were chosen for
the experiments because they are used in a great
number of wooden structures in practice. OSB
boards are not subjected only to compulsory
testing within the certification, but they are the
subject of the research in large-scale tests [1, 6,
8, 11, 14, 15, 16. 17].

They are multi-purpose boards produced by
a unique technology of gluing oriented wood
strands in three layers. In the outer layers, they
are oriented in the longitudinal direction, in the
middle layer they are oriented in the transverse
direction. The dimensions, shape, and
directional orientation of the chips in the
individual layers make maximum use of the
natural properties of wood to achieve the best
mechanical and physical parameters of the
boards. The boards do not contain natural
defects of raw wood (knots, cracks, etc.). The
size of the strands in the surface layer allows the
natural structure, color, and rusticity of natural
wood to stand out and thus brings new
possibilities in interior design [10].

OSB SUPERFINISH ECO boards are made
of softwood. The dominant wood is spruce, pine
is also partially used. Only a polyurethane resin-
based binder not containing any formaldehyde
SUPERFINISH ECO is thus becoming a
versatile material with excellent mechanical
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nevystupuju ziadne pevnostné parametre dreva
a materialov na baze dreva. Toto konstatovanie
potvrdzuju aj prace [3, 12, 13, 20], ktoré sa
zaoberaju vylu¢ne hodnotenim zmeny fyzi-
kalnych a tepelnotechnickych vlastnosti OSB
dosiek anie ich pevnostnych (mechanickych)
vlastnosti  pri  poziari. Cielom tohto
experimentu bolo overit, ako pdsobi sdlavy
zdroj na fyzikalne ale aj na mechanické vlast-
nosti OSB dosiek. Jednalo sa konkrétne o pev-
nost’ v ohybe arazovi huzevnatost v ohybe.
Tieto vlastnosti boli vybrané zdmerne, pevnost’
v ohybe je normativne deklarovana pre pouzi-
vanie materialov v stavebnictve, rdzova huzev-
natost’ v naSom pripade poukazuje na spravanie
sa materialu pri kolapse konstrukcie, napri-
klad poziarom. Salavy zdroj bol vybrany
zédmerne, lebo podl'a tidajov Poziarnotechnic-
kého a expertizneho astavu (PTEU) je pomerne
¢astou pri¢inou vzniku poZiaru.

7Z materialov pre drevostavby sme vybra-
lii OSB dosky, nakolko su realne pouzi-
vané vo velkom pocte drevostavieb. OSB
dosky podlichaju nie len povinnému tes-
tovaniu v ramci certifikacie, ale su aj predme-
tom vyskumu pri velkorozmerovych testoch
[1, 6,8, 11, 14, 15, 16. 17].

St to viacucelové dosky vyrabané unikatnou
technoldgiou lepenia orientovanych drevenych
triesok v troch vrstvach. Vo vrchnych vrstvach
st orientované pozdiznym smerom, v strednej
vrstve sU orientované prieCnym smerom.
Rozmery, tvar a smerova orientacia triesok v
jednotlivych vrstvach maximalne vyuzivaji
prirodzené vlastnosti dreva k dosiahnutiu tych
najlepsich mechanicko-fyzikalnych parametrov
dosiek. Dosky neobsahuji prirodzené vady
rasticeho dreva (hrée, praskliny a pod.).
Velkost’ triesok v povrchovej vrstve umoziuje
vyniknut' prirodzenej Strukture, farbe a rus-
tikalnosti prirodného dreva a prinasa tak nové
moznosti v interiérovom dizajne [10].

Dosky OSB SUPERFINISH ECO sa
vyrabaju z ihlicnatého dreva. Prevazujucou
drevinou je smrek, Ciastocne sa vyuZiva aj
borovica. Pri vyrobe OSB dosiek sa pouziva
vyhradne spojivo na baze polyuretanovych
zivic, ktoré neobsahuje ziadny formaldehyd.
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properties, in particular, excellent values in
flexural, compressive, and tensile strength,
which is suitable for all applications in interiors
and the furniture industry [10].

The properties of OSB SUPERFINISH ECO
predetermine the boards for the widest use in
exterior and interior. As their popularity grows,
so does the knowledge of their exceptional
properties, and the range of suitable
applications is constantly expanding. In
construction, it especially concerns the dry
construction of residential houses, wooden is
used in the production of OSB boards. The
content of this substance is thus reduced to its
level contained in wood mass and OSB
buildings, low-energy, passive, and
environmentally friendly buildings. They are
also suitable for residential superstructures,
farm buildings, and reconstruction work of all
kinds. These reasons made us choose this
material for the experiment [10].

2 Experiment

The experiment procedure consisted of the
selection of material, the design of a laboratory
testing method and laboratory test equipment,
the selection of evaluation criteria, and the
overall  evaluation procedure [4]. OSB
SUPERFINISH ECO boards 15 mm thick were
chosen for the experiment. Their density is 650
+ 10 kg/m®,

2.1 Laboratory set up and the experiment

The laboratory equipment of our design
consisted of a frame in which a
replaceable radiant source with  two
individually operating heating tubes (S1)
and (S2) was placed. Each source
produced the output of 1000 W i.e., the
total power of the tubes was 2000
W. The frame also incorporated a
sliding adjustable holder for the test
specimen in the prescribed distance, in our
case of 50 mm. The change in mechanical
properties was observed at the test
machine VEB TIW Rauenstein, DMW 100 kn
Nr. 859.50-5150 and the impact  test
device Werkstoff Priiffmachime Leipzig
Nr. 2063/55/22.
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Obsah tejto latky sa tak redukuje na jeho
uroveini obsiahnuti v drevnej hmote v prirode a
OSB SUPERFINISH ECO sa tak stava
plnohodnotnym materialom vhodnym aj pre
vSetky aplikdcie v interiéroch a nabytkarskom
priemysle. Ide o0 vSestranny stavebno-
konstrukény material ] vybornymi
mechanickymi  vlastnostami, m& najmi
vynikajuce hodnoty pevnosti v ohybe, tlaku a
v tahu [10].

Vlastnosti OSB SUPERFINISH ECO

.....

exteriéri aj interiéri. S ich rasticou popularitou
rastie aj poznanie ich vynimo¢nych vlastnosti

a pocet vhodnych aplikacii sa stéale
roz§iruje. V stavebnictve najmid pri suchej
vystavbe obytnych domov, drevostavieb,

nizkoenergetickych, pasivnych a ekologicky
ohl'aduplnych budov. Vhodné su rovnako pre
bytové nadstavby, hospodarske objekty a
rekonstrukéné prace vsetkého druhu. Z
uvedenych dévodov sme si pre experiment
vybrali prave tento material [10].

2 Experiment

Experiment pozostaval z vyberu materialu,
navrhu  laboratornej  testovacej  metddy
a laboratorneho testovacieho zariadenia, vyberu
hodnotiacich kritérii a celkového postupu
hodnotenia [4]. Pre experiment boli vybrané
dosky OSB SUPERFINISH ECO hrubky 15
mm o hustote vzoriek 650 = 10 kg/m?®.

2.1 Laboratorne zariadenie a postup
experimentu

Laboratérne zariadenie vlastnej konstrukcie
pozostavalo z ramu, v ktorom bol umiestneny
vymenitel'ny salavy zdroj s jednou trubicou
ohrevu 1000 W (S1) a dvomi trubicami ohrevu
2 krat 1000 W (Cize celkovy vykon zdroja
2000 W — S2). Sucast'ou ramu bol aj posuvny
drziak na uchytenie skusobnej vzorky
Vv predpisanej polohe, v naSom pripade 50 mm.
Zmena mechanickych vlastnosti bola sledovana
na trhacom stroji VEB TIW Rauenstein,
DMW 100 kn Nr. 859.50-5150 a
na  prerazacom kladive  Wektstoff
Priiffmachime Leipzig Nr. 2063/55/22.

Najskdor bolo vykonané tepelné zat'azenie,
po 48 hod. vymanipulovanie skaSobnych
teliesok zo vzoriek, a nasledne (2-4 dni) boli
vykonané mechanické skusky mechanickych
vlastnosti.
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Firstly, the thermal loading was carried out,
then after 48 hours specimens were cut
out, and consequently (2-4 days), the tests of
mechanical properties were executed. The
radiant heat source was heated to maximal
output, and then a sample was inserted into the
frame in the prescribed position of the holder.
The dimensions of the sample were
350x200x15 mm. The samples had a standard
humidity of 10 + 1 % [4]. Before the
experiment, the density of the cut samples was
checked to be within a certain value limit. Test
specimens, 3 from one sample, were chosen
from a large sample. A total of 8 samples were
tested for the auxiliary weight loss criterion.
From them, 12 test specimens were cut,
measuring 15x50x335 mm, 12 for flexural
strength, and 12 for impact strength. In this
work, we present the average values from the
measurements. The scheme of the sample and
test specimens is shown in Fig. 1. Thermal load
operated for 2, 5, 10, 15, and 20 min for each
power of the source.

Salavy zdroj tepla sa nechal rozohriat’ na plny
vykon, apotom sa do rdmu v predpisanej
polohe drziaka vlozila vzorka. Rozmery vzorky
boli 350x200x15 mm. Vzorky mali Standardnti
vlhkost’ 10 + 1 % [4]. Pred experimentom bola
skontrolovand hustota narezanych vzoriek, aby
bola v ur¢itom hodnotovom limite. Z velkej
vzorky sa vymanipulovali skiiSobné telieska, 3
ks z jednej vzorky. Celkove bolo testovanych 8
vzoriek pre pomocné kritérium ubytok na
hmotnosti. Znich bolo vyrezanych 12
skusobnych teliesok, o rozmeroch 15x50x335
mm, 12 pre pevnost’ v ohybe a 12 pre razova
hazevnatost v ohybe. V praci uvadzame
priemerné hodnoty z merani. Schéma vzorky
a skusobnych teliesok je na obr. 1. Tepelny
ohrev pri kazdom vykone zdroja posobil 2, 5,
10, 15 a 20 min.

lv

-

£ [V ——

Fig. 1 Sample’s scheme and the way of specimen’s cut
I,-sample length, I-specimen length, b,-sample width, b-specimen width, h- thickness of the specimen

) Qbr. 1 Schéma vzorky a sposob rezania skusobnych teliesok
Iv-dlzka vzorky, 1-dlZka skuSobného telieska, by-Sirka vzorky, b-Sirka skuSobného telieska, h-hribka
skuSobného telieska

2.2 Evaluation criteria

An auxiliary evaluation criterion was a mass
loss. This criterion is additional because at
higher distances and shorter exposure times, the
heat source did not cause a decrease in the
weight of the specimens; they were not further
measured or evaluated, as the influence of the
heat source was not recorded on them. The mass
loss was calculated according to formula (1):
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2.2 Hodnotiace kritéria

Pomocnym hodnotiacim  kritériom bol
ubytok na hmotnosti. Pomocnym kritériom je
preto, ze ak pri vySSich vzdialenostiach
a kratSich Casoch pdsobenia tepelného zdroja
nebol zaznamenany ubytok na hmotnosti
vzorky sa d’alej nerezali ani nevyhodnocovali,
lebo nebol na nich zaznamenany vplyv
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tepelného zdroja. Ubytok na hmotnosti sa
vypocital podl'a vzorca (1):

dm =2 (%) (1)

Where:

Am —mass loss (%),

m; — specimen’s weight before the test (g),
m, — specimen’s weight after the test (g).

Flexural strength was one of the main
evaluation criteria [7, 9]. The essence of the test
is to determine the maximum stress before the
failure of the test specimen. The stress acts at
the place on the opposite side from the greatest
damage of the body by the heat source. The
flexural strength was calculated according to
formula (2):

Kde:

Am — tbytok na hmotnosti (%),

m; — hmotnost’ vzorky pred skuskou (g),
m, — hmotnost’ vzorky po skuske (g).

Medza pevnosti v statickom ohybe bolo
jedno z hlavnych hodnotiacich kritérii [7, 9].
Podstatou skusky je zistenie maximalneho
zatazenia pri porusSeni skuSobného telieska.
Zatazenie pdsobi v mieste najvacsieho
porusenia  telieska  tepelnym  zdrojom,
z odvratenej strany od porusenia. Medza
pevnosti v statickom ohybe sa vypoc¢itala podl'a
vzorca (2):

Oon =255 (MPa) (2)
Where: Kde:
oon — flexural strength (MPa), oon —Medza pevnosti v statickom ohybe (MPa),
F —stressing force (N), F - zataZovacia sila (N),
b —test specimen’s width (mm), b — Sirka skuSobného telieska (mm),
h  —test specimen’s height (mm), h - vyska skuSobného telieska (mm),
lo —span distance between the supports (mm) lo — vzdialenost podpier (mm) (240 mm).

(240 mm).

Impact toughness in bending is based on the
determination of the toughness of the body in
transverse bending under the action of dynamic
loading. The test device is a pendulum hammer.
The work performed to break the test piece is
measured with an accuracy of 0.01 J. It is
calculated according to formula (3):

w
b.h

A=

Where:

A —impact toughness in bending (J/cm?)
W —impact energy (J)

b —test specimen’s width (cm)

h —test specimen’s height (cm).

3 Results and Discussion

The choice of auxiliary evaluation criteria
proved to be appropriate. As can be seen from
Fig. 2 at a distance of 50 mm from the source
S1, the mass loss increases linearly, which is
finally confirmed by the evaluation shown in
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Razova hazevnatost’ v ohybe je zalozena na
zisteni hiizevnatosti telesa v prieénom ohybe pri
posobeni dynamického zatazenia. Skusobnym
zariadenim je kyvadlové kladivo. S presnost'ou
0,01 J sa meria praca vynalozena na porusenie
skusobného telieska. Vypocita sa podl'a vzorca

©F

J/em?) (3)
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Kde:

A —razova hiizevnatost’ v ohybe (J/cm?)

W —praca spotrebovana na prerazenie telesa (J)
b —sirka skuSobného telieska (cm)

h —vyska skaSobného telieska (cm).

3 Vysledky a diskusia

Vyber pomocného hodnotiaceho kritéria sa
ukazal ako vhodny. Ako je vidiet’ z obr. 2, pri
vzdialenosti 50 mm a zdroji S1 tbytky narastaji
linedrne, co napokon potvrdilo aj vyhodnotenie,
ktoré je zobrazené na obr. 5. Pri zdroji S2 st
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Fig. 5. Regarding the source S2, these changes
in mass loss over time are stepwise and more
significant. The power of 2000 W source in the
longest time period of thermal load increased
the mass loss by 10 % under the same
experimental conditions. Fig. 5 indicates the
guadratic course of mass loss.

The influence of the heat radiant source was
also reflected in flexural strength and impact
toughness in bending. A decrease in flexural
strength (see Fig. 3) as well as in impact
toughness (see Fig. 4) can be seen at Source S1
and significantly at Source S2. In the figures,
the changes are recorded in percentages
compared to the values of unheated material.

Mass loss (%)

S1 S2

M2 W5 m10 m15 m20

Fig. 2 Mass loss depending on the time of
exposure and the output of the heat source

Obr. 2 Ubytok na hmotnosti v zavislosti od
¢asu pdsobenia tepelného zdroja a jeho vykonu

Impact strength in bending (%)

tieto zmeny v Gbytku na hmotnosti v zavislosti
na Case skokové a podstatne vyraznejsie. Vykon
zdroja 2000 W v najdlh§om ¢asovom intervale
tepelného zat'azovania zvysil ubytok hmotnosti
0 10 % za rovnakych podmienok experimentu.
Obr. 5 naznacuje kvadraticky priebeh narastu
ubytku hmotnosti.

Vplyv tepelného salavého zdroja, jeho
vykon sa prejavil aj v pevnosti v ohybe
arazovej huzevnatosti v ohybe. Pri Zdroji S1
avyrazne pri zdroji S2 je vidiet pokles
v pevnosti v ohybe (pozri obr. 3), ako aj
V razovej huzevnatosti v ohybe (pozri obr. 4).
Na uvedenych obr. st zmeny zaznamenané v %
oproti  hodnotam tepelne nezatazovaného
materialu.

Flexural strength (%)

51 S2

M2 m5 =10 =15 =20

Fig. 3 Moment of yield in bending depending
on the time and power of the heat source
exposure

Obr. 3 Medza pevnosti v statickom ohybe
v zavislosti od Casu pdsobenia tepelného zdroja
a jeho vykonu

il

m2 m5

10 m 15

S2

20

Fig. 4 Impact toughness depending on the time and power of the heat source exposure and its distance
from the specimen

Obr. 4 Razova huzevnatost’ v ohybe Vv zavislosti od ¢asu posobenia tepelného zdroja,
jeho vykonu a vzdialenosti od vzorky
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It is interesting to observe the increase in
both strength properties after thermal loading
with a heat radiant source of 1000 W in the fifth
minute of the experiment. This behavior is
discussed in the work of [2, 5, 7, 18, 19]. When
the radiant heat source is emitting, there is a
partial plasticization of lignin and a kind of
"toughening" after cooling. The radiant source
at this power cannot significantly degrade the
surface of the material, the material does not
carbon and does not change the thickness. This
effect was manifested (which has also been
assumed) when testing spruce wood. Wood also
in the form of OSB board has retained this effect
as it concerns relatively compact constituent in
the OSB structure. The influence of the binding
element (glue and other additives) on the
behavior is not expected. Long-lasting
radiation from both sources leads to a decrease
in strength properties. Surprisingly, a relatively
high decrease in flexural strength at 20 minutes
of a heat source with a power of 2000 W. The
increase in strength in the second minute of
heating at 2000 W can be caused by two factors,
firstly by the change in lignin mentioned before,
as well as by the difference in input values of
the observed strengths expressed in
percentages.

At the distance we selected, all measured
values (at both power outputs) have their
informative value. The measured values with a
brief statistical evaluation are shown in Fig. 5-
7. Fig. 5 shows the progress of mass loss values
as a function of the time and power of the heat
source. Fig. 6 shows the progress of static
flexural strength values as a function of the time
and power of the heat source. Fig. 7 shows the
development of values of impact toughness in
bending as a function of the time and power of
a heat source.

Delta 2020, 14(2):26-35
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Zaujimavé je  pozorovanie  narastu
pevnostnych vlastnosti (oboch sledovanych) po
tepelnom zatazovani tepelnym salavym
zdrojom 1000 W v piatej mindite experimentu.
Tato skutocnost’ diskutuju vo svojich pracach
[2, 5, 7, 18, 19]. Pri salavom tepelnom zdroji
dochadza k Ciastocnej plastifikacii ligninu
ak akémusi ,,spevneniu“ po vychladnuti.
Salavy zdroj pri tomto vykone este nedokdze
vyznamnejSie degradovat povrch materialu,
material neuholnatiec aani nemeni hrabku.
Tento efekt sa prejavil (o sme aj predpokladali)
pri testovani smrekového dreva. Drevo aj vo
forme OSB dosky si tento efekt zachovalo,
nakol’ko sa jednd o pomerne kompaktny prvok
v Struktare OSB dosky. Vplyv spojovacieho
materialu (lepidla ako aj ostatnych aditiv) na
tento efekt nepredpokladame. Casovo dlh§im
posobenim oboch zdrojov dochadza k poklesu
pevnostnych vlastnosti. Prekvapil pomerne
vysoky pokles pevnosti v ohybe pri 20 min.
posobeni tepelného zdroja o vykone 2000 W.
Narast pevnosti pri 2 min. ohreve pri zdroji
2000 W moze byt spdsobeny dvomi faktormi,
spominanou zmenou v kvalite ligninu, ale aj
rozdielom vstupnych hodnét sledovanych
pevnosti pri percentualnom vyjadreni.

Pri nami zvolenej vzdialenosti vSetky
namerané hodnoty (pri oboch vykonoch zdroja)
maju svoju vypovedna hodnotu. Ich priebeh so
stru¢nych Statistickym vyhodnotenim je na obr.
5-7. Na obr. 5 je priebeh hodnét ubytku na
hmotnosti v zavislosti od c¢asu a vykonu
tepelného zdroja. Na obr. 6 je priebeh hodndt
medze pevnosti v statickom ohybe v zavislosti
od casu a vykonu tepelného zdroja. Na obr. 7 je
priebeh hodndt razovej hizevnatosti ohybe v
zavislosti od ¢asu a vykonu tepelného zdroja.
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tine 5

Fig. 5 The progress of mass loss values depending on the exposure time and the output of the heat

source

Obr. 5 Priebeh hodnét tibytku na hmotnosti v zavislosti od ¢asu a vykonu tepelného zdroja

Fig. 6 The progress of moment-of-yield values
depending on the exposure time and the output
of the heat source

Obr. 6 Priebeh hodn6t medze pevnosti
v statickom ohybe v zavislosti od ¢asu
a vykonu tepelného zdroja

An interesting finding can be stated from the
curves. If the mass loss at the source S1 has a
linear character, the strength properties have a
polynomial quadratic character of the
development in time.

4 Conclusion

In conclusion, it can be stated that the
monitored quantities have their informative
value concerning the burning and ignition of
wood, in our case OSB boards. Changes in
mechanical properties can be important
information about the behavior of wood,
therefore, adding more wood species and wood-
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Fig. 7 The progress of impact toughness values
depending on the exposure time and the output
of the heat source

Obr. 7 Priebeh hodnoét razovej htizevnatosti
v ohybe v zavislosti od ¢asu a vykonu
tepelného zdroja

Z priebehov kriviek je mozné konStatovat
zaujimavé zistenie. Pokial’ pri zdroji S1 Gibytok
na hmotnosti ma linearny charakter, pevnostné
vlastnosti maju polynomicky kvadraticky
charakter priebehu sledovanej zavislosti na
case.

4 Zaver

Zaverom je mozné konStatovat, zZe
sledované veli¢iny maju svoju vypovedni
hodnotu vo vzt'ahu k horeniu a zapaleniu dreva,
V nasom pripade konkrétne OSB dosiek. Zmena
mechanickych vlastnosti moze byt ddlezitou
informaciou o chovani sa dreva, preto
odporac¢ame experiment doplnit o dalsie
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based building materials which are currently
used in wooden structures, as well as retardation
treatment is recommended. Other aspects worth
further consideration are thicknesses of OSB
boards, and other large-area wood-based
materials. Regarding the evaluation of the
experiment results, adding the measurement of
the charred layer depth and testing other
mechanical properties, e.g., those which affect
the strength of joints, to the criteria mentioned
within this article would be beneficial. The aims
of the experiment to find out the effect of the
specific measurable behavior of a heat source
on the performance of strength properties of
OSB boards was achieved. Considering
mechanical properties, there were chosen two of
them: flexural strength, which all structural
members of wooden buildings are tested for,
and impact toughness which is important at
structural collapse at fire. The laboratory testing
can not substitute fire resistance tests, neither
large-scale tests, but can point out at the fire-
affected locations of the construction.
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Abstract

The paper deals with the evaluation of the effect of radiant heat on upholstery fabrics covering polyurethane (PUR) foam,
which are used in production of various upholstery products. The upholstery fabrics based on natural and synthetic fibres were
tested; two fabrics contained a fire retardant. The fabrics were covering two types of PUR foam, Special and Nawapur. The
samples were tested according to the proposed non-standard method; the source of radiant heat was an electric radiator. The
measurements were taken at 15 cm and 10 cm distance of the radiator from the surface. Due to radiant heat, the samples were
thermally degraded by smouldering and heating. The maximum temperatures measured on the surface of samples at the testing
distance of 15 cm ranged from 186.45 °C for the mixed fabric PES/Ba to 246.65 °C for the PES FR; both fabrics combined
with PUR S. Reducing the distance of radiator to 10 cm significantly increased the maximum temperatures. These ranged from
267.25 °C for the PES FR fabric with PUR NW to 357.95 °C for the cotton-based fabric with PUR S. The results obtained by
this method could suitably complement the results from the standardized test methods of smouldering cigarette and match
flame equivalent.

Keywords: upholstered furniture; upholstery fabrics; PUR foams; radiant heat; flammability; relative mass loss

1 Introduction 1 Uvod

Upholstered furniture represents a risk in Calineny néabytok predstavuje riziko
terms of fire protection and safety because, in z hladiska protipoZziarne;j ochrany
the event of a fire, it is not only an abundant a bezpecnosti, pretoze v pripade poZiaru je
source of fuel influencing further spreading of nielen vydatnym zdrojom paliva, vplyvajicim
the fire but also a source of many toxic na dalSie Sirenie poziaru, ale tieZ zdrojom
combustion  products [1]. Toxicity of mnozstva toxickych splodin horenia [1].
combustion products is the most significant Toxicita produktov horenia je najvyznamnejsim
negative impact of fire [2]. The authors [3,4] negativinym dopadom poziaru [2]. Autori [3,4]
state in their scientific works that the uvadzaju vo svojich vedeckych pracach, ze
combustion products are the cause of most fire
death.
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Many statistics show that a significant
number of deaths occur during fires in flats, in
the buildings where upholstered furniture is
commonly used and can be exposed to
accidental contact with ignition sources.
Foreign reports state that at present firefighters
are fighting interior fires that are larger and
faster than ever before. Upholstery materials,
especially upholstery fabrics and PUR foam
fillings, contribute to this. When burning, they
produce large number of various toxic fumes.
According to NFPA statistics, upholstered
furniture, either as the first material ignited by
an initiation source, or as the main material
contributing to the spread of a fire, has played a
role in almost a quarter of all household fire
deaths in recent years [5].

According to Thomas and Gandi [6], if a fire
breaks out in a living spaces, there are only a
few objects that have the potential to create
unsustainable fire conditions as quickly as
upholstered furniture. Residents of the house
are threatened not only by heat, but also by toxic
combustion products. In addition to the total
number of fires, the individual ignition
scenarios are also interesting when assessing the
dangers associated with upholstered furniture
and the fires on mattresses and bed linen.
Research has shown that the fire hazard at
upholstered furniture, mattresses and bed linen
is a function of ignition source.

The Federation of the European Union Fire
Officer Associations (FEU) entrusted a working
group to carry out the research and draft an
opinion on test methods for upholstered
furniture (sofas and chairs) and mattresses. The
results of research are the urgent
recommendations of European fire services
(associated in FEU) to manufacturers, suppliers,
governments, and standardization bodies to
ensure that only upholstered furniture and
mattresses complying with the test methods
mentioned in their report are in domestic areas.
In the European Union, every year, around
5,000 people die of the consequences of fire.
One way how to increase fire safety of
upholstered furniture and mattresses is using
fire barriers between the fabric and PUR foam
[7].

An integral part of upholstered furniture [8]
is the upholstery fabric, which is most often
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produkty horenia su prifinou vacSiny obeti
poZiaru.

Mnohé Sstatistiky dokladuju, Ze znacné
mnozstvo umrti je pri poziaroch v bytoch,
budovach, kde sa caltneny nabytok bezne
pouziva amdze byt vystaveny nahodnému
kontaktu so zapalnymi zdrojmi. Zahrani¢né
zdroje uvadzaji, ze v sti€asnosti hasic¢i bojuji v
interiéroch s poziarmi, ktoré su vicsie
a rychlejsie ako kedykol'vek predtym. K tomuto
prispievajii prave calinnické materialy ato
predovsetkym potahové textilie a vypli vo
forme PUR peny, ktoré pri horeni vyprodukuju
velké mnozstvo roznorodych toxickych
splodin. Podla Statistik americkej agentury
NFPA prave caluneny nabytok, bud’ ako prvy
hlavny material, prispievajuci k §ireniu poziaru,
hral tlohu takmer v Stvrtine vSetkych imrti pri
poziaroch v domacnostiach v poslednych
rokoch [5].

Podla Thomasa a Gandiho [6], ak
Vv obytnych priestoroch dojde k poziaru, existuje
len malo predmetov, ktoré maji potencial
vytvorit’ neudrzatelné podmienky poziaru tak
rychlo, ako calineny nabytok. Obyvatel'ov
neohrozuje iba teplo, ale aj produkované
toxické splodiny horenia. Okrem celkového
poctu  poziarov su  pri  posudzovani
nebezpeCenstva  spojeného s  calnenym
nabytkom a poziarmi na matracoch a postel'nej
bielizni zaujimavé aj jednotlivé scenare
zapal'ovania. Vyskum ukazal, ze
nebezpeCenstvo poziaru calineného nabytku,
matracov a postel'nej bielizne je funkciou zdroja
vznietenia.

Federacia zdruzenia hasi¢ov Eurdpskej tunie
(FEU) poverila pracovni skupinu, aby
uskutoc¢nila vyskum a vypracovala stanovisko k
suboru skusobnych metod caluneného nabytku
(pohovky a stolicky) a matracov. Vysledkom
tohto vyskumu st naliechavé odportcania
eurépskych hasicov (zdruzen¢ v FEU)
vyrobcom, dodavatel'om, vladam a
normalizaénym organom, aby zabezpe¢ili, ze v
obydliach je umiestneny iba ¢aluneny nabytok
a matrace, ktoré vyhovuju testovacim metdédam
uvedenym v ich sprave. V sucasnosti
kazdorocne zomiera okolo 5 000 ludi na
nasledky poziaru domu v Eurdpskej unii.

Moznost'ou ako zvysit’ poziarnu bezpecnost’
calinen¢ho nabytku a matracov, je pouzitie
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used material. (A variant is leather and imitation
leather.) Because it is Vvisible, it is crucial for
most customers. It contributes greatly to the
aesthetic appearance of the product. In addition
to the aesthetic point of view, other parameters
which add the value to the given fabric are also
important:  strength,  stain  resistance,
cleanability, thickness, properties in contact
with human body, etc. The decorative fabrics
used for upholstered furniture is a common
offense. According to the author, these are
totally unsuitable for these purposes.

However, the safety of the upholstery fabric
is also important in terms of its fire safety. From
the point of view of overall safety, flammability
testing is an important area of testing of
upholstered products. According to [9], the
essence of the tests is always to define the
ignition source, which simulates the potential
danger in using of the product. Most often it is
evaluated whether the material ignited,
smouldered, or melted dripped. From a safety
point of view, the melt is almost as dangerous
as burning with a flame. An important
parameter is the speed of flame spreading,
which is important for a person to put out a fire
or escape in time.

Hafez and Hawas [10] investigated the effect
of some construction elements, including weave
structure, hair length, and hair materials on the
flammability of chenille fabrics used in
upholstered furniture to improve its properties.
This research shows that there is a direct
relationship between the weight of the fabric,
the thickness, the length of carbonized material
and the fire resistance of the fabric.

Makovicka Osvaldova et al. [11]
investigated the selected upholstery materials
using flammability tests for upholstered
furniture with ignition source of a smouldering
cigarette and match flame equivalent. They
noticed significant differences in length of
degradation among the samples. They also
indicated the need to research the issue in a
larger aspect.

In the Slovak Republic, the ignitability of
upholstered furniture is assessed according
to the standard STN EN 1021: Part 1:
Ignition source smouldering cigarette and Part
2: Ignition source match flame equivalent. The
analogy is the STN EN 597 standard for
assessment of mattresses. However, there is no
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protipoziarnych zédbran medzi textiliou a PUR
penou [7].

Neodmyslitelnou  stcastou  ¢aluneného
nabytku [8] je potahova textilia, ktora sa
najCastejSie pouziva V Calinenych vyrobkoch
(variantou je koza a kozenka). Pretoze je
viditelna, ma pre vacSinu zakaznikov
rozhodujucu doblezitost. Velkou mierou sa
podiel’a na estetickom vzhl'ade vyrobku. Okrem
estetického hladiska su dolezité aj dalSie
parametre, ktoré danej textilii pridavaji na
hodnote napr. pevnost’, odolnost’ voci Spineniu,
Cistitelnost, hribka, pocit pri kontakte s
Tudskym telom atd’. Castym prehreskom byva
pouzivanie dekora¢nych textilii na ¢alinenom
nabytku. Tie st podla autora absolutne
nevhodné na tieto ucely.

Dolezita je vSak aj bezpecnost potahovej
textilie z hl'adiska jej protipoziarnej ochrany.
Z pohladu celkovej bezpecnosti dolezitou
oblast'ou sktiisobnictva ¢alinenych vyrobkov je
skuSanie horl’avosti. Podla [9] podstatou skusok
je vzdy predovsetkym definovanie zdroja
zapalenia,  ktory  simuluje  potencialne
nebezpeCenstvo  pri  pouzivani  vyrobku.
NajcastejSie  sa vyhodnocuje, ¢i sa material
zapalil, tlel alebo z neho odkvapkavala
tavenina. Ta je z hladiska bezpeénosti skoro
rovnako nebezpeéna ako horenie plamefiom.
Vyznamnym parametrom je rychlost’ Sirenia
plamena, ktora je dolezita preto, aby mal ¢lovek
Sancu ohen uhasit’ alebo véas uniknut’.

Hafez a Hawas [10] sa zaoberali skimanim
ucinku niektorych konstrukénych faktorov,
vratane §truktiry vizby, dizky vlasu a
vlasovych materialov na schopnost’
spomal’ovat’ horenie Zenilkovych tkanin, ktoré
sa pouzivaju pri aplikacii ¢alineného nabytku,
na zlepsenie jeho vlastnosti tak, aby vyhovovali
funkénému ucelu, pre ktory sa vyraba. Tento
vyskum ukazuje, Ze existuje priamy vztah
medzi hmotnostou tkaniny, hrubkou, dizkou
zuhol'nateného materialu a odolnostou proti
ohtiu vyrobenych textilii.

Makovicka Osvaldova et al. [11] sa
zaoberali vyskumom vybranych potahovych
materidlov skuskami horlavosti pre caltineny
nabytok so zdrojom zapalenia tlejicou
cigaretou a zapalkou. Dospeli k zaveru, ze
medzi vzorkami boli pozorované vyznamné
rozdiely v dizke degradacie. Tiez uvadzaju,
ze vysledky ich prezentovaného vyskumu
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standard where the ignition source is radiant
heat.

The aim of the paper is to evaluate the
flammability of upholstery fabrics using an
initiation source — an electric radiator — and to
determine the effect of radiant heat on
upholstery fabrics. The priority was to verify the
suitability of the proposed procedure of non-
standard method. Upholstery fabrics based on
natural and synthetic fibres were tested. During
measurements, the fabrics were placed on two
types of PUR foams.

2 Materials and Methods

In the research, we focused on testing of
upholstery fabrics based on natural and
synthetic fibres covering PUR foam. During
testing, the samples of fabrics, which were the
primary subject of the research, were placed on
a PUR foam substrate. Basic data on tested
samples are given in table 1 and 2.

naznacuju potrebu pokracovat’ vo vyskume v
SirSom aspekte.

V Slovenskej republike sa pre hodnotenie
horlavosti  Calineného nabytku pouzivaju
metddy podl'a normy STN EN 1021, kde v 1.
Casti je zdroj zapalenia tlejuca cigareta a V jej 2.
Casti je zdrojom zapalenia ekvivalent plamena
zépalky. Analogiou je norma STN EN 597 pre
matrace. Neexistuje vSak norma, kde zdrojom
zapalenia je salavé teplo.

Ciel'om prispevku je hodnotenie horlavosti
potahovych textilii pomocou iniciacného zdroja
- elektrického ziarica a zistit’ vplyv salavého
tepla na potahové textilie. Prioritnym zamerom
bolo overenie vhodnosti navrhnutého postupu
nenormovanej metody. Testovali sa potahové
textilie na baze prirodnych aj syntetickych
vlakien, ktoré boli pri meraniach umiestnené na
dva druhy PUR pien.

2 Material a metodika

Vo vyskume sme sa zamerali na testovanie
potahovych caltnnickych textilii na baze
prirodnych aj syntetickych vlakien v skladbe
s PUR penou. Vzorky textilii, ktoré boli
primarnym predmetom vyskumu boli pri
testovani umiestnené na podklad z PUR peny.
Zakladné udaje o testovanych vzorkdch st
uvedené v tab. 1 a 2. Textilie st znazornené na
obr. 1. Vtab. 2 st uvedené zédkladné udaje
0 PUR penach.

Tab. 1 Upholstery fabrics
Tab. 1 Pot'ahové textilie

Sample Composition/ Area Weight (g/m?)/ Note/
Designation/ ZloZenie Plosna hmotnost’ (9/m?) Poznamka
Oznacenie vzorky

V1 61 % PES, 39 % Ba 186

V2 100 % Ba 202

V3 100 % PA 334

V4 60 % Vs, 40 % VI 358

V5 50 % PES, 50 % PP 158 FR

V6 100 % PES 198 FR

Notes: PES - polyester, Ba - cotton, PA - polyamide, Vs - viscose, VI - wool, PP - polypropylene, FR -

with fire retardant

Legenda: PES - polyester, Ba - bavina, PA - polyamid, Vs - viskdza, VI - vina, PP — polypropylén, FR

- s retardacnou Upravou
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The fabrics are in Fig. 1. Textilie st znazornené na obr. 1.
Table 2 shows the basic data on PUR foams. V tab. 2 st uvedené zakladné udaje o PUR
Polyurethane foams are in Fig. 2. penach.

PUR peny st znadzornené na obr. 2.

V2 V3 V4 V§ V6

Fig. 1 Upholstery fabrics tested

Obr.1 Testované pot'ahové textilie

Tab. 2 Polyurethane foams
Tab. 2 PUR peny

Sample Type of PUR/ Density  Hardness at Note/Poznamka
Designation/ Typ PUR peny (kg/m®)/  40%compression
Oznacenie Hustota  (kPa)/Tvrdost’
vzorky (kg/m3®)  pri 40% stlageni
(kPa)
S Special 28 3.2 FR
(S2832)
NW Nawapur 48 3.5 polyoly nahradené
wellness ricinovym olejom/
(4835) polyols replaced by
castor oil

Fig. 2 Polyurethane foams (PUR) — Nawapur wellnes left, Special right

Obr. 2 PUR peny — Nawapur wellnes vl'avo, Special vpravo

The tested samples consisted of: Testované vzorky pozostavali zo skladby:
- upholstery fabric (V1 to V6) + PUR foam - potahové textilia (postupne V1 az V6) + PUR
Special 2832 (PUR S), pena Special 2832 (d’alej PUR S),
- upholstery fabric (V1 to V6) + PUR foam - potahova textilia (postupne V1 az V6) + PUR
Nawapur wellness 4835 (PUR NW). pena Nawapur wellness 4835 (dalej PUR NW).
40
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The samples were exposed to radiant heat
according to the proposed non-standardized
method. An infrared radiator was used as a
source of radiant heat. The parameters of the
radiator were: power input 1000 W, surface
temperature of the heating elements 579.4 °C.
The radiator was heated up for 15 minutes. It
was placed in a metal holder in the distance of
15 cm from the surface of the sample (or in the
distance of 10 cm). Exposition time was 300
seconds.

Given the temperature and dimensions of the
heater, the approximate radiant heat flux from
its surface is | = 25 KW/m?, The emitting surface
was approximated as a rectangle and the
radiative heat flux | calculated through the
Stefan-Boltzman law using Equation (1):

I=A-¢-

Where:

| — radiative heat flux (KW/m?),

A — area of radiating surface (m?),

¢ — surface emmisivity (-),

o — Stefan-Boltzman constant 5.670373.10°8
W/m2.K4,

T — temperature of radiating surface (K).

The above calculated heat flux imposes an
incident heat flux of approximately:
- 6.25 kW/m? when the sample is 10 cm away
from the heater, and;
- 3.5 kW/m? when the sample is 15 cm away
from the heater.

For all tests, samples with dimensions of 100
X 50 x10 mm were used. After heating the
radiator, the individual composite samples of
fabrics (V1-V6) and PUR S were inserted into
the stand. Then the same procedure was done
with the fabrics and PUR NW. Before testing
each sample was weighed. A NiCr-Ni
thermocouple was attached to the surface of the
sample (fabric) and the temperature throughout
the test was recorded using an Almemo device.
Each sample was placed in a rack on a grid with
Al-foil. The measured values were evaluated
using a PC. After testing and cooling, the
samples were weighed again. For each
sample, 3 measurements were performed.
The testing device is shown in Figure 3.
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Vzorky sme vystavili sdlavému teplu podla
navrhnutej nenormovanej metddy. Ako zdroj
salavého tepla sme pouzili infracerveny ziaric,
ktor¢ho parametre boli: prikon 1000 W,
povrchova teplota vyhrievacich telies 579.4 °C.
Ziari¢ sme nechali zohriat po dobu 15 minut.
Umiestneny bol v kovovom drziaku vo
vzdialenosti najskor 15 cm a potom 10 cm od
povrchu vzorky, na ktora posobil 300 sekind.

Pri danej teplote arozmeroch ziaria je
priblizna hustota vyzarovaného tepelného toku
na urovni jeho povrchu | = 25 kW/m2
Vyzarujici  povrch  bol  zjednoduSene
reprezentovany ako obdiznik a hustota
tepelného toku bola vypocitana Stefan-
Boltzmanovym zakonom podla rovnice (1):

o-T* 1)
Kde:

| — hustota salavého tepelného toku (kW/m?),
A — plocha salajuceho povrchu (m?),
¢ — emisivita salajuceho povrchu (-),
1% - Stefan-Boltzmanova
5,670373.108 W/m2.K*,

T — teplota salajuceho povrchu (K).

konStanta

Vyssie uvedeny salavy tepelny tok posobi na
exponované strany vzoriek:

- 6,25 kW/m? pri vzdialenosti vzorky od Ziari¢a
10 cm, a;

- 3,5 KW/m? pri vzdialenosti vzorky od Ziari¢a
15cm.

Pri vSetkych skuskach sme pouzili vzorky o
rozmere 100 x 50 x 10 mm. Po zohriati ziarica
sme do stojana postupne vkladali jednotlivé
vzorky textilii (V1 — V6) v kombinacii s PUR S
aVvdruhom pripade s PUR NW. Kazdu
sktSobmi vzorku sme pred samotnym testom
odvazili. Na povrch vzorky (textilie) sme
pripevnili termoclanok NiCr-Ni, ktory v
priebehu celej skisky zaznamenaval teplotu
pristrojom Almemo. Kazd4d vzorka bola
V stojane umiestnena na mriezke s alobalom.
Namerané vysledky sme vyhodnotili pomocou
PC. Po skonceni merania a vychladnuti vzoriek
sme kazdu vzorku opétovne odvazili. Pre kazdu
vzorku sme vykonali 3 merania. Schéma
zariadenia je znazornena na obr. 3.
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Fig. 3 The testing device
1. metal frame, 2. infrared radiator, 3. metal stand, 4. test sample, 5. thermocouple
6. measuring device Almemo 2290 — 8

Obr.3 Schéma testovacieho zariadenia
1. kovovy ram, 2. infraziari¢, 3. kovovy stojan, 4. skisobna vzorka, 5. termoclanok
6. meracie zariadenie Almemo 2290 — 8

Before testing, the samples were conditioned
in a laboratory with a temperature of (20 + 2) °C
and a humidity of 65 % for one month. Under
the same conditions they were tested.

The characteristics examined were:
surface temperature of the sample and the
percentage relative weight loss of the sample
calculated according to equation (2):

the

u

Where:

m, — relative mass loss (%),
m; — weight before testing (g),
m, — weight atfer testing (g).

3 Results and Discussion

The samples were exposed to the radiant
heat in the distance of 15 cm from heat source;
there were 2 sets of test samples — one set with
a PUR type S layer and the second set with PUR
type NW. Figures 4 a 5 show the samples after
testing; they are arranged from left to right,
from sample V1 to sample V6.
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Vzorky boli pred meranim kondicionované
jeden mesiac v laboratoriu s teplotou (20+2) °C
a vlhkostou 65 %. Pri tychto podmienkach sa aj
testovali.

Skumanymi charakteristikami boli teplota
na povrchu vzorky, percentudlny relativny
ubytok hmotnosti vzorky vypocitany podla
vztahu (2):

m =~ 409 @)
m

Kde:

my — relativny Ubytok hmotnosti (%),
m; — hmotnost’ pred meranim (g),

m; — hmotnost’ po merani (g).

3 Vysledky a diskusia

Vzorky sme podrobili najskor vplyvu
salavého zdroja vo vzdialenosti 15 cm postupne
s podkladovou vrstvou PUR typu
S anasledovne s PUR typu NW. Na obr. 4a 5
su zobrazené vzorky po testovani, ktoré st na
jednotlivych obrazkoch vzdy usporiadané zl'ava
doprava od vzorky V1 az po vzorku V6.
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Fig. 4 Thermal degradation of samples (V1-V6 left to right) + PUR S — 15 cm
Obr. 4 Degradacia vzoriek (V1 —V6 sprava dol'ava) + PUR S — 15 cm

Fig. 5 Thermal degradation of samples (V1 —V6 left to right) + PUR NW — 15 cm
Obr. 5 Degradacia vzoriek (V1 —V6 sprava dol'ava) + PUR NW — 15 cm

Due to radiant heat, the samples began to
degrade and smoke, the colour changed from
light brown to dark brown. These characteristics
varied depending on material composition of
the fabrics. No sample was burning with flame
neither was heating. All samples degraded by
smouldering. Thermal degradation is the
chemical decomposition under the action of
heat, which can occur during both flame and
flameless combustion — heating or smouldering
[12].

The courses of the temperature on the
surface of upholstery fabrics in the distance of
15 cm are shown in Figures 6 and 7. The
temperature profile of each sample is averaged
from three measurements.
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Vplyvom séalavého tepla zacali vzorky
degradovat’, dymit’, farba vzoriek sa zmenila od
svetlohnedej az po tmavohnedd. Tieto
charakteristiky sa 1i§ili v zavislosti od
materidlového zloZenia textilii. Ani jedna
vzorka nehorela plamefiom ani neZeravela.
Vsetky vzorky degradovali tlenim. Termicka
degradacia je chemicky rozklad latky za
poOsobenia tepla, ku ktorej modze dojst’ pri
plameiiovom aj bezplamenovom horeni —
zeraveni alebo tleni [12].

Priebeh vzostupu teplot na povrchu
potahovych textilii pri vzdialenosti 15 cm je
zobrazeny na obr. 6 a 7. Priebeh teplot kazdej
vzorky je spriemerovany z troch merani.
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Fig. 6 Temperature on the surface of samples (V + S) — 15 cm

Obr. 6 Priebeh tepl6t na povrchu vzoriek textilii (V + S) — 15 cm
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Fig. 7 Temperature on the surface of samples (V + NW) — 15 cm
Obr. 7 Priebeh teplot na povrchu vzoriek textilii (V + NW) — 15 cm

Significantly  different course of
temperature was in sample V6, both for the
PUR foam S and the PUR foam NW; a rapid
increase in temperature is seen at the
beginning of the test in time up to 60 sec
when the temperature reached its highest
value about 180 °C and then it stabilized in
a slight decrease. Other samples (with PUR
S) showed a similar course of temperature
up to about 80 sec and only then they began
to differentiate with the upward trend. In the
case of PUR NW, the courses of
temperature were interesting as if they
stabilized evenly at time of 95 sec and then
at time of 210 sec, they began to show
bigger temperature differences.
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Vyrazne odlisny priebeh teplot bol pri
vzorke V6 ato pri obidvoch PUR penach
S aj NW, kde je mozné vidiet rychly narast
teploty na zaciatku skuasky v €ase do 60. s.,
kedy teplota dosiahla najvyS$iu hodnotu,
priblizne 180 °C apotom sa ustalila
Smiernym klesanim. Ostatné vzorky
priblizne do 80 s. mali podobny priebeh a az
nasledne sa zacali diferencovat’ s trendom
stipania. Pri podklade sPUR NW je
zaujimavy priebeh teplot, ktoré pri ase 95
s. akoby sa rovnomerne ustélili a nasledne
sa zacali prejavovat’ vicsie rozdiely teplot
v 210s.

Na konci merania tj. v 300. sekunde je
rozdiel medzi najnizSou a najvysSou
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At the end of the measurement, in time
of 300 seconds, the difference between the
lowest and the highest temperature on
samples with PUR S was 59.85 °C (V1 -
187.65 °C; V5 - 247.45 °C). At the samples
with PUR NW, the difference between the
lowest and the highest temperature was
smaller — 23.2 °C (V3 - 213.10 °C; V4 -
236.30 °C).

Figures 8 and 9 show the samples after
testing in the distance of 10 cm from heat
source, the exposure time was the same —
300 seconds (samples in the picture are
arranged from left to right: from V1 to V6).

l

dosiahnutou teplotou vzoriek sPUR
S 59,85°C (V1 —187,65 °C, V5 — 247,45
°C) u vzoriek s PUR NW je mensi rozptyl
hodnét, rozdiel je 23,2 °C (V3 - 213,10 °C,
V4 — 236,30 °C).

Na obr. 8 a9 su znazornené vzorky po
testovani vo vzdialenosti 10 cm, Cas ostal
rovnaky 300 sekind (vzorky opét
usporiadané zl'ava doprava od V1 az po
V6).

Fig. 8 Thermal degradation of samples (V1 -V6) + PUR S - 10 cm
Obr.8 Degradacia vzoriek (V1 —-V6) + PUR S —10 cm

-

Fig. 9 Thermal degradation of samples (V1 -V6) + PUR NW — 10 cm
Obr. 9 Degradacia vzoriek (V1 —-V6) + PUR NW — 10 cm

Reducing the distance of the radiator from
the surface of samples to 10 cm, there were
significant changes in degradation of the
samples if compared to previous measurements.
In this case, all samples released more intense
and denser smoke after 2-3 seconds. The
samples were not burning with flame, most of
them smouldered and the samples V3 + PUR S
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Znizenim vzdialenosti ziarica od povrchu
vzorieck na 10 cm, nastali vyrazné zmeny
Vv degradaciach vzoriek oproti predchadzajicim
meraniam. U vSetkych vzoriek sa Vvtomto
pripade prejavil intenzivnejsi a hustejs$i dym uz
po 2-3 sekundach. Vzorky nehoreli plameniom,
vdésina tlela, vzorky V3+PUR S a V2+PUR
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and V2 + PUR NW heated. Only carbon
residues remained of all the upholstery fabrics,
which was a significant difference from the
results of testing in the distance of 15 cm. When
tested in the distance of 15 cm, the fabrics did
not degrade completely, unburned residues
remained. When tested in the distance of 10 cm,
also the PUR foams significantly degraded, they
began to melt, formed a viscid mass, and the
degradation was significant also on the
underside of the PUR foams. In the distance of
15 c¢m, the degradation on the underside did not
occur.

The courses of temperature measured on the
surface of upholstery fabrics are shown in
Figures 10 and 11.
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NW Zzeraveli. Zo vSetkych pot'ahovych textilii
zostali len uhlikové zvySky, €o predstavuje
podstatny rozdiel od merani vo vzdialenosti 15
cm, kde textilie nedegradovali celé, ale zostali
aj nezhorené zvySky. Vyrazne degradovali
v tomto pripade aj PUR peny, ktoré sa zacali
topit, vytvarali mazlavi hmotu a degradacia
bola vyrazna aj na spodnej strane PUR pien, ¢o
sa pri vzdialenosti 15 cm neprejavilo.

Priebeh vzostupu teplét na povrchu
potahovych textilii je zobrazeny na obr. 10
all.
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Fig. 10 Temperature on the surface of samples (V + S) —10 cm

Obr. 10 Priebeh teplot na povrchu vzoriek textilii (V + S) =10 cm
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Obr. 11 Priebeh teplot na povrchu vzoriek textilii (V + NW) — 10 cm
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At the end of the measurement, at time of
300 seconds, the difference between the lowest
and the highest temperature on the samples with
PUR S was 35.95 °C (V6 - 263.05 °C; V4 -
299.0 °C). For samples with PUR NW, the
difference was 146.35 °C (V6 - 161.60 °C; V3 -
307.95 °C). A significant difference in course of
temperature was again manifested at the sample
V6, especially on PUR NW. If the "outlier"
value of sample V6 was excluded from the
comparison, the difference between the
temperatures at the end of measurement would
be 47.25 °C (V2 - 260.70 °C, V3 - 307.95 °C).
The sample (V6+PURNW) was not tested 3
times as with the other samples, but 4 times. The
course of temperature was always confirmed, so
all values were kept in the evaluation.

The achieved maximum temperature for the
individual samples are shown in Figures 12 and
13.

w
o
o

Vyrazny rozdiel v priebehu teplot sa znovu
prejavil hlavne pri vzorke V6 predovsetkym na
podklade NW. Na konci merania tj. v 300.
sekunde je rozdiel medzi najniZSou a najvyssou
dosiahnutou teplotou vzoriek s PUR S 35,95 °C
(V6 — 263,05 °C, V4 — 299,0 °C). U vzoriek
s PUR NW je rozdiel 146,35 °C (V6 — 161,60
°C, V3 - 307,95 °C). Ak by sme z porovnania
vynali ,,odl'ahlu“ hodnotu vzorky V6, rozdiel
Vv teplotach na konci merania by bol 47,25 °C
(V2-260,70 °C, V3 —307,95 °C). Tuto vzorku
sme podrobili nie 3 meraniam ako pri ostatnych
vzorkach, ale 4 meraniam a vzdy sa priebeh

teplot  potvrdil, preto ponechdvame  pri
hodnoteni vSetky hodnoty.
Najvyssie  dosiahnut¢é maxima teplot

jednotlivych vzoriek si zobrazené na obr. 12
a13.
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Fig. 12 Maximum temperature on the surface of samples tested in the distance of 15 cm

Obr. 12 Maximalne teploty vzoriek — 15 cm
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Obr. 13 Maximalne teploty vzoriek — 10 cm

When measured in the distance of 15 cm,
higher values of maximum temperature were
measured on samples with upholstery fabrics on
the foam PUR NW. For both PUR foams, the
highest temperatures were measured on samples
V5 and V6. Maximum temperature ranged from
186.45 °C (V1+PUR S) to 246.65 °C (V6+PUR
S).

When measured in the distance of 10 cm, the
results were more differentiated. In this case,
the temperatures on the samples with PUR NW
were not significantly higher if compared to the
samples with PUR S. The maximum
temperatures were significantly higher, ranging
from 267.25 °C (V6+PUR NW) to 357.95 °C
(V2+PUR S). The increase in maximum
temperature measured in the distance of 10 cm
(if compared to the 15 cm) represented 43.34 %
at the lowest values of maximum temperature
and 45.13 % at the highest values of maximum
temperature.

It is also important to note that the individual
samples reached the maximum temperature at
different time. For instance, in the distance of
15 cm, on the PUR NW substrate, the samples
V5 and V6 reached similar value of maximum
temperature. But sample V5 reached the highest
temperature in time of 290 sec while the sample
V6 reached it already at time of 110 seconds.

When evaluating the results of measurements
in the distance of 15 cm, the relative mass loss
for samples of the upholstery fabrics themselves
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VysSie hodnoty maximalnych teplot pri
vzdialenosti 15 cm  dosiahli  vzorky
S pot'ahovymi textiliami na podklade PUR peny
NW. Pri obidvoch PUR penidch dosiahli
najvyssie teploty vzorky V5 a V6. Maximalne
teploty sa pohybovali v rozmedzi od 186,45 °C
(VI+PUR S) do 246,65 °C (V6+PUR S).

Pri vzdialenosti 10 cm boli vysledky
diferencovanejsie. V tomto pripade neboli tak
jednoznaéne vyssie teploty vzoriek s PUR NW
Vv porovnani so vzorkami s PUR S ako pri 15 cm
vzdialenosti. Hodnoty maximalnych teplét boli
podstatne vyssie, pohybovali sa v rozmedzi od
267,25 °C (V6+PUR NW) do 357,95 °C
(V2+PUR S). Tento narast maximalnych teplot
pri vzdialenosti 10 cm predstavoval 43,34 % pri
najnizSich hodnotdch maxim teplot a 45,13 %
pri najvyssich hodnotach maxim teplot.

Dolezity je tiez poznatok, ze maximalne
teploty dosiahli jednotlivé vzorky v ro6znych
Casoch. Napr. pri vzdialenosti 15 cm na
podklade NW dosiahli vzorky V5 aV6
porovnatel'né maximalne teploty, av§ak vzorka
V5 dosiahla najvyssiu teplotu v 290. s, zatial’ ¢o
vzorka V6 uz v 110 s.

Pri  hodnoteni vysledkov merani vo
vzdialenosti 15 cm sme ziskali hodnoty
relativnych ~ Ubytkov ~ hmotnosti  vzoriek
samotnych potahovych textilii bez podkladov
PUR pien S a NW (vid obr. 14).
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(without PUR foams S nor NW) were calculated
(see Fig. 14).
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Fig. 14 Relative mass loss of upholstery fabrics tested in the distance of 15 cm
Obr. 14 Relativny ubytok hmotnosti potahovych textilii — 15 cm

Relative mass loss also showed significant
differences. The largest percentage of relative
mass loss of the upholstery fabric alone was
measured for the sample V4 on both substrates;
the difference between the substrates was
minimal. No measurable relative mass loss was
recorded for the upholstery fabric alone on the
sample V6 — PES fabric. This may be attributed
to melting and subsequent solidification of the
fabric  without ~much  evaporation or
pyrolysation.

When tested in the distance of 10 cm, it was
not possible to determine the relative mass loss
for the fabrics alone. Exposed to heat, the
fabrics and PUR foams melted together and
formed a greasy substance. Fig. 15 shows the
weight loss of the whole assembly (fabric +
PUR foam) tested at the distances of 15 cm and
10 cm.
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Aj pri tomto parametri sa prejavili znacné
rozdiely. Najvacsi percentualny relativny
ubytok hmotnosti bol uvzorky samotnej
potahovej textilie V4 ato pri obidvoch
podkladoch, pri ktorych navzajom boli rozdiely
len minimalne. Pri samotnej vzorke potahovej

textilie V6 nebol zaznamenany Zziadny
meratelny  relativny  ubytok  hmotnosti.
Uvedené spravanie moéze byt dosledkom

roztavenia a nasledného vytvrdnutia potahovej
textilie bez vyznamného odparovania i
pyrolyzy.

Pri meraniach vo vzdialenosti 10 cm sa
nedali stanovit relativne ubytky hmotnosti
samostatne u textilii, pretoze PUR peny
s textiliami sa vplyvom tepla roztavili a
vytvorili zataveni mazl’ava hmotu. Na obr. 15
su uvedené¢ hodnoty relativnych tubytkov
hmotnosti celej skladby (textilia + PUR pena)
vo vzdialenosti 15 cm aj 10 cm.



14(2): 36-53, 2020

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2020.14.2.90

o

A U
o

w
o

N
o

[any
o
!

Relative mass loss/

o

E'"Einl]

V1 V2

Relativny ubytok hmotnosti (%)

with PUR S 15 cm
with PUR NW 15 cm mwith PUR NW 10 cm

V3
Samples/Vzorka

with PUR S 10 cm

\Z V5 V6

Fig. 15 Relative mass loss of upholstery composites (V+PUR)
Obr. 15 Relativny ubytok hmotnosti skladieb

If tested in the distance of 15 cm, the highest
percentage of relative mass loss was measured
for the upholstery composites V4 with PUR S
and NW. If tested in the distance of 10 cm, the
highest values of relative mass loss were
measured for sample V2, also with both PUR
foams. For the sample V2, in both variants
(PUR S and NW), the biggest difference
between the values of relative mass loss was
measured when the sample was tested in the
distance of 10 cm. It was the biggest difference
in relative mass loss between the two
measurements (15 cm and 10 cm).

In the overall evaluation, it can be stated that
the obtained results were influenced by the
material composition of the fabrics and the PUR
foams as a base. We expected better results for
the fabrics with fire retardant and the foam PUR
S, which was not clearly confirmed. The
distance of the radiator from the surface of the
samples showed a significant effect on the
degradation of samples, which may be
attributed to the decrease of incident heat flux
by approximately 45 % (6.25 kW/m? at 10 cm
to 3.5 kW/m? at 15 cm). In the distance of 15
cm, lower values of maximum temperature on
the surface of samples were measured for the
samples with PUR S. In the testing distance of
10 cm, it was not so clear; lower temperature
maxima were reached by three samples with
PUR S (V1, V4, and V5). When evaluating the
relative mass loss of the fabrics themselves,
(obtained only at testing in the distance of 15
cm) there were no significant differences in
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Najvyssie percentudlne relativne ubytky
hmotnosti pri vzdialenosti 15 cm dosiahla
skladba vzorky V4 sPUR Saj NW.Pri
meraniach vo vzdialenosti 10 cm to boli
najvysSie hodnoty u vzorky V2, taktiez aj
v tomto pripade s PUR penou S aj NW. Pri tejto
vzorke V2 sa v obidvoch variaciach s PUR S aj
NW, prejavil najvyssi narast relativneho ubytku
hmotnosti pri 10 cm vzdialenosti. Bol to
najvacsi rozdiel hodnét relativnych ubytkov
hmotnosti medzi meraniami pri 15 cm a 10 cm.

Pri  celkovom hodnoteni je mozné
konstatovat’, ze na dosiahnuté vysledky vzoriek
malo vplyv materialové zlozenie textilii aj PUR
peny ako podklad. Predpokladali sme lepsie
vysledky pri textiliach s retardacnou upravou
aPUR S, ¢o sa jednoznatne nepotvrdilo.
Vyrazny vplyv na degradaciu vzoriek mala
vzdialenost’ ziari¢a od povrchu vzoriek, co
mdze byt pripisané redukcii  hustoty
dopadajticeho salavého tepla na povrch vzorky
occa. 45 % (6,25 kW/m? pri 10 cm na 3,5
kW/m? pri 15 cm). Pri vzdialenosti 15 cm
maxima teplét na povrchu vzoriek dosiahli
nizsie hodnoty vzorky s PUR S. Pri 10 cm to
nebolo tak jednoznacné, niz§ie maxima teplot
s PUR S dosiahli tri vzorky V1, V4, V5. Pri
hodnoteni relativneho ubytku samotnych
textilii, ktory sme ziskali len meranim vo
vzdialenosti 15 cm, neboli vyrazné rozdiely
hodnét medzi vzorkami s PUR S a vzorkami s
PUR NW. Zrejmy rozdiel vSak bol pri
hodnoteni relativneho Ubytku hmotnosti celej
skladby (textilia + PUR). ZniZenim vzdialenosti
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values between the samples with PUR S and the
samples with PUR NW. However, the obvious
difference was seen when evaluating the
relative mass loss of the whole composition
(fabric + PUR). Reducing the testing distance to
10 cm, the relative mass loss of all the samples
was significantly higher. At both testing
distances, the samples with PUR NW showed
lower relative mass loss if compared to the
samples with PUR S, which may be attributed
to the higher initial weight of PUR NW sample
substrates when compared to PUR S due to their
different densities.

Based on comparison of the results by the
method of sorting the fabrics themselves
according to the best results in terms of
flammability (lowest maximum temperature,
lowest relative mass loss of fabrics), the
following order of fabrics can be made: V1 (61
% PES, 39 % Ba), V3 (100 % PA), V6 (FR 100
% PES), V4 (60 % VS, 40 % V1), V5 (FR 50 %
PES, 50 % PP), V2 (100 % Ba). In most
parameters, a fabric based on 100% cotton
showed the worst results. Wanna [13] pointed
out the flammability of cotton and emphasized
the need to treat it by a fire retardant, for
example by using suitable salts.

These results are difficult to compare with
results of other authors. There is a great
variability in the composition of upholstery
materials; we have not found a similar
evaluation from the available sources, both in
terms of methodology and in terms of the
material composition of the samples. An
analogy with our results can be seen in Sulekova
and Kacikova [14], who researched the
influence of radiant heat on selected types of
PUR foams (testing distances 15 cm and 10 cm,
exposure time 300 seconds). They concluded
similarly that the samples did not ignite,
degraded considerably, especially in the
distance of 10 cm when they turned into a
greasy substance. Surface temperature of the
samples reached 250 - 300 °C, which is below
the 350 °C at which the autoignition behaviour
selected polymeric materials of this type
(artificial fibres and foams) begins to manifest
[15].

Conclusion

Several interesting results were obtained
from the research. The results need to be
analysed more deeply and be supported by the
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merania na 10 cm sa vyrazne zvysil relativny
ubytok hmotnosti vSetkych vzoriek. Vzorky
s PUR NW dosiahli nizsie hodnoty relativnych
ubytkov v porovnani so vzorkami s PUR S a to
pri obidvoch vzdialenostiach merania, co moze
byt pripisané vys$Sej hmotnosti PUR NW
vzoriek  vporovnani sPUR Sz dévodu
rozdielnosti ich hustot.

Na zaklade porovnania vysledkov metodou
zoradenia vzoriek samotnych textilii od
najlepsich dosiahnutych hodnét =z pohladu

v

svwr

textilii) mozno urcit nasledovné poradie
vzoriek: V1 (61 % PES, 39 % Ba), V3 (100 %
PA), V6 (FR 100 % PES), V4 (60 % VS, 40 %
V1), V5 (FR 50 % PES, 50 % PP), V2 (100 %
Ba). Vo vicsine parametrov dosiahla najhorsie
vysledky textilia na baze 100 % bavlny. Na
horl’avost’ baviny poukazuje Wanna [13], ktory
zdoraziiuje potrebu jej retardaCnej Upravy,
napriklad pouzitim vhodnych soli.

Uvedené dosiahnuté vysledky je narocné
porovnat’ s vysledkami inych  autorov.
V zlozeni cCalunnickych materidlov je velka
variabilita, nenasli sme z dostupnych zdrojov
podobné hodnotenie, jednak ¢o sa tyka
metodiky, ale tiez materidlového zlozenia
vzoriek. Analogiu s naSimi vysledkami vidime
u autoriek Sulekova a Kagikova [14], ktoré
porovnavali vplyv salavého zdroja tepla na
vybrané druhy PUR pien vo vzdialenosti 15 cm
a 10 cm po dobu 300 s. ako v nasom vyskume.
Podobne dospeli k zaveru, ze vzorky sa
nezapalili, ale znacne degradovali
predovsetkym pri vzdialenosti 10 cm, kedy sa
menili na mazl'avi hmotu. Teploty na povrchu
vzoriek dosahovali 250 - 300 °C, ¢o je pod
teplotou 350 °C, ktora je spodnou hranicou, pri
ktorej sa zaCina prejavovat samovznietenie
vybranych polymérickych materidlov tohoto
typu (umelé tkaniny a peny) [15].

Zaver

Uvedenym vyskumom sme ziskali viacero
zaujimavych  vysledkov, ktoré bude
potrebné este  hlbSie analyzovat, podlozit’
tiez Statistickym vyhodnotenim, zamerat’ sa na
rozbor vplyvu salavého tepla na textilie rozneho
materidlového zlozenia. Ciel'om tohto vyskumu
bolo vsak prioritne overit’ vhodnost’ navrhnutej
metodiky.
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statistical evaluation. The effect of radiant heat
on fabrics of various material composition can
also be analysed. However, the priority aim of
this research was to verify a suitability of the
proposed methodology.

We can state that the methodology is suitable
for testing of the effect of radiant heat on
upholstery materials; it offered number of
important findings. However, the procedure still
needs to be innovated, improved, such as: to
wrap the PUR foams with fabric also on sides,
to use thermocouples with a flat end, to place
them on the bottom side — away from the source
of radiant heat, to increase the time of
exposition to heat, etc. In future, we will test not
only the fabrics, but entire assemblies —
upholstery cover fabric, separating material,
PUR foam. We want to point out the importance
and need to test the flammability of upholstery
materials also from the point of view of the
method, where the initiating source is radiant
heat. The results obtained by this method could
suitably complement the results from the
standardized test method of smouldering
cigarette and the match flame equivalent.
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Abstract

The internal climate of buildings is also partly maintaining the physical and mental health  of students. The
article deals with investigating an internal environment — the factors that affect creative work demanding
concentration. There are microclimatic conditions, illumination during visually demanding work, noise, or
chemical factors. Standardized research methods for measuring temperature, humidity, airflow, and illumination
using the relevant device base were used to characterise these factors during the selected university classroom
lessons. The results were compared with the limit values published in standards and legislation. The complex of
these "external™ factors influences psychological wellbeing, and might burden activities requiring information
admittance, processing, concentrating and creativity. The psychological burden was assessed by a subjective
method, such as a standardized questionnaire and its evaluation. The obtained results showed that there was a
correlation between the external factors of the environment and the psychological well-being of the students. If
the teacher knows the factors that affect his/her health and the health of students, he/she can predict their negative
impact on performance and take preventive measures such that the factors of the internal environment are within
the recommended limits. In practical life, this can mean achieving higher performance by managing environmental
factors.

Keywords: indoor environment quality; lighting; microclimate; carbon dioxide; questionnaire

1 Introduction 1 Uvod

People spend on average 80-95 % of their Priemerne ¢lovek travi 80 — 95 % svojho Casu
time indoors in different buildings; 62% at vo VglummyCh PrleStOEOCh roznych budov;
home, 25 % at work, at school, in administrative 62 % dorpa, 25 /o v praci, vskgle,
and purpose buildings and around 8% in v administrativnych  a ucelovych quovach
vehicles [1], [2]. The basic user parameter of apriblizne 8 % v dopravnjch prostriedkoch
each building designed for long-term residence (11, [2]. ZakladPY uzivatel'sky Parameter ka?d?l
of people is the quality of the inner stavby, uréenej pre dlhodoby pobyt Tudi, je
microclimate, which is defined as “thermal, kvalita  vnutornej —mikroklimy, ~ ktora je
light, acoustic comfort” [3]. These indoor definovand ako ,tepelnd, svetelna, akusticka
building factors are described by physical or pohoda® [3]. ~Tieto faktory — vnitorného
chemical variables. Their maintenance within prostredia  budov  sa popisuju fyzikalnymi

alebo chemickymi veli¢inami. Ich udrzanie
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the defined limits is a condition of the
functionality of the buildings and the creation of
a healthy environment for the human being, as
well as for the technological process [4], [5].
The improvement of the quality of emerging
and new buildings and thus contributing to
disease prevention, health improvement, and
satisfaction of target groups, requires an internal
environment control system focusing on the
factors most affected by the physiological effect
(Fig.1) [6].

School buildings can have a significant
impact on students and teachers’ health and
performance through their internal environment
such as noise level, indoor temperature, air
quality and light [7]. According to Heath et al.
(2000), there has always been concern
regarding the indoor environment of schools
due to shortage of funding for school buildings,
because poor environments have a greater
impact on children than on adults [8], [9], [10].

Vv definovanych  limitoch  (medziach) je
podmienkou funkénosti budov a vytvorenie
zdravého prostredia pre Cloveka, pripadne aj pre
technologicky proces [4], [5]. Zlepsit kvalitu
exitujucich anovych budov a prispiet’ tak
K prevencii  ochoreni, zlepSenia zdravia
a spokojnosti cielovych skupin si vyZaduje
vytvorit’ systém kontroly vnutorného prostredia
so zameranim na faktory, ktoré najviac
ovplyviuju fyziologicky efekt (Obrazok.1) [6].

Skolské budovy mézu mat’ vyznamny vplyv
na zdravie a vykonnost' Studentov a ucitel'ov
prostrednictvom ich vnitorného prostredia, ako
je napriklad hladina hluku, vnitorna teplota,
kvalita vzduchu a svetlo [7]. Podl'a Heath et al.
(2000), vzdy existovali uvahy tykajuce sa
kvality vnatorného prostredia $kol z dovodu
nedostatku financii, pretoze nevhodné vnutorné
prostredie méa vacsi vplyv na deti ako na
dospelych [8], [9], [10].

Immeasurabl X S ¢
effect The relevant factor on the organism S E o 2
» without any influence or its effect is =t |= =
not detectable Ce I8 g
ssEsanmmm = % Y
= | = || &
. . The relevant factor causes certain S = 3
2 Physiological reactions of the organism, but they = < £
£ effect do not go beyond the normal 3 £ &
f 1 physiological regulation (dynamic E o ic %
o balance) and are safely manageable c g = k=
*;;’ adaptation capacities of the n & % E
g organism. eesensssneeneen®¥ €| 8
- Temporary The effect of the factor occurs in the g 2
pathological organism to a significant deviation T 3
effect from its normal functional status, i g
» accompanied by a disorder, after g 3
discontinuation of the factor after a ‘ 3]
certain event. the treatment, the state ©
Permanent? of the organism returns to normal.
pathological " srerarrenesnans \
effect Effect of the factor achieves an
»| intensity that causes permanent
\ 4 damage to the body or death. J

Fig. 1 Effects of environmental factors and their impact on human health [6]
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Obr. 1 Pésobenie faktorov prostredia a ich vplyv na zdravie ¢loveka [6]

The SINPHONIE project was a pilot research
project on health and the environment that
monitored an indoor air in schools. 114
elementary schools from 23 European
countries, including Slovakia, were involved in
this project. The SINPHONIE project results
analysis has confirmed that indoor air quality
(IAQ) in schools is a very important issue and
has an impact on children's health, including
respiratory problems such as asthma and
allergies, as well as attendance and
performance. It has been found that indoor air
pollution in schools is complex and variable and
it can be of different origin (exterior, interior)
and character (physical, chemical and
biological). It can be caused by many sources
(such as combustion processes, building
materials or components, and consumer
products). Air pollutants were found in classes
in concentrations that in some cases exceeded
WHO recommended values and which were
detrimental to the health of schoolchildren [11],
[12].
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SINPHONIE projekt bol pilotny vyskumny
projekt v oblasti zdravia a Zivotného prostredia,
ktory sledoval vnutorné ovzdusie v skolach. Do
tohto projektu bolo zapojenych 114 zakladnych
Skol v23 eurdpskych krajinach vratane
Slovenska. Analyza vysledkov projektu
SINPHONIE potvrdila, Ze (indoor air quality)
IAQ v skolach je vel'mi dolezitou otazkou a ma
vplyv na zdravie deti vratane dychacich
problémov ako st napriklad astma a alergie, ako
aj na skolskt dochadzku a vykonnost’ deti. Bolo
zistené, Ze zneclistenie vnutorného ovzdu$ia v
Skolach je komplexné a premenlivé a méze byt
rdézneho povodu (exteriér, interiér) a charakteru
(fyzikalne, chemické a biologické). Moze byt
sposobené¢ mnohymi zdrojmi (ako su
spalovacie procesy, materialy budov alebo
komponenty a spotrebné produkty). Latky
znecist'ujiice ovzdusie boli zistené v triedach v
koncentraciach, ktoré v niekol’kych pripadoch
presiahli odporacané hodnoty WHO, a ktorych
koncentracie boli Skodlivé pre zdravie skoldkov
[11], [12].
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1.1 Physical and chemical factors in the school
environment

Microclimatic or thermal-humidity
conditions of an indoor building environment
are determined by three basic physical factors:
- relative humidity,

- temperature a
- air flow [13], [14], [15].

An important role plays, depending on the
difficulty of the work and the need for mental
focusing, the lighting in the place of visual
performance and noise. Other factors are
physical factors such as the concentration of
pollutants in the class (carbon dioxide,
formaldehyde, benzene, volumes of organic
compounds (VOC) and 2,5 pm dust particles,
referred to as PM2.5) and biological factors.
The proportions of these factors determine the
guality of the inner environment, the subjective
feeling of well-being or the discomfort of a
person [16], [17].

One of the basic conditions for a healthy
environment in schools is adequate ventilation
of the indoor environment. In schools, mostly
fresh air gets into the building mostly in an
unregulated way, through window and door
joints or through joints in packaging
constructions. During cold days it is necessary
to provide natural ventilation by opening
windows. To deal with the problem of air
exchange in school buildings, the hygienic
limits for the necessary amounts of air
according to the season are applicable (Table 1).

1.1 Fyzikdalne a chemické faktory v skolskom
prostredi

Mikroklimatické alebo inak nazvané tepelno-
vlhkostné podmienky vnutorného prostredia
budov st ur¢ené tromi zakladnymi fyzikalnymi
faktormi:

- relativnou vlhkost'ou vzduchu,
- teplotou a
- prudenim vzduchu [13], [14], [15].

Vyznamnu tulohu zohrava v zavislosti od
narocnosti prace apotreby  psychického
sustredenia aj osvetlenost’ v mieste vykonu
zrakovej ulohy a rovnako aj hluénost. Dal§im
faktorom st chemické faktory, ku ktorym patri
napriklad koncentracia Skodlivin v triede (oxid
uhli¢ity, formaldehyd, benzén, VOC (Volataile
organic compounds) aprachové Castice
ovelkosti 2,5 um oznaCované ako PMpys
a biologické faktory. Pomerom tychto faktorov
sa urCuje kvalita vnuitorného prostredia,
subjektivny pocit pohody alebo nepohody
¢loveka [16], [17].

Jednou zo zakladnych podmienok zdravého
prostredia Vv Skolach je dostatocné vetranie
vnitorného prostredia. V Skolach sa vécsinou
cerstvy vzduch dostdva do objektu zvicsa
neregulovanym spdsobom a to cez Skary okien
adveri alebo cez Skary Vv obalovych
konstrukciach. Pocas chladnych dni je potrebné
zabezpeCit' prirodzené vetranie otvaranim
okien. Pri rieSeni problému vymeny vzduchu
v Skolskych budovach platia hygienické limity
pre nevyhnutné mnozstvd vzduchu podla
ro¢ného obdobia (Tabul’ka 1).

Tab. 1 Air exchange in the rooms of school buildings in the winter [18]

Tab. 1 Vymena vzduchu v priestoroch §kolskych budov v zimnom obdobi [18]
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The purpose of the rooms / Temperature Air exchange / Type of ventilation /
Ucel priestoru in winter / Vymena vzduchu Druh vetrania
Teplota v
zime (°C)
(1.hh) (m3.h?)
Universal and vocational Natural — summer /
classrooms, classrooms for arts Prirodzené - leto
and music education / Univerzalne 20 3-8 15-40 _ _
a odborné ugebne, pracovne Forced suction —winter /
vytvarnej a hudobnej pripravy Nuten¢ odsavanie - zima
Offices / Kabinety 20 - - Natural / Prirodzené
57
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Tab. 1 continue

Tab. 1 pokracovanie

The purpose of the rooms / Temperature
Ugel priestoru in winter /
Teplota v
zime (°C)

Air exchange / Type of ventilation /
Vymena vzduchu Druh vetrania

(LhY) | (mhh)

Universal and vocational
classrooms, classrooms for arts

Natural — summer /
Prirodzené - leto

and music education / Univerzalne 20 3-8 15-40 _ _
a odborné ucebne, pracovne Forced suction - W'”t_er /
vytvarnej a hudobnej pripravy Nuten¢ odsavanie - zima
Offices / Kabinety 20 - - Natural / Prirodzené
Professional workshops, 20 5-10 15-40 Forced / Nutené
laboratories / Odborné pracovne,
laboratoria
Reading rooms and clubs / Citarne 20 3-5 20-30 Natural / Prirodzené
a klubovne
Toilets for students / WC pre 15 10 - Natural / Prirodzené
ziakov
Halls for stays and rests / Chodby 15 3-5 - Natural / Prirodzené
pre pobyt a odpoé¢inok
The  objectification of  microclimatic Objektivizacia mikroklimatickych

conditions by physical factors in the school
environment is carried out by measurements
using thermometers, anemometers,
psychrometers or moisture meters [19]. The
values obtained are then compared with the
limit values given in the legislation. Due to the
heat and workload of an employee in the work
environment, we can assess the physical load of
the body through the following evaluations:

- physiological, based on the response of the
body to the working environment, such as
the heart rate, the amount of sweat
excreted, the body temperature,

- technical-hygienic (predictive) when we
predict the impact of microclimatic
conditions in the work environment
through individual indicators (e.g. air
temperature) on the burden of the
employee [20].

58
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podmienok pomocou fyzikalnych faktorov
v Skolskom  prostredi sa realizuje meranim
pomocou teplomerov, anemomemtrov,
psychrometrov alebo vlhkomerov [19]. Ziskané
hodnoty sa potom porovnavaju s limitnymi
hodnotami uvedené v legislativnych
predpisoch. Vzhl'adom na tepelnu a pracovnil
zataz ¢loveka v pracovnom prostredi mézeme
posudit’  fyzické  zataZenie  organizmu
prostrednictvom nasledovnych hodnoteni:

— fyziologického, pri ktorom vychidzame z
reakcie telesnych ukazovatelov (napr.
srdcova frekvencia, mnozstvo vyluceného
potu, telesnd teplota) organizmu na
pracovné prostredie,

— technicko-hygienického (predikéného),
kedy predpovedame  prostrednictvom
jednotlivych ukazovatelov (napr. teplota
vzduchu) vplyv mikroklimatickych
podmienok v pracovnom prostredi na
zatazenie zamestnanca [20].
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2 Methods

The aim of the assessment of the internal
environment in a representative university
classroom was to measure factors that
significantly influence the quality of the
teaching process. The factors were as follows:
a) lighting,

b) relative air humidity,
c) the temperature,
d) the concentration of carbon dioxide.

Measurement was performed by a light meter
Testo 545 (Figure 2a). It was an extremely
accurate measurement since the permissible
deviation defined by the manufacturer was + 2
% (according to DIN 5032, part 6).

The machine EXTECH® Anemometer AN
340 was used to objectify the temperature and
relative  humidity  (Figure 2b).  The
concentration of carbon dioxide in the
classroom was objectified with TESTO 315-3
CO/ CO; (Figure 2c).

The measurement object was a classroom for
exercise. Its location was in the reconstructed
building of the Faculty of Education of the
Constantine the Philosopher University in Nitra
on the ground floor of a separate building. The
basic characteristics of the representative
classroom are shown in Table 2 and the internal
layout is in Fig. 3.

Tab. 2 Parameters of classroom

Tab. 2 Zakladné parametre objektivizovanej ucebne

2 Metody

Cielom posudenia vnutorného prostredia
Vv reprezentativnej vysokoskolskej ucebni bolo
zmerat' faktory, ktoré vyznamnou mierou
vplyvaju na kvalitu vyucovacieho procesu. Boli
objektivizované tieto faktory:
a) osvetlenost,
b) relativna vlhkost' vzduchu,

c) teplota,
d) koncentracia oxidu uhliitého. I
Konkrétne meranic osvetlenosti  bolo

uskuto¢nené pristrojom Testo 545 (Obrazok
2a). Pripustnd odchylka definovana vyrobcom
pristroja je + 8% (podl'a DIN 5032, Cast’ 6).

Meraci pristroj EXTECH® - Anemometer
AN 340 bol pouzity na objektivizaciu teploty
a relativnej vlhkosti bol pouzity (Obrazok 2b).
Koncentracia oxidu uhli¢itého v ucebni bola
objektivizovana pristrojom TESTO 315 -3 CO
/ CO; (Obrazok 2c).

Objektom merani bola ucebna sluziaca na
cvicenie. Jej lokalizacia je v rekonStruovanej
budove Pedagogickej fakulty Univerzity
Konstantina Filozofa v Nitre na prizemi
samostatného traktu. Zakladné charakteristiky
reprezentativnej ucebne st uvedené v Tabul'ke
2 a vnutorné usporiadanie je na Obrazku 3.

Room / Oznadenie miestnosti

DRD00080

Dimensions / Rozmery

6,45x5,34mx3,19m

Characteristic / Charakteristika

Classroom for Classical Exercise / Ucebna pre
klasické cvic¢enie

Orientation / Orientacia

North / Sever

Locality / Lokalita

Side tract on the ground floor, in the middle of the
building / Bo¢ny trakt na prizemi, stred budovy

Number of windows and dimensions / Pocet
okien a rozmery

2 windows (1.75 x 2,07 m?) / 2 okn4 (1,75 x 2,07
m2)

Number of heaters and dimensions / Pocet
vykurovacich zariadeni a rozmery

2 heaters (1,80 — 60,5 m?) / 2 radiatory (1,80 —
60,5 m?)

Number of light sources / Pocet svetelnych
zdrojov

6 light sources / 6 svietidiel

Delta 2020, 14(2):54-70
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b)

l °’

Fig. 2 The devices used for measurements
a) Luxmeter Testo 545, b) Anemometer AN 340, ¢) The measuring device CO/CO;

Obr. 2 Pristroje pouzité na meranie
a) Luxmeter Testo 545, b) Anemometer AN 340, c) Pristroj na meranie CO/CO-

Fig. 3 Spatial layout of the classroom

Obr. 3 Priestorové usporiadanie u¢ebne

3. Results

3. 1 The measurements of the daylight

The subject of the measurement was the total
illuminance on the horizontal comparison plane
at a height of 0,85 m above the floor.
[llumination measurements were performed in
March between 8,00 - 15,00. Throughout the
room (total illumination), the illuminance was
measured on a horizontal reference plane in a
regular square or rectangular network of
measuring points. The points were arranged in

Delta 2020, 14(2):54-70
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3. Vysledky
3. 1 Meranie denného svetla

Predmetom merania bola celkova
osvetlenost’ na vodorovnej porovnavacej rovine
vo vySke 0,85 m nad podlahou. Meranie
osvetlenosti bolo uskutocnené v marci 2019
medzi 8,00 — 15,00 hod. podl'a STN EN 12464-
1: 2012. V celej miestnosti (meranie celkového
osvetlenia) sa merala osvetlenost na
vodorovnej porovnavacej rovine v pravidelnej
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a floor plan so that the distance of the end points
from the wall or boundary of the defined part
represents half the distance between the points.
In rooms with a floor area of less than 2 m?, at
least 2 measuring points are measured in the
middle of the room (one measuring point), in
rooms with an area of 2 to 6 m? at least 2
measuring points, from 6 to 10 m?, at least 4
measuring points over 10 m? . The distance of
the measuring points from the walls or from
obstacles exceeding the reference plane must
not be less than 0,5 m. In our case, we
established a network with 20 checkpoints [21].
The average daylight illuminance values are
shown in Figure 4. At 11 o'clock, the
illuminance reached its maximum value (507.4
IX). In the morning and afternoon the values
were significantly lower (100 - 200 Ix).

§tvorcovej alebo obdiznikovej sieti meracich
bodov, rozlozenych v pddoryse tak, aby
vzdialenost’ krajnych bodov od steny alebo
hranice =~ vymedzenej Casti predstavovali
polovicou vzdialenosti medzi bodmi. V
miestnostiach s podorysnou plochou menej ako
2 m? sa stanovuje meraci bod v strede miestnosti
(jeden meraci bod), v miestnostiach s plochou
od 2 do 6 m? najmenej 2 meracie body, od 6 do
10 m? 3 meracie body, nad 10 m? najmenej 4
meracie body. Vzdialenost’ meracich bodov od
stien alebo od prekazok prevySujucich
porovnavaciu rovinu nema byt mensia ako 0,5
m. V nasom pripade sme stanovili siet’ s 20-
timi kontrolnymi bodmi [21]. Priemerné
hodnoty osvetlenosti pri dennom svetle sua
uvedené na Obrazku 4. O 11,00 hodine
dosahovala osvetlenost maximalne hodnoty
(507,4 Ix). Rano a popoludni boli hodnoty
podstatne nizsie (100 - 200 Ix). Meranie v
kazdom bode bolo vykonané trikrat,
zaznamenany bol priemer tychto merani.

790,38
1000.00 55957
785,25
800.00
600.00
443,13
400.00

0.00

902,63

243,13
176,875

200.00
— g g -

312,25

Fig. 4 Average daylight values in the classroom from 8 am to 3 pm in Ix
(STN EN 2464-1: Light and Illumination)

Obr. 4 Priemerné hodnoty dennej osvetlenosti v uéebni medzi 8:00 a 15:00 hodinou v Ix
(STN EN 12464-1:2012 Svetlo a osvetlenie)

Delta 2020, 14(2):54-70
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Tab. 3 Average illuminance values (E), measurement uncertainty (U) and standard requirements

Tab. 3 Priemerné hodnoty osvetlenosti (E), neistota merania (U) a poziadavky normy

E u E-U E+U lllumination requirements by /
Poziadavky na osvetlenost podla
(Ix) (%) (Ix) (Ix) STN EN 12464-1
426,13 34,09 392,04 460,22 500 Ix

The results showed the discrepancy of the
illumination in the room with limit values.
Therefore, it is necessary to use artificial light
sources during the lessons.

3. 2 Measurement of carbon dioxide, humidity
and temperature

Measurements of carbon dioxide
concentration, relative humidity and
temperature were performed discontinuously in
twenty-minute intervals during a 90-minute
exercise when there were 19 people in the
classroom. Windows and doors were closed to
indicate an increase of carbon dioxide
concentration. The first measurement took
place before the lecture began in an empty
classroom. The instrument recorded the
minimum and maximum carbon dioxide values
in ppm units (Table 4).

Vysledky poukazuji na nesulad osvetlenosti
v miestnosti s limitnymi hodnotami. Preto je
potrebné pocas vyucby pouzivat’ umelé zdroje
osvetlenia.

3.2 Meranie oxidu uhlicitého, vihkosti a teploty

Measurements of carbon dioxide
concentration,  relative  humidity  and
temperature were performed discontinuously in
twenty-minute intervals during a 90-minute
exercise when there were 19 people in the
classroom. Windows and doors were closed to
indicate an increase of carbon dioxide
concentration. The first measurement took
place before the lecture began in an empty
classroom. The instrument recorded the
minimum and maximum carbon dioxide values
in ppm units (Table 4).

Tab. 4 Measurement results of concentration CO,.

Tab. 4 Vysledky merania koncentracie CO>

Time of Minimal value | Maximal value Mean value Temperature / Relative
measurement / CO:/ CO:/ CO2/ Teplota humidity /
Cas merania Minimalna Maximalna Priemerna oc Relativna
hodnota CO, hodnota CO, hodnota CO, (°C) vlhkost’
(ppm) (ppm) (ppm) )
09:00 930 1050 990 24,4 42,5
09:20 1850 2030 1940 25,0 41,3
09:40 2080 2350 2215 25,7 42,9
10:00 3360 3750 3555 26,3 47.6
10:20 3680 3680 3680 26,8 49,8
10:40 4170 4250 4210 27,0 51,7

Delta 2020, 14(2):54-70
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Carbon dioxide greatly influences students'
concentration and comfort. Table 5 shows the

Oxid uhli¢ity vyznamnou mierou vplyva na
sustredenost’ a komfort Studentov. Tabulka 5

relationship between the CO2 concentration and
response

the organism's
concentration.

for

uvadza vztah medzi koncentriciou CO,

a given a odozvou organizmu pre danu koncentraciu.

Tab. 5 Effects of CO; on the organism depending on its concentration in the air

Tab. 5 Uginky CO2 na organizmus v zavislosti od jeho koncentracie v ovzdusi

COz in the air / CO; vo vzduchu | Described effect on organism / Popis t¢inkov na organizmus

(ppm) % (obj.)

350 - 450 0,035 -0,045 | fresh air / ¢erstvy vzduch

600 -1200 0,06-1,2 indoor air / izbovy vzduch

>1000 >0,1 fatigue and disturbance of concentration / unava a poruchy
koncentracie

1200 -2 000 1,2-20 feeling sleepy and tired / pocit ospalosti a unavy

3000 0,3 fatigue, drowsiness, deep breathing, hearing impairment and
headache, increased blood pressure and pulse rate / tinava,
ospalost’, prehibené dychanie, zhor$enie sluchu a bolest’ hlavy,
zyvysenie krvného tlaku a zrychlenie pulzovej frekvencie

5000 0,5 maximum average permissible exposure limit in working
atmosphere / najvyssie pripustny expoziény limit priemerny v
pracovnom ovzdusi

10 000 1 accelerated breathing, hypoxia / zrychlené dychanie, hypoxia

40 000 - 4-5 respiratory rate is accelerating approximately four times,

50 000 symptoms of poisoning and feeling of suffocation, acute
hypercapnia / frekvencia dychania je zrychlena asi
Stvornasobne, priznaky otravy a pocit dusenia, akttna
hyperkapnia

60 000 — 100 000 | 6 - 10 nausea, unconsciousness, death within a few minutes /
nevolnost, bezvedomie, smrt’ v priebehu pat mintit

Concentrations of about 0,1 % CO: in the air
are found, for example, in a crowded lecture
room with insufficient ventilation and causing
drowsiness. Concentrations of more than 2 %
may already show signs of chest pain, and
breathing is getting worse. At a concentration of
more than 5 %, CO; is directly toxic. The results
highlighted the need for ventilation during
teaching as well as the need to optimize the
number of students relative to the classroom
dimensions.

Measured temperature and relative air
humidity values were compared with the
optimum permissible microclimate conditions
for the cold season and activity class (included
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Koncentracie okolo 0,1 % CO; vo vzduchu st
napriklad v zaplnenej prednaskovej miestnosti s
nedostatoénym vetranim a spdsobuju ospalost’.
Pri koncentracii viac ako 2 % sa mozu uz
vyskytnut’ priznaky ako je tazoba na hrudniku
a zacina sa prehlbovat’ dychanie. Frekvencia
dychania sa zdvojnasobi pri koncentracii 3 % a
je Stvornasobnd pri koncentracii CO2 5 %.
Koncentracie CO2 okolo 5 % spdsobuje za 30
minut akatnu  hyperkapniu, tj. priamu
intoxikaciu. Vysledky poukazali na potrebu
vetrania aj pocas vyucby, ale aj na potrebu
optimalizovat’ pocet Studentov vzhladom na
rozmery ucebne.
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in 1a) according to the Decree of the Ministry
of Health of the Slovak Republic no. 544/2007
Coll. on details of the protection of health
against heat and cold at work. The minimum
room temperature measured during the
classroom was 24,4 °C, i.e. it was within the
permissible temperature range (18 — 26 °C).
The maximum measured value during
the lesson was 27 °C, that was higher
than the maximum allowable temperature. The
measurement showed that room temperatures
did not meet the optimal temperature
requirements for the cold season (20 — 24 °C)
[23].

The minimum measured relative humidity in
the classroom was 41.3 % and the maximum
measured relative humidity in the classroom
was 51.7%. Both measured values fall within
the allowable relative humidity range for a cold
period of the year.

3. 3 Questionnaire survey

A subjective method of evaluating the
perception of the internal environment -
guestionnaire, was used. Respondents group
included 15 students who had been taught and
filled the questionnaire at the end of lesson. The
guestionnaire had 15 questions that clarify
several areas of climate well-being in space
during teaching and one open question.
Respondents answered to individual questions
according to the extent to which they agreed or
disagreed on a 5-point Likert scale from yes,
more yes, maybe, no more, no to no. The
guestionnaire was anonymous. The return rate
of the completed questionnaires was 100%.

The aim was to determine the subjective
attitude of students to the quality of the
environment and to compare the perception of
environmental factors with real values. The
results of the questionnaire are in Table 6.
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Namerané hodnoty teploty arelativnej
vlhkosti vzduchu boli porovnané s optimalnymi
pripustnymi podmienkami mikroklimy pre
chladné obdobie roka a triedy cinnosti
(zaradené do la) podla Vyhlasky MZ SR ¢.
544/2007 Z. z. o podrobnostiach o ochrane
zdravia pred zatazou teplom a chladom pri
praci. Minimalna namerana teplota v miestnosti
pocas priebehu vyucovania bola 24,4 °C, t,j.
nachadza sa v rozsahu pripustnej povolenej
teploty (18 - 26 °C). Maximalna namerana
hodnota pocas vyucovania bola 27 °C, tato
hodnota prevysSuje najvyssiu pripustnti hodnotu
povolenej teploty. Meranie preukazalo, Ze
hodnoty teploty v ugebni nespiiiajii optimalne
poziadavky na teplotu pre chladné obdobie roka
(20— 24 °C) [23].

Minimalna namerand hodnota relativnej
vlhkosti vzduchu v ucéebni bola 41,3 %
a maximalna namerana hodnota relativnej
vlhkosti vzduchu v u¢ebni boli 51,7 %. Obe
namerané hodnoty st v rozsahu pripustnej
relativnej vlhkosti vzduchu pre chladné obdobie
roka.

3. 3 Dotaznikovy prieskum

Bola pouzitd aj subjektivna metdda
hodnotenia vnimania vnutorného prostredia -
dotaznik. Respondentmi bolo 15 Studentov,
ktori absolvovali vyucbu. Dotaznik im bol
rozdany na konci vyucovacej hodiny.
Obsahoval 15 otazok, ktoré objasnuju viacero
oblasti klimatickej pohody v priestore pocas
vyucby a jednu otvorenu otazku. Respondenti
odpovedali na jednotlivé otazky podl'a toho, do
akej miery s nimi suhlasili alebo nestihlasili na
5 bodovej Likertovej stupnici od stupiia ano,
viac 4no, mozno, viac nie, az po nie. Dotaznik
bol anonymny. Navratnost vyplnenych
dotaznikov bola 100 %.

Cielom bolo zistit subjektivny postoj
Studentov na kvalitu prostredia a komparaciu
vnimania faktorov prostredia s redlnymi
hodnotami. Vysledky dotaznika st v Tabul'ke 6.
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Tab. 6 Results of the questionnaire survey

Tab. 6 Vysledky dotaznikového prieskumu

Gender / Pohlavie

Women
/ Zeny

Men /
Muzi

10

Yes /
Ano

More
yes /
Viac
ano

Maybe /
Mozno

More
no/

Viac
nie

No / Nie

Are you satisfied with the intensity of
lighting in the classroom? / VVyhovuje
Vam intenzita osvetlenia v ucebni?

Do you think the value of 500 lux is
sufficient to teaching? / Myslite si, ze
hodnota 500 Ix je dostato¢na na
vyucovanie?

Do you think that ventilation in this
room is necessary before teaching? /
Je podla Vas vetranie pred vyucbou v
tejto miestnosti potrebné?

10

Does ventilation hinder you during
class? / Prekaza Vam vetranie pocas
vyucovania?

Does background noise affect your
concentration? / Ma okolity hluk
vplyv na Vasu ststredenost’?

In your opinion, is a noise value of 40
dB permissible for teaching? / Je
podl'a Vés hodnota 40 dB pripustna
pre vyucovanie?

Does high classroom temperature
affect your concentration during the
lesson? / Ma vysoka teplota v uéebni
vplyv na Vasu ststredenost’ pocas
vyucovacej hodiny?

12

In your opinion, is the heating of
classrooms during the winter period
sufficient? / Je podl'a Vas
vykurovanie uc¢ebni pocas zimného
obdobia dostatocné?

10

Do you think that humidity affects
your breathing? / Myslite si, Ze
vlhkost’ vzduchu vplyva na Vase
dychanie?

11

10.

Does the classroom environment be
dusty? / Povazujete prostredie uc¢ebne
za prasSné?
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Tab. 6 continue

Tab. 6 pokracovanie

Gender / Pohlavie ngen 5 Men / 10
/ Zeny Muzi
More More
Yes/ yes / Maybe/ | no/ .
Ano Viac Mozno Viac MOG Nz
ano nie
11. | Does dust in your classroom cause
breathing difficulties? / Spésobuje u
. R 3 0 4 4 4
Vas prach v u¢ebni t'azkosti s
dychanim?
12. | Do you think that higher CO, values
affect your study results, e.g. in
handwriting? / Myslite si, ze vyssie 5 5 6 0 5
hodnoty CO; vplyvaju na Vase
Studijné vysledky napr. pri
pisomkach?
13. | Do you think that high CO; values
cause fatigue? / Myslite si, Ze vysoké 11 2 2 0 0
hodnoty CO- sp6sobuju unavu?
14. | In your opinion, does the value of
CO: increase with the number of
students in the classroom? / ZvySuje 10 2 3 0 0
sa podl'a Vas hodnota CO; s poctom
Studentov v ucebni?
15. | In your opinion, does the value of
2000 ppm (COz2) have a negative
impact on concentration? / Ma podla 6 1 8 0 0
Vs hodnota 2000 ppm (CO,)
negativny dopad na sustredenost’?
16. | Suggest measures to increase student comfort during lessons / Navrhnite opatrenia na
zvysenie komfortu Studentov pocas vyucby
Results obtained from the output of Spracovanim vysledkov ziskanych vystupom

measuring instruments and calculations from
the questionnaire, we found that students mostly
attribute significant factors to environmental
factors, but do not know the possibilities of
improving the indoor environment, because the
open question was recommended measures
such as more frequent opening windows and
doors.. Only two responses were directed to the
installation of the building's recuperation
system.

13,3% of students answered "maybe" to the
importance of lighting in the teaching process.
however, even in answer to a control question
about the knowledge of lighting in the
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z meracich pristrojov a vypoctov z dotaznika
sme zistili, ze Studenti zvidcéSa faktorom
prostredia pripisuji vyznamni mieru, avSak
nepoznaji moznosti zlepSenia vnutorného
prostredia, pretoze v otvorenej otazke boli
odporacacie opatrenia, ako napriklad CastejSie
vetranie oknami a dverami. Iba dve odpovede
boli smerované k inStalacii rekuperacného
systému budovy.

13,3 % Studentov odpovedalo ,,mozno“ na
vyznamnost’ osvetlenia pri vyuc¢bovom procese.
Rovnako aj v odpovedi na kontrolnu otazku
0 znalosti osvetlenosti na pracovnom mieste pri
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workplace in visually demanding work, up to 60
% of students expressed themselves vaguely on
the set limit.

53,3% of respondents could not comment on
the value of 2000 ppm and the relationship
between CO. concentration and psychological
work. The Slovak legislation does not
exhaustively determine the CO; limit value for
the living environment of buildings. Therefore,
the limit value for the concentration of carbon
dioxide of 1000 ppm, introduced by Max Joseph
von Pettenkofer, a pioneer of modern hygiene
and the environment, is used in the interior [22].
From this value, the maximum amount of
ventilated air of 25 m® .h?! per person in the
interior was derived [24]. CO; is not toxic, but
it has been experimentally shown that even
without a decrease in oxygen concentration,
CO; has a systemic toxic effect. Hemoglobin
transports oxygen and CO; at the same time, but
by different mechanisms. CO; is a mediator of
autoregulation of blood supply in tissues, its
increase  causes  vasodilation, improves
perfusion in tissues [25].

4. Conclusions

The measurement results showed that, except
of the relative air humidity, none of the
parameters met the required values for optimal
or permissible values. Improvement of the
lighting can be reached by using artificial
lighting, regular cleaning of illumination holes
and cleaning of lighting systems. The problem
is that the classroom is situated on the northern
side and in a close distance of about 5 meters to
the next building, so the room is shaded.

The most critical value was the carbon
dioxide concentration (the maximum value was
4250 ppm), as the windows and the door were
closed during the classroom and the classroom
was not equipped with any artificial ventilation
system. In CO; surveys in California and Texas
schoolrooms [26], average CO; concentrations
above 1000 ppm were measured, many
exceeded 2000 ppm, and in 21 % of Texas
classes the maximum CO; concentration was
over 3000 ppm. Such high CO; values could
have a particularly adverse effect on the
concentration.

In general, if many people gather in the room,
CO; is rapidly increasing and contributes to
poor air quality and pollution, in conference
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zrakovo naro¢nych pracach az 60 % Studentov
sa vyjadrilo neurcito na stanoveny limit.

A7 53,3 % respondentov sa nevedelo vyjadrit’
k hodnote 2000 ppm CO; avztahu
koncentracie CO. na psychicki pracu.
V slovenskej legislative nie je taxativne urcena
limitnd hodnota CO; pre obytné prostredie
budov. V interiéri pouziva limitnd hodnota
koncentracie oxidu uhli¢ittho 1 000 ppm,
zavedena Max Josephom von Pettenkoferom,
prickopnikom moderne;j hygieny a
environmentu [22]. Z tejto hodnoty bolo
odvodené maximalne mnozstvo vetraného
vzduchu 25 m®.hod? na osobu v interiéri [24].
CO:; nie je toxicky, ale experimentalne bolo
dokazané, ze aj bez poklesu koncentracie
kyslika ma CO; systémovy toxicky efekt.
Hemoglobin prenasa kyslik aj CO; zaroven, ale
roznymi mechanizmami. CO; je mediator
autoregulacie krvného zasobenia v tkanivach,
jeho zvySenie spdsobi vazodilataciu, zlepsi
perfuziu v tkanivach [25].

4. Zaver
Vysledky merani preukazali, ze okrem
relativnej  vlhkosti vzduchu ani jeden

z parametrov nespifiali poZadované hodnoty
uréené pre optimalne alebo pripustné hodnoty.
Zlepsit’ osvetlenie je mozné pouzitim umelého
osvetlenia, pravidelnym ¢istenim osvetlovacich
otvorov a cistenim osvetlovacich sustav.
Problémom je, Ze ucebia je situovana oknami
na severnu stranu a V blizkej vzdialenosti cca 5
metrov ju tieni d’alia budova.

NajkritickejSou hodnotou bola koncentracia
oxidu uhli¢itého (maximalna hodnota dosiahla
4250 ppm), pretoze pocas vyucby boli
zatvorené okna aj dvere aucebna nie je
vybavena  ziadnym = umelym  vetracim
systtmom. V prieskumoch o koncentraciach
CO; v skolskych ufebniach v Kalifornii
a Texase [26] boli namerané priemerné
koncentracie CO; vyssie ako 1000 ppm, mnohé
prekrocili 2000 ppm a v 21 % texaskych tried
bola maximalna koncentracia CO, vysSia ako
3000 ppm. Takéto vysoké hodnoty CO: by
mohli mat’ obzvlast nepriaznivy vplyv na
koncentraciu ziakov.

Vseobecne plati, ze ak sa zhromazdi velky
pocet T'udi v miestnosti, CO sa rychlo zvysi
a prispieva k zlej kvalite ovzdusia a k jeho
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rooms where more staff are in a longer time in
confined spaces. Other places like gyms,
shopping centers, cafes, bars, libraries are
increasingly  recognized as an indoor
environment with higher CO, that would be
suitable to monitor by detectors. A
recommended recovery system would be
implemented in the reconstructed classroom to
ensure a sufficient air supply and maintenance
of a lower concentration of carbon dioxide,
including sensors, for early detection of
dangerous concentrations. At present, the
recommendation is to regularly ventilate the
room during the lessons.

Classroom temperature has risen and
exceeded the acceptable values fort the cold
period of the year for a particular class of work
(1a). Improvement would be to install a
thermoregulation on the heaters in the
classroom to avoid overheating.

The subjective views and attitudes that
emerged from the questionnaire proved only
partial consistency with the results achieved.
Respondents' susceptibility to adverse effects is
significant, whilst the real results as well as the
guestionnaires answers confirmed that the
alarming factor is air quality in a non-ventilated
room. However, it can be stated that the
guestionnaire has shown that students do not
know the limit values of the environment
parameters in which they work.
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znecisteniu, napr. V zasadacich miestnostiach,
kde sa stretdva viac zamestnancov na dlhsi cas
v obmedzenych priestoroch. Aj ostatné miesta,
ako su telocvicne, nakupné centrd, kaviarne,
bary, kniznice sa Coraz CastejSie uznavaju ako
vnutorné prostredie s vy$§im CO», ktoré by bolo
vhodné monitorovat’ detektormi.
Odporucajicim zdverom  je v ramci
rekonstrukcie ucebne namontovat vhodny
rekuperacny systém zabezpeCujuci jednak
dostatocny prisun vzduchu audrzanie nizsej
koncentracie oxidu uhli¢itého vratane senzorov
na vCasné rozpoznanie nebezpecénej
koncentracie. V sucasnosti je odporucacim
navrhom pravidelné vetranie miestnosti aj
pocas vyucby.

Teplota Vvucebni narastala a presiahla
pripustné hodnoty pre chladné obdobie roka pre
prislusnu triedu prace. ZlepSenim by bola
inStalacia termoregulacie na vykurovacie telesa
v ucebni, aby sa predislo k nadmernému
prehrievaniu priestorov.

Subjektivne nazory a postoje, ktoré nam
vyplynuli z dotaznika dokazali ¢iastocnu zhodu
S dosiahnutymi  vysledkami. ~ Vnimavost’
respondentov na nepriaznivo posobiace faktory
je znacna, pricom rovnako ako realne vysledky
aj dotaznikom bolo potvrdené, Ze alarmujiicim
faktorom je kvalita ovzduSia v nevetranej
miestnosti. Mozno vSak konS$tatovat, ze
dotaznikom bolo preukazané, ze Studenti
nepoznaju  limitné hodnoty  parametrov
prostredia, v ktorom pracuju.
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The scientific papers are reviewed by a minimum
of two reviewers.

All papers are subject to proof-reading. The editors
will require authors to modify the text in the light
of the recommendations made by reviewers and
they reserve the right to suggest text improve-
ments.

Paper submitting

The Authors should upload their submission di-
rectly to the ADelta journal editorial system web-
site. To submit your paper, use the following link:
http://194.160.170.33/index.php/delta

Paper text formatting

The papers submitted shall consist of no more than
10 A4 sheets including both language mutation of
the paper, tables and figures. To write your paper,
use the Delta journal paper template. Longer pa-
pers should be separated to two or more parts.

Proof-reading process

Before publishing, the paper will be sent to the au-
thor for revisions accepting all the reviewer's re-
quirements and recommendations. The revised pa-
per, together with the list of corrections made and
the subscribed form for the transfer of copyrights
from the author to the publisher, should be sent
back to the Editor’s Office in specified time.

Offprints

Corresponding author will receive 1 print copy of
the journal on request. The electronic form of the
journal is published at the journal website.

Pokyny pre autorov

Autori zodpovedaju za originalnost’ ¢lanku a jeho
sulad so zameranim Casopisu ADelta Autori st
zodpovedni aj za jazykovu, terminologicku a
metrologicku konzistenciu svojich ¢lankov. Ak-
ceptovana je britska aj americka angli¢tina, av§ak
nie ich kombinacia..

Korespondujuci autor je povinny oboznamit’ sa
s etikou publikovania ¢asopis ulDelta je Vy-
hradne zodpovedny za komunikaciu s Casopisom
a so spoluautormi.

Vedecké clanky st recenzované minimalne
dvomi recenzentmi.

Vsetky ¢lanky podliehaju dodato¢nym Upravam.
Redakcia od autorov vyZaduje, aby upravili text

na zaklade odporucani recenzentov a
vyhradzuje si prdvo navrhovat’ vylepsenie textu.

Podanie clanku
Autori nahravaju svoje prispevky priamo na we-
bovi stranku redakéného systému Casopisu

ADelta pre podanie &lanku pouzite nasle-
dovny link: http://194.160.170.33/in-

dex.php/delta.

Formatovanie textu ¢lanku

Rozsah ¢lanku je najviac 10 stran, ato vratane
oboch jazykovych mutacii ¢lanku (anglicky jazyk
a materinsky jazyk prvého autora), tabuliek a ob-
razkov. Pre pisanie ¢lanku pouzite Sablonu pre pi-
sanie prispevkov ¢asopisu ADelez Dihgie pri-
spevky je potrebné rozdelit’ na dve alebo viac po-
kracujucich Casti.

Dalsie vipravy clanku

Prispevok bude pred zverejnenim zaslany auto-
rovi na kontrolu a opravu v zmysle poziadaviek
recenzentov. Opraveny prispevok, spolu so zoz-
namom (popisom) vykonanych oprav a vyplne-
nym apodpisanym formularom obsahujucim
suhlas s prevodom autorskych prav od autora na
vydavatel'a, je potrebné poslat’ spat’ do redakcie
V stanovenom termine.

Autorske vytlacky

Korespondujuci autor obdrzi na poziadanie jednu
tlacent kopiu Casopisu. Elektronicka forma caso-
pisu je zverejnena na webovej stranke casopisu.
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